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Foreword 
 
Dear Colleagues, 
 
I am honoured to welcome you to the 18th International Microscopy Congress. The 
International Microscopy Congress is held every four years under the auspices of the 
International Federation of Societies for Microscopy (IFSM) and it is truly the most important 
world microscopy event. This year, we have more 2 700 participants from 68 countries.  
I believe that all of you will use this opportunity not only to advance your research, but also 
to discover the beauties of the city of Prague and its surroundings.  
 
The extensive scientific program consists of 8 plenary lectures, 122 invited and 425 oral 
presentations divided into 58 symposia in 4 specializations – Instrumentation and techniques, 
Materials science, Life sciences, and Interdisciplinary matters. More than 1 760 posters are 
presented in poster sessions. Our rich social program provides wonderful opportunities for 
informal talks and exchanging of experiences. 
 
The success of the congress is due to the many people who have collaborated with us in 

planning and organizing this event. I would like to thank especially the International Scientific 

Program Committee, the International Advisory Board, and the IFSM board for their 

continuous support and guidance in shaping the scientific program. I would like to mention 

also the local organizing committee and the symposia chairs whose sincere commitment and 

exceptional efforts have supported the entire congress. 

The Proceedings of the 18th International Microscopy Congress are presented in the electronic 
version on the USB stick and on the IMC 2014 On-line gate. The USB stick contains all plenary, 
invited and accepted abstracts submitted by the standard deadline. The on-line version 
includes in addition the abstracts submitted as the late poster abstracts. 
 

Yours faithfully,  

 

 

Pavel Hozák 

IMC 2014 chairman 





















































































































































































































Plenary Lectures



Type of presentation: Plenary
IMC-PL-6095 Light Microscopy at the Nanoscale
Cremer C.1,2

1Superresolution Microscopy, Institute of Molecular Biology (IMB), Mainz, Germany, 2Kirchhoff
Institute of Physics (KIP), and Institute of Pharmacy&Molecular Biotechnology (IPMB) University
Heidelberg, Heidelberg, Germany
Email of the presenting author: c.cremer@imb-mainz.de

Novel developments in optical technology and photophysics made it possible to radically
overcome the diffraction limit (ca. 200 nm laterally, 600 nm along the optical axis) of
conventional far-field fluorescence microscopy. Presently, three principal “nanoscopy” families
have been established: “Nanoscopy” based on focused laser beams, like 4Pi-, STED-
(STimulated Emission Depletion)-, and RESOLFT- (Reversible Saturable OpticaL Fluorescence
depletion Transitions) microscopy; nanoscopy based on Structured Illumination Excitation
(SIE), like SMI (Structured Modulated Illumination) microscopy, SIM (Structured Illumination
Microscopy) and PEM (Patterned Excitation Microscopy); and nanoscopy based on various
modes of Localization Microscopy, like PALM (PhotoActivated Localization Microscopy)
and FPALM (Fluorescence Photoactivable Localization Microscopy), GSDIM (Ground State
Depletion Imaging Microscopy), SPDM Spectral Precision Distance/Spatial Position
Determination Microscopy), STORM (STochastic Optical Reconstruction Microscopy) and
dSTORM (direct STORM). These and related far-field light microscopy methods have opened an
avenue to image nanostructures down to single molecule resolution; they made possible to
measure the size of molecule aggregates of few tens of nm diameter and to analyze the
spatial distribution of individual molecules with a light optical resolution down to the few
nanometer range, corresponding to ca. 1/100 of the exciting wavelength. Application examples
obtained by focused, structured, and localization techniques cover a variety of
biostructures, such as membrane complexes, neuronal synapses, cellular protein
distribution, nuclear nanostructures, as well as the “nanoimaging” of individual viruses
and lithographically generated nanostructures. Each of the nanoscopy methods described has
its peculiar advantages; as a whole, they provide a tool set of light microscopy approaches to
the nanoscale and open a wide range of perspectives in Biology, Medicine and the material
sciences. Further improvements are expected to make possible a three-dimensional
lightoptical resolution down to the 1 nm scale. The combination with Electron- and X-ray
microscopy techniques is anticipated to provide further nanostructural insights.
C. Cremer, Optics far Beyond the Diffraction Limit: From Focused Nanoscopy to Spectrally
Assigned Localization Microscopy (2012). In: Springer Handbook of Lasers and Optics, 2nd
edition (F. Träger, Edit.), pp. 1351 – 1389.
C. Cremer, B.R. Masters (2013) Resolution enhancement techniques in microscopy. Eur. Phys.
J. H 38: 281–344.



Type of presentation: Plenary
IMC-PL-6096 Bioimaging at the nanoscale -- Single-molecule and super-resolution
fluorescence microscopy
Zhuang X.1

1Department of Chemistry and Chemical Biology, Department of Physics, Howard Hughes
Medical Institute, Harvard University, Cambridge
Email of the presenting author: zhuang@chemistry.harvard.edu

Dissecting the inner workings of a cell requires imaging methods with molecular specificity,
single-molecule sensitivity, molecular-scale resolution, and dynamic imaging capability such
that molecular interactions inside the cell can be directly visualized. Fluorescence microscopy
is a powerful imaging modality for investigating cells largely owning to its molecular specificity
and dynamic imaging capability. However, the spatial resolution of light microscopy, classically
limited by the diffraction of light to a few hundred nanometers, is substantially larger than
typical molecular length scales in cells. Hence many subcellular structures and dynamics
cannot be resolved by conventional fluorescence microscopy. We developed a super-resolution
fluorescence microscopy method, stochastic optical reconstruction microscopy (STORM), which
breaks the diffraction limit. STORM uses single-molecule imaging and photo-switchable
fluorescent probes to temporally separate the spatially overlapping images of individual
molecules. This approach has allowed multicolor and three-dimensional imaging of living cells
with nanometer-scale resolution and enabled discoveries of novel sub-cellular structures. In
this talk, I will discuss the general concept, recent technological advances and biological
applications of STORM.



Type of presentation: Plenary
IMC-PL-6097 Imaging and Spectroscopy of Individual Atoms in Nanostructured
Materials
Suenaga K.1

1National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Japan
Email of the presenting author: suenaga-kazu@aist.go.jp

It has remained a challenge for scientists to image and discriminate individual atoms since
Dalton first proposed distinct properties of atoms in his atomic theory. The requirements to
analyze the atomic structures of matter with elemental information are nowadays increasing in
importance of cutting-edge research. An elemental analysis down to the single atom limit was
first demonstrated with the successful detection of a Gd dopant atom in carbon nano-peapods
using a STEM-EELS technique at 100kV [1]. Specimen damage due to the high dose of the
incident electron beam, which is required to isolate the signals from individual atoms, is an
intrinsic problem for such a highly delicate analysis. Furthermore it is important to prevent the
atoms from being kicked out during the observations. In order to reduce the atomic
movements and also to enhance the EELS contrast, a lower accelerating voltage is preferred
for single atom detection by STEM. Sawada et al. designed a new type of aberration corrector
with triple dodecapole elements (the delta system) to reduce the higher-order geometric
astigmatism [2, 3, 4], which is critical for the STEM performance operated at low accelerating
voltages, i.e., 15 to 60 kV. Here, I demonstrate successful single-atom imaging and
spectroscopy in nanostructured materials using STEM together with EELS and/or EDX.
Fig. 1 shows an example for chemical analysis of individual molecules. A carbon nanotube 
encapsulating two different metallofullerenes (La@C82 and Ce@C82) is examined at 30 kV 
operating voltage [5]. The annular dark-field (ADF) image clearly shows the molecular 
structures encapsulated inside the SWNTs (Fig. 1a). Each molecule carries one metal atom, 
appearing in brighter contrast, inside the cage. We can identify these atoms by simultaneous 
EELS. Fig. 1b shows two EELS spectra recorded from two atoms. The EELS spectrum shown in 
green corresponds to the atom indicated by the green arrow. This spectrum is the sum of four 
spectra, each of which had an acquisition time of 0.05 s. The resulting signal-to-noise ratio is 
high enough to isolate the La N-edge. On the other hand, the atom indicated by the blue arrow 
is assigned as Ce. Moreover, its peak position (≈122 eV) fits very well with that for Ce3+ [6]. 
Though the two edges of La N and Ce N overlap severely, we could identify the elements (La: Z 
= 57 and Ce: Z = 58) comprising the two encaged atoms. Fig. 1c shows the ADF image, and 
the elemental mappings for La, Ce, and carbon are shown in Figs. 1d, e, and f, respectively. A 
further comparison of simultaneous EELS and EDX measurement allows us to directly estimate 
the fluorescent yield of single atoms [7, 8]. 
The interrupted periodicities of 2D materials such as graphene, h-BN, and MX2 
(dichalcogenides) are of great interest because they govern the physical/chemical properties. 
Atomic defects, such as a vacancy or impurity/dopant in single-layered materials are 
investigated with atomic precision. A single-layer of MoS2 exhibits interesting physical 
properties. The electrical conductivity of MoS2 can be further modulated by doping, such as Re 
(n-type) and Au (p-type). Typical ADF images of single-layered Re-doped and Au-doped MoS2 
are presented in Fig. 2, respectively. The dopants, Re (Z = 75) and Au (Z = 79), appear in 
brighter contrast in the ADF images than both Mo (Z = 42) and S (Z = 16). Chemical analysis 
by means of EDX was also done to confirm the doping elements [9]. ADF image in the inset of 
Fig. 2(left) clearly shows that Re atoms sit at the Mo sites. The Re dopants are well dispersed 
in MoS2 layers and seldom form clusters on the host material. On the other hand, the Au 
dopants at similar concentration tend to aggregate on the MoS2 surface (Fig. 2 right). The Au 
atoms are indeed mobile under the electron beam [9]. 
A monovacancy in h-BN can be also examined by STEM-EELS (Fig. 3). Core-level spectroscopy 
on the nitrogen atoms in the vicinity of the boron vacancy was carried out [10]. As shown in 
Fig. 3a, a monovacancy is induced at the boron site by the knock-on effect, which can be 
proved by the fact that the darkest contrast appears in the middle of three nitrogen atoms 
showing brighter contrast. A line spectrum is recorded across the VB (boron monovacancy) 
along the yellow arrow. From the line spectrum, three typical spectra for the nitrogen K-edge 
were extracted, with probe positions corresponding to the yellow circles in Fig. 3b. While the 
first and third spectra are quite similar to the one for the sp2-bonded nitrogen atoms in h-BN 
with the known * peak at 401 eV, the second spectrum recorded near the VB indeed shows a 
sharp pre-peak around 392 eV. Although the spectra are rather noisy because of the 
minimized acquisition time, this pre-peak appears at the same energy level in many different 
experiments, and arises reproducibly at other VB sites and represents the lowered LUMO state 
[10]. 
Identification of individual atoms and examination of their electronic properties in materials 
are the ultimate goals of all microscopy-based analytical techniques. It is clear that the 
bonding/electronic states are now accessible from single atoms through EELS fine-structure 
analysis. For example the radical carbon atoms at the graphene edge have been successfully



identified [11, 12, 13]. Moreover the active point defects in 2D materials can now be caught
red-handed [14, 15, 16]. I will also show some of the atomic level observations of alloying
behavior and phase transition phenomenon of 2D materials, that used to be investigated only
by the macroscopic viewpoint [17, 18].

References:
[1] K. Suenaga et al., Science, 290 (2000) 2280-2282
[2] H. Sawada, et al., J. Electron Microscopy, 58 (2009) 341-347
[3] H. Sawada, et al., Ultramicroscopy, 110 (2010) 958-961
[4] T. Sasaki, et al., J. Electron Microscopy, 59 (2010) S7-S13
[5] K. Suenaga, Y. Iizumi and T. Okazaki Eur. Phys. J. Appl. Phys., 54, 33508 (2011).
[6] K. Suenaga et al., Nature Chem., 1 (2010). 415-418
[7] K. Suenaga, et al., Nature Photonics, 6 (2012) 545-548
[8] L. Tizei et al., (in this conference)
[9] Y. C. Lin et al., Adv. Mater., (2014). DOI:10.1002/adma.201304985
[10] K. Suenaga, H. Kobayashi, and M. Koshino, Phys. Rev. Lett., 108 (2012). 075501
[11] K. Suenaga and M. Koshino, Nature 468 (2010) 1088-1090
[12] J. Warner et al., Nano Lett., 13 (2013) 4820-4826
[13] J. H. Warner et al., (unpublished)
[14] K. Suenaga et al., Nature Nanotech., 2, 358-360 (2007).
[15] Z. Liu et al., Nature Commun., 2, 213 (2011).
[16] O. Cretu, Y. C. Lin and K. Suenaga, Nano Lett., 14 (2014) 1064-1068
[17] D. O. Dumcenco et al., Nature Commun. 4 (2013) 1351 (5 pages)
[18] Y. C. Lin et al., Nature Nanotech., in press, (2014).
Acknowledgement: The present research is supported by a JST-CREST and Research
Acceleration Programs. All my colleagues in AIST, Y.C. Lin, O. Cretu, L. Tizei, Z. Liu, M. Koshino,
Y. Sato, and R. Senga, are gratefully acknowledged. Drs. H. Sawada, T. Sasaki, M. Mukai, Y.
Kohno, M. Morishita and K. Kimoto are also acknowledged for the development of dedicated
microscopes.



Fig. 1: Single molecular spectroscopy of mixed peapods
(La@C82 and Ce@C82) at 30 kV[5]. (a) An ADF image with
a rectangle showing where the spectrum image was taken.
(b) Two EELS spectra recorded from two metal atoms. The
atom indicated by the green arrow is assigned as La, and
the other, indicated by the blue arrow, as Ce. (c) ADF
image and (d, e, f) chemical maps for La, Ce, and carbon,
respectively. Scale bar = 1 nm.

Fig. 2: Detection of single dopant atoms in single-layered
MoS2[7]. (Left) An ADF image of Re-doped MoS2. The Re
substitution at Mo site (Re@Mo) is pointed by a green
arrow. (Right) An ADF images of Au-doped MoS2, where an
Au adatom (indicated by a white arrow) located at the
hollow-center (Au-HC). Scale bar = 0.3nm.

Fig. 3: Core-level spectroscopy of monovacancy in h-BN layer [8]. (a) ADF image shows a monovacancy in single-layer
h-BN. Line spectrum was recorded along the yellow line. (b) Schematic presentation (red: nitrogen, blue: boron) of
boron monovacancy. (c) Nitrogen K-edge fine structures extracted from the line-spectrum. Each of the three
corresponds approximately to the probe positions marked in (b). A prominent pre-peak in the nitrogen K-edge can be
found at 392 eV in the spectrum recorded at position 2, i.e., near the boron vacancy site.



Type of presentation: Plenary
IMC-PL-6098 Electron Tomography for Nanoscale Materials Science
Midgley P.1

1Department of Materials Science and Metallurgy, University of Cambridge, Cambridge, UK
Email of the presenting author: pam33@hermes.cam.ac.uk

The nanoscale complexity of modern materials and devices, be they structural or functional in
design, requires high spatial resolution characterisation in all 3 dimensions. The remarkable
power and flexibility of a modern TEM makes it the ideal tool for such 3D nanoscale imaging
and analysis. Over the past 15 years or so, electron tomography (3D imaging) has grown from
a niche technique to one which is now firmly established as an almost routine tool for the 3D
study of materials. Early electron tomography used many of the ideas and practices
established first in the life sciences. Here, a tilt series of bright-field (BF) images are acquired
by rotating the sample about a single axis and recording images every 1-2°. Typically, in the
electron microscope, the range of sample tilt is limited either by the sample itself (becoming
too thick) or by the objective lens pole piece gap. As such, it is therefore likely that the full tilt
range is not accessible, this leads to a ‘missing wedge’ of information and the reconstructions
suffer from artefacts, especially an elongation parallel to the optic axis. Dual axis tomography
can help in this regard, reducing the missing information through a second tilt series about an
axis mutually perpendicular to the first.
For many materials problems, however, BF images may not be ideal and the introduction of
STEM HAADF tomography offered materials microscopists an imaging mode that, in many
cases, is much more suited for tomography, providing images with greatly reduced diffraction
contrast, with a signal that in most cases varies monotonically with thickness (satisfying the
projection requirement) and providing compositional contrast through the atomic number (Z)
dependence of the high angle (Rutherford-like) scattering [1]. STEM tomography has now
become for many the technique of choice for 3D nanoscale imaging in materials science. Fig. 1
shows two examples of STEM HAADF tomography [2,3]. In Fig. 1(a) we see Ge precipitates
within an Al-rich matrix revealing a wide variety of morphologies and clear orientation
relationships and in (b) the 3D distribution of Ru-Pt catalyst nanoparticles (1-2nm in size)
decorating the surface of a mesoporous silica support – here we see only the external surface.
The colour of the support indicates the surface curvature with a strong preference of the
nanoparticles to be anchored at the ‘saddle points’. STEM tomography (both BF and ADF) has
also been developed for the study of defects (especially dislocations) where the reconstruction
(or 3D representation) of the dislocation resembles a ‘string’ running through space.
Although determination of the 3D morphology of materials at the nanoscale is now essentially
routine, to achieve a high fidelity reconstruction typically ca. 100 images are needed across
the tilt range. For many specimens long acquisition times, and thus extended exposure, can
lead to damage. However, the number of images required in the tilt series can be reduced if
there is prior knowledge about the specimen being reconstructed. Such prior knowledge can
be used within a discrete tomography reconstruction (using the physical discreteness of the
sample) or, perhaps more generally, within a compressed sensing framework where the
primary requirement is that the sample may be described as being ‘sparse’ in some transform
domain [4,5]. This sparsity constraint turns out to be very powerful and high fidelity
reconstructions can be achieved with remarkably few images (in some cases an order of
magnitude reduction compared to conventional reconstructions), see Fig. 2.
Coupling tomography acquisition with analytical techniques, such as EDX and EELS, allows a 
more detailed exploration of the sample’s chemistry as well as its morphology. Early efforts in 
this direction included the use of EFTEM, especially using the low loss regime (where loss 
probability is relatively high), EDX and core-loss EELS. Inevitably, although the speed and 
efficiency of spectrometers has improved greatly over the past few years, the acquisition time 
needed for multi-dimensional ‘spectrum-images’ is considerably higher than a conventional 
image. To keep the total exposure to a reasonable level, fewer images are recorded in the tilt 
series – ideally perhaps only every 10 or 20°. The reduction in data must be compensated by 
an increase in prior knowledge to achieve a high fidelity reconstruction; for such 
‘multi-dimensional microscopy’ [6], compressed sensing offers an important framework to 
achieve this. As an example, Fig. 3(a) shows a composite figure illustrating the localised 
surface plasmon resonances from a silver nanocube. The reconstruction was undertaken on a 
series of spectrum-images recorded about a single tilt axis every 15°. The 4mm symmetry of 
the cube-substrate system was imposed at the reconstruction stage as well as a constraint 
that the reconstruction could be considered as being sparse in a wavelet domain. That 
constraint provided a reconstruction relatively free of artefact even when using few images 
[7]. Interpretation of the reconstruction seen in Fig.3(a) can be made within a quasi-static 
approximation and related back to the potential induced by the electron beam acting back on 
the electron. Mapping electro-magnetic potentials is also possible using electron holography 
and coupled with tomography was able to yield 3D reconstructions of the built-in potential 
near a p-n junction in a silicon device, see Fig. 3(b) [8]. 3D magnetic fields require an



enhanced approach using dual axis geometry to determine all the components of the magnetic
potential A (or induction B). Here, physical constraints (e.g. in the form of Maxwell’s
equations), perhaps again within a compressed sensing framework, could be used to improve a
reconstruction of the electro-magnetic potential.
So, what of the future? The electron tomography community is pushing in many directions.
Atomic resolution tomography has been demonstrated in some cases: by assuming periodicity
within a nanocrystal, the position of an isolated atom in a matrix can be determined and even
the location of atoms around a dislocation core. Synergisitc studies with atom probe
tomography have been demonstrated already and this may, in the future, develop into an
important correlative approach. Mapping physical properties in 3D at the nanoscale continues
to be an exciting prospect. Whilst early work showed this to be feasible, further development is
needed to improve reconstruction quality. Given the almost ubiquitous use now, in
materials-based tomography at least, of iterative techniques (e.g. SIRT, ART, etc) the
conventional projection / back-projection approach could evolve into a more model-based one
incorporating a detailed description of the beam’s interaction with the sample along its
trajectory (e.g. dynamical effects). By iteratively refining an initial model, increased detail
about the sample may be obtainable (e.g. strain, fields, induced charges). Lastly, industry
requires a robust nanoscale metrology technique that provides reliable 3D measurements of
length, porosity, distributions etc. We are still some way in many cases of being able to
provide such data with statistical confidence (i.e. error bars!) on our 3D measurements.
Improved reconstructions, with fewer artefacts, incorporating prior knowledge, should allow
improved and unbiassed segmentation and thus will go a long way to providing a true 3D
nanometrology technique.

References:
[1] P.A. Midgley et al., Chem. Commun. (2001) 907
[2] K. Kaneko et al., Ultramicroscopy 108 (2008) 210
[3] E.P.W. Ward et al., J. Phys. Chem. C 111 (2007) 11501
[4] Z. Saghi et al., Nano Letters 11 (2011) 4666
[5] R. Leary et al., Ultramicroscopy 2013 131 70-91
[6] P.A. Midgley and J.M. Thomas, Angewandte Chemie (2014) DOI: 10.1002/anie.201400625
[7] O. Nicoletti et al., Nature 502 (2013) 80
[8] A. Twitchett-Harrison et al., Nano Letters 7 (2007) 2020
Acknowledgement: The author thanks his many colleagues, past and present, who have
contributed to the work presented here including most recently J.M. Thomas, R. Leary, Z.
Saghi, D. Holland, K. Kaneko, S. Hata, O. Nicoletti, F. de la Peña, C. Ducati. PAM acknowledges
funding from the European Research Council under FP7/2007-2013 / ERC grant agreement
291522-3DIMAGE.



Fig. 1: (a) 3D reconstruction of Ge precipitates in an Al-rich
matrix showing colour-coded to highlight theor different
morpholgy [2]; (b) Ru-Pt catalyst particles (red) shown on a
colour-coded silica surface where the blue regions indicate
positive Gaussian curvature (saddle points) [3].

Fig. 2: (a) Comparison of reconstructions using SIRT and
compressed sensing (CS) codes for an iron oxide
nanoparticle with a concavity; (b) the apparent concavity
volume as a function of projection number [4].

Fig. 3: (a) Colour composite figure indicating five surface plasmon modes on a silver nanoparticle, 100nm in size [7];
(b) Reconstructed electrostatic potential near a p-n junction in a silicon device showing sub-surface carrier depletion
[8].
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IFSM-PL-1670 From Atomic Structure to Properties of Oxides: Applications of
Aberration-corrected Transmission Electron Microscopy
 

Jia C. L.1,2
 
1Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons and Peter Grünberg
Institute, Forschungszentrum Jülich GmbH, Jülich, Germany, 2International Centre for Dielectric
Research, Xi'an Jiaotong University, Xi'an, China
 

Email of the presenting author: c.jia@fz-juelich.de
 
Functional oxides provide an important part of the material basis for multifunctional devices as
a result of their exceptional range of physical properties. These properties, in turn, depend
strongly on the crystal structures, chemical compositions and defect configurations of the
materials, which can be characterized on the atomic scale.
In a high-resolution transmission electron microscope equipped with an aberration corrector,
the spherical aberration coefficient CS of the objective lens can be tuned to either a positive or
a negative value. The use of a negative value of CS combined with an overfocus setting of the
objective lens is used in the negative CS imaging (NCSI) technique [1]. Images obtained using
the NCSI technique show superior atomic column contrast and intensity than corresponding
positive CS images [2], especially for weakly scattering oxygen columns that are in close
proximity to strongly scattering cation columns.
Using the NCSI technique, we have investigated the atomic details near 180° domain walls in
thin films of PbZr0.2Ti0.8O3 [3,4]. The relative displacements of ions have been measured and
on this basis the local polarization across the wall has been calculated. Using this technique we
have studied the atomic structure of LaO-TiO2-type interfaces in epitactic LaAlO3/SrTiO3
heterostructures [5]. The prominent result is the oxygen octahedron rotation and the TiO6
octahedra distortion induced by LaAlO3 in SrTiO3 at the interface. The cation-oxygen
octahedra represent the prominent structural element of perovskites, which can be modified
by distortions, rotations, and particular atomic shifts. Small atomic rearrangements as they are
expected to occur at the interfaces between perovskites of different structure can change
dramatically the electronic system.
We have recently used the NCSI technique to perform quantitative comparisons between
experimental and simulated images on an absolute intensity basis after taking into account
the effects of the modulation transfer function of the camera and additional image spread [6].
This absolute intensity matching approach not only allows atomic column positions and defect
structures to be determined with picometer precision, but also allows the local chemistry and
the three-dimensional morphology of a crystal to be determined on the atomic scale.
Figure 1 shows results obtained from a study of the relationship between the atomic structure
and properties of BiFeO3, a room temperature multiferroic material. In the
rhombohedrally-distorted perovskite unit cell of BiFeO3 (shown in Fig. 1a), characteristic
structural features include relative shifts between the cations and the oxygen anions along the
[111] axis and rotations of oxygen octahedra about the [111] axis, which are related to the
ferroelectric polarization and the antiferromagnetic properties of the material, respectively.
Both the atomic shifts and the rotations of the octahedra can be quantified using the NCSI and
ACM techniques and used to understand the electrical and magnetic properties of the material.
Figure 1b shows an atomic-resolution image of a 109° domain boundary (thick arrow) between
two domains. The use of NCSI conditions and a particular specimen thickness result in the
atomic columns appearing bright on a dark background. The domains in the material can then
be distinguished by measuring the positions of the atomic columns inside individual unit cells.
In Fig. 1(b), the domain above the boundary is oriented along the [110] direction. The O
column positions are shifted upward and downward (Fig. 1c), corresponding to alternating
rotations of octahedra. A corresponding off-centre displacement of Fe with respect to the
middle point of the line connecting two neighbouring (left and right) O positions is visible and
oriented in a downward direction. In this orientation, the [001] component (red arrow) of the
[111] polarization vector can be measured and the octahedron rotation can be revealed. Below
the boundary (Fig. 1d), the domain is viewed along the [1 ̅10] direction. The octahedron
rotation is now not visible due to the overlap of atoms (Fig. 1d). However, the full vector (red
arrow) of the atomic column displacement is now revealed. In this way, the polarization of the
domain can be determined unambiguously.                                                                                  
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Fig. 1: (a) Schematic diagram of the pseudocubic unit cell of BiFeO3. (b) Atomic-resolution image of a 109° domain
wall (thick arrow) separating two domains: the domain above the wall and the magnification in (c) correspond to a
[110] viewing direction, while the domain below the wall and the magnification in (d) correspond to a [1 ̅10] viewing
direction. The red arrows denote the polarization.
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The multiple scattering theory on which modern electron microscopy (EM) is based had been
fairly well worked out by about 1960, following work by Bethe, Sturkey, Heidenreich, Hirsch,
Howie, Whelan, Cowley and Moodie and others. Nevertheless many surprises remained in the
ensuing 50 years. For me the most important of these have been i) The finding that multiple
energy-loss effects can be removed from EELS spectra, using earlier work on cosmic ray
showers. ii) The richness of the "point-projection" geometry, championed by Gabor in 1949. In
turn this has produced Ptychography, the theory of STEM lattice imaging for crystals and
low-voltage field-emission point-projection imaging. It is remarkable that coherent overlapping
convergent beam orders provide a solution to the phase problem, an atomic-resolution
"shadow image", Talbot self-imaging, and in-line holography. iii) The discovery of "forbidden"
termination reflections and their value for imaging surfaces and sub-surface dislocations and
kinks. Their monolayer sensitivity is remarkable. iv) The detection of coherent bremstrahlung
tunable X-ray emission lines in STEM EDX. It is remarkable that these lines can be indexed, and
are absent when reflections are forbidden by symmetry. v) The explanation for dynamically
forbidden reflections, which cancel due to symmetry-related paths for all thickness. vi) The
usefulness of electron channelling effects (Alchemi) on EDX for locating foreign atoms in
several fields (turbine blades, mineralogy), previously an academic curiosity. vii) The
achievement of aberration correction. viii) The success of our TEM CCD camera, whose impact
on cryo-em tomography we never anticipated. ix) The surprising sensitivity of low-angle
scattering to atomic bonding, with the zero-order scattering the most sensitive quantity
known. x) The finding that sufficiently short pulses of radiation can outrun radiation damage,
thus breaking the nexus between damage, resolution and particle size if a large number of
particles can be packed into a near delta-function pulse. xi) The information extracted from
ELS spectra, with its unrivalled spatial resolution.
 The changing agenda of EM over this half-century, from the study of bulk defects such as
dislocations, and atomic resolution imaging of interfaces, to nanoscience, cryo-electron and
in-situ microscopy (liquid cells, catalysis) has been fascinating to watch. Recent developments
- atomic resolution imaging with characteristic X-rays, direct injection detectors, sub-Angstrom
resolution, high-resolution imaging in 3D, fast diffraction and imaging - continue to surprise.
References in: High Resolution Electron Microscopy (Spence, 4th ed. 2014) and Electron
Microdiffraction (Spence & Zuo, 1992).
Acknowledgement: To many colleagues and friends over half a century in many countries, and
to the US funding agencies and Arizona State University.
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Cryo-electron microscopy offers a unique capability to determine the 3-D structures of
macromolecular complexes. However, insight into biological activity requires understanding
the structural transitions that the complex of interest undergoes. It is not possible, even in
principle, to visualize the same molecule in successive states as this would involve the
prohibitively difficult task of thawing the specimen, inducing the conformational change,
re-vitrifying and re-locating the molecule. However, dynamics may be addressed by a
statistical approach in which classification techniques are applied to data sets imaging
conformationally mixed populations. Then, provided that there is a basis for ordering the
various conformers in a temporal sequence, the reaction dynamics of the complex may be
described and movies made.
The process of virus maturation is amenable this approach. With many viruses, the precursor
particle undergoes radical structural changes as it matures into an infectious virion. We have
investigated the maturation of bacteriophage HK97 capsid, an icosahedrally symmetric shell
composed of 420 protein subunits, which expands from 45 nm to 55 nm and angularizes as it
matures. These changes in morphology reflect large rotations of the protein subunits and local
remodeling (1), and the pathway proceeds via three metastable intermediates (2). The capsid
of herpes simplex virus, an animal virus, follows a similar pathway, which may be traced to a
capsid protein domain similar in structure to that of HK97, but it passes through many more
intermediates (3). Recently, we have found that bacteriophage phi6, which has a RNA genome
rather than a DNA genome and an entirely different capsid protein fold from HK97, also
undergoes massive subunit rotations and matures via two intermediates (4, 5) – Figure 1.
For this approach to visualization of conformational dynamics, several conditions must be met
(6). The differences between states must be large if differences in the images that arise from
viewing geometry are to be separated from real structural differences. The number of distinct
conformational states must be relatively small. To establish a time-line, one must be able to
induce the reaction of interest on a time-scale of seconds to hours. Notwithstanding, recent
technical advances in automated collection of large data sets, the improved resolution and
signal-to-noise ratio of direct detection cameras, and sophisticated classification techniques
promise to expand the range of applicability.                                                                              
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Fig. 1: Maturation dynamics of bacteriophage phi6 capsid visualized by 4-dimensional cryo-EM. The pathway
progresses through four states: the initially assembled procapsid with its deeply indented facets; two expansion
intermediates with near-planar facets; and the spherical mature nucleocapsid. The capsid is built from 60 P1A/P1B
dimers, where P1A and P1B are chemically identical but conformationally distinct (non-equivalent) protein subunits.
The top row shows renderings of the outer surfaces viewed along a 5-fold symmetry axis. The middle row shows
models of the respective capsids consisting of a pentamer of P1A subunits (blue, green) and surrounding P1B subunits
(red, yellow), viewed from above. The bottom row shows slabs through a portion of the structures, passing through
one vertex (P1A’s blue, P1B’s blue). The procapsid-to-intermediate 1 transition is achieved by rotations of P1B subunits
about the line connecting two 3-fold icosahedral axes. Further expansion to intermediate 2 is achieved by outward
movement of the P1A subunits. The final step to nucleocapsid involves primarily local changes affecting the P1A
subunits. Adapted from reference (5), where movies of the transition are available, courtesy of J.B. Heymann. Scale
bars: 100 Å.
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LS-1. Live imaging of cells, tissues and organs
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LS-1-IN-2399 Regulated exocytosis and diabetes
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Diabetes is the result of insufficient insulin secretion from pancreatic beta-cells and impaired
insulin signaling in the muscle and adipose tissue. At the cellular level, insulin signaling
stimulates glucose transporter 4 (GLUT4) to translocate from intracellular stores to the cell
surface in muscle and adipose cells to promote glucose clearance from the circulation.
Insulin-stimulated GLUT4-storage vesicle (GSV) translocation and fusion with the plasma
membrane is mediated by Akt and its downstream effectors. To discover novel Akt substrates
in the regulation of GSV exocytosis, we performed GST pulldown experiments and mass
spectrometry. We identify actin-capping protein Tropomodulin 3 as a novel Akt2-interacting
partner in 3T3-L1 adipocytes. We demonstrate that Tropomodulin 3 is phosphorylated at Ser71
upon insulin-stimulated Akt2 activation, and Ser71 phosphorylation is required for
insulin-stimulated GLUT4 insertion into the plasma membrane and glucose uptake.
Phosphorylated Tropomodulin 3 regulates insulin-induced actin remodeling, an essential step
for GSV fusion with the plasma membrane. Furthermore, interaction of Tropomodulin 3 with its
cognate tropomyosin partner, Tm5NM1 is necessary for GSV exocytosis and glucose uptake.
Together, these results establish Tropomodulin 3 as a novel Akt2 effector that mediates
insulin-induced cortical actin remodeling and subsequent GLUT4 plasma membrane insertion.
Our findings suggest that defects in cytoskeletal remodeling may contribute to impaired
GLUT4 exocytosis and glucose uptake.
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Selective Plane Illumination Microscopy (SPIM) has the potential to fundamentally change the
way we study early development by enabling live, in toto imaging of embryos over long
periods of time while monitoring fluorescent gene activity reporters. In order to make this
emerging technology more accessible to the scientific community we have developed an open
access platform that describes in great detail how to build and operate a simple, affordable
and modular SPIM microscope[1-3]. We show that the OpenSPIM is capable of recording
cellular level morphogenesis and pattern formation during embryogenesis of Drosophila as
well as in other developmental and model organism contexts. OpenSPIM is suitable for
parallelization, allowing increase in imaging throughput by building OpenSPIM farms, it is an
excellent teaching tool [4] and we hope that it will nucleate an interdisciplinary community
where technology developers interact with biologists to create customized light-sheet
microscopy solutions. We also provide a comprehensive software solution under Fiji [5] for
processing of SPIM image data that scales even to the largest datasets. We hope that
OpenSPIM in its radical openness will demonstrate that the benefits brought to science by the
Open Source approach apply equally well to hardware. We will present an overview of how the
research community can benefit from the work we have invested in SPIM hardware and
software and particularly how the microscopy community can and should contribute to its
further development.
[1] Pitrone P. Schindelin J. et al. "OpenSPIM: an open access light sheet microscopy platform"
Nature Methods, 10(7), pp. 598-599 (2013) [2] Pitrone P. Schindelin J. et al. "OpenSPIM: an
open access light sheet microscopy platform" extended pre-print
http://arxiv.org/abs/1302.1987 [3] http://openspim.org [4]
http://openspim.org/2013-04-07_-_Open_SPIM_in_South_Africa [5]
http://fiji.sc/SPIM_Registration
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Recently we have developed several cell-penetrating phosphorescent probes (small molecule
and nanoparticle based structures [1,2]) which allow real-time, high-resolution imaging of O2
concentration in respiring cells and tissues and detailed metabolic and physiological studies
with 3D tissue models. The probes can be used on standard imaging platforms and in different
detection modalities, with preference to confocal microsecond FLIM/PLIM (i.e. phosphorescence
lifetime based O2 sensing) or ratiometric intensity imaging, under one and two-photon
excitation [1]. The utility and performance of these probes and O2 imaging method have been
demonstrated with 2D cell cultures, multi-cellular spheroids (neurospheres from primary
neurons and cancer cell spheroids), slices of brain and colon tissue and live animals [2-4].
In the talk we will describe different probe structures, their use and O2 sensing principles,
mechanisms of cellular uptake, toxicity and safety aspects. This will be illustrated with
examples of imaging experiments performed with different cell and tissue models, including
multi-parametric and functional imaging of live tissue, effects of hypoxic environment, drug
action and metabolic stimulation. These new chemistries and imaging methodologies provide
powerful tools for life science and biomedical research with long-ranging applications.
References:
1. Kondrashina AV et al, A phosphorescent nanoparticle based probe for sensing and imaging
of (intra)cellular oxygen in multiple detection modalities, Adv Funct Mater, 2012, 22: 4931.
2. Dmitriev RI et al, Imaging of neurosphere oxygenation with phosphorescent probes,
Biomaterials, 2013, 34: 9307.
3. Dmitriev RI et al, Small molecule phosphorescent probes for O2 imaging in 3D tissue
models, Biomater. Sci., DOI:10.1039/C3BM60272A.
4. Tsytsarev V et al, In vivo imaging of brain metabolic activity using a phosphorescent
oxygen-sensitive probe, J. Neurosci Meth., 2013, 216(2): 146-51.
 

Acknowledgement: Science Foundation Ireland, Grants 12/RC/2276, 12/TIDA/B2413, and EC
FP7 Program, grant FP7-HEALTH-2012-INNOVATION-304842-2.



 
Fig. 1: Fig. 1. 3D FLIM image of a respiring neurosphere showing heterogeneous distribution of probe lifetime and O2

(left), and phosphorescence decays for ROIs with high (green) and low (orange) O2 concentration (right).
 



Type of presentation: Oral
 

LS-1-O-2128 Label free optical imaging of engineered neural tissue formation by
second harmonic signals from collagen type I
 

Sanen K.1, Paesen R.1, Martens W.2, Lambrichts I.2, Phillips J. B.3, Ameloot M.1
 
1Biophysics, BIOMED Hasselt University, Hasselt, Belgium, 2Functional Morphology, BIOMED
Hasselt University, Hasselt, Belgium, 3Department of Biomaterials & Tissue Engineering,
University College London, Eastman Dental Institute, London, UK
 

Email of the presenting author: kathleen.sanen@uhasselt.be
 
A variety of optical microscopy techniques can visualise individual cells in their extracellular
matrix (ECM), most of them requiring exogenous dyes. Many labels have been subject of
discussion because of phototoxic effects and perturbation of native cellular behavior.
Interestingly, some biological molecules and structures can generate intrinsic optical signals,
thereby making the use of exogenous dyes redundant. Cellular autofluorescence can be
observed by one- or two-photon excitation (TPE) of for example NADH and flavins. Another
intrinsic optical effect is Second Harmonic Generation (SHG), where laser light interacting with
non-centrosymmetric molecules such as collagen type I generates frequency-doubled light.
The resulting images with high contrast and submicron resolution can be further analyzed to
obtain specific quantitative information.
Despite the advantages of these nonlinear optical microscopy methods, their use in the
biomedical field is not widespread. In areas of tissue engineering, these techniques could be of
great value for non-invasive characterization of biomaterials. Collagen type I hydrogels have
been proposed for many regenerative applications due to their native-like ECM properties,
inherent biocompatibility and suitability as carriers for different cell types. When a collagen
type I hydrogel solution seeded with dental pulp stem cells (DPSCs) is casted into a mould with
tethering bars positioned at each end, the contractile forces generated by DPSCs create a
uniaxial tension along the tethered hydrogel (Fig 1a), resulting in longitudinal cell alignment
within this 3D matrix (Fig 1b).[1] Although this engineered neural tissue (EngNT) containing
DPSCs represents the desired end result for neuroregenerative applications [1], time-lapse
experiments monitoring changes of hydrogel architecture are lacking.
In order to truly understand ECM remodeling by enclosed cells, it is essential to monitor the
interaction of these cells with the 3D construct in time without the use of fluorescent labels. To
this end, we performed TPE and second harmonic imaging of live EngNT, which revealed a
marked change in collagen type I organization before and after cell alignment (Fig 2).
Furthermore, we applied our in house developed image correlation spectroscopy approach [2]
to characterize the spatial organization and structural characteristics of collagen type I fibers
in time. This research demonstrates the application of nonlinear label free optical techniques
for high resolution biomedical imaging.
[1] Martens W, Sanen K, et al. FASEB J. 2013 Dec 18 [Epub ahead of print]
[2] Paesen R, Sanen K, et al. Acta Biomaterialia. 2014 Jan 18 [Epub ahead of print]
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Fig. 1: Construction of EngNT. A collagen type I hydrogel containing DPSCs was casted into a rectangular mould and
tethered at each end. Following overnight incubation, the DPSCs contracted the hydrogel (a) and formed chains of
along the longitudinal axis of the gel (b) (www.jamesphillips.org).
 

 
Fig. 2: EngNT formation visualized by label free optical imaging techniques. EngNT exhibited autofluorescence of
DPSCs (red) and SHG of collagen type I (green) (λex = 900 nm). (a) Shortly after casting, cells appeared round and
collagen fibrils were randomly oriented. (b) After contraction, alignment of cells and collagen fibrils was observed.
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Membrane proteins are difficult to study, due to their requirement of a lipid membrane for
function. We have taken advantage of the cell membrane requirement for exceptionally
sensitive functional imaging of membrane proteins, using two-photon polarization microscopy
(2PPM). In 2PPM, differences in fluorescence intensity observed with distinct linear
polarizations of the excitation light are used to infer information on molecular orientation of a
fluorescent label attached to a membrane protein. 2PPM can be used for imaging of ligand
interactions with G protein coupled receptors, activation of G-proteins, changes in intracellular
calcium concentration, and many other cellular processes, in living cells and organisms, with
sensitivity comparable to, or exceeding that of current FRET probes. Crucially, in contrast to
FRET, polarization fluorescence microscopy only requires presence of a single fluorescent
protein. Reliance on a single fluorescent label allows using many of the existing fluorescently
labeled constructs as optical probes of molecular processes involving membrane proteins.
Furthermore, the need for a single label allows facile observations of multiple processes
simultaneously. Importantly, polarization microscopy offers a clear path towards development
of new genetically encoded optical probes of membrane protein function, including a usable
genetically encoded optical sensor of cell membrane voltage. Apart from simply observing a
molecular process to occur, 2PPM also allows making insights into molecular mechanisms of
the processes being observed. Our results indicate that in many biological applications, 2PPM
will complement or even replace other imaging modalities.
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Fig. 1: A mammalian cell expressing a fluorescently labeled membrane protein, imaged by 2PPM. Images acquired
using excitation light polarized vertically (left, colored green) and horizontally (middle, colored red) show clear
differences (right, showing the other two images overlaid). The differences can be used for sensitive imaging of
molecular events.
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Osteoclasts are bone-resorbing giant polykaryons that differentiate from mononuclear
macrophage/monocyte-lineage hematopoietic precursors. Upon the stimulation of essential
factors such as M-CSF and RANKL, osteoclast precursor monocytes attach to the bone surface,
fuse with each other to form giant cells and mediate bone resorption. To reveal the regulatory
mechanism of osteoclast ‘function’ and ‘differentiation’, we generated various kinds of
fluorescently-labeled mice.
First, we generated the mice expressing GFP under the promoter of vacuolar type H+-ATPase
a3 subunit, that was abundantly expressed in differentiated osteoclasts. We succeeded in
visualizing fluorescently-labeled mature osteoclasts in intact bone tissues, and identified two
different populations of living mature osteoclasts, ‘static - bone-resorptive’ and ‘moving -
non-resorptive’. We also developed a pH-sensing fluorescent chemical probe to detect the
acidification by bone-resorbing osteoclasts in vivo. By means of this probe, we could visualize
‘bone-resorption’ by osteoclasts and found that the pH value in the resorption pit created by
osteoclasts should be within the range of 4–6.
We next generated the double-fluorescently-labeled mice where Green and Red fluorescent
proteins were expressed under the promoter of cell differentiation markers in different stages.
We crossed CSF1R-EGFP mice where EGFP was expressed in CSF1R+ osteoclast precursor
monocytes, with TRAP-tdTomato mice where tdTomato was expressed in TRAP+ mature
osteoclasts. By intravital multiphoton imaging, we could chase the state of osteoclast
‘differentiation’ as a color change, in addition to 4-dimentional information such as x/y/z and
temporal information. We named this strategy 5D imaging technology.
Finally, we crossed TRAP-tdTomato mice with Col1a1-ECFP mice where ECFP was expressed in
Col1a1+ osteoblasts. By intravital bone imaging of the mice, we succeeded in visualizing the
interaction of bone-resorbing osteoclasts with bone-forming osteoblasts (‘coupling’) in living
bones.
These approaches would be quite beneficial for studying the osteoclast dynamics in vivo and
thus useful for evaluating novel anti-bone resorptive drugs currently developed in the world.
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Aim: The thrombotic cellular mechanisms associated with cardiovascular events remains
unclear, largely because of an inability to visualize thrombus formation. Thus, we developed in
vivo imaging technique based on single- and multi-photon microscopy to revealed the
multicellular processes during thrombus development.
Methods: We visualized the cell dynamics including single platelet behavior, and assessed
dynamic cellular interplay in two thrombosis models using two photon microscopy to
CAG-eGFP mice in which GFP was expressed ubiquitously. Hoechst was injected to visualize
nucleus, and dextran to blood flow. Mice with anestesia is set on to inverted microscopy, and
visualization was performed through small incision. (Figure a, b).
Results: First, we visualized that rapidly developing thrombi composed of discoid platelets
without EC disruption was triggered by ROS photochemically induced by moderate power laser
irradiation (Figure c). In this model, thrombus consisted by discoid platelet aggregations
without leukocyte recruitment. The second model is, thrombus with EC disruption. High power
laser induced EC erosion and extravasations of circulating leukocytes with thrombus
development. Inflammatory cytokine, adhesion molecules dynamically control these two
processes. (Figure d)
As for the thrombus formation with EC disruption, chemokine expressions in endothelium and
leukocyte (especially neutrophils) recruitment played a significant role in these processes.
Leukocyte was immediately recruited into the subendothelial layers with bleeding and
hemostatic reactions. TLR4 signaling also contributed to these steps, and pretreatmet of LPS
markedly enhanced these steps. Thrombus included calcium activated cores and deformed
platelets. Immigrated leukocyte also showed the increase of intracellular calcium.
Summary: These results indicated that endothelial function, especially inflammatory status,
determined the thrombotic reaction. Leukocyte also contributed with TLR4 signaling. In sum,
using our imaging system can be a powerful tool to analyze thrombus formation and evaluate
the therapeutic strategies.



 
Fig. 1: In vivo imaging visualize cell kinetics in thrombus
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Aim The blood pressure is regulated dynamically by arterial wall tensions in vivo, but the
previous methods did not clarify their detailed mechanisms in living animals due to the lack of
visualization technique. Thus we aimed to visualize cell kinetics during artery contractions
processes by improving previous photochemical reaction technique.
Methods We recently developed the in vivo fluorescent imaging technique based on two
photon microscopy, which enabled us to directly visualize the femoral artery in living animals.
In addition, by combining with the visualization technique with laser induced injury models, we
could visualize transient artery contraction in response to ROS (reactive oxygen species)
(Figure a). Using this novel animal model, we elucidated the functional contribution of smooth
muscle cell of artery to hypertensive diseases. We also directly measured the ROS and NO
(nitric oxide) production in smooth muscle cells, which was analyzed and quantified by novel
tracking software.
Results: We observed that ROS and NO production was counter-balanced in transient artery
contractions (Figure b and c). As for the molecular mechanisms, we confirmed that this
contraction is via PKC and NADPH signaling. The contraction was inhibited by Ca blocker,
isosorbide, sildenafile, and angiotension II blockers administrations.
In addition, by treating the artery with CaCl solution, the aneurysm formation was also
visualized. In the early phase, the hyper-responsiveness of artery wall, and transient thrombus
formation was observed. In the later, the wall was stiffened, collagen contents were increased,
and aneurysm was observed in last.
Conclusions These results indicated the ROS and NO counter balances dynamically regulate
artery contractions. eNOS also contributed to these contractions, and imaging can visualize
various dynamic signaling. .In sum, our imaging system can be a powerful tool to analyze the
molecular mechanisms of hypertension and artery aneurysm.



 
Fig. 1: In vivo imaging of artery contractions, femoral artery in living mice
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Derris reticulata Craib. (Family: Leguminosae) is a climbing plant distributed in the tropical
regions of Asia and East Africa which is traditionally used as anti-coughing and expectorant.
Several pharmacological activities of this plant, such as anti-inflammatory effect and antiviral
action against herpes simplex virus type 1, have been documented. It was also employed as
alternative diabetes treatment by local medicinal plant practitioners in some parts of Thailand.
The aims of this study were to evaluate antioxidant and protective effects of the aqueous
extract of Derris reticulata (ADR). Antioxidant activities were determined using FRAP, ABTS and
DPPH scavenging methods in vitro. The scavenging activities of ADR against DPPH and ABTS
free radicals were found at the IC50 of 239.85 ± 0.13 and 515.05 ± 0.13 µg/ml, respectively,
whereas the FRAP value of ADR was 0.23 ± 0.05 µmol of Fe2+/mg dried extract. Morphological
changes and density of pancreatic RINm5F cells were observed under inverted microscope.
The protective effect of ADR against alloxan-induced cell death was studied by MTT assay. It
was found that alloxan, a free radical producing agent, decreased the number of RINm5F cells
and altered their morphology as well as caused cell detachment from plate. In accordance with
microscopic examination, the result from MTT assay showed that pretreatment of cells with
ADR increased cell viability after exposure to alloxan. These findings suggest that antioxidant
activities of ADR may play a key role in the protective effect against alloxan-induced toxicity in
vitro.
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Fig. 1: Photomicrograph of pancreatic RINm5F cells (200×). Panel A: control, Panel B: cells treated with alloxan (9 mM),
Panel C-H: cells pretreated with Derris reticulata extract (50, 100, 150, 200, 250 and 500 µg/ml, respectively) before
exposure to alloxan.
 

 
Fig. 2: Cytoprotective effect of Derris reticulata extract. Cell viability was determined by the MTT assay. RINm5F cells
were pretreated with the extract for 12 hours before exposure to alloxan (9 mM). Results are mean ± S.E.M. (n=3). a, b
and c (p < 0.05) significant difference from control, alloxan and the lower doses, respectively.
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NADPH oxidase (NOX) is a multi-protein complex producing reactive oxygen species (ROS) in
response to growth factors. Among the seven members of the NOX family there are key
differences in their activation, subunit composition, localization and expression. NOX
overactivity or overexpression are often associated with chronic diseases, characterized by
tissue damage and fibrosis. Such changes are consistent with the involvement of ROS in
causing damage to biomolecules including protein, DNA, and lipid membranes. Scleroderma
(SSc) is a chronic fibrotic disease which can affect skin and internal organs, resulting in
significant morbidity. SSc fibroblasts isolated from lesional areas of patients overproduce ROS
and overexpress type I collagen and a-smooth muscle actin (a-SMA), and show chromosomal
aberrations. Although the evidence that oxidative stress contribute to the establishment of
fibrosis, the role of the single NADPH oxidase members has not been previously investigated in
scleroderma.
In this study we focused on the role of NOX enzymes in SSc fibroblast activation and on the
possible link between ROS induced-DNA damage and fibrosis.
Scleroderma skin fibroblasts show enhanced expression of NOX 2 and 4 mRNA and protein
compared to normal fibroblasts. Incubation with DPI or transfection with siRNAs against
specific NOX mRNA downregulate cell activation, DNA damage, and type I collagen expression
in scleroderma cells. SSc fibroblasts show high levels of phosphorylated ATM (ataxia
telangiectasia mutated, the major regulator kinase of the cellular response to DNA damage)
compared to normal cells. Incubation with KU55933, a specific inhibitor of ATM, leads to
downregulation of ROS in SSc fibroblasts as well as in normal cells stimulated by bleomycin, an
inducing agent of fibrosis. Moreover inhibition of ATM causes a significant reduction of type I
collagen expression, as confirmed in ATM-/- cells.
In the present study, we identified NOX 2 and 4 as critical components of NADPH oxidase
complex in SSc fibroblasts and we provide evidence that ROS produced by NOX may play a
important role in the pathological activation of dermal fibroblasts. These data strongly
demonstrate the pathological link among ROS, DNA damage and collagen production, and
suggest new targeting strategies in the treatment of fibrotic diseases, such as Scleroderma.
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Fig. 1: ROS production. SSc fibroblasts were transfected with a control siRNA (CTRL) or siRNA against NADPH oxidase
subunits (NOX2 or NOX4). In the upper pannel cells were incubated with DHE and the fluorescence were analyzed
using a confocal microscopy. In the lower pannel, after treatment with DCF ROS production was measured using a
microplate reader.
 

 
Fig. 2: Activation state. SSc fibroblasts were transfected
with a control siRNA (CTRL) or siRNA against NADPH
oxidase subunits (NOX2 or NOX4). In the upper pannel
a-SMA expression was detected using a confocal
microscopy. In the lower pannel, collagen and fibronectin
mRNA levels were measured in real-time PCR.
 

 
Fig. 3: DNA damage. SSc fibroblasts were transfected with
a control siRNA (CTRL) or siRNA against NADPH oxidase
subunits (NOX2 or NOX4) or treated with DPI. In the upper
pannel phosphorylation of H2A.X was analyzed using a
confocal microscopy. In the lower pannel, the same marker
was detected in western blot.
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Photodynamic therapy (PDT) is an alternative therapy to cure a lot of diseases, including
cancer. A new set of photosensitizing (PS) drugs arising from natural plants, as vegetable oils
and extracts have been tested in cancer therapy. However, most of these PS drugs present
some difficulties for clinical use and in this context, polymeric nanoemulsions, kinetically stable
systems, have several potential as drug carrier systems. The aim of this study was to evaluate
the possible photodamage of the chloroform extract of aerial parts of the Amazon plant -
crajiru (Arrabidaea chica) - incorporated in polymeric nanoemulsion (NanoECr) in PDT against
murine mammary adenocarcinoma cells (4T1) in vitro. By dynamic light scattering
measurements, NanoECr had an average hydrodynamic diameter of 370.5 ± 264.31 nm, and
presented characteristics of a stable formulation. After incubation of 4T1 cells with different
NanoECr concentrations and times, in the absence of irradiation (in the dark), non-toxic
concentration (54 µg/mL) was determined by MTT and microscopy techniques and the
maximum time of interaction between NanoECr and 4T1 cells (15 minutes) was determined by
confocal microscopy (Figure 1). Associating 54 µg/mL of NanoECr for 15 minutes of incubation
and irradiation using a laser of 670 nm wavelength at different energy doses, cell death
occurred when the cells were irradiated with energy ranging from 8.57 J/cm2 to 85.7 J/cm2 and
only at the maximum energy dose of 85.7 J/cm2 used in this experiment occurred 100% of cell
death. Evaluating the type of cell death, cells irradiated at an energy dose of 25.7 J/cm2 had
death by apoptosis, visualized by intense cytoplasmic staining of the apoptotic bodies with
acridine orange in confocal microscopy (Figure 2) and the presence of blebs and mitochondria
and endoplasmic reticulum damage observed in Transmission Electron Microscopy (TEM -
(Figure 3). At an energy dose of 85.7 J/cm2, necrosis was the type of cellular death occurred
noted by intense staining of cells cytoplasm in red (ethidium bromide) in confocal microscopy
and cell membrane damage with leakage of cellular contents and presence of vacuoles inside
the cells observed in TEM (Figure 3). At Scanning electron microscopy (SEM), in both energy
doses (25.7 J/cm2 and 85.7 J/cm2), disruption/disintegration of the plasma membrane with the
presence of numerous perforations in its structure and detachment of the cells from the
substrate were observed (Figure 4). Damage was not observed when cells were incubated with
NanoECr in the absence of irradiation or irradiated without NanoECr incubation. We can
conclude that the chloroform extract of the aerial parts of crajiru incorporated in polymeric
nanoemulsion is a potential PS formulation for use in PDT.
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Fig. 1: Confocal micrographs of 4T1 cells exposure in vitro
to NanoECr for 15 minutes in the dark. A) Phase contrast,
B) Nucleus cell stained with DAPI (blue), C) NanoECr
fluorescence in cell cytoplasm (red), D) Overlay of A, B and
C.
 

 
Fig. 2: Confocal micrographs of 4T1 cells stained with
acridine orange and ethidium bromide after PDT. A) Control
- Bright field, B) Control – Fluorescence, C) PDT 25.7 J/cm2.
Blebs in plasma membrane represented by intense orange
staining (arrows) indicating apoptosis, D) PDT 85.7 J/cm2.
Cells stained in red indicating cell death by necrosis.
 

 
Fig. 3: TEM Electron micrographs of 4T1 cells. A) Control, B)
Cell incubated with 54μg/mL of NanoECr in the dark. White
arrows indicate amorphous vesicles, C) PDT 25.7 J/cm2.
Black arrows indicate blebs in plasma membrane, D) PDT
85.7 J/cm2. Note the release of cytoplasmic contents and
vacuoles (star) inside cells. Nu = cell nucleus.
 

 
Fig. 4: SEM micrographs of 4T1 cells. A) Control, B) Cell
incubated with 54μg/mL of NanoECr in the dark. Note the
presence of diffuse nanostructures in the membrane
(arrow), C) PDT 25.7 J/cm2, D) PDT 85.7 J/cm2. Note the
presence of perforations in plasma membrane (arrows). In
D, total disintegration of the cell.
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The lacrimal gland is the primary source for aqueous portion of the tear film. This portion
contains water, electrolytes and proteins, which are necessary for the health and the
maintenance of the cells of the ocular surface. Noradrenaline (NA), released from sympathetic
nerves, is a major stimulus of lacrimal gland secretion. Here, lacrimal gland acinar cells
response to adrenergic receptors activation were examined, with special reference to
intracellular Ca2+ concentration ( [Ca2+]i ) dynamics.
In the present study, detection of mRNA of acinar cells specific to adrenergic receptor
subtypes was determined by RT-PCR. All kinds of adrenergic receptors were detected except
α2c and β1 in acinar cells of lacrimal glands.
NA (30 μM) induced an increase in [Ca2+]i in acinar cells. NA-induced [Ca2+]i changes showed
a biphasic behavior; the first step involved a steep phase of rapidly increasing [Ca2+]i,
followed by the second plateau phase step. The removal of extracellular Ca2+ and the use of
Ca2+ channel blockers did not completely inhibit the NA-induced [Ca2+]i increases. This
reaction did not persist for long and the second plateau phase disappeared. Furthermore,
suramin (a G protein antagonist) inhibited these increases. Phenylephrine (an α1 adrenoceptor
agonist) induced a strong increase in [Ca2+]i. However, clonidine (an α2 adrenoceptor agonist)
and isoproterenol (a β adrenoceptor agonist) failed to induce a [Ca2+]i increase.
These findings indicated that NA activation resulted primarily in Ca2+ mobilization from
intracellular Ca2+ stores and that NA activates α1 adrenoceptors which cause an increase in
[Ca2+]i by production of IP3. Our results suggested that α1 adrenoceptors were key receptors
in calcium-related cell homeostasis and exoclines in lacrimal glands.
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Painful bladder syndrome (PBS) is a chronic disorder characterized by severe clinical
manifestations and unmet medical need in terms of effective diagnostics and treatment.
Systemic administration of cyclophosphamide (CYP) in mice has been proposed as a relevant
preclinical model of chronic bladder malfunction. We demonstrated recently that chronic CYP
treatment induces bladder inflammation associated with activation of proliferation and
apoptosis [Physiological Reports (2014), In Press]. Both processes are energy demanding, and
therefore elevated respiration and local deoxygenation are expected in the inflamed bladder
tissue. Since molecular oxygen is a master regulator of cellular function, the knowledge on O2

availability and consumption rate is critically important for understanding of the molecular
mechanisms underlying PBS and successful treatment of the disease.
To build the O2 map of normal and inflamed bladder, we applied newly developed
cell-penetrating phosphorescent O2 sensitive probes and imaging technique based on
microsecond PIM-TCSPC confocal microscopy [1-3], which demonstrated good performance in
the experiments with 2D cell cultures, multicellular 3D models (spheroids and scaffolds), brain
slices, rodent intestine segments and human colon biopsies (Fig. 1). Here we correlate
high-resolution imaging data on O2 levels in whole bladder with the results of functional,
morphological and immunological tests, aiming to analyse diagnostic and prognostic value of
O2 imaging platform. A potential of the platform for wide range biomedical applications and
further development will be discussed in the presentation.
References:
1. A.V. Kondrashina, R.I. Dmitriev, S.M. Borisov, I. Klimant, I. O'Brien, Y.M. Nolan, A.V. Zhdanov,
D.B. Papkovsky, A phosphorescent nanoparticle‐based probe for sensing and imaging of (intra)
cellular oxygen in multiple detection modalities, Advanced Functional Materials, 22 (2012)
4931-4939.
2. R.I. Dmitriev, A.V. Zhdanov, Y.M. Nolan, D.B. Papkovsky, Imaging of neurosphere
oxygenation with phosphorescent probes, Biomaterials, 34 (2013) 9307-9317.
3. R.I. Dmitriev, A.V. Kondrashina, K. Koren, I. Klimant, A.V. Zhdanov, J.M. Pakan, K.W.
McDermott, D.B. Papkovsky, Small molecule phosphorescent probes for O2 imaging in 3D tissue
models, Biomaterials Science, (2014).
4. A.V. Golubeva, A.V. Zhdanov, G. Mallel, T.G. Dinan, J.F. Cryan, The mouse cyclophosphamide
model of bladder pain syndrome: tissue characterization, immune profiling and relationship to
metabotropic glutamate receptors, Physiological Reports, (2014). 
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Fig. 1: Confocal PLIM image of rat colon produced using Pt-Glc O2 sensitive probe. Phosphorescence intensity image of
mucosal layer (left) is converted into LT image using SPCImage program. Tissue O2 levels (μM) are determined from LT
using the conversion function. Single colon crypt is highlighted by quadrangle.
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Background. Telocytes (TCs) are a brand-new cell type frequently observed in the interstitial
space of many organs (see www.telocytes.com). TCs are defined by very long (tens of μm) and
thin prolongations named telopodes. Dilations, called podoms (~300 nm) alternate with
podomers (80-100 nm). The mechanisms of telopodes’ elongation and ramification is not
known.
Methods. TCs were identified in a myometrial interstitial cell culture based on morphological
criteria and by CD34 and PDGFRα immunopositivity. We report here the low-level laser
stimulation (LLLS) using a 1064 nm Nd:YAG laser, with an output power of 60 mW, of the
telopode growth in cell culture. The laser beam was focused through the 100x/1.3 Oil
objective.
Results. LLLS of TCs determines a higher growth rate of telopodes in pregnant myometrium
primary cultures (10.3 ± 1.0 μm/min) compared to non-pregnant ones (6.6 ± 0.9 μm/min).
Acute exposure (30 min) of TCs from pregnant myometrium to 1 μM mibefradil, a selective
inhibitor of T-type calcium channels, determines a significant reduction in the LLLS growth rate
(5.7 ± 0.8 μm/min) compared to LLLS per se in same type of samples. Meanwhile chronic
exposure (24 h) completely abolishes the LLLS telopodes growth in both non-pregnant and
pregnant myometrium. The initial direction of telopode growth was modified by LLLS, the angle
of deviation being more accentuated in TCs from human pregnant myometrium than in TCs
from non-pregnant myometrium.
Conclusion. TCs from pregnant myometrium are more susceptible of reacting to LLLS than
those from non-pregnant myometrium. Therefore, some implications are emerging for low
level laser therapy in uterine regenerative medicine.
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Nuclear myosin I is a nuclear isoform of the well-known “cytoplasmic” Myosin 1c protein.
Located on the 11th chromosome in mice, NM1 results from an alternative start of
transcription of the Myo1c gene adding an extra 16 amino acids at the N-terminus [1]. Previous
studies revealed its roles in nuclear processes such as RNA Pol I and RNA Pol II transcription [2,
3], chromatin remodeling [4], and chromosomal movements [5]. In contrary, Myo1c was shown
to act in different plasma membrane and cytoplasm related processes.
In order to trace specific functions of the NM1 isoform, we generated mice lacking the NM1
start codon without affecting the cytoplasmic Myo1c protein. Mutant mice were analyzed in a
comprehensive phenotypic screen and strikingly, no obvious phenotype related to previously
described functions has been observed. Surprisingly, we found that NM1 KO skin fibroblasts
are more resistant to hypotonic stress in comparison to WT cells suggesting the role of NM1 in
plasma membrane dynamics.
To explore the mechanical properties of NM1 KO cells in detail, we used Atomic Force
Microscopy (AFM). We show that plasma membrane of NM1 KO cells has higher elasticity in
comparison to WT cells, and therefore it is more resistant to cell swelling processes occurring
during hypotonic treatment. This suggests that NM1 might acts as a dynamic link between
plasma membrane and cytoskeleton, influencing the fluidity of the cortical layer of the cell.
1. Pestic-Dragovich et al. (2000) Science. 290, 337-41.
2. Percipalle et al. (2003) PNAS, 6475-80.
3. Philimonenko et al. (2004) Nature cell biology. 6, 1165-72.
4. Percipalle et al. (2006) EMBO reports. 7, 525-30.
5. Chuang et al. (2006) Current biology : CB. 16, 825-31.
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[Background/Aim] It has been well known that shape and distributions of smooth muscle cells
(SMC) are different between artery/arterioles and vein/venules. The morphological differences
of SMC can indicate different role in vivo, however, very few data has been available on
physiololical characters of SMC of vein/venule. Intracellular Ca2+ concentration ([Ca2+]i) plays an
essential role in stimulus-response coupling in a great variety of tissue/cells, including vascular
SMC. We observed Ca2+]i dynamics of SMC of intact venules to clarify which transmitters can
elicit any response of venules, and compered with those of SMC of arterioles. [Materials and
Methods] Real-time confocal microscopy (Nikon RCM/Ab) was employed to study the alteration
in [Ca2+]i. Venules and arterioles (external diameters <100 μm) were isolated from rats (Wistar,
male), and loaded with a fluorescent Ca2+-indicator, Indo-1. Ringer' solution containing various
transmitters/modulators was perfused around the specimens. [Results] SMC of arterioles are
fusiform in shape, while those of venules are polygonal. 5-Hydroxytryptamine (5-HT), ATP, and
angiotensin II elicited an increase in [Ca2+]i in most SMC of arterioles. The [Ca2+]i increase and
the following contraction were persistent. When noradrenaline (NorAd) was used as a
stimulant, [Ca2+]i increase was observed only in a portion of the SMC, and the response was
relative transient. On the contrary, the[Ca2+]i increase in SMC of venules during 5-HT or ATP
stimulation was faint, but NorAd can induce an evident increase in SMC. Response to
angiotensin II was also significant. The increase of SMC of venules was not inhibited, when
extracellular Ca2+ was removed. Thapsigargin, inducing depletion of intracellular Ca2+ store,
suppressed the response of SMC of venules to the transmitters. [Discussion] 5-HT and ATP has
not been considered as “pressor substances”, even though both induced strong
vasoconstriction of arterioles. This may mean that not only vasoconstriction of arterioles is a
unique factor for increase of systemic pressure. However substances known as “pressor
substances” induce SMC response of venules as well as arterioles. About 65% of whole blood
was contained in vein/venules, therefore the reduction of vascular volume of venous system
can play a pivotal role in increase of systemic blood pressure.
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Extracellular matrix (EM) forms a basis of human connective tissue, providing its specific
mechanical properties. The EM structure, and, particularly, the packing of collagen, the main
protein EM component, depends on the functional activity of cells and may significantly
change in the presence of a pathological process.
Here we have applied atomic force microscopy (AFM) to diagnose morphological changes in
the EM of connective tissue caused by two different pathological processes – connective tissue
dysplasia leading to pelvic organ prolapse (POP) and a neoplastic process (tumors of bone).
AFM imaging was performed on air on deparaffinized tissue sections.
Our AFM studies showed marked deviations from the normal EM morphology of human skin
and pelvic ligament for patients with POP. The deviations were observed at all the levels of the
EM texture, including microtexture (packing of collagen fibers), nanotexture (arrangement of
collagen fibrils) and structure of individual collagen fibrils. In particular, we observed visible
separation, thinning and fragmentation of collagen fibrils and fibers, disintegration and
disordering of collagen structures up to the complete destruction of the specific tissue
architecture (Fig.1). The nanoindentation study revealed significant deterioration of the
mechanical properties of the collagen fibrils bundles in the skin of POP patients, as compared
to the skin of healthy subjects.
In the AFM study of bone tumor tissue, we compared the morphology of chondrosarcoma of
histologically malignant grade I, II and III. A benign chondroma tumor was used as a control.
The AFM imaging showed a clear correlation between the content of the fibrous collagenous
elements in the EM of a bone tumor and the degree of its malignancy (Fig.2). While the EM of
chondroma and grade I chondrosarcoma were represented mostly by the network of collagen
fibrils, the grade II chondrosarcoma contained a substantial fraction of non-fibrous elements,
and AFM images of the EM of the grade III chondrosarcoma showed only the non-fibrous
amorphous material.
The AFM data on the EM structure of normal and pathologically altered connective tissue were
found being in a good agreement with the data of the standard morphological methods
(including histological and electron microscopy analysis) on the same clinical specimens. Thus,
AFM and related techniques may serve as either an independent, or a complementary
diagnostic tool for tracking pathological changes in the connective tissue.
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Fig. 1: AFM-diagnostics of pelvic organ prolapse (POP). The loss of order in the collagen fibrils packing in the
extracellular matrix of the skin of POP patients (A-C) as compared to normal skin (D). The scan sizes are 3x3 µm.
 

 
Fig. 2: AFM-diagnostics of the bone tumors’ degree of malignancy. The fraction of fibrous collagenous elements of the
extracellular matrix decreases with the malignancy grade. C – chondroma (benign tumor); CS1, CS2, CS2 – I, II and III
grade chondrosarcoma, respectively. The scan sizes are 3x3 µm.
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Biological investigation of samples, both in their native state as well as under dried, fixated
conditions, is predominantly achieved by light microscopy (LM). LM allows biomolecule
identification, but has a diffraction-limited resolution and is incapable of reveiling the
ultrastructure. On the other hand, electron microscopy (EM) offers sub-nm resolution, but only
allows grey scale images of the cellular ultrastructure of dehydrated and/or frozen samples
without providing the functional biomolecular information. By combining both techniques in
CLEM, biomolecule identification within the ultrastructure is possible at high resolution and
sensitivity.
Nowadays, the number of researchers using CLEM is still relatively limited, compared to the
amount of LM and/or EM users. This can be related to transfer steps between separate EM and
FM setups, crucial differences in sample preparation protocols, the need for fiducial markers
visible in both LM and EM to retrieve regions of interest, and limitations in correlation
accuracy. Additional challenges are to increase spatial resolution in LM and incorporate
temporal resolution in EM.
We have recently developed a setup that enables LM and EM imaging simultaneously on the
same area of a sample [1]. This eliminates the transfer and ROI retrieval steps [2]. Thus
allowing for easy, quantitative investigation of large areas and datasets with a drastic
reduction of inspection time and reduced risk of sample contamination2. With this microscope,
high registration accuracy down to five nanometer can be obtained without the need for
fiducial markers.
However, comprehensive investigation of biological activities of cells requires high resolution
imaging in the native state of the cell. Therefore, a microchip was designed as part of this
setup, with a thin electron transparent window as well as a light transparent window [3]. This
facilitates correlative microscopy of cells in liquid. We will present the microscope design, show
application examples and discuss the possibilities for near-native state correlative imaging. We
expect that with new developments like our setup, CLEM can become a powerful tool for
fundamental biological research, applied industrial research and medical diagnostics.
[1] A.C. Zonnevylle et al., Integration of a high-NA light microscope in a scanning microscope,
Journal of Microscopy (2013), volume 252-1, p. 58-70.
[2] N. Liv et al, Simultaneous Correlative Scanning Electron and High-NA Fluorescence
microscopy, PLoS ONE (2013), volume 8-2.
[3] N. Liv. Et al., Scanning electron microscopy of individual nanoparticle bio-markers in liquid,
Ultramicroscopy (2013), doi: 10.1016/j.ultramic.2013.09.002.
 

Acknowledgement: This work is in collaboration with Delmic BV. We want to thank Ruud van
Tol, and Carel Heerkens for their assistance and STW for financial support.



 
Fig. 1: Optical components onthe outside of the vacuum
door (A),integrated microscope in SEM with final electron
lens above and light objectivelens below the sample (B)
and vacuum parts of the CLEM platform [1].
 

 
Fig. 2: Schematicillustration of the simultaneous
observation with fluorescence (from below) andscanning
electron microscopy (from above) of a sample in liquid,
shielded fromthe vacuum by a thin, electron-transparent
membrane [3].
 

 
Fig. 3: (A) Fluorescenceimage of CV1 cells, fixed during uptake of EGF-conjugated QDs (B), the enlargedimaged of the
boxed area in a), (C) SEM image of the same area (reversedcontrast) and (D) Similar high-magnification SEM image of
part of a CV1 celltaken in liquid. Arrows point to the internalized EGF-conjugated QDs.
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Understanding the mechanisms of interaction between nanoparticles (NPs) and  bacteria is
important for many reasons: some toxic NPs can be used for their bactericide power, whereas
others can be used in the design of sensors for the selective detection of bacteria. Toxic
effects of NPs on bacteria can be due to the formation of defects or holes in the bacteria
membrane, to the generation of reactive oxygen species or to the dissolution of NPs in ions
interacting with the metabolism.
Atomic force microscopy (AFM) is a powerful method to study the interaction of NPs with
bacteria: the tapping mode enables not to damage biological samples, which can be also
imaged in contact in liquid. Moreover the AFM tip is able to discriminate between “hard” (NPs)
and “soft” (bacteria) materials, leading to a high contrast in phase images. In this work, we
applied AFM to the study of silica NPs interacting with Escherichia coli (E. coli) bacteria. These
bacteria were incubated with NPs (previously dispersed in ultra pure water at a concentration
low enough to avoid the formation of aggregates), and then immobilized either on mica or on a
multilayered cushion of polyelectrolytes (formed by the Layer by Layer method). Silica NPs
with diameters ranging from 4 nm to 200 nm were used. AFM images were performed in air
after drying the samples and in liquid.
In the absence of NPs, AFM first confirms the formation of stable E. Coli biofilms, even after
several rinsing steps, and enables to determine their shape and dimensions (mean length
width and height at 1.8 µm, 1.2 µm and 0,15 µm respectively, in agreement with previous
results obtained in the case of healthy bacteria). The morphology of bacteria does not change
after their incubation in the presence of NPs of 100 nm or 200 nm of diameter, suggesting that
bacteria are still healthy (Fig. 1 and 2). Moreover, AFM images suggest that some NPs are
aggregated and wedged between the bacteria and the surface of the substrate. In the case of
NPs of 4 nm and 10 nm of diameter, the morphology of bacteria is modified: bacteria adopt
more unusual spherical shapes. Moreover, the height of some of them is clearly lower than in
the case of healthy bacteria, suggesting that these bacteria are emptied of their content (Fig.
3 and 4). In some cases, it is possible to observe a partial collapse of the membrane on itself.
These results show that the size of NPs is a crucial parameter in their toxicity mechanism. NPs
of 100 nm seem to be too voluminous to cross by diffusion the bacteria membranes, which
remain intact, even if some NPs are aggregated at the surface of bacteria. On the contrary, in
the case of smaller NPs, the empty appearance of bacteria suggests that membranes are
disrupted, leading to the release of cellular compounds.
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Fig. 1: AFM amplitude image (5x5 µm) of a bacterium
interacting with silica NPs (diameter 100 nm) showing a
still healthy bacterium with unchanged morphology.
 

 
Fig. 2: AFM phase image (5x5 µm) of a bacteria interacting
with silica NPs (diameter 200 nm): the contrast is different
for one NP as compared to other ones, suggesting its
endocytosis.
 

 
Fig. 3: AFM topography image (5x5 µm) of bacteria
interacting with silica NPs (diameter 10 nm).
 

 
Fig. 4: AFM phase image (5x5 µm) corresponding to the Fig.
3. On the left, we observe the print of a bacterium which is
not observed in the topography image.
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Singlet oxygen (1O2), the lowest excited state of molecular oxygen, is up to several orders of
magnitude more reactive than the ground state oxygen and readily oxidizes a wide variety of
biomolecules, such as lipids, nucleic acids and proteins. 1O2 is involved in a number of
biochemical processes, including cellular signaling, immune response, or polymer degradation.
The most important way of 1O2 generation is the energy transfer from light-excited triplet
states of organic dyes - photosensitizers - to ground state oxygen. Larger amounts of 1O2 are
cytotoxic which can be utilized in photodynamic therapy of various diseases, namely cancer.
The photosensitizer administrated to the patient accumulates selectively into the target tissue
which is then irradiated by light of an appropriate wavelength and the production of 1O2

triggers processes leading to cell death. It is highly desirable to investigate and understand
how 1O2 acts on cellular and subcellular level. A very weak near-infrared phosphorescence of 1O2

allows for its direct imaging by means of luminescence microscopy, but this is still an
experimental challenge. The recent introduction of improved near-infrared 2D-array detectors
brings new possibilities into the field.
The contribution presents our new setup for 1O2-based luminescence microscopy using a novel
near-infrared sensitive 2D-array detector NIRvana. The setup allows for simultaneous
observation of VIS fluorescence of the photosensitizer together with near-infrared
phosphorescence of 1O2 and the photosensitizer. The ability of the system to detect 1O2

emission is evaluated and 1O2-based images of single mouse fibroblast cells loaded with
photosensitizer TMPyP are demonstrated. Our work expands the earlier pioneering work by
Ogilby's group [1,2]. However, its greatest novelty is the insertion of a spectrograph in the
detection path, which allows us to acquire spectral images of individuals cells, where one
dimension is spatial and the other is spectral. These spectra provide important implications for
the further development of the technique. Finally, present limitations and future directions are
discussed.
[1] I. Zebger et al: Direct Optical Detection of Singlet Oxygen from a Single Cell,
Photochemistry and Photobiology, 2004, 79, 319–322.
[2] J. Snyder et al: Optical detection of singlet oxygen from single cells, Physical Chemistry
Chemical Physics, 2006, 8, 4280–93.
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Fig. 1: NIR luminescence based images and spectra together with bright-field and VIS fluorescence-based images of
3T3 mouse fibroblasts. The cells were incubated for 5h with 100 µM TMPyP in D2O-based saline solution.
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A major challenge of live cell imaging is keeping cells alive and functioning as naturally as
possible for the duration of the experiment [1]. A single 2D image only provides a small part of
the complete context of the research and the relationship between structures in the sample
cannot be fully determined in 2D. 3D imaging gives researchers more information about
cellular structure and function. Our goal is to investigate images of observed objects' positions
that as possible credibly copy their positions and determine the states of elementary units
which determine the state of the organism: in our case, organelles. A microscopic image thus
must be understood as information about the sample, and the microscope must be seen as an
information channel. If we want to reconstruct an organelle in three-dimensional space we
have to have a method for automatic features extraction. Computational image analysis allows
us to provide rapid and automated processing of large datasets.
In order to understand the development of the image at various levels of de-focus, we
introduce the point divergence gain PDG. We examine the change in the information which
occurs when the particular point is replaced by the point from the next image. This may result
in both an increase and decrease in the information. The change in an image series due to a
z-scan is the result of either an object's appearance or disappearance from the image or
changes in the point spread function of the object with the distance from its ideal focal plane.
To determine the borders of the determinable point spread function, we calculate image points
which carry the same information in consequent images captured upon moving the object
along the lens' optical axis (z-scan). In this way, we may precisely identify the border of the
point spread function for different identifiable objects [2, 3].
References:
1. Melanie M. Frigault, Judith Lacoste, Jody L. Swift, Claire M. Brown2009 Live-cell microscopy –
tips and tools, J Cell Sci 122, 753-767. doi: 10.1242/jcs.033837.
2. Stys D, Urban J, Vanek J, Cisar P (2011) Analysis of biological time-lapse microscopic
experiment from the point of view of the information theory. Micron 42:360365. Epub 2010 Feb
12. doi: 10.1016/j.micron.2010.01.012.
3. Stys D, Jizba P, Papacek S, Nahlik T, Cisar P (2012) On Measurement of Internal Variables of
Complex Self-Organized Systems and Their Relation to Multifractal Spectra, IWSOS 2012, LCNS
7166:3647, Kuipers and Heegaard eds. Springer: Heidelberg Dordrecht London New York.
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Root hairs are long tubular cells with unidirectional growth; cell wall formation is restricted to
their tips and depends on the coordination of numerous molecular and cellular processes
including exocytosis of pectins, endocytosis of excess plasma membrane, cellulose synthesis
and the turgor pressure of the vacuole. They increase the root surface tremendously and serve
as contact between plant and soil in order to improve nutrient uptake.
Exo-/endocytotic vesicles are too small to be resolved by conventional light microscopy,
wherefore the tip region of root hairs is usually called “clear zone”; they become visible only in
electron micrographs. Visualizing their dynamic behaviour and their coordination with the
cytoskeleton is however needed in order to understand the underlying principles of signaling
and growth regulation. We therefore applied video-enhanced contrast light microscopy and
ultraviolet microscopy and thus were able to visualize these vesicles in their living state and to
analyze their movements. Staining of the plasma membrane with fluorescent dyes yielded
information about the dynamics of exo- and endocytotic processes during cell wall secretion
and membrane recycling.
We investigated the influence of heavy metals, especially of zinc, on structure and growth of
root hairs of Triticum aestivum, spring wheat. In addition, we analysed the absorption and
transport of zinc into roots and root hairs by using fluorescent tracer dyes specific for heavy
metals. We compared the results from fluorescence with data from the scanning electron
microscope where we used energy-dispersive X-ray spectroscopy (EDX) in order to localize
heavy metals.
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Fig. 1: Tip of growing root hair after zinc treatment, showing abnormal cell wall thickening. a: vesicles in the clear zone
in the bright-field after contrast-enhancement by video techniques. b: plasma membrane and endosomes in FM4-64.
 

 
Fig. 2: Root hairs after staining with Newport Green, a fluorescence tracer dye specific for heavy metals such as zinc.
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Studying the mechanical properties of native biological tissues is a great challenge in the field
of biomechanics. Studying hardly accessible structures that play a very important role within a
locomotive system, such as cartilaginous endplates (CEP), is especially challenging.
Experimental techniques in biomechanics have undergone a hlarge evolution recently. CEP is
approximately a 0.6mm thin layer of hyaline cartilage located between an intervertebral disc
(IVD) and a vertebral body (VB). Calcification or any mechanical damage of a CEP can cause
nutritional and metabolic waste flow restrictions both inward and outward from the IVD,
respectively. Degenerative processes influence the mechanical properties of the tissue and
therefore, this paper will aim towards understanding the material properties of CEPs.
Information about local mechanical properties could help identify CEP malfunction and provide
possible designs for IVD replacement.
Due to the very small thickness of CEPs, instrumented nanoindentation is a suitable method
for determining mechanical properties. This is especially the case when using nanoscale
Dynamic Mechanical Analysis (nanoDMA), which was developed to test viscoelastic materials.
The aim of this work is to determine CEP localization using optical imaging methods and
Second Harmonic Generation imaging (SHG) in combination with nanoindentation. The local
mechanical properties of native CEP were measured and related to the inner microstructure. It
is evident that the large scattering of CEP mechanical properties is due to the inhomogeneity
of the microstructure.
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Fig. 1: Anisotropic structure of CEP. SHG imaging with two photon femtosecond laser (exc. 860 nm) linear-polarised
beam: upper raw images: vertebral body - VB, cartilaginous endplate - CEP, nucleus pulposus – NP. Polarisation at
various angles (red 0°, blue 60°, green 120°).
 

 
Fig. 2: Isotropic structure of CEP. SHG imaging with two photon femtosecond laser (exc. 860 nm) linear-polarised beam:
upper raw images: vertebral body - VB, cartilaginous endplate - CEP. Polarisation at various angles (red 0°, blue 60°,
green 120°).
 



Type of presentation: Poster
 

LS-1-P-3248 Metal Treatment on Physcomitrella patens Compared to two Bryophyte
Species Naturally Occurring on Metal Contaminated Sites
 

Sassmann S.1, Weidinger M.1, Bock B.1, Antreich S.1, Adlassnig W.1, Lang I.1
 
1University of Vienna, Cell Imaging and Ultrastructure Research, Althanstrasse 14, A-1090
 

Email of the presenting author: stefan.sassmann@univie.ac.at
 
Bryophytes inhabit extremely different habitats, ranging from dry fallen river banks (e.g.
Physcomitrella patens) to metal contaminated sites (e.g. Pohlia drummondii and Mielichhoferia
elongata). Therefore, some bryophyte species are considered stress tolerant, and even the
supposedly metal sensitive moss P. patens showed increased tolerance to Cu-EDTA in earlier
studies.
For the present experiments, the bryophytes were cultivated on sterile agar plates and tested
for zinc (as Zn-EDTA, ZnCl2 and ZnSO4) and copper (as Cu-EDTA, CuCl2 and CuSO4) over a period
of five weeks (Fig. 1).
Despite of the high tolerance towards Cu-EDTA of P. patens, we measured changes in growth
and metal uptake analyzed by X-ray microanalysis in a scanning electron microscope (Fig.2) if
the metal is offered with different anions. Here, especially the uptake of EDTA chelated metals
was significantly lower compared to metal offered as ionic salt. Modelling of ion availability
explained most of the differences in toxicity.
Changes in the cellular content of reactive oxygen species (ROS) after staining with
2,7-dichlorofluorescein diacetate (H2DCFDA) were analyzed in a confocal scanning microscope
(Fig.3) and the three different bryophyte species compared. P. patens showed only low
H2DCFDA fluorescence in control cells, in contrast to metal treated cells were increased ROS
could be detected for chloroplast associated mitochondria, the nuclear region and the cell wall
region.
Further investigation of cellular localization of metal deposition was performed using FluoZin-3
and is ongoing in transmission electron microscopy studies.
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Fig. 1: P. patens plants grown on control and zinc spiked
media over a period of 5 weeks.
 

 
Fig. 2: Scanning electron microscope micrograph of P.
patens leafy gametophyte (scale bar = 1 mm).
 

 
Fig. 3: P. patens leaf cells stained with H2DCFDA for H2O2 detection. a, Control cells; b, Plants grown on 1 mM ZnCl2 and
c, plants grown on 0.1 mM CuSO4 show increased fluorescence in close vicinity of the chloroplast, in the nuclear region
(*), mitochondria (arrowhead) and the cell wall (scale bar = 10 µm).
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Studying structural features and functional full-value of blood cells are extremely significant in
solving pathogenesis processes, diagnosis of diseases, and assessment of the treatment
efficiency. Conventional microscopic methods do not always meet the growing requirements
for sensitivity, low invasiveness, fast activity, and spatial resolution. Therefore, new
technologies of cellular visualization are quite topical because they allow performing in the real
time the efficient quantitative analysis of the structural parameters and cellular function
without image fixation and contrast. Phase-interference methods investigate so called
functional images of the cells. The refractivity index studied enables assessment of the inner
cellular structure which reflects its function, directly or indirectly.
The informative biotecnology was worked out, based on the divice-program complex (DPC)
“Biony” for clinical and laboratoty diagnostics with digital image processing and new type
biocensors (Westtrade LTD, Russia). The chief DPC module is a computerized
phase-interference microscope (CPM) which is a modified Linnick’s interferometer with phase
modulation of the bearing wave. Helium-neon laser (λ=633 nm) is a source of light. DPC
enables measurement of integral parameters of the phase micro-objects with high sensitivity,
and а method of automatic reading of interferograms allows achieving measurement
resolution of λ/150, where λ is a radiation wave length if the time of measurement is 15-30
sec. Complex algorithm of the live cells analysis includes topogram, 3D-image, set of profiles,
histogram of the phase heights distribution, calculation of morphometric parameters of single
cells, integral analysis of the cellular population by signs of measuring, and creation of
cytograms.
The authors identified and characterized the vital phase pictures of all blood cells:
erythrocytes, neutrophiles, lymphocytes, and thrombocytes. Within the frames of one method,
the morphologic features of these cells were estimated as well as their size and functional
activity. The regularities of morphologic changes in the blood cells condition in norm and
pathology were revealed and quantitatively assessed (with regard for their age-caused
peculiarities).
Acquirement of important quantitative information concerning cellular condition using
technically available and not very expensive modalities of interference microscopy presents
new opportunities for practical application of live functioning cells as prospective biosensors
for diagnostic purposes.



 
Fig. 1: Phase-interference image of living peripheral blood
erythrocyte
 

 
Fig. 2: Phase-interference image of living peripheral blood
platelet
 

 
Fig. 3: Phase-interference image of living peripheral blood
lymphocyte
 

 
Fig. 4: Phase-interference image of living peripheral blood
neutrophil
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Background: The liver is a vital organ in our body. It has various kinds of functions, such as
detoxification, protein synthesis, bile production, and metabolism. Hepatocytes are the main
cells of liver and organized into plates separated by vascular channels (sinusoids). Recently,
the development of biological imaging techniques with intravital multiphoton microscopy
enables us to visualize dynamic cell migration and cell-cell interactions in vivo. Observation of
living cells in the liver would be very useful for understanding physiology and pathology of liver
function. However, there are few studies examined by intravital liver imaging due to its
difficulty.
Objective: This study aimed to establish the new imaging system for visualizing living liver
with intravital multiphoton microscopy.
Methods: A mouse was anesthetized with isoflurane. The liver was exposed, and then the
mouse was immobilized in a custom-made stereotactic holder. Before imaging, nuclei of
hepatocytes or sinusoids were visualized by intravenous injection of hoechst33342 or eFluor
650NC, respectively. The liver tissues were observed by using inverted multiphoton
microscopy.
Results: We succeeded in visualizing 3D structure of liver, hepatocytes, and blood flow in
real-time. By using the mice expressing EGFP under the promoter of LysM, we also observed
the movement of immune cells around hepatocytes for several hours.
Conclusion: We have developed the new technique for visualizing living liver with intravital
multiphoton microscopy. This imaging technique would be quite beneficial for studying
physiology and pathology of liver function in vivo.
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This research used live cell imaging to report on the disassembly and subsequent recovery of
the Golgi apparatus in tobacco leaf epidermal cells and Arabidopsis thaliana during Brefeldin A
(BFA) treatment. BFA, a macrocyclic macrotone, is a fungal drug commonly used in
vesicle-mediated protein trafficking research for its ability to disturb the guanine-nucleotide
exchange factors (GEFs) function resulting in a blockage of protein trafficking. To observe the
effect of the drug on the plant Golgi apparatus and to reveal more about the related protein
trafficking mechanism, different concentrations of the BFA were used and tested on tobacco
leaf epidermal cells and multiple tissues including leaf, hypocotyl and root tissue of A. thaliana.
The Golgi related proteins of interest included a small GTPase ADP ribosylation factor (ARF),
trans specific sialyltransferase (ST), a cis/medial specific part of a
β1,2-N-acetylglucosaminyl-transferase-I (GnTI), and a post-Golgi compartment protein (PS1).
Those proteins were fluorescently tagged using green fluorescent protein (GFP) and
monomeric red fluorescent protein (RFP) and underwent 3 hr or overnight BFA incubation.
The results have confirmed previously described disruptive effect of the BFA on the Golgi
apparatus and protein trafficking in general to be time and dose dependent and even tissue
specific in A. thaliana. For the ARF-GFP activity in tobacco, the protein retreat from the Golgi
into the cytosol was seen after just 60 min incubation with 25µg/mL BFA and indicated the
Golgi recovery in longer overnight samples only. In the case of PS1-GFP in tobacco, the Golgi
disruption was recorded after 60 min BFA incubation with the protein locating to vacuoles. The
reappearance of Golgi bodies occurred after 210 min drug treatment. For ST-GFP, the results
from tobacco showed slower disassembly of the Golgi apparatus and the protein retreat into
the endoplasmic reticulum (ER) after 90 min of 25µg/mL BFA treatment but much faster
progression of Golgi depletion was recorded in ST-GFP expressing roots of A. thaliana. On
contrary, the Golgi disassembly in the leaves and hypocotyl of A. thaliana were recorded after
120 min drug incubation and the Golgi recovery was the fastest in hypocotyl with just 210 min
after the BFA incubation initiation, showing the diverse effect of BFA across Arabidopsis
tissues.
To assess the manner in which Golgi recovery occurs further, A. thaliana expressing both
cis/medial located GnTI-mRFP and trans located ST-GFP markers was used in additional BFA
treatment experiment. The results of this experiment suggested that the reassembly of the
Golgi apparatus happens in cis to cis/medial and trans manner.
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Fig. 1: Wild-type tobacco epidermal cells expressing
ST-GFP. Micrographs show three BFA [25 µg/mL] treatment
times: 0, 120 min treatment and overnight (20 hrs). The ER
and the nuclear envelope are clearly visible at 120min of
BFA treatment but no ERis seen in before and overnight
samples - showing the recovery ability of ST proteins. Scale
bars = 20 µm.
 

 
Fig. 2: A. thaliana leaves coexpressing cis located
GnTI-mRFP (red) and trans located ST-GFP (green) treated
with BFA [25 µg/mL] for 150min. The merged micrograph
shows that the ER proteins come from different parts of the
Golgi apparatus. The reassembly of the Golgi apparatus
happens in cis to cis/medial and trans manner. Scale bars
= 20 µm.
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We have generated a growing family of cationic dyes with interesting fluorescent properties
that are markedly environment sensitive (e.g., DNA, protein, heparin or artificial membranes).
Our library of 1500 dyes is based on 19 skeletal structures which are easily modified by
standard commercially available chemicals to achieve desired properties. In contrast to a
majority of commercial organic dyes our dyes are nonplanar, a feature which may bring new
opportunities for detection and visualization of important biological structures. Altogether, this
indicates their potential use in various applications such as flow cytometry and microscopy.
A set of 150 selected dyes have been tested for their ability to penetrate and label specific
structures in human cell lines (HeLa, CCRF-CEM, HGC-27, Hep G2 and U2-OS). Highly selective
labelling of mitochondria was prevalent for our novel dyes but other localizations such as
plasma membrane, endoplasmic reticulum or nucleolus can be detected. A good example of
specificity of our novel fluorescent probes are dyes Cellmem8 and Mito19 which were shown to
highly colocalise with commercial dyes CellMaskTM (PCC = 0.73) and MitoTracker® (PCC = 0.81),
respectively, see Figures 1 and 2. Conversely, DNA sensitive dye Celldead3 cannot penetrate
cytoplasmatic membrane and therefore is able to discriminate dead cells, see Figure 3.
Our dyes show good biocompatibility and are promising candidates for live-cell imaging. The
simple one step synthesis and easy purification process make them even more attractive.
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Fig. 1: Colocalization of Cellmem8 (A) with commercial dye CellMaskTM Deep Red (B) shown in HeLa cells. C shows
merge of the images A and B. Zeiss LSM 780, Plan-Apo 63x / 1.4 NA oil immersion objective.
 

 
Fig. 2: Colocalization of Mito19 (A) with commercial dye MitoTracker® Red (B) shown in HeLa cells. C shows merge of
the images A and B. Zeiss LSM 780, Plan-Apo 63x / 1.4 NA oil immersion objective.
 

 
Fig. 3: Staining of dead cells (HGC-27) with our dye – Celldead3 and GelRed. A shows the merge of bright field and cells
stained with Celldead3 and GelRed. B shows the colocalization (PCC = 0.83) of Celldead3 (C) and GelRed (D). Zeiss
AxioObserver.A1, 20x objective.
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Marfan syndrome (MFS) is an autosomal dominant connective-tissue disorder caused by
heterozygous mutations in fibrillin-1 gene (FBN1). In a mouse model of Marfan syndrome,
conventional Verhoeff-Van Gieson staining displays severe fragmentation, disorganization and
loss of the aortic elastic fiber integrity. However, this method involves chemical fixatives and
staining, which may alter the native morphology of elastin and collagen. Thus far, quantitative
analysis of fiber damage in aorta and skin in Marfan syndrome has not yet been explored. In
this study, we have used an advanced noninvasive and label-free imaging technique,
multiphoton microscopy to quantify fiber fragmentation, disorganization, and total volumetric
density of aortic and cutaneous elastin and collagen in a mouse model of Marfan syndrome.
Thoracic aorta and dorsal skin samples were harvested from Marfan and control mice aged 3-,
6- and 9-month. Elastin and collagen were identified based on two-photon excitation
fluorescence and second-harmonic-generation signals, respectively, without exogenous label.
Measurement of fiber length indicated significant fragmentation in Marfan vs. control. Fast
Fourier transform algorithm analysis demonstrated markedly lower fiber organization in Marfan
mice as compared with control. Significantly reduced volumetric density of elastin and collagen
and thinner skin dermis were observed in Marfan mice. Cutaneous content of elastic fibers and
thickness of dermis in 3-month Marfan resembled those in the oldest control mice. Our findings
of early signs of fiber degradation and thinning of skin dermis support the potential
development of a novel non-invasive approach for early diagnosis of Marfan syndrome.
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Fig. 1: Measurements of aortic elastin & collagen volume and fiber organization using multiphoton microscopy and
Fast Fourier analysis. A) 3-D reconstruction of aortic segments from 6-month old control and MFS mice (Elastin, green;
collagen, purple). B) Analysis of the elastic fiber orientation using two-dimensional fast Fourier transform algorithm.
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Introduction and objective: Leukocyte recruitment to adipose tissue is involved in several
pathological conditions such as obesity [1]. We have shown that in the context of food allergy
there is an increase in the monocyte recruitment to adipose tissue [2]. The aim of this study
was to investigate whether prolonged ingestion of antigen by previously sensitized mice would
revert the adipose tissue inflammation caused by experimental food allergy. Leukocyte
recruitment is a hallmark event of inflammation and happens as a cascade of steps. The
leukocytes first roll in the vessels, then adhere to them and it results in the transmigration of
leukocytes to the tissue [3]. Methods: Male BALB/c mice were sensitized with Ova in Al(OH)3
on day 0 and received a booster on day 14. The control group (Ova-) wasn’t sensitized with
Ova. After day 21 all animals received an Ova diet for 7 (Ova+ 7 days) or 14 days (Ova+ 14
days) (n=8). Results: The allergic process, that happened after 7 days of Ova ingestion by
sensitized mice, was evidenced by a significant increase in the anti-Ova IgE level measured by
ELISA. This process resulted in a significant body weight and adipose tissue loss that had the
peak 7 days after the challenge with progressive recovery after this day. This loss was followed
by a decrease in the area of adipocytes and an increase in the level of cytokines involved in
the cellular recruitment such as IL-6 (Fig. 1A) and TNF-alfa (Fig. 1B) in the adipose tissue. Also
in this tissue there was an increase in the leukocyte recruitment, rolling cells (Fig. 2A) and
adhesion events (Fig. 2B) in the microvasculature of the adipose tissue, visualized by intravital
microscopy. After 14 days of oral challenge, sensitized mice showed an anti-Ova IgE level
similar to the mice that were only sensitized. With this developed desensitization to Ova all
parameters analyzed were significantly improved although they did not reach the basal levels.
Conclusion: Our data suggest that the continued ingestion of Ova by sensitized mice leads to a
desensitization to this antigen with a reduction in the leukocyte recruitment to adipose tissue
caused by experimental food allergy.
References:
[1] Nishimura S et al., In vivo imaging in mice reveals local cell dynamics and inflammation in
obese adipose tissue, J Clin Invest, 118 (2008) 710-721.
[2] Dourado LP et al., Experimental food allergy leads to adipose tissue inflammation, systemic
metabolic alterations and weight loss in mice. Cell Immunol, 270 (2011)198-206.
[3] Klaus Ley, Integration of inflammatory signals by rolling neutrophils, Immunol Rev, 186
(2002) 8-18.
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Fig. 1: Figure 1 - Kinetics of IL-6 (A) and TNF-α (B) production in epididymal adipose tissue in non-sensitized or
sensitized after Ova challenge. Data are reported as means ± SEM for six mice in each group. * P < 0.05 compared to
Ova - group and # P < 0.05 compared to Ova + after 7 days of Ova consumption.
 

 
Fig. 2: Figure 2 – Intravital microscopy was used to assess the rolling (A) and adhesion (B) of leukocytes in
microvasculature of epididymal adipose tissue in vivo. Data are reported as means ± SEM for six mice in each group. *
P < 0.05 compared to Ova - group and # P < 0.05 compared to Ova + after 7 days of Ova consumption.
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The evolution of cancer cell population is a very dynamic process, involving numerous cell-cell
and cell-matrix interactions constantly shaping the cancer cell population. Time-lapse
videomicroscopy of living cell cultures can be very instrumental in following and dissecting
these interactions and the resulting evolution within the cancer cell population.
We demonstrate this approach by two examples. First, we have followed the fate of putative
cancer stem cells over prolonged time scale. A derivative daughter of the bladder cancer cell
line BFTC-905 has been transfected with an expression vector coding for the GFP reporter
under the control of a doxorubicin-responsive promoter and cultured in doxorubicin containing
medium; cancer stem cells, by virtue of their constitutive expression of multidrug resistance
efflux pumps, constantly eliminate doxorubicin out of the cell and therefore cannot switch on
the doxorubicin-regulated GFP, in progenitor cells is this capacity limited, leading marginal GFP
expression level, whereas in differentiated cancer cells strong GFP expression could be
recorded. The time lapse videomicroscopy is thus able to unravel the intrinsic hierarchy of
carcinoma cell lines. In the second experiment, we cocultured subperitoneal fibroblasts with
the A2780 ovarian carcinoma cells. Peritoneal spreading is the preferred way of ovarian cancer
metastasis and the chemotaxis of ovarian cancer towards subperitoneal fibroblasts is
supposed to represent one of the underlying mechanisms. By long-term coculture recording,
we could really observe a strong chemotaxis of ovarian carcinoma cells towards sparsely
grown subperitoneal fibroblasts. These examples illustrate the power of time-lapsed
videomicroscopy in analysing complex dynamic processes in cancer biology.
The work was supported by the specific student research grant of the Charles University SVV
260 050.



 
Fig. 1: Cocultivation of subperitoneal fibroblasts with the A2780 ovarian carcinoma cells, magnification 100x
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Live-imaging of embryonic tissues provides unique tool to underpin cellular and molecular
mechanisms of morphogenesis and organ formation. In our system we used early embryonic
mandibles explanted at embryonic day 11 into organ culture. This approach enabled us to
perform long time-lapse confocal microscopy imaging of early oral epithelium for up to 48
hours. The speed of scanning and length and intensity of tissue exposure to excitation lasers
are critical parameters to avoid photo-bleaching of fluorescence reporters, as well as to keep
the tissue healthy, and to ensure that assessed developmental processes are comparable with
development in vivo. To accomplish that, we established imaging setup for organ culture with
use of spinning disc confocal microscope. Spinning disk imaging technology provides unique
combination of sufficient speed and resolution for 48h long time-lapse imaging with minimal
photo-toxicity for tissue. The use of described live-imaging microscopy setup allowed us to
examine the cellular mechanisms of tooth development initiation. We identified a migratory
population of Fgf8-expressing epithelial cells in the embryonic mandible which provides most
of the epithelial cells required for development of future molar tooth. This population migrates
anteriorly towards Shh-expressing epithelial cells at the site where tooth placode will initiate.
Furthermore, inhibition of Fgf and Shh signaling disrupted the oriented migration of cells,
leading to failure of tooth development. The time-lapse data allowed us to perform statistic
analysis of cell movement in time and evaluate the differences in cell behavior under Fgf and
Shh signaling compromising conditions compared to normal development. Our results
demonstrate the importance of collective epithelial cell migration in the initiation of tooth
development and provide the first example of such cell behavior during mammalian organ
formation, suggesting that epithelial migration might be more frequent mechanism of
morphogenesis also in other organ systems and proper live-imaging is only direct way to
analyze this phenomenon.
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Selective Plane Illumination Microscopy (SPIM) is an emerging technique with potential in the
life sciences. SPIM promises fast, minimally-invasive, optical-sectioning (3D acquisition) of
fluorescent specimens over time. Its principal advantage over more established fluorescence
techniques (e.g, wide field epi-fluorescence microscopy, confocal and multiphoton microscopy)
is the generation of larger volume (x-y-z) data sets with potentially lower levels of light
induced damage to the tissues. SPIM is particularly suited to live cell studies of whole
organisms (e.g., Drosophila embryos, Zebra fish embryos etc).
SPIM generates 3D information by focusing a thin laser light-sheet into the specimen using a
first objective lens and taking 2D images of the illuminated slice with a second detection lens
placed perpendicularly to the light sheet. .. Sequential, 3D stacks are acquired by moving the
specimen orthogonally to the light-sheet between consecutive images. By mounting the
sample in a rigid medium, e.g. low temperature gelling agar, and mounting it in the sample
chamber in front of the detection lens, it is possible to rotate the sample and collect 3D stacks
from multiple angles. These multiple 2D images can then be used to reconstruct the
fluorescence distribution in the 3D volume.
Presently there is one commercial SPIM platform available (Zeiss Lightsheet Z.1), however, it is
possible to build your own SPIM based on the designs featured on the OpenSPIM website:
(http://openspim.org/Welcome_to_the_OpenSPIM_Wiki). This allows groups to gain initial
experience of SPIM and/ or optimise a system for a specific task. In a collaboration between
Kings College London and Linkam Scientific, we have built a SPIM based around the OpenSPIM
platform and we will discuss our experience of building and operating the OpenSPIM along with
the parallel development of a temperature regulated stage for use with the system.
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Fluorescence resonant energy transfer (FRET) is a very popular method used both in wide-field
and confocal laser scanning microscopy nowadays. This is because FRET can easily provide
information about the short distances between molecules in nanometer range. FRET Acceptor
Photobleaching (FRET AB) is quite simple method based on bleaching the acceptor, but the
drawback is that there are needed a lot of tests and controls to confirm FRET. Our proposal is
to use so-called TimeGate function of confocal laser scanning microscope Leica TCS SP8 X. This
function is available for the hardware combination of excitation by pulsed picosecond White
Light Laser (WLL) and spectral hybrid HyD detectors based on GaAsP. WLL is a laser freely
tunable in the spectral range 470-670 nm, so that the wavelength and intensity can be tuned
for ideal excitation. Spectral detection by HyDs can be expanded by time resolved detection by
TimeGate function with arbitrary time windows in the range 0-12 ns. It is based on time delay
between the excitation pulse and detection of fluorescence. As the minimum opening of the
TimeGate window is 3.5 ns with the stepsize 0.1 ns or lower, the TimeGate function can be
applied to distinguish between the donor and FRET channels.
We performed FRET for well-known interacting partners p53 and 53BP1 in mouse mbryonic
fibroblasts (MEFs). The fact that p53 and 53BP1 can interact was well described previously
(Iwabuchi K, et al. Proc Natl Acad Sci U S A. 1994). Although the significance of the interaction
between 53BP1 and p53 is not completely elucidated, it is evident that 53BP1 plays an
important role in chromatin-based DNA damage response signaling (Panier S, et al. Nat Rev
Mol Cell Biol. 2014). The 53BP1-p53 interaction is mediated by the tandem-BRCT repeats of
53BP1 (residues 1702–1972) and the DNA-binding domain of p53 (residues 94–292) (Joo WS, et
al. Genes Dev. 2002). In our experiments, we have used laser lines 488 nm and 591 nm for
analysis by FRET AB with two HyDs with spectral bandwidth set adequately to excitation laser
lines. Different time windows were tested. Here, we present results with the time window set in
the range 0.3-3.8 ns. Format of the images was 512 x 512 pxls (30.75x30.75 microns).
Preferentially, we investigated the interactions between p53-GFP and 53BP1-Alexa 594. In
classic settings, FRET efficiency was approximately 25 % (Fig 1), while the FRET resolution was
increased by the setting of the TimeGate function (efficiency 45.5±6.1%, Fig 2). Therefore,
TimeGate function seems to be very useful tool for advanced FRET application.
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Fig. 1: FRET analysis for the interactions between well-known interacting partners p53 and 53BP1 without TimeGate
function in MEFs.
 

 
Fig. 2: FRET analysis for the interactions between well-known interacting partners p53 and 53BP1 with TimeGate
function in MEFs.
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Enzymatically isolated cardiac cells are widely used in cardiovascular research due to their
electromechanical abilities. Adult cardiomyocytes can be used as single unit models in
short-term experiments or in primary cultures prepared for long-term experiments. Freshly
isolated myocytes do not remain viable for the time needed for long-time experiments. There
is often a need to prolong their life and functionality; continual electrical stimulation is often
used for such purpose.
In any case, cardiomyocytes viability and functionality is necessary to be monitored. LIVE /
DEAD Cell Imaging Kit (Life Technologies) using confocal microscopy supported by lifetime
imaging technique described below were used in our research.
Experiments were performed on the confocal laser scanning microscope Leica TCS SP8 X
equipped with gateable hybrid (HyD) detectors as internal spectral detectors. The picosecond
White Light Laser (WLL) Leica Microsystems freely tunable in the spectral range 470-670 nm
with 80 MHz repetition rate was used for excitation. Combination of gateable HyD detectors
and WLL enables both spectrally and time resolved study of cardiomyocytes. Time resolved
settings of HyD detectors in Photon Counting Mode was adapted by TimeGate function that
allows arbitrary setting of time window /band in the range of 0-12 ns with the minimum
opening of the time window 3.5 ns.
Nine TimeGate bands with the 1 ns step size and minimum opening of 3.5 ns were measured.
Images acquired in photon counting mode were loaded in Matlab and developed image
processing algorithm was applied to stack of images. Proposed simplified time resolved
observation is not the standard Fluorescence Lifetime Imaging (FLIM) as the time resolution
and photon counting is not comparable with the standard FLIM systems. Cardiomyocyte
viability may be evaluated in numerous criteria such as fluorescence intensity loss of calcein
with related ethidium homodimer fluorescence intensity increase or cell shape changes.
Finally, the calculated pseudo coloured time resolved fluorescence images were compared to
basic intensity fluorescence images of calcein to find new possibilities in cardiomyocyte
viability evaluation
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Fig. 1: Comparison of flurescence intensity image with resulted pseudo-coloured time resolved image from 0 ns to 11.5
ns. Images are in resolution of 512x512 pixels and 133x133 um in real size.
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The maintenance of genome integrity is fundamental for proper cellular functions. Cells are
continuously exposed to genotoxic factors, including UV irradiation or oxidative stress induced
by pollutants. Therefore, faultless DNA repair is more than demanding for genome stability.
Genotoxic stress generally leads to induction of DNA lesions that must be repaired in order to
avoid deleterious chromosomal translocations. Therefore, in irradiated chromatin of living cells
we analyze kinetics and appearance of proteins involved in DNA repair pathways or proteins
recognizing the changes in radiation-caused chromatin conformation. For induction of DNA
lesions we are using various sources of radiation, including UVA lasers or gamma-rays. From
the view of various types of DNA lesions, we study the cell cycle dependent recruitment of
selected proteins at radiation-damaged chromatin. An example represents PCNA protein
according to which it is possible to recognize cells in the non-S-phase (Fig. 1A) and the S-phase
(Fig. 1B) of the cell cycle. To distinguish G1 and G2 phases of the cell cycle, we are using
HeLa-Fucci cellular system expressing RFP-cdt1 in the G1 phase, and GFP-geminin in the G2
phase of the cell cycle. For example, by this experimental approach we showed that coilin, a
protein of Cajal bodies, has ability to recognize DNA lesions appearing in both G1 and G2 cell
cycle phases. Our aim is also to study protein-protein or protein-DNA interactions and kinetics
in locally induced DNA lesions of living cells after intervention to epi-genome.
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Fig. 1: Figure 1. Recruitment of RFP-PCNA (red) at UVA-induced DNA lesions in HeLa cells stably expressing histone
H2B tagged by GFP (green). (A) Nuclear pattern of PCNA in non-S-phase of the cell cycle and (B) nuclear pattern of
PCNA in S-phase. DNA lesions were induced at selected regions of interest (white frames) by UVA-laser.
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Chemiluminescence imaging had shed light on not only bioscience but also medical and
pharmaceutical research fields in situations when fluorescence cannot be used, for example
non-invasive deep tissue imaging of whole animals in the anesthetized condition. In spite of
their potential utility, the universal applications had been precluded by its low brightness. To
overcome this problem, we previously developed a bright chemiluminescent protein,
Nano-lantern (Saito K. et al. Nat. Commun. 3, 1262, 2012), which enabled us real-time imaging
of tumor tissue in freely locomoting mouse. However, the brightness of Nano-lantern is not
enough to trace faster biological phenomena such as protein dynamics without compromising
the spatial resolution. Moreover, the luminescent color of Nano-lantern has been limited to
green. Here we report further development of a superduper chemiluminescent protein, the
enhanced Nano-lantern (eNano-lantern) and its color variant (red-eNano-lantern). The
eNano-lantern emits approximately 8 times brighter signal than that of Nano-lantern mainly
due to the fast substrate turn-over rate. The emission peak of red-eNano-lantern is 585 nm
which is relatively transparent in living tissue than green color. With the use of eNano-lantern,
we could perform sub-video rate imaging of representative intracellular structures in living
cells with high spatial resolution. Furthermore, by engineering the eNano-lantern, we could
make a novel Ca2+ indicator which gets brighter up to 170% upon Ca2+ binding. To make
maximal use of newly developed palette of these superduper chemiluminescent probes, we
would like to demonstrate in the conference not only multiple malignant tumors imaging in an
awake mouse but also multifunctional video rate imaging of protein dynamics in conjunction
with optogenetic manipulations at single cell level.
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Introduction & Materials and Methods
The aim of the study was to investigate the behavior of human osteoblastic cells (SAOS-2) on
nanocrystalline diamond (NCD) film with altered wettability during the cultivation period of 48
h with a focus on primary adhesion. The NCD was already proven to be biocompatible material
that can be utilized in implantology as a surface coating1 or for biosensor development2.
Surface termination and thus wettability of the NCD was achieved by exposition to oxygen
(NCD-O) or hydrogen (NCD-H) microwave plasma. Two different surface termination patterns of
the NCD were prepared: 1) half of the surface terminated by O and the other half by H, 2)
surface with 200 um wide O/H alternating stripes. Differences in cell behavior caused by these
various termination patterns were studied by live cell imaging phase contrast microscopy and
subsequent image analysis based on image thresholding and cell tracking in NIS Elements
software. Using these methods we determined the number of adherent and non-adherent cells
and parameters of each cell migration track on the NCD samples with O/H halves and O/H
stripes.
Results & Conclusion
The results show that the cell behavior, especially cell adhesion is strongly influenced by
termination pattern of the NCD. Cell adhesion takes place earlier on the NCD-O than on the
NCD-H. Cells also proliferate more on NCD-O than on NCD-H if they are cultivated on O/H
stripes. However, this trend was not observed on NCD with O/H halves. Generally, cells move
more on NCD-H compared to NCD-O. These results indicate that the different plasma
treatment of NCD which resulted in patterned wettability can be used to control cell behavior.
References:
1 Jaatinen JJ, Korhonen RK, Pelttari A, Helminen HJ, Korhonen H, Lappalainen R, Kröger H. Early
bone growth on the surface of titanium implants in rat femur is enhanced by an amorphous
diamond coating. Acta Orthop. 2011 Aug; 82(4): 499-503.
2 Izak T, Novotna K, Kopova I, Bacakova L, Rezek B, Kromka A. H-terminated diamond as
optically transparent impedance sensor for real-time monitoring of cell growth. Phys Status
Solidi B. 2013 Dec; 250(12): 2741-2746.
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The Centro de Investigación Científica de Yucatán, A. C. (CICY) is a public center of scientific
and technological research, which forms human resources and generates knowledge in the
various fields of science, from the biological sciences to the area of materials and sustainable
energy development. Among the most important aspects of the center is the Regional Xíitbal
neek’ Botanical Garden, which was founded in 1983. Its regional aspect refers to the flora of
the Yucatan Peninsula as an object of study, and its Mayan name means: the place where the
seeds sprout, referring to the ex situ cultivation of wild species from seed. Its collections
contribute to the conservation of regional plant resources, either conducting or supporting
research on the regional flora, letting know people its importance and value or supporting
specific conservation activities. It was declared a Living Museum of Plants by the Secretariat of
Environment and Natural Resources and registered as a Management Unit for Wildlife
Conservation (key MA-SEMARNAT-0169-JB-YUC-09). At the same time, Laboratory Scanning
Electron Microscopy (SEM) has been working since 2004 to support research both within the
research center and research centers in the region. The scanning electron microscope has
been particularly important and has contributed to the imaging and EDS microanalyses for
comparative studies of plant tissues; systematic and phylogenetic studies in plants (pollen,
trichomes, waxes, seed); morphology of tissues infested by fungi, morphological
characterization of the development of many plant species and taxonomic studies and
microorganisms (phycoflora, yeast); anatomy of wood; metal content in plant tissues,
microanalysis from archaeo-paleontological samples. Besides the valuable information for
scientific study carried out both at the Centre for Research and for the country, the microscope
is a strong diffusion tool, because through image, species of tiny dimensions imperceptible to
the human eye can be observed. Throughout Multidisciplinary we can converge and disclose to
children, youth and adults the importance of scientific progress. Gathering this tool (the
microscope) with today’s natural wealth within the botanical gardens, in order to preserve our
natural resources. The pictures from the summary belongs to the representative vegetation of
the Regional Botanic Gardens. The image was obtained using a Scanning Electron Microscope
JEOL 6360LV, Laboratory of Scanning Electron Microscopy CICY.



 
Fig. 1: Yucatan´s Scorpions wich are members of the class Arachnida and are closely related to spiders, mites, and
ticks.
 

 
Fig. 2: Morphology  details of Acalypha Hispida
(Euphorbiaceae) flower in Yucatán, México.
 

 
Fig. 3: Morphology of Artemisia (Astaraceae)  pollen grain
in Yucatán, México.
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CD44 is a member of superfamily hyaluronan (HA) binding proteins (HABPs) that play a role in
cell adhesion, migration, invasion and survival. CD44 and Receptor for HA-mediated motility
(RHAMM) are increased during tissue repair and carcinogenesis. Mammalian target of
Rapamycin (mTOR) is a serine/threonine protein kinase which belongs to the
phosphatidylinositol 3-kinase (PI3K) family. Rapamycine is a macrocyclic antibiotic, has been
known to inhibit mTOR by destabilizing the mTOR-Raptor complex. The aim of this study was
to examine the effects of Rapamycine on the distributions of CD44 and RHAMM expressions,
using indirect immunohistochemistry and RT-PCR methods on non-invasive MCF-7 and invasive
MDA-MB 231 breast cancer cell lines.
MCF-7 and MDA-MB231 cells were cultured in RPMI-1640 medium; containing 10% fetal bovine
serum, 1% L-glutamine and 1% antibiotic solution in a humidity incubator at 37°C, containing
5% CO2. Cells were grown on cover slips and incubated with Rapamycine for 24 and 48 hours.
Cells were immunostained with anti CD44 and anti-RHAMM primary antibodies using
avidin-biotin-peroxidase method. Staining intensities were measured by using
semi-quantitative method and ANOVA statistical test, to compare the results. The total RNA
was extracted using EruX Universal RNA Purification Kit according to manufacturer’s
instructions from MCF-7 and MDA-MB-231 cell lines. The cDNA synthesis from total RNA was
performed using EurX dART RT-PCR Kit and RT-PCR process from obtained cDNAs was caried
out using the Solis BioDyne qPCR Mix Plus.
It was observed that MCF-7 and MDA-MB 231 cells had strong CD44 and RHAMM
immunostainings on their cell surfaces and in the cytoplasms, especially in mitotic cells (Figure
1-4). Decreased RHAMM immunoreactivity was detected on MCF-7 and MDA-MB 231 cells in
Rapamycine treated groups while CD44 immunoreactivty was detected as decreased on only
MDA-MB 231 cells. Compared the gene expression profile of CD44 and RHAMM genes, gene
expressions were detected as relatively increased in MCF-7 cells than MDA-MB 231 cells.
Decreased RHAMM expression was detected both MCF-7 and MDA-MB 231 cells, while CD44
expression was decreased only in MDA-MB 231 cells in treatment with Rapamycine in RT-PCR
method.
CD44 and RHAMM suggested novel prognostic markers for breast cancers and hyaladherins
could be used as a target for cancer therapy. Rapamycin is the most well studied mTOR
inhibitor and this might be effective on invasive breast cancer treatments in addition to
chemotherapy and/or radiotherapy.
References :
1 Zhao Y, Zhang T, Duan S, Davies NM, Forrest ML. Nanomedicine: Nanotechnology, Biology
and Medicine. 2014
2. Nyga A, Cheema U, Loizidou M. Journal of Cell Communication and Signaling. 2011;5:3,239
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Fig. 1: Immunoreactivity of CD 44 in MCF-7 cells
 

 
Fig. 2: Immunoreactivity of RHAMM in MCF-7 cells
 

 
Fig. 3: Immunoreactivity of CD 44 in MDA-MB-231 cells.
 

 
Fig. 4: Immunoreactivity of RHAMM in MDA-MB-231 cells.
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Gene expression is a fundamental process in all organisms, and we have a great deal of
information about this process at the biochemical and structural level. However, we still have a
poor understanding of transcription at the cellular level. A recent and fascinating discovery
about gene expression relates to stochastic noise : transcription is not constant but fluctuates
randomly over time, even for genes at steady-state. Different cells of a clonal population will
therefore express different amount of any given mRNA, and this is very important as it creates
phenotypic variability. However, because of the lack of appropriate technologies, these
phenomena are not well understood.
Measuring transcription at the level of single cells requires tools able to detect and quantify
single molecules of mRNAs, both in live and fixed cells. Single molecule FISH and MS2-tagging
of RNAs provide such powerful tools. Building on this, we have developped microscopy
approaches meeting these single molecule requirements. Thus, it is now possible to label
specific mRNAs in live or fixed cells and to detect every molecule with a high spatial and
temporal resolution. By measuring in real-time the amount of nascent RNAs at the
transcription site of the gene of interest, it is possible to follow the stochastic variations of the
corresponding promoter and to measure activity of RNA polymerase II in real-time. This data
provide important insights into the mechanisms of transcription and gene expression.
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The tooth is the only structure in the body that breaches its integrity at the level of the oral
mucosa. To palliate to this weak link in the body, the oral mucosa has adapted by developing a
specialized structure called the junctional epithelium (JE) which forms an adhesive ‘collar’
around the tooth that essentially seals off periodontal tissues from the oral environment.
Integrity of the JE is thus essential for maintaining a healthy periodontium and preventing the
spread of bacterial infection. Disease sets in when the structure of the JE starts to fail. The JE is
considered as an incompletely differentiated epithelium that produces components for tooth
attachment instead of progressing along a keratinization pathway. It is a stratified squamous
non-keratinizing epithelium whose cells derive from basal cells situated away from the tooth
surface. The basal cells rest on a typical basal lamina (BL), which interfaces with dermal
connective tissue. Suprabasal cells all have similar appearance, and quite remarkably maintain
the ability to undergo cell division. The JE turns over quite rapidly, at least in some species.
The most superficial cell layer of the JE provides the actual attachment of the gingiva to the
tooth surface by means of a structural complex called the epithelial attachment. This complex
consists of an atypical BL formed and maintained by the flattened superficial cells. This BL
adheres to the mineralized tooth surface rather than connective tissue in a yet unknown
manner and the JE cells attach to it by hemidesmosomes. Characterization of the structural
components of the atypical BL of the JE has been particularly challenging. However, it is now
widely accepted that it contains laminin-332 but not γ1 chain laminins, type IV and VII
collagens, setting it apart functionally and compositionally from typical BLs binding to
connective tissues. In this invited presentation, I will review the structure of the JE, present
novel constituents of the BL that may mediate its adhesion to mineral, and discuss
regeneration of the JE. In particular, I will focus on a protein called odontogenic
ameloblast-associated (ODAM). This unique protein with no known homology is normally
expressed only by the JE but is highly upregulated during neoplastic transformation of
epithelial cells. We have thus hypothesized that ODAM is a matricellular protein that
participates both in structuring of the atypical BL and in modulating the cell status of JE
keratinocytes and transformed epithelial cells.
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Fig. 1: (A) Scanning electron micrograph of a section showing the various components of the junctional epithelium (JE).
(B) Electron micrograph of a region similar to the boxed area. Immunoperoxidase (C) and immunogold (D) labeling
illutrating the expression of ODAM by the JE and its localization among cells of the JE and in the basal lamina.
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Cryo-electron microscopy has been used so far for single particle analysis of purified proteins.
Recently, technical improvements on rapid freezing and cryo-microtome permitted structural
analysis of organelle or macromolecules in cells using vitreous cryo-sections. However,
cryo-sections show quite low contrast due to few electron scattering. They complicate a finding
and a focusing of objects. In order to overcome those difficulties, we are improving unroofing
techniques for preparation of cryo-electron microscopy of cells together with development of
SEM based cryo-STEM. We succeeded simultaneous imaging of cryo-dark field and bright field
STEM and secondary electron with extremely high contrast and accuracy.
Materials and Methods: HeLa or ECV cells were cultured on the molybdenum mesh grid
covered with carbon coated polyvinyl Formvar. Cultured cells were washed once with HEPE
Ringer’s solution and placed in KHMgE buffer for unroofing by weak sonication. Plunging them
into liquid ethane using Leica EM GP quickly froze unroofed cells. Frozen samples were then
brought into SU9000 SEM (Hitachi High-Technologies Co.) by using newly developed
cryo-transfer holder.
Results and Discussion: Simultaneous imaging of cryo-dark field and bright field STEM and
secondary electron was very useful for evaluating sample condition and judging the irradiation
damages. Sometimes mesh grids became frosted during observation because of inadequate
absorbing water vapor by anti-contamination trap. Comparison the STEM with SEM images
elucidated obviously that such frosting occurred always underside of the grid. SEM also was
capable of visualizing how much the sample received irradiation damages while observing. The
unroofing technique was developed originally for describing membrane undercoat in
freeze-etching replica; it was so useful that we could apply it to atomic force microscopic (AFM)
imaging. We improved and extended this technique further for cryo-electron microscopy.
Soluble proteins in cytoplasm flew out on unroofing, though cytoskeleton and structural
proteins are remained in situ. Expectedly, actin filaments and microtubules were found on the
cytoplasmic surface of cell membrane with extremely high contrast. In the cortical area, the
filaments often extended in parallel, as shown in Fig.1. In other regions, however, fine
filaments extended in various directions on the membrane, while aggregating and dispersing
at several points, which eventually divided the membrane surface into several domains (Fig.
2). The images obtained from samples prepared in this way must therefore be comparable
between different observation methods. Confirmation of results by two different observation
methods is very important for determining real structures.
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Fig. 1: Simultaneous imaging of cryo-bright field (A), dark field (B) and SE (C). This sample received slightly irradiation
damage, because SE image is not flat.
 

 
Fig. 2: Cryo-bright field STEM image showing actin filaments network of membrane undercoat.
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The endoplasmic reticulum (ER) comprises an elaborate 3D network of diverse structural
subdomains where functions are distributed according to their specific requirements. The
tubule-associated ER functions include interactions with several other cell organelles 1,2,3.
Based on the distribution of ER sheet-bound ribosomes4 and the direct correlation between RER
abundance and secretion activity of the cell5, protein synthesis, folding and quality control of
proteins are functions assigned especially for ER sheets. Proper ER operation requires an
intricate balance within and in-between dynamics, morphology, and functions, but how these
processes are coupled in cells has remained unclear.
Using multi-scale microscopy comprising of live cell imaging, thin section TEM and two 3D-EM
methods, electron tomography and serial block face imaging, we characterized the interplay
between ER and the actin cytoskeleton in mammalian cells6. First, we showed that an array of
dynamic actin filaments localize in the polygons defined by the surrounding ER structures.
Depolymerization of these actin filament arrays led to increased sheet fluctuation and
transformations resulting in small and less abundant sheet remnants and a defective ER
network distribution. We propose that these filaments have a role in maintaining the
sheet-tubule balance and sheet structure by regulating ER sheet remodeling events. Second,
we performed a screen where over 200 known functional actin-binding proteins were depleted
one-by-one and analyzed by LM to identify those that would have a role on ER morphology
and/or dynamics. Based on the screen, we identified the unconventional motor protein myosin
1c (myo1c) localizing to the ER associated actin filament arrays, and revealed a novel role for
myo1c in regulating these actin structures. Myo1c depletion and dominant-negative expression
of mutated form with abolished actin-binding domain led to loss of the actin filament arrays
and to subsequent loss of ER sheets similarly as observed after actin depolymerization using
drugs. We propose that ER -associated actin filaments have a role in ER sheet persistence
regulation, and thus support the maintenance of sheets as a stationary subdomain of the
dynamic ER network. In addition to tubular ER associations with microtubules, interactions with
the actin cytoskeleton are essential to create and maintain the ER sheet persistence and the
characteristic architecture of the ER network in mammalian cells.
1Friedman and Voeltz, Trends Cell Biol. 21 (2011), 709-
2Ylä-Anttila et al., Autophagy 5 (2009),1180-
3Kornmann, Curr.Opin.Cell Biol. 25 (2013), 443-
4Puhka et al., Mol.Biol.Cell 23 (2012), 2424-
5Wiest et al., J.Cell Biol. 110 (1990), 1501-
6Joensuu et al., Mol.Biol.Cell (2014), Epub ahead of print
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Fig. 1: Microtubules and actin filaments can be found in close proximity to ER. High-pressure-frozen, freeze-substituted
Huh-7 cells were subjected to electron tomography. From the resulting tomogram, microtubules (blue), actin filaments
(red), and ER(yellow) comprising tubules and highly fenestrated sheets were modelled.
 

 
Fig. 2: Time-lapse confocal frames (A) show that the relocation and disappearance of actin arrays (magenta) and ER
sheet (green) dynamics are interdependent. ER models (yellow) from control (B) and myo1c-depleted cell (C) reveal
consumption of abundant, large and fenestrated sheets (B) into unevenly distributed network of tubules and sheet
remnants (C).
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The microspore or immature pollen grain follows in vivo the gametophytic program and
differentiates to form the mature pollen. At defined stages, the tapetum, anther tissue with a
key nursing role during microspore development, undergoes programmed cell death (PCD). In
vitro, upon the application of a stress treatment the microspore can be deviated towards
embryogenesis leading to plant regeneration, the so-called microspore embryogenesis, a
process which represents an important tool in plant breeding to obtain double-haploid plants;
<span> the efficiency of the process is affected by cell death of microspores after the stress.
Plant programmed cell death (PCD) seems to share some features with both apoptosis and
autophagy in animals; nevertheless, recent data on PCD in plants indicate that classification is
not clear yet. Increasing evidences indicate that autophagy plays critical roles in both PCD
processes, during development and stress responses.
In this work we studied the existence and dynamics of autophagy compartments, machinery
and genes, specifically Beclin1/ATG6 and ATG8, in relation to ROS/RNS production,
caspase-like activity and ultrastructural rearrangements during two PCD processes of the
pollen pathways,: the PCD of microspores in culture after the stress treatment inducing
embryogenesis, and the PCD of tapetum during pollen development, in Brassica napus and
Hordeum vulgare, by a multidisciplinary approach.
Early after microspore embryogenesis induction by stress treatments, cell death increased
together with ROS and NO production, caspase 3-like activity and Beclin1/ATG6 gene
expression induction. During pollen development, in tapetal cells at PCD initiation,
apoptotic-like features as nuclear condensation, cytochrome C release and high caspase 3-like
activity were detected concomitantly with an increase of vesicles, vacuoles and different
autophagic-like structures in the cytoplasms, some of them were labelled by ATG8.
Results will be discussed on the light of the participation of autophagy in the PCD during the
two pollen developmental pathways.
Rodríguez-Serrano M, Bárány I, Prem D, Coronado MJ, Risueño MC, Testillano PS (2012) NO,
ROS and cell death associated with caspase-like activity increase in stress-induced microspore
embryogenesis of barley. J. Exp. Botany, 63, 2007-2024.
Solís MT, Chakrabarti N, Corredor E, Cortés-Eslava J, Rodríguez-Serrano M, Biggiogera M,
Risueño MC, Testillano PS (2014) Epigenetic changes accompany developmental programmed
cell death in tapetum cells. Plant Cell Physiol. 55, 16-29.
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Fig. 1: PCD and autophagic features in microspores and tapetum. A: Dead microspores (arrows) stained by Evans blue
after stress to induce embryogenesis. B: Anther section with tapetum (Tap) in PCD. C: Electron micrograph with
autophagic structures (arrow) in tapetum during PCD. Bars A, B: 20µm, C: 100nm.
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The eukaryotic nucleus is recognized as a highly organized and well-orchestrated organelle,
where nuclear architecture plays a role in gene regulatory networks, epigenetic regulation of
gene expression, and RNA processing events. So far, mostly protein complexes have been
considered as important in the three-dimensional nuclear organization. We introduce novel
structures containing phosphatidylinositol 4,5-bisphosphate (PIP2) which seem to be of
importance as well. It was previously described that PIP2 is present in interchromatin granule
clusters (IGC). Recently, we published data on PIP2 involvement in nucleolar organization and
transcription of genes coding rRNA. Based on this, we mapped PIP2-containing structures using
pre-embedding immunolabeling and 3D electron tomography also in nucleoplasm. In addition
to PIP2 detected in IGC and in the nucleolus (Figure 1a), PIP2-positive structures are present in
nucleoplasm as 70-100 nm roundish “phosphoinositide islets” (Figure 1a, b). Using electron
energy-loss microscopy and super-resolution light microscopy (SIM, STED), we demonstrated
that they are composed mostly of phosphoinositides, and they are surrounded by chromatin.
To explore the possible functions of the PIP2-containing islets, we mapped relative localization
of PIP2 with a wide range of nuclear proteins involved in transcription, splicing, and chromatin
organization using advanced immunogold electron microscopy and SIM. We demonstrate that
at the periphery of the islets, PIP2 co-localizes or is located in close proximity to nascent
transcripts as well as to the proteins engaged in Pol II transcription, mRNA splicing, and
organization of chromatin. Direct binding, gradient fractionation, and mobility assays also
showed nucleoplasmic interactions between PIP2 and proteins engaged in the chromatin
remodelling and trancsription by Pol I and Pol II. Further, we revealed recruitment of some
nuclear skeletal proteins into complexes with PIP2 using pull-down and 2D-electrophoresis
assays. Taken together, our data allow us to suggest that newly observed PIP2-containing
islets might play an important role in chromatin organization and nuclear architecture, thus
participating in regulating gene transcription.
 

Acknowledgement: This work was supported by the GACR (P305/11/2232); the MSMT CR
(LD12063); the TACR (TE01020118); the project „BIOCEV – Biotechnology and Biomedicine
Centre of the Academy of Sciences and Charles University“ (CZ.1.05/1.1.00/02.0109) from the
European Regional Development Fund; the IMG (RVO68378050).



 
Fig. 1: PIP2-containing structures in the cell nucleus. a, statistical mapping of PIP2 distribution in the nucleus of HeLa
cell (N – nucleoplasm, NL – nucleolus, ICG – interchromatin granules clusters, Cyt - cytoplasm); b, PIP2-islets in the
nucleoplasm of a HeLa cell visualized by immunogold labeling using anti-PIP2 antibody.
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The Sertoli cells, which nurture maturing germ cells, play an important role in the process of
spermatogenesis. Scanning electron microscopic configuration was never accurately
described, probably because of its complicated morphological features as well as its close
attachment to germ cells.
The study was carried out in 10 dog’s testes samples collected from Small Animal Operation
Theater, Department of Veterinary Surgery, College of Veterinary and Animal Sciences,
G.B.P.U.A. & T., Pantnagar. The testes from sexually mature dogs were fixed in 2.5%
glutaraldehyde with 0.1 M phosphate buffer, after perfusing with the same fixative through the
testicular artery. They were cut into smaller pieces to be fixed in 2.5% glutaraldehyde
overnight. The materials were than washed in 0.1 M phosphate buffer for 10 minutes at 4°C
and rinsed in 8N hydrochloric acid (HCL) at 60°C for 15-20 minutes. The specimens, washed
repeatedly in Hanks' balanced salt solution (HBSS) for about 10 minutes. They were postfixed
in 1% osmium tetroxide, dehydrated with graded ethanol (30%, 50 %, 70%, 90% and 100%)
and dried with liquid CO2 at the critical point for 60-90 minutes by using EMITECH K850.
Finally, they were coated with gold by using JEOL JFC-1600 auto fine coater and observed
under a JEOL JSM-6610LV scanning electron microscope.
In present study the basal portion of the seminiferous epithelium, spermatogonia and/or
spermatocytes were located in compartments enclosed by adjacent Sertoli cells. From the
basal aspect, they were situated in successive recesses. In the middle portion, early round
spermatids halfway embedded in the Sertoli cell were recognized. The exposed surfaces of
these spermatids were wrapped with ramifying processes which were derived from the Sertoli
cell. In the apical portion, only the heads of the maturing spermatids invaded the Sertoli cell.
As the spermatid matured, the apical Sertoli process varied in range to finally release the
spermatid head. It is probably that the maturing spermatids gradually leave the apical Sertoli
process and ultimately segregate themselves from the seminiferous epithelium. The average
diameter of seminiferous tubule and sertoli cell was 70.893±0.4106μm and 6.1566±0.0509μm
respectively.
Keywords: Sertoli cell, dog, spermatogonia, seminiferous tubule, SEM.
 

Acknowledgement: The authors are grateful to the Incharge and Technician, Electron
Microscopic Laboratory,Pantnagar for providing facilities and support for carrying out this
research.



 
Fig. 1: Showing Basal portion of the seminiferous epithelium from the basal aspect. Some spermatogonia are situated
in successive recesses. These recesses consist of continuous Sertoli cells. BM basement membrane, (Sp) Spermatids in
lumen
 

 
Fig. 2: Showing mature spermatozoa (Sp) produced from sertoli cell (Sc) of dog
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We have recently reported that macrophages are generated in dental pulp-like tissues
engineered by culturing stem cells from human exfoliated deciduous teeth (SHED) in a scaffold
placed in the canal space of human tooth slice. We hypothesized that these macrophages are
activated to M1 and/or M2 directions, and participate in absorbing the scaffold by their
phagocytic ability. Thus, to examine the types of activated macrophages in the engineered
dental pulp-like tissue, we performed immune-laser capture microdissection (LCM) of CD68
(anti-human macrophages)-immunoreactive cells. The CD68-immunoreactive cells in the
pulp-like tissues that had been fixed with formaldehyde, demineralized with 10% formic acid,
and embedded in paraffin were retrieved by LCM and analyzed for the mRNA expression of M1
and M2 macrophage markers with real-time PCR. Results demonstrated that the expression
level of CCL18, an M2 macrophage marker, was significantly higher in CD68-immunoreactive
cells retrieved from the area where most of the scaffold was absorbed, as compared with
CD68-immunoreactive cells in the scaffold-remaining area. On the other hand, the mRNA
expression level of inducible nitric oxide synthase (iNOS), an M1 macrophage marker, was
significantly decreased in the scaffold-remaining area. These results suggested that
macrophages activated to the M2 direction are preferentially distributed in the scaffold
absorption area of the engineered dental pulp-like tissues. The immune-LCM method
presented here allows for the quantitative analysis of gene expression in paraffin-embedded
tissue sections from specimens that have been demineralized. This immune-LCM method
constitutes a new approach for histochemistry of mineralized tissues such as bone and teeth,
opens the door for the acquisition of new data from archived specimens, and is suited for the
analysis of relatively rare cell types within a tissue.
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Nucleolus is the most prominent structure within the cell nucleus. It is formed around the
nucleolar organizing regions (NORs) which contain the 5.8S, 18S, and 28S rRNA genes in
tandem repeats. Nucleolus has three well defined subcompartments: fibrillar centers (FCs),
dense fibrillar component (DFC), and granular component (GC). While transcription of
pre-ribosomal genes by RNA polymerase I (Pol I) takes place at the FC/DFC border, assembly of
the ribosomal subunits into ribosomes takes place in the GC.
We showed that phosphatidylinositol 4,5-bisphosphate (PIP2) is localized at the
transcriptionally active sites of nucleoli, namely FC and DFC. PIP2 directly interacts with
transcription initiation factor UBF which facilitates the open chromatin structure by displacing
the histone H1 and makes a complex with Pol I in the nucleolus. We found that PIP2 is
synthesized and present on the active ribosomal promoter during the transcription, and PIP2
depletion reduces Pol I transcription which can be rescued by the addition of exogenous PIP2,
but not by its precursor (phosphatidylinositol 4-phosphate) and hydrolysis products (inositol
1,4,5-trisphosphate and diacylglycerol). In addition, PIP2 also binds directly to the pre-rRNA
processing factor fibrillarin, in a transcription-dependent manner. PIP2 binding to UBF and
fibrillarin causes conformational changes in these proteins that are important for their binding
to nucleic acids.
Based on these findings, we suggest a model, in which PIP2 may act as a bridge between Pol I,
UBF and fibrillarin to connect transcription initiation and early maturation steps. The link
between RNA synthesis and maturation may dictate nucleolar structures in the FC and DFC
regions, where PIP2 may form a framework which allows gathering of proteins to work in
concert for efficient transcription of ribosomal RNA genes.
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During cell transformation, changes occur in the macromolecular architecture on cell
membrane surfaces, mainly involving carbohydrate-containing components of the peripheral
cell coat. One of the cell surface changes responsible for the different behavior of transformed
cells appeared to be the surface anionic sites. The surface topography of negatively charged
membrane sites is visualized and evaluated by electron microscopic (EM) observation with
cationic ferritin (CF) particles. CF, a polyvalent ligand induces a regrouping-relocation of
CF-specific anionic sites and induces a formation of clusters and patches of CF particle binding
sites on the surface of leukemic cells and not on surfaces of normal lymphocytes. This
probably is due to a more fluid lipid layer in the surface of leukemic cells than on surfaces of
normal lymphocytes. The difference in the CF particle pattern as observed in EM between
membrane cell surfaces of leukemic cells and those of normal lymphocytes appears to be a
characteristic exhibiting an alteration in structural composition and membrane behavior of
transformed cells different of that of normal cells. This characteristic has been shown also in a
variety of leukemic cell lines and various transformed malignant cell lines. This findings were
fully reported at an earlier publication.                                                                                          
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The peculiar structure of the notochordal sheath and its biochemical composition in dogfish
Scyliorinhus canicula L. were studied using transmission electron microscopy, histochemical
and immunohistochemical techniques. The notochordal sheath surrounds notochord and it is
the product of the notochordal cells. The notochord defines all Chordates, and plays an
important role in the vertebrate development. It is the main skeletal element of an embryo and
it induces the formation of the surrounding tissue during early embryogenesis. In dogfish
Scyliorhinus canicula L., the notochordal sheath separates the cartilaginous vertrebra from the
underlying notochordal cells (Fig.1A) and it is a layer made of collagen fibrils (Fig. 1B). The part
of the sheath close to the marginal notochordal cells, consists of electron dense material (Fig.
1A and 1B) presumed to be the elastic fibers which was then confirmed by using Verhoeff's
staining (Fig. 2A). This structure is known as elastic membrane in notochordal sheath of some
other vertebrates. Some membrane pores could be seen all along the elastic membrane (Fig.
1A and 1B). The elastic membrane is more resistant to degenerating processes than
notochordal sheath itself (Fig. 1C). The outer part of the sheath, close to the cartilaginous
matrix, contains collagen type 1, which was confirmed by using antibody to collagen type 1
(Fig. 2B). Contrary, the hyaline cartilage in the vertebra wasn't labelled by antibody to collagen
type 1. The inner part of the notochordal sheath was also positive to antibody to intermediate
filament vimentin when using the immunofluorescence technique (Fig. 2C).
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Fig. 1: (A) Notochordal sheath (ns), elastic membrane
(arrow), pores (arrowheads), notochordal cells (nc),
vacuoles (v). Scale bar: 5 µm. (B) Collagen fibrils (arrow),
elastic membrane (em), notochordal cells (nc), vacuoles
(v). Scale bar: 1 µm. (C) Degenerating sheath (arrow) with
conserved elastic membrane (arrowhead). Scale bar: 10
µm.
 

 
Fig. 2: (A) Collagen fibrils (arrowhead) and elastic
membrane (arrow). Verhoeff staining. Scale bar: 25 µm. (B)
Collagen type 1 (arrowhead), centrum of the vertebra(cv),
elastic membrane (arrow). DAB. Scale bar: 50 µm. (C)
Positive staining to vimentin (arrow), notochord (n),
centrum of the vertebra (cv). Alexa fluor. Scale bar: 25 µm.
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Ghrelin, a 28 amino acid peptide, is an endogenous ligand for the growth hormone
secretagogue receptor. Ghrelin was firstly isolated from the rat stomach. However, ghrelin has
later been identified in the gastrointestinal tract of many species. In the present study, the
localization and distribution of ghrelin were investigated in the gastrointestinal tract of the
golden apple snail, Pomacea canaliculata, by immunohistochemistry technique using antibody
that raised against the N-terminus of ghrelin of human origin. In addition, levels of ghrelin in
segments of the gastrointestinal tract were measured using enzyme-linked immunosorbent
assay (ELISA). Immunoreactivity of ghrelin was identified in the entire segments of the
gastrointestinal tract. The immunoreactive cells were localized in the mucosal layer of the
esophagus, stomach, intestine, and rectum. In the esophagus, the immunoreactivity was
observed in the apical region of the epithelial cells. However, the immunoreactivity was found
at the basal region of the epithelial cells lining the stomach, intestine, and rectum. It was found
that ghrelin level was highest in the esophagus, but was in the lowest level in the rectum. The
levels were 74.14 ± 3.56, 59.21 ± 4.22, 26.13 ± 2.76, and 10.87 ± 3.62 ng/ml in the
esophagus, intestine, stomach, and rectum, respectively. These results suggest that ghrelin
may participate in the digestive function of this species. Moreover, it seems that ghrelin has a
high degree of preservation during evolution from invertebrates to vertebrates.
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Fig. 1: Localization of ghrelin in the epithelial cells lining the intestine of the golden apple snail.
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Axolotls have become interesting tools for various studies such as limb regeneration where
programmed cell death triggers regenerative responses in many different organisms [1, 2].
Cardiac mutant axolotls with heartbeat failure due to heart cells’ inability to form organized
myofibrils are invaluable for heart disease research [3]. More recently, axolotl eggs were found
instrumental in the fight against cancer, and, furthermore, axolotls accepting brain transplant
restore function of that brain part. These and other recent investigations show the potential
value of axolotl for human health research and thus warrant further investigations on
structure-function relationship in various axolotl cells, tissues, and organs. Here we report the
ultrastructure of endocrine cells in testes of the axolotl Ambystoma mexicanum.
Five male adult axolotls (~ 2 years old) were killed after anesthesia in tricaine
methanesulphonate. Testes were removed, diced, doubly fixed with glutaraldehyde-osmium
and embedded in epon. Sections double stained with uranyl acetate and lead citrate, were
examined in Philips EM 300 electron microscope, at accelerating voltage of 60 kV with a 25 μm
objective aperture.
Fig. 1 shows, at low magnification, the general structure of an endocrine testis cell cut
longitudinally. The nucleus exhibited a highly irregular and elongated shape, and well visible
perinuclear chromatin. In the cytoplasm, numerous mitochondria (average diameter 0.4 to 1.2
μm) and lipophilic granules (liposomes) were seen. Liposomes varied in aspect with respect to
lipophilic content: there were empty and translucent liposomes of average diameter 0.35 to
0.7 μm (Fig. 1), liposomes with a central lipophilic granule, translucent periphery, and of
average diameter 0.45 to 1 μm (Fig. 1), and lipid-filled liposomes of average diameter 0.3 to
0.9 μm, occasionally fused together (Fig. 2A). Still in the cytoplasm, smooth endoplasmic
reticulum (SER), either sparse or abundant (Fig. 2B), sometimes formed a three-dimensional
mesh of 30-90 nm thick anastomosing tubules (Fig. 2C).
Mitochondria exhibited vesicles (average diameter 70-100 nm) and tubules that were
projected by the inner membrane into the matrix. Tubules were about 15-20 nm in inner
diameter, with discrete enlargements where the diameter reached up to 35 nm (Fig. 3A and
insets). Fig. 3B (and inset) showed mitochondria cross-sections with tubular structures 20-35
nm in diameter. Such mitochondria with different types of tubules, together with abundant
SER, are characteristic of cells producing steroid hormones.
References
[1] King, R.S. & Newmark, P.A. (2012) J Cell Biol. 196:553-562.
[2] Mc Cusker, C. & Gardiner, D.M. (2011) Gerontology 57:565-571.
[3] Lemanski, L. et al. (1995) Cell Mol Biol Res. 41:293-305.



 
Fig. 1: Fig. 1 – Low magnification of axolotl testis endocrine cell. N: nucleus; m: mitochondria (arrows); L: liposomes
(arrows point to liposomes with central lipophilic granule; arrow heads point to empty liposomes).
 

 
Fig. 2: Fig. 2 – A) Lipid-filled liposomes (L); N: nucleus. B) Smooth endoplasmic reticulum (SER); m: mitochondrion. C)
Aggregate of smooth endoplasmic reticulum (SER); m: mitochondrion.
 

 
Fig. 3: Fig. 3 – Mitochondria and organization of cristae and tubules inside them; v: vesicles. A) Insets a) and b) show
further magnifications of mitochondrial internal structure (x 86,500 and x 144,000, respectively). B) Inset shows a
higher magnification (x 50,000) of tubular-like structure inside mitochondria (please see text).
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Lung surfactant is a mixture of dipalmitoylphosphatidylcholine and specific proteins (SP-A, -B,
-C, and -D) that covers the interior lung alveoli epithelium; it is synthesized by type II alveolar
cells and packaged in membrane-bound lamellar inclusion bodies. By lowering interfacial
tension, lung surfactant insures a negligible work of breathing and uniform lung inflation [1].
This paper reports the fine structure of surfactant in the lung of axolotlt Ambystoma
mexicanum, revealing amazing pictures that evoke artistic compositions but that also show
elaborate organizational patterns.
8 male and female adult axolotls (~ 2 years old) were killed after anesthesia in tricaine
methanesulphonate. Lung portions were removed, immediately diced into 1-mm pieces,
doubly fixed with glutaraldehyde (2.5%)-osmium (1%) at pH 7.4, dehydrated in ethanol and
embedded in Epon. Thin sections were collected on 200-mesh grids, doubly stained with uranyl
acetate and lead citrate, and examined in Philips EM300, at 60 KV accelerating voltage and 50
μm objective aperture.
Three predominant morphological types were observed.
Type I inclusions or tubular myelin (average size 3.7 x 1.7 μm) showed square to rectangular
grid patterns, strikingly resembling a fishing net organization (Fig. 1). The lattice appeared to
be formed by membranous elements of ~ 6 nm diameter, crossing in two directions
perpendicular to each other. Each unit (square or rectangle) shared its walls (membranous
elements) with four neighbors, had an internal perimeter of ~ 17 x 27 nm, and measured ~ 27
x 36 nm for center to center spacing of its walls. A centrally located dense line of 2 nm
diameter with a fuzzy contour crossed the middle section of each unit longitudinally. High
resolution revealed a globular structure of the membranous elements (Fig. 1, inset, arrows).
Type II inclusions consisted of arrays of osmiophilic lamellar bodies displaying concentric
whorls of lamellae reminding of spider webs. However, the overall appearance of such
inclusions resembled representations of an owl’s head (Fig. 2 A, B) ranging from 1 x 0.8 to 3.1
x 2.9 μm.
Type III consisted of osmiophile-dense granules of average size 4.7 x 1.8 μm (Fig. 3).
Recent research indicated that lung surfactants have micro-nano scale organizations or
domains that play a critical role in functioning of membrane proteins, phase segregation and
liquid ordering of soft material in two dimensions [2]. The structures reported here revealed
micro scale as well as micro-nano scale organization (Fig. 1, inset) in axolotl lung surfactant.
References
[1] Braun, A., et al. (2007) Biophys J. 93:123-139.
[2] Nag, K. et al. (2007) Modern Research and Educational Topics in Microscopy (Mendez-Vilas
A. and Diaz, J., eds), Badajoz: Formatex; 483-490.



 
Fig. 1: Fig. 1 – Type I inclusion – Note the fishing net organization of surfactant. Inset: globular structure of
membranous elements (arrows).
 

 
Fig. 2: Fig. 2 – Type II inclusions: arrays of osmiophilic lamellar bodies displaying concentric whorls of lamellae
reminding of spider webs, but with overall appearance resembling representations of owl’s heads.
 

 
Fig. 3: Fig. 3 – Type III inclusions: osmiophile dense granule. Note membrane formation (arrows).
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There is a lack of knowledge regarding hepatic metabolism and the pathogenesis of hepatic
disease in the reptilian liver (1). The Nile crocodile is an important keystone reptile for aquatic
biodiversity in Africa (2) and is one of the top commercially utilized species of crocodiles in the
world (3). The morphology of the liver of mammals, birds and reptiles have been investigated
comprehensively, but studies of the Nile crocodile liver are deficient. This presentation
explores the histology and ultrastructure of the liver of the juvenile Nile crocodile, Crocodylus
niloticus. Livers from five juvenile Nile crocodiles, obtained from Izintaba Crocodile Farm in
South Africa, were perfusion-fixed and prepared using standard techniques for light and
transmission electron microscopy. Several of the microscopical features are comparable to
that described in other reptiles, most notably the absence of the classic lobulation pattern
usually found in vertebrates and the presence of collagen trabeculae in the liver parenchyma
of some crocodilian species. However, a few distinctive findings differentiate the juvenile Nile
crocodile from the reptiles studied. For instance, the presence of a basal lamina between
hepatocyte groups and Glisson’s capsule, the variable location of the Kupffer cells, the
presence of conspicuous tubular structures in Kupffer cells and the coexistence of stellate and
myofibroblasts (Fig. 1) in the space of Disse. The establishment of baseline data for the liver of
the Nile crocodile is essential for comparative studies with other crocodilians and for the
assessment of the pathology of liver disease.
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1. DIVERS, S.J. & COOPER, J.E. 2000. Reptile hepatic lipidosis. Seminars in Avian and Exotic Pet
Medicine, 9:153-164.
2. ASHTON, P.J. 2010. The demise of the Nile crocodile (Crocodylus niloticus) as a keystone
species for aquatic ecosystem conservation in South Africa: The case of the Olifants River.
Aquatic Conservation: Marine and Freshwater Ecosystems, 20: 489–493.
3. ROSS, J.P. 1998. Status Survey and Conservation Action Plan, edited by J.P. Ross.
Switzerland: IUCN-SSG/CSG.
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Fig. 1: Figure 1. Myofibroblastic cells (M) and stellate cell (SC), containing a lipid droplet (L), occupying the same area
in the space of Disse between two sinusoids (stars). Note endothelial cell cytoplasmic extensions (arrows). H,
Hepatocytes.
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The early evolution of the plant kingdom is controversial, and bryophytes are argued to be the
earliest divergent plants. Indeed, the origin and diversification of land plants marks an interval
of unparalleled innovation in the history of plant life. For example, from a simple plant body
consisting of only a few cells, land plants (non-vascular plants) evolved an extraordinary array
of complex organs and tissue systems (vascular plants). Previous ultrastructural analysis of the
Lacandonia schismatica nucleus revealed the presence of Lacandonia granules (32 nm in
diameter). Cytochemical, immunocytochemical and in situ hybridization studies suggested that
Lacandonia granules are involved in mRNA storage. In addition, Lacandonia granules have
been located in other flowering plants of the order Triuridales (such as Triuris alata) and also in
non-flowering plants (such as the gymnosperm Ginkgo biloba). Therefore, in order to
understand the evolution of RNA processing, we demonstrated the presence of Lacandonia
granules in three species of non-vascular plants (Bryophytes). In this study, we analyzed three
species of Bryophytes (Marchantia polymorpha, Polytrichum junniperum and Anthoceros
punctatus) using transmission electron microscopy and found granules in sporophyte cell
nuclei of all species. In addition, the granules are about twice the size of ribosomes; therefore,
we showed ribosomes (as internal comparative structures) in the cytoplasm of cells of all three
studied species. Moreover, the presence of few granules in the interchromatin and
perichromatin space was a constant feature of all nuclei of Bryophytes. Thus, non-abundant
particles of around 32 nm in diameter were observed in the perichromatin and interchromatin
space. Perichromatin fibers are usually present in continuity with granules, forming a
fibrogranular environment. Finally, we demonstrated that these particles are positive after the
EDTA regressive technique preferential for ribonucleoproteins. In summary, this study
suggests that Lacandonia granules contribute to the understanding of the spatiotemporal
organization of several mRNA processing factors in the nuclear subcompartments and verifies
the conservation of the event throughout the evolutionary process in the Plant Kingdom.
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Growth hormone secretagogue-receptor 1a (GHS-R1a), a member of the G-protein couple
receptor family, is a natural receptor for gastrointestinal hormones, especially ghrelin peptide.
The ghrelin-GHS-R1a complex has an ability to stimulate the releasing of growth hormone from
the pituitary gland. In vertebrates, GHS-R1a has been identified in the central nervous system,
mainly the hypothalamus. In the present study, the immunohistochemistry technique was used
to examine the localization and distribution of GSH-R1a in the nervous system of the golden
apple snail, Pomacea canaliculata. Pairs of the snail ganglia were investigated, including
cerebral, buccal, and pleuropedal ganglia. Histologically, the snail neuronal cells had been
classified into four types, according to their sizes into NR1-4 (small-, medium-, large-sized
neurons and giant neuron, respectively). From the immunoperoxidase technique, the
immunoreactivity of GHS-R1a was identified in the neurons housed in the pleuropedal
ganglion. In contrast, no immunoreactive neurons were observed in the cerebral and buccal
ganglia. The immunoreactivity showed a strongly staining only in the NR1 and NR3. The
immunoreactive neurons was scattered throughout the pleuropedal ganglion. However,
the highest number of the immunoreactive neurons was observed at the peripheral of the
neuropil. This result was confirmed by the immunofluorescence technique. In summary, we
have demonstrated that GHS-R1a was localized and distributed in the ganglion of this
gastropod mollusk. We suggest that ghrelin peptide which is a ligand for this receptor could
play a physiological function in this species.
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Fig. 1: Localization of ghrelin receptor in neurons of the snail pleuropedal ganglion. Scale bar = 100 um.
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Sesquiterpene lactones are bioactive natural compounds with cytotoxic, antibacterial,
antifungal, antiviral, antimalaric and immunomodulative effects. One of these compounds is
trilobolide, which is a structurally related analog of the well-known thapsigargin (recently in the
second stage of clinical trials for prostate cancer treatment). We isolated trilobolide from Laser
trilobum and revealed that it is a potent immunostimulatory agent strongly inducing IFN-γ
secretion and nitric oxide production in primary macrophages. Trilobolide, similarly to
thapsigargin, is a potent inhibitor of sarco-/endo-plasmic Ca2+ ATPase (SERCA), which
maintains concentration gradient of calcium ions between sarco-/endo-plasmic reticulum and
cytosol. To study biological relevance and to track sesquiterpene lactones in live cells,
fluorescently labeled derivatives are inevitable approach. We designed, synthesized and
properly characterized a series of novel fluorescent conjugates of this natural compound. The
live-cell imaging experiments proved that trilobolide derivatives localize in endoplasmic
reticulum of various cancer cell lines (PC-3, LNCap, both derived from prostate carcinoma, U-2
OS from osteosarcoma and HeLa cells from cervix carcinoma). Moreover, we found that
trilobolide disrupted calcium homeostasis, which resulted in fragmentation of mitochondrial
network. Cytotoxicity, metabolic activity and nitric oxide production of cell treated with
trilobolide derivatives were also tested. Recently, we focus on targeted delivery of trilobolide
and its potent derivatives.
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Fig. 1: Live-cell fluorescent image of trilobolide localization (50nM, 30 min) in HeLa cells. A. trilobolide-BODIPY, B.
pentamethinium salt staining mitochondria, C. merge of images A and B.
 

 
Fig. 2: Live-cell fluorescent image of trilobolide localization (100nM, 30 min) in HeLa cells. A. trilobolide-BODIPY, B.
pentamethinium salt staining mitochondria, C. merge of images A and B.
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Co-evolution between primitive organisms associated by symbiotic relationship can offer
valuable information about the origin of organelles and the evolution of of the eukaryotic cell.
Some monexenic protozoa from the Trypanosomatid family, as Angomonas deanei, maintain a
mutualistic relationship with a bacterium that divides in synchrony with other host cell
structures. In this work we performed structural analysis using high-pressure freezing and
freeze substitution associated to the electron tomography technique in order to study the
symbiont ultrastructure and its association with protozoan organelles. Such analyses were
combined with genomic data obtained from the bacterium and its host Trypanosomatid. Our
results showed a close association of the symbiont with the host nucleus, reinforcing the idea
that the protozoan controls the bacterium division and that during this process the nucleus
serves as a topological reference to the symbiont segregation. During the protozoan
cytokinesis, the bacterium maintains its position close to the nucleus ensuring its inheritance
to each daughter cell. Interestingly, our genomic data showed that the symbiont presents a
reduced content (±830 kb), indicating a massive gene loss as those from the dcw (division and
cell wall) cluster. These sequences code proteins of the bacterial division ring, known as Z-ring
and those involved in peptidoglycan layer synthesis and septum formation. Such structures are
not detected in the symbiont envelope after using classical optical and electron microscopy
techniques. In this work, the use of electron tomography membrane contrast revealed a
detailed ultrastructure of the symbiont envelope that presents a reduced cell wall and lacks
the Z ring. Another interesting aspect of this symbiotic relationship is the intense metabolic
exchange between the associated partners, as the symbiont obtainment of
phosphatidylcholine from the host Trypanosomatid. According to this idea the high-resolution
microscopy showed that the endoplasmic reticulum presents an intimate relationship with the
bacterium, with some contact points observed between these structures. Taken together, our
resuls assume that an ultrastructural and metabolic association between the symbiont and
host cell structures is essential to maintain the endosymbiosis in trypanosomatids. 
 

Acknowledgement: Financial support: CNPq, FAPERJ.



 
Fig. 1: (A-C) FIB-SEM. Symbiont (green); Protozoa nucleus (blue); Glicossomes (yellow); ER (red) (D-E) Electron
Microscopy. Symbiont (S); ER (arrow); Nucleus (N); Glicossome (G). (F) Kinetoplast (K) in pink. (G-H) Cryo-techniques
were used to verify membrane fusion events. Mithocondrion (M) in yellow; ER (red); Symbiont (green). Scale bar: 0,5
µm.
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Zirconia, particularly, tetragonal zirconia polycrystals (TZP) have been used in medical and
dental fields with their outstanding mechanical properties, biocompatible and esthetic
performance. The importance of 3-dimensional (3-D) surface characterization in evaluating
cellular response has been noted in addition to conventional 2-D surface characterization.
Moreover, the synergetic effect with micro- and nano-topography was reported in enhancing
the cell response on the biomaterial surfaces. This study aimed to clarify the influence of
surface topography on osteoblast-like cell behavior to TZP. Mirror-polished; blasted with 50- or
150-µm alumina (SB50 and SB150); and SB150 acid-etched with hydrofluoric acid (SB150E)
were prepared on TZP. Titanium specimen with alumina-blasted and acid-etched was also
prepared as a control. The Sa (average roughness) and Sdr (developed interfacial area ratio)
values were evaluated using an electron beam 3-D surface roughness analyzer (ERA-8900FE;
Elionix, Tokyo, Japan). Initial attachment and proliferation assay of mouse osteoblast-like cells
MC3T3-E1 were performed with WST-1-based colorimetry. In addition, alkaline phosphatase
(ALP) activity as well as the gene expressions of type 1 collagen and osteocalcin was
determined as a differentiation of the cells. Significantly higher Sdr values were obtained in the
SB150E than in the other specimens despite no apparent difference in Sa values was observed
between SB150 and SB150E, indicating that both micro- and nano-topographies produced on
the SB150E surfaces. Although no clear differences were observed in initial cell attachment
among specimens, the proliferation rate and expression of ALP activity on the SB150E
specimens was significantly higher than those on the other specimens. These results indicate
that the creation of micro- and nano-topographies on TZP by surface treatment offers a
promising method for enhancing the proliferation and differentiation of MC3T3-E1 cells.
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 Corneal transparency is made possible by uniform size and spacing of stromal collagen fibrils
which are organized into sheets of parallel fibrils laid down in criss-crossed fashion.
Keratocytes, interspersed between collagen lamellae, make extensive lateral connections and
form layers parallel with the corneal surface. Understanding the architecture of ECM is limited
when using conventional 2D ultrastructural information from thin sections. Serial block-face
imaging with a scanning electron microscope (SB-SEM) provides a z-stack of images that can
be reconstructed to show 3D details of spatial distribution and organization of ECM
ultrastructural components.
Our initial TEM observations of the mouse cornea revealed what appeared to be small random
electron dense patches within the corneal stroma. Computer-aided 3D reconstructions of
images generated from SB-SEM showed these patches were in fact fibers, distinctly different
than stromal collagen lamellae. In this study, we used SB-SEM imaging and 3D reconstruction
to characterize these stromal fibers and their relationship to the ECM and keratocytes in the
mouse cornea.
Corneas from adult mice were fixed and embedded in resin blocks for histological sectioning
using a custom protocol for enhanced contrast. SB-SEM images (100 nm intervals between
images) were obtained using a Gatan 3 View system mounted in Quanta 200FEG SEM. Z-stacks
were obtained from the stroma in the limbus, paralimbus, and central cornea. Keratocytes and
stromal fibers were segmented and reconstructed in 3D using Amira 5.2 software.
Reconstruction of segmented z-stacks provided evidence the corneal stroma contains a
layered network of ~100nm diameter fibers running parallel with the corneal surface and lying
between and within the collagen lamellae. High magnification TEM images of the fibers show
that each fiber consists of numerous microfibrils ~10nm in diameter (Fig 1). Some fibers
appear to attach posteriorly to Descemet’s membrane and anteriorly to peripheral lymphatic
vessels (Fig. 2). The fibers were frequently observed in juxtaposition with keratocytes and the
surface of keratocytes contained complementary invaginations or “grooves” which
encompassed these fibers.
3D reconstruction of SB-SEM images revealed a network of fibers composed of microfibrils
within the murine cornea (Figs. 3 and 4). The association of these fibers with Descemet’s
membrane and lymphatics suggests they may serve as mechanical force transducers capable
of opening lymphatic vessels for drainage when an injured cornea becomes edematous. The
physical association of fibers with stromal keratocytes suggests the fibers are secreted by
and/or assembled by keratocytes. Additionally, the fibers may serve as a scaffold for the
keratocyte network.
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Fig. 1: Electronmicorgraph of corneal stroma showing a
fibril bundle made of numerous microfibrils that are 10 nm
in diameter (arrows).
 

 
Fig. 2: TEM image showing the cable (arrows) associated
with lymphatic endothelial cell.
 

 
Fig. 3: Serial Block-face image reconstruction of cables
from the stack of electronmicrographs from central cornea.
The reconstructed cables form an intricate network in
layers parallel with the corneal surface.
 

 
Fig. 4: Stromal elements segmented and reconstructed
from the stack of electronmicrographs from paralimbus
area. Keratocytes are in yellow, orange, light and dark blue,
light and dark green, and purple. Microfibril bundles are in
red.
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A biological molecule, chondroitin sulfate (CS) is one type of the glycosaminoglycan (GAG) that
has a wide variety of biological processes. The human amniotic fluid cells (hAFCs) have the
potential to differentiate into multiple cells lineages. The objective of this study is to
investigate the pattern expression of chondroitin sufate epitope (WF6) in hAFCs associate with
the series of the day culture from days 0 to day 30. The hAFCs were obtained from the
amniotic fluid of the pregnant women at 18 weeks of gestation (n= 5). All protocols approved
by the Medical Ethical Review Board of Faculty of Medicine of Chiang Mai University.They were
cultured in RPMI 1640 medium containing 20% FCS, AmnioMAX-C100 16 % and antibiotics. The
expression of chondroitin sufate epitope (WF6) were continuously detected by
immunocytochemistry analysis. The level of the chondroitin sulfate WF6 epitope in hAFCs were
correlated together with both parameters. The first cycle, it gradually increased from day 0 to
day12 and continually subsided from day 12 to day 18. The second cycle, it increased from
day 18 to day 27 and decreased after day27 to day30. It might be conclude that the
expression of chondroitin sulphate WF6 epitope in hAFCs gradualy increased and released in a
cycle pattern that might be correlated with biological activities such as proliferation or
differentiation. It is the benefit basic data for further studies.
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Fig. 1: Immonofluorescent localization of WF6 epitope on the hAFCs at series days of the culture Day0(a), Day6(b),
Day12(c), Day15(d), Day24(e) and Day27(f).
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Alzheimer’s disease (AD), one of the most progress neurodegenerative brain diseases that
leading cause of dementia, has been extensively researched for years. However, our
knowledge of its synaptic structure, which is a basis to understanding neurodegenerative
disorders, is still unclear. Defining the structures of neurons and their synaptic connections are
significant goals of brain research. To study synaptic connectivity, three-dimensional (3D)
reconstructions of the nervous system are very helpful. In this study, the 3D structure of brain
synapses in the Drosophila was analyzed using focused ion beam scanning electron
microscopy (FIB/SEM). This technique is one of the most useful for 3D reconstruction, as the
process of obtaining serial images is fully automated and thus avoids the problems inherent in
hand-operated ultrathin serial sectioning. In this study, we visualized and quantitatively
analyzed the ultrastructural characteristics of the calyx region of a Drosophila mushroom body,
which is a neuropil organ that plays an important role for learning and memory in insects. We
used transgenic line of Drosophila melanogaster Swedish mutant APP (Swe-APP), which is
characterized by early onset AD and increased Aβ production. The 3D images of normal and
AD brains reported in this study reveal characteristic features of AD such as appearance of
autophagy, abnormal axon formation, and increased mitochondrial size. This 3D analysis
reveal structural change as a basis for understanding neurodegenerative disorder.



 
Fig. 1: Ultrastructure of axon terminals. Comparison of axon terminal ultrastructure between normal (A, B) and AD
models (C–E). Note that the AD model occasionally demonstrates aberrant large (C) or normally sized (D, E) axon
terminals. The active zone, which is the site of neurotransmitter release (arrowhead), can also be observed. Scale bar,
1 μm
 

 
Fig. 2: 3D reconstruction of nine individual presynaptic axons each from the normal (A) and AD models (B). Axons pass
in many different trajectories other than the parallel direction. In the normal model (A), most axons appear long and
straight. However, in the AD model (B), axons are relatively short and of various sizes.
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Generating the cellular surface, and in many cases also the extracellular environment is
fundamental to all cells from bacteria to eukaryotes and essential for the multicellular
organization of tissues and organisms. Consequently, disruptions of the underlying process,
secretion, can cause malformations and diseases. The secretory pathway starts with newly
synthesized proteins and lipids leaving the ER at distinct structures termed ER exit sites
(ERES), defined by the presence of Sec16. Sec16 is a large membrane-associated protein
supposed to create a platform for the generation of COPII-ensheathed vesicles at ERES. The
COPII vesicle coat consists of Sec23/Sec24 forming the inner shell and Sec13/Sec31 comprising
the outer layer. COPII-coated vesicles transport the cargos to the Golgi where they are
processed before being routed to their final destinations. To study the morphological
relationship of involved organelles in the early secretory pathway we are have investigated
Trypanosoma brucei, the causative agent of African sleeping sickness. T. brucei is good model
since it contains only a single ERES and Golgi at a defined location in a specific state of its live
cycle. Phenotypic analyses of trypanosome cells following Sec16 knockout, depletion or
overexpression revealed an intriguing link between ERES and Golgi size. In particular,
increased levels of Sec16 resulted in larger ERES, and concomitantly a larger Golgi whereas
decreased levels had the opposite effect. We are now exploring the changes in size and shape
of these organelles in 3D using electron tomography. In a second approach, and to link
secretion with medically relevant conditions, we are investigating the early secretory pathway
and the structure of the extracellular matrix during cartilage degeneration (osteoarthritis).



Type of presentation: Poster
 

LS-2-P-1991 Extra-insular insulin expression in rat pancreas induced by sucrose rich
diet
 

Ukropina M.1, Glisic R.2, A Rajab N. M.1, Cakic-Milosevic M.1
 
1University of Belgrade, Faculty of Biology, Institute of Zoology, Belgrade, Serbia, 2University of
Kragujevac, Faculty of Science, Department of Biology and Ecology, Kragujevac, Serbia
 

Email of the presenting author: mirela@bio.bg.ac.rs
 
The most abundant cell type among pancreas clusters of endocrine cells - islets of Langerhans
are β-cells, dedicated to insulin production and secretion upon appropriate stimuli. Acinar and
ductal cells comprise the majority of the exocrine pancreas.
There are many studies focusing on the altered metabolic status induced by carbohydrate-rich
diet. However, there are a limited amount of data available on the effect of sucrose-rich diet
on exocrine pancreas histology. Therefore the aim of this study was to investigate possible
alterations in cell types present in exocrine pancreas of rats on sucrose-rich diet.
Young adult male Wistar rats kept under 12:12 light:dark cycle, at 21±1°C, fed with standard
chow diet were divided into two groups. Control group drank tap water (C, n=6), while rats on
sucrose-rich diet (S, n=8) had access to 10% sucrose in tap water. The experiment lasted for
three weeks and was approved by local ethic committee. At the end of experiment serum
glucose and insulin concentrations were measured. Pancreas tissue samples were routinely
processed for light microscopy. On 5 µm thick sections insulin localization was demonstrated
by LSAB method.
Sucrose-fed rats had significantly higher serum glucose concentration (7.12±0.13 mmol/l in C
vs. 7.65±0.17 mmol/l in S group, p<0.05), which was followed by mild, but not statistically
significant rise in serum insulin concentrations (90.72±11.42 mIU/l in C vs. 91.91±6.99 mIU/l in
S group). In both groups, insulin immunopositivity was recorded in the central part of the islets
of Langerhans, in β-cells. Insulin-containing cells were also demonstrated in exocrine pancreas
of S group, embedded among acinar cells (Fig. 1).
In our experimental setting which corresponds to the dietary habits of humans in modern
world [1], hyperglycemia was established, since sucrose input leads to glucoregulation
disbalance [2]. Shortly after appropriate stimuli administration, β-cell neogenesis occurs from
preexisting β-cells in endocrine pancreas, and in exocrine pancreas either from the
proliferation and differentiation of ductal cells or by acinar cell transdifferentiation. We believe
that acinar cells transdifferentiate into ectopic insulin-positive cells [3], which are after this
relatively short induction period still incapable of glucose-stimulated insulin secretion [4].
Although individual insulin positive cells differ from insular β-cells by glucose responsiveness,
these insulin-containing cells may represent a progeny of new islet formation, and thus the
source of new insulin-producing and -secreting cells.
1. Diabetes Metab Res Rev 15:106–112, 1999
2. Metabolism 45:1527–1532, 1996
3. Nature 455:627–632, 2008
4. Biochem J 442:539–550, 2012
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Fig. 1: Apart from β-cells in islets of Langerhans, insulin-positive cells in control group (a) are sometimes localized in
the epithelium of exocrine ducts or in their vicinity, while extra-insular insulin-positive cells embedded among acinar
cells are evident in sucrose-fed rats (b). Orig. magn. x20.
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Starch, together with sucrose, is the main end product of photosynthesis in many plants. The
main pathways of starch synthesis and degradation are well known but our understanding of
their regulation is still fragmentary. The aim of this work was to identify novel starch excess
mutants to provide new insights into the pathway and regulation of starch metabolism. We
identified a T-DNA mutant with insertion in a gene encoding a protein not previously linked to
starch metabolism which we called NEX1. To characterize the nex1 mutant in detail we are
comparing its phenotype with already known starch excess mutants via: 1) metabolite profiling
through a 24-h diurnal cycle; 2) analysis of starch granule morphology; 3) transcript profiling
(qRT-PCR) of ~80 starch related genes; 4) growth analysis. To investigate the morphology of
the leaf starch granules from Arabidopsis thaliana (L.) Heynh. wild type (WT) and mutants
(sex1 & nex1) we performed transmission electron microscopy (TEM). Pieces (2 mm2) of
mature leaves were fixed in 2% paraformaldehyde and 2.5% glutaraldehyde in cacodylate
buffer and post-fixed in 1% OsO4. The tissues were embedded in Spurr’s epoxy resin and
examined with an EFTEM (Zeiss, Germany). Some ultrastructural alterations were observed in
mesophyll cells in WT plants and mutants (sex1 and nex1) during day and night. Differences
were found in plastids, especially, in the size and shape of starch granules, as well as in the
organization of thylakoid membranes, predominantly in granal stack, size and number.
Electron micrographs showed that starch grains occupy most of the plastid volume in mutants
at the end of the day. Starch granules of WT plants are smaller, flat and a little elongated [Fig.
1]. In contrast, in the sex1 mutant, which accumulates up to three times more starch than WT,
the granules are flattened-elongated, running parallel to the long axis of the plastid with
transverse crystalline regions (dark part in starch granules) and amorphous (lighter part - less
crystalline material) [Fig. 2]. The starch granules in nex1 are highly variable in size, but are
generally larger than WT granules, and more rounded than both WT and sex1 granules [Fig. 3].
The nex1 mutant contains only slightly more starch than WT plants at the end of the day, but
degrades little or none of its starch at night. The biochemical reason for this defect is unknown.
The genetic lesion in the nex1 mutant might lead to a deficiency in one or more of the
enzymes that are required for starch degradation. Another possibility is that the nex1 lesion
causes synthesis of abnormal starch granules that are resistant to hydrolysis by β-amylase or
the action of other starch degrading enzymes.



 
Fig. 1: Transmission electron micrographs of mesophyll cells in Arabidopsis thaliana WT Col0 leaves at the end of the
day - fragment of the cell. Notice a few starch grains in stroma of the plastids. Starch granules of WT plants are
smaller, flat and a little elongated compared with mutants (sex1 & nex1). Scale bar: 2000 nm
 

 
Fig. 2: Transmission electron micrographs of mesophyll cells in Arabidopsis thaliana sex1 mutant leaves at the end of
the day - fragment of the cell. Notice a strong starch accumulation. The starch granules are flattened-elongated with
transverse crystalline regions appearing as dark bands, and occupy most of the plastid volume. Scale bar: 2000 nm
 

 
Fig. 3: Transmission electron micrographs of mesophyll cells in Arabidopsis thaliana nex1 mutant leaves at the end of
the day - fragment of the cell. Starch granules in plastids are rounded and very variable in size ranging from very small
to big compared with wild type and sex1 mutant granules. Scale bar: 2000 nm
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Phosphorylated derivatives of phosphatidylinositol (phosphoinositides - PIs) are essential
regulators of cytoskeletal dynamics, membrane trafficking, and are the basis of a ubiquitous
membrane signalling system. In addition to their cytoplasmic roles, they are also involved in
important nuclear processes as DNA transcription, pre-mRNA splicing, or mRNA export out of
the nucleus. To widen our knowledge about phosphoinositides roles in the nucleus, we study
the interacting partners of phosphoinositides in various nuclear processes.
We decided to study lysine-specific demethylase 7B (KDM7B; PHF8) and lysine-specific
demethylase 2A (KDM2A; FBXL11) as possible PIs - interacting proteins. They contain PHD
conserved domain and they were identified as components of nuclear PtdIns(4,5)P2 complexes
by neomycine extraction. FBXL11 is a histone demethylase required to sustain centromeric
integrity and genomic stability, particularly during mitosis. PHF8 acts as a coactivator of rDNA
transcription, by activating polymerase I mediated transcription of rRNA genes.
Our experimental data confirm that PHF8 and FBXL11 are indeed in a complex with
phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P2). Using confocal flourescence microscopy,
we show that both FBXL11 and PHF8 partially colocalize with PtdIns(4,5)P2 in the nucleoplasm
and in nuclear speckles, dynamic intranuclear compartmens, where many pre-mRNA splicing
factors are stored. These data suggest that PtdIns(4,5)P2 may have a role in regulation of gene
expression and maintenance of genomic stability through the interaction with PHF8 and
FBXL11.
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Actin is in the cytoplasm present either as a monomer or in form of filaments, which is the
major component of cytoskeleton. It is required for maintenance of cell shape, motility, vesicle
movement, cytokinesis, and signalling. In last decades it has been well documented by a
multiple studies that actin localizes also to the cell nucleus1, where it participates in
transcription2 and chromatin remodeling3. However, the state of nuclear actin is not fully
understood yet. It is anticipated that besides monomers actin exists also in oligomeric or
polymeric form4. Recent study showed formation of nuclear actin filaments after
overexpression of beta-actin fused to a NLS and flag tag5. Here we confirmed a presence of
such actin filaments in the nucleus upon overexpression of EYFP-actin fused to NLS
(EYFP-NLS-actin) in human U2OS cell line. These filaments seem to be emanating from below
nuclear envelope, ranging variably through the nucleus. They can be visualized by phalloidin
and they do not bind any of actin-binding proteins (spectrin, vinculin, paxillin, nuclear myosin
1) as tested by immunolocalization, which suggests their differential behaviour from the
cytoplasmic ones. In addition, nuclear actin filaments do not seem to enter heterochromatin
regions, active chromatin or interchromatin granules. Surprisingly, cells possesing nuclear
actin filaments seem to exhibit higher transcriptional activity in comparison to the controls.
The question still remains upon which stimulus the actin filament formation occurs and how
does it change the cellular processes in general.
1. Pederson T. and Aebi U., JSB 140:3–9, review, 2003.
2. Philimonenko, V.V., Zhao, J., Iben, S., Dingova, H., Kysela, K., Kahle, M., Zentgraf, H.,
Hofmann, W.A., de Lanerolle, P., Hozak, P. and Grummt, I. , Nat. Cell Biol. 6: 1165-1172, 2004.
3. Zhao, K., W. Wang, O.J. Rando, Y. Xue, K. Swiderek, A. Kuo, and G.R. Crabtree, Cell.
95:625–636, 1998.
4. McDonald , D. , G. Carrero , C. Andrin , G. de Vries , and M.J. Hendzel , JCB 172: 541 – 552,
2006.
5. Kokai E1, Beck H, Weissbach J, Arnold F, Sinske D, Sebert U, Gaiselmann G, Schmidt V,
Walther P, Münch J, Posern G, Knöll B.: Histochem. Cell Biol. 141:123-35, 2014.
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Autophagy plays a crucial role in maintaining cellular homeostasis by carrying out continual
degradation and recycling of cellular components [1]. However, overactive autophagy may
promote neuronal cell death in neurodegenerative disorders including Alzheimer's disease
(AD). Recent evidence has demonstrated that amyloid-β (Aβ) induces the formation of
doubled-membrane-bound vacuole, known as the autophagosome [2]. In spite of various
studies on the ultrastructure of autophagy, the membrane formation mechanism of
autophagosome is still poorly understood. The purpose of this study is to identify the
organelles that provide the source of membrane in the early autophagosome biogenesis. For
this, we have performed immunocytochemical analysis, cryo-immunogold labeling and
ultrastructural analysis, and three-dimensional electron tomography [3] in animal- and
cell-model for AD. In the APP/PSEN1 transgenic (TG) mice that express human amyloid
precursor protein, the deposition of Aβ plaques and distrophic neurite (DN) were detected in
the hippocampus and cortex regions. We also identified the loss of peroxiredoxin, an
endogenous cytoprotective antioxidant enzyme, and the accumulation of Aβ in the
hippocampal mitochondria of transgenic mice with severe disruption of mitochondrial cristae.
In the Aβ-stimulated murine microglial cell line, BV-2, we found that mitochondrial membranes
were disrupted by the depletion of peroxiredoxin. In addition, the number of LC3,
autophagosome marker, positive autophagosome was increased significantly within the
cytoplasm. We also found that cytochrome c oxidase subunit IV (COX IV) and Beclin-1, a
pre-autophagosome marker, were co-localized in tiny tubule-like structure and on some
autophagosome membrane around the Aβ-affected mitochondria. These results suggest that
the fragments of mitochondrial membrane are involved in the generation of
pre-autophagosomal membranes during AD development. Our in vivo and in vitro studies
strongly support the hypothesis that the mitochondria may be a potential source for the
membrane biogenesis in the autophagosome formation.
References
[1] Nixon RA, Trends Neurosci. 29: 528-535 (2006).
[2] Kim MJ et al., Appl Microsc. 42: 179-185 (2012).
[3] Choi KJet al., J Biosci. 39: 97-105 (2014).
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Fig. 1: Immunofluorescence and cryo-immunogold electron microscopy of LC3 in Ab-treated BV-2 cells. (A) LC3 positive
signals were detected in cytoplasm and (B) LC3 were localized in autophagosome (AU) of Ab-treated BV-2 cells.
Immunogold EM experiments were performed using anti-LC3 (15 nm) and anti-Aβ antibodies (10 nm).
 

 
Fig. 2: Sequential double cryo-immunogold electron microscopy of Beclin-1 and CoxIV in Ab fibril-treated BV-2 Cells. In
Ab-treated cells, both CoxIV (15 nm) and Beclin-1 (10 nm) were co-expressed in damaged mitochondria (A),
fragmented mitochondria (B) and autophagosome membrane (C).
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The Golgi complex plays a crucial role in herpes virus morphogenesis and intracellular
transport. Herpes viruses comprise the capsid, tegument and envelope with embedded
glycoproteins. Capsids assembled in the host cell nucleus are transported to the Golgi
complex. There, they bud at Golgi membranes acquiring tegument and envelope.
Concomitantly, a transport vacuole is formed enclosing the virion. This process is referred to as
wrapping (1). Capsids also bud into large vacuoles or Golgi cisternae, which may enlarge to
engulf multiple virions (2). Another yet hypothetical route would be intraluminal transportation
of virions from the perinuclear space (PNS) via ER into Golgi cisternae (3, 4). Virions, which
derive by budding of capsids at the inner nuclear membrane into the PNS, are intraluminally
transported out of the PNS into the ER (5). Transportation of virions from the ER into Golgi
cisternae would be possible provided ER cisternae are connected to Golgi cisternae. To detect
possible ER-Golgi intermediates, we infected cells with herpes simplex virus 1 or bovine herpes
virus 1 infected cells. Confocal microscopy of cells stably expressing β
1,4-galactosyltransferase 1-green fluorescent protein revealed that the Golgi complex is
located close to the nucleus. Cryo-filed emission scanning electron microscopy demonstrated
that the Golgi complex was covered to a large extent by an intact membrane so that the Golgi
complex appeared as an entity. Transmission electron microscopy of rapidly frozen and freeze
substituted cells (Müller, 1992) clearly revealed PNS-ER-Golgi connectivity with enclosed
virions supporting the hypothesis of a direct intraluminal transportation route from the PNS
into Golgi cisternae. ER-Golgi intermediates were reported in many other cells suggesting that
other substances might be intraluminally transported.
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Fig. 1: The ER runs from the perinuclear region into the
outermost lamella of a Golgi field
 

 
Fig. 2: The ER transists via one Golgi field to the next
 

 
Fig. 3: The outer nuclear membrane continues via ER into
Golgi membrane. The ER cisterna contains virions
indicationg intraluminal transportation.
 

 
Fig. 4: Virions in vacuoles and Golgi cisternae contradicting
wrapping. Two capsids are in the process of wrapping.
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The eukaryotic nucleus is a highly structured cellular compartment composed mainly of
proteins and nucleic acids. In addition to these abundant molecules, the nuclear interior also
contains minor components such as phosphoinositides. Phosphoinositides are phosphorylated
forms of phosphatidylinositol - a negatively charged glycerol-based phospholipid. In the
cytoplasm, phosphoinositides are well known signalling molecules involved in regulation of
membrane dynamics, cell architecture and motility, modulation of ion channels and
transporters, or generation of second messengers. Moreover, it has been suggested that
phosphoinositide signalling occurs also in the cell nucleus. Phosphatidylinositol
4,5-bisphosphate (PIP2) localizes to nucleoli, nuclear speckles, and small foci in the
nucleoplasm. It was shown that nuclear PIP2 is required for DNA transcription, pre-mRNA
processing, and export of mRNA to the cytoplasm. Here we present a novel PIP2 binding
protein - lysine-specific histone demethylase 1 (LSD1). LSD1 was previously shown as a
potential PIP2 interacting protein using neomycin extraction. We confirmed that LSD1 forms a
complex with PIP2 within the nucleus and that the LSD1-PIP2 interaction is direct. As shown by
structured illumination microscopy, LSD1 localizes to the edges of nuclear speckles and
co-localizes with PIP2 in small PIP2 foci in the nucleoplasm. These data indicate that PIP2
through LSD1 may regulate histone demethylation and therefore may play a role in regulation
of gene expression.
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Leucine-rich repeat kinase 2 (LRRK2) mutations are the most common genetic causes of
late-onset, autosomal dominant Parkinson’s disease (PD).1-2 Recently, our group has produced
transgenic mice by the insertion of human LRRK2 mutant (G2019S) gene in mouse, showing
motor impairments similar with PD.3 In this study, we first investigated the three-dimensional
ultrastructural alteration of subcellular organelles in neuronal cell of LRRK2 transgenic mouse
using high voltage electron microscope and electron tomography. Most of the mitochondria in
neuronal cells were swollen and the mitochondrial membrane and cristae were severely
disrupted in the striatum and substantia nigra of transgenic mice. Redundant loops of myelin
sheath were shown in both striatum and substantia nigra region of LRRK2 mice (Figures 1 and
2). After we confirmed the structural deterioration of subcellular organelles of neuronal cells,
we further investigated pharmacological effects of bromocriptine, a dopamine D2 receptor
agonist, on the motor behavior of transgenic mice. LRRK2 (G2019S) transgenic mice (9~20
months old) have motor deficiency in rota-rod test, and also the mice showed impairments in
total moving distance, rearing frequency and moving duration in open field test. Treatment
with bromocriptine (10mg/kg, for 7days) to LRRK2 (G2019S) transgenic mice had a positive
effect on the retention time on rota-rod when compared with control group. In addition,
transgenic mice showed increased moving distance, frequency rearing and moving duration
that were comparable to control group. These results indicate that administration with
bromocriptine can decreased motor deficiency in transgenic mice. These data suggest that
LRRK2 (G2019S) transgenic mice model is of value in the screening of drugs against a
dopamine D2 receptor agonist for neurodegenerative disease like PD. In future studies, we will
analyze whether the bromocriptine treatment can also recover ultrastructural integrity of
neuronal cells in striatum and substantia nigra of LRRK2 (G2019S) transgenic mice.
References
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Fig. 1: Ultrastructural alterations of mitochondria and myelin sheath in neuron. Most of the mitochondria (m) in
neuronal cell were swollen and the mitochondrial membrane and cristae were severely disrupted in LRRK2 transgenic
mice. ds, dendritic spines; m, mitochondria; my, myelin sheath; ps, presynaptic axon.
 

 
Fig. 2: Three-Dimensional reconstructions of the mitochondria in substantia nigra from wild-type and LRRK2 (G2019S)
TG mouse, with section thickness ranging from 300 to 500 nm.The tilt series containing 121 images were recorded
using HVEM, over a tilt range from -60° to 60°, with an interval of 1°.
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A Cilium is one of the organelles found on the surface of eukaryotic cells, and centrosome is
the organelle which acts as microtubule organizing center (MTOC) of animal cells and
regulates the cell cycle. The formation of cilia and centrosome is organized by centrioles,
which are important for cell division, polarity and motility.
Cilia are projections from cell surface and have two types: one kind is motile cilia, which exert
mechano-signaling found in airway, ovary, ventricle and sperm. The other is primary cilia,
non-motile cilia, which exert sensory function found in kidney, bone, inner-ear, and eye.
Several studies have reported that dysfunction of primary cilia lead to many diseases such as
cystic kidney disease, and disease caused by dysfunction of cilia is called Primary Ciliary
Dyskinesia(PCD). Similarly, deregulation of centrosome is associated with several disease
including cancer and developmental diseases. Despite the important roles of primary cilia and
centrosome, little is known about their structures.
This study was performed to determine the structure of primary cilia and centrosome. To this
end, we established several mutant cells which were loss of PCD related genes such as Mks1,
Cep290, Ift88 and verified the structural change of mutant cells. We focused on the
observation of basal body and trandition zone in primary cilia, which are particularly important
for protein transport into cilia. And to clarify the centrosome structure during cell division, we
characterized the centrosome structure of mitosis.
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C. elegans is a well-established model organism for the study of meiosis. In the adult C.
elegans hermaphrodite, germline nuclei progress more proximally, away from the distal tip of
the gonad arm, they exit the mitotic cell cycle and enter meiotic prophase I. Cytologically
recognizable nuclei in the pachytene stage of meiotic prophase I are visible before the “loop”.
Vinculin is a conserved actin binding protein localized in focal adhesions and cell-cell junctions.
Recently, it was found that vinculin can be localized to nuclei, binding especially to regions
around nuclear pores and under nuclear lamina. In addition we localized vinculin for the first
time in meiosis-specific structures – the synaptonemal complexes. Regarding our previous
observation we suggest vinculin as a possible new actor in the mammal meiosis. To support
this possibility we found ortholog protein of vinculin in C. elegans called DEB-1. DEB-1 is a
muscle attachment protein found in dense bodies, and is required for attaching actin filaments
to the basal sarcolemma.
First of all we localized DEB-1 in isolated gonad of hermaphrodite with specific monoclonal
antibody. We detected specific diffused signal in the entire gonad and within rachis (the
central part of gonad), where distal tip cell and sheet cell covering the gonad were marked
more intensive. To determine the consequence of decreased presence of DEB-1 on meiosis in
hermaphrodite gonads, we transformed worms with DEB-1 RNAi. Lack of DEB-1 (deb1-/-)
disrupts the regular arrangement of germline nuclei. In detail, in comparison to mock
transformed control, the anterior part of gonad contained a lot of apoptotic cells, also was
missing the transition zone where chromosomes should form chromosomal bouquet. In closer
view chromosomes we found, that chromosomes are not paired in the whole gonad.
We used immunolocalization for electron microscopy to confirm and characterize the
appearance of DEB-1 in gonad of hermafrodite worm. TEM analysis can reveal changes in the
morphology of germline nuclei within WT gonads and deb1-/-. We compared the DEB-1
localization changes via immunogold labeling on ultrathin sections of C.elegans and evaluated
grouping of gold particles by spatial statistics with previously developed plugins to the Ellipse
image processiong program.
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Gadolinium (Gd), a rare earth, is frequently used in the medical and industrial domains. In the
medical field Gd is essentially employed as a contrast agent in the Magnetic Resonance
Imaging (MRI). In the industrial field it is used in manufacture televisions, car batteries,
computer components, CD Roms, reason for which previous works have attempted to study its
behavior in many organs such as liver, kidney etc. However, the precise intracellular
localization of this element in the lactating mammary gland cells remains poorly
understood.The aim of this work was to study the intracellular localization of Gd in the rat
lactating mammary gland and the chemical form of the intracellular deposits. The
ultrastructural localization  of Gd was studied using the conventional transmission electron
microscopy(CTEM).The chemical determination of the intracellular deposit was performed
using electron probe microanalysis (EPMA). Ultrastructural observations showed the presence
of many dense granules in the lysosomes of mammary glandular epithelial cells of the Gd
treated rats. The EPMA showed that the intralysosomal deposits were composed of Gd and
phosphorus. These results showed that after its intraperitoneal administration, Gd was
concentrated in the lysosomes of the glandular epithelial cells as an insoluble Gd phosphate
salt. The present observations remind those previously published showing that after its
parenteral administration Gd was observed in the liver, the kidney, the spleen and the bone
marrow. More sophisticated methods have to been carried out to study the impact of the
presence of Gd or other mineral elements on the organism.
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Astrocytes are known to secrete a number of signaling molecules that participate in the
communication of both neurons and glial cells. These signaling molecules, named
gliotransmitters, are stored in two types of secretory vesicles: translucent small synaptic-like
vesicles and large dense-core vesicles. It also has been described that hippocampal astrocytes
have a 1,4,5-triphosphate(IP3)-induced Ca2+ dependent regulatory pathway that is
characterized by the expression and stimulated exocytosis of Secretogranin II (SgII) [1].
Recently our group isolated a new population of highly toxic anomalous astrocytes that were
named AbAs (Aberrant Astrocytes) [2]. Since AbA toxicity is mostly due to released soluble
factors, we hypothesized that AbAs are enriched in regulated secretory vesicles and prototypic
markers such as SgII and Chromogranin A (Chr-A). Confluent cultures of AbAs in basal
conditions showed a difuse perinuclear expression of both markers. Western blotting and
semiquantitative analysis of the bands positive to SgII and Chr-A related to β-actin bands
indicate that AbAs expressed more SgII and Chr-A than neonatal astrocytes.
TEM analysis allowed us to identify an enormous heterogeneity in cytoplasmic granules, with
differences in size, morphology, electron-density and membranous content. They are
frequently found clustered together in areas of the cytoplasm. This abundance of cytoplasmic
granules and the fact that AbA cells release soluble factors and are SgII and Chr-A positive
suggests that in some of these secretory granules there might be the toxic component found
in the extremely toxic AbA conditioned media. TEM immunogold labeling is needed to confirm.
References:
[1] Yong Suk Hur, et al (2010). PlosOne. Vol 5, issue 8, e11973
[2] Díaz-Amarilla P, et al. (2011). Proc Natl Acad Sci U S A 108: 18126–18131.
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Fig. 1: See below
 

 
Fig. 2: TEM of AbA cells showing the heterogeneity of dark cytoplasmic granules. Note the differences in size,
morphology and shape.
 

 
Fig. 3: Western blotting evidencing the presence of SgII and Chr-A in AbA cells and neonatal astrocyte culture. The
quantification of the relative areas to β-actin show a significant increase of SgII in AbA cell culture compared to the
astrocytes. * indicates p<0.05.
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Centrosomes are the major microtubules organizing centers of animal cells. Centrosomes are
composed of two centrioles surrounded by a mesh of proteins called the pericentriolar
material. Centrioles consist of a cylinder surrounded by nine sets of microtubules triplets and
their structure is remarkably conserved throughout evolution. Centriole duplication is tightly
regulated during the cell cycle. In KE37 human cells, it has been recently shown that mother
and daughter centrioles are transiently linked by fibers (connecting stalk) at the initiation of
duplication (Guichard et al. 2010). Presently, we are interested to identify the molecular
players contributing to the formation of the connecting stalks. To this purpose we are using
mice strains that over-express centriole-duplication proteins to further characterize, by
cryo-electron-tomography, the initial steps of centriolar duplication in biological conditions
closer to the native state.
As a proof of concept and with the aim of characterizing mouse centrioles, we have purified
centrosomes from the TTA1.6 lymphocyte cell line. Cryo-electron tomograms of mouse
centrosomes show that they contain two centrioles with the canonical structure: centriole
appendages and nine microtubule triplets where the cap on the A-microtubule can be
identified depending on the maturation stage (figure 1). This validates the use of mice
centrosomes to study centriole duplication by cryo-electron tomograms.
References:
- Guichard et al, EMBO J. 2010 May 5;29(9):1565-72.
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Fig. 1: Section of cryo-tomograms from wild type mice TTA1.6 lymphocytes isolated centrosomes. A) Orthogonal
projection of a centriole, showing the nine microtubule triplets B) Centriole where distal appendage is visible (arrow).
Scale bars=100nm
 

 
Fig. 2: Longitudinal section of a mature centriole and its pro-centriole surrounded by pericentriolar material. The
cartwheel is visible inside the procentriole (arrowhead). Other sections from the same tomogram reveal the presence
of capped microtubules in the pro-centriole and uncapped microtubules in the mature centriole (insets). Scale
bar=100nm
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Background. Although the role of interstitial space is frequently neglected there are some new
cellular elements – the telocytes (TCs)– that seem to be vital (along with other cells). Our goal
is to bring further evidence of TCs involvement in a lot of processes such as: tissue patterning
during development and tissue renewal after injury. These processes are probably mediated
by the vesicular transport carriers which can create an adequate microenvironment for
precursor cells.
Methods. We used transmission electron microscopy, immunohistochemistry (IHC),
immunofluorescence (IF), on human myometrial tissue and in cell cultures.
Results. TCs have a tiny cell body with distinctive extensions named telopodes (Tps). A TC can
have 1-5 Tps with alternating podoms (dilated segments) and podomers (thin segments).
Podoms provide accommodation for mitochondria, ER and caveolae, a trio involved in calcium
homeostasis. Tps have a dichotomous branching pattern, building a 3D network due to
homo-and heterocellular junctions. In human uterus the heterocellular contacts were seen to
be established between TCs and myocytes. Moreover, TCs establish cell-cell nanocontacts with
immune cells. TCs release shed vesicle and/or exosomes, thus sending macromolecular signals
to surrounding cells probably modifying their transcriptional activity.
Conclusion. Telocytes are supposed to be involved: (1) in intercellular signaling; (2) as stem
cell adjutants involved in tissue renewal; (3) as sensors for steroid hormones; (4) in the
guidance of immune cells; (5) as stretch sensors; and (6) as contractility modulators.
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Fig. 1: A.Two cellular bodies (TC1, TC2) can be easily seen in the interstitial space between smooth myocytes. One
telocyte has long, convoluting telopodes (TC2). B.Details at higher magnification from area marked in A with a dotted
square. Note the heterochromatin mostly confined to the periphery of the nucleus but also dispersed throughout.
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CD133, a transmembrane glycoprotein considered a marker of colon cancer stem cells, is
confined to lipid microdomains enriched in cholesterol. The cytoplasmic tail of CD133 contains
a PDZ-binding domain, which could potentially interact with the cytoskeleton changing the
dynamics of plasma membrane protusions. Aims of this study was to evaluate the functional
effects of the deletion of CD133 C-terminal domain on the architecture and dynamics of
plasma membrane protusions in HCT116 human colon cancer cells. Effects of this deletion
have been also evaluated on the levels of released Extracellular Vesicles (EVs),
membrane-bound sacs that are shed from the surfaces of cells into the extracellular
environment. Indeed a link between the release of CD133 contained in membrane vesicles, cell
protrusions and the cellular differentiation has been suggested.
The cDNAs encoding the full length CD133 molecule and its variant deleted of the C-terminal
(C-term) domain were cloned into the expression vector pCDNA3 and transfected into HCT116
cells. CD133/1-PE antibody was used for immunofluorescence. Conditioned culture medium of
colon cancer cells was collected and subjected to differential centrifugation for EVs isolation.
EVs were morphologically characterized by Electron Microscopy (TEM) and their quantities
were determined using Bradford assay. The number and length of plasma membrane
protusions were studied with Scanning Electron Microscopy (SEM). Cells were stained with
Laurdan and the multiphoton microscopy for image analysis was used to measure membrane
fluidity.
Derivatives of the HCT116 cells (HCT-CD133) overexpressing full length CD133 displayed long
protrusions on cell surface while cells (HCT-CtermCD) overexpressing the C-term variant
expressed abnormal membrane structures (Figure1). Immunofluorescence analysis showed
that CD133 is uniformly distributed in HCT-CD133 cells, while it forms platforms of aggregated
proteins in HCT-CtermCD cells (Figure2). CD133 overexpression increased cell fluidity both in
its full length and, more markedly, in its C-term variant (Figure3). A reduction in EV quantities
was evident in the HCT-CtermCD cells, when compared with HCT-CD133 cells (Figure4). In
conclusion an intimate relation between CD133 expression, membrane fluidity regulation and
protrusions in colon cancer cells was showed. These findings suggest that changes in
membrane microdomain organization associated with the expression of the C-term variant of
the CD133 protein could be involved in impaired extracellular membrane traffic. Given the
importance of membrane microdomains in signal transduction and in various membrane
trafficking events, the evaluation of new players, such as CD133, in the architecture of plasma
membrane protrusions is crucial.



 
Fig. 1: Fig.1 Representative images of HCT-V (control
vector), HCT-CD133 and HCT-CtermCD obtained with SEM.
The expression of full-length CD133 causes the appearance
of long protrusions (D) and in increased the number on cell
surface while HCT-CtermCD cells abnormal membrane
structures are evident.
 

 
Fig. 2: Fig.2 CD133 distribution in HCT-CD133 (A) and
HCT-CtermCD (B) cells.
 

 
Fig. 3: Fig.3 Mean Whole Cell GP. Increased fluidity in
HCT-CD133 and HCT-CtermCD with a more pronounced
increase in the latter (A). The most affected compartment
in the HCT-CtermCD cells is the plasma membrane (B).
Indeed while GP of HCT-CD133 has a small increase
compared to HCT-V, the outer membranes of
CD133-CtermCD display the highest GP (C-D).
 

 
Fig. 4: Fig.4 Identification and characterization of EV:
exosome (Exo) and microvesicles (MV). (A) TEM for
morphological study of exosomes (Exo) and microvesicles
(MV); (B) isolated EV were lysated and protein
concentration was determined using the Bradford method.
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ABSTRACT
Spondylus calcifer (Carpeter, 1857) and S. princeps (Gray, 1825) are bivalve gonochoric and
free spawning with fertilization occurring in seawater, both species are distributed on coastal
rock of American Pacific Ocean. We describe for the first time the ultrastructural development
of the cells during spermatogenesis, and the morphology of the mature spermatozoa were
characterized by transmission electronic microscopy. The testes in both species are tubular.
The development of the spermatogonia and spermatocites of 1st and 2nd order are
concentrically arranged inside the tubules with the less developed cells closer to the wall, and
the spermatids and spermatozoa closer to the lumen. The tubules are surrounded by a matrix
of connective tissue with accessory cells which function is equivalent to the Sertoli cells in
mammals. Four stages were distinguished in gametes development of both species:
Spermatogonia (4-8 μm), Spermatocites (3-4 μm) (primary and secondary), Spermatids (4-8
μm) and Spermatozoa (~2 μm head length). In both species, the spermatozoid shows similar
morphology, which supports the close phylogenetical relationship between them. Both species
also have four mitochondria arranged circularly in the midpiece, typical of external fertilization
species and ancestral spermatozoids. The evolutionary implications and relevance of these
results for the taxonomy of the Spondylus species and sustainable use of their populations are
discussed.
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Fig. 1: Figure 1. Transmission electron micrographs of spermatogenesis in Spondylus princeps. Spermatogonia (spg);
nucleus (n); mitochondria (m); primary spermatocyte (spt1); secondary spermatocyte (spt2); spermatid (spm); support
cells (sc).
 

 
Fig. 2: Figure 2. Transmission electron micrographs of
mature spermatozoa of Spondylus calcifer. Nucleus (n);
flagella (fl); pseudopodia- like projections (pp).
 

 
Fig. 3: Figure 3. Transmission electron micrographs of
mature spermatozoa of Spondylus princeps. mitochondria
(m); acrosome (ac).
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Uranium has been used widely as the pre-stain of electron double stain for electron
microscopy. However, the use and purchase have become more difficult in recent years.
Therefore, the study on developing alternative uranium is underway. Some non-isotopic heavy
metals such as hafnium chloride (HF), samarium chloride (SC), platinum blue (PB) were
recommended in other studies as alternative stains of uranyl compounds to TEM sections from
aldehyde-and osmium-fixed biological tissues. The cell contrast in tissues stained with the
metals and lead was compared in the nearly same spatiality sites of serial sections with that in
tissues with uranyl acetate (UA) and lead (Pb). The stains used were in the six followings: 2%
UA aqueous solution and 50% EtOH, 4% HF in 50% and 100% EtOH, 4% SC solution, Pb
solution while the test tissues were liver, kidney, small intestine, nerve, skeletal muscle of
mice. Seven serial sections with 60 nm in thickness were cut from each of the blocks. Each of
sever sections were stained with different staining methods used here. The contrast of cell
images due to different stains was examined with penetration rates of stains in sections. The
staining mechanisms of stained in nucleic acid and proteins will be discussed from the result
obtained. In addition, the non-isotope staining solution are explored to replace the uranium in
field of the ultra-high voltage electron microscope such as the method of three-dimensional
reconstruction. Information of penetration of the stain and the contrast of the image is very
useful.



 
Fig. 1: Hepatocytes TEM image stained with 2% uranium
acetate in aqueous solution. Ultrathin sections of the three
following the ultra thin section in Figure 1, is used 2, 3 and
4.
 

 
Fig. 2: Hepatocytes TEM image stained with 4% hafnium
chloride in 50% alcohol solution. Staining of the cell
substrate is comparable to uranium acetate.
 

 
Fig. 3: Hepatocytes were stained with TI blue stock solution
was diluted 5-fold with 50% alcohol. in comparison with
other stains, Ti blue is difficult to obtain the contrast such
as staining of chromatin is low.
 

 
Fig. 4: Hepatocytes were stained with 4% aqueous solution
of chloride Samaniumu. Staining closest to uranium is
obtained. Necessary to study the permeability of the resin,
the staining of the different organizations.
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Fruits are dehydrated to enhance storage stability, minimize packaging requirement and
reduce transport weight [1]. The aim of this work is to evaluate the feasibility of using
packages based on thermoplastic starch/talc nanocomposites to dehydrate cherry tomatoes
(Lycopersicon esculentum), evaluating their cells structural changes. Tomatoes were packed
within bags of thermoplastic corn starch (TPS) with 0 and 5% w/w talc. Tomatoes were sorted
for uniform size, color, and without physical damage. To decrease fruits initial microbial
charge, half of them were dipped in chlorinated water (250 ppm Cl2) before being packaged.
Packaged samples were stored (50% RH-25ºC) for 2 months. Samples were removed from
bags, weighted and conditioned. Cubic samples were immersed in glutaraldehyde to preserve
their cellular structure. Samples were rinsed with phosphate buffer before post-fixation step by
immersing them in osmium tetroxide; then they were washed with bidistilled water,
dehydrated using acetone, and dried until the critical point. Finally, samples were examined in
a JEOL JSM-35 CF electron microscope and mean cell diameters (Dc) were determined by
considering around 100 cells using AnalySis Pro 3.0 software program. Samples suffered
alterations in their color and volume due to natural dehydration (Fig. 1). Macrostructural
changes were induced by microstructural modifications. Fresh tomatoes tissue has a
well-organized structure of rounded cells and intercellular spaces (Fig. 2a). Dehydration caused
reduction in tomatoes volume due to large moisture gradients that induced microstructural
stresses, collapsing capillaries and decreasing intercellular contact [2]. Both visual observation
and SEM demonstrated the lack of microbial activity in all dehydrated samples. Lost weight for
tomatoes packed in TPS and TPS-talc bags was 92 and 69%, respectively. Dc for samples within
TPS was lower than those corresponding to tomatoes packed in TPS-talc bags (Fig. 2b and 2c).
Lost weight is in good agreement with Dc and it is attributed to the higher capacity to retain
water of TPS-talc bags compared to TPS ones. Talc enhances films barrier properties due to it
hinders vapor diffusion. Chlorine treatment caused a higher damage in cell tissues (Fig. 2c and
2d). Despite chlorine affected tomatoes structure, lost weight was similar than those
corresponding to unchlorinated ones. Dc corresponding to chlorinated samples could not be
determined due to tissue destruction and cells collapse. In conclusion, bags based on TPS/talc
nanocomposites were suitable to dehydrate naturally tomatoes cherries without affecting fruits
microbial quality.
[1] Sagar V. & Sureh K. J Food Sci Technol 47(1), 15-26, 2010.
[2] Zotarelli M., Almeida P. & Laurindo J. J Food Eng 108, 523-531, 2012.
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Fig. 1: Photographs of: a) fresh tomatoes, b) and c)
dehydrated tomatoes packed in TPS and TPS with 5 % w/w
talc, respectively, d) and e) dehydrated chlorinated
tomatoes packed in TPS and TPS with 5 % w/w talc,
respectively.
 

 
Fig. 2: SEM micrographs (500x) on tissues of: a) fresh
tomatoes, b) and c) dehydrated tomatoes packed in TPS
and TPS with 5 % w/w talc, respectively, d) and e)
dehydrated chlorinated tomatoes packed in TPS and TPS
with 5 % w/w talc, respectively.
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Neutrophils has a crucial role on cell physiology and act as professional phagocytes to
eliminate pathogens. During the cell activation, morphological and physiological changes
results in various antimicrobial effectors mechanisms and production of superoxide anion and
other reactive oxygen species can be upregulated. The Kojic Acid (KA) is a secondary
metabolite synthesized by some species of fungi that has several applications, largely used as
a food additive, tyrosinase inhibitor and macrophage activator. The aim of this study was to
perform an in vitro analysis of human neutrophils activation by KA. Human neutrophils were
isolated from buffy coats of healthy human donors by density sedimentation (Histopaque®
1077-density-gradient). Neutrophils were treated for 1 hour with 50 μg/mL of KA and positive
control cells were treated with 100 nM of phorbol 12-myristate 13-acetate (PMA) and
compared with control without treatment. The morphological analyses were performed by
optical microscopy (Figure 1), scanning electron microscopy and transmission electron
microscopy (Figure 2). Before the treatment cells exhibited rounded shape that changed to a
polarized morphology with many cells exhibiting an increase of the cell volume, membrane
projections and high spreading ability (Figure 1 and 2). Treated cells analyzed by
immunofluorescence microscopy showed enhanced spreading, associated with a
rearrangement of actin filaments (Figure 3). For superoxide detection, treated neutrophils
were analyzed with a cytochemical assay using nitroblue tetrazolium salt (NBT). Treated cells
showed formazan deposits distributed in the cellular cytoplasm, showing intense superoxide
production (Figure 4C), in comparison with the untreated cells (Figure 4A). The similar results
were observed to positive control treated with PMA (Figure 4B). The reaction was observed in
approximately in 75% of the KA-treated cells. Increase ROS production was detected by
labeling with CellROX® green. The number of CellROX labeled cells was superior to untreated
cells (Figure 4E), revealing that KA stimulated a large production of ROS. In conclusion, this
study demonstrates that KA significantly induced neutrophils activation.
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Fig. 1: The morphological analysis by optical microscopy
(A-B) and Morphometric analysis (C). (A) Control cells with
typical morphology (B) Neutrophils treated with 50 µg/mL
of KA. (C) Morphometric analysis showed a significant
increased in the cell area when neutrophils were treated
with 50 µg/mL KA. Test T was used. (*) P <0.05. Bar: 10
μm.
 

 
Fig. 2: The morphological analysis by scanning electron
microscopy (A-B) and transmission electron microscopy
(C-D). (A,C) Control cells with typical morphology (B,D)
Neutrophils treated with 50 µg/mL of KA. Treated cells with
extensive cytoplasmic projections and increase of cell
volume. Bar: 2,5 μm.
 

 
Fig. 3: Actin filaments detected by fluorescence in
neutrophils exposed to 50 mg/mL KA for 1 h (A–C)
Fluorescence labelling of actin filaments with phalloidin and
DAPI in untreated cells (B-D), KA-treated cells (B-D) with
enhanced filopodium establishment. Bars: 10 μm.
 

 
Fig. 4: Detection of Superoxide production by NBT assay
(A-D) and ROS Production by CellROX® (E). (A) Non-treated
neutrophils;(B) Cells treated with 100 nM PMA; (C)
Neutrophils treated with 50 µg/mL KA. Bars: 10 μm
(D)Number of neutrophils that presented formazan
deposits (E)The number of CellROX labeled cells. ANOVA
was used. (*) P <0.05.
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The bone marrow is a hematopoietic tissue that in the presence of cytokines and growth
factors generates all circulating blood cells. These cells are important to protect the organism
against pathogens and for establishing an effective immune response. Some studies in
literature have been showing action of immunomodulatory effects of different products
obtained of plant extracts. Thus, the aim of this study is to evaluate the immunomodulatory
properties aqueous extract of the root plant Physalis angulata (AEPa). Bone marrow cells
(BMC) were obtained by flushing femurs, and maintained in cultures treated with AEPa at a
concentration of 100 µg/mL. It was observed by optical microscopy (Figure 1) increase of
cellular area, high spreading ability and number of cytoplasmic projections. Furthermore, AEPa
did not promote the proliferation of lymphocytes and polymorphonuclear leukocytes, however
promotes increased the number of macrophages in the culture. The ultrastructural analysis by
MET (Figure 2) of BMC treated showed spreading ability, high number of cytoplasmic
projections and increase of autophagic vacuoles. Flow cytometry showed increased labeling
LC3b (Figure 2e) in treated BMC, indicating autophagic process. Immunophenotyping was
performed by flow cytometry. F4/80 labeling (Figure 3), a specific marker for mononuclear
phagocytes revealed that AEPa seems to stimulate differentiation of BMC into macrophages
and did not stimulate differentiation into dendritic cells (Figure 4). Thus, these results
demonstrate that AEPa can promote the differentiation of BMC into macrophages in just 96
hours of treatment and AEPa could be used as an immunomodulator agent.
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Fig. 1: Morphological analysis of BMC treated with AEPa by
96 hours. a) Untreated control. b) BMC treated with AEPa,
observing the spreading increased cell (arrow). c) BMC
treated with M-CSF, observe the process of cell fusion
(arrow). Bar 10μm. d) Morphometric analysis. ANOVA was
used, Student t. (*) P <0.05.
 

 
Fig. 2: Ultraestrutural analysis in BMC treated with AEPa by
96 hours. a) Untreated control. b) BMC treated with M-CSF.
c-e) BMC treated with AEPa, observe cytoplasmic projection
(arrows) and presence of autophagic vacuoles (*). Bar (a-d)
5μm, (e) 1 μm. f) Fluorescence intensity of BMC labeled
with LC3b. ANOVA was used. (*) P <0.05.
 

 
Fig. 3: Detection of the surface markers F4/80 by flow
cytometry in BMC treated with AEPa by 96 hours. a)
Peritoneal macrophages. b) Untreated control. c) BMC
treated with AEPa. d) BMC treated with M-CSF. BMC treated
with AEPa expressed more F4/80 than untreated BMC. e)
Fluorescence intensity of BMC labeled with F4/80. ANOVA
was used. (*) P<0.05.
 

 
Fig. 4: Detection of the surface labelled CD11c (dendritic
cells) in BMC treated with AEPa 96 hours. Analysis by
indirect immunofluorescence. a) Untreated control. b) BMC
treated with AEPa. Analysis by flow cytrometry. c)
Fluorescence intensity of BMC labeled with F4/80. ANOVA
was used. (*) P <0.05.
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Assembly and disassembly of extracellular matrices can be considered from the cell biology
perspective, including tissue/cell ultrastructure and matrix dynamics, and from the
physico-chemical standpoint of mechanisms lacking direct cellular control. In general,
chitin-based and collagen-based networks are the two alternative organic scaffolds for
biomineralized structures. Crustacean cuticle is an epidermal apical matrix composed of
chitin-protein fibers and mineralized by calcite, amorphous calcium carbonate and calcium
phosphate. Cuticle de novo formation during embryonic development and during molting in
adults involves secretion of cuticular constituents, elaboration of an ordered hierarchical
structure, calcification, establishment of mechanical connections to muscles and formation of
surface cuticular structures. Simultaneously, the old cuticle disassembly, resorption and
shedding is performed.
In our study a cuticular matrix in different forming / degradation phases and associated tissues
were imaged by a combination of scanning and transmission electron microscopic techniques
(SEM, TEM). Imaging was performed on samples prepared primarely to preserve the mineral
component (methanol fixation) and on samples prepared to determine the cell ultrastructure.
Cuticular matrix displayed different ultrastructures with respect to its renewal phase,
homogenous matrix or helicoidal pattern and layering were recorded (Fig. 1a). A very intense
connection of the forming matrix and underlying epithelial cells was evidenced by the
presence of numerous protrusions of the apical cytoplasm into the chitinous scaffold (Fig. 1b).
Epidermal cells contained electron dense vesicles at the apical plasmalemma, abundant rough
endoplasmic reticulum, various amounts of glycogen, Golgi complexes with surrounding
vesicles, mitochondria and microtubules beneath the cell surface. Ecdysal space is an unique
extracellular compartment between the old degrading cuticle and the newly assembling
cuticle, in which we observed a variety of structures related to cuticle renewal, the most
outstanding were several types of spherules (Fig. 2a). A network of cytoskeletal and junctional
elements constitutes the cuticle-muscle attachment complexes. In premolt specimens the
newly produced cuticle is already extensively connected to underlying tendon cells by massive
arrays of fibers, expanding from the tendon cells, traversing the entire new cuticle and ecdysal
space and protruding into the distal layers of the detached cuticle (Fig. 2b). Tendon cells are
characterized by extensive parallel arrays of microtubules and their basal membrane is
involved in prominent anchoring junctions with muscle cells. Our results suggest that the
cuticle of the newly hatched youngs is already calcified.



 
Fig. 1: Figure 1a: Ultrastructural pattern of chitin-protein fibers in methanol fixed cuticle in early larva manca of
Porcellio scaber. Figure 1b: Intense interconnections of the epidermal cell (ec) and its apical cuticular matrix in
assembly phase in adult P. scaber as evidenced by prominent cytoplasmic protrusions (→) into the chitinous scaffold.
 

 
Fig. 2: Figure 2a: Spherules in the ecdysal space of premolt Ligia italica. Figure 2b: Newly forming chitinous matrix (nc)
in premolt L. italica was anchored to the apical parts of tendon cells (tc) by numerous bundles of filaments (⌂), that
traversed the new cuticle and the ecdysal space (es) and extended deeply into the old cuticle (oc).
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Physical contacts between mitochondria and the endoplasmic reticulum (ER) and the
mitochondria-associated ER membrane (MAM) around these contact points have important
roles for several cellular functions, including phospholipid transport, Ca2+ signaling, and
autophagy. It has recently been found that these contact sites are closely related to
mitochondrial division and contribute to mitochondrial quality control. Ultrastructural
relationships of contact sites have been analyzed in yeast cells using cryo-electron
tomography methods, but not so far in the mammalian cell. The mammalian cell MAM is larger
than the yeast MAM in size, so detailed 3D understanding of its organization through either
transmission electron microscopy observation of ultrathin serial sections (low spatial
resolution) or electron tomography (the structure is too large) is difficult. We used a 3D
reconstruction method using a focused ion beam/scanning electron microscope (FIB/SEM),
which reconstructs the specimen through ion-beam serial ablation and SEM block face
imaging—a potential method to observe mesoscopic scale objects with a 10-nm spatial
resolution. Using this method we attempted to reveal the entire 3D organization of the MAM in
the mammalian cell. A resin embedded HeLa cell and rat hepatocytes were used as specimens
and the entire membrane organization of the cells was reconstructed by FIB/SEM (Quanta 3D
FEG, FEI Co.). The reconstructed volumes clearly depicted the ER contact sites on the outer
mitochondrial membrane, showing two types of membrane interaction. One is a tether
structure between the ER and mitochondria that has been reported in mammalian cells, which
is a similar structure to that referred to as ERMES (ER-mitochondria encounter structure,
identified in yeast). The other membrane interaction is direct adhesion between the ER and the
mitochondrial membrane. These two types of contacts were present on a mitochondrion
simultaneously. At the portion of mitochondrial constriction that implies mitochondria division,
ER contacts were also observed around the constriction. Although the structure of the MAM in
mammalian cells was slightly different from those in yeast, in which a ring-like ER tube
surrounds the constriction, in the mammal cell a large part of the constriction site was also
wrapped by small ERs. These observations suggest that the MAM in mammalian cells is also
related to mitochondrial fission and its quality control. We need to further research whether
MAM-related proteins are localizing here.
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Adipokinetic hormones (AKHs) are a group of well-known insect metabolic neurohormones.
Those hormones are responsible for activation of insect organism under stress conditions and
for keeping the body homeostasis. AKHs are synthesized and released from an endocrine
retrocerebral gland - the corpus cardiacum, however, small amounts of the hormone have
been identified also in the brain. Interestingly, a role of AKH in the brain is not satisfactory
elucidated. To contribute to solving of this problem we studied a subcellular localization of
AKHs in the brain of the firebug Pyrrhocoris apterus (Heteroptera, Insecta), which possesses
two AKHs: octapeptides Pyrap-AKH and Peram-CAH-II. Confocal and immunoelectron
microscopy revealed that in brain neurones the hormones are synthesised in specialized
secretory granules that are localized predominantly in neuronal bodies, from them they are
probably transported into the axons, where the hormones might play a role in neuronal
signalling. This was supported by recording of the positive AKH immunoreaction in axons
unequivocally outside the granules. The neurotransmittor function of AKH in insect brain is
assumed for a long time, nevertheless, the situation is far from clear and the direct proof is still
missing.
For immunoelectron microscopy we have used 4% formaldehyde (EM Grade) fixation,
embedding into Epon-araldite resin or into LR White resin, polyclonal rabbit anti-Pyrap-AKH as
primary and anti-rabbit as secondary antibody conjugated with colloidal gold. Sections were
stained with lead citrate, carbon coated and examined under the Jeol 1010 transmission
electron microscope.
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Fig. 1: Immunoreaction in secretory vacuoles of corpora cardiaca (CC).
 

 
Fig. 2: Immunoreactive secretory vacuoles in some neurone cell body inside of brain.
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Cancer cells more or less differ from cells of tumor origin. Cancer cells nucleus has undergone
chromatin structure condensation and shape and also there are exchanged nucleolus volume
and staining properties. Nevertheless it is suggested that cancer stem cells are responsible for
resistance to anticancer treatment and tumour recurrence. There are various cell surface and
nucleus antigens to identify cancer stem cells. For example CD44, CD24 and ADLH are known
as breast cancer stem cell biological markers.
THE AIM OF THE STUDY is to determine cancer cell resistance, cell population heterogeneity
and amount of DNA in luminal and triple negative breast cancer cell population using paraffin
sections. It is necessary to find new criteria to estimate the efficiency of anticancer therapy.
MATERIAL AND METHODS
In two types of breast cancer- triple negative (n=11) and luminal (n=32) the CD44, CD24, and
ALDH antigen expression were studied to evaluate cancer stem cell amount in population.
Antigen expression was estimated immunohistochemicaly in paraffin sections by
semi-quantitative method. In addition, both types of cancer histological samples were stained
by Feulgen method to measure DNA amount in the cancer cell nuclei. HeLa cell culture was
transfected with plasmid pGFP-N3 containing GFP gene.
RESULTS
The CD44 and ALDH expression was higher in triple negative breast cancer than in luminal
breast cancer. We observed CD24 antigen expression in two cell types- in large- polyploid cells
(with size 10-20µm) and in small cells- microcells (with size ~9µm). In both types of breast
cancer we observed polyploid cells and microcells with phenotypes CD44+/CD24-/ALDH+ and
CD44+/CD24-/ALDH+. According to these studies we conclude, that the luminal breast cancer
small cell population contain cells with low and high DNA concentration, but large cells exhibit
only low DNA concentration. In triple negative breast cancer cell population small and large
cells contain high and low concentration of DNA.
In transfection experiments with HeLa cells we observed the GFP expression in microcells and
little bit later in large cells after UV irradiation.
CONCLUSION
Based on this study, it seems that development and behaviour of microcells and polyploid cells
are similar, but polyploid cells are in later developing phase after anticancer treatment.
Consequently, our study suggested that both small and large cells with high concentration of
DNA could be responsible for resistance but small cells could be resistant cell population
progenitor.
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It was observed previously in our laboratory that the chromatin of human and chicken
metaphase chromosomes at metaphase ionic conditions is organized as multilaminar platelike
structures (1,2), instead of forming fibrillar structures (3). Furthermore, we found that
chromatin fragments obtained from metaphase chromosomes digested with micrococcal
nuclease associate spontaneously to form chromatin plates (4). These observations and results
obtained in other laboratories led us to the proposal of a physical model for the structure of
condensed chromosomes (5). Now we are interested in the study of chromatin structure in
interphase cells. We have developed procedures for the preparation of nuclei from interphase
HeLa cells, and we have assayed different treatments and ionic conditions to produce the
extrusion of chromatin from partially denatured nuclei. The structure of the extruded material
was visualized using transmission electron microscopy. We have used ultrasonication, rapid
passage through a syringe needle, and vortexing in the presence of glass beads to induce
emanation of chromatin from nuclei. The best yield was obtained with samples homogenized in
the presence of glass beads. We have also obtained nuclei at different stages (G1, S, and G2)
of the interphase using a fluorescence activated cell sorter, and we have denatured them
using glass beads. Finally, we have digested interphase nuclei with micrococcal nuclease to
obtain chromatin fragments (Fig. 1) and to study the structure of the aggregates produced at a
high concentration of chromatin in the presence of different concentrations of Mg2+. Electron
microscopy analysis of the preparations obtained in these experiments indicate that
interphase chromatin from HeLa cells can form amorphous aggregates, short chromatin fibers,
and planar chromatin. The micrographs corresponding to chromatin fragments (obtained by
nuclease digestion of G1, S, and G2 nuclei) extensively dialyzed against solutions containing
2.5 mM Mg2+ (Figs. 2-4) and 5 mM Mg2+ show many self-assembled chromatin plates.
(1) J. M. Caravaca, S. Caño, I. Gállego and J. R. Daban (2005) Chromosome Res., 13:725-743.
(2) I. Gállego, P. Castro-Hartmann, J. M. Caravaca, S. Caño and J. R. Daban (2009) Eur. Biophys.
J., 38: 503-522.
(3) J. R. Daban (2011) Micron, 42: 733-750.
(4) M. Milla and J. R. Daban (2012) Biophys. J., 103: 567-575.
(5) J. R. Daban (2014) J. R. Soc. Interface, 11: 20131043.
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Fig. 1: (a) Isolated nuclei from HeLa cells were digested
with micrococcal nuclease. (b-e) Chromatin fragments in 1
mM Pipes (pH 7.2) and 1 mM EDTA. Scale bars: (a) 1 µm,
(b-e) 200 nm.
 

 
Fig. 2: Chromatin fragments from G1 nuclei associated by
dialysis against an aqueous solution containing 2.5 mM
Mg2+. Scale bar 200 nm.
 

 
Fig. 3: Chromatin fragments from S nuclei associated by
dialysis against an aqueous solution containing 2.5 mM
Mg2+. Scale bar 200 nm.
 

 
Fig. 4: Chromatin fragments from G2 nuclei associated by
dialysis against an aqueous solution containing 2.5 mM
Mg2+. Scale bar 200 nm.
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Is coenzyme-Q has a protective effect against atorvastatin induced myopathy? A
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Introduction
In addition to its hypercholesterolemia reducing effect, statin has pleiotropic effects that may
extend their use to the treatment and prevention of various diseases such as cancer,
osteoporosis, multiple sclerosis, rheumatoid arthritis, type II diabetes, and Alzheimer’s disease.
Therefore, the number of patients taking statin is expected to increase. The statin induced
myopathy, which may result from reduced muscular coenzyme Q10 levels, limits their use. The
current study investigates if the supplementing with Co Q10 could ameliorate the statin
induced myopathy.
Materials and Methods
Forty adult male albino rats were randomized into 4 groups, 10 rats each and the following was
administered using nasogastric tubes: Group 1: 2 ml of 0.5% carboxymethyl cellulose once
daily. Group 2: 100mg/kg/ day Coenzyme Q10 dissolved in 2ml of cotton seed oil. Group 3: 10
mg/kg once daily atorvastatin dissolved in 0.5% carboxymethyl cellulose. Group 4:
concomitantly received Co Q 10 and atorvastatin similar to groups II and III respectively.
Plasma creatine kinase levels were measured by using spectrophotometer. The right extensor
digitorum longus muscle sections were stained for histological (Haematoxylin & Eosin, Masson
trichrome and Phosphotungstic acid haematoxylin ) and immunohistochemical (cytochrome C
and Bax) examinations. Quantitative measures of cytochrome C and Bax were carried out
using image analyzer.
Results
Atorvastatin induced increased total cytokeratin kinase, skeletal muscle variations in the sizes
and shapes, necrosis, disorganization, nuclear pyknosis, karyorrhexis, karyolysis, dismantled
plasma membrane, excess collagen fibers and lipid deposition in addition to loss of cross
striation. Atorvastatin increased the intensity of the immune-positive reactions of Cytochrome
C and Bax. These changes were ameliorated by concomitantly giving Coenzyme Q10.
Conclusion:
Co Q10 may ameliorate the atorvastatin induced skeletal muscle injury.
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Chloroplast ultrastructure is usually examined using transmission electron microscopy (TEM).
However, due to the size of chloroplasts (diameter of about 3 to 8 µm), there is only limited
extent of three-dimensional (3D) structural information when ultrathin sections (in average
70-80 nm) are used for examination. Therefore, several microscopy techniques for 3D
reconstruction and visualization of chloroplast ultrastructure are used, including both serial
sectioning and electron tomography. Each of them has advantages, disadvantages and pitfalls.
Electron tomography is analogous to the tomographic techniques used nowadays; however the
angular range allowed by the conventional TEM specimen holders is more restricted (usually to
± 60°or 70°) resulting in a wedge of missing information and subsequently in anisotropic
resolution of tomograms. Dual-axis tomography, where images from two orthogonal axes are
processed, is therefore used to improve isotropy in resolution. For electron tomography,
thickness of the sections around 200 nm is usually recommended (depends on the voltage of
an electron microscope). Serial sectioning technique is based on acquiring of TEM images from
standard ultrathin sections that are subsequently aligned and visualized in 3D. It is both less
time consuming and less technically demanding, but the resolution in the z axis is limited (to
about twice the section thickness). Therefore, this method is useful mainly for rough
estimation of chloroplast spatial organization.
In the present study, we used both dual-axis electron tomography and serial sectioning for
visualization of the spatial arrangement of chloroplast ultrastructure in beech (Fagus sylvatica)
leaves sampled at the experimental site Bílý Kříž (Beskids Mts., Czech Republic). Samples were
chemically fixed, processed using microwave tissue processor and embedded into Spurr´s
epoxy resin. Electron tomography projections of two orthogonal axes were acquired from 200
nm thick sections using JEOL JEM-2100F microscope. Tomograms were 3D reconstructed by the
IMOD software package (Boulder Laboratory, Colorado). Serial sections (at least five
consecutive sections) were viewed in JEOL JEM-1010 microscope and acquired image data
were aligned using special software (Link MRC). Chloroplast components (e.g. thylakoids,
starch grains and plastoglobuli) were traced in reconstructed series of images by interactive
segmentation and then visualized using 3D plug-in in Ellipse software (ViDiTo, Košice,
Slovakia). The most interesting part of beech chloroplast visualized in 3D was the occurrence
of protrusions. These protrusions of chloroplast envelopes sometimes formed open pockets
which included cell organelles (predominantly mitochondria).
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Fig. 1: Fig. 1: 3D visualization of beech chloroplast acquired via dual-axis electron tomography. Thylakoids in green,
starch grains in yellow and plastoglobuli in brown. Note a cytoplasm-filled pocket with mitochondria in blue.
 

 
Fig. 2: Fig. 2: 3D visualization of beech chloroplast acquired by serial sectioning of ultrathin sections. Thylakoids in
green, starch grain in yellow and plastoglobuli in brown. Note a stroma filled protrusion on the right side of the
chloroplast.
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An atypical basal lamina (BL) is present between the apical plasma membrane of
post-secretory ameloblasts and the surface of maturing enamel. Unlike elsewhere in the body,
this BL binds to mineral rather than connective tissue, and likely has had to adapt by
integrating specialized molecules. It is rich in glycoconjugates and contains laminin-332 but
not γ1 chain laminins, type IV and VII collagens. However, its precise composition still remains
elusive. Screening of the secretome of ameloblasts has led our lab to identify genes encoding
for three novel proteins called odontogenic ameloblast-associated (ODAM), amelotin (AMTN)
and secretory calcium-binding phosphoprotein-Proline-Glutamine-rich 1 (SCPPPQ1). These
genes reside in the secretory calcium-binding phosphoprotein (SCPP) gene cluster on human
chromosome 4 (5 in rat and mouse) that encodes for proteins involved in the regulation of
mineral deposition. We have previously demonstrated that AMTN and ODAM localize at the
cell-tooth interface but still little is known about the distribution of SCPPPQ1 and the
relationship between the three proteins. Objective: To compare the localization of AMTN,
ODAM and SCPPPQ1 during amelogenesis. Methods: Mice and rats were perfused,
hemimandibles were decalcified and processed for embedding in paraffin or LR White resin.
Immunohistochemistry with rabbit antibodies against rat AMTN, ODAM and SCPPPQ1 was
performed on paraffin sections. Single or double postembedding colloidal gold immunolabeling
was carried out on ultrathin resin sections. Results: Immunolabeling confirmed that ODAM
and AMTN were found in the BL at the cell-enamel interface throughout maturation. Labeling
for ODAM seems to appear slightly earlier than that for AMTN. SCPPPQ1 was also detected at
the cell-tooth interface but only from the later part of mid-maturation, and reactivity
intensified into late maturation. Co-localization of the three proteins in the BL was confirmed
by dual immunogold labeling. Both ODAM and SCPPPQ1 exhibited intense Golgi reactions in
ameloblasts while cellular labeling for AMTN was extremely weak and seen only at the very
beginning of maturation. Conclusions: The ultrastructural localization of AMTN, ODAM and
SCPPPQ1 indicates that they are novel components of the BL associated with maturation stage
ameloblasts. The sustained Golgi labeling for ODAM and SCPPPQ1 and the very restricted
AMTN cellular reaction suggest that ODAM and SCPPPQ1 undergo renewal throughout
maturation, while AMTN seems to be produced during a narrow time-frame and to remain
stable. While the function of these proteins remains to be determined, their temporospatial
distribution suggests that they may contribute to the mechanism binding ameloblasts to
enamel, and/or to enamel maturation events.
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Fig. 1: Dual immunogold labeling shows that ODAM, AMTN, SCPPPQ1 co-distribute and represent novel constituents of
the basal lamina at the cell-tooth interface during maturation stage of amelogenesis. (A) SCPPPQ1 (large gold
particles) and AMTN (small gold particles) and (B) SCPPPQ1 (large gold particles) and ODAM (small gold particles).
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The endoplasmic reticulum (ER) is the largest membrane-bound organelle spreading
throughout the cytoplasm as a continuous membrane-enclosed network in mammalian cells. It
comprises of the nuclear envelope along with a dynamic network of peripheral interconnected
tubules and membrane sheets [1].Sheets are predominant over tubules in the central area of
the cell and long interconnected tubules close to the plasma membrane(PM) at the periphery
[2]. The ER in mitotic cells has been observed to undergo both spatial reorganization and
structural transformation of sheets towards a more fenestrated and tubular form [2,3]. ER
subdomains are believed to play a crucial role in a variety of functions ranging from Ca2+
handling to protein translocation [4].The Reticulons(Rtns) are membrane bound proteins found
in all eukaryotic forms.In addition to the ER, the Rtns are known to insert to other cellular
membranes including the PM and the Golgi apparatus.Rtn4B’s close neighbour Rtn4A is known
to give rise to ER tubule structures in association with DP1 [5].
The aim of this project is to screen interacting partners for Rtn4B.We first narrowed down our
search for interacting partners within the proteins of the Rtn family,and then broadened our
scope towards other potential candidates.The screening was performed using the BiFC
(Bimolecular fluorescence complementation) method [6] (Fig 2).These interacting partners will
then be studied for their effects on ER structure maintenance and dynamics using a variety of
imaging techniques such as immuno EM,electron tomography and serial block face scanning
EM[3].First, we showed that Rtn4B was forming dimers and/or homo-oligomers as biochemical
data has suggested [7], as BiFC signal was detected between two Rtn4B-constructs
(Fig.1A).The BiFC signal (Green) in Fig.1B shows to co-localize with the signal from
immunolabelled endogenous Rtn4b(Red) suggesting that the oligomerization was not
restricted to certain subdomain of the rtn4B-positive ER or rtn4B molecules. In addition, using
CLEM, we narrowed down the BiFC-GFP positive signal to pin-point the morphological changes
on ER upon the overexpression of locked Rtn4b dimers/oligomers at an EM level
(Fig.3).Electron tomography revealed the induction of tight network of narrow tubules that
were connected to ER sheets and tubules in cells over-expressing BiFC-Rtn4b
dimers/oligomers.
[1]Bobinnec Y,et al., Cell Motil. Cytoskeleton, 54 (2003)217–225.
[2]Puhka M, et al,. J. Cell Biol.,179 (2007)895-909.
[3]Puhka M, et al., MBoC,23(2012)2424-2432.
[4]Baumann O, et al., Int. rev. cytol.,205 (2001)149-214.
[5]Voeltz GK, et al., Cell,124(2005)573–586.
[6]Kaddoum L, etal. , BioTechniques,49(2010)727-736.
[7]Shibata.Y, et al., J. Biol. Chem.,283(2008)18892-18904.
 

Acknowledgement: This work was supported by the Academy of Finland along with VGSB and
ILS doctoral programmes.



 
Fig. 1: Huh-7 cells expressing constructs with positive BiFC
signal post 24hr incubation; A. 20X image of GFP signal
from dimerization of RTN4b. B. 63X image of cells
expressing GFP from RTN4b dimerization & antibodies
against RTN4B(in red). C&D. 63X images of GFP from
RTN4b dimerization. GFP(green),Nucleus(Blue) &
anti-RTN4b(Red)
 

 
Fig. 2: Overview of BiFC technique
 

 
Fig. 3: A. Images from the same region of interest at different levels of microscopy of the positively expressing BiFC
cells for Rtn4b dimers. B. Micrograph showing ER morphology from overexpression of Rtn4b dimers/oligomers. C. Serial
tomography generated model from overexpression of Rtn4b dimers
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 Cells in biological tissues contact other cells three-dimensionally and interact with each other.
And cellular differentiation is considered to be induced by the interaction of cells. On the
seminiferous epithelium, spermatogenesis takes place from spermatogonia to spermatids. It is
important to sturdy interaction between cells which revealing arrangement and fine structure
cell groups and Sertoli cell. Sertoli cells hold and feed these cell groups. Recently, the cellular
network is frequently observed with confocal laser scanning microscopy(CLSM), Because it is
easy to observe the connections between cells with CLSM. However, the observation with
CLSM needs to label fluorescence markers on molecules of the specimen. Therefore if
molecules in the tissue are unknown, CLSM is not enabled to be used for the observation of the
specimen. Also, as the spatial resolution of CLSM is 200 nm, it is not enough to observe objects
such as organelles, intercellular bridges and so on. On the other hand, the spatial resolution of
scanning electron microscopy(SEM) is far better to be a few nanometers. Besides, SEM can be
used to observe in a wide range of magnification. Therefore SEM is useful for the observation
the cellular network such as organelles.
 Recently serial block face-SEM(SBF-SEM)[1]was developed. In this method an ultramicrotome
is set in the specimen chamber of a SEM, the surface of a resin embedded specimen is cut with
a diamond knife of the ultramicrotome, and the backscattered electron image (BEI) of an
exposing specimen surface is taken. Then the old surface whose image has already been taken
is cut out in a predetermined thickness to expose a new specimen surface underneath the
older one to be taken another BEI. This process is repeated a number of times until the whole
specimen is covered. All the BEIs taken are stored in a PC and used to reconstruct the three
dimensional image of the specimen. The advantage of this method is that a wider area
prepared with an ultramicrotome can be observed as a high resolution image with SEM.
 In this presentation we report the three dimendional structure of a seminiferous epithelium
observed with the SBF-SEM. An SEM used in this study was an FE-SEM, JSM-7100F(JEOL, Japan),
equipped with the Gatan 3View®(Figure 1). The specimen was a mouse seminiferius
epithelium stained with the NCMIR method. This method had been developed to enhance BEI
contrast together with eliminating the effect of charging. A part of the result is shown in Figure
2.
Reference
[1] Denk. W, Horstmann. H. Serial block-face scanning electronmicroscopy to reconstruct
three-dimensional tissue nanostructure. Plos Biol. 2 p 1900-1909. (2004) 



 
Fig. 1: An Fe-SEM, JSM-7100F(JEOL, Japan),  combined with the Gatan 3View®.
 

 
Fig. 2: A mouse testis semifoerous epitithelium.
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Serial block-face scanning electron microscopy (SBF-SEM) enables the reconstruction of large
biological tissue volumes (105-106 µm3), i.e., extending over 100-μm in three dimensions [1].
The technique is complementary to electron tomography (ET), which provides higher
resolution 3D ultrastructure from smaller volumes (e.g., 10-102 µm3). The SBF-SEM incorporates
an automated ultramicrotome, which cuts plastic-embedded specimen blocks that are stained
with heavy metals and imaged with backscattered electrons [1,2], resulting in a spatial
resolution <10-nm in the plane of the block face and 25-nm in the perpendicular direction, as
determined by the minimum slice thickness.
Here, we have applied SBF-SEM to quantify the architecture of mouse pancreatic islets of
Langerhans, which are microscopic endocrine organs of diameter ~100 µm containing
insulin-secreting beta cells, glucagon-secreting alpha cells, somatostatin-secreting delta cells,
and polypeptide cells, as well as a network of capillaries lined by fenestrated endothelial cells.
Using SBF-SEM, we have shown that structural parameters (number of secretory granules,
total cell volume, nuclear volume, mitochondrial volume, and blood vessel geometry, etc.) can
be derived with much higher accuracy than is possible using stereological measurement on
randomly selected TEM images.
Fig. 1A shows x-y, y-z, and x-z slices through a portion of an islet acquired by SBF-SEM at a
beam energy of 1.5 keV with 24-nm pixels in the plane of the block face and 50-nm thick
sections. The visualization of a single beta cell in Fig. 1B, recorded with 5-nm pixels in the x-y
plane and 25-nm slices along the z-axis, reveals a compact spherical nucleus surrounded by a
branching network of mitochondria. Cross sections through an alpha and beta cell are shown in
Fig. 2A and 2B, respectively. Sub-volumes of the beta cell (Fig. 2C) were used to determine the
numbers of secretory granules per unit volume, from which it was possible to estimate the
mean number of granules within a beta cell based on the average cell volume minus the
average volume of the nucleus and mitochondria. Similar measurements were performed for
alpha cells. It was found that the volume of alpha cells was 60 ± 5% that of the beta cells.
Nuclear volumes of the two cell types were approximately equal but beta cell nuclei were
round compared to a more irregular shape for the alpha cell nuclei (Fig. 3A and 3B).
The SBF-SEM is a promising tool for quantifying differences in ultrastructure between
pancreatic islets in normal and disease models and can yield quantitative data that would be
difficult to obtain by conventional TEM.
[1] W. Denk, H. Horstmann, PLoS Biology 2 (2004) 1900.
[2] Deerinck, T.J. et al. Microsc Microanal 16 (suppl 2) (2010) 1138.
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Fig. 1: (A) Orthoslices through region of mouse pancreatic islet of Langerhans obtained by SBF-SEM, showing
distribution of secretory cells and capillaries; (B) visualization of beta cell showing plasma membrane (purple), nucleus
(green) and network of branching mitochondria (red).
 

 
Fig. 2: (A) Slice through alpha cell, showing glucagon-secretory granules (GSG), mitochondria (M), endoplasmic
reticulum (ER); (B) slice through beta cell, showing insulin-secretory granules (ISG) with dense cores and halos,
mitochondria (M), and Golgi (G); (C) volume of beta cell from which number of ISGs per unit volume can be
determined.
 

 
Fig. 3: Visualization of plasma membranes (purple) and nuclear membranes (green) for two beta cells and two alpha
cells, showing larger beta cells with round nuclei and smaller alpha cells with irregularly shaped nuclei.
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Regulation of intracellular organelle architecture is a fundamental cell biological problem.
“Karyoplasmic ratio” [KR] (the ratio of the nuclear volume to cell volume) remains roughly
constant in cells with different cellular conditions, widely different DNA contents, and ranging
from single-cell eukaryote to mammalian cells [1, 2]. However, the strong association of
aberrant nuclear size and shape with tumor grade [3] tempts to speculate that nuclear size
and shape is tightly regulated in normal cells which is disrupted in case of cancer cells. In this
study, mammalian cell lines and budding yeast were used to develop assay systems to
monitor nuclear size and shape under live cell condition with the nucleus and the cell
membrane labeled with two different colored fluorescent proteins. In one approach, the
variations of KR in different immortalized and transformed cell lines of same tissue origin, were
determined. A significant increase was observed in KR of transformed cell lines compare to
immortalized cell lines. Present concepts rely on nuclear size is determined by a limiting
soluble component that originates in the cytoplasm and is transported to the nucleus. Importin
subunit beta 1-334 does not allow import [4]. RanT24N & RanQ69L are very well documented
for nuclear transport perturbation [5, 6]. We observed a significant increase in KR upon
overexpression of Importin subunit beta 1-334(P<0.001), RanT24N (P<0.01) and RanQ69L
(P<0.05) in immortalized cell line HaCaT. This increased KR phenotype was rescued when wild
type Importin subunit beta and Ran were overexpressed along with respective dominant
negative proteins. Interestingly, Nucleolus volume was also found to increase significantly and
numbers of nucleolus decreased upon Importin subunit beta 1-334(P<0.01) and RanQ69L
(P<0.01) overexpression. Our initial results suggest that the nuclear transport indeed an
important factor for regulating nuclear size and also have a correlation with nucleolar volume
in mammalian cells. In another approach, >200 genes, responsible for strange nuclear shape
were identified from ‘mitocheck’ database [7].Mutational effect of 27 genes (with reported
yeast homolog) were studied in Saccharomyces cerevisiae. Out of 27 genes only 4 genes
showed altered nuclear shape and increased nuclear surface area. For example, KAR3 deletion
showed increased nuclear surface area compare to wild type cells although KR is not changed
significantly. Using Auxin induced degron system, immediate depletion of KAR3 protein in wild
type strain is analyzed presently under live cell condition. Functional implications of all four
genes will be studied.
[1]. PMID:15596464
[2]. PMID:17998401
[3]. PMID:15343274
[4]. PMCID: PMC1169714
[5]. PMID: 7988569
[6]. PMID:9739075
[7]. PMID:20360735
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Fig. 1: Effect of Importin Subunit Beta 1-331 overexpression on Nucleus in HaCaT cells: Significant increase(P<0.001,
N=100) in KR was observed when transfected with Importin subunit beta 1-334 along with nuclear marker Lamin-GFP
and cell membrane marker F-mcherry; confocal images were taken including z stack, 3D rendering was done for
volume measurement. 
 

 
Fig. 2: Effect of Importin Subunit Beta 1-331 overexpression on Nucleolus in HaCaT cells:Significant increase (P<0.01,
N=50) in nucleolar volume and decrease in numbers were observed when transfected with Importin subunit beta 1-334
and Fibrillarin-GFP; confocal images were taken including z stack, 3D rendering was done for volume measurement.
 

 
Fig. 3: Effect of KAR3 deletion on Nucleus Shape in S. cerevisiae: Nucleus shape is drastically changed with increased
nuclear surface area in KAR3 deletion condition compared to Wild type cells in which nucleus membrane and cell
membrane are tagged with Nup116-GFP and Ras2-mcherry respectively.
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Inosine-5´-monophosphate dehydrogenase (IMPDH) is a key enzyme in the de novo
biosynthesis of guanosine nucleotides. IMPDH catalyzes NAD-dependent oxidation of inosine
5´-monophosphate (IMP) to xanthosine 5´-monophosphate, the first and rate-limiting step
towards the synthesis of guanosine triphosphate (GTP) from IMP. This reaction can be inhibited
by specific inhibitors like ribavirin or mycophenolic acid that are widely used in clinical
treatment when required to inhibit the proliferation of viruses or cells. However, it was recently
found that such an inhibition affects the cells, leading to redistribution of IMPDH2 and
appearance of IMPDH2 inclusions in cytoplasm. According to their shape, these cytoplasmic
inclusions have been termed “Rings and Rods” (R&R). In this work we focused on subcellular
localization of IMPDH2 protein and ultrastructure of R&R inclusions. Using microscopy and
Western blot analysis, we showed the presence of nuclear IMPDH2 in human cells. We found
that the nuclear pool represents approximately 22% of cellular IMPDH2 and it has an ability to
form Rod structures after inhibition by ribavirin. Concerning the ultrastructure, we observed
that R&R inclusions in cellulo correspond to accumulation of fibrous material that is not
surrounded by a biological membrane. The individual fibers were made up of regularly
repeated subunits with length about 11 nm. Together, we showed the localization of IMPDH2
also inside the nucleus of human cells and described the ultrastructure of R&R inclusions.
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High resolution light and electron microscopy combined with specific detection techniques for
metal ions is the key for novel findings on the cellular and subcellular level. All these methods,
including various cryo-fixation techniques, are applied in the Core Facility at the University of
Vienna, Austria, to address tricky questions and allow for its examination from different points
of view.
One of our current research topics is focussed on growth analyses on zinc spiked media in the
moss species Pohlia drummondii and Physcomitrella patens. X-ray microanalyses in the
scanning electron microscope showed a clear uptake of the metal by the plantlets but the
cellular distribution remained unclear. Fluorescence labelling with the zinc-specific dye
FluoZin-3 shows the retention of the metal in the cell wall of P. drummondii which might
enable this species to inhabit former mining sites. In P. patens, normally living at
non-contaminated sites, the zinc-specific dye enters the cell and is apparently scavenged in
the cytoplasm. Recent X-ray microanalyses confirm this phenomenon: mosses from metal
habitats show less uptake than P. patens. To detect the influence of zinc on the photosynthetic
pathway, the production of autochthone starch was measured in polarized light microscopy
and by staining with Lugol's iodine. Transmission electron micrographs indicate the abundance
of starch grains in control cells whereas zinc-treated cells of P. patens contain less
autochthone starch.
Taken together, we propose an extracellular barrier to enable the colonization of metal
contaminated sites (as for P. drummondii) and intracellular uptake in combination with
detoxification mechanisms in P. patens.
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Fig. 1: Scanning electron micrograph of a young moss
plantlet (Physcomitrella patens), grown on ZnCl2 1mM
medium.
 

 
Fig. 2: The zinc specific dye FluoZin-3 is retained at the cell
wall of Pohlia drummondii (a); it is taken up into the
cytoplasm of Phycomitrella patens (b). Autochthone starch
in a chloroplast of P. patens (c).
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Mechanical properties of a cytoskeleton or a cell itself are considered to be a quantitative
parameter for cell diversification or disease. A nanoindenter or an atomic force microscope is
usually used for the assessment of the mechanical properties of a single cell. Appropriate
testing probes as well as mechanical models must be chosen, in order to correctly interpret the
mechanical loading and derive the intrinsic material characteristic of a cell. In this case, the
compression tests of a single cell were performed by a Hysitron TI 950 TriboIndenter®
[Hysitron, Inc., Minneapolis, USA] nanomechanical test instrument with a 100 µm diamond flat
end probe (90° fluid cell conical).
However, a clear visualization of the living cell needs to be established in order to precisely
position the probe with the X and Y coordinates of the cell. There are two microscopy regimes
available for the TriboIndneter – bright field and fluorescence, both top-down. Based on
previous experiences, COS-1 cells [ATCC code: CRL-1650] were used due to their long viability
and good adhesion properties. The cell line was derived from an African green monkey kidney;
the cells grow attached to the base (adherent) and have the same morphology as fibroblasts
[ATCC, USA].
The practical use of green fluorescence of EGFP modified cells exposed to a blue light applied
by the TriboIndnter microscope will be discussed and compared to standard bright field
microscopy also available for cell localization. Compressive load-displacement data
demonstrating a critical bursting force of a cell membrane will be also presented.
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Fig. 1: Fluorescence image demonstrates an adhered cell to
a cover slip. Beneficially, the top most location, where a
cell nucleus is located, can be targeted for a compression
test.
 

 
Fig. 2: Image shows the less detailed bright field image of
single cell inside of PBS. Rounded dead cells can be also
identified.
 

 
Fig. 3: Displacement controlled compression data. The bursting of a cell membrane can be identified as a drop in the
force signal during the test.
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Schistosomiasis is a chronic disease caused by trematoda Schistosoma mansoni that triggers
granuloma formation [1]. Eosinophils, cells of the innate immune system, are recruited and
migrate to sites of granulomatous response playing effectors functions against parasite eggs
through the release of secretory granule-derived proteins [2]. These granules exhibit an
ultrastructurally unique morphology, with a crystalline core, and store a significant number of
cytokines and cationic proteins in preformed pools within them [3]. Since little is known about
the processes of secretion of these cells in response to helminthic infections, this work aimed
to investigate the secretory processes involved in the eosinophil secretion during the
experimental infection with Schistosoma mansoni. Female Swiss mice (n=6) were infected with
100 cercariae of S. mansoni percutaneously. Animals were euthanized (animal ethical approval
CEUA/FIOCRUZ # LW-32/2012) after 55 days post-infection (acute phase) and liver fragments
were processed for light microscopy (LM), conventional transmission electron microscopy
(TEM), and immunogold electron microscopy using a pre-embedding approach for detection of
Major Basic Protein (MBP), the major cationic protein stored within eosinophil secretory
granules. LM revealed the presence of high number of infiltrating eosinophils surrounding the
S. mansoni eggs into hepatic granulomas of infected mice, some of them in close contact with
the S. mansoni eggs surface (Fig. 1). TEM revealed distinct eosinophil degranulation processes
in the S. mansoni-infected livers, such as classical granule exocytosis and, mainly piecemeal
degranulation (PMD). PMD (Fig. 2) was characterized by morphological changes of specific
granules (enlargement, reduced electron-density, core disarrangement and coarse granule
matrix) and presence of a high number of cytoplasmic vesicles, indicative of a
vesicle-mediated transport of granule-stored products. Granules undergoing PMD were
immunolabeled for MBP (Fig. 3). This means that the secretion of eosinophil products during
the acute infection is occurring through mobilization and release of specific molecules.
Altogether, our findings confirm that eosinophils are key cells in the S. mansoni acute infection
and identify PMD as a major process of secretion in response to the infection. Moreover, the
understanding of all events and mechanisms governing differential sorting, packing and
secretion of granule-stored mediators may be also fundamental to the goal of specifically
blocking eosinophil secretion as a therapeutic strategy.
References:
[1] Gryssels et al. (2012). Infect Dis Clin N Am, 26: 383–397.
[2] Shamri et al. (2011). Cell Tissue Res, 343: 57-83.
[3] Melo & Weller (2010). Histol Histopathol, 25: 1341-1354.
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Fig. 1: A hepatic granuloma shows infiltrating eosinophils (*) surrounding and in close contact with the S. mansoni egg
(arrows). Livers from S. mansoni-infected mice were processed for light microscopy and 5μm-thickness sections were
stained with hematoxylin-eosin (HE). Bar: 30µm.
 

 
Fig. 2: Electron micrograph of an eosinophil in process of piecemeal degranulation (PMD). Secretory granules show
morphological changes (*) – enlargement and core disarrangement - indicative of a vesicle-mediated transport of
granule-stored products. Vesicles (arrows). Livers from S. mansoni-infected mice were processed for TEM. N: nucleus.
Bar: 1.3μm.
 

 
Fig. 3: (A, Ai) Eosinophil secretory granules undergoing PMD are immunolabeled for Major Basic Protein - MBP
(arrowheads) (A). Liver fragments were immunolabeledd for MBP, using pre-embedding immunogold electron
microscopy. N: nucleus. Bar: (A) 1.3μm; (Ai) 0.65μm.
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A single cell microorganism, Lacrymaria olor has an elastic neck called “proboscis” and
captures foods by using oral part associated with its distal end. The proboscis can be extended
to be ten times longer than the original cell length quickly and repeatedly. The aim of this
research is focused on its mechanism. In the previous researches, it is thought that the
extension is elicited by the movement of the oral cilia and sliding in the microtubule bundles
located under the cell membrane including the undercoat structure called “pellicle”. However,
molecules concerned with such motility have been unknown. Accordingly, at first, we analyzed
contribution to the extension and contraction of the movement of oral cilia by using a
high-speed camera. And also, we observed the movement of the oral part and proboscis
separated from the body of Lacrymaria olor. From these observations, it is concluded that the
oral part highly contributes to the directional changes and extension power of the proboscis.
Moreover, we stained the microtubules with fluorescence antibody and observed them by a
confocal microscope. And I observed the ultrathin section of Lacrymaria olor by an electron
microscope to see the microtubules located. From these observations, it is revealed that the
microtubules are oriented in a spiral mode on the whole body of Lacrymaria olor. But, in spite
of total coverage of microtubules on the body, the proboscis can move freely. It may indicate
that the microtubules may also move or change the shapes to make the movement of the
proboscis possible.
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Lamins are intermediate filament proteins constituting the major structural component of the
nuclear lamina, a fibrillar meshwork that lines the inner nuclear membrane in eukaryotic cells.
The nuclear lamina plays various cellular functions, providing skeletal support for the nuclear
envelope, mediating the attachment of the nuclear envelope to interphase chromatin, and
allowing the proper organization and anchoring of the nuclear pore complexes. Vertebrates
synthesize a variety of lamins, namely lamin A, B and C, which are encoded by different genes
or generated by differential RNA splicing. Recently, gene duplication and protein
overexpression of lamin B1 (LMNB1) have been reported in pedigrees with autosomal
dominant leukodystrophy (ADLD). However, how the overexpression of LMNB1 affects nuclear
ultrastructure remains unexplored. To investigate the morphological changes associated with
the overexpression of LMNB1 we transiently transfected mammalian cells with bicistronic
expression vectors containing cDNA for both the LMNB1 protein and the enhanced green
fluorescent protein (EGFP) reporter or the EGFP reporter alone. Coupling in vivo confocal
fluorescent microscopy with transmission electron microscopy (TEM) and electron tomography
(ET), we were able to selectively focus our ultrastructural investigation only on EGFP-positive
transfected cells. The over-expressed LMNB1 was located to the nuclear lamina, as revealed
by confocal fluorescent microscopy. TEM and ET observations on the LMNB1 over-expressing
cells revealed the presence of membrane structures forming extensive arrays of stacked
cisternae aligned with the nuclear envelope, or laying inside the nucleoplasm. These cisternae
clearly expressed LMNB1 within their stacks, as revealed by immuno EM. Moreover, in the
nuclear envelope of those cells overexpressing LMNB1 the nuclear pores complexes were
clustered together. To minimize the artifacts due to chemical fixation and room temperature
dehydration, the transfected cells, once analyzed by confocal fluorescent microscopy, were
processed by high pressure freezing and freeze substitution. Respect to conventional EM
preparation, nuclear membranes appeared smoother; and the stacked cisternae were
separated by a larger nucleoplasmic space. These morphological data clearly demonstrate that
LMNB1 overexpression deeply alters the structural organization of the cell nucleus.
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Fig. 1: Fluorescence images of nuclei from LMNB1-EGFP
transfected HEK293 cells growing on a grid carbon-printed
on an ACLAR disk. The nuclei were counterstained with
Hoechst-33342.
 

 
Fig. 2: Fluorescence images of nuclei from LMNB1-EGFP
transfected HEK293 cells. Higher magnification of a region
of interest from Fig.1 showing the over-expressed LMNB1
located at the nuclear lamina (double arrowhead), in the
nucleoplasm (arrow), but also in the cytoplasm
(arrowhead). The nuclei were counterstained with
Hoechst-33342.
 

 
Fig. 3: Representative TEM image of HEK293 cells
overexpressing LMNB1 showing an array of stacked
membranes aligned with the nuclear envelope
(arrowheads). Abbreviations: cyt, cytoplasm; n, nucleus.
 

 
Fig. 4: Representative TEM images of HEK293 cells
overexpressing LMNB1 showing isolated cisternae present
inside the cytoplasm close to the membranes stack
(arrowheads). Abbreviations: cyt, cytoplasm; n, nucleus.
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Diatom is a major group of algae, and the most popular type of phytoplanktons. Some of
pennate diatoms can adhere to the substratum and glide over it. This motion is called
“gliding”. Bacillaria paradoxa belongs to pennate diatoms and forms a colony consisting of
2-30 cells. Neighboring cells show active gliding each other, but its mechanism and
physiological meanings are not understood. We established a culture system of B. paradoxa
with artificial sea water (ASW) in our laboratory. From the observation of transmission and
scanning electron microscope, the neighboring cells are connected with mucilage secreted
from the raphe, the elongated slit in the frustules. Alexa 488-phalloidin staining revealed that
two actin filament bundles are present along with the raphe.
Both latrunculin B (LB), an actin polymerization inhibitor, and 2, 3-butanedione monoxime, a
myosin inhibitor, completely inhibited gliding motion. After removal of the LB, gliding motion
restored. These results suggest an important role of actomyosin system in gliding motion.
Electron microscopy revealed the detailed structures of frustules. Arch-shaped structures
called fibula are present across the raphe in the interior of the frustules. Each fibula passes
through the cytoplasm. We could observe some filamentous structures between the fibula and
the outer wall. These filamentous structures are located a similar place to that observed in
fluorescence microscope. We suppose that these fibers are actin bundles. We found a
high-electron dense structure on the plasma membrane between actin bundles and the raphe.
In addition, we could observe a low-electron dense material filling the space on the raphe and
excrete to the extracellular space, probably mucilage. Actin bundles are associated with high
electron dense structures on the plasma membrane and it is associated with the low electron
dense materials on the extracellular surface. The high-electron dense structures were only
observed in particular places, and the mucilage was always observed with this high density
structures. This high-electron dense structure might be a complex of trans-membrane proteins
and myosin that drives movement of the mucilage. These structures should play a key role in
the gliding motion.
We found that a single cell separated from a colony shows a motion in back and forth at a
point attaching to the substratum, and succeeded in revealing a motion of the mucilage
extending from rapha using micro beads. We presented a curtain model for the gliding motion
of B. paradoxa.
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Autophagy is the major degradative process in eukaryotic cells that involves degradation of
unnecessary or dysfunctional cellular components and even whole cell organelles. The
autophagosomal mechanism is crucial for the cells since the inability to degrade defective
organelles, clear microbes or remove harmful protein aggregates will result in the onset of
diseases. Autophagy begins with the formation of the phagophore, a flat membrane cistern
that enwraps portion of cell cytoplasm with/without cell organelles. When phagophore
membrane achieves complete closure around the cargo, a double membrane vesicle, termed
the autophagosome, is formed. The autophagosomes are then further maturated by fusing
with lysosomes forming autolysosomes. The autolysosome degrades the sequestered cargo by
the lysosomal hydrolases and degradation products are then recycled back to the cytoplasm. A
consensus is emerging that the phagophore is interconnected with the endoplasmic reticulum
(ER) and nucleates from a subdomain of the ER termed the omegasome [1]. However, several
other organelles such as the mitochondria, Golgi complex, plasma membrane and lysosomes
have also been linked with phagophore formation.
Here we will report on the findings that serial block face scanning electron microscopy (SB-EM)
and electron tomography (ET) are offering in the field of phagophore biogenesis. SB-EM allows
the generation of a three dimensional ultrastructural overview of cells revealing the
occurrence and distribution of autophagosomes in large number of cells, as well as the
organelles in close proximity to the autophagosomes (Figure 1). The actual membrane contact
sites are below the resolution limit of SB-EM method but they can be revealed by utilizing ET
(Figure 2) [2]. As SB-EM allows analysis of proximity in large volumes and ET specific contact
sites of membrane bound organelles, these two methods nicely complement each other. As a
result, this investigation has identified membrane contact sites between the phagophore and
membranes originating from the mitochondria, ER exit site, Golgi complex and late
endosomes/lysosomes. Identification of direct membrane contact between the phagophore
membrane and adjoining organelles has potential to direct future research in membrane flux
experiments to help determine whether membrane contacts also signify lipid translocation
between the phagophore and the aforementioned organelles.
[1] Q. Lu et al., Dev Cell 21 (2011) 343-57.
[2] P. Ylä-Anttila et al., Autophagy 5 (2009) 1180-5.
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Fig. 1: SB-EM indicates the presence of ER in close vicinity of the forming autophagosomes. NRK-52E cells were starved
for 1 h and prepared for EM using chemical fixation. The block face was imaged at nominal magnification of 3500x with
a voxel size of 11 x 11 x 40 nm3.
 

 
Fig. 2: The phagophore and ER contact sites as revealed by ET. Tilt series were acquired at 14,500x or 19,000x nominal
magnification and the membrane contact sites were primarily found between the forming phagophore membrane and
the ER membrane located inside of forming autophagosome.
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Viscoelastic properties of diseased cells are often drastically altered from their healthy
counterparts, most noticeably in cancer cells (1). However, as there is no unifying
experimental method across studies, the reported values for Young’s modulus and viscosity
obtained using atomic force microscopy (AFM)-based methods vary widely. This study
attempts to provide a unifying methodology for AFM of cell material properties and reports on
the effects of various experimental and data analysis methods on the reported cell stiffness. As
cancer cells are often used as model systems with transfected genes for other biological
experiments, the effect of transfection on the viscoelastic properties of the cells is presented.
All experiments were performed with Huh7 hepatic cancer cells (donated by Dr. Mehmet
Öztürk, Bilkent University, TR). With these methodological goals, the various groups probed
were: living non-transfected cells, fixated non-transfected cells, living cells with the
transfection reagent only (ThermoScientific, USA), living cells with an empty plasmid, living
cells with a cytoplasmically-expressed protein (GFP, Clontech Laboratories, USA), and living
cells with a membrane-expressed protein (AST, Genbiotek, TR). The basic method of probing
mechanical properties of cells by AFM is shown in Figure 1. Force spectroscopy and AFM
force-clamp methods were employed using a sharp-tip probe and colloidal probes with
diameters of 10μm and 45μm (NovaScan, USA). However, because the 45μm bead was
comparable to the cell diameter, the current Hertzian model must be revised. With the current
model, the 45μm bead data yields Young’s moduli that are two orders of magnitude greater
than the 10μm bead. Data analysis methods were: basic Hertzian contact model and a
finite-thickness Hertzian corrected model (2). Figure 2 summarizes the differences in fit
between the Hertzian contact model and the finite-thickness corrected model. Because of the
better fit for the finite-thickness model, it was used in the remainder of the analysis. Figure 3
compares results across different types of AFM probes using a Hertzian model; this shows for
both experimental groups tested, the sharp tip probe showed a 5x greater Young’s modulus
than the 10μm probe. Figure 4 compares all the steps of transfection using the thin-film model;
these results show that, from the empty plasmid transfection state to GFP, a 5x difference in
cell stiffness was found.
References
1. Cross, S E, et al. "AFM-based Analysis of Human Metastatic Cancer Cells." Nano. 19.38
(2008): 384003.
2. Dimitriadis, E "Determination of Elastic Moduli of Thin Layers of Soft Material Using the
Atomic Force Microscope." Biophys Jour. 82.5 (2002): 2798-810.
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Fig. 1: Example set-up of an AFM cell stiffness experiment.
 

 
Fig. 2: A typical force curve from an AFM cell stiffness
experiment with the Hertzian and thin-film corrected fits.
The larger figure is the entire force curve, with the Hertzian
fit in green and the thin-film correction fit in red. The inset
figure is zoomed around the contact point (in black) to
show the goodness of fit.
 

 
Fig. 3: The difference in Young’s moduli when using
different types of cantilevers, as shown with two different
transfection groups. The light grey bars are the 10μm
colloidal probe, while the dark grey is the sharp-tipped
probe.
 

 
Fig. 4: Comparison of Young’s moduli among different
transfection groups. NT stands for ‘no transfection.’ TR
stands for ‘transfection reagent only.’ EP stands for ‘empty
plasmid.’ GFP stands for the cytoplasmically-expressed
green fluorescent protein. AST stands for the
membrane-expressed allatostatin protein.
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Introduction: The eosinophil is a multifunctional resident of the gastrointestinal tract that
displays extensive regulatory ability to promote and balance mucosal inflammation.  In
irritable bowel syndrome (IBS), the prototype of gastrointestinal functional disorders, mucosal
immune activation associated with altered barrier function and psychological stress has been
identified. However, the role of specific leukocytes such as the eosinophil remains unknown.
Here we used qualitative and quantitative approaches combining gene expression with light
and electron microscopy techniques (structure, ultrastructure and immunolocalization) in order
to study the role of eosinophil in IBS etiology.
Methods: Healthy (H) subjects (n=12) and age-matched, naïve participants fulfilling
diarrhea-prone IBS (IBS-D) Rome III criteria (n=17) were included. Jejunal biopsies were
obtained by Watson's capsule in all participants. RNA was isolated for the study of gene
expression by microarray and identification of differential expression associated with biological
functions by Ingenuity Pathway Analysis. Mucosal eosinophil counts were evaluated by
immunohistochemistry for major basic protein (MBP) and its ultrastructure was analyzed by
transmission electron microscopy as well as the quantification of corticotropin-releasing factor
(CRF) by immunolocalization.
Results: The analysis of gene expression revealed functions related to eosinophil activity
(P<0.0001) and stimulation (P<0.001) as differentially expressed between IBS-D and H. The
number of MBP+cells was similar in both groups (H:44±7; IBS-D:83±19 cells/mm2), however
the ultrastructure showed fragmentation of cytoplasmic granules and the presence of tubular
structures and sombrero-like vesicles, indicative of secretory activity in the IBS-D group (Figure
1). In the intestinal mucosa, labelling of CRF was only present in the granules of eosinophils,
and its content was higher in the group of patients (IBS-D:5.8±2.4, H:2.6±0.9
particles/granule; P<0.05).
Conclusions: Mucosal eosinophil activation in IBS-D was identified by gene expression and
further confirmed by ultrastructure analysis. Additionally, although there are no differences in
eosinophils density, the increased CRF granular content suggest the existence of alternative
pathways of eosinophil activation involving the stress response.



 
Fig. 1: Representative images of degranulation of eosinophils (black arrows) from healthy (H) and diarrhea-prone IBS
(IBS-D) subjects. Labelling of CRF localized in eosinophil granules (white arrows).
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Introduction: Fibrocytes emerge as important part to understand the progression of many
diseases because they have been identified in areas related lesions generated in these
processes. However, the fibrocytes morphology and their behavior when interacting with
parasites is poorly understood [Macedo-Silva et al, 2014]. Fibrocytes has hematopoietic origin
and are characterized by simultaneous expression of molecules CD45 or CD34 and
extracellular matrix proteins production [Bucala et al, 1994]. Fibrocytes may have an
important role in the innate immune response and development of acquired response, once
they have Toll "like" (receptors TLRs) [Balmelli et al, 2007], stimulate T limphocytes and
produce cytokines [Chesney et al, 1997]. In this study, we evaluate the presence of toll-2 in
infected fibrocytes with Leishmania (L.) amazonensis. Methods and Results: We use primary
culture of peripheral blood fibrocytes from mice and promastigotes of Leishmania (L.)
amazonensis. Fibrocytes were characterized by Epifluorescence using a rat anti-CD45 and a
rabbit anti-Hsp47 primary antibody. Following were incubated with anti-rat IgG
FITC-conjugated anti-rabbit IgG and TRITC-conjugated secondary antibodies. Fibrocyte culture
infected were fixed with 2% paraformaldehyde, blocked solution of FcRs, incubated with
anti-TLR-2 and pos-incubated with secondary antibody conjugate immuno-gold at 1h/37ºC.
After were fixed in 2,5% glutaraldehyde, pos-fixed with OsO4, dehydrated in ketonic series,
included in PolyBed 812 resin and observed in transmission electron microscope- Jeol 1011 of
Platform-IOC/Fiocruz. Ultrastructural analysis showed TLR-2 at the plasmatic membrane and in
parasitophorous vacuole containing the parasite. We also analyzed the fibrocytes morphology
and their ability to internalize Leishmania promastigotes. Conclusion: Since TLRs signaling
after the invasion of microorganisms confers specificity to the immune cells in response to
different pathogens and are present in the Leishmania phagosome in fibrocytes, peharps these
may be involved in the development of leishmaniasis, and are target cell studies for the
production of therapies most effective and least toxic to the control and treatment of the
disease.
 

Acknowledgement: Supported: Fiocruz/IOC, CNPq, Faperj



 
Fig. 1: Fig. (A) Scanning electron micrograph showing the adhesion of promastigotes at the fibrocyte; (B) Transmission
electron micrographs showing fibrocyte with promastigote in narrow vacuole; (C) TLR-2 in the plasmatic membrane of
fibrocyte (arrow) (D) in parasitophorous vacuole containing Leishmania (arrowhead).
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Many plant species are able to accumulate high amounts of silicon and form biogenic opal –
silica phytoliths [1]. There is a potential to use the silica phytoliths, because of their physical
and chemical features, in electro-technical and building industry [2]. The goal of this study was
to characterise the silicon- and cadmium-dependent silica phytoliths formation in endodermal
cells and to test the possibility to change the size and morphology of silica phytoliths with the
aim to produce particles of requested features for industry.
Tested plants of Sorghum bicolor were cultivated in hydroponics containing wide concentration
range of Na2SiO3, as silicon source, and of cadmium. After three-day treatment the seminal
roots of plants were investigated by a combination of negative phase contrast and differential
interference contrast, fluorescent, transmission and scanning electron microscopy (equipped
with EDXA) to characterise the development, exact localisation, shape and morphology of silica
phytoliths related to the composition of cultivation media and to the endodermal cell wall
modifications.
At the concentrations of silicon above 0.8 µmol/L the silica phytoliths form uniformly in
endodermal cells of S. bicolor seminal roots with a positional effect consistently with a gradual
development of suberin lamellae. The low silicon concentrations in the hydroponic media affect
negatively the size of silica phytoliths and the continuous size-dependent gradient shifts
towards the base of the root. Plants form, even under silicon deficient conditions, in the
responsible cells morphologically pre-determined areas for silica phytoliths formation. The
cadmium affects not only the size, but also the exact localisation of phytoliths. At still relatively
low concentrations of cadmium the phytoliths stop to form and the silicon is spread ectopically
in the tissues of root.
Based on the results the exact localisation of silica phytoliths is pre-determined and silica
phytoliths are formed uniformly under natural conditions. However, their development, size
and morphology can be changed by silicon starvation or by use of compounds affecting the
silicon metabolism and/or mechanisms of phytoliths formation in plants. The further
investigation, understanding, and modification of processes involved in the phytoliths
development can help to produce particles of requested features for industry.
1. M.J. Hodson et al., An Bot 96 (2005), p. 1027-1046.
2. S. Neethirajan et al., Trends Biotech 27 (2009), p. 461-467.
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This study investigated the hepatoprotective effects of curcumin against liver damage induced
by a high-fat diet. Curcumin is a diarylheptanoid and it is the principal curcuminoid of the
popular South Asian spice turmeric (1). In vitro, curcumin modulates the inflammatory
response by down-regulating the activity of cyclooxygenase-2, lipoxygenase, and inducible
nitric oxide synthase enzymes; and inhibits several other enzymes involved in inflammation
mechanisms(2).Thus, this study aimed to elucidate the impact of curcumin on modulation of
these molecular mediators on liver damage, steatohepatosis and inflammation in high fat
diet-induced rat. We also examined several potential underlying mechanisms of curcumin
including antioxidant activity and lipid metabolism. In our study, Sprague-Dawley male rats
were divided into four groups (n=8/group). One group of rats were fed diet containing 10 % fat
by weight and designated as the control group. Other group (HF) was fed high fat diet
containing 60% fat and third group (HF+Cur) was fed high fat diet supplemented with
curcumin (1000 mg/kg diet) for 16 wks. Last group of rats were fed with normal diet
supplemented curcumin (1000 mg/kg diet). Total free fatty acids, triglycerides were measured
in plasma, Dien Conjugate (DC) content and antioxidants levels were measured.Hem
Oxygenase (HO-1) expression was demonstrated by western blotting (data not shown). In
addition, the presence of fat droplets, peri-portal fibrosis and glycogen was examined
histologically (Figure.1-2). In recent studies curcumin through a series of complex
mechanisms, alleviated the adverse effects of high fat diet on weight gain, fatty liver
development, dyslipidemia, expression of inflammatory cytokine in rats(4). According to our
results, lipid droplets within hepatocytes, infiltration of inflammatory cells, and necrotic foci in
the liver were morphologically alleviated by curcumine (HF+Cur) in a compared with the HF
group. These findings indicate that curcumin suppressed development of steatohepatosis,
reduced fibrotic tissue, and preserved glycogen levels in liver and it may protect against liver
damage caused by a high-fat diet partly by modulating the antioxidant activity and the lipid
metabolism. Therefore, curcumin may provide a promising natural nutri-therapeutic strategy
against liver disease.
1- Kolev, Tsonko M. et al. International Journal of Quantum Chemistry 2005,102(6):1069–79.
2- Abe Y, Hashimoto S, Horie T. Pharmacol Res 1999, 39 (1): 41–7.
4- Hasan ST et al. Atherosclerosis. 2014 Jan;232(1):40-51.



 
Fig. 1: Hematoxylin and eosin stained liver tissues all groups. A- Control group, normal liver tissue structure. In control
group, normal liver tissue structure. B/D- HF group, inflammation area in the liver tissue. C- Focal degeneration area
and cytoplasmic vacuolization in hepatocytes. E/F- HFCur group, liver tissue is similar to control group.
 

 
Fig. 2: Reticulin stained liver tissues of all groups. A-B-C Control group, normal liver tissue architecture. D-E, HF group,
dark black staining of the reticulin fibers with reticulin stain. The other white circular structures near the reticulin fibers
are fat globules. F- HF-Cur group, liver tissue is similar to control group.
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The cytoskeleton plays a crucial role in a variety of important cellular processes including the
functioning of the neuromuscular endings. Two main classes of the cytoskeletal structures:
microtubules and microfilament involved in all main stages of synapse maturation and
function. At the mouse model it was shown that the NMJ are normally able to switch between
modes of synaptic transmission that require different biochemical pathways, depending on the
frequency of stimulation [1]. At the same time response of a cytoskeleton on electrical
stimulation at various frequencies remains insufficiently studied. The present study aimed to
investigate changes of tubuline and actin cytoskeleton in the motor nerve terminals of frogs in
response to electrical nerve stimulation at different stimulus frequencies. The experiments
were done on the muscle m. cutaneus pectoris of Rana ridibunda. The nerve of the dissected
muscle was stimulated with a frequency of 10 Hz or 100 Hz during 5 min or 10 min. Then the
muscle was fixed by 4% PFA. Synaptic sites were identified by staining acetylcholine receptors
with a-bungarotoxin conjugated with TRITC. Primary antibodies included rabbit polyclonal
antibodies against actin, mouse monoclonal antibodies against beta-tubuline. Secondary
antibodies were conjugated with ATTO647N and ATTO488 dyes. Visualization of cytoskeletal
elements was carried out by means of laser confocal microscope Leica SP5. The obtained data
processed statistically and analyzed by means of the LAS AF 4.0 and ImageJ 1.42 programs.
The morphology of microtubules and microfilaments bundles and the average mean of
fluorescence in the nerve terminals were estimated. We found that electric stimulation of a
nerve induces the changes of the neuronal endings cytoskeleton depending on both stimulus
frequency and stimulation duration. The increase dyes-labeled MTs was observed in nerve
terminals after stimulation. In addition MT bundles became more branched (Fig. 1). The actin
cytoskeleton density was decreased in nerve terminals depending on nerve stimulation
frequency (Fig. 2). It was shown that the F-actin-based network may participate in creating a
scaffold for SV clustering, and in supporting ordered vesicle mobility [2]. Ours results are
consistent with a role of the cytoskeleton in the synaptic vesicle recycling pathway and the
transport of cargo by molecular motors.
 
[1] Maeno-Hikichi Y. et al. Frequency-Dependent Modes of Synaptic Vesicle Endocytosis and
Exocytosis at Adult Mouse Neuromuscular Junctions // The Journal of Neuroscience, 2011,
31(3):1093–1105.
[2] Hirokawa N. et al. The cytoskeletal architecture of the presynaptic terminal and molecular
structure of synapsin 1 // J Cell Biol, 1989, 108: 111–126.
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Fig. 1: Effects of low- and high-frequency electrical stimulation on the tubuline cytoskeleton of frog nerve terminals. A –
Mean fluorescence intensity of dyes-labeled MTs in terminals, B – morphology of MT cytoskeleton: green - MTs (ATTO
488), yellow - acetylcholine receptors (TRITC-conjugated alpha-bungarotoxin). 
 

 
Fig. 2: Effects of low- and high-frequency electrical stimulation on the actin cytoskeleton of frog nerve terminals. A –
Mean fluorescence intensity of dyes-labeled F-actin in terminals, B – morphology of actin cytoskeleton: red - actin
bundles (ATTO 647N), yellow - acetylcholine receptors (TRITC-conjugated alpha-bungarotoxin). 
 



Type of presentation: Poster
 

LS-2-P-3409 In vitro clot structure of metabolic syndrome induced transient
ischemic attack patients using scanning electron and atomic force microscopy
 

van Rooy M. J.1, Buys A. V.2, Pretorius E.1, Duim W.3
 
1Department of Physiology, School of Medicine, Faculty of Health Sciences, University of
Pretoria, 2Unit of Microscopy and Microanalysis, University of Pretoria, 3Department of
Neurology, School of Medicine, Faculty of Health Sciences, University of Pretoria
 

Email of the presenting author: antoinette.buys@up.ac.za
 
The metabolic syndrome is a common, very complex set of heterogeneous risk factors that are
interlinked and increases the prevalence of atherosclerosis and type II diabetes mellitus and
chronic inflammation. The subsequent atherosclerosis and consequent inflammation in turn
increases the risk for thrombo-embolic stroke and myocardial infarction. Both thrombo-embolic
stroke and MI are caused by the formation of pathological thrombi or where an atherosclerotic
plaque is ruptured resulting in an occlusion of a blood vessel. Transient ischemic attack (TIA) in
contrast to thromboembolic stroke is caused by the temporary occlusion of a cerebral artery
resulting in neurological symptoms typically lasting less than one hour. Several studies have
been conducted on the relation of metabolic syndrome and TIA, but very few have focused on
the alterations resulting in TIA. In this study the morphology of the formed thrombus is
examined to determine what changes take place in the coagulation characteristics of
metabolic syndrome affected individuals and how this alters the structure of the clot.
Participants in this study included a control and experimental (TIA) group. After written
consent was obtained 5 ml of blood was drawn. Venipuncture of TIA patients was done within
48 hours after symptoms developing. Whole blood and platelet rich plasma (with and without
thrombin) was prepared following standard preparation protocols for SEM and AFM. SEM was
used to investigate red blood cell (RBC) and platelet morphology, platelet activation and fibrin
fiber arrangement. AFM was employed to examine RBC morphology, roughness and
mechanical properties. Furthermore platelet and fibrin fiber mechanical properties were also
studied.
Preliminary results indicate increased platelet activation and aggregation with decreased
elastic modulus. The fibrin networks from TIA patients appear more disorganized and curved
when compared to controls. No RBC shape changes can be seen when using SEM, however,
when whole blood was artificially activated by the addition of thrombin, the RBCs of the control
group show dramatic alterations in shape due to the presence of fibrin fibers exerting a force
on the RBCs. These findings are corroborated by AFM results indicating increased Young’s
modulus and significant changes in the 1st and 3rd order membrane roughness indicating
changes in the membrane macromolecular composition.
Dentali F, Romualdi E, Ageno W. The metabolic syndrome and the risk of thrombosis. Hemat J.
2007;92(3):297-299.
Palomo I, Alarcól M, Moore-Carrasco R, Argilés JM. Hemostatis alterations in metabolic
syndrome (Review). Int J Molec Med. 2006;18:969-974.
Sunshine JL. Transient Ischemic Attacks: Added Specificity from Modern MR Imaging. Am J
Neuroradiol. 2002;23:4-5.



 
Fig. 1: Figure 1: RBCs of experimental group. A: SEM, scale
1µm. B: AFM, scale 1µm. C: Surface Roughness Image,
scale 200nm. D: Surface profile original and 1st-3rd order.
 

 
Fig. 2: Figure 2: Platelet morphology. A: SEM, scale 1µm. B:
AFM, scale 1µm.
 

 
Fig. 3: Figure 3: Fibrin network arrangement and
morphology. A: SEM, scale 1µm. B: AFM, scale 1µm.
 

 
Fig. 4: Figure 4: Whole blood clot morphology in vitro, scale
1µm.
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The cytoskeleton plays an important role in most processes necessary for cell life. In neurons,
MTs actively participate in the initial steps of neuronal polarization, the organization of
intracellular compartments, the remodeling of dendritic spines and the trafficking of cargo
molecules to pre-, post- or extrasynaptic domains [1]. Post-translational modifications of
tubuline are highly dynamic processes where tubuline’s functional properties are altered by
addition of a chemical group or another protein to its amino acid residues. Posttranslational
modifications of tubulin can be used to monitor the dinamics of microtubules. It was shown
that long-lived stable microtubules are enriched for acetylated tubulin, whereas newly
polymerized microtubules are enriched for tyrosinated tubulin [2, 3]. The present study aimed
to investigate changes in both level and distribution of the posttranslational modified form of
tubuline in the motor nerve terminals of frogs in response to electrical nerve stimulation at
different stimulus frequencies. Our studies were done on the muscle m. cutaneus pectoris of a
frog of Rana ridibunda. The nerve of the allocated muscle was stimulated with a frequency of
10 or 100 Hz during 5 min or 10 min. Then the muscle was fixed by 4% PFA. Synaptic sites
were identified by staining acetylcholine receptors with a-bungarotoxin conjugated with TRITC.
Primary antibodies included mouse monoclonal anti-acetylated tubulin antibody, mouse
monoclonal antibodies against tyrosinated tubuline. Secondary antibodies were conjugated
with ATTO647N and ATTO488 dyes. Visualization of cytoskeletal elements was carried out by
means of laser confocal microscope Leica SP5. The obtained data processed statistically and
analyzed by means of the LAS AF and ImageJ 1.42 programs. The morphology of microtubules
bundles and the average mean of fluorescence in the nerve terminals were estimated.  We
found that electric stimulation of a nerve induces the changes of the neuronal endings
cytoskeleton depending on stimulus frequency. The increase dyes-labeled tyrosinated MT  was
observed in nerve terminals after stimulation. The alteration of level and distribution
tyrosinated MTs were depends on both the stimulus frequency and the stimulation duration. At
the same time significant changes of the acetylated MTs of the cytoskeleton was not observed.
[1] Janke C. and Kneussel M. Tubulin post-translational modifications: encoding functions on
the neuronal microtubule cytoskeleton // Trends in Neurosciences, 2010, Vol.33, No.8, p.
362–372.
[2] Palazzo A. et al. Cell biology: tubulin acetylation and cell motility // Nature 2003, 421:230.
[3] Fukushima N. et al. Posttranslational modifications of tubulin in the nervous system // J
Neurochem, 2009, 109:683– 693.
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Fig. 1: Effects of low- and high-frequency electrical stimulation on the level of acetylated forms of MT cytoskeleton in
nerve terminals. A – Mean fluorescence intensity of dyes-labeled acetylated MTs in terminals, B – morphology of MT
cytoskeleton: green - acetylated MTs (ATTO 488), yellow - acetylcholine receptors (TRITC-conjugated
alpha-bungarotoxin).
 

 
Fig. 2: Effects of low- and high-frequency electrical stimulation on the level of tyrosinated form MT cytoskeleton in
nerve terminals. A – Mean fluorescence intensity of dyes-labeled tyrosinated MTs in terminals, B – morphology of MT
cytoskeleton: green tyrosinated MTs (ATTO 488), yellow - acetylcholine receptors (TRITC-conjugated
alpha-bungarotoxin). 
 



Type of presentation: Poster
 

LS-2-P-3450 Effect of the Obesity Induced by High-Sugar Diet on Inflammatory
Response During Experimental Infection by Mycobacterium bovis BCG
 

Assis A. A.1, Toledo D. A.2, Rodrigues G. S.1, Moreira D. A.1, Melo R. C.1, Gameiro A.1, Andreazzi
A.1, * D' Avila H.1
 
1Federal University of Juiz de Fora, Juiz de Fora, Brazil *davila.bizarro@ufjf.edu.br, 2Oswaldo
Cruz Foundation, Rio de Janeiro, Brazil
 

Email of the presenting author: danielkbssa1@hotmail.com
 
Tuberculosis (Tb) is a public health problem with around 1.4 million deaths per year [1]. In the
lungs is observed an intense influx of cells to the site of infection where they can form
structures called granulomas [2]. It has been observed the differentiation of macrophages (MØ)
in “foamy cells" in granulomas [3]. The foam aspect of MØ is a reflex of intracellular lipid
accumulation [3,4,5]. Lipid body structural features, including lipid and protein composition may
vary according to the cell type, activation state and inflammatory environment and thus may
determine different cellular functions for lipid bodies [6]. Obesity is another health problem
worldwide, causing the deaths of almost 3 million of people [1]. It is associated with chronic
inflammatory response of white adipose tissue due to infiltration of MØ, responsible for
overexpression of TNF-α and IL-6 [7]. Our objective was to evaluate the involvement of obesity
in influx and activation of cells in experimental infection with M. bovis BCG in mice, aiming to
clarify the physiopathology of Tb and the role of metabolic disorder in bacterium replication.
C57BL6 mice were divided in 2 groups fed with high-sugar diet or common chow. After 90
days, the mice were intrapleurally infected by BCG and the control received saline. (Animal
euthanasy ethical approval: #109/2012 CEUA/UFJF). The leukocyte influx and lipid body
enumeration was performed at 24h after infection. It was observed an increase in the mass of
fat in the high-sugar diet (Mean ± SEM: from: 0,112 ± 0,017 in control to 0,219 ± 0,002 in
high-sugar group; n=10) and a significant reduction in influx of leukocytes into the pleural
cavity (2,05 ± 0,366 in control to 20,100 ± 5,460 in infected on common chow group; from:
4,480 ± 0,615 in control to 8,080 ± 2,168 in infected on high-sugar diet group; n=5) as well as
the neutrophils and eosinophils migration in obese mice. Also, there was less lipid body
formation in obese compared with normal animals (from 1,200 ± 0,060 in control to 3,920 ±
0,738 in infected group on common chow; from1,713 ± 0,081 in control to 1,460 ± 0,102 in
infected on high-sugar diet group). Our data suggest that the largest quantity of adipose tissue
disadvantage the BCG. The fact the reduction in the lipid body formation and leukocyte
migration in obese individuals indicated a correlation of obesity under the progression of
experimental infection with M. Bovis.
[1] World Health Organization, Geneva, Switzerland, 2013
[2] PloS one (12): 581, 2012
[3] J Immunol (176): 3087-3097, 2006
[4] Int Immunopharmacol (8): 1308-1315, 2008
[5] Immunology (106): 257–266, 2002
[6] Journal of Histochemistry & Cytochemistry (59): 540-556, 2011
[7] Exp Biol Med Maywood (235):1412, 2012
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Fig. 1: Leukocyte migration in control individuals,
performed at 24h after infection, showed mononuclear cells
(arrow). Bar = 50 μm
 

 
Fig. 2: Leukocyte influx in infected individuals, performed
at 24h after infection, showed neutrophils (black arrow
indicated) and eosinophils (white arrow indicated)
migration. Bar = 50 μm
 

 
Fig. 3: Lipid bodies (black arrow) observed on mononuclear cells from the pleural cavity of the infected group. Bar = 50
μm
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The nucleolus is the site for ribosome biogenesis and other several functions in eukaryotes. It
is composed by rDNA, rRNA and its precursors, proteins and other RNAs as UsnRNAS. The
ultrastructure of the nucleolus includes three main compartments known as fibrillar centers,
dense fibrillar component and granular component. Instersticies are also areas in the
nucleolus. Here we show recent advances in the analysis of the structure of the nucleolus by
atomic force microscopy, to test the putative nanoscale approach of this organelle. Samples
were prepared as for standard transmission electron microscope, as described previously (1-5).
Briefly, samples of plant (Lacandonia schismatica, Gingko biloba, Allium cepa) and animal
(HeLa, cells, Hep2 cells) cells were fixed with 2.5% or 6% glutaraldehyde buffered with PBS.
They were then postfixed with osmium tetroxide, dehydrated with a series of graded ethanol
and embedded with epoxy resin. Semithin sections were mounted on coverslips and observed
by an atomic force microscope operating in contact mode. Results show that at least two
different phases are observed in the nucleolus (Figure 1), displaying also different height
parameters. We conclude that nucleolus may be studied by atomic force microscope to
revealed nanoscale parameters of every subcompartment.
References
1.- Jiménez-García, L.F., Segura-Valdez, M. de L. (2004). Visualizing nuclear structure in situ by
atomic force microscopy. Pp 191-199. En: Atomic Force Microscopy: Methods and Protocols in
Biomedical Applications [Braga, P.C. & Ricci, D. (Eds.)]. Methods in Molecular Medicine.
Humana Press, New Jersey, USA.
2.- Segura-Valdez, M.L. et al. (2010). Visualization of cell structure in situ by atomic force
microscopy. En: Méndez-Vilas, A. & Díaz, J. (eds) Microscopy: science, technology, applications
and education (Microscopy Book Series), Formatex, Badajoz, Spain.
3.- Segura-Valdez, M.L. et al. (2012). Cell Nanobiology. En: Oxidative Stress and Chronic
Degenerative Diseases - a Role for Antioxidants (J.A. Morales-González, ed.).
4.- Jiménez-García, L.F. and Fragoso-Soriano, R. (2000). Atomic Force Microscopy of the Cell
Nucleus. J. Struct. Biol. 129: 218-222.
5.- Fragoso-Soriano, R.J. et al. (2009). Atomic Force Microscopy Imaging of Thin Sections of
Lacandonia Granules. J. Scann. Probe Microsc. 4: 1-5.
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Fig. 1: Atomic force micrograph of the nucleolus (n) of Ginkgo biloba meristematic cells. Two phases are observed
within the nucleolus (arrows).
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Lacandonia granules are extranucleolar ribonucleoprotein (RNPs) particles, 32 nanometers in
diameter intermixed with fibrils that were first described in the nucleoplasm of the plant
Lacandonia schismatica (Jiménez-García, et al. 1992). Cytochemical and imunocytochemical
studies suggest that these particles are equivalent to perichromatin and Balbiani ring granules
described in mammals and salivary glands cells of the insect Chironomus tentans, respectively
(Agredano-Moreno & Jiménez-García, 2000). In addition, Lacandonia granules have been
reported in other close groups as Triuris brevystilis (Jiménez-García, et al. 1992), and even in
the tree Ginkgo biloba (Jiménez-Ramírez et al. 2002). In the present work we analyzed the
presence of Lacandonia granules in Welwitschia mirabilis. Samples of plant leaves grown in
greenhouse were processed for electron microscopy. Light, electron and atomic force
microscopy revealed that nuclei are reticulated according to compact chromatin distribution.
Granules of 32 nm in diameter, positive to the EDTA regressive technique for RNP, distributed
in the perichromatin and interchromatin space were observed among strands of reticulated
chromatin (Figure 1). Stereo pair images from ultrathin sections showed fibers and granules
intermingled. Our results show that Lacandonia granules are also present in the order
Gnetales, associated to reticulated chromatin.
References
Jiménez-García, L.F., Agredano-Moreno, L.T., Segura-Valdez, M. de L. Echeverría, O., Martínez,
E., Ramos, C.H., Vázquez-Nin, G.H. 1992. The ultrastructural study of the interphase cell
nucleus of Lacandonia schismatica (Lacandoniaceae:Triuridales) reveals a non-typical
extranucleolar particle. Biol. Cell. 75:101-110
Agredano-Moreno, L.T., Jiménez-García, L.F. 2000. New evidence that Lacandonia granules are
ultrastructurally related to perichromatin and Balbiani ring granules. Biol. Cell. 92:71-78
Jiménez-Ramírez, J., Agredano-Moreno, L.T., Segura-Valdez, M de L., Jiménez-García, L.F. 2002.
Lacandonia granules are present in Ginkgo biloba cell nuclei. Biol. Cell. 94:511-518
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Fig. 1: Electron micrograph showing Lacandonia granules (arrows) in the cell nucleus of meristematic cell of
Welwitschia mirabilis. EDTA regressive staining for RNP. Chromatin (C). Bar is 80 nm.
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While cryo-electron microscopy indicated the cristae width (intracristal space sections)
increase from 18±5 nm to 24±10 nm upon mild 5% O2 hypoxia in hepatocellular carcinoma
HepG2 cells, 3D super-resolution photo-activated localization microscopy of a biplane
detection scheme (Biplane FPALM)[1], indicated thickening or thinning of mitochondrial (mt)
network tubular contour, depending on the marker. Biplane FPALM with the inter-membrane
space (IMS) marker, a truncated lactamase-beta (LactB) conjugated with Eos, indicated
hypoxic IMS inflation by increasing diameter of Eos-LactB contour for mt network. In turn, the
matrix-addressed Eos (mtEos) indicated hypoxic decrease in diameter for mtEos- visualized
tubular network. The outer mitochondrial membrane (OMM) marker, Eos-FIS1tr, visualizing
hollow tubules, indicated no changes. Thus the real mt tubule diameter did not altered upon
hypoxia. The apparent hypoxic thinning of the mt matrix contour, observed previously by 4Pi
and conventional confocal microscopy, was in fact reflecting the altered cristae morphology.
Our case provides warning to interpretations of conventional confocal data for mt network,
since their resolution merely equals to the real diameter of mt tubules. Since mitochondria
likely change cristae conformation with physiological state, e.g. at state-4 to state-3 transitions
(the former is resembling the low substrate state, the latter state with cell maximum ATP
production), these morphology changes must be reflected in images collected by
superresolution microscopy with the intracristal space marker (a part of IMS protruding beyond
the OMM contact sites), matrix space marker or inner membrane marker. Mitochondrial cristae
in vivo morphology represents a great challenge for superresolution microscopy.
[1] M.J. Mlodzianoski, J.M. Schreiner, S.P. Callahan, K. Smolková, A. Dlasková, J. Šantorová, P.
Ježek, J. Bewersdorf. "Sample drift correction in 3D fluorescence photoactivation localization
microscopy". Opt. Express 19, 15009-15019 (2011).
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Fig. 1: Mitochondrial tubules as imaged by Eos-LactB at
normoxia
 

 
Fig. 2: Mitochondrial tubules as imaged by Eos-LactB at
hypoxia
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Purpose: To analyze the cellular events involved in the construction of the organized vascular
architecture and to characterize the tight junction in developing vessels of retina.
Methods: On post-natal days (P)4, P8, P12, P16, and P56, electron microscopy for retinal
vessels and immunohistochemistry for CD31, ZO-1, glial fibrillary acidic protein, and α-smooth
muscle actin were performed. ZO-1 expression was measured with progression of retinal
vessel development in whole retina. Leakage was assessed by immunohistochemistry for CD31
on retinal vessels perfused with fluorescein conjugated dextran as well.
Results: The recruitment of pericytes and astrocytes to vascular tube of endothelial cells is
closely associated with the formation of tight junction in developing retinal vessels. At P4,
endothelial cells of retinal vessels behind the invading front directly contact to pericytes, but
not to foot processes of astrocytes yet, where ZO-1 was already weakly immunoreactive along
retinal endothelial cells. With the progression of retinal development, foot processes of
astrocytes are gathered around retinal vessels and the maturation of tight junction in
endothelial cells is clearly defined, which was temporally and spatially accordant to the
expression of a tight junction protein, ZO-1. In addition tight junction could be formed with
contact of pericytes to endothelial cells without the prominent ensheathment of astrocytic foot
processes which was coincided with the appearance of a tight junction protein, ZO-1.
Conclusion: Our data suggests that the tight junction of endothelial cells in blood-retinal barrier
could be developed by cellular interactions between pericytes, asctrocytes and endothelial
cells. Moreover, ZO-1 as well as occluding or claudin might demonstrate the tightness of
blood-retinal barrier in developing retina.
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Abstract:
Background, Membrane-integral proteins are critical executants of life activities. It is still lack
of efficient technologies to determine the structures and arrangement of membrane-integral
proteins in their native phospholipid-bilayer environment. Here, we confirmed the possibility of
using Cryo-Electron Tomography to visualize ryanodine receptor-1 (RyR1) in its close-to-life
state. Results, We found that RyR1 was distributed in subregion of sarcoplasmic reticulum (SR)
membrane, where T-tubule was most closely neighboring. Interestingly, we visualized the
relationship between RyR1 and SR membrane for the first time, showing that most mass of
RyR1, in umbrella-shape, was exposed to SR, whereas only a small portion, in stalk-shape, was
exposed to the cytoplasic environment. Based on this observation, we established a new
modulating model of RyR1, in which, we postulated that dihydropyridine receptor (DHPR)
directly interacted with the stalk-shaped part of RyR1, while FK-506 binding protein 12 kDa
(FKBP12) directly interacted with the umbrella-shape of RyR1 to regulate the process of
calcium releasing from SR during excitation-contraction coupling. Conclusions,Electron
Tomography could be used as an efficient method to determine the structure and arrangement
of single membrane-integral protein within intact cells in its native context of membranes, SR,
vesicles and other molecular complexes.
Keywords: membrane-integral proteins; RyR1; macromolecular architecture; Electron
Tomography; DHPR



 
Fig. 1: Figure 1. In situ visualizing the
T-Tubule/Sarcoplasmic Reticulum junction in 2 dimensional
picture using Electron Microscopy. The T-Tubule membrane
and Sarcoplasmic Reticulum membrane was closely
neighboring with each other.
   

Fig. 2: Figure 2. Surface-rendered views of the final 3D map
of the T-Tubule/SR junction from different direction using
IMOD software construction. The density fitting usage of
computational methods combined with Electron
Tomography showed whole structure of T-Tubule/SR
junction.
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Endosulfan, an organochlorine pesticide, is widely used in agriculture and hence found its
contamination in natural water. Thus it’s highly toxic to aquatic organisms, including fish. The
purpose of this study was to elucidate the ultrastructural changes in the liver and the kidney of
Nile telapia (Oreochromis niloticus Linn.) treated with endosulfan. In a laboratory experiment,
20 Nile tilapias were exposed to 0.5 µg kg-1 of endosulfan food dry weight for 28 days and
another 20 were used as the control group without any treatment. The liver and the kidney
were then collected and fixed in Karnovsky’s fixative for 24 hr and processed to investigate
under the transmission electron microscope (TEM). Observation on liver alterations, the
hepatocytes showed enlargement of nucleoli, increase in number and size of both Golgi fields
and rough endoplsmic reticulum (rER) lamellae, as well as proliferation of peroxisomes and
lysosomes. These alterations represent the morphological equivalent of a general stimulation
of hepatic metabolism. In addition, proliferation of the rER is indicated the onset of
biotransformation processes under the influence of food-borne endosulfan. In the kidney, the
ultrastructural alterations were observed in the proximal tubular epithelial cells (PT) which
showed the nuclear condensations, rER fragmentations and massive swelling of the
mitochondria. Disorganized brush borders and increased numbers of large vacuoles and
lysosomes were also observed in PT. The pathological alteration in organ subsequently in
contact with toxicants appeared as a useful biomarker of pollutant exposures and effects.
Endosulfan, as a mixture of the toxic substances, may well have contributed to the overall
toxicity of the chemical released during the agricultural used and the subsequent fish killed.
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Once the malaria parasite Plasmodium falciparum has invaded the human host erythrocyte it
starts remodelling its new home immensely. A new trafficking apparatus is set up within the
red blood cell, which is devoid of any organelles itsself. Nutrients are delivered from the
outside of the cell to the parasite and proteins from within the parasite to the cytoplasm and
surface of the host cell via this route. Both events are essential for the survival of the parasite.
The latter event provides the parasite with the opportunity to escape the human immune
response by transporting a number of proteins underneath and onto the red blood cell
membrane. The major virulence factor Plasmodium falciparum erythrocyte membrane protein
1 (PfEMP1) has to be displayed on elevated structures on the surface of the erythrocyte, so
called knobs, in order to confer cytoadherence to various ligands on endothelia of different
organs in the human host. This leads to occlusion of blood vessels and to the most severe
symptoms in malaria patients (e.g. cerebral malaria). We have studied a number of exported
proteins and will report on microscopical techniques we used in order to characterise these
proteins including immunofluorescence assay, scanning electron microscopy, various
transmission electron microscopy approaches (including cryo tomography) and atomic force
microscopy. The deletion of one of the proteins presented  results in dramatic alterations in
morphology of organelles essential for protein transport to the surface of the infected red
blood cell (so called Maurer’s clefts) and in actin cytoskeleton linkage. Other known Maurer’s
clefts resident proteins localise to vesicular structures that appear to represent deformed
Maurer’s clefts. We will report on possible functions of these proteins in PfEMP1 transport to
and display on the surface of the infected red blood cell and Maurer’s cleft architecture.
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Renomedullary interstitial cells (RMICs) are the dominant cell type in inner renal medulla[1].
Their most distinct characteristic is multiple lipid droplets which believed to be storage units
for precursors of prostaglandins in their cytoplasm[2,3]. Especially prostaglandin E2 (PGE2) is
synthesized by RMICs in the kidney and produced by three steps[4-7]: 1)Arachidonic acid
release from membrane phospholidips; 2)Formation of prostaglandin H2 from arachidonic acid
by the action of cyclooxygenases; 3)Specific prostaglandin synthesis. In this study, we
examined the effects of PGE2 inhibition on RMIC function. We formed four groups: First group
was control. Second group in which we inhibited arachidonic acid release was injected with
dexamethasone; third group was treated with ip indomethasine to inhibit non-specific
cyclooxygenase and fourth group was injected with ip celecoxib to examine selective
cyclooxygenase-2 inhibition. We dissected renal medulla of sacrificed animals after 10 days
and counted lipid droplets in 50 random RMICs for each animal in electron microscopy. Our
morphometric analysis showed that the number of lipid droplets was significantly decreased in
dexamethasone group and was significantly increased in indomethasine and celecoxib groups
when compared to control. Medullary hyaluronan, CD44 immunoreactivity and RMIC apoptosis
were significantly increased in all groups when compared to control. 24-hours urine values
collected on the 10th day were significantly increased in dexamethasone and indomethasine
groups; in celecoxib group was similar to control. These results indicate that lipid droplets may
be storage units of arachidonic acid, PGE2 inhibition may lead functional changes and
apoptosis in RMICs.
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Fig. 1: The graphics of urine volume, urine pH, serum PGE2
levels and number of lipid droplets.
 

 
Fig. 2: A) The Alcian blue staining in renal papilla. B) The
Alcian blue staining in renal inner medulla. C) The semi-thin
sections dyed with toluidin blue.
 

 
Fig. 3: Immunohistochemical determination of Caspase-3
and CD44
 

 
Fig. 4: 1)Electron micrographs of RMICs in control group.2)
Different RMICs in DEX group.3) Different RMICs in IND
group.4) Different RMICs in CXB group.
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Outer dense fiber 2 (ODF2) is a main structural protein of the sperm tail outer dense fibers as
well as a cell-cycle dependent scaffold component of centrosome in somatic cells. ODF2 is
located in the main part of the sperm tail from the connecting piece to the distal part of the
principal piece by analysis with anti-ODF2 antibody. ODF2 has many isoforms encoded by
transcript variants, but few have been well studied since there are no specific antibodies
against each isoform.
In this study we cloned five transcript variants of Odf2 gene (Odf2-1a ,-2a ,-3a ,-3b, -4) from
mouse testes. Odf2-2a was identified with the transcript variant 3, encoding isoform c (ODF2c).
We established an ODF2c-EGFP transgenic (Tg) mouse line and analyzed the expression and
localization of ODF2c during the spermatogenesis and the fate of ODF2c in the fertilization
process using the Tg mice.
ODF2c-EGFP was first detected in the proximal part of the tail of step 4-5 spermatids and then
found in the midpiece to principal piece as the tail developed. In mature sperm ODF2c-EGFP
was strongly expressed from the distal end of the connecting piece to the proximal part of the
principle piece, but it was detected neither in the proximal and main part of the connecting
piece nor in the main and distal part of the principal piece nor in the end-piece. In the
fertilization process, the signal of ODF2c-EGFP could be chased until the formation of male
pronucleus.
This is the first report of ODF2c Tg mice. The result of the study suggested that ODF2c is
associated with the outer dense fibers in the distal part of connecting piece, midpiece and
proximal part of the principal piece, and that other isoforms participate with the rest of the
structure of outer dense fibers. Since ODF2c-EGFP signal is detected clearly not only during
sperm formation but also in the fertilization process, ODF2c Tg mouse sperm will be a useful
tool for live-imaging to monitor the events from spermiogenesis throughout to the pronuclear
formation.
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[Introduction]
Mitochondrial fission and fusion events are fundamental mechanisms for quality control of the
mitochondrial functions. It has been known that the mitochondrial DNA (mtDNA) frequently
divide into offspring mitochondria after the fission that has been observed as nucleoid by
fluorescent microscopy and the mtDNA dynamics is considered to be coordinated with the
mitochondrial turnover. Candidates of molecular mechanisms of the relationships between
mtDNA division and the mitochondrial fission have been suggested recently, but their
ultrastructural aspect are still unclear. Visualization of the mtDNA at electron microscopic level
is a quite important step to understand how they involved in this mechanism, but it is quit
difficult to observe by a conventional electron microscopic method. In the present study, we
tried to visualize the localization of the mtDNA / nucleoid at EM level by immuno-electron
microscopy. We also attempted to visualize 3D distribution of the nucleoid within the
mitochondria using focused ion beam scanning electron microscopy (FIB/SEM).
[Materials & Methods]
After chemical fixation in mixture of 4% paraformaldehyde and 0.05% glutaraldehyde in 0.1M
phosphate buffer, HeLa cells were immunohistochemically labeled with anti-TFAM IgG
antibody(Abnova, USA)and anti-DNA IgM antibody(Progen, Germany). For pre-embedding
method, HRP conjugated secondary antibody and DAB reaction was preformed. For
immunogold method, nanogold conjugated secondary antibody was used. Immunologically
labeled specimens were then strained by OTO method, embedded in resin and applied for the
FIB/SEM tomography(Quanta 3D FEG, FEI) and 3D reconstruction was done on computer
software(Amira, USA).
[Results & Discussion]
We could not identify any nucleoid-like structure within the mitochondria even in a complete
3D reconstruction by FIB/SEM tomography of the HeLa cells prepared by conventional
specimen preparation. In pre-embedding immuno-electron microscopy, DAB immunoreaction
products (IR)were observed in the matrix of some mitochondria. Interestingly, DAB-IR depicted
in the globular region of the mitochondrial matrix(0.4µm diameter)frequently localizing in the
peripheral end of the mitochondrial matrix just adjacent to the inner membrane. In
post-embedding immunogold method, gold labels were also observed in a part of the matrix
adjacent to the mitochondrial inner membrane. These immunocytochemical results were well
coincide with the fluorescent microscopic observation.
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Environmental pollution affects the quality of pedosphere, hydrosphere, atmosphere,
lithosphere and biosphere. Phytoremediation, using the plants for remediation and being more
cost-effective and fewer side effects than physical and chemical approaches, has gained
increasing popularity in both academic and practical circles [1]. The most important plant
features affecting their decontamination (phytoremediation) characteristics are the ability to
take up and transport the pollutants [2]. These processes may be influenced by changes of
pollutant transfer via apoplasmic space of roots [3]. The goal of this study was to find out the
relationship between the cell wall modification and the translocation ability of pollutants in the
plants.
Tested plants of Allium cepa, Arabidopsis thaliana, and Sorghum bicolor were cultivated in
cadmium nitrate (50 µM) containing substrate. After seven-day treatment the roots of plants
were investigated by fluorescent microscopy (visualization of apoplasmic barriers with FY088
under Axioskope 2 plus, Carl Zeiss) and transmission electron microscopy (visualization of
apoplasmic barriers after contrasting with uranyl acetate, potassium permanganate, lead
citrate under JEM 2000FX, JEOL). The aim was to characterise the development and thickness
of suberin lamellae in primary cortical tissues related to the accumulation of cadmium
in aboveground parts of plants. The cadmium concentration was measured by AAS (Perkin
Elmer 1100, USA).
The suberin lamellae in endodermal cells of investigated species are developing with
prominent positional effect (starting in endodermal cells against the phloem poles and
finishing in the cells against the xylem poles of vascular tissues). The thickness of suberin
lamellae in fully matured endodermal cells differs between the tested species: A. thaliana
plants develop the thinnest suberin deposits (in the range 45 – 68 nm), whereas A. cepa plants
the thickest suberin deposits (several hundreds nm). The accumulation of cadmium in the
aboveground parts of plants is the lowest in A. cepa and the highest in A. thaliana.
Based on the results the thicker the apoplasmic barriers are developed the lower is the uptake
and translocation of cadmium via apoplasmic space, and thus the less efficient is the
decontamination of the environment by phytoremediation methods. The further investigation
and modification of processes involved in the apoplasmic barrier development may help to
produce plants with more effective phytoremediation characteristics.
1. Lone M. I., He Z.-L., Stoffella P. J., Yang X 2008. Zhejiang Univ Sci B. 9 (3): 210–220.
2. Neil W. 2007. Phytoremediation. Humana Press, Totowa, New Jersey, 480 pp.
3. Lux A., Martinka M., Vaculík M., White P. J. 2011. J Exp Bot 62 (1): 21–37.
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Cytoplasmic polyhedrosis viruses (CPVs or 'Cypoviruses') are icosahedral ds-RNA viruses that
assemble in infected cells of lepidopteran (insect) larvae. They quickly become embedded in
elaborate protein crystals called 'polyhedra'. A great deal is known from X-ray diffraction about
the internal crystal structure of these highly-ordered polyhedra, but the molecular
mechanism(s) by which they assemble and incorporate virions in the cytoplasm of infected
insect cells is much less well understood. Here, we have analyzed their molecular mechanisms
of assembly, both in their natural environment inside intestinal cells of larval silkworms, and in
Sf21 cells in tissue culture. Avoiding the artifacts and difficulties of previous EM-approaches, all
samples were here prepared by "quick-freezing" directly from life, followed by freeze-fracture
to gain entry into the cells, and then "deep-etching" and rotary Pt-replication to achieve
true-to-life, topologically accurate 3-D images of the polyhedra and their associated virions.
This approach yielded novel and definitive images of polyhedra in situ, and thereby revealed
unique differentiations within cellular environs wherein polyhedra form, and the exact
mechanism of inclusion of nascent virions into the polyhedra. Specifically, it allowed us to
focus directly on the edges of polyhedra, right where the nascent viruses are being captured
and engulfed during the growth of the polyhedra. This allowed us to compare the success of
virion-capture and polyhedron-assembly in a variety of different experimental conditions,
including the substitution of mutant viruses and incomplete virions lacking critical
recognition-factors. Additionally, it allowed us to determine exactly how the architecture of the
infected cells' cytoskeletons is altered, to permit this elaborate crystal-formation and
virus-incorporation to occur. In this presentation, these observations and results will be
described and illustrated by means of realistic three-dimensional images presented in
"anaglyph" stereo form. References: 1) Coulibaly F, Chiu E, Ikeda K, Gutmann S, Haebel PW,
Schulze-Briese C, Mori H & Metcalf P. The molecular organization of cypovirus polyhedra.
Nature 446, 97-101 (2007). 2) Chiu E, Coulibaly F and Metcalf P. Insect virus polyhedra,
infectious protein crystals that contain virus particles. Curr Opin Struct Biol 22, 234-240
(2012).
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The nucleolus is the nuclear subdomain that assembles ribosomal subunits in eukaryotic cells
and it is the largest structure in the cell nucleus. The nucleolar organizer regions of
chromosomes, which contain the genes for pre‐ribosomal ribonucleic acid, serves as the
foundation for nucleolar structure. The nucleolus disassembles at the beginning of mitosis, its
components disperse in various parts of the cell and reassembly occurs during telophase and
early G1 phase. In amphibian´s oocytes there are a lot of nucleoli during previtellogenic stages
which synthesize part of the necessary machinery that brings the maternal cytoplasm to start
protein synthesis in the early embryo. On the other hand, Bidder´s organ (OB) is a vestigial
organ in any member of the Bufonidae family located in cranial tip of the male and maybe
female gonad. Normally it is inactive and contains little previtellogenic follicles or
previtellogenic oocytes. The main goal of this work is to show the presence and structure of
nucleoli in nuclei from oocytes of Bidder´s organ in Cuban toads as well as trying to explain
why their presence and development in apparently vestigial and possibly nonfunctional
structures.
Three male’s toads of Peltophryne fustiger, P. peltocephala, P. florentinoi, P longinasus, P.
gundalchi, P. taladai and P. cataulaciceps were collected in their habitats through Cuban
archipelago and ethically euthanized. Gonad fragments were fixed in Bouin's fluid,
Paraformaldehyde and Glutaraldehyde to be processed for light microscopy and TEM
respectively.
The results show that the gonad of the male from all studied species has one pair of Bidder’s
organs just above the testes on each cranialis part. Previtellogenic oocytes were seen and as
in other members of the Bufonidae Family it was found that ovarian and Bidderian oocytes
were morphologically identical. Two or three nucleoli were observed in each nucleus whose
structure resemble normal morphology, with ribosomes presents.
Although the presence of previtellogenic follicles is referred to OB as a rudimentary ovary, the
structure and dimensions of the nucleoli in those nuclei of Cuban toads indicates that they are
active cells capable of producing ribosomes, to ensure protein synthesis. No vitellogenic
follicles that may suggest a real function of body Bidder as a producer of viable female cells
were observed, however we do not know the reason for the maintenance of the BO. So, it´s
possible to suggest the possibility that Bidder´s organ may be an active endocrine organ
rather than a simple, rudimentary ovary.
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Fig. 1: Two nucleoli in Bidder´s oocyte from Peltophryne fustiger
 

 
Fig. 2: Nucleolus in Bidder´s oocyte from P. peltocephala
 

 
Fig. 3: Peltoprhyne. sp. Bidder´s organ oocytes where nucleoli are observed. On top, cyst of spermatozoa in testicular
zone. Mallory technique 400X
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Spermatogenesis includes a sequence of events where from a spermatogonia differentiate
other cell types during maturation: primary spermatocyte, secondary spermatocytes,
spermatid and sperm. In vertebrates there are two models of spermatogenesis: the
longitudinal or cysts in anamniotes and radial in amniotes. Spermatogenesis in amphibian is
cystic, in which a Sertoli cell associated with a primary spermatogonia enclosing and forming
the cyst wall. Observations in sex cells of amphibians have led to important generalizations,
such as the suggestion of a correlation between the structural morphology and the conditions
in which fertilization occurs. In the latter, the transmission electron microscopy (TEM) has
opened a whole new and expanding field in morphology. It's has been used in many groups of
frogs, in which was helpful suggesting evolutionary trends and taxonomic relationships. That's
why our goal is to describe the stages of spermatogenesis in five species of the genus
Eleutherodactylus using TEM.
Three mature male of five species of Eleutherodactylus (E. blairhedgesi, E. planirostris, E.
riparius, E. thomasi, E. varleyi) were collected from nature in occidental Cuba. Frogs were
sacrificed and testes were removed and fixed in 2.5% glutaraldehyde. We process samples
with TEM techniques and were viewed using a JEOL JEM 1010 TEM.
TEM shows spermatogonia, spermatocytes I and II, different kinds of spermatids and bundles
of spermatozoa arrangement in their respective cysts. Spermatogonia begin the
spermatogenic process. These cells are the largest in the spermatogenetic lineage. Many
mitochondria, a prominent Golgi apparatus, and lipid inclusions in their cytoplasm can be
observed. Spermatocytes I are spherical cells, somewhat smaller than the spermatogonia. The
chromatin is slightly condensed in their nuclei. Spermatocytes II are scarce and observed with
the nuclear material showing different degrees of coiling. Early spermatids are round cells
having a smaller size than spermatocyte II and with more compacted chromatin. Late
spermatids are easy to identify because their nuclei even more compact.
Spermatozoa arise in clusters inside the cysts. They have an extraordinary nuclear coiling and
a cytoplasmic reduction. An elongated acrosome is located at the top of the slender head,
showing a substance of moderate electronic density. Between the acrosome and the nucleus
appears a subacrosomal space. We distinguished an undulating membrane related to the tail.
It’s consists of a fiber yuxtaxonemal part associated with the axoneme, an axial sheath and an
axial fiber. The dynein arms in the axoneme are very short or absent. When the spermatozoa
reach maturity are released from the bundle and reach the locular lumen and the ductuli
efferentes.
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Fig. 1: Spermatogonia of  E. planirostris where the nucleus
with a nucleolus (nu) therein detailed.
 

 
Fig. 2: Primary spermatocytes of E. riparius.
 

 
Fig. 3: Spermiogenesis in E. planirostris upon tail formation.
Note the mitochondria (m) around the future axial sheath
(as).
 

 
Fig. 4: E. thomasi sperm head where the acrosome (ac) and
the nucleus (n) is observed.
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Fluorescence imaging is a powerful and widely used approach for biological research.
However, lack of genetically-encoded probes for in vivo imaging is the major limitation in this
field. Mammalian tissues are relatively transparent in a near-infrared optical window of
650-900 nm due to significant decrease in hemoglobin and melanin absorbance and still low
water absorbance. Therefore, probes with fluorescence spectra within the near-infrared range
are preferable for imaging in mammalian tissues and whole animals. On the basis of bacterial
phytochromes we have engineered three types of near-infrared fluorescence probes, which
utilize present in mammalian tissues heme-derived biliverdin as a chromophore. These probes
include several spectrally distinct permanently fluorescent proteins (iRFP670, iRFP682,
iRFP702, iRFP713 and iRFP720), fluorescent proteins that are photoactivatable from low to high
brightness (PAiRFP1 and PAiRFP2) and bimolecular fluorescence complementation probe that
reports on protein-protein interactions (iSplit). The designed near-infrared probes were imaged
in tumor models in living animals using fluorescence and photoacoustic techniques. The
multicolor whole-body imaging aided by the developed probes should become common
approaches in cell and developmental biology, in studies of cancer and pathogen invasion and
in biomedicine. The near-infrared fluorescent probes extend the methods developed for cell
microscopy into deep-tissue imaging, including multicolor labeling, cell photoactivation and
tracking, and detection of protein interactions and enzymatic activities.
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In order to investigate DNA/chromatin structure, one may employ optical microscopy as a
method of choice, due to feasibility and availability. However, conventional light optical
imaging approaches suffer from diffraction of the visible wavelengths used, preventing the
resolution of structures that are spaced closer than about 200 nm laterally and 600 nm axially.
On the other hand, many other approaches, in particular Electron Microscopy and Electron
Spectroscopy Imaging, provided a great amount of knowledge on chromatin nanostructures,
down to the few nanometer resolution range. However, these important advantages are
balanced by a number of drawbacks, such as the time-consuming sample preparation and the
harsh preparation conditions which are likely to alter the structure of interest. To overcome
this dilemma, recently novel visible light ‘superresolution’/’nanoscopy’ imaging approaches
have emerged. Presently especially structured illumination microscopy and Single Molecule
Localisation Microscopy (SMLM) have been established as useful approaches [1]. Using
fluorescence-based SMLM methods, it was shown that one may use DNA basepair analogs
labelled with special fluorophores, ubiquitous H2B histone targeting, or cyanine derivated DNA
dyes in order to better resolve chromatin in the eukaryotic cell nucleus or DNA fibers and
bacteria. However, no SMLM studies were performed so far on single cell nuclei with directly
stained DNA. Here we present novel application of specific DNA dyes in order to obtain nuclear
DNA density maps with high optical and structural resolution. For this, we applied a special
SMLM variant, Spectral Precision Distance Microscopy (SPDM) [2]. In mammalian cell nuclei,
this SPDM technique yielded a single molecule localisation precision in the order of 15 - 30 nm,
corresponding to an optical (two-point) resolution of roughly 40 - 70 nm. We investigated
various DNA structures and obtained data with a single DNA fluorophore density as high as
5000/µm2. This constitutes a significant improvement in comparison to previously obtained
SPDM data for H2B-GFP histones (100 - 400/µm2). We anticipate that in the near future, this
approach may contribute to obtain a three dimensional DNA mapping of genome
nanostructures of various cell types, such as stem cells and differentiated cells, or normal and
cancer cells. Such precise density maps may also serve as a basis for numerical modeling of
the nuclear genome.
[1] C. Cremer, B.R. Masters, Resolution enhancement techniques in microscopy, Eur. Phys. J. H.
38 (2013) 281–344.
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Correlative light and electron microscopy allows the combination of dynamic imaging in the
light microscope (LM) with visualization of cellular ultrastructures in the electron microscope
(EM). The use of fluorescent, semiconductor nanocrystallites (quantum dots, QDs) offers a way
to apply only one marker for both modalities. Since they are more electron opaque than
biological materials, QDs can be identified in the EM (Fig. 1).
Multi-colour labelling is feasible with QDs in LM but separation in EM is hindered since
conventional contrast of different QD particles is similar. Use of different sizes or shapes would
allow for segmentation. To prevent varying labelling efficiencies and penetration depths into
plastic sections [1], we use two different commercially available QDs: QD-655 and QD-705
(Molecular Probes, USA). The only difference of these core-shell particles is a minimal variation
in core composition to alter optical absorption and emission characteristics.
We prepared ultrathin sections of resin (HM20) embedded muscle tissue containing
neuromuscular junctions. Acetylcholine receptors (AChRs) of the synapse were labelled by
antibody-conjugated QDs-655 and QDs-705. As shown in the light micrographs in Fig. 2A,B, the
fluorescent signal of both types is concentrated at synapses. This is verified by the signal of an
Alexa Fluor 555 dye conjugated to bungarotoxin, which was used as control to label AChRs
(Fig. 2C). Synapses can be relocated in the EM with single QDs at the postsynaptic membrane
(Fig. 2D). To separate the randomly distributed QDs we applied scanning transmission electron
microscopy (STEM) in combination with electron energy-loss spectroscopy (EELS) at both high
spatial and energy resolution. This allows acquisition of EEL signals in the low-loss regime
including optical excitations. To identify the spectral features we used samples that were
labelled with either only QD-655 or only QD-705 and acquired EELS data sets for single
particles. Multivariate statistical analysis and machine learning was applied to learn on the
known data sets followed by classification of the unknown data sets from the sample with
combined labelling. An ensemble of particles at a synapse is shown in Fig. 3A,B. Selected QDs
were classified and highlighted. EEL spectra from the learning and classified sets (Fig. 3C)
indicate the separating features, which are attributed to low-energy interband excitations.
Our results show that minor differences of spectral properties of correlative markers on
biological samples can be detected in the analytical STEM. This opens the door to multi-colour
EM imaging at the single molecule level.
[1] Giepmans, B.N.G. et al.: Nature methods (2005), 2, 743.
[2] Microscopes: FEI Titan G2, Libra 200 (Carl Zeiss Microscopy GmbH).
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Fig. 1: Figure 1: Conventional electron micrographs of
QD-655 and QD-705. A,B: AChRs of neuromuscular
junctions were labelled with QDs by immunostaining.
Contrast for both particles is very similar in conventional
TEM bright field images. C,D: Dark field STEM images of
single particles reveal the nearly identical core-shell
structure.
 

 
Fig. 2: Figure 2: Correlative microscopy of neuromuscular
junctions in LM and EM. A,B,C: Labelled ultrathin sections
show a correlative signal of QDs-655 (A), QDs-705 (B), and
of an Alexa Fluor 555 (AF555) control staining (C). D: Bright
field TEM image of the relocated synapse (marked in A-C)
at lower resolution to show the ultrastructure of the
synapse.
 

 
Fig. 3: Figure 3: Optical excitation signals allow separation of QD-655 and QD-705. A: Dark field STEM image of a
synapse labelled with both QDs, with selected, classified particles in the white boxed region in false colour. B:
Enlargement of box in A. C: Spectra of QD-655 and QD-705 learning sets and average spectra from the classified
particles in A-B.
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We present the application of superresolution microscopy to analyze the uptake behavior of
pharmaceuticals by adherent living cells.
By a combination of Structured Illumination Microscopy (SIM) and Spectral Position
Determination Microscopy (SPDM)[1] in one setup[2] we have obtained the density distribution
of labelled pharmaceuticals within the cell at a substantially enhanced resolution.
High light intensities in the order of 10 kW/cm² as necessary for SPDM is hazardous to living
cells which is why we imaged the cells using SIM for which about a 100 fold lower light
intensity suffices. By that approach we were able to image the cell and the drug density
distribution inside and outside of the cell at an approximately two-fold resolution improvement
when compared to the conventional Abbé limit.
As the drug distribution can be studied by both SIM and SPDM, accepting the cell apoptosis, we
ultimately determined the location of the individual drug molecules inside the cell from an
SPDM snapshot with accuracy about 10 fold better than the conventional diffraction limit.
As an application example, we used transiently transfected human retinal pigment epithelium
cells where GFP (green fluorescent protein) was targeted against the nucleus and RFP (red
fluorescent protein) against the plasma membrane. As an antibody we used Bevacizumab
labeled with 6s-IDCC[3] which is used to treat age related macular degeneration[4].
References
[1] C. Cremer, "Optics far beyond the diffraction limit", in Springer Handbook of Lasers and
Optics (F. Träger, ed.), pp. 1359{1397, Springer Berlin Heidelberg, 2012.
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"Combination of structured illumination and single molecule localization microscopy in one
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[3] J. Pauli, K. Licha, J. Berkemeyer, M. Grabolle, M. Spieles, N. Wegner, P. Welker, and U.
Resch-Genger, "Fluorescent labels with tunable hydrophilicity for the rational design of bright
optical probes for molecular imaging", Bioconjugate Chemistry, vol. 24, pp. 1174-1185, July
2013.
[4] S. Rossberger, T. Ach, G. Best, C. Cremer, R. Heintzmann, and S. Dithmar, "High-resolution
imaging of auto fluorescent particles within drusen using structured illumination microscopy",
British Journal of Ophthalmology, vol. 97, no. 4, pp. 518-523, 2013.
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The mobility and spatial organization of membrane proteins are important factors in their
interaction capabilities and physiological roles. In the case of neurotransmitter receptors,
lateral diffusion and local trapping are essential in the regulation of their synaptic localization
and functionality. One of these receptors is the strychnine-sensitive glycine receptor (GlyR),
one of the main mediators of synaptic inhibition. Currently this research project is focusing on
homomeric GlyRs consisting of alpha3 subunits. This subunit, encoded by the GLRA3 gene,
exhibits two splice variants (GlyR alpha3 L and K) forming receptors with different clustering
and desensitization properties. Single particle techniques are now being used to gather more
information on nanoscale properties of these different receptors in the plasma membrane. This
includes studying the diffusion in living cells using single particle tracking (SPT) and
investigating the spatial distribution in the membrane of fixed cells using direct stochastic
optical reconstruction microscopy (dSTORM) [1]. GlyR trajectories measured by SPT are
analyzed for the detection of anomalous diffusion. Both confined and directed motion are
revealed in the receptor populations, offering new perspectives on the regulation of GlyR
alpha3 membrane trafficking [2]. The super-resolution images generated by dSTORM are
analyzed using pair-correlation analysis [3]. Hereby complementary quantitative information is
retrieved concerning the clustering properties of the GlyRs.
[1] K. Notelaers, N. Smisdom, S. Rocha, D. Janssen, J.C. Meier, J.M. Rigo, J. Hofkens, M. Ameloot,
Ensemble and single particle fluorimetric techniques in concerted action to study the diffusion
and aggregation of the glycine receptor alpha3 isoforms in the cell plasma membrane,
Biochimica et biophysica acta, 1818 (2012) 3131-3140.
[2] K. Notelaers, S. Rocha, R. Paesen, N. Smisdom, B. De Clercq, J.C. Meier, J.-M. Rigo, J.
Hofkens, M. Ameloot, Analysis of α3 GlyR single particle tracking in the cell membrane,
Biochimica et Biophysica Acta (BBA) - Molecular Cell Research, 1843 (2014) 544-553.
[3] K. Notelaers, S. Rocha, R. Paesen, N. Swinnen, J. Vangindertael, J. Meier, J.-M. Rigo, M.
Ameloot, J. Hofkens, Membrane distribution of the glycine receptor α3 studied by optical
super-resolution microscopy, Histochem. Cell. Biol., (2014) 1-12.



 
Fig. 1: Representation of the experimental approach used for studying homomeric alpha3 glycine receptors (GlyR) in
the plasma membrane of HEK 293 cells. Imaging is sub-divided in live-cell diffusion measurements and fixed-cell
aggregation measurements.
 

 
Fig. 2: Identification of anomalous diffusion sections in GlyR
alpha3 trajectories obtained by live-cell imaging. A.
Detection of confined motion (circle), based on
confinement probability level (Lc). B. Detection of directed
motion (arrow), based on directed motion probability level
(Ld).
 

 
Fig. 3: Co-expression aggregation study of the GlyR
alpha3K (A, C: red) and alpha3L (B, C: green) in fixed HEK
293 cells, showing micrographs and pair crosscorrelation
analysis. The splice variants exhibit co-clustering (C,
magenta inset). The crosscorrelation is fitted in order to
determine the co-cluster radius (ξ^c).
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ABSTRACT
Previous study showed that electroacupuncture (EA) increases the concentration and
reorganization of collagen molecules in rat tendon healing (ALMEIDA et al., 2012). However,
the analysis of the ultrastructure of collagen fibrils after acupuncture (AC) treatment is
unknown. Objectives: To assess the effect of AC protocols on ultrastructure of collagen fibrils
during tendon healing. Methods: The Wistar rats were divided into: not tenotomized (normal
group), tenotomized (teno group) as well as tenotomized and submitted to manual AC at
points Zusanli (ST36 group), Chengshan (BL57 group), Zusanli associated with Chengshan (SB
group) and electrical stimulation at points mentioned (EA group). The Mass-average diameter
(MAD) (EDWARDS et al., 2005; FLINT et al., 1984) and the reorganization of collagen fibrils
diameter were determined at days 7, 14 and 21 after tendon injury. Results: The MAD
increased at days 14 and 21 of the healing process in BL and SB groups. In the EA group, the
MAD initially increased and at day 21 it decreased. The reorganization of collagen fibrils
diameter in EA group at day 14 and SB group at day 21 was similar to the normal (N) group
according to Kolmogorov and Smirnov test for two samples. Thick fibrils were not found at EA
group in day 21. Conclusion: These results indicate that the use of EA up to day 14 and manual
AC at Zusanli and Chengshan points up to day 21, improves the ultrastructure of the tendon,
indicating the strengthening of the tendon structure. These data suggest a potential use of AC
in rehabilitation protocols. Future studies need to investigate the mechanisms activated by AC
during the tendon healing.
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Fig. 1: Electron micrographs of collagen fibrils at days 7, 14 and 21. Note the mixture of thick and thin fibrils in group
N. The diameter of collagen fibrils decreases in groups T and E-36. In groups BL57 and SB at days 14 and 21 there are
thick fibrils, as well as in the EA group at day 14. At day 21, thick fibrils are not seen in EA group. Bar: 500 nm.
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The introduction of second generation fuels, based on enzymatic cellulose breakdown, might
be one of the favorite prospects to encounter our ever growing need for new energy resources.
The abundant bio-availability and accessibility of cellulose in our biosphere explains the
extensive effort in today’s research to find applicable economic ways for the efficient
degradation of cellulose. While the process of enzymatic degradation is known almost for a
century the diverse structures of cellulose, its recalcitrant nature and the complex interplay of
different enzymes during synergistic degradation elucidate the efficiency problems still
present.
In recent years versatile in-situ studies using Atomic Force Microscopy (AFM) revealed strongly
varying degradation mechanisms on different cellulose phases (crystalline/amorphous). This
becomes highly relevant if they are side by side as found in nature. In order to emulate natural
circumstances but still being able to control phase-related composition and its according
dimensions, it is necessary to develop an artificial substrate which furthermore provides
nanoflat surfaces to allow high-resolution AFM imaging.
In this study we present two new types of substrates to study the degradation of cellulose
dynamically in liquid environments via high-resolution AFM. For the first approach, we
introduce preparation protocols, entirely based on highly crystalline AVICEL cellulose, to
fabricate a substrate with tunable content of amorphous and crystalline cellulose and a surface
roughness below 10 nm. We used Raman spectroscopy, X-ray diffraction (Figure 2), scanning
and transmission electron microscopy to demonstrate the tunable multiphasic nature of the
cellulose substrates further denoted as “mixed amorphous-crystalline cellulosic model
substrate” or shortly MACS.
Although well suited, there remains the issue of size control with respect to the crystalline
areas in MACS. Therefore, a second concept is introduced, based again on a mixture of
amorphous and nanocrystalline cellulose whiskers with typical dimensions of 300 nm to 30 nm.
The combination of both phases in a tunable manner results in a nanoflat substrate further
denoted as nanocomposite cellulose (TFNC).
Complementary in-situ AFM degradation studies with different enzyme types on MACS and
TFNC confirm the expected behavior regarding affinity and activity of different cellulases
(Figure 1) and demonstrate the close-to-nature character of both substrates. Hence, both
approaches allow conclusions regarding the degradation of natural cellulosic materials, thus
helping to understand the complex nature of the process.
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Fig. 1: Dynamic AFM measurements of enzymatic degradation of MACS cellulose using Trichoderma reesei cellulases.
Due to the different degradation resistivity, highly crystalline particles (top left corner) are much less affected than the
surrounding amorphous matrix.
 

 
Fig. 2: X-ray diffraction characterization of MACS substrates
revealing the tuneability of the crystal content indicated by
the evolution of the 101, 10-1, 021 and 002 related peaks
of cellulose Ia together with the amorphous peak.
 

 
Fig. 3: Dynamic AFM measurements of TFNC substrates
during enzymatic degradation revealing the excavation of
crystalline parts (a --> b) followed by their full
decomposition (b --> d).
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Correlative light and electron microscopy (CLEM) aims at combining the large field of view and
chemical specificity of fluorescence microscopy with the high resolution ultra-structural details
revealed by electron microscopy. CLEM can be extremely powerful in extending electron
microscopy analysis to rare events that are impossible to target based on EM morphology
alone. Furthermore, efficient workflow solution can speed up complicated experiments by
extended automation of different steps along the workflow.
Here, we present different ways of using fluorescence to efficiently target areas for 3D analysis
using AutoSlice&View. In the first experiment we started from an already resin embedded
tissue and imaged with both modalities. This was possible thanks to a protocol that has both
the fluorescence signal and contrasting agent in the embedded block. Due to purely
image-based correlation, it was straightforward to directly target a specific area identified by
the fluorescence signal without the use of fiducial markers of any kind. The second experiment
covers imaging from living cells in the light microscope, to resin embedded cells in the electron
microscope. Here we could identify a living cell with an endocytic event occurring through light
microscopy and follow that very structure all the way through the sample preparation until the
final high resolution 3D electron microscopy. In this second workflow we also introduced
automation of the sample preparation steps including measures for efficient relocation
procedures.
These experiments clearly highlight the strong potential of using correlative approaches to
target small sub-volumes in larger volumes for efficient AutoSlice&View acquisition of 3D
electron microscopy data. The use of a flexible software framework is needed to accommodate
different workflows, while automation of sample preparation steps will help to cut down the
complete experiment time tremendously.



 
Fig. 1: Images through the complete experiment: from living cells in the light microscope, to fixed embedded cells first
in the light microscope and then in the FIB/SEM. The yellow arrowhead indicates the cell of interest, which has been
tracked throughout the workflow
 

 
Fig. 2: Images through the complete experiment. From top to bottom images collected in the light microscope first and
in the FIB/SEM then. In the middle panel are displayed the overlays between the LM and EM images used to correlate.
The yellow arrowhead point at the cell followed throughout the workflow
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Expansions of DNA repeats are responsible for many human hereditary disorders. The fragile X
syndrome (FXS), a neuro-developmental disorder, is the most prominent cause of heritable
mental retardation. In the last years it became evident that unusual structural features of the
chromatin and the nuclear dynamics in these expandable repeats causes instability of the
gene region and lead to their further expansion. In this study the quantification of the repeat
expansion and the resulting nanostructural changes were examined by a novel
interdisciplinary approach that is based on combinatorial oligonucleotide fluorescence in situ
hybridization (COMBO-FISH) and spectrally assigned localization microscopy. For this,
fluorescence labelled oligo-nucleotides were used to label the repeats uniquely as well as the
FMR1 gene regionin 3D intact cell nuclei. The localization of the hybridized and labelled
oligo-positions with nanometer precision was performed using Spectral Precision
Distance/Position Determination Microscopy (SPDM) in the ‘blinking’ mode. The correlation of
the obtained data on the single cell level with standard human genetic diagnostic methods
with bulk DNA may contribute to understand the impact of chromatin nano-architecture on
repeat instability and expansion. Furthermore, a new diagnostic approach based on optical
sequencing is envisaged to count repeats in cell nuclei especially in cases of premutated
alleles that are very unstable with a strong tendency to expand to the full mutation upon
transmission to the next generation.
C. Cremer et al. (2011)Superresolution Imaging of Biological Nanostructures by Spectral
Precision Distance Microscopy (SPDM), Biotechnology Journal 6: 1037 – 1051
Figure legend
Left: Dual colour COMBO-FISH experiment on human fibroblast cells. (1) conventional
wide-field fluorescence image of the fragile X gene region labelled with Alexa488 and
Alexa568. (2) SPDM image λex: 488nm. (4) SPDM image λex: 568nm. (3) Overlay of (2) + (4).
Right: (A) Reconstruction of the SPDM data, the intensity values of the individual signals are
proportional to the number of adjacent signals. (B) The positions of the signals are shown in
green and the determined area of the clusters in red. (C) Visualization of the detected
structure
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Fig. 1: see Text
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Some lipids are particularly sensitive to oxidation, such as unsaturated ones. The presence of
oxidized lipids in cellular membranes or simplified membrane models promotes important
changes in the lipid packing or in phase separation processes. Here, we study by Atomic Force
Microscopy (AFM) the behavior of oxidized lipids in Langmuir-Blodgett (LB) films. LB films were
transferred on hydrophilic mica surfaces, polar head groups of lipids being separated from
mica by a thin water layer of 1 nm thick. We used two strategies : either following the
evolution of LB films of an unsaturated phospholipid (palmitoyl-oleoyl-phosphatidylcholine,
POPC) naturally ageing in contact of atmospheric oxygen, or incorporating a known amount of
a defined oxidized derivative of POPC in POPC monolayers before their LB transfer (“mixed”
monolayers and LB films). Two oxidized lipids were studied, PoxnoPC and PazePC, both
characterized by a shortened oxidized chain ending with a polar group (aldehyde or carboxylic
acid group, respectively).
First, homogenous AFM images of freshly prepared LB films of POPC confirm that this lipid is a
homogenous liquid expanded phase. On the contrary, AFM images of naturally ageing POPC LB
films show the appearance of small circular domains after 2 days of exposure to air. These
domains (not observed if the samples are kept under vacuum) are characterized by a higher
thickness (+0.8 nm) as compared to the intact POPC areas, likely due to a reversal of the more
polar oxidized chain to be in contact with the water layer between the film and the mica
surface.
In the case of mixed monolayers, surface pressure measurements show different results
according to the polarity of the oxidized shorter chain. PazePC/POPC monolayers behave
ideally (additivity of mean molecular areas taking into account the ratio of both molecules into
the monolayer), whereas PoxnoPC induces an expansion of mixed monolayers. In all cases,
AFM images are on the whole homogenous. However, they also show the presence of some
higher circular spots (2-8 nm higher than the surrounding phase) in PazePC/POPC LB films
suggesting the formation of aggregates of PazePC, ejected during the monolayer compression.
Finally, these results suggest a different behavior of oxidized lipids using the two strategies
previously described. In particular, they support the hypothesis of a natural oxidation occurring
in areas of POPC LB films presenting likely a looser packing or a defect.
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At present the multiple immunolabeling is limited by the number of suitable labels, which is
possible to distinguish in the electron microscope. The most often ccolloidal gold nanoparticles
(AuNPs) conjugated with an antibody localize a bond between the molecule of interest
(antigen) and the antibody within the cell ultrastructure. For simultaneous labeling of more
antigens AuNPs with different diameters are used. However they must be small enough to
ensure good labeling efficiency together with good visualization of particles in cell structures,
typically in the range 6 – 15 nm. Therefore the detection of more than two molecules is difficult
because of a narrow diameter range. Recently several approaches of immunodetection of
more than three proteins by the electron microscope were used, such as using nanoparticles of
different shapes [1] or composition [2].
This abstract proposes method that doubles number of localized proteins compared to
commonly used methods. Maximum number of simultaneously detected antigens using
nanoparticles of various shapes in TEM is now 5 [3]. This method increases this number up to
ten. Moreover, it allows using two antibodies conjugated with AuNPs of the same diameter as
well as two different primary antibodies produced in the same animal. Since the diameter of
NPs influences the labeling density, the possibility of using NPs with the same diameter allows
simultaneous comparison of two antigen concentrations in the studied specimen area. In
contrary to current methods of immunolocalisation, high resolution scanning electron
microscope (HRSEM) working in BSE and transmission mode is used for the evaluation of
immunolabeling results.
The general concept is to label both sides of the ultrathin section with different antibodies
conjugated to same electron-dense nanoparticles and to distinguish on which side the label is
by advanced imaging method. The scheme in Figure 1 illustrates the principle of the method
involving sequential recording of two images at different energies (E1 around 1 keV, E2 in the
range 15-30kV) and by means of different detectors (BSE for E1, STEM for E2). Markers on the
top side of the ultrathin section are visualized in image I1, markers on both sides in image I2.
Labels on the bottom side in the image I3 is result of the subtraction of I1and I2 images. Final
image is then correlation of the I1, original I2 and I3 images and localizes both types of
molecules within the ultrastructure.
References:
[1] M Slouf et al, Colloids and Surfaces B-Biointerfaces, 2012, 100, p.205-208
[2] J Nebesarova et al, EMC 2012 Conference Proceedings (2012) Manchester, LS 2.3
[3] VV Philimonenko et al, Histochem Cell Biol 2014, Jan 22 (Epub ahead of print)
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Fig. 1: Ultrathin section is labeled for double immuno-detection at both sides. The diagram shows the sequential
acquisition of images 1 and 2 at different energies using different detectors and their following processing.
 

 
Fig. 2: Figure 2. Images of the ultrathin section of salivary glands (Ixodes ricinus) labelled at the upper side against BSA
and at the bottom side against hemoglobin (10nm AuNPs). A. BSE image shows top side particles; B. STEM image
visualizes particles on both sides C. Final processed image showing particles on the top side (red) and bottom (yellow)
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BACKGROUND. In our recent paper we have reported that, upon excitation with UV,
DNA-binding dyes Hoechst 33258 and DAPI undergo photoconversion [1]. Although a typical
loss of fluorescence (photobleaching) is observed, apparently a fraction of the population of
the blue-emitting form of the dye do not lose the ability to fluoresce but is are converted into a
blue-excited, green-emitting form. Mass spectrometry data suggest that the observed spectral
changes are associated with UV-induced protonation of the Hoechst molecule [2].
Goal. The purpose of this work is to shed more light on the photophysics of the process of
UV-activated conversion of the DNA-binding dyes and to apply those dyes in super-resolution
microscopy.
Methods. Spectrofluorimetry, mass spectrometry, spectrally-resolved confocal microscopy,
SPDM
RESULTS and CONCLUSION. We demonstrate that the UV-generated form of Hoechst 33258
presents different spectral characteristics, with its absorption and emission spectrum shifted
towards longer wavelengths. The photoproduct is stable in time, UV-dose dependent and the
process of photoconversion does not require the presence of the DNA. Moreover, Hoechst
33258 exhibits the same spectral properties as the forms of Hoechst that can be obtained by
subjecting the dye to a highly acidic environment (pH 0.5-3.0). By using mass spectrometry
and spectrofluorimetry we demonstrate that exposing Hoechst to UV leads to generation of
three protonated forms of the dye. The spectral properties and affinity to nucleic acids of these
protonated forms differ from the original blue-emitting form. Our recent findings suggest that
Hoechst may be used as a DNA probe in super-resolution microscopy (Szczurek et al.,
submitted). The key to a successful exploitation of the phenomenon of photoconversion is
understanding of the photophysics of this process.
Reference
[1] Zurek-Biesiada D, Kędracka-Krok S, Dobrucki JW. UV-activated conversion of Hoechst
33258, DAPI, and Vybrant DyeCycle fluorescent dyes into blue-excited, green-emitting
protonated forms. Cytometry A 83(5):441-51 (2013).
[2] Żurek-Biesiada D, Waligórski P, Dobrucki J. Mass spectrometry and fluorimetry analysis of
blue-excited green-emitting protonated forms of Hoechst 33258 generated by UV illumination
(in preparation).
[3] Szczurek A, Prakash K; Lee HK, Żurek-Biesiada D; Best G, Hagmann M, Dobrucki J, Cremer
C, Birk U. Single molecule localisation microscopy of the distribution of chromatin using
Hoechst and DAPI fluorescent probes (manuscript submitted).



Type of presentation: Poster
 

LS-3-P-3243 Structural analysis of inhibitor-bound Arp2/3 Complexes
 

Chemeris A.1, Ydenberg C.2, David V.3, Gautreau A.3, Goode B.2, Sokolova O.1
 
1Lomonosov Moscow State University, Moscow, Russia, 2Brandeis University, Boston, MA, 3CNRS
UPR3082, Gif-sur-Yvette, France
 

Email of the presenting author: Angelina1707@mail.ru
 
Dynamic reorganization of actin cytoskeleton networks is vital to the proper formation of organ
systems during embryogenesis, and to such processes as wound healing, neuronal activity,
and inflammatory responses. These dynamic rearrangements of actin filamentous networks
are controlled by the activities of numerous actin-binding proteins (ABPs). One of the important
ABP, Arp2/3 complex directly binds to the side of existing actin filament to nucleate formation
of a daughter filament. This ‘branched nucleation’ activity of the Arp2/3 complex is essential
for cell motility, endocyosis, and intracellular transport of specific organelles and vesicles in
virtually all eukaryotic cell types. On the other hand, it is unclear how the densely branched
networks of filaments are subsequently ‘pruned’ or debranched during phases of rapid actin
network turnover, which is equally essential in vivo. Further, still not well understood is what
conformational changes in Arp2/3 complex are associated with inactivation state.
Here we use single particle EM to determine the 3D structures of Arp2/3 complex bound to two
different inhibitors: Gmf1 and Arpin. Arp2/3 complex bound to each of these ligands was
isolated by affinity chromatography, applied to EM grids negative stained, and analyzed on a
JEOL 2100 electron microscope at 200 kV. Projections of Arp2/3 complexes were captured by
CCD camera (Gatan) at 8 Mpix resolution and 3D reconstructions were generated using
random Conical Tilt method implemented in EMAN2.1, with subsequent refinement in
IMAGIC-4D.
Our results show that GMF-bound Arp2/3 complex exists in two inactive conformations,
suggestive of two separate Gmf binding sites on the complex (Fig. 1), as was proposed earlier
(1). 90% of Arp2/3 complexes bound to Arpin adopted an inactive conformation (Fig. 2). The
binding site for Arpin is overlapping with the binding site for VCA domains (3), suggesting a
mechanism for Arpin inhibition of Arp2/3 complex (Fig. 3). Additionally, we have demonstrated
that different cellular factors, working in concert, like Crn1 and Gmf1, have an increasing
inhibitory effect, implicated in more Arp2/3 complexes in inactive conformation (Fig. 2B). Thus
our results provided an improved level of mechanistic understanding of Arp2/3 complex
regulation by determining the conformations (Fig. 4) of an inactive complex.
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Fig. 1: Reconstruction of the Gmf1-bound Arp2/3. (A)
Class-sum images of the active Arp2/3 with Gmf1-GFP. (B)
Schematic of the possible binding sites of Gmf1. (C)
Imposed open states for Gmf-bound I and II. (D),(E)-3D
reconstructions of Gmf-bound I and II Arp2/3 states with a
docked crystal structure of the Arp2/3.
 

 
Fig. 2: (A) Analysis of relative frequencies of Arp2/3
complex conformations with and without Arpin. (B)
Cooperate inhibition of theArp2/3 complex by Gmf1 and
Crn1.
 

 
Fig. 3: Arp2/3 complex bound to Arpin. (A) Single-particle
EM class-sum images of the Arp2/3 complex with Arpin in
the open conformation. (B) Schematic, demonstrating the
possible binding site of Arpin (open circle), based on
positions of Arpin blobs (filled circles).
 

 
Fig. 4: Conformation changes in the Arp2/3 complex. (A)
Three basic conformations of the Arp2/3 complex. (B)
Inactive conformations of theArp2/3. Arrows show the
conformational changes upon (A) activation and (B)
inactivation.
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Cilia/flagella are cell organelles conserved among eukaryotes and generate fluid flow. The
bending motion of flagella is driven by axonemal dyneins and requires concerted activity of
several hundreds of flagellar proteins.
To elucidate the mechanisms of dynein motor regulations in cilia/flagella, we have developed a
new method to label specific proteins using biotin-streptavidin system. This labeling technique
attaches the BCCP (Biotin Carboxyl Carrier Protein) tag to the target protein, which are
subsequently enhanced by adding streptavidin and biotinylated cytochrome c. The 3D
structure of labeled-flagellar were visualized by combining with cryo-electron tomography and
sub-tomographic averaging. This enables us to locate flagellar proteins in 3D structure.
Using this system, we identified nonspecific intermolecular collision between central pair and
radial spoke as one of the regulatory mechanisms for flagellar motility. By combining
cryo-electron tomography and motility analyses of Chlamydomonas reinhardtii flagella, we
show that binding of streptavidin to radial spoke head paralyzed flagella. Moreover, the
motility defect in a central pair projection mutant could be rescued by the addition of
exogenous protein tags on radial spoke heads. Genetic experiments demonstrated that outer
dynein arms are the major downstream effectors of central pair- and radial spoke-mediated
regulation of flagellar motility. These results suggest that mechano-signaling between central
pair and radial spoke regulates dynein activity in eukaryotic flagella.
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Recently numerous high-resolution structures were obtained for macromolecular complexes by
single particle cryo-EM techniques. The importance of the development of new generation
pixel detectors and the possibility to correct for motion by the alignment of image frames has
been particularly stressed and is considered to be one of the main important recent hardware
developments. These detectors are also used within the context of modern high-end
microscopes, and in parallel, considerably improved computational image processing tools
were developed over the years. It is thus difficult to determine the exact contribution of the
new detectors to the latest success in high-resolution cryo-EM. We wanted to understand the
influence of the detector and other hardware components in more detail and systematically
recorded large image datasets of a biochemically well-defined macromolecular complex (70S
ribosome-EF-Tu-kirromycin complex) varying only one imaging parameter at the time. We
studied data recorded on CCD and the Falcon pixel detector (DDD) using either a normal FEI
Schottky field emitter (SFEG) or the high-brightness gun (XFEG) in a Cs corrected Titan Krios.
Using the DDD/XFEG setup, we obtained the structure of the ribosome at 3.1 Å resolution
which is identical to the resolution obtained by X-ray crystallography for the same complex
from a different organism. Surprisingly, using images recorded on CCD camera still results in a
3.9 Å reconstruction which shows the possibility of high-resolution structure determination on
CCD cameras. A more detailed analysis revealed however, that a ~3 times higher image
statistics is required for CCD images to obtain the same resolution as for DDD images.
One conclusion from this analysis is that most structural studies are not necessarily limited by
the detector but by the lack of biochemical control during purification and handling of the
macromolecular complex. Macromolecules may easily become damaged during the
purification procedure and further destabilized being in a non-optimum buffer environment.
We have therefore developed a screening method to find maximum stabilization conditions by
systematically screening the chemical space. Having analyzed >80 different macromolecular
complexes, we found a very broad pH distribution in buffers that were most stabilizing. This is
in severe conflict with an EMDB database analysis where the current entries reveal a narrow
pH distribution around pH 7.5. The correct pH is one of the most important factors for
stabilization of macromolecules and we speculate that screening optimum buffer conditions
will provide a substantial boost in the functional understanding and structure determination of
macromolecular complexes.
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Vitreously frozen specimens for cryo-TEM retain a near-native state, free of artifacts due to
chemical fixation or stains that limit resolution, but their low-Z composition yields weak
amplitude contrast. Imaging by phase contrast, at low electron dose, is required. Thus, SNR
maximization is important; it is improved by zero-loss energy filtering [1] and noise-free
“counting” imaging detectors [2], which, along with use of an FEG and 300 kV, bring us closer
to “all that physics will allow”. However, the oscillating CTF of traditional defocus
phase-contrast imaging remains a spatial-frequency-dependent hindrance to good SNR. 
Recording “in-focus” images with a phase plate can be the next step in optimizing imaging [3].
Phase plates increase the SNR--especially at lower spatial frequencies--for cryo-electron
tomography as well as for particle-picking and alignment of sub-100 kDa molecules in
single-particle cryo-EM. They have been used to reveal structures in 3D not seen before [4].
While there are many types are in use, under development or proposed [review: 5], a typical
phase plate creates a phase shift between the unscattered beam and electrons scattered by
the specimen. The most-common type uses a thin film to shift the phase [3,6]. While scattering
in the film slightly reduces contrast and may degrade the envelope function at the highest
spatial frequencies, this type is easy to make and operate, and is the only one in routine use.
In principle, phase plates without films should be preferred. Those using a voltage applied to
an electrode in or near the path of the unscattered beam [e.g. 7,8] have adjustable phase shift
(either positive or negative), which can be optimized for accelerating voltage and intrinsic
phase shift. Phase shift can also be created by a magnetic field [9] or by a laser [10]. Also,
blocking half of the back-focal-plane diffraction pattern over a range of low spatial frequencies
boosts phase contrast over that range [11].
We will discuss applications and operating considerations of various types of phase plate, and
present our recent work on construction and use of Zernike phase plates [12].
[1] R. Grimm et al., J. Microsc. 183(1996)60-68.
[2] X. Li et al, Nat. Meth. 10(2013)584-590.
[3] R. Danev et al., Ultramicroscopy 109(2009)312-325.
[4] R. Rochat et al., J. Virol. 85(2011)1871-1874.
[5] R. Glaeser, Rev. Sci. Instr. 84(2013)11101
[6] M. Malac et al., Ultramicroscopy 118(2012)77-89.
[7] R. Cambie et al., Ultramicroscopy 107(2007) 329-339.
[8] S. Hettler et al., Microsc. Microanal. 18(2012)1010-1015.
[9] C. Edgecomb et al., Ultramicroscopy 120(2012)78-85.
[10] H. Müller et al., New J. Phys. 12 (2010)073011.
[11] B. Buijisse et al., Ultramicroscopy 111(2011)1696-1705.
[12] M. Marko et al., J. Struct. Biol. 184(2013)237-244.
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Fig. 1: 1.  Examples of film-type phase plates in the objective-lens back focal plane (not to scale).  A. Zernike;
unscattered electrons go through central hole, others shifted by π/2 [3,12].  B. Hilbert; half of diffraction plane shifted
by π [3].  Hole-free; unscattered electrons phase-shifted by induced, charged-up spot [6]. 
 

 
Fig. 2: 2.  Some film-free phase-plate types (in back focal plane; not to scale).  A. Central electrode or ring-magnet
shifts phase of unscattered beam [5,7,9].  B. Coaxial cable: inner-conductor potential forms electrostatic field at
unscattered beam [8].  C. Single-sideband blocking of low frequencies gives uniform transfer at 0.5 over that range
[11].
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Drug-induced conformational changes of macromolecular complexes provide indispensable
insight into the function of cellular nanomachines and aid, among other things, to rationally
design drugs targeting them. Unfortunately, only a few techniques exist, that allow
observation of those changes in close-to-native environment.
Cryo-electron tomography (CET) is emerging technique that allows determining
three-dimensional structure of macromolecular complexes in quasi-native environment by
studying frozen-hydrated samples. However, despite providing tremendous insights into
structure and organization of cellular organelles, flagella, microtubules and other large and/or
symmetric objects, its ability to observe smaller asymmetric macromolecular complexes in
resolution sufficient to reveal drug-induced conformational states has been disputed so far.
We present a high-resolution cryo-electron tomography pipeline (HRCET), which builds on open
software (IMOD and PyTom) and combines state-of-the-art computational and imaging
techniques like cryo-electron tomography (CET) with direct electron detector (DED),
sub-volume averaging (SVA), robust contrast transfer function (CTF) correction, template-bias
prevention or X-ray fitting to allow for unambiguous detection of moderate-sized
conformational changes on even asymmetric molecular nanomachines.
Using the proposed pipeline, we detect antibiotic-induced change of 70S E. Coli ribosome. We
show that drug-stabilized, drug-free and partially-assembled states can be computationally
separated with sufficient resolution to allow for docking of high-resolution X-ray structures,
facilitating biological interpretation of the observed changes. We also show that a
semi-quantitative estimation of the drug affinity is possible using our technique.
The presented pipeline for high-resolution cryo-electron tomography (HRCET) represents
another step towards user-friendly, highly reproducible workflow necessary for widespread
application of cryo-electron tomography, ultimately allowing HRCET to become a reliable tool
for answering some of the key questions that arise in practical drug design process.
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Fig. 1: Workflow for high-resolution cryo-electron
tomography.Tilt series are collected using Titan KRIOS with
Falcon I DED. IMOD (http://bio3d.colorado.edu/imod/)
package combined with our own code is used to align and
reconstruct the tomograms. Using PyTom
(http://pytom.org/), particles are localized and averaged to
arrive at final structures.
 

 
Fig. 2: Analysis of the found conformational states of 70S
ribosome.A) 70S ribosome with EF-G. B) 70S only. Density
relative to EF-G is overlapped as a green mesh. C) Density
corresponding to the EF-G alone. D) Map of the 50S only,
which was also identified in the datasets. Atomic ribbons
are fitted X-ray structures (2WRI, 2WRJ).
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Antibodies were prepared by immunizing mice with empty, immature particles of human
enterovirus 71 (EV71). EV71 is a picornavirus that causes hand, foot, and mouth disease. In
infants and small children the infection may proceed to encephalitis that can be fatal or result
in permanent brain damage. The capsid structure of EV71 empty particles is different from
that of the mature virus and is similar to “A” particles encountered when picornaviruses
recognize a potential host cell prior to genome release. The "A" particles are expanded relative
to the stable form of the virions and are prone to release their genomes. The monoclonal
antibody E18, generated by this immunization, induced a conformational change when
incubated with mature virus, transforming infectious virions into A particles. Thus, binding of
E18 to the virus might correspond to receptor interaction. The resultant loss of genome that
was observed by cryo electron microscopy and a verified by flouresecent Sybr-GREEN dye
assay. The release of the genome inactivated the virus. As the mechanism for virus
inactivation has now been established the E18 has the potential to be developed for anti-EV71
therapy. Antibodies recognizing epitopes similar to that of EV71 could be prepared in mice.
The antibody-mediated virus neutralization by the induction of genome release has not been
previously demonstrated. Furthermore, the present results indicate that antibodies with
genome-release activity could also be produced by immunization with immature particles for
other picornaviruses.
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Introduction: Cryo-electron tomography (cryo-ET) give us nanometer resolution structure of
biological samples. Samples which observed by cryo-ET are fixed at liquid nitrogen
temperature so it can keep biological condition structures. This technique have developed
dramatically during last decade. In our research we have tried to unveil the intracellular
structure of filopodia with this technique. Filopodia are very important structure for cells. They
have very thin and finger-like (needle-like) structure and have an important role like antennae
for cells. This structure associate with a lot of cell processes such as cell migration, neurite
outgrowth and so on. However mechanisms of filopodia are still unknown. Therefore we would
like to reveal the formation mechanisms of filopodia with cryo-ET.
Methods: We use NG108-15 (neuroblastoma/glioma) as a model nerve cell. These cells are
cultured on the QUANTIFOIL (Au 0.6/1) directly and manually plunge frozen by second cryogen
such as liquid ethane. In this method the samples are rapidly frozen, so it is able to avoid the
artifact from any chemical fixations. Hence we can reveal the detail 3D structure of biological
condition samples with transmission electron microscope. We use Tecnai G2 Polara, FEI
Company operated at 200kV with the GIF 10eV energy filter.
However hydrated biological samples are very week for electron beam, and so we have to
minimize radiation of electron beam and EM images must be with low dose system.Thus it
cause low signal-to-noise ratio (S/N ratio) of image, so we need to process the acquired images
with computers.
Results: We succeeded to observe the ultrastructure of filopodia. In filopodia, actin filaments
are bundled by fascin in 36 nm period and this is equal to the half pitch of actin filaments.
Moreover we using helical averaging technique to intracellular acin filaments and get atomic
resolution actin filament model, and the bundling region of actin filament by fascin are
observed. However we could not observe any motor proteins such as myosin because of crowd
environment in the cell.
Conclusion: At the first, we are going to reveal the actin bundling mechanisms by fasin. Next,
we would like to unveil the mechanisms of motor protein like myosin. It is very important to
understand the mechanisms of formation of filopodia. It will give us new insight to the
mechanisms of intracellular transportation.



 
Fig. 1: (Upper Left) XY-plane, (Upper Right) YZ-plane, Segmented image of the reconstructed volume of filolpodia.
 

 
Fig. 2: (Left) Interaction region beteen actin filaments and fascin of the reconstructed image. (Right) Helical averaged
image of an actin filament.
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σ70 subunit is a part of Escherichia coli RNA polymerase holoenzyme and plays a key role in
transcription initiation. Using atomic force microscopy (AFM) imaging in different conditions
(both in air and in liquid), we have found that this protein forms amyloid fibrils under a wide
range of cationic concentrations including physiological ones. These fibrils have straight
cylindrical shape based on a helical structure with diameter 5.4 nm and length from several
tens nanometers up to several microns (figure 1). By the utilization of ultrafilters, which either
allowed only σ70 monomers passing through or, oppositely, retaining them, we have proved
that σ70 subunit aggregation is a spontaneous process and does not require any additional
catalyst. To understand the mechanism of aggregation we have studied three mutant variants
of σ70 subunit devoid the whole 1.1 region (N-terminus) or its part. All studied mutant proteins
showed either the same or better ability to aggregate compared to the wild type of σ70 subunit.
The obtained data allowed us proposing a model of σ70 subunit aggregation, which is based on
the domain swapping mechanism accompanied by partial rearrangement of protein structure
with subsequent intermolecular β-sheets formation due to the exposure of amyloidogenic
regions. σ70 subunit of Escherichia coli RNA polymerase may serve as a good model object for
studying amyloid fibril formation and searching factors influencing this process. Directed fibril
formation can be also utilized in molecular architecture and other nanobiotechnology
applications.
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Fig. 1: AFM height image of a σ70 linear aggregate.
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DNA is one of the most important molecules for utilization in biological nanotechnologies, since
it has unique recognition capabilities, high mechanical rigidity, physicochemical stability and
possibility for repeated denaturation-hybridization cycles. Directed DNA immobilization on solid
substrate through a "bottom-up" approach is one of the challenging tasks for
bionanotechnology. In this work, peculiarities of DNA adsorption on modified highly oriented
pyrolytic graphite (HOPG) were studied using atomic force microscopy (AFM). Three alkane
derivatives with the same chain length (C18) but different functional groups (-COOH, -OH and
-NH2) were used for HOPG modification: stearic acid (CH3(CH2)16COOH), stearylamine
(CH3(CH2)16CH2NH2, octadecylamine) and stearyl alcohol (CH3(CH2)16CH2OH). All three modifiers
form regular nanopatterns on its surface due to particular orientation of carbon chains along
the crystallographic axes of graphite. We have shown that these molecular nanopatterns
allowed immobilization of DNA in extended form. Moreover, DNA molecules self-organize on
octadecylamine and stearyl alcohol nanopatterns along three directions, reflecting
crystallographic axes of HOPG. The influence of the type of functional group in the nanopattern
and its concentration on the shape of adsorbed DNA molecules was studied and analyzed
using statistical analysis of fluctuations of the contours of biopolymers. Conformation of
adsorbed DNA molecules were defined using the analysis of the scaling exponent ν, which
relates mean squared end-to-end distance and contour length of the polymer. The persistence
length of DNA adsorbed on molecular nanotemplates was determined from AFM images and
compared to that of native DNA.
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Fig. 1: AFM height image of λ-DNA molecules adsorbed on octadecylamine nanopattern on highly oriented pyrolytic
graphite.
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The methods of X-ray crystallography and NMR spectroscopy can provide detailed information
on molecular structure and dynamics. At the cellular level, optical microscopy reveals the
spatial distribution and dynamics of molecules tagged with fluorophores. Electron microscopy
(EM) overlaps with these approaches, covering a broad range from atomic to cellular
structures. In this field single-particle electron cryo-microscopy (cryo-EM) is used to resolve the
three-dimensional structure of large macromolecular complexes. The specimen to be analyzed
is prepared by rapid cooling of a thin layer of an aqueous solution of macromolecules on an EM
grid, a thin amorphous layer of ice is formed, in which objects are visible without any staining
agent. Because of recent progress in the EM and image processing methods, cryo-EM has
become a major tool for structural biology in the molecular to cellular size range.
We decided to use single particle cryo-EM to investigate the structural interactions in the
archaellum. Both bacteria and archaea use their flagellum to swim towards favorable
conditions. The bacterial flagella assembly system is related to the type III secretion system,
however archaella (Jarrell & Albers, Trends Microbiol. 20, 307-12, 2012) contain proteins that
are homologous to type IV pilus components. It is therefore interesting to understand the
assembly mechanics of archaella and their evolutionary connection to the known surface
appendages, e.g., flagella and type IV pili in gram-negative bacteria. We are focusing on
understanding the archaella assembly via characterizing homologously and heterologously
expressed Fla genes and building an interaction map of the different Fla proteins.
Our first targets are interactions between three proteins involved in archaellum assembly and
rotation: FlaX, a 28-kDa monotopic membrane protein, essential for crenarchaeal archaella
assembly, that shares a distant similarity with methyl accepting chemotaxis proteins; FlaH, a
predicted soluble ATP-binding protein and FlaI, an ATPase that hexamerizes upon binding ATP
(Reindl et al., Mol. Cell 49, 1–14, 2013). FlaX forms high molecular weight complexes. To study
the oligomeric state of FlaX directly, we performed cryo-EM and found that in vitro FlaX forms
rings of various sizes with a diameter of 26–38 nm (Banerjee et al., JBC 287, 43322–30, 2012).
Class averages display a rotational symmetry of 15–23, 18 and 19 being most common (Fig.
1). Biochemical experiments show that FlaX and FlaH interact. Preliminary results suggest that
FlaH binds to the inside of the FlaX ring (Fig. 2).
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Fig. 1: Fig. 1. The upper row shows class averages after multireference alignment in order of increasing size. The lower
row shows the same averages with rotational symmetry applied from 15 (left) to 23 (right). Adapted from Banerjee et
al., 2012. Fig. 2. Cryo-EM micrograph of FlaXH complex shows densities inside the FlaX ring. Scale bars: 25 nm.
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Single particle EM (SP) is emerging as an invaluable tool for the study of biological structures
and protein complexes in their native environment from nanometer to sub-nanometer
resolution. With the emerging new direct electron detection cameras SP is becoming the most
suitable technique to get three-dimensional models and conformational variability at
intermediate to high resolution of macromolecular complexes (> 150 kDa in size) when
crystals are not available or as a complementary technique to X-ray crystallography.
ATP synthases are ubiquitous rotary machines conserved in all three domains of life, which
convert a transmembrane electrochemical gradient into chemical energy by a rotary catalysis
mechanism. They consist of a soluble F1 or A1 part and a membrane-bound Fo or Ao part. X-ray
structures are known for many subunits and subcomplexes of the ATP synthases, but the
structure of the transmembrane domain is still not completely understood.
At the moment SP is the most suitable technique to get a three dimensional reconstruction of
this kind of asymmetric protein complexes. Progress has been made in determining structures
of the archaeal and mitochondrial ATP synthases, but there is still a lack of structural
knowledge about the small bacterial F1Fo ATP synthases and nothing is known about the
variability of the ring stoichiometry in the Ao of A-type ATP synthases.
This work focuses on two stable ATP-synthases from two thermophiles, the bacterium Aquifex
aeolicus (Peng G. et al., FEBS Letters 2006, 580, 25, 5934-5940) and the archaeon Pyrococcus
furiosus (Vonck J. et al., J Biol Chem 2009, 285, 84, 10110-10119). 2D image classes and 3D
reconstructions of negatively stained protein from Aquifex aeolicus show two different
conformations, one with a bent central stalk and an unusual round conformation of the F1 head,
the other with a triangular shape head. The involvement of the bent central stalk in blocking
the rotation of the rotary machine in hydrolysis is under investigation.
A cryo-model of the archaeal ATP-synthase at 13 Å (data collected on film negatives) suggests
a very small ring in the membrane side compared to other archaeal species, interesting
feature from a bioenergetic point of view for the ATP production of the anaerobic Pyrococcus
furiosus. Data collection with the FEI-Falcon-II direct electron detector is in progress and initial
results show that better maps can be obtained from a much lower number of particles than on
film. In addition, the consistency of the hypothesis of a very small ring (eight subunits) is being
further investigated calculating the Bayesian probability with which the raw particles fit four
ATP-synthase models owing different ring stoichiometries (Cossio P. & Hummer G., J Struct Biol
2013, 184, 3, 427-437).
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Fig. 1: Aquifex aeolicus F1Fo. a) Electron micrographs of A.
aeolicus F1Fo stained with uranyl acetate 1%; class averages
at the bottom right showing two different conformations;
scale bar:50nm. b) 3D reconstructions (UCSF-Chimera). c)
The same 3D reconstructions (UCSF-Chimera solid viewer)
show the different conformations of the head subunits.
 

 
Fig. 2: Pyrococcus furiosus A1Ao. a) Electron micrograph of
A1Ao embedded in vitreous ice; scale bar:50nm. b) Map of
the A1Ao complex with (right) and without (left) fitted
available atomic models. c) A slice through the Ao domain
with the c-ring crystal structure from E. hirae
superimposed; the crystal has a larger diameter than the
EM density.
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The phosphatidylinositol 4-kinases (PI4K) catalyze the production of phosphatidyl inositol
phosphates (PIPs) that regulate membrane associated signal transduction and protein
trafficking in eukaryotic cells [1]. The PI4Ks are also hijacked by several RNA viruses to
generate membranes enriched in phosphatidylinositide 4-phosphate lipids that are used as
viral replication platforms [2]. Two types of PI4K's have been identified in mammalian cells: the
type II kinases (α and β isoforms) that are stably associated with membranes and the type III
kinases (α and β isoforms) that are soluble and remain in cytosol [3]. While type III kinases
share homology to structurally well characterized PI3 kinases the structure of type II kinases is
unknown.
We expressed and purified a recombinant PI4K IIα kinase and discovered that it can assemble
into large multimeric complexes. Here, we present the initial structural analysis of these
complexes that were imaged by negative stain and cryo electron microscopy. Electron
micrographs showed heterogeneous particles of globular shape ranging from 110 to 310 Å in
diameter. The particles were separated into three groups based on their overall diameter,
aligned and classified in 2D using EMAN package. Most particles (~70%) appeared as small
compact spheres of ~110 Å diameter. About 17% particles had an oval shape with dimensions
~250 x 200 Å. Interestingly, about 13% of the particles formed large rings with ~310 Å outer
diameter, ~140 Å thickness and ~90 Å inner hole. While the small particles likely represent a
tight assembly of several PI4K IIα molecules (54 kDa), the two larger particles exhibit similar
architecture as some other membrane binding proteins – respectively, the intermediate
particles appear as compact assemblies of the human caveolin-3 protein [4] and the large
rings are not dissimilar to assembled ESCRT proteins at the necks of budding viruses from the
cell membrane [5]. 
[1] Greaham, T.R. and Burd, C.G. (2011) Trends Cell Biol. 21:113-121.
[2] Altan-Bonnet, N. and Balla, T. (2012) Trends Biochem. Sci. 37:293-302.
[3] Balla, A. and Balla, T. (2006) Trends Cell Biol. 16:351-361.
[4] Whiteley, G., Collins, R.F. and Kitmitto, A. (2012) J. Biol. Chem. 287:40302-16.
[5] Votteler, J. and Sundquist, W.I. (2013) Cell Host Microbe. 14:232-241.
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Fig. 1: Electron micrograph of negatively stained PI4K IIα shows heterogeneous complexes of assembled PI4K subunits
– besides small round particles (arrowheads) the micrograph also shows large complexes of disk-like appearance in
both top and side views (arrows).
 

 
Fig. 2: Class averages (first column) and representative particles of three major groups of PI4K IIα complexes: (1)
Round particles of ~110 Å diameter, (2) oval particles of ~250 x 200 Å diameter and (3) large disk-shaped particles
with ~310 Å diameter and ~90 Å inner hole.
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The TSC1-TSC2 complex plays an important role in the mechanistic target of rapamycin
(mTOR) signaling pathway that integrates signals from extracellular growth factors, nutrients,
energy deficit or inflammation and downstream controls cell metabolism and growth [1]. TSC1
is a ~130 kDa hydrophilic protein that shows no sequence homology to other known
vertebrate proteins and likely guides and stabilizes the proper assembly of the TSC1-TSC2
complex [2]. TSC2 is a ~200 kDa protein that contains a conserved 163 amino acid region
close to the C-terminus that is homologous to GTPase activating proteins (GAPs). The
TSC1-TSC2 complex possesses RHEB GAP activity [3], and conversion of active GTP-bound
RHEB into the inactive GDP-bound form by the complex downregulates the activity of mTOR
complex 1 (TORC1) [1]. Pathogenic mutations in either TSC1 or TSC2 genes lead to tuberous
sclerosis complex (TSC), an autosomal dominant disorder characterized by neurological
symptoms, skin and renal abnormalities [4]. Recently, it has been shown that TSC1 and TSC2
assemble into high molecular weight complexes (>1 MDa) [5, 6]. However, the molecular
architecture of this complex is unknown. We co-expressed epitope-tagged TSC1 and TSC2 in
HEK 293T cells and imaged the affinity purified TSC1-TSC2 complexes by negative stain
electron microscopy. Micrographs showed small rings of the complex that had a disk-like
appearance. Initial alignments and classification of ~1000 particles using EMAN [7] revealed
two kinds of rings: a smaller ring with ~90-Å diameter and 20-Å inner hole that seems to be
composed of 5 subunits (Figure 2a) and a larger ring-like structure (~120 Å diameter and ~30
Å inner hole) that may correspond to a hetero-octamer of four TSC1 and four TSC2 subunits,
according to the estimated average molecular mass of the complex. Ongoing data analysis
aims to identify the different subunits in the two respective complexes and provide the
structural basis for their function.

[1] Laplante M, Sabatini DM (2012) Cell, 149, 274–293.
[2] Sun, W., et al. (2013) Nat.Commun., 4, 2135.
[3] Maheshwar, M. M., et al. (1997) Hum.Mol.Genet., 6, 1991–1996.
[4] Gomez, M., et al. (2013) The tuberous sclerosis complex, Oxford University Press.
[5] Hoogeveen-Westerveld, M., et al. (2012) BMC Biochem., 13, 18.
[6] Menon S., et al. (2014) Cell 156, 771–785.
[7] Tang, G. et al. (2007) J. Struct. Biol., 157, 38-46.
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Fig. 1: Scheme of the mechanistic target of rapamycin
(mTOR) pathway. Growth factor signals and energy status
regulate the activity of the TSC1-TSC2 complex. The RHEB
GAP activity of the TSC1-TSC2 complex inhibits the activity
of mTOR complex 1 that controls cell metabolism and
growth.
 

 
Fig. 2: Epitope-tagged TSC1-TSC2 complexes were affinity
purified from HEK 293T cells (inset shows
Coomassie-stained SDS-PAGE gel of the purified complex).
Electron micrograph of negatively stained complexes
shows individual particles that appear as disk-like
structures with an overall diameter ~100 Å (arrows)
 

 
Fig. 3: Classification of TSC1-TSC2 particles revealed two kinds of ring-like structures. Class average of the larger ring
(top left) has ~120-Å diameter and ~30-Å hole, whereas the average of the smaller ring (bottom left) has ~90-Å
diameter with ~20-Å hole. Representative particles from each class are shown in the right columns.
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The introduction of direct electron detectors with higher detective quantum efficiency and fast
read-out marks the beginning of a new era in electron cryo-microscopy. Data can be collected
with a much higher signal-to-noise ratio than was possible before (Figure 1) and the effects of
beam-induced specimen motion can be corrected by subframe alignment. Near-atomic
resolution reconstructions can be obtained when all conditions are met: 1) pure and
homogeneous protein sample; 2) optimal ice thickness and sample concentration in the cryo
specimen; 3) optimal coma-free microscope alignment.
Using the FEI Falcon II direct electron detector in video mode on an FEI Polara electron
microscope, we have reconstructed a map of the 1.2 MDa F420-reducing hydrogenase (Frh) from
methanogenic archaea from a data set of 27,000 particles1 (Figure 2). Video frames were
aligned by a combination of image2 and particle3 alignment procedures to overcome the effects
of beam-induced motion. The reconstructed density map at 3.4 Å resolution showed a
significant improvement over a recent reconstruction from a much larger data set recorded on
film4. All secondary structure, densities for the cofactors (four FeS clusters, an FAD, a NiFe
cluster and two other ions, most likely Fe and Zn) as well as clear side chain densities for most
residues were clearly resolved (Figure 3) and allowed determination of an atomic model1
(Figure 4).
1 Allegretti, M., Mills, D. J., McMullan, G., Kühlbrandt, W. & Vonck, J. eLife 3, e01963, 2014.
2 Li, X., Mooney, P., Zheng, S., Booth, C. R., Braunfeld, M. B., Gubbens, S., Agard, D. A. &
Cheng, Y. Nature Methods 10, 584-590, 2013.
3 Bai, X.-c., Fernandez, I. S., McMullan, G. & Scheres, S. H. W. eLife 2, e00461, 2013.
4 Mills, D. J., Vitt, S., Strauss, M., Shima, S. & Vonck, J. eLife 2, e00218, 2013.
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Fig. 1: Part of a cryo-electron micrograph of the 1.2 MDa
Frh complex at 900 nm defocus. The image was collected
using an FEI Polara at 300 kV on the Falcon II direct
electron detector. The complexes are easily recognisable.
Scale bar: 25 nm.
 

 
Fig. 2: Reconstruction of the tetrahedral Frh complex at 3.4
Å resolution. Each of the twelve FrhABG heterotrimers is
shown in a different colour.
 

 
Fig. 3: A slice of the map density for one heterotrimer
without and with the fitted atomic model. Each of the three
subunits FrhA, FrhG and FrhB is shown in a different color
as in Figure 4.
 

 
Fig. 4: The hydrogenase Frh regenerates the reduced form
of F420, a coenzyme of several enzymes in the
methanogenesis cycle, using molecular hydrogen. Frh
consists of 3 subunits, FrhA (43 kDa), FrhG (26 kDa) and
FrhB (31 kDa) with several cofactors as shown. The
electron transfer chain is clearly visible in the atomic model
built in the EM density.
 



Type of presentation: Poster
 

LS-4-P-1746 Electron Microscopy Studies on the Pore-Forming Toxin
 

GANASH M. A.1
 
1king Abdulaziz university, Bology department, Kingdom of Saudi Arabia - Jeddah , P.O. Box :
80200, Zip Code : 21589
 

Email of the presenting author: mganash@hotmail.com
 
Electron microscopy is an important tool, which can provide essential low- and
medium-resolution information on the size and quaternary structure of membrane proteins
stabilized with detergent or in a lipid membrane. This abstract describes the results from the
electron microscopy studies on APEC ClyA protein.
Escherichiacoli cytolysin A also known as hemolysin E (ClyA, also known as hemolysin E, HlyE)
is a 34 kDa cytolytic α-helical pore-forming toxin. The crystal structure of soluble monomeric E.
coli K-12 ClyA was previously solved at high resolution and this showed that ClyA had a novel
structure that had not previously been seen in the data bank of proteins. Avian pathogenic E.
coli (APEC), strain JM4660ClyA is 75% sequence identical to E. coli K-12 ClyA and has many
significant similarities.
To investigate Avian pathogenic E. coli ClyA pore formation, purified Avian pathogenic E. coli
ClyA was incubated with detergent 1% ß-octylglucoside (ß-OG). The result shows the majority
of the pores were circular from the top view and bind together in complex but uniformly sized
clusters. The pores can be seen as spikes from the side view. The clusters may well be
spherical assemblies of pore, not unlike virus particles. Seen from above some appear to have
a central pore surrounded by 6 others. This may be consistent with 12- fold symmetry seen for
K12 ClyA pores in the crystal structure. Future work will focus on further experiments on
electron microscopy of the pores forming toxins to enable greater understanding of
mechanisms of pore formation.
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Cryo-electron microscopy (cryo-EM) and single-particle 3D reconstruction can produce
spectacular results with an appropriate sample, equipment, and hundreds of thousands of
particles. Available cryo-EM techniques have greater success with large molecular complexes
such as ribosomes, viruses, etc. But many biologically important proteins have a molecular
weight in the range of 10 to 100 kDa, which is not optimal for cryo-EM. Negative staining can
be used for structural analysis of 60 to 160 kDa proteins, when other options are limited. For
instance, many native, full-length immunoglobulins (class G in particular, IgG) are not
crystallized and therefore X-ray structure may not be obtained. There are no complete
structures for human IgG subclasses available. We applied a single-particle 3D reconstruction
approach to negatively stained samples of human IgG2 (hIgG2), and produced a 3D model with
resolution of 1.78 nm [1]. The model shows details known from X-ray data from isolated Fab
and Fc subunits [2]: Fab and Fc subunits; variable and constant parts; some individual
domains. The presence of these details validates our model. Since V- and C-parts of Fab have
separate densities, we estimated that structural “units” as small as 25 kDa may be
distinguished by this technique. The orientation of the subunits in space is crucial for IgG
effector functions. Based on orientation of Fab subunits within hIgG2 molecule we determined
that our hIgG2 sample was in fact an A/B isoform. For the first time, the existence of hIgG2
isoforms was confirmed by direct observation. Understanding of the 3D structure of hIgG is
essential for meaningful design of modern IgG-based therapeutics. Other examples of 3D
reconstruction for the 60-160 kDa proteins will be presented and discussed – in all cases 3D
structures obtained from negatively stained samples were validated by independent methods.
The resolution was from 1.2 to 2 nm by FSC=0.5 criterion. Negative staining increases the
signal-to-noise ratio and therefore makes alignment procedures in 3D reconstruction robust,
which facilitates better resolution. Based on our experience, a reasonable 3D model from
negatively stained protein samples may be obtained within a few weeks using ~10K particles,
non-cryo basic EM equipment, free software (EMAN), and cheap multi-core PC computer(s). We
will discuss limitations and advantages of this technique in detail.
References
1. Ryazantsev S, Tischenko V, Nguyen C, Abramov V, Zav'yalov V. (2013) Three-dimensional
structure of the human myeloma IgG2. PLoS One., Jun 7;8(6):e64076.
2. Kratzin HD, Palm W, Stangel M, Schmidt WE, Friedrich J, et al. (1989) The primary structure
of crystallizable monoclonal immunoglobulin IgG1 Kol II. Biol Chem 370: 263–272.
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Fig. 1: 3D reconstruction of negatively stained human IgG2 isoform A/B. (a) Model projections and corresponding
class-averages. (b) FSC plot indicating 1.78 nm resolution at FSC = 0.5. (c) hIgG2 3D model segmented and visualized
in Chimera. (d) Comparison of EM [1] and X-ray [2] (pictured in gray) Fab structures at 1.78 and 1 nm resolution
respectively.
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It is not possible to clearly visualize how chromatin condenses to heterochromatin in vivo.
However, in an in vitro system for the budding yeast Saccharomyces cerevisiae, the
requirements for pre-heterochromatin filament formation mirror those found in vivo (1). The
Sir2, Sir3 and Sir4 proteins mediate silencing at the telomeres and silent mating type loci in
yeast. The assembly of silent heterochromatin requires the deacetylation of histone amino
terminal tails by Sir2, followed by the association of Sir3 and Sir4 with the hypoacetylated
histone tails, and then the recruitment of more SIR complexes along the chromosome fiber to
form extended silent heterochromatin domains (2-4). Here we report that the nucleosomes
and the Sir2, Sir3 and Sir4 proteins, which are required for in vitro filament assembly, are also
components of these filaments, confirming that the filaments are SIR-nucleosome filaments.
We show the individual localization patterns of the Sir proteins on this SIR-nucleosome
filament. Furthermore, we show that the epigenetic metabolite, O-acetyl-ADP-ribose (AAR)
binds to not only Sir2 but Sir3 also. We also demonstrate that AAR plays a specific and
essential role in promoting the formation of this SIR-nucleosomes pre-heterochromatin
(Figure1).
References
1. Onishi, M., Liou, G.-G., Buchberger J. R., Walz, T. and Moazed, D. 2007. Role of the
conserved Sir3-BAH domain in nucleosome binding and silent chromatin assembly. Mol. Cell
28:1015-1028.
2. Hoppe, G. J., Tanny, J. C., Rudner, A. D., Gerber, S. A., Danaie, S., Gygi, S. P. and Moazed, D.
2002. Steps in assembly of silent chromatin in yeast: Sir3-independent binding of a Sir2/Sir4
complex to silencers and role for Sir2-dependent deacetylation. Mol. Cell. Biol. 22:4167-4180.
3. Luo, K., Vega-Palas, M. A. and Grunstein, M. 2002. Rap1–Sir4 binding independent of other
Sir, yKu, or histone interactions initiates the assembly of telomeric heterochromatin in yeast.
Genes & Dev. 16:1528-1539.
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silenced chromatin in Saccharomyces cerevisiae. Mol. Biol. Cell 13: 2207-2222.
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Fig. 1: Figure1. Modulation of SIR-Nucleosome filament formation by AAR. Electron micrograph showing the in vitro
assembly reaction containing Sir2/Sir4, Sir3, nucleosome and AAR (A);  an enzymatic defaced Sir2, Sir2H364Y/Sir4,
Sir3, nucleosomes and NAD (B) orSir2H364Y/Sir4, Sir3, nucleosomes and AAR (C), respectively. Bar represents 100 nm.
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Receptor tyrosine kinases (RTKs) signaling pathways are involved in many fundamental
cellular processes, such as apoptosis, chemotaxis, differentiation, migration, proliferation and
survival (1-5). Sprouty2 (Spry2) is known as an important regulator of RTK signaling pathways
(3-4). Therefore, the property of Spry2 is worth to be investigated more. In this study, we find
that Spry2 is able to self-assemble into oligomers with a high affinity KD value of approximate
16 nM, through the BIAcore surface plasmon resonance analysis. The three dimensional (3D)
structure of Spry2 looks like a donuts shaped with two lip-covers, solved by electron
microscopy (EM) single particle reconstruction approach (Figure 1). Furthermore, using energy
dispersive spectrum of EM and total reflection X-ray fluorescence (TXRF) methods to analyze
the elements carried by Spry2, it is demonstrated that Spry2 is a silicon and iron containing
protein. The silicon may contribute for the electroconductivity of Spry2. And the
electroconductivity of Spry2 exhibits concentration-dependent feature. This first report of
silicon and iron containing protein and its 3D structure may provide a hint to allow us to (1)
study the potential mechanism of switching electronic transfer on or off for controlling the
signal transduction and (2) develop a new type of conductor or even semiconductor using
biological or half-biological hybrid materials in the future.
References
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kinases in cancer. EMBO J 23: 2707-2712.
2. Haglund K, Di Fiore PP, Dilic I (2003) Distinct monoubiquitin signals in receptor endocytosis.
Trends Biochem Sci 28: 598-603.
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Acknowledgement: We thank SP Lee, SP Tsai, YC Chen, YY Chen & labmates of Liou lab for
technical help; Institute of Molecular Biology, Acad. Sinica(AS), Dr. Chung-Shi Yang at NHRI, Dr.
Wei-Hau Chang at AS, Dr. Yeu-Kuang Hwu at AS & NSRRC for providing FEI Tecnai G2, Hitachi
H7650, Jeol 1400 & Jeol 2100F EM, respectively, to be used. This work was supported by
grant MG-101-PP-08 & NSC-99-2311-B-400-002-MY3.



 
Fig. 1: Different views of representative 3D reconstitutional model of Spry2. The overall dimensions of donut-like part
have a thickness of approximately 4.2 nm, an internal diameter around 5.0 nm & external diameters around 13.4 and
10.0 nm, measured from two vertices or close points of lobs, respectively. The estimated resolution of density map is
25 Å.
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Hydrophobins are small proteins (<20kDa) naturally secreted by filamentous fungi as
monomers that spontaneously self-assemble into amphipathic films at hydrophobic:hydrophilic
interfaces. These films have the ability to reverse surface wettability, converting hydrophobic
surfaces to hydrophilic or vice versa and hydrophobin proteins are amongst the most highly
surface active proteins reported to date It has been shown that the protein films are
biocompatible and a resistant to degradation2.The combination of these unique properties of
these materials, suggests that these films have great potential for medical applications.
Different hydrophobin proteins self-assemble into layers with a range of surface morphologies
and physicochemical properties. We have investigated two hydrophobins from the fungus
Neurospora crassa, the proteins EAS and NC2. We have used atomic force microscopy and
electron tomography to show that EAS forms an amphipathic monolayer composed of a highly
uniform rodlet/fibril structure, and NC2 assembles into a three dimensional porous structure.
We have used AFM to monitor the stability of these films towards a range of chemical
conditions. By obtaining 3D information, we are able to better understand the physical
structure of the protein assemblies. This work shows that two homologous proteins from the
same fungus are able to form coatings with different structures and properties. This work will
underpin the molecular engineering of these proteins to produce protein coatings for
biotechnological purposes.
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Fig. 1: AFM image of monolayer formed from the hydrophobin EAS from Neurospora crassa on HOPG. Rodlet width of 8
nm
 

 
Fig. 2: AFM image of protein layer formed from the hydrophobin NC2 from Neurospora crassa, pore size ranging from
30 – 40 nm
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Most of bacterial viruses need an specialised machinery named the tail to deliver its genome
inside the bacterial cytoplasm without disrupting cellular integrity. T7 bacteriophage is a well-
characterized member of the Podoviridae bacteriophage family infecting E. coli, and it presents
a short non-contractile tail that assembles sequentially in the viral head after DNA packaging.
T7 tail is a complex of around 2.7 MDa composed by a tubular structure with a central channel
that serves as a conduit for DNA ejection surrounded by fibers.
We used cryo-electron microscopy (cryo-EM) and image reconstruction methods together with
biochemical interaction essays to determine the precise topology of the 4 proteins that form
the tail complex. Further experiments allowed to identify the protein and lipid bacterial
compounds used as receptor for the virus, being able to set up an in vitro ejection system for
T7. Characterization of the ejection reactions by cryo-EM allowed us to build a
three-dimensional model of the tail after DNA ejection. The structural analysis of the
three-dimensional models before and after ejection permitted to unravel the conformational
changes that take place in the tail complex during DNA delivery and to propose a model for T7
infection.
The similarities found in several components of the tail machinery, comprising the nozzle
domain, as well as the gatekeeper and the connector, for different viruses from the
podoviridae family suggest that the DNA ejection mechanism is conserved based on common
structural arrangements.
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Translating bacterial ribosomes can form structurally ordered polysomes. The
three-dimensional (3D) organization of such polysomes has been described in solution using
cryoelectron tomography (CET) and template matching [1]. However, little is known about how
polysomes are organized in space when translating membrane proteins, and many questions
related to the ribosome association to the membrane remain open. We propose to examine
the 3D arrangement of membrane associated ribosomes in situ, for an optimal preservation of
polysomes architecture; and in vitro, for a better control of translation conditions. We used the
mannitol permease (MtlA) as a substrate for translation-coupled translocation through the
membrane. In order to form densely packed polysomes, we inserted a SecM sequence at the
end of the MtlA messenger. Thus, we stalled ribosomes in situ and in vitro, while the ribosome
nascent chain complexes are still attached to the membrane. In situ this transmembrane
protein construct is expressed in slow- and fast-growing BL21 E. coli cells. Fast-growing cells
are thinned using a Focused Ion Beam technology [2]. In vitro, a transcription-translation
reaction is supplemented with inverted vesicles isolated from E. coli inner membrane. First
results show that the described approaches are adequate for revealing how
membrane-associated ribosomes are spatially related in the context of polysomes.
Furthermore the analysis of cytosolic ribosomes reveals a fraction of particles in similar 3D
organization of dense polysomes previously described in vitro [1].

Reference:
[1] Brandt et al. 2009 Cell, 136, 261-271
[2] Alexander Rigort et al. 2010 J Structural Biology, 172, 169-179
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Fig. 1: Tomogram from induced E. coli cells expressing MtlA385-SecM-Stop construct. (A,C) Slices from whole cell
grown in minimal media (slow growing); (B,D) Slices of FIB-milled cell grown in rich media (fast growing). In the Image
ribosomes are visible as highly contrasted particles. - (A,B) XY-slices; (C,D) XZ-slices. Bar 100 nm.
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Abstract:The recent introduction of Direct Detector Devices (DDDs) in cryo-EM represents a
crucial step forward for this structural technique.. As expected, the quality of these DDD
images is much better than the one obtained from Charged Coupled Devices (CCDs) but,
additionally, their fast image acquisition rate makes possible the collection of “movies”
composed of individual “frames”, opening the possibility to the study of how frozen hydrated
specimens temporally behave as a function of electron dose rate. Indeed, biological specimens
in a solid matrix of amorphous ice behave as if they were moving when being imaged,
resulting in Beam Induced Movement (BIM). It turns out that BIM is a very serious experimental
“resolution barrier” in cryo-electron microscopy. However, BIM “correction” is not an easy task,
and several approaches have been already proposed. In this work, we present a method to
correct for BIM at the image level, resulting in an integrated image where much of the BIM
blurring is compensated. The methodology is based on a robust optical flow approach that can
deal both with local and global movements in a very fast manner thanks to its implementation
in a Graphic Process Unit (GPU). Additionally, the spatial analysis of the optical flow in between
frames allow for a detailed, objective and quantitative analysis of the BIM pattern itself,
providing with a new tool to evaluate this crucial effect in cryo-EM. The new approach is
publically available as part of XMIPP 3.1.
Keywords: Direct Detector Devices; Single Particle Analysis; Electron Microscopy
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Electron microscope images are affected by the contrast transfer function (CTF) of the
transmission electron microscope, which arises from the aberrations of the lenses and from the
defocus used in imaging. The CTF introduces spatial frequency-dependent oscillations into the
Fourier space representation of the image. These oscillations result in contrast changes and
modulation of the spectrum amplitudes, as well as an additional envelope that attenuates
high-resolution information. Estimation of the CTF and correction for its effects is thus essential
for any image to faithfully represent a projection of the specimen.
We present in this work the ''CTF Benchmark'' which provides an opportunity to the
researchers in the field to carry out a comprehensive evaluation of their CTF estimation
methods based on a common database of image (see more details at URL:
http://i2pc.cnb.csic.es/3dembenchmark)
A total of 21 different uploads were submitted, covering most of the software packages in the
field including: ace, appion, bsoft, ctffind, dudelft, eman, fei, imagic, particle, sparx, spider,
xmipp, etc. The main conclusions of this Benchmark are:
* In general, for quality datasets such as the ones in this Benchmark, about 40\% of the
datasets are practically not limited by CTF estimation errors while, for the rest, CTF errors set
the limit in between 5 to 7 A resolution at most.
* As a rule, and certainly not unexpected, estimations of the mean defocus is much better than
astigmatism estimation. Although the error is lower when estimating astigmatism than when
only a 1D CTF model is used, indicating that CTF defocus estimation is beneficial to achieve
high resolution.
* It is very clear the trend that when a dataset is specially suited for high resolution most
software packages provide similar estimations for the CTF parameters. In other words, when a
dataset is "good", is "good" for everything. Consequently, there must be image characteristics
that dictate their ability to provide high resolution structural information.
* Our initial hypothesis was that micrographs with carbon support and with a high
concentration of particles were going to be "the best", simply because of their increased
scattering power did not hold. The "better" datasets do not have carbon, and one of the best
does not have a particularly large density of particles.
*Finally, synthetic data behave similarly as experimental data with respect to CTF estimation
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Fully de novo designed functional protein nanoparticles are a challenging task in innovative
medicine as versatile and biologically safe vehicles for targeted drug and nucleic acid delivery.
The characterization and quantification of this kind of biomaterial at nanoscale by electron
microscopy imaging is limited by severe constraints, including methods to preserve their
native structure and the observation without alterations or artifacts. Here, we characterize size
and shape of 3 different self-assembling protein nanoparticles with biomedical applications
(T22GFPH6, R9GFPH6 and T22iRFPH6) by means of AFM, TEM (negative staining and
Cryo-TEM) and SEM. Moreover, nanoparticles size distribution determined by dynamic light
scattering (DLS) was compared with that determined by image analysis with ImageJ from SEM
images, obtaining similar results of diameters (Mean values in nm, T22GFPH6: DLS: 13.19 ,
SEM: 14.9; R9GFPH6: DLS: 23.08, SEM :21.28; and T22iRFPH6: DLS:13.82, SEM: 14.5). These
long-term architectonic stable protein-NPs have been proved to be an excellent biomaterial for
receptor mediated targeted delivery of drug and nucleic acids in tumoral cells [1-6]. We
conclude that imaging from microscopy techniques is greatly useful to obtain qualitative and
quantitative data of size and shape, and surface morphology of non conductor biomaterials at
nanoscale as well as to complement quantitative data of other techniques.
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In human more than 30 different proteins can misfold and form amyloid. Alzheimer’s disease
(AD) and type 2 diabetes (T2D) are common disease where amyloid deposits play an important
role in the pathogenesis. In AD, amyloid beta precursor protein (AβPP) deposits in brain and in
T2D form islet amyloid polypeptide (IAPP) amyloid in islets of langerhans that leads to
destruction of the insulin producing beta cells. [1]
There are mouse and rat models that facilitate studies on AβPP and IAPP aggregation and
subsequent development of respective disease, however, it is a long process that extend over
many months. Therefore, we and others have established Drosophila melanogaster models
that enable studies of amyloid protein misfolding and cellular effects [2].
Structural analysis on the misfolded protein aggregates provide data important for
understanding the driving force of protein aggregation and how one protein can adopt
different structures dependent on the biological environment. We have applied transmission
electron microscopy (TEM) to study the structure of IAPP aggregates formed in Drosophila
melanogaster. As shown in figure 1, we detected highly ordered IAPP aggregates in Drosophila
melanogaster expressing human IAPP. However, from single 2D TEM image (as shown in figure
1), we are not able to determine the structural information in Z direction. Therefore, we have
applied electron tomography technique to study the structural information in Z direction. The
tilt series were acquired from 60˚ to -60˚, and double tilt series were carried out in order to
minimize the elongation effect in Z direction. [3] The IMOD software was used for image
alignment and reconstruction. [4]
In summary, IAPP aggregates detected in the drosophila melanogaster exhibit a spherical
shape in the reconstructed tomogram, and spheres are arranged in a body center cubic
structure. The individual spheres have a diameter of 17 nm and BCC structure is shown in
figure 2 with a distance of 25 nm between.
References
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Fig. 1: Figure 1. 2D TEM image of Amyloid peptides aggregates.
 

 
Fig. 2: Figure 2. (Left) 2D TEM image of Amyloid peptides aggregates, (Right) Segmented protein aggregates in 3D
volume by isosurface method, (Right)showing as BCC structural distribution in 3D. Scale bar is 20 nm.
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The Lon protein is a protease belonging to the superfamily of ATPases Associated with diverse
cellular Activities (AAA+). Its main function is the control of protein quality and the
maintenance of proteostasis by degrading misfolded and damaged proteins, which occur in
response to numerous stress conditions [1]. Lon protease has been also shown to participate in
regulation of levels of transcription factors that control pathogenesis, development and stress
response, e.g. [2]. Furthermore, it seems to play an important role in aging [3], and it is
supposed to be involved in mtDNA replication, translation, or repair [1, 4, 5]. We focus our
interest on the structure of human mitochondrial Lon (hLon) protease whose altered
expression levels are linked to some severe diseases, such as epilepsy, myopathy, or lateral
sclerosis [5].
During the last decade, sub-structures of bacterial and human Lon have been resolved by
X-ray scattering (e.g. [6-8]), and more recently a 3D structure of an E. Coli Lon dodecamer
active at physiological protein concentrations was resolved with electron microscopy [9]. At
the moment, it is assumed that Lon subunits assemble into oligomeric structures whose
conformations are supposed to differ at ATP, ADP, and protein substrate binding [1]. However,
neither the full 3D structure of the Lon holoenzyme nor the mechanism of Lon action is known
[4, 5].
Here, we present the first 3D structure of an ADP-bound Lon S885A mutant obtained as a
result of preliminary negative staining studies (Fig. 1). The S885A mutant has a point mutation
on the proteolytic domain, which completely disables its proteolytic function. 2D classification
of the collected dataset revealed classes with regular hexameric arrangement (Fig. 1B), 3D
refinement with C6 symmetry applied revealed that the Lon mutant was formed as a
hexameric ring of a 120 Å diameter having 90 Å in height. Its resolution was estimated at 19 Å
by the FSC=0.5 criterion. We will also present an update of this mutant structure obtained by
cryo-electron microscopy.
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Fig. 1: Preliminary results from negative stain. (A) Micrograph of negatively stained Lon particles. Scale bar: 50 nm. (B)
Typical class averages. (1) top-view showing a hexameric arrangement of the Lon protease, (2)-(3) side-views. Scale
bar: 5 nm. (C)
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Electron tomography is the most widely applicable method for obtaining 3D information by
electron microscopy. It has become a powerful tool for elucidating 3D architectures of
biological samples at resolution of about 4-6 nm and is the only method suitable for
investigating polymorphic structures such as organelles, cells and tissues. However, in addition
to the relatively low resolution, electron tomograms inevitably suffer from a low signal-to-noise
ratio and some data-collection artifacts. These factors significantly hamper development of
algorithms for reliable detection of structural features, which poses a severe barrier to
progress in the field. As of today, the tasks of extracting information from these highly
complex cellular tomograms are, for the most part, painstakingly carried out manually. Apart
from the subjectivity of the process, the time consuming (and tiring) nature of this manual task
all but precludes the prospects of the high throughput necessary to take full advantage of the
method’s potential.
Here, we present a novel tool for the detection of filaments in cellular tomograms that is based
on reduced representation templates. Reduced representations consist of small sets of 3D
points that capture the characteristics of the underlying structure. The use of these
representations results in a reduction of computational complexity that allows scanning large
volumes in real space in a relatively short time. This approach is specifically useful for
detecting structures with higher order such as filaments and bundles. The use of reduced
representations allows efficient adjustment of the scoring function for variations in
signal-to-noise level, background, and surrounding environment (crowding), all factors that
significantly hamper reliable detection using traditional correlation-based template matching.
As a result, the approach is capable of matching or even exceeding the detection performance
of a human operator.
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Introduction: The junctional epithelium (JE) is the portion of the gingiva that attaches to the
tooth enamel. This specialized structure seals off the periodontal tissue from the aggressive
environment of the oral cavity. A loss of its integrity leads to periodontal disease followed by
bone and ultimately tooth loss. The adhesion mechanism of the JE to mineralized tooth
surfaces is provided by an epithelial structural complex consisting of an atypical basal lamina
(BL) and hemidesmosomes. The interaction with a mineralized matrix instead of connective
tissue therefore requires special components. Two proteins, odontogenic
ameloblast-associated (ODAM) and amelotin (AMTN), encoded by members of the secretory
calcium binding phosphoprotein gene cluster, have been identified by our laboratory as novel
components of this BL. Proteins from this cluster stabilize Ca and PO4 ions in tissue fluids and
regulate their deposition onto extracellular matrices. ODAM and AMTN were shown to
co-localize at cell-tooth interfaces suggesting that they might interact (Fig1). Problematic: In
the literature, little information is available on the physicochemical properties and structure of
ODAM and AMTN. They contain some post-translational modifications but they do not possess
structural homologues. Our aim is to structurally characterize these proteins and their
potential interactions. Methods: Proteins were produced using bacterial or eukaryotic
systems. They were purified using His-tag affinity and gel-filtration chromatography and then
characterized by atomic force microscopy (AFM) and transmission electron microscopy (TEM).
For AFM studies, proteins at 0,1mg/ml on 50mM Na2HPO4 were incubated 5minutes on HOPG,
rinsed three times with distilled water, and air dried. Results: With gel-filtration, we have
obtained AMTN complexes of 5 monomers and ODAM complexes of ≈20 monomers. AFM
images of ODAM and AMTN alone presented globular complexes with average sizes of
approximately 32 nm and 36 nm and average heights of ≈2.5 nm and 2.8 nm, respectively.
Mixing the proteins resulted in globular complexes with an average size of 84 nm and an
average height of 8 nm, suggesting the existence of interactions between them (Fig2).
Conclusion: Our data show for the first time structural images of ODAM and AMTN. They
suggest that AMTN and ODAM are capable of self-assembly and that protein-protein
interactions occurs among them. Exploring the molecular arrangement and interactions of
proteins in this BL is essential to understand how the JE maintains its unique adhesive
relationship with the tooth.
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Fig. 1: Immunofluorescence (A, B) and Immunoperoxydase (C, D) preparations for ODAM (B, D) and AMTN (A, C) in the
junctional epithelium (JE). ODAM localizes at the ameloblast– enamel interface where there is an atypical basal lamina
(BL) and is also present among the cells of the JE. Labeling for AMTN is restricted to the inner BL. GE: Gingival
epithelium
 

 
Fig. 2: Highly magnified AFM observation of (A) ODAM and (B) AMTN proteins alone at 0,1mg/ml on HOPG surface. (C)
Changes in structure can be observed when ODAM and AMTN (0,1mg/ml) are incubated together.
 



Type of presentation: Poster
 

LS-4-P-3188 Initial bridges between the two ribosomal subunits are formed within
9.4 milliseconds: A time-resolved cryo-EM study
 

Shaikh T. R.1,2, Yassin A.2,5, Lu Z.3, Barnard D.2, Meng X.2, Lu T. M.3, Wagenknecht T.2,4, Agrawal
R. K.2,4
 
1Central European Institute of Technology, Masaryk University, Brno, Czech Republic, 2Division
of Translational Medicine, Wadsworth Center, New York State Department of Health, Albany,
NY 12201, 3Center for Integrated Electronics, Rensselaer Polytechnic Institute, Troy, NY 12180,
4Department of Biomedical Sciences, School of Public Health, State University of New York at
Albany, Albany, NY, 5Department of Microbiology and Immunology, Faculty of Pharmacy, Cairo
University, Cairo, Egypt
 

Email of the presenting author: shaikh@ceitec.muni.cz
 
The kinetics of ribosomal subunit association has been a subject of great interest for past
several decades (Wishnia, 1975), however, there have been only few published reports on the
kinetics of specific structural elements during this process (Fabbretti2007, Hennelly2005). The
goal of the present study is to capture structures of the association intermediates of the two
ribosomal subunits on a millisecond (ms) timescale.
The challenge of time-resolved cryo-EM is to rapidly mix reactants and then deposit them in a
thin film of solvent within a short time, before flash freezing the EM grid into liquid ethane. We
have found that spraying the mixture with an air atomizer can produce an aqueous film thin
enough to allow transmission of the electron beam (Lu, 2009). The mixing, reacting, and
spraying steps were accomplished by means of a monolithic, microfabricated silicon device
that incorporated a mixer, incubation channel, and pneumatic sprayer in a single chip. This
mixer sprayer was incorporated into a computer-controlled plunging apparatus (White2003).
Three-dimensional reconstructions, obtained from the cryo-EM data collected from the
ribosomal subunit association experiments, show missing densities for specific inter-subunit
bridges, suggesting that the inter-subunit bridges are formed in a sequential order.
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Fig. 1: Cryo-EM maps of the 70S ribosomes formed within 9.4 ms. (a) Control, pre-associated 70S ribosomes which had
been passed through the microfluidic mixer. (b) Reconstruction of the 70S-like particles which were associated using
the microfluidic mixer. (c) Reconstruction from one ML3D class. (d) Reconstruction from another class.
 

 
Fig. 2: Cryo-EM maps of the 70S ribosomes formed within 43 ms. (a) Control, pre-associated 70S ribosomes which had
been passed through the microfluidic mixer. (b) Reconstruction of the 70S-like particles which were associated using
the microfluidic mixer. (c) Reconstruction from one ML3D class. (d) Reconstruction from another class.
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IBs are highly pure, mechanically stable and biocompatible protein deposits commonly
observed during recombinant protein production processes in microbial hosts [1, 2]. Since
these sub-micron particles retain biological activity, several potential applications in
biomedicine for bacterial IBs have recently emerged [3]. In this regard, it has been 
demonstrated that these protein deposits, when formed by proteins with therapeutic interest
can actually rescue challenged cells in culture [4]. The present study explores the electron
microscopy methods to obtain information of fine architecture (both size and shape, and
surface morphology) of bacterial Inclusion Bodies (IBs). In addition, IB biological activity is
studied through immunolocalization techniques of the particle forming protein (GFP in our IB
model).
The analyses have been performed using scanning electron microscopy (ultrastructure,
freeze-fracture and immunolocalization in entire IBs) and transmission electron microscopy
(ultrastructure of entire IBs with negative staining and ultrathin sections of IBs in Epon resin,
immunolocalization of GFP in entire IBs and in ultrathin sections of Lowicryl HM20 resin).
The fine architecture and the high content of protein of IBs were evaluated by SEM and TEM
using ultrastructural morphology and immunolocalization (Figure 1). The ultrastructure also
revealed differences in porosity between IBs, showing from high compact structures to highly
porous IBs. In summary, this study reports several EM methods to obtain ultrastructural data of
IBs characterized with conventional and non-conventional microscopy techniques and help to
understand the mechanism of IB-mediated protein drug delivery for therapeutic use.
References
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Fig. 1: Representative micrographs of IBs: A) TEM negative staining; B) TEM immunolabelling of GFP in entire IB; C)
TEM immunolabelling of GFP in Lowicryl section; D-E) SEM morphology using 2 different secondary detectors; F-H) SEM
freeze-fracture using different substrates (Cu, Si, Au); and IBs-HeLa cell surface contacts observed with SEM (I) and
TEM (J).
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The Trypanosomatidae family comprises a large number of protozoa, some of which are agents
of serious tropical human diseases. These protozoa form an ancestral branch of eukaryotes
and present unusual biological structures such as the kinetoplast, a specialized region of the
unique mitochondrion, which contains DNA (kDNA). The kDNA is composed of circular
molecules, which are topologically interlocked to form a single network. It has been reported
that the kinetoplast constitutes a potent target for chemotherapy since it is highly affected by
DNA binding drugs, intercalating agents and topoisomerase inhibitors that interfere with its
structure and replication. Although we can observe the kDNA using transmission electron
microscopy (TEM), it is difficult to reveal its underlying organization by TEM. Atomic force
microscopy (AFM) has been extensively used to study biological samples, ranging from
individual molecules to cells and tissues. AFM has been successfully applied to investigate the
structure of nucleic acids as well as changes in DNA topology caused by protein binding or
interactions with drugs. In this work, we used AFM to analyze the action of different classes of
drugs on kDNA ultrastructural organization. The inhibitors used were nalidixic acid (a
topoisomerase II inhibitor), acriflavine (an intercalating drug) and berenil (a minor-groove
binding agent). The kDNA of Trypanosoma cruzi, the etiological agent of Chagas disease, was
affected by all drugs tested. Our group previously analyzed the effect of these compounds on
the protozoa ultrastructure by TEM. However, in order to better understand how these
inhibitors promoted alterations on the kDNA arrangement, we isolated intact networks of
treated and non-treated protozoa and analysed the samples using AFM. In non-treated
parasites, the isolated kDNA appeared as an intact and massive network presenting its typical
arrangement with fibers homogeneously distributed throughout the network (Fig. 1a). The
treatment with 500 µg/ml of nalidixic acid for 48h induced the formation of thicker DNA
strands (Fig 1b), while berenil (50 µM, 48h) promoted shrinkage of the network and
compactation of kDNA fibers (1c). In addition, the treatment with 50 µg/ml of acriflavine for 48
h promoted the release of minicircles from the edge of the network, culminating with kDNA
fragmentation and dispersion throughout the protozoan mitochondrial matrix (Figure 1d).
Taken together, our results highlight the mechanism of action of different classes of inhibitors
that target the kDNA structure, confirming that AFM is a powerful tool to study the structural
organization of biological samples, including complex arrays of DNA.
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Fig. 1: AFM analysis of isolated kDNA network of non-treated T. cruzi (A) and protozoa treated with nalidixic acid (B),
berenil (C) and acriflavine (D).
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The CUL4A-RBX1-DDB1-DDB2 ligase (CRL4ADDB2) is the primary DNA damage-sensing complex
in the repair of UV light induced pyrimidine dimers1. The class of cullin-RING ubiquitin ligases
(CRLs) comprises six canonical cullin families (Cul1, Cul2, Cul3, Cul4A, Cul4B, and Cul5) which
together with the RING-domain proteins Rbx1 or Rbx2 mediate the ubiqutination ~20% of the
proteins degraded by the proteasome2. CRLs assembly is modular, with sets of receptors and
adaptors giving rise to hundreds of distinct cullin-RING E3 ubiquitin ligase complexes3.
Regulation of this structurally diverse family of ligases depends on the COP9 signalosome
(CSN), an 8-subunit isopeptidase that removes the covalently conjugated Nedd8 activator from
the cullin4-6. In addition to its catalytic function, CSN form tight complexes with the unmodified
CRL, a process implicated in preventing the CRL substrate adaptor from undergoing cycles of
futile auto-ubiquitination and degradation in vivo7-9. CSN inhibition is overcome once the CRL
binds a substrate. The mechanism underlying CSN binding to structurally diverse CRL
complexes across families remains unclear. Here we present the structure of CRL4 family and
a dimeric CRL3 in complex with CSN using single-particle electron microscopy (EM). We find
that the conserved cullin C-terminus together with Rbx1 is held by CSN2 and CSN4 subunits. In
the CRL1, CRL3 and CRL4 family the divergent receptors and adaptors form a variety of
contacts that are unexpectedly plastic in nature involving CSN1, CSN3 and CSN helical bundle.
Moreover, we show that: (i) the ligase substrates can access the CSN-bound cullin receptors in
a similar fashion. (ii) Depending on the size of the substrate, CSN is released by steric means.
Altogether our findings imply a model where steric repulsion by the cognate substrate allow
CSN-mediated regulation of ~300 different CRL enzymes in response to different cues, without
the need for dedicated interactions or common motifs.
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Fig. 1: Cryo-EM structure and pseudo-atomic model of the CSN-N8CRL4DDB2 complex.
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DNA replication in archaea and eukaryotes is executed by family B DNA polymerases, which
exhibit full activity when complexed with the DNA clamp, proliferating cell nuclear antigen
(PCNA). PCNA has a trimeric ring structure that encircles the DNA, and increases the
processivity of the bound DNA polymerase by tethering it to the DNA. It is known now, that
PCNA also interacts with multiple partners to control DNA replication, DNA repair, and cell
cycle progression, and works not only as the platform, but also as the conductor for the
recruitment and release of these factors. However, the molecular architectures as well as the
mechanism of the regulation of these replication factors are not known in detail.
We have investigated the three-dimensional structure of the core components of the
replisome, such as DNA polymerase B(PolB)-PCNA-DNA, and DNA ligase-PCNA-DNA ternary
complexes (1- 2), by single particle analysis, and successfully could obtain atomic models of both
complexes, by docking crystal structures of each components in the two maps . Both maps
exhibited a novel contact between both polymerase-PCNA and ligase-PCNA, besides the
authentic interaction through a PCNA-interacting protein box (PIP-box).
Mutant analysis showed that these contacts are involved in the regulation of the replication
factors, such as the switching between the polymerizing and editing modes of the PolB. As we
found similar multiple interactions in both complexes, we are now studying the structure of
other complexes such as Hjm helicase-PCNA-DNA and FEN-PCNA-DNA, to check if such
regulation mechanism can be also found in replication complex more generally.
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Intracellular transport is fundamental for cellular morphogenesis and functions not only in
polarized neurons but also cells in general. We identified kinesin superfamily molecular motors
(KIFs) and have been studying the mechanism of intracellular transport including the
directional transport towards the axon vs dendrites. As a major mechanism for the directional
transport we uncovered that the motor domain of KIF5 (a kinesin-1) recognizes axonal
microtubules, which are enriched in EB1 binding sites, and selectively move towards the axon.
Further, we found that axonal microtubules were preferentially stained by the anti GTP-tubulin
antibody(hMB11). Super-resolution microscopy (PALM) combined with EM
immunocytochemistry revealed that hMB11 was localized at KIF5 attachment sites. In
addition, EB1, which binds preferentially to GTP- microtubules in vitro, recognized hMB11
binding sites on axonal microtubules. In vitro studies revealed approximately threefold
stronger binding of KIF5 motor head to GTP- microtubules than to GDP microtubules.
Collectively, these data suggest that the abundance of GTP-tubulin in axonal microtubules may
underlie selective KIF5 localization and polarized axonal vesicular transport.
Microtubule dynamics are regulated by GTP hydrolysis by β-tubulin, but the mechanism of this
regulation remains elusive because high-resolution microtubule structures have only been
revealed for the GDP state. As a next step we solved the cryo-EM structure of GTP- microtubule
at8.8-A resolution by developing a novel cryo-EM image reconstruction algorithm. Significant
changes were detected between GTP- and GDP- microtubules at the contacts between tubulins
both along the protofilament and between neighboring protofilaments, contributing to the
stability of the microtubule. These findings suggest the structural basis not only for the
regulatory mechanism of microtubule dynamics but also for the recognition of the nucleotide
state of the microtubule by several microtubule binding proteins, such as EB1 or kinesin.
Furthermore , recently we successfully revealed the 8Å cryo-electron microscopy structure of
nucleotide-free KIF5 complexed with GTP-microtubule and the crystal structure of
nucleotide-free KIF5 without bound microtubule. These structures illustrated
mutual conformational changes induced by the binding of GTP-microtubule and KIF5.
Conformational change of tubulin also strengthens the longitudinal contacts of
GTP-microtubule mainly from the plus-end side. This could provide the structural keys to solve
the molecular mechanisms of preferential binding of KIF5 to GTP-microtubule and cooperative
binding of KIF5 to the microtubule.
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Secretion is an essential biological activity of all eukaryotic cells by which they release specific
products in the extracellular space during physiological and pathological events. In cells from
the immune system, such as eosinophils, basophils, neutrophils and macrophages, secretory
mechanisms underlie the functions of these cells during allergic, inflammatory and
immunoregulatory responses. Therefore, a central question to understand immune responses
is: how does an immune mediator, for example a specific cytokine, travel from intracellular
sites to the cell surface in order to be released upon cell activation? Our Group has been using
different electron microscopy (EM) techniques including pre-embedding immunogold EM and
electron tomography (ET) to understand intracellular localization and release of immune
mediators from human activated leukocytes [1-5]. By using eosinophils as a model, we have
identified an active secretory pathway within these cells characterized by vesicular transport
of small packets of materials from the cytoplasmic secretory granules to the cell surface
(piecemeal degranulation-PMD). PMD enables differential mobilization and selective secretion
of granule-derived cytokines and other proteins in response to varied stimuli. Some proteins,
such as major basic protein-1, are transported in the fluid phase of vesicles (Fig. 1) [3]
whereas others, as recognized for the cytokine interleukin-4, are transported bound to their
cognate membrane-inserted receptor [1,4]. EM has also been used to immunolocalize
tetraspanins such as CD63 at granules (Fig. 2) and vesicles. We identified two morphologically
distinct vesicles as transporters of immune mediators: small, classical spherical vesicles and
vesiculotubular carriers (Fig. 2), which present substantial membrane surfaces and are larger
and more pleiomorphic than small vesicles, as revealed by ET [1,2]. These tubular carriers
seem particularly relevant for rapid delivery of preformed cytokines or other proteins from
secretory granules. The identification of these previously unrecognized pools of immune
mediators at vesicular compartments revealed a unique mechanism contributing to the
specificity of secretion in leukocytes and adds support to a broader role for large carriers in the
intracellular trafficking and release of cytokines and other mediators from the immune system.
This is important to understand the pathological basis of allergic and other
leukocyte-associated inflammatory diseases.
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Fig. 1: Large vesiculotubular compartments (arrowheads) are positive for major basic protein-1 (MBP-1) within a human
eosinophil. Cells were isolated from the peripheral blood and prepared for immunogold electron microscopy as before
[3]. Scale bar, 500 nm.
 

 
Fig. 2:  Pre-embedding immunanogold labeling of CD63 within a human eosinophil stimulated with eotaxin. Note the
dense labeling at secretory granules (*) undergoing emptying of their contents (piecemeal degranulation). N, nucleus.
Scale bar, 1.5 μm. .
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An increasing body of evidence has pointed to the crucial importance of lipids and
lipid-modifying enzymes in the biogenesis, maintenance and fission of transport carriers in the
secretory and endocytic pathways. In the present study we demonstrate that phosphatidic acid
generated by phospholipase D2 (PLD2) is involved in the formation of Golgi tubules. The main
evidence to support this is: 1) the inhibitors of several enzymes that generate phosphatidic
acid inhibit the formation of low temperature-induced Golgi tubules, obtained the highest
inhibition of tubular formation for PA generated via PLD2, 2) the PLD2-depletion inhibit the
formation of tubules containing resident enzymes and regulators of intra-Golgi transport in a
low temperature (15ºC) model of Golgi tubulation, but do not affect BFA-induced tubules, 3)
both the inhibition of PLD2 activity by the compound VU0364739 and PLD2-depletion, in cells
cultured under physiological conditions (37ºC), induced the formation of tubules containing the
Golgi matrix proteins GM130 and GRASP65 but not the Golgi resident enzyme, and, 4) electron
microscopical analysis of PLD2-overexpressed cells showed a disorganised Golgi complex
where most stacks were replaced by tubular networks. In addition, we assessed the
localization of endogenous PLD2 within the Golgi membranes by cryoimmunoelectron
microscopy. It was found that the enzyme is located in cisternae (61%) and peri-Golgi
tubule-vesicular elements (39%). PLD2 was observed in lateral rims of the Golgi apparatus,
from which the tubules grow, including COPI coated buds as well as flat portion of cisternae.
Most of the immunolabelled vesicles were uncoated (80% of the labelling in vesicles) although
some showed clathrin (12%) and COPI (7%) coats. Taken together, our results support the idea
that PLD2 is a key regulator of Golgi morphology and tubule formation.
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Mechanisms of intra-Golgi transport represent a disputable issue. The vesicular, compartment
maturation, diffusion and kiss-and-run models of intra-Golgi transport compete with each other
for the ‘right’ to be regarded as the paradigm. <span>Here, we compare the transport the
soluble secretory proteins albumin and <span><span>a<span>1-antitrypsin (AAT) with that
of supra-molecular cargoes (e.g., procollagen) that are proposed traverse the Golgi by
<span>compartment progression–maturation. The soluble proteins move much faster than
procollagen through the same Golgi stack, indicating the coexistence of two transport
mechanisms. Albumin transport might occur by diffusion via intercisternal continuities or via
rapidly shuttling vesicles. Kinetic and morphological evidence favour the former model. These
data indicate multiplicity of the intra-Golgi trafficking modes, and help to explain many of the
reported cargo trafficking patterns. Additionally, we have examined predictions derived from
these models using several parameters and assays; namely, the kinetics of exit of cargo and
post-Golgi carriers from the Golgi area, and from the Golgi per se, the volume of the Golgi, and
the surface area of Golgi membranes, and the diffusion and concentration of cargo during
intra-Golgi transport. Intra-Golgi transport of GFP-tagged albumin and AAT included their
concentration at the trans side of the Golgi. Both blockage of formation of inter-cisternal
connections and their stabilization inhibited penetration of albumin across the Golgi stacks and
its concentration at the trans side of the Golgi. In contrast, not all of these influences affected
transport of GFP-tagged version VSVG and PC-I. Manipulation with the ionic gradients existing
through the Golgi affected concentration of albumin and AAT at the trans side, but not their
penetration into the TGN. These results suggest in favour of the kiss-and-run mechanism of
intra-Golgi transport. The kiss-and-run model appeared the most encompassing in the
explanation of these set of experimental data.<span>
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Fig. 1: Presence of albumin in intercisternal connections
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Fluorescence Correlation Spectroscopy (FCS) represents an established technique to recover
single-molecule diffusion and binding properties in cells. Recently, scanning microscopy
imaging was applied to add a spatial dimension to the classic, purely temporal, FCS modality:
spatiotemporal FCS (stFCS) provides details about the routes that are followed by the diffusing
particles or molecules in the specimen [1]. We report on the combination of spatiotemporal
fluorescence correlation spectroscopy (stFCS) and stimulated emission depletion (STED) to
monitor intracellular protein diffusion at spatial resolution below the optical diffraction limit
(superresolution). Our method was validated both in vitro and at intracellular level by following
the diffusion of fluorescent nanocapsids and of GFP bound to SV40 Nuclear Localization Signal
(NLS), respectively. NLS-GFP represents a well-known model of actively nuclear-imported
protein that has been the subject of intense research by some of us [2]. The relevance of our
approach was demonstrated by the discovery of the persistence of complexes between
nucleocytoplasmic transporters and NLS-GFP at distances >500 nm from the nuclear envelope,
a phenomenon otherwise invisible at the best resolution of conventional confocal imaging
mode. We should stress that, in principle, the resolution of stFCS diffusional maps is limited
only by the photophysics of the fluorescent reporter in STED conditions [3]
1. Digman, M. A.; Gratton, E. Ann Rev Phys Chem 2011, 62, 645-68.
2. Cardarelli, F.; Bizzarri, R.; Serresi, M.; Albertazzi, L.; Beltram, F. J Biol Chem 2009, 284, (52),
36638-46.
3. Hell, S. W. Science 2007, 316, (5828), 1153-8.
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Extracellular vesicles (EVs) are cell derived submicron structures surrounded by phospholipid
bilayer. Their critical roles such as potential biomarkers, possible pathogenic factors in
numerous diseases or therapeutic targets and therapeutic vehicles have been discussed in
numerous publications in recent years [1].
However, in spite of extensive studies, even classification of these vesicles and their
appropriate isolation protocols are still under debate [2]. Transmission electron microscopy
(TEM) is an excellent tool for checking the purity of isolated vesicle preparations, for statistical
analysis based on their size distribution, moreover, since properly fixed pellet of EVs is suitable
not only for immunocytochemical but also enzyme cytochemical staining we may get
acquainted with molecular details of the labelled vesicles and learn more about their
physiological functions, too.
Our aim was to investigate the possible role of EVs in purinergic signaling. Although purinergic
hypothesis was slowly accepted, by now it has been proved that purinergic signaling system,
including the most abundantly expressed receptors in living organisms, is implicated in a huge
range of physiological and pathological processes [3].
Based on our isolation protocol for EVs and by means of TEM immuno – and enzyme
cytochemistry, we could present the expression of purinergic receptor P2Y12 in subpopulation
of EVs released by the cells of microglia cell line BV2, and demonstrated the presence of active
NTPDase1, one of the main enzymes hydrolyzing extracellular ATP.
We may hypothesize that EVs are involved in purinergic signaling and are convinced that
exploration of molecular and functional details of extracellular vesicle release and action may
provide important lessons for the design of future drug delivery systems.
Refenves:
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Studies on the kinetics of biomolecular transport through nuclear membrane are of interest
from a fundamental physics perspective as well as from the point of view of biological
applications. The mechanism of this transport and the parameters that control the transport
phenomena are not well understood. A proper understanding of the transport phenomena will
help in developing methodologies which will be of interest to biomedical research, especially
related to gene therapy. Confocal fluorescence microscopy is one of the most widely used
imaging techniques employed to study biomolecular systems. However, because of the high
cost, commercial confocal microscopes are not affordable to many laboratories. Also most
commercial designs are not adaptable to different individual laboratory requirements. Here we
report on the design and development of a cost effective and versatile confocal laser scanning
microscope that can play a vital role in studies on biomolecular transport through membranes.
Results on the nuclear transport of different sizes of FITC labelled dextran which is a model
drug molecule are also reported. Studies were carried out in digitonin permeabilized cells using
an in-house constructed confocal laser scanning microscopy in the time lapse imaging scheme.
We specifically examined the kinetics of transport of dextrans of 4, 10, 20, 40 and 70 kDa
through the nuclear membrane of live A549 cells and determined the diffusion rate constants.
The intake and intracellular distribution of dextran were found to be dependent on the
molecular weight of the dextrans. This analysis can provide us an estimate of the effective
pore size available for nuclear transport of these biomolecules. The model can be used to
study the transport of proteins and DNA molecules through nuclear membranes. The method
described in this work is not restricted to nuclear transport processes alone. It may be used,
for instance, to analyse translocation of different biomolecules like proteins and nucleic acids
across different bio-membranes.
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Fig. 1: Experimental Setup of our Home Built Confocal Laser Scanning Microscope. SL- Scan Lens, X and Y- Scanning
mirrors, DM- Dichroic Mirror, S- Shutter, FC-Fiber Coupler, F-Optical Fiber, BPF- Band Pass Filter, PMT- Photomultiplier
Tube, M1-M4 – Mirrors and DAQ- Data Acquisition Card.
 

 
Fig. 2: Pollen Grain Serial Optical Sections by Confocal Microscope. (A) Figures A-J shows Ten confocal cross-sections of
dye labeled pollen grain. 3D reconstruction of the pollen grain serial optical sections using ImageJ.
 

 
Fig. 3: Preliminary results on nuclear transport study. Time course study of nuclear accumulation of 4 kDa
FITC-Dextran.
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The Golgi apparatus is a central station in the cellular biosynthetic secretory pathway and is
also involved in endocytic traffic via retrograde trafficking routes, which are necessary for the
retrieval, repair and recycling of molecules. Although it is capable of several different feats, the
transport and post-translational modification of secretory cargo proteins from the endoplasmic
reticulum to their final destinations is one of its most important functions. Furthermore, it has
the ability to take up endocytosed substances, among them wheat germ agglutinin (WGA), the
internalisation of which is a complex multi-step process [1].
In mammalian cells, the Golgi apparatus is arranged into stacks, which are made up of
cisternae and organized in cis-, medial-, trans- subcompartments. The Golgi apparatus is not a
static organelle. It undergoes vast structural reorganizations in reaction to a variety of stimuli,
such as the reduction of cellular ATP levels [2, 3]. To explore whether the Golgi apparatus
retains some of its functionalities during this state of tubular-glomerular reorganization, human
HepG2 hepatoma cells were treated with peroxidase-labelled wheat germ agglutinin before
ATP was depleted from the cells using 2-deoxy-D-glucose. After fixation in 1% glutaraldehyde
in 0.1M cacodylate buffer, internalized WGA was visualized by means of oxidation of
diaminobenzidine. After post-fixation in 1% veronal-acetate-buffered OsO4, the specimens
were dehydrated and embedded in epoxy resin. Thick sections of 200-250 nm were prepared
for electron tomography to create 3D-models in order to study the complex architectures of
the reorganized Golgi apparatus. Electron tomography was performed in a 200kV transmission
electron microscope (Tecnai20, FEI); the tomograms were reconstructed using the Inspect 3D
software (FEI) and 3D-models were drawn with the aid of the Amira 5.4.5 software. The
dispersal of internalized WGA (Figs.1 and 2) showed that the Golgi apparatus maintains the
ability to subcompartmentalize some of its structures even in a state of disorganization
induced by 2-deoxy-D-glucose, which may provide further insight into the cellular reactions to
metabolic stress.
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Fig. 1: 3D-model of a HepG2 cell Golgi apparatus reorganized in a glomerular structure after treatment with
2-deoxy-D-glucose. The endocytic parts containing internalized WGA are coloured in red. Yellow: WGA-negative
compartments.
 

 
Fig. 2: Transitions between WGA-positive (red) and WGA-negative compartments (yellow) indicated by arrows.
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Background. Telocytes are cells with telopodes, described in a wide variety of human organs.
Telopodes are structured as a succession of thin segments called podomers and dilated
regions named podoms. They compose a labyrinthine system (by 3D convolution and
overlapping) due to homo-and heterocelular interactions.
Methods. We examined telocytes by electron microscopy followed by two-dimensional
reconstruction of successive microscopic fields and by time-lapse videomicroscopy
Results. Each uterine telocyte presented between 1-3 telopodes, the number of telopodes
being roughly estimated at approximately 20 per 1000 µm2. Gauge measurements revealed
podomers dimensions between 75-80 nm and podoms between 270-315 nm. Telocytes are
coupled through: (a) close contacts and nanocontacts; (b)‘classical’ cell–cell junctions such as
gap junctions; and (c) atypical homocellular junctions such as the tiny puncta adhaerentia
minima and processus adhaerentes. Telopodes release extracellular vesicles: exosomes
(60-100 nm vesicles) and ectosomes (diameters: 250-350 nm up to 1 μm). The diameter of
secreted vesicles varied between 65 and 362 nm with most measurements around the median
value of 170 nm. Time-lapse videomicroscopy of cell culture showed dynamic interactions
between telopodes and smooth myocytes. Also, telopodes were snapped leaving behind small
fragments containing signaling (macro)molecules (‘snow footprints’), probably helping the
neighboring cells to migrate.
Conclusion. Telocytes could play a role in intercellular signaling and the control of local tissue
homeostasis, confirmed by the presence of issued ectosomes in the extracellular environment.
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The Golgi complex is usually composed of 3-9 stacked flat cisternae forming the Golgi stack or
dictyosome, surrounded by vesicular and tubular elements. In most mammalian cells, stacks
are laterally connected by tubules forming a continuous ribbon. Associated to the cis Golgi side
of the Golgi stack, there is a tubule-vesicular system known as the cis-Golgi network (CGN).
This is formed of tubules connected to the first Golgi cisterna. The trans-Golgi network (TGN) is
located at the trans side and is the place where proteins are sorted, packed and delivered to
their final destination. These tubules are continuous with the trans Golgi cisternae. Tubules
were almost forgotten in the field for decades probably due to the difficulty of identifying them
in electron micrographs. Epididymal epithelial cells have a highly developed Golgi complex
(1,2,3), so that they are the perfect model to study tubular elements. In the present study,
electron microscopy and cryoimmunocitochemistry were used to characterize the tubular
networks associated to the stacks in this cell type. The tubular nature of most membranes
associated to the stack was demonstrated in 80-nm thick sections. A wide battery of antibodies
against Golgi proteins (resident enzymes, Rab, SNARE, and matrix proteins) was used to
identified and characterize these elements. Rab 6 and Giantin have been proved to be good
markers of the lateral tubules connecting stacks, while GM130 and KDEL receptor were specify
for the cis-Golgi network. Further analysis of their structure and composition may help to
integrate these elements in our knowledge of the Golgi complex.
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Up to now it has been difficult to establish the molecular composition of organelles involved in
membrane uptake and recycling, due to the lack of suitable tools. We have developed a novel
probe, named mCLING (membrane-binding fluorophore-Cysteine-Lysine-Palmitoyl Group),
which binds to the plasma membrane, is efficiently taken up by endocytosis, and remains
attached to membranes after fixation and permeabilization. mCLING is therefore a suitable tool
to not only trace endocytosed organelles, but also to establish their molecular identity by
immunolabeling methods (Fig. 1A). By conjugation to the fluorophore Atto647N,
mCLING-labeled organelles were studied under high-resolution stimulated emission depletion
(STED) microscopy. In cultured mammalian cells mCLING was taken up into the same
organelles recycling the EGF and Transferrin receptors (Fig. 1B), and proved to be useful for
co-labeling with endosomal markers (e.g. Syntaxin 6, Figure 1C). We applied mCLING to the
auditory inner hair cells (IHCs) to study the mechanisms of synaptic vesicle recycling at their
highly efficient active zones. It also allowed us to disclose the endosomal nature of tubular
organelles described previously by electron microscopy in these cells (Fig. 1D). In primary
cultured neurons, mCLING revealed molecular differences between actively and spontaneously
released synaptic vesicles. Additionally, we confirmed the applicability of mCLING as
membrane marker in the Drosophila larva neuromuscular junctions, and in microorganisms like
yeast and bacteria. We conclude that mCLING has a great potential for the molecular study of
membrane trafficking processes in a wide range of biological preparations.
Reference
Revelo N.H., Kamin D., Truckenbrodt S., Wong A.B., Reuter K., Reisinger E., Moser T., Rizzoli
S.O. A new probe for super-resolution imaging of membranes elucidates trafficking pathways. J
Cell Biol. Accepted, March 18 2014.
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Fig. 1: A. mCLING is a novel endocytosis marker, fixable and combinable with immunostaining. B. Living cells. mCLING
is endocytosed along with transferrin (Tf) and the epidermal growth factor (EGF). C. Cells fixed and immunostained for
Syntaxin 6. D. IHCs. Two-color STED images. mCLING colocalizes with Syntaxin 6 and Syntaxin 16. Scale bars 2 µm.
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In eukaryotic cells, several pathways have evolved independently to ensure the integrity of the
protein-folding environments in the endoplasmic reticulum (ER). The ER is the cellular
organelle for synthesis, folding, and maturation of most secreted and trans membrane
proteins. Processes that disturb protein folding may also cause accumulation of unfolded
proteins in the ER leading to ER stress. Zona pellucida is a glycoprotein, which synthesized in
ER of the ovum. It is a very important layer in the cellular relationship between ovum and
follicular cells. In addition, it plays a significant role in follicular development. We used
Tunicamycin (TM), which is an antibiotic that induces the ER stress. It blocks the synthesis of
all N-linked glycoproteins and we studied its effects on the structure of zona pellucida and the
morphology of the mice ovarian follicles. There were 24 C57BL/6 young female mice that
weighed between 10-25g. We split them into three groups each having 8 mice. The control
group had intraperitonial (IP) injection of basic water (pH 9) twice in each week. The other two
groups were the experimental ones of 1 and 2. The first experimental group had IP injections
of 5 μg of TM in 0.1ml of basic water for two weeks. The second experimental group had the
same dose of TM twice per week for four weeks. We stained the histological sections with H+E,
PAS+Masson and PAS+H. We used immunohistochemistry and Western blot methods to
evaluate the effects of cellular stress on the morphology of the ovarian follicles. According to
the anti-GRP/BiP immune reaction, the TM induced ER stress was comparatively expressed
most in the first experimental group. The ER stress expression in the second experimental was
relatively less than that of the 2 week group, but close to that of the control group.
Immunohistochemistry and Western blot results also show low levels of ZPGs in first
experimental group but high levels of ZPGs in the second experimental and control groups.
Appropriate histomorphometric methods were also used to support the data. P -values for
Zona pellucida and number of granulosa cells surrounding the oocytes in secondary follicles
were found to be statistically significant among the groups. Consequently, it was concluded
that tunicamycin induced cellular stress, and has a negative effect on the morphology of the
mice ovarian follicles. REFERENCES 1. Sato E, at all.: Microscopy Research And Technique.
2006;69:427-435. 2. Liang LF, at all.: Mol. Cell. Biol. 1990, 10(4): 1507. 3. Hoodbhoy T, at all.:
MCB. 2006; 26(21): 7991-7998. 4. El-Mestrah M, at all.: Biol. Reprod. 2002; 66: 866-876. 5.
Schr'odera M, at all.: Mutation Research. 2005; 569: 29-63. This present work was supported
by the Research Fund of Istanbul University. Project No. 23471
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Urothelial cells line the urinary bladder and form the tightest permeability barrier in
mammalian species, including humans. The process of normal urothelial differentiation can
undergo alternative pathways, which often leads to the formation of urinary bladder cancers.
Bladder cancers are clinically very relevant issue as they present the ninth most common
malignancy in man, and show high recurrence rate with the traditional operational approaches.
Therefore, development of novel approaches to remove the cancer cells more effective is
needed. One of the viable options is photocatalysis of metal nanoparticles, which are
endocytosed by cancer cells and produce cytotoxic reactive oxygen species (ROS) when
irradiated with UV-light. Here, our aim was to determine cytotoxic potential of TiO2
nanospheres after UV-light irradiation on invasive urothelial cancer cells T24.
Materials&Methods. The human urinary bladder cancer cells T24 (high-grade and invasive
transitional carcinoma cells) were incubated in culturing medium supplemented with TiO2
nanoparticles for 2 hours, washed and irradiated with UV-light (15 W/cm2) for 10-, 20- or 30
minutes. The cytotoxic effects of TiO2 nanospheres were evaluated 8 and 24 hours after
illumination; quantitatively with Live/Dead Viability Kit (Molecular probes, Invitrogen) under
light microscope (T300, Nikon), and ultra-structurally with scanning and transmission electron
microscopes (840A, Jeol and CM100, Philips, respectively).
Results. TiO2 nanospheres were internalized by the T24 cells and were detected in various
endosomal compartments, which were distributed beneath the plasma membrane and around
the nucleus. Viability of T24 cells that contained TiO2 nanospheres, but were not irradiated,
was comparable to the cells without nanospheres and irradiation. Eight hours after UV-light
irradiation, the viability test showed green (live) or red (dead) staining of the cells that had
contained TiO2 nanospheres. The percentage of red-coloured cells was irradiation-time
dependent and was the lowest in the cultures that were irradiated for 10 minutes, higher in
20-, and the highest (> 65%) in cultures irradiated for 30 minutes (Fig. 1, upper panels).
Twenty-four hours after UV-light irradiation the trend was the same, however, percentage of
red-coloured cells was even higher (>85% in cultures that were irradiated for 20 minutes or
longer; Fig. 1, lower panels).
Conclusions. TiO2 nanospheres that were used in the experiments could be endocytosed by
the epithelial cells and are not toxic for them per se. However, in the combination with UV-light
irradiation TiO2 nanospheres exhibit strong cytotoxic effects on cells, and are therefore
recommended for further use as an excellent photocatalytic nano-material.



 
Fig. 1: Viability of T24 cells, which were pre-incubated with TiO2 nanospheres, 8- and 24 hours after irradiation with
UV-light for 10-, 20- or 30 minutes. Green staining corresponds to live cells and red staining corresponds to dead cells.
Scale bar: 10 µm
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Paramyxoviruses are pleiomorphic enveloped RNA viruses; and include the human pathogens
respiratory syncytial virus (RSV), human metapneumovirus (hMPV), measles virus (MeV), and
human parainfluenza viruses (HPIVs). RSV primarily infects infants, young children, and the
elderly, causing severe bronchiolitis, viral pneumonia, and death. There is no vaccine against
RSV.
To define the structure of RSV, we combined several state-of-the-art imaging and analysis
technologies. We used cryo-electron tomography (cryo-ET) and a newly developed approach,
Zernike phase contrast (ZPC) cryo-ET, to visualize the architecture of RSV in its native state. To
evaluate the presence and localization of M2-1 in filamentous viruses and to correlate with the
cryo-ET data, we used confocal microscopy and direct stochastic optical reconstruction
microscopy (dSTORM). In addition, we utilized a proximity ligation assay (PLA) to measure the
specific protein-protein and protein-RNA interactions in RSV particles.
For all imaging experiments, we either produced and purified RSV from HEp-2 cells or procured
suspensions of RSV (Advanced Biotechnologies Inc.). Cryo-EM data was collected with a JEOL
JEM-2200FS 200 kV, field emission TEM with an in-column energy filter, on a Gatan 4kx4k CCD
camera. For the confocal microscopy experiments, images of fixed cells were taken on a LSM
710 laser scanning confocal microscope (Zeiss). Super-resolution images were recorded with a
Vutara SR 200 (Vutara, Inc.) microscope. PLA was performed according to the Duolink II kit
manufacturer’s instructions (Olink Bioscience).
Using cryo-ET, we classified virus particles as spherical, filamentous, or asymmetric. All three
morphologies sustained a similar organization of the surface glycoproteins, matrix protein (M),
M2-1, and the ribonucleoprotein (RNP). Employing computational methods, the RNP filaments
were traced in 3D and their total length was calculated. The measurements emphasized that
the inclusion of multiple full-length genome copies per particle was a common attribute. The
RNP was associated with the viral membrane whenever the M layer was present. We used
fluorescence light microscopy (fLM), dSTORM, and PLA, to provide additional evidence
illustrating that M2-1 is located between the RNP and M in isolated viral particles. In addition,
regular spacing of the M2-1 densities was resolved when RSV viruses were imaged using ZPC
cryo-ET. Our studies highlight the complexity of RSV structure and substantiate that M and
M2-1 regulate virus organization.
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Anaerobic ammonium-oxidizing (anammox) bacteria are recognized as major players in the
global nitrogen cycle and estimated to be responsible for up to 50% of the nitrogen in the air
that we breathe. In addition, anammox bacteria are extremely valuable for wastewater
treatment where they are applied for the removal of nitrogen compounds. Besides their
ecological and industrial importance, anammox bacteria defy some basic biological concepts.
Whereas other bacteria have only one cell compartment, the cytoplasm, anammox bacteria
have three independent cell compartments. The innermost, major, cell compartment is called
the anammoxosome and is the location of the anammox reaction. We propose that the
anammox reaction is coupled to the anammoxosome membrane, leading to the establishment
of a proton motive force and subsequent ATP synthesis. To test this hypothesis, we have
isolated the anammoxosome from the cell and investigate its role as the energy factory of the
cell. In addition, anammox bacteria are proposed to have an atypical cell wall devoid of both
peptidoglycan and a typical outer membrane. The anammox cell wall thus does not seem to
resemble that of other known bacteria but instead resembles the cell wall of Archaea; with an
energized outermost (cytoplasmic) membrane and a surface protein layer on top. Both
anammoxosome and cell wall projects combine molecular and protein toolboxes with
(cryo-)electron microscopy techniques. The results will add new insights to the fundaments of
bacterial cell biology. In addition, understanding how anammox bacteria work is important for
global climate change and development of sustainable wastewater treatment systems.
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On the basis of cryopreparation in combination with serial sectioning, FIB-SEM and (serial)
electron tomography, we deliver a detailed look into the unusual cell architecture of the
hyperthermophilic Crenarchaeon Ignicoccus hospitalis and its relationship to Nanoarchaeum
equitans. The 3D-models obtained reveal a highly complex and dynamic endogenous
membrane system that is unrivaled among prokaryotes.
The hyperthermophilic Crenarchaeon Ignicoccus is unusual in many ways; above all in its
ultrastructure [1]: Unlike most archaea which have a proteinaceous S-Layer as the outmost
sheath in their cell envelope, Ignicoccus exhibits an outer cellular membrane (OCM). Between
this outer cellular membrane and the cytoplasmic membrane, an intermembrane compartment
(IMC) can be found whose volume makes up ~40% of the whole cell volume in average. In
some cells it can reach an extent much larger than the volume of the cytoplasm. In the IMC,
membrane-surrounded tubular and vesicular structures can be found. Apparently, these
structures constrict from or fuse with the cytoplasmic membrane and interact with the outer
membrane via pore complexes. All interacting structures are connected via thin filaments
(~3-6 nm in diameter), that span through the whole IMC. The same structures also seem to be
involved in building up the contact to Nanoarchaeum. The S-Layer of Nanoarchaeum appears
to be disintegrated at the contact site, but might play a role in the initial adherence process.
Intriguingly, this contact was revealed as a fusion of cytoplasms of both cells. Overall, the
inner membrane system of Ignicoccus is reminiscent of the eukaryotic endogenous membrane
system not only in structure and dynamics. Putatively involved homologues to designated
eukaryotic proteins can be found: small GTPases (Sar1/Arf like), Coatomer proteins, Sec61β,
proteins of the ESCRT-III system, a tethering complex component (Bet3) and the ATPase p97
[2, 3]. Altogether, the results are tempting to speculate about a prokaryotic origin of the
eukaryotic endogenous system.
[1] Rachel et al., Archaea 1 (2002), 9
[2] Podar et al., Biology Direct 3 (2008), 2
[3] Giannone et al., PLOS One 6(8) (2011), e22942
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Fig. 1: (A) slice of a tomogram; CP=Cytoplasm, IMC=Intermembrane Compartment; CM= Cytoplasmic Membrane; SL=
S-Layer; bar 0.5 µm; (B) detail of the contact site between Ignicoccus and Nanoarchaeum; bar 0.2 µm; (C) 3D-Model of
the contact site; (D) cross section; yellow=CP of both organisms, green=OCM/IMC, purple=SL, red=filamentous
structures
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In autotrophic eukaryotes, CO2 is fixed via the Calvin Cycle, a pathway which takes place in the
stroma of the chloroplasts; autotrophic prokaryotes, however, have developed at least five
alternative ways of CO2 fixation which by now were all assumed to be located in the cytoplasm
[1]. In the hyperthermophilic Crenarchaeum Ignicoccus, CO2 fixation is proposed to proceed via
the unique dicarboxylate/4-hydroxybutyrate cycle and as we could show provided a surprise in
its location [2].
Ignicoccus cells exhibit an extraordinary ultrastructure. In addition to the cytoplasmic
membrane, there is an outer cellular membrane, which encases an intermembrane
compartment (IMC). The IMC contains membrane-surrounded vesicular structures and tubes,
derived from the cytoplasm. Altogether, the ultrastructure is reminding of the eukaryotic
endogenous membrane system [3].
Another curiosity about Ignicoccus is the location of its ATP synthase. This enzyme is
exclusively found in the outer cellular membrane of Ignicoccus cells, thus leading to the
assumption that large quantities of ATP are available in the IMC [4].
The compartmentalized cell structure of Ignicoccus and the unique location of its ATP synthase
in the outer cellular membrane raise questions about the subcellular distribution of different
steps of the CO2 fixation pathway. To answer these questions we used different methods of 3D
electron microscopy (serial sectioning, electron tomography) and immunolabelling of
cryo-immobilized, freeze substituted cells. Immunolabelling studies revealed that the
Acetyl-CoA synthetase, an enzyme that catalyzes the initial step of the CO2 fixation, is located
in the IMC, tightly associated with the outer cellular membrane.
Additionally, we were able to detect the Crotonyl-CoA hydratase (step 12) and the PEP
carboxylase (step 3) in the IMC of Ignicoccus. Currently, we are targeting more enzymes
involved in the CO2 fixation to track down its route and to get a deeper understanding in the
physiology of these highly unusual cells.
References:
[1] Fuchs, Annu Rev Microbiol. 65 (2011), p 631-58.
[2] Jahn et al., J Bacteriol 189 (2007), p. 4108.
[3] Heimerl, EMC 2012 proceedings (2012).
[4] Küper et al., PNAS 107 (2010), p. 3152.
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Fig. 1: Ultrathin section of Ignicoccus; cells were cryo-fixed, freeze-substituted, and embedded in Epon. Section was
labeled with antibodies directed against the Acetyl-CoA synthetase; detection with goat anti-rabbit immunoglobulin 6
nm. Bar, 0.5 µm.
 

 
Fig. 2: 3D-reconstruction and visualization of different data sets of serial sections from Ignicoccus cells, prepared as
described, labeled with antibodies directed against the Acetyl-CoA synthetase. Alignment, segmentation, and
visualization were done using AMIRA. Red: cytoplasm; blue: vesicles in the IMC; yellowish/white: gold; light blue:
Nanoarchaeum.
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Anammox bacteria convert ammonium and nitrite to nitrogen gas to obtain energy for growth.
Until its discovery in the early 1990s This so called anammox reaction was deemed impossible.
Now, anammox is recognized to contribute significantly to oceanic nitrogen loss and is
estimated to be a major source of gaseous nitrogen on Earth. In addition, anammox bacteria
are extremely valuable for wastewater treatment where they are applied for the removal of
ammonium. Besides their importance in industry and the environment, anammox bacteria defy
some basic biological concepts. Whereas most other bacteria have only one cell compartment,
the cytoplasm, anammox bacteria have three independent cell compartments, from out- to
inside; the paryphoplasm, riboplasm and anammoxosome. The anammoxosome is the largest
cell compartment and is proposed to be dedicated to energy transduction. As such it would be
analogous to the mitochondria of eukaryotes. The riboplasm contains the nucleoid and
ribosomes and the paryphoplasm has a yet unknown function. Having three cellular
compartments poses challenges to protein sorting, substrate transport and cell division and it
is largely unknown how anammox bacteria achieve these functions. In addition, anammox
bacteria have been proposed to have an atypical cell wall devoid of both peptidoglycan and an
outer membrane. By combining advanced electron microscopy techniques (such as
cryo-electron microscopy and cryo-electron tomography) with immuno-localization studies,
proteomics and cell fractionation we aim to gain a better understanding of the ultrastructure
and function of these unique bacteria.



Type of presentation: Oral
 

LS-6-O-3435 DNA structure inside the T5 bacteriophage capsid
 

LEFORESTIER A.1, SUNG B.1, DE FRUTOS M.2, LIVOLANT F.1
 
1Laboratoire de Physique des Solides, CNRS UMR 8502, Orsay, France 1, 2Institut de Biochimie
et Biophysique Moleculaire et Cellulaire, UMR CNRS 8619, Universite Paris Sud, Orsay, France 2
 

Email of the presenting author: francoise.livolant@u-psud.fr
 
Using multiple methods including cryoTEM observations of phages in suspended vitrified films
or cryosections of infected bacteria, we address the question of bacteriophage T5 DNA
organization in the full capsid and during encapsidation and release of the genome.
- The organization of DNA in the full capsid has been debated over the years. We propose that
the hexagonally packed DNA is organized into multiple domains separated by defect walls [2].
Ongoing tomography observations will be presented.
- DNA release form the bacteriophage capsid involves physical and biological processes. It is
possible to follow the ejection of DNA from the bacteriophage in vitro after interaction of the
phage with its purified receptor. CryoTEM experiments let us visualize the portion of DNA kept
inside the capsid at different steps of the ejection and provide information on its structure
[1-3]. From these experiments, we discuss how the structure of confined DNA changes with the
ionic conditions (isotropic, versus fully or partially toroidal). CryoTEM and fluorescence
approaches reveal the presence of pauses during T5 ejection (moments where the ejection
speed slows down to zero) allowing partially filled capsids to be imaged. We discuss the
importance of ionic conditions and presence/absence of a support film in the location of these
pauses [4]. We also discuss the reasons why pauses have not been detected in other phages
like Lambda. Our work highlights the role of DNA organization inside the bacteriophage capsid
on the stochastic and out of equilibrium nature of the ejection process.
- DNA organization during encapsidation inside the bacteria is analysed on cryosections of
infected bacteria (work in progress) and comparisons are driven with capsids containing
various amounts of DNA under multiple ionic conditions.
[1] A Leforestier, F Livolant, Proc. Natl. Acad. Sci. 2009, 106, 9157–9162.
[2] A Leforestier, F Livolant, J. Mol. Biol, 2010, 396, 384–395.
[3] A. Leforestier, A. Siber, F. Livolant , R. Podgornik, Biophys. J. 2011, 201, 100, 2209–2216
[4] M. De Frutos, A. Leforestier, and F. Livolant 2014, Biophys. Rev. Lett. 09, DOI:
10.1142/S1793048013500069
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Sodium hypochlorite (NaOCl) is used as a disinfectant. However, its bactericidal mechanism
has not yet been clarified. In the present study, the bactericidal mechanism of NaOCl was
examined using microscopy and gel electrophoresis techniques.
Staphylococcus aureus strain 209P was treated with NaOCl. Scanning electron microscopy
images of the staphylococcal cells treated with 0.05% (w/v) NaOCl for 5 minutes showed an
irregular surface with cells partially invaginated. Transmission electron microscopy images of
the bacterial cells treated with 0.05% for 5 and 15 minutes showed cytoplasmic alteration,
accompanied by partially irregular surfaces. When treated with a high concentration of NaOCl
(0.1%), significant alteration of the cytoplasm was seen and condensation was observed in the
nuclear region in some cells. By a fluorescence microscope, we clearly observed fluorescence
quenching in these 0.1% NaOCl-treated cells. Based on these observations, which indicated
that NaOCl damaged chromosomal DNA, we next treated chromosomal DNA from bacterial
cells with NaOCl and performed agarose gel electrophoresis. Chromosomal DNA was absent
from the gel comprising the DNA sample from the bacterial cells treated with 0.05% NaOCl.
From these biochemical results, it became clear that NaOCl degrades the chromosomal DNA of
S. aureus. Taken together with these findings, we assume that the condensation of nuclear
region induced with NaOCl is mediated by the NaOCl-induced degradation of S. aureus
chromosomal DNA.
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The genus Pucciniastrum was first established by Otth in 1861 with a type species
Pucciniastrum epilobii. But the taxonomic treatment of this genus with the genus Calyptospora
and Thekopsora was different among researchers. The genus Thekopsora was described by
Magnus in 1875 based on the species Thekopsora areolata. It was distinguished from
Pucciniastrum only by the position of the telia, namely in Pucciniastrum teliospores develop
underneath the epidermis of plants, but within the epidermal cells of plants in Thekopsora.
Calyptospora was established by Kühn in 1869, consisting of a single species Calyptospora
goeppertiana. This species was distinguished from Thekopsora by the absence of the uredinia
and formation of teliospores on stems (Pady 1933, Faull 1938). Although these three genera
could be distinguished by the position of telia, other morphological characteristics were
similar. In earlier studies, some authors did not consider the position of telia as an important
taxonomic characteristic and treated Thekopsora and Calyptospora as synonyms of
Pucciniastrum, thus, Pucciniastrum as broad sense (Dietel 1900, Fischer 1904, Arthur
1907-1925).
In order to get a clearer understanding of the relationship among Pucciniastrum, Thekopsora
and Calyptospora, phylogenetic analyses of 28s rRNA is applied in this research along with the
morphological studies. The characteristics of both uredinia and telia were observed under the
light microscope and scanning electron microscope. Sequences of genera of Pucciniastreaece
were used in this study. And it is also the first time to use the molecular studies on the
systematic research of Pucciniastraceae.
The phylogenetic results showed that species of these three genera did not assemble in
separate clades on the basis of genus. Species of these three genera were crossed and
separated in three main clades which had a better correspondence with the characteristics of
the ostiolar cells of the uredinia ranther than the location of the telia. That is to say, species
which had well-developed and smooth ostiolar cells (Group Ⅰ), had no well-developed ostiolar
cells (Group Ⅱ)and had well-developed and coarsely ostiolar cells (Group Ⅲ) formed three
distinct lineage (Fig.1; 2). It was the first time to use comparative analyses of molecular
phylogeny and morphology to study of the taxonomic status of Pucciniastrum, Thekopsora and
Calyptospora. It suggested that it is inappropriate to distinguish these three genera according
to the position of telia, and we propose a combination of these three genera and treat them as
broad Pucciniastrum. Also, the result implied that the characteristics of the uredinial ostiolar
cells had a closer relationship with the evolution of these genera rather than the telia.
 

Acknowledgement: This research is supported by the NSFC in China (NO.31070572). Thank to
the herbaria HH, TSH, HMAS, HMNWFC. We are grateful to Dr. M. Kakishima and Dr. Y. Ono for
their help.



 
Fig. 1: A tree formed based on 28S sequences with maximum parsimony method. Bootstrap values were calculated
from 1000 replications. Parsimony bootstraps greater than 40% are shown. Sequence of Melampsoridium betulinum
was used as out group. The bar of the picture stands for 20μm.
 

 
Fig. 2: A tree formed based on 28S sequences of species of Pucciniastraceae with maximum parsimony method.
Bootstrap values were calculated from 1000 replications. Parsimony bootstraps greater than 40% are shown. Sequence
of Puccinia hordei was used as out group.
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There are only two kinds of organisms on Earth: prokaryotes and eukaryotes. Although
eukaryotes are considered to have evolved from prokaryotes, there were no previously known
intermediate forms between them until recently. The differences in their cellular structures are
so vast that the problem of how eukaryotes could have evolved from prokaryotes is one of the
greatest enigmas in biology. In 2012, we discovered a unique organism with cellular structures
appearing to have intermediate features between prokaryotes and eukaryotes in the deep-sea
off the coast of Japan by using electron microscopy and structome analysis [1]. The organism
was 10 µm long and 3 µm in diameter, having more than 100 times volume of Escherichia coli.
It had a large ‘nucleoid’, consisting of naked DNA fibers, with a single layered ‘nucleoid
membrane’, and ‘endosymbionts’ that resemble bacteria, but no mitochondria. We named this
unique microorganism the ‘Myojin parakaryote’ with the scientific name of Parakaryon
myojinensis (“next to (eu)karyote from Myojin”) after the discovery location and its
intermediate morphology. The existence of this organism is an indication of a potential
evolutionary path between prokaryotes and eukaryotes, and strongly supports the
endosymbiotic theory for the origin of mitochondria and the karyogenetic hypothesis for the
origin of the nucleus.
[1] Yamaguchi M, Mori Y, Kozuka Y, Okada H, Uematsu K, Tame A, Furukawa H, Maruyama T,
Worman CO, Yokoyama K: Prokaryote or eukaryote? A unique microorganism from the deep
sea. J. Electron Microsc. 61: 423-431, 2012.
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Fig. 1: All Figures.
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We developed a new support film for electron microscopy using a plasma polymerization
method [1]. In this method, a thin film is formed on the surface of sodium chloride crystals by
applying a high voltage (2 kV, D.C.) across electrodes thorough naphthalene gas in a plasma
polymerization replica apparatus (Fig. 1, step 1–4). The film is floated off in water, and picked
up on an electron microscopy grid placed on a filter paper (Fig. 1, step 5–6). After drying in air,
the grids are ready for use (Fig. 1, step 7).
This support film was named “Super Support Film”, and is now commercially available from
Nisshin EM Ltd. (telephone and fax: 81-3-3355-3001). Super Support Film has the following
features.
1) It is a three-dimensionally polymerized carbon film.
2) It shows an amorphous texture and high transparency to electrons.
3) It is mechanically strong and resists heat, chemicals, and electron bombardment.
4) It has a very smooth surface, suitable for negative staining.
Figure 2 shows a cross section of Super Support Film. Figure 3 shows a negative staining of
influenza A virus using a Super Support Film-coated microgrid. Figure 4 to 6 show,
respectively, an ultrathin section of a freeze-substituted yeast (Cryptococcus), a negative
staining of hepatitis B core particles, and a negative staining of the bacterium Helicobacter
pylori. These micrographs demonstrate the clarity and resolution possible with Super Support
Film.
[1] Yamaguchi et al.: A support film of plasma-polymerized naphthalene for electron
microscopy: method of preparation and application. J Electron Microsc. 41: 7-13, 1992.



 
Fig. 1: All Figures.
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Nucleocytoplasmic large dsDNA viruses (NCLDV) are among the largest and most complex
viruses known – their capsids are 200–800 nm large and the dsDNA genome is replicated in the
cell nucleus and cytoplasm with only little help of the host organism [1]. Here, we focused on
ranaviruses (~200 nm in diameter) that have caused significant economic losses to fish
industry and threaten biodiversity of amphibian species worldwide [2]. Despite increasing
importance of ranaviruses as global pathogens relatively little is known about the structural
and mechanistic features of their replication cycle. The ranaviruses exist in two infectious
forms (naked capsids and enveloped virions), each with a different way of cell entry and cell
egress [3]. In order to determine the structural basis for cell entry by the two respective forms
of virions, we purified and imaged virions of the type ranavirus, frog virus 3 (FV3), by
cryo-electron microscopy and tomography. Electron micrographs showed large capsids with
three distinguishable layers enclosing the electron-dense core of packaged dsDNA (Figures 1,
2). The inner shell presumably corresponds to an internal membrane, the intermediate layer to
a proteinous capsid shell and the outer layer to an external lipid envelope. Initial 3D
reconstruction of FV3 revealed an icosahedral shell with large flat triangular facets between
the 5-fold vertices and small turrets at the 5-fold vertices of the shell (Figure 3). The capsid
diameter varies from 157 nm at the 3-fold axis and 159 nm at the 2-fold axis to 175 nm at the
5-fold icosahedral axis. Overall, the FV3 capsid exhibits similar morphology and structural
features as related viruses from the family Iridoviridae, PBCV-1 and CIV [4]. Electron
tomograms of FV3 virions additionally revealed small spikes at the outer surface of enveloped
virions that likely correspond to viral glycoproteins. Subtomogram averaging of individual
extracted virions was done in Bsoft [5] using icosahedral symmetry. The average (Figure 2) is
consistent with the single particle reconstruction and further image analysis will be undertaken
to identify the putative special vertex for genome ejection.
[1] La Scola, B. et al. (2003) Science, 299, 2033.
[2] Gray, M.J. et al. (2009) Dis. Aquat. Organ., 87, 243–266.
[3] Chinchar, V.G. et al. (2009) Curr. Top. Microbiol. Immunol., 328, 123–170.
[4] Xiao, C. and Rossmann, M.G. (2011) Curr. Opin. Virol., 1, 101–109.
[5] Heymann, J.B. et al. (2008) J. Struct. Biol., 161, 232–242.
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Fig. 1: Cryo-electron micrograph of FV3 virions collected at 300 kV and 4-um defocus. The virions have angular
appearance and consist of a dense DNA core and multiple outer layers.
 

 
Fig. 2: The central slice of a subtomogram average of FV3
virions shows a dense DNA core and multiple outer
layers.The layers are more separated under the 5-fold
vertices (arrowhead) than the rest of the icosahedral shell.
 

 
Fig. 3: Isosurface rendering (1.5σ) of the reconstructed
icosahedral FV3 capsid reveals small turrets above the
5-fold vertices (arrow). The icosahedral asymmetric unit
and axes are depicted by the white triangle.
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Catheter-associated urinary tract infections (CAUTIs) are one of the most common nosocomial
infections. Half of the patients experience bacteriuria in the first 10-14 days of catheterization
and the risk is significantly higher in long-term catheterization. In patients with more than 28
day of catheterization the risk of infection approaches to 100%. Proteus mirabilis is a gram
negative bacterium commonly associated with CAUTI. It can cause complicated urinary tract
infection (UTI). They can express several virulence factors that are related with infection as
fimbriae, flagella, immune-avoidance, damage in host cells and biofilm formation. We used a
clinical P. mirabilis 2921 strain and an isogenic mutant strain for an efflux protein (P. mirabilis
40) which make them inefficient to form biofilm. We assessed the capability to swarm over
latex and silicone catheters (Sylkolatex 2 way Foley catheter, Teleflex Medical, USA and
Silkomed ®Teleflex Medical, Germany) with both strains. The experiment was performed 10
times. Scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS) was
performed in the different catheters.
The strains were divided in 3 groups according to the results obtained: (0) non-crossing, (1)
swarming but not able to bridge the catheter and (2) able to bridge the catheter. The results
show that wild type P. mirabilis 2921 was able to bridge in all cases (10/10) in both types of
catheter. In silicone, P. mirabilis 40, 50% of bacteria were non-crossing, 30 % were swarming
but not able to bridge and 20 % were able to bridge the catheter. Moreover in latex, 60% of
them were able to swarm but not to bridge while 40 % were able to bridge the catheter. This
results show that the mutant is affected in their capability of crossing the catheter but there
are also differences related to the catheter material.
EDS revealed that latex has an 8.27% of zinc among other components while silicone has
mainly silicone (36.5%) and no other metals were found (Fig.1 and 2). Zinc is an essential
transition metal in all organisms; bacteria are predicted to incorporate zinc into 5-6% of all
proteins. Zinc proteins are involved in DNA replication, glycolysis, pH regulation and the
biosynthesis of amino acids, extracellular peptidoglycan and low molecular thiols. Probably,
the accessibility of zinc allows the mutant cross better the latex than the silicone catheters.
SEM images revealed that wild type P. mirabilis 2921 form biofilm over the surface (Fig. 3 and
4) while the mutant only appear in small groups.
The results obtained in the present work will contribute to the understanding of CAUTI and
should be taking into account in clinical practice.



 
Fig. 1: Latex catheter surface without bacteria. The
structure in the image resembling a ball isin the internal
surface of the catheter
 

 
Fig. 2: Silicon catheter surface without bacteria
 

 
Fig. 3: P. mirabilis 2921 over latex catheter. It is possible to
recognize the “balls” in the latex surface (*). Bacterial
biofilm is indicated by two **
 

 
Fig. 4: P. mirabilis 2921 over silicon
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Bacteria tolerant to organic solvents could be used for the bioconversion of hydrophobic
compounds relevant to pharmaceutical, chemical and food industries (Schmid et al., 2001).
Rhodococcus actinobacteria are promising biotechnology agents due to their great catalytic
capabilities and high resistance to toxicants and harsh environmental conditions (Kuyukina,
Ivshina, 2010). Organic solvents affect negatively the structural and functional integrity of
bacterial cells (de Carvahlo, 2010). Using a coupled confocal laser scanning (CLSM) and
atomic-force microscopy (AFM), it is possible to study surface properties of living bacterial
cells. The aim of this work was to investigate the effect of cyclohexane on R. ruber cell
viability, morphology and elastomechanical properties.
We studied the R. ruber IEGM 231 strain from the Regional Specialized Collection of
Alkanotrophic Microorganisms (acronym IEGM, WDCM # 768; www.iegm.ru/iegmcol/strains). A
coupled AFM/CLSM system (Asylum MFP-3D, Asylum Research and Olympus FV1000, Olympus
Corporation) was used. Silicon cantilevers AC240TS (Olympus) were used for the AFM imaging
in tapping mode in air (scan size – 20 μm). Silicon nitride cantilevers BL-TR400PB (Olympus)
were used for the force measurements in water. Images were analyzed using FV10-ASW
(Olympus) and Igor Pro 6.22A (WaveMetrics) softwares. Cell viability was tested using
LIVE/DEAD BacLight Bacterial Viability Kit (Invitrogen). Only 40% of cells remained viable after
24 h exposure to cyclohexane and significant changes in their surface morphology in response
to toxic effects of the organic solvent were revealed (Fig. 1, 2). Rhodococcal cells became
smaller by 29% in length and 21% in width upon 24h–incubation with cyclohexane and
restored their sizes by 8% and 33% respectively after 5 days. While the surface roughness
(RMS) of viable cells increased by 31 nm at the first day and continued to increase by 46 nm
after 5 days. Interestingly, dead cells were characterized by increased roughness after 24 h
but their surfaces became equal to the control cells after 5 days. Average Young modules of
1.6 MPa were registered for control cells, while 1.3 MPa values were obtained for
solvent-resistant cells, thus suggesting a slight decrease in cell elasticity. We suppose that an
increasing cell roughness could result in higher contact area between cells and organic
solvent, thus leading to enhanced solvent uptake and biotransformation. Solvent-resistant
Rhodococcus strains could be used for the bioremediation of waste waters and
biotechnological processes carried out in organic phases.

1.    de Carvalho CCCR, 2010. Microbiol. Monographs. 16,109-131
2.    Kuyukina MS, Ivshina IB, 2010. Microbiol. Monographs. 16,231-262
3.    Schmid A et al., 2001. Nature. 409,258-258
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Fig. 1: Dynamic of cell viability and roughness during exposure to cyclohexane.
 

 
Fig. 2: AFM/CLSM image of live cells stained with SYTO 9 (green) and dead cells stained with propidium iodide (red)
after exposure to cyclohexane.
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Rotaviruses (RVs) are important enteric pathogens of humans and animals causing severe
enteritis that often leads to death, especially in the very young. The RV genome, segmented
dsRNA, is encapsidated within a triple-layered virus particle, comprising four proteins: VP2 at
its inner layer, VP6 forming the intermediate layer, and VP7 forming the outer layer. Finally,
the VP7 layer is also interspersed by protruding VP4 spikes.
The details of RV particle formation are not completely understood and controversially
discussed in the literature. In the present study, we used a minimalistic approach to generate
Rotavirus-like particles (RVLP) by transduction of cell cultures with Herpes simplex virus type-1
(HSV-1) amplicon vectors. The helpervirus-free amplicon particles were engaged to deliver a
DNA-cassette, encoding for a single, polycistronic mRNA, which contains the coding sequences
of the three capsid proteins VP2, VP6, and VP7, separated by internal ribosome entry sites.
Transmission electron microscopy of ultrathin sections from cells fixed with glutaraldehyde and
osmium tetrotxide revealed that viroplasm-like structures comprising numerous RVLPs were
indeed formed within the cytoplasm of amplicon vector-transduced cells (Fig. 1). Moreover,
RVLPs were isolated, purified and imaged after negative staining (Fig. 2) and immunogold
labeling (Fig. 3), which confirmed the VLP's identity as RV-like.
However, Western immunoblot analysis and auxiliary immunogold labeling of purified RVLPs
indicated that the observed VLPs consisted predominantly of the two inner layers VP2 and VP6,
whereas VP7 was abundantly present in transduced cells, yet, hardly incorporated into the
VLPs. We hypothesize that VP7 needs the assistance of further RV proteins in order to
complete the third capsid layer. Most likely, VP4 and NSP4 are involved in this process.
Therefore, their functions will be evaluated in future work that is aimed to define the minimal
requirements for triple-layered RVLP formation.
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Fig. 1: Transmission electron microscopy of ultrathin sections of cells harvested from monolayers by pelleting and
fixation with glutaraldehyde and osmium tetrotxide. RVLPs assembled in viroplasm-like structures within the cytoplasm
of transduced cells. Scale bar = 100 nm.
 

 
Fig. 2: Negative staining (phosphotungstic acid) of RVLPs
produced with the helpervirus-free HSV-1 amplicon vector
system. Two days after transduction, RVLPs were purified
over a sucrose cushion. Scale bar = 100 nm.
 

 
Fig. 3: Immunogold staining of the same sample of RVLPs
as in figure 2 using a polyclonal anti-rotavirus serum and a
secondary antibody coupled to 12 nm colloidal gold. Scale
bar = 100 nm.
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Mouse polyomavirus (MPyV) is a small non-enveloped double-stranded DNA virus. Virions of
MPyV are composed of three structural proteins – the major protein, VP1, and two minor
structural proteins, VP2 and VP3. Seventy-two VP1 pentamers create viral capsid and each
pentamer is associated with one molecule of either VP2 or VP3. A great deal is known about
functions of the Mouse polyomavirus capsid proteins in the virion structure as well as in early
stages of virus infection. However, interactions of these proteins with cellular proteins and
structures in late stages of infection are not well characterised.
We studied properties of VP1 after its individual expression and also after co-expression with
VP2 and VP3 in mammalian cells using confocal and electron microscopy. Although VP1
possess nuclear localization signal, it was localised preferentially in the cytoplasm. In situ
fractionation of transfected cells revealed that VP1 protein formed fibres in the cytoplasm.
These fibres were sensitive to nocodazol, drug destabilizing microtubules. Moreover, in a
comparison with control cells, tubulin was retained in insoluble fraction in cells transiently
expressing VP1. Immunoelectron microscopy of thin sections of cells after in situ fractionation
showed co-localization of VP1 and tubulin cytoskeleton. Co-expression of VP1 with VP2 or VP3
led to nuclear localisation of structural proteins. Two phenotypes of VP1 staining were
observed – difuse localization and spot-like phenotype. Nuclear lamina staining (with an
antibody against lamin A/C or lamin B) was disturbed in infected cells and in cells
co-expressing VP1/2 and VP1/3. A possible meaning of these interactions in viral life cycle
context will be discussed.
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African horse sickness (AHS) is a highly infectious and deadly vector-borne disease of Equidae
with a mortality rate of up to 90% in susceptible horses. The etiological agent for AHS is an
orbivirus from the Reoviridae family known as African horse sickness virus (AHSV). The AHSV
virion is composed of two protein layers that are organized into an outer capsid and an
icosahedral core particle made up of major core protein VP7 and subcore protein VP3. A unique
characteristic of AHSV VP7 is that it is highly insoluble and, unlike any of the cognate orbivirus
proteins, forms large flat crystals in AHSV-infected cells. The impact of the formation of these
crystals or their role in AHSV replication remains to be discovered. The aim of this study was to
investigate the process of AHSV VP7 crystal formation by immunofluorescence microscopy. We
first characterized the localization of AHSV VP7 in different systems and studied the
association of VP7 crystals with virus factories during infection. Co-localization data revealed
that only a small amount of VP7 was associated with virus factories, while the majority of VP7
was sequestered into crystals (Fig. 1A). This is likely to have a negative impact on virus
assembly. Next, we set out to investigate whether VP7 crystal formation resulted from
interaction with host trafficking pathways or, alternatively, whether the crystals were a product
of VP7 self-assembly. We investigated the co-localization of a VP7-eGFP fusion protein (Fig. 1B
and C) with components of three host cellular trafficking pathways, i.e. the cytoskeleton, the
aggresomal pathway, and protein degradation pathways. We then selectively blocked each of
these pathways by studying the effect of chemical pathway inhibitors on VP7 distribution. We
found that VP7 forms crystals in a host-independent manner and manages to evade host
defences against protein aggregation (Fig. 2, 3, and 4). These results implied that the unique
ability of VP7 to form crystals was driven by VP7 self-assembly. During core assembly, VP7
assembles into trimers that form a lattice that surrounds the inner VP3 subcore. We therefore
suggest that VP7 crystal formation may be driven by trimer-trimer interactions. We set out to
abolish VP7 self-assembly by targeting key residues that drive VP7 trimer-trimer interactions.
Upon examination of the intracellular distribution of modified VP7 proteins, we found that the
disruption of trimer-trimer interactions successfully abolished the formation of VP7 crystals
thus proving that VP7 self-assembly drives crystal formation. Investigating the role of
trimer-trimer interactions in core assembly will provide further insight into the formation of
crystals as well as their role in AHSV replication.
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Fig. 1: Distribution of VP7 within AHSV- and recombinant
baculovirus infected cells by confocal microscopy.
AHSV-infected BSR cells (A), Sf9 cells expressing wild-type
VP7 (B) and VP7-144-eGFP (C) with 3D stacking image of
VP7 crystal on the right. Wild-type VP7 was detected with
anti-VP7 (green) and VP7-144-eGFP was detected by eGFP
auto-fluorescence.
 

 
Fig. 2: VP7 is not associated with microtubules in
mammalian cells. Mock cells and cells expressing
VP7-144-eGFP (green) were labelled with antibody against
tubulin (red). Cells were untreated (top panel) or treated
with colchicine, a microtubule depolymerizing drug (bottom
panel). Nuclei were stained with DAPI. The same results
were seen in insect cells.
 

 
Fig. 3: VP7 is not associated with the 26S proteasome in
insect cells. Mock cells and cells expressing VP7-144-eGFP
(green) were labelled with antibody against the 26S
proteasome (red). Cells were untreated (top panel) or
treated with proteasome inhibitor MG132 (bottom panel).
Nuclei were stained with DAPI. The same results were seen
in mammalian cells.
 

 
Fig. 4: VP7 is not ubiquinated or associated with the
lysosome in insect cells. Mock cells and cells expressing
VP7-144-eGFP (green) were labelled with antibody against
ubiquitin (A) or incubated in the presence of LysoTracker
Red Dye (Invitrogen) (B) (red). Nuclei were stained with
DAPI. The same results were seen in mammalian cells.
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Bacterial death is an important event associated with carbon and nutrient cycles in aquatic
ecosystems [1]. Although programmed cell death (PCD) is a regulated process largely known in
eukaryotic organisms [2], it is still poorly understood in aquatic bacteria. In this study, we
investigated the occurrence of PCD in aquatic bacteria collected from an impacted ecosystem
(Batata Lake) located in Northern Brazilian Amazon. This ecosystem was drastically impacted
by bauxite tailings and it is presently divided in an impacted area and a natural area. Water
samples collected from the subsurface of this lake (n= 6) were studied by fluorescence
microscopy using different probes for analysis of cell density (DAPI) and bacterial viability
(LIVE/DEAD BacLight). DNA fragmentation was assessed by flow cytometry using Tunel assay,
a marker for identifying PCD [2,3]. In parallel, samples were processed for transmission
electron microscopy (TEM) [4] to evaluate bacteria alterations. A higher density of bacteria
was found in the natural area of Batata Lake (p<0,05) than in the impacted area. Our cell
viability results enabled direct visualization of live and dead bacteria and revealed a higher
proportion of bacterial death in the impacted area compared to the natural area (p<0,01). DNA
fragmentation analysis (TUNEL assay) showed that PCD is a phenomenon occurring in bacteria
in this lake, with higher frequency in the impacted area (15,52%, p<0,05). TEM revealed
typical ultrastructural changes indicative of apoptosis in bacteria from both areas, such as cell
retraction, cytoplasmic condensation and non-disrupted degenerating cells. Quantitative EM
analysis showed that 47,14% of aquatic bacteria in the impacted area exhibited signs of
apoptosis. Altogether, our data demonstrate, for the first time, that PCD occurs in aquatic
bacteria from tropical ecosystems and that this event may be an important mechanism for
controlling bacterial communities in aquatic ecosystems.
References
[1] L.R. Pomeroy et al, Oceanography, 20 (2007) 28-33
[2] L. Galluzzi et al, Cell Death and Differentiation, 19 (2012) 107-202
[3] D.J. Dwyer et al, Molecular Cell, 46 (2012) 561-572
[4] T.P. Silva et al, Antonie van Leeuwenhoek, 105 (2014) 1-14
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Fig. 1: Quantification of aquatic bacteria in a tropical
ecosystem (Batata Lake, Brazil).(A) Bacteria density
evaluated after staining with DAPI. (B) Live/dead bacteria
were clearly observed as green (arrowhead) or red (arrow)
structures. In (C), the percentage of live/dead cells are
shown. (*) p< 0.001.Scale bar 10µm.

Fig. 2: Bacterial DNA fragmentation analysis by flow
citometry. (A, B) Representative histograms of DNA
fragmentation in bacteria collected from impacted and
natural areas and prepared for TUNEL assay. In (C), the
percentages of cells exhibiting DNA fragmentation are
shown. (*) p< 0.001.

Fig. 3: Transmission electron microscopy of aquatic bacteria reveals apoptosis-like alterations. (A) Bacterium with
typical ultrastructure. In (B, C), bacteria show cytoplasmic condensation (arrows), grouped granules (G) and changes in
electron-density. Two empty bacteria are indicated (*). Cellular debris are observed (C, arrowhead). Scale bar 150nm.
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Collagen type VI is a ubiquitous extracellular matrix component that forms complex and
extensive microfibrillar networks in all connective tissues, often associated with basement
membranes. Structurally, it consists of three α-chains (α1, α2 and α3), where each α-chain
contains a short triple helix and N- and C-terminal globular regions. More recently, three
additional chains (α4, α5 and α6) were discovered, which may substitute for α3 in some
tissues. The globular regions are homologous to the type A domains of von Willebrand factor
(vWF-A). We have recently described the antimicrobial properties of this collagen against a
number of Gram-positive and Gram-negative human pathogens. However, the molecular
mechanisms of bacterial killing are still elusive. Therefore, in this study, we applied an in silico
approach to unravel the antimicrobial activity of collagen type VI in further detail. Sequence
and structural analysis showed that the vWF-A domains of all three α-chains contain numerous
amphipathic amino acid motifs of putative antimicrobial nature. In addition, we also could
show that recombinantly expressed vWF-A domains bind to negatively charged surfaces such
as heparin and bacterial membranes. Five such motifs were finally chosen from N8, N9 and C1
domains of the α3- chain for further characterization in bacterial killing assays. The data
suggest that amphipathic, heparin-binding amino acid motifs in the globular vWF A-like
domains harbour the antimicrobial properties of collagen VI.
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Fig. 1: S. pyogenes (AP1) were treated with α1, α2 or α3 chain of collagen VI and permeabilization was visualized by
using scanning electron microscopy. Extensive membrane disruption and leakage of intracellular contents are
observed in the presence of these proteins and are indicated with arrowheads. Bar represents 5 µm.
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African horse sickness virus (AHSV) causes an often fatal disease in horses, of major economic
impact in South Africa. The AHSV virion has a double-layered protein capsid, composed of a
diffuse outer layer housing an icosahedral core. VP7 is the major surface protein of the core
particle and forms trimers that in addition to being incorporated into the core, can also
self-assemble into flat, hexagonal crystalline-like particles in infected cells. This is unique to
AHSV VP7, which in contrast to the VP7 of related viruses, is highly hydrophobic and insoluble.
To construct tools for the study of AHSV VP7 assembly and transport, six amino acids were
inserted downstream of residues 144, 177 and 200 of the AHSV VP7 top domain, thereby
yielding VP7 vector proteins, into which the marker protein eGFP was subsequently inserted
and expressed from recombinant baculoviruses. These modifications are known to affect the
solubility and trimerisation of the protein. A significant amount of misfolded and
non-fluorescing versions of the VP7-177-eGFP and VP7-200-eGFP fusion proteins has also been
documented. We aimed to investigate the effect of these top domain modifications on the
self-assembly and particle formation of AHSV VP7, and to determine the fate of misfolded and
non-fluorescing VP7-eGFP fusion proteins in the cell. Confocal and transmission electron
microscopy (TEM) showed that wild-type (WT) VP7 self-assembled into large, flat hexagonal or
rod-shaped crystalline-like particles (Fig. 1) resembling those in AHSV infected cells. VP7-144
formed small and loosely associated spindle-like structures (Fig. 2A, B). Both VP7-177 and
VP7-200 formed particles resembling WT VP7, but the stable layering was affected to some
extent resulting in rosette-like structures (Fig. 2C, D). VP7-144-eGFP formed small protein
aggregates that associated to form large, irregularly-shaped structures or foci of fluorescence
(Fig. 3A, B). VP7-177-eGFP assembled to smaller spherical foci, whereas VP7-200-eGFP
assembled to small disc-shaped foci that appeared rod-like when viewed at a 90˚ angle (Fig.
3C, D). Thus, self-assembly to single or multiple site(s) was observed in the case of all
constructs studied. Particle formation however was affected by these modifications, with all
proteins differing with regard to the nature of the protein aggregates or particles formed at the
sites of self-assembly. No differential distribution of misfolded VP7-eGFP proteins was
detected, as in all cases red primary antibody signal colocalised exclusively with green
auto-fluorescence (Fig. 4). This study indicates that AHSV VP7 self-assembly and particle
formation are separate events, and that charge and solubility may have an important effect on
the nature of the AHSV VP7 particle.
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Fig. 1: Confocal immunofluorescence (A, B, C) and TEM (D)
images of wild-type (WT) AHSV VP7 flat, hexagonal or
rod-like crystalline-like particles (depending on the angle at
which the particles are viewed) within the cytoplasm of Sf9
cells. Immunolabelling was done using a VP7-specific
primary antibody.
 

 
Fig. 2: Confocal immunofluorescence (A, C) and TEM (B, D)
images of spindle-like VP7-144 protein aggregates (A, B)
and rosette-like VP7-177 structures, composed of rigid
rod-like particles (C, D) within the cytoplasm of Sf9 insect
cells. Immunolabelling was done using a VP7-specific
primary antibody.
 

 
Fig. 3: Confocal immunofluorescence (A, C) and TEM (B, D)
images of the single large foci (A, B) formed by
VP7-144-eGFP, and the disc-shaped foci formed by
VP7-200-eGFP (C) that appear rod-like at a 90˚ angle (D).
VP7-eGFP auto-fluoresces green and DAPI-stained nuclei
are blue. Immunogold labelling was done using anti-VP7.
 

 
Fig. 4: Confocal images of Sf9 cells expressing
VP7-144-eGFP and labelled with anti-VP7. VP7-eGFP
auto-fluorescence green (A), anti-VP7 primary antibody was
detected with a red secondary antibody (B), DAPI-stained
nuclei (C), merged images (D). Green auto-fluorescence
colocalised with red primary antibody signal with no
differential red staining observed.
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Promyelocytic leukemia nuclear bodies (PML-NBs) play an important role in the intrinsic
cellular response to viral infection due to their ability to interact with foreign DNA that enters
the nucleus. It was suggested that polyomaviruses are able to exploit PML-NBs as their
replications sites; however, the mechanism by which these viruses overcome antiviral
activities of PML-NBs remains obscure. Here, we focused on the late stages of Mouse
polyomavirus (MPyV) infection in mouse embryonic fibroblasts (MEFs) and analyzed the
association of viral structures with PML-NBs and their morphological changes during late
stages of virus progression. Confocal microscopy and in situ hybridization in cells at the late
times (24 – 44 hours) post-infection revealed an accumulation of large T-antigen, viral DNA and
the major capsid protein, VP1, in foci adjacent to the PML-NBs, suggesting that replication and
assembly of MPyV are associated with the PML-NBs. As large amounts of viral DNA and newly
synthesized VP1 protein appeared in the nuclei of infected cells at late post-infection, we
started to observe an enlargement of PML-NBs and their shape alterations. To examine these
events at the ultrastructural level, we performed immunoelectron microscopy of cells fixed at
36 hours post-infection. As the MPyV infection proceeds rapidly and asynchronously, we were
able to observe progressive stages of virus infection at late stages in individual samples. In the
nuclei of cells, where MPyV assembly started, we observed small clusters of newly formed
virions adjacent to still compact PML-NBs (Fig. 1A), confirming that initiation of viral assembly
centers is associated with PML-NBs. However, further examination of cells, where MPyV
morphogenesis was more advanced, revealed large viral assembly factories formed around
PML-NBs, whose size and integrity became apparently altered (Fig. 1B), or completely
disrupted PML-NBs. Interestingly, virus progeny was readily observed in the remnants of
disrupted PML-NBs (Fig. 1C, D). It is important to note here that the overall morphology of cells
at 36 hours post-infection was still well preserved. These preliminary results indicate that
MPyV progeny formation has a strong effect on PML-NBs integrity, and might reflect the result
of modulation of PML-NBs antiviral activities by MPyV infection.
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Fig. 1: PML-NBs are disrupted during assembly of MPyV. The ultrathin sections of MEF cells fixed at 36 h post-infection
(A-D) or non-infected cells (E and F) and embedded in LR-White resin were immunolabeled with anti-PML antibody,
followed by incubation with secondary antibody conjugated to 10 nm gold particles. Arrowheads point to selected
virions.
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Orchids are very popular ornamental plants and some bacterial diseases can cause large
economic losses at orchid nurseries. Soft rot of orchids caused by Dickeya spp. (ex. Erwinia
chrysantemi, Enterobacteraceae) is such a bacterial disease with symptoms of watery spots
and rapidly rotting leaves. Since no effective chemical protection exists and elimination of
diseased plants has limited efficiency, plant protection with specific bacteriophages represents
an alternative disease management strategy. The aim of the study was to isolate of target
bacteria and specific bacteriophages against them and to determine bacteria and phage
morphology.
Pathogenic bacteria were isolated from diseased Phallenopsis orchids and were identified as
Dickeya spp. by classical microbial methods, real-time PCR assay and sequencing of fliC gene
(Dreo et al., 2012). During phage isolation (Naglič et al., 2013) the morphology of present
particles was checked by transmission electron microscopy using negative staining method.
Host-pathogen interaction and confirmation of bacteriophage efficiency were made by plaque
assay method and with mixing suspension of bacteria and suspension of phage isolate;
ultrathin sections were prepared with fixed and embedded pieces of plaque border and pellet
of mixed suspension obtained with centrifugation. Sections were examined with transmission
electron microscopy (Philips CM100) and visualized with CCD cameras (BioScan 792 and ORIUS
SC 200, Gatan).
Based on morphology (polihedral shape of phage head and short tail), the plaque forming
bacteriophage (Fig. 1A) supposed to belong to the family Podoviridae which was later
confirmed with molecular methods. Figure 2 shows ultrathin sections of plaque forming
phages; pieces from plaque border demonstrated the synthesis of new phages and lysis of
bacterial cells.
Further research is focused on confirming bacteriophages efficiency in vivo and possible
application of bacterophages in plant protection. In such complex research, combination of
different methods are desired and transmission electron microscopy was shown to enable to
prove the presence of phage particles and help in determination of phage taxonomy. It is also
of great importance to follow events in host-pathogen interaction using electron microscopy
because it is the only method to visualize whole phage particles.
References:
Dreo et al., 2013, 12th Symposium on Bacterial Genetics and Ecology, 9-13 June 2013,
Ljubljana, Slovenia. Conventus Congressmanagement & Marketing, pp. 139.
Naglič et al., 2013, Slovenian Conference on Plant Protection with International Participation,
Bled, 5.-6.3-2013, pp. 273-277
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Fig. 1: A. Negative staining of isolated bacterophage (Podoviridae); B. Suspension of bacteria Dickeya spp. and
bacteriophages (Podoviridae).
 

 
Fig. 2: A. Control bacteria. B. Bacteria from border part of plaque with bacterial residues (arrows); C. Bacteria with
phages attached on cell wall (arrows); D. Bacteria with new phages inside the cell (arrows).
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The problem of biological molecules identification is of current importance in microbiology. It
has been traditionally solved by means of antibodies, containing various labels, such as
enzymes, radioactive isotopes, fluorogenic or electrochemiluminescent tags. However in most
cases appropriate methods are focused on identification of a significant amount of interacting
molecules and don't provide insight into their spatial distribution. One of possible solutions of
the problem is to use atomic force microscopy (AFM) method. AFM is a relatively new
technique that has provided novel opportunities for the surface analysis of biological
specimens with nanoscale resolution and minimal effect on the sample structure. The specified
possibilities of AFM allow to develop highly sensitive methods for single molecule detection
that opens wide prospects for the analysis of immune and substrate specific activity.
The aim of the work was the development of an AFM method for single antigen molecules
identification using gold and carbonic labels. Direct visualization and quantitative evaluation of
morphometric characteristics of the antigen-antibody complexes was used as a criterion for
the detection.
Protein A conjugated with colloidal gold (PrA+Au) and protein G conjugated with amorphous
carbon (PrG+C) were used for labeling antibodies, being bond to Rubella virus antigens onto
polystyrene microtiter ELISA plates. Images were collected by using an SMM-2000 atomic force
microscope (JSC "Proton-MIET Plant", Russia) operated in contact mode.
AFM-images of the antigen, antigen-antibody complexes (Ag-At); and also specific complexes
Ag-At-PrA+Au and Ag-At-PrG+C were obtained step by step during the study (see Figure 1 and
2). It was shown that except specific complexes detection, the atomic force microscope allows
to describe quantitatively their distribution on microtiter plate surface. Besides, the sensitivity
of the method for each tag was estimated and compared to ELISA method. The obtained
results indicated high sensitivity of an offered approach and certain advantages of carbonic
tags use in comparison with gold tags, because of their easier detection and unambiguous
identification on the received images.
Thus, offered approach in the long term perspectives will allow to solve a problem of specific
marking of single molecules and microorganisms in complex multicomponent associations.
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Fig. 1: Antigen-antibody complexes labeled by colloidal gold. Scale bar is 500 nm.
 

 
Fig. 2: Antigen-antibody complexes labeled by amorphous carbon. Scale bar is 500 nm.
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Erythrocyte invasion by merozoites forms of the malaria parasite is a key step in the
establishmentof human malaria disease. To date, efforts to understand cellular events
underpinning entry have been limited to insights from non-human parasites, with no studies at
sub-micrometer resolution undertaken using the most virulent human malaria parasite,
Plasmodium falciparum. This leaves our understanding of the dynamics of merozoite
sub-cellular compartments during infection incomplete, in particular that of the secretory
organelles. Using advances in Plasmodium falciparum merozoite isolation and new imaging
techniques we present a three-dimensional study of invasion using electron microscopy,
cryo-electron tomography and cryo-X-ray tomography. This study has enabled us to shade
some light on some of the controversies concerning the architecture of the malaria parasite.
We describe the core architectural features of invasion and identify fusion between rhoptries
at the commencement of invasion as a hitherto overlooked event that likely provides a critical
step that initiates entry. Given the centrality of merozoite organelle proteins to vaccine
development, these insights provide a mechanistic framework to understand therapeutic
strategies targeted towards the cellular events of invasion.
Moreover the range of techniques presented gives insights into the application of electron
microscopy and fixation methods and provides a framework to on the best technical choice for
different applications
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Fig. 1: Three-dimensional representation of a merozoite highlighting the apical organelles. The nucleus is depicted in
red, the mitochondrion and apicoplast in Blue and yellow, the three apical rings are shown in purple, rhoptries in light
blue and micronemes and dense granules (not differentiated here) are shown in multiple colours. Scale bar 200 nm
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Biofilms are of crucial importance for the remediation of contaminated waters. Cyanobacteria
of the genus Phormidium form dense mats in alpine creeks. The bacterial filaments are
covered by a gelatinous sheath that adsorbs a variety of elements. In a copper contaminated
creek in the Austrian Alps, an extensive, Phormidium dominated biofilm accumulates 3.9 ±
1.8% copper, thereby completely remediating the water of the creek by immobilising the
copper. This study investigates the structure and ultrastructure of the biofilm with special
regard to the localisation and speciation of the copper. The biofilm was chemically fixed or
plunge frozen; further preparation included cryo-substition with ultrathin sectioning as well as
freeze drying, conventional sectioning and analysis of whole mounts. Microscopic techniques
comprised confocal microscopy, polarised and phase contrast light microscopy, X-ray
microanalysis as well as scanning and transmission electron microscopy. The biofilm exhibits
an extraordinary thickness of up to 22 cm with only the top layer containing living cells. It
consists almost exclusively of filamentous Phormidium growing in clearly distinct layers (Fig.
1). Other bacteria like Bacillus are restricted to the surface of the biofilm. The copper is not
evenly distributed in the biofilm but occurs as distinct crystals, probably consisting of the
secondary copper mineral Sampleite [NaCaCu5(PO4)4 ∙ H2O] with a diameter of about 10 µm
between the bacterial filaments (Fig. 2). Furthermore, copper is also found in the sheaths of
the bacteria. Here, transmission electron microscopy suggests that this copper is not simply
adsorbed but occurs in abundant submicroscopic electron-dense particles at the surface of the
sheaths. These results show that the process of copper immobilisation by Phormidum biofilms
is far more complex than simple passive adsorption and includes processes of
biomineralisation. The speciation of the copper as mineral particles within the biofilm indicates
that the immobilisation of metals is permanent which is confirmed by analysis of old, subfossile
layers of the biofilm. These findings do not only enlighten the mechanism of metal
immobilisation by Phormidium but also encourage its use for bioremediation of mine waste
waters.
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Fig. 1: Cross section of the biofilm after Dapi staining. The filamentous Cyanobacteria (yellow-white) form several
clearly distinct layers. Non-photosynthetic microorganisms (blue) are restricted to the surface (CLSM).
 

 
Fig. 2: Between the Cyanobacteria, globular, copper rich mineral particles are found (SEM).
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Localization Microscopy approaches allowing an optical resolution down to the single molecule
level in fluorescence labeled biostructures have already found a variety of applications in cell
biology, as well as in virology. Here we focus on some perspectives of a special localization
microscopy embodiment, Spectral Precision Distance/Position Determination Microscopy
(SPDM)1,2, most advantageous for the analysis of both viral pathogens as well as virus-derived
nanotools. SPDM permits the use of conventional fluorophores or fluorescent proteins together
with standard sample preparation conditions employing an aqueous buffered milieu, and
monochromatic excitation. Thereby, SPDM allowed super-resolution imaging and studies on
the aggregation state of modified tobacco mosaic virus (TMV) particles on the nanoscale with
an accuracy of better than 8 nm, using standard fluorescent dyes in the visible spectrum. To
gain an improved understanding of cell entry mechanisms during influenza A virus (IAV)
infection, SPDM was used in conjunction with algorithms for distance and cluster analyses to
study changes of the distribution of virus particles themselves or of the distribution of
infection-related proteins, the hepatocyte growth factor receptors (HGFR), in the cell
membrane on the single molecule level. Not requiring TIRF (total internal reflection)
illumination, SPDM was also applied to study the molecular arrangement of gp36.5/m164
glycoprotein (essentially associated with murine cytomegalovirus infection) in the endoplasmic
reticulum inside cells with single molecule resolution. On the basis of the experimental
evidence so far obtained, we finally discuss additional application perspectives of localization
microscopy approaches for the fast detection and identification of viruses by multi-color SPDM
and combinatorial oligo fluorescence in situ hybridization (COMBO-FISH), as well as SPDM
techniques for optimization of virus-based nanotools and biodetection devices.
1Cremer C et al. (1999) Principles of Spectral Precision Distance confocal microscopy for the
analysis of molecular nuclear structure. In: Handbook of Computer Vision and Applications (ed.
B. Jähne et al.), Ch. 41, Vol. 3, Academic Press San Diego, New York: 839-857
2Cremer C et al., Application Perspectives of Localization Microscopy in Virology, Histochem.
Cell Biol., DOI 10.1007/s00418-014-1203-4
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Tick-borne encephalitis virus (TBEV) causes serious infections of the central nervous system of
humans. There are more than 10,000 cases of tick-borne encephalitis reported in Europe and
Asia every year. TBEV is a representative of Flavivirus genus within the Flaviviridae family. The
genome consists from single-stranded positive sense RNA [1]. Nucleocapsis is approximately
50 nm in outer diameter and is surrounded with lipid envelope.

The production of virions is associated with dramatic alterations of the endoplasmic reticulum
and formation of special compartments, called microenvironments or replication factories.
Typical flavivirus-induced structures are convoluted membranes and induced vesicles [2, 3, 4].
Neural cells represent the main target for TBEV. In our study, primary neurons and astrocytes
were infected with TBEV (strain Neudoerfl) and the morphological changes in the infected cells
were investigated by electron tomography. The samples were prepared by high pressure
freezing and freeze substitution method. Single axis electron tomography was done over a tilt
from range -65 to 65 with 0.65 degree step (JEOL 2100F equipped with high tilt stage and
Gatan camera Orius SC 1000) by means of Serial EM software [5]. Tomograms were aligned,
reconstructed and 3D models were generated by manually masking the area of interest using
IMOD software package [6].

Interestingly, we observed unique tubule-like structures in the endoplasmic reticulum of the
infected cells. The 3D reconstructions revealed their detailed organization. The diameter of
tubule-like structures observed in TBEV-infected astrocytes and neurons was different (22.0
nm ± 1.3 nm,n = 51).

Tubule-like structures have origin in viral activity it was confirmed by examination of
non-infected cells.
1. B.D. Lindenbach, C.M. Rice, Virology, 4th ed. (2001), Philadelphia, New York, pp. 991-1042
2. L Mirion et. Al, Virol (2013), 87:11 6469-6481.
3. S. Welch et. Al, Cell Host & Microbe 5 (2009), 365-375
4. D.K. Offerdahl, D.W. Dorward, B.T. Hansen, M.E. Bloom, PLoS ONE 7 (2012), Issue 10, 1-14
5. D.N. Mastronarde, J. Struct. Biol. (2005), 152:36-51
6. J.R. Kremer, D.N. Mastronarde, J.R. McIntosh, J. Struct. Biol. (1996), 116:71-6
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Cryo-electron tomography of vitrified specimens has enabled the study of cells and their
constituents in their natural hydrated state, facilitating the validation and furthering our
knowledge of prokaryotic structures. On the one hand, Cryo-electron tomography of vitreous
sections (CETOVIS) provides the means to study the structure of cells at high resolution
disclosing molecular details. On the other hand, Cryo-electron tomography of plunge-frozen
bacteria can produce images of cellular assemblies in the context of the whole cell, enabling
the analysis of the spatial distribution of entire structures throughout the bacteria. Both
techniques can be used complementarily in order to combine the advantages of each one in
the 3D-study of cells.
In our previous work, we described a new bacterial structure, which we named “STACKS”, in
the Antarctic bacteria Pseudomonas deceptionensis M1T through electron tomography after
freeze-substitution and cryo-electron microscopy of vitreous sections (CEMOVIS) (Delgado et
al., 2013). Now, we have used cryo-electron tomography of vitreous sections and whole
plunge-frozen bacteria to reveal the 3D-structure of the “STACKS” recently described. These
techniques confirmed these structures as grouped discs surrounded by a lipid bilayer
membrane, usually arranged perpendicularly to the cell membrane and found in variable
number and in different locations within the cell. No connection among these new structures
and the plasma membrane has been observed in any of the experiments performed, and
significant differences have been found between the thickness of the plasma membrane and
the layer surrounding the discs, suggesting that the “STACKS” are not invaginations of the
plasma membrane.
Delgado, L., Carrión, O., Martínez, G., López-Iglesias, C., Mercadé, E., 2013.  PloS One 8,
e73297.
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Microscopic organisms include bacteria and yeasts have been studied in this project. Besides
the planktonic way of living, microbes are able to adhere to surfaces or interfaces and to form
organized communities, a so-called biofilm, which are embedded in a matrix of extracellular
polymeric substances that they produce; visualization and quantification of this microscopic
formation is the main goal of this study. In medicine the biofilm formation allows
microorganisms to colonize the surface of implants and it also protects the microbial cells from
attacks by the immunity system as well as from the effect of antibiotics. Therefore, the biofilm
is considered to be important virulence factor in these microorganisms. The characteristic
features of the biofilm infections, especially high resistance to antifungal agents, complicate
therapy [1]. Understanding of the biofilm structure can contribute to understanding the biofilm
formation and basic biochemical mechanisms underlying this process. It may help to develop
more efficient treatment strategy for biofilm infection.
Yeast like Candida albicans and bacteria like Staphylococcus epidermidis have been recently
recognized as an important cause of serious biofilm infections associated with implanted
medical devices. The multi-layered biofilms formed by these microorganisms were observed by
cryo-scanning electron microscope (cryo-SEM) using freeze-fracturing technique [2] and high
pressure freezing (HPF) as a fixation method. The freeze-fracture technique consists of
physical breaking apart (fracturing) a rapidly frozen biological sample; structural details
exposed by the fracture plane may be then visualized by cryo-SEM. Our samples (mixed
cultures of C. albicans and S. epidermidis) were cultivated in BHI medium at 37°C for two days
on sapphire discs; fractured after high pressure freezing (EM PACT2, Leica Microsystems), then
followed short sublimation of ice contamination (Alto 2500, Gatan) in two steps; at first, the
sublimation takes 1 minute at -96°C (Figure 1 A, B); in the second phase, the sublimation was
7 minutes at the same temperature settings (Figure 1 C, D). In both cases, the same place of
the sample was imaged at low temperature in the field emission SEM JSM 7401F (JEOL). The
sublimation time reveals substances in our sample with different chemical composition that is
related with the ability of sublimation; we are able to recognize water, cultivation medium,
extracellular matrix and cells of our microbes.
References:
[1] R. M. Donlan and J. W. Costerton, Clin. Microbiol. Rev. 15 (2002), p. 167.
[2] K. Dobranska in “Characterisation of bacterial/yeast biofilms by scanning electron
microscopy”, et al., (EMC 2012 Proceedings, Manchester) (2012), p. 671.
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Fig. 1: Figure 1 A, B: Cryo-SEM image of biofilm of C. albicans and S. epidermidis after short 1 minute sublimation at
-96˚; C, D: images after longer 7 minutes sublimation at -96˚C; there are compared fields of interest (the presence of
extracellular matrix) after short and longer sublimation time in blue boxes.
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Transmission electron microscopy (TEM) has provided contributions to virology and the
discovery, detection and diagnosis of various viral infections. Virus diagnosis by TEM is based
on the visualization and morphological identification of virus particles. Therefore, for new or
unknown pathogens that may occur in the context of bio-terrorism attacks, or as a result of the
manifestation of new pathogens, TEM remains the only method that can provide a quick
assessment of all pathogens present in a sample, providing an “open view”. The AHVLA
provides a rapid viral diagnostic service for various diseases affecting farmed livestock, wildlife
species, captive and zoological animals through veterinary surveillance. Amongst the most
common viruses we diagnose are the poxviruses which can infect both vertebrate and
invertebrate animals and are often detected from cattle, sheep and goats causing external
scabby lesions. The virus group is well known as it includes smallpox (variola). Poxviruses are
also regarded as the major contributor responsible for the decline in the UK of the indigenous
Red Squirrel (Sciurus vulgaris) due to its susceptibility to Squirrel pox virus first reported in
1981 (1). TEM is used to detect ‘enteric viruses’ which are an important, but diverse group of
viruses found in the intestinal tract of animals (and humans). We commonly detect rotavirus
and adenovirus. The open view occasionally detects mixed viral infections with an example
being both parapox and calicivirus detected in a scab from a Grey Seal. Calicivirus is also the
cause of viral haemorrhagic disease (VHD) which is a highly infectious and often fatal disease
that affects wild and domestic rabbits and was a notifiable disease in the UK for several years
during the 1990s. TEM therefore remains essential for certain diagnostic aspects of Virology
(and bacteriology). It was and still is necessary for new virus characterization (e.g.
Schmallenberg Virus) and for the initial identification of unknown viral agents in particular
outbreaks. The nature of the samples to be analyzed can be tremendously diverse, from body
fluids, biopsies, scabs, warts, gut and faecal samples. Additionally the results by TEM are often
regarded by many as the 'Gold Standard', as viral particles are actually observed. The “open
view” approach permits rapid and “catch-all” detection of viruses and makes it especially
useful as demonstrated here for the identification and diagnosis of various animal viruses, as
well as being used in the initial identification of unknown viral agents in particular disease
emergencies and outbreaks and/or in suspected bioterrorism.
1. Scott, A.C., Keymer, I.F. and Labram, J. (1981). Parapoxvirus infection of the red squirrel
(Sciurus vulgaris). Vet. Rec. 109, 202.
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A unique feature of the giant phage phiKZ of Pseudomonas aeruginosa is the way of packaging
its genome onto a spool-like protein structure, called the inner body. Until recently, no similar
structures have been detected in other members of the genus of phiKZ-like phages. Here we
performed a comparative structural study of giant phages: EL, Lin68 and phiKZ, using
cryo-electron microscopy, image processing, and bioinformatics methods. We obtained the
first 3D reconstruction of the EL phage, consisting of a capsid (Fig. 1), helical tail and a
hexagonal baseplate. A careful examination revealed that the EL capsid is 145 nm wide along
its 5-fold axis, similar to the phiKZ (1). The hexagonally packed DNA strands are clearly visible
in the cryo-images of the capsid (Fig. 2A). The distance between centers of separate DNA
strands is 3.09±0.19 nm (Fig. 2B), which is slightly more than 2.8 nm measured in phiKZ (2).
To find and to visualize the location of the inner bodies, phage particles, frozen in vitreous ice,
were irradiated with increasing doses of electrons. High-energy electrons, bombarding the
sample, cause obvious radiation damage to the specimen, resulting in selective boiling and
protein degradation in those area that are in contact with the DNA (3, 4). According to
characteristic boiling patterns, the shape and position of the inner body in EL were identified
and they appear different from those for phiKZ and Lin68 (Fig. 3). Thus, the internal
organization of capsids explains how the shorter DNA of the EL phage fits into a capsid, which
has the same external dimensions as phiKZ and Lin68. The genome size of the giant phages
correlates with the overall dimensions of the inner body, proving it to be a crucial feature for
genome packing. The similarity in the structural organization of genome packaging in EL and
other phiKZ-like phages indicates that EL is phylogenetically related to phiKZ-like phages, and
that, despite the absence of DNA homology, EL, phiKZ, and Lin68 descend from a common
ancestor.
References:
1. Fokine et al, 2005, J Mol Biol 352, 117-124.
2. Fokine et al, 2007, Structure 15, 1099-1104.
3. Conway et al, 1993, J Struct Biol 111, 222-233.
4. Fujiyoshi, 1989, J Electron Microsc (Tokyo) 38 Suppl, S97-101.
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Fig. 1: Overall structure of EL bacteriophage head and
neck, calculated by single particle analysis. Bar - 100 nm.
 

 
Fig. 2: (A) The hexagonal DNA packaging within the EL
capsid, marked with white arrows. (B) The distribution of
the distances between DNA rods in nm (N=28).
 

 
Fig. 3: . The positions of the inner body differ in giant phages from different species: (A) phiKZ; (B) Lin68; (C) EL.
Vertical rows: 1 - low dose; 2 - high dose, phage capsid positioned in the same orientation as in 1; 3 - high dose,
different orientation of the capsid.
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The threatening evolution of multi-resistant microorganisms makes new antibacterial
strategies indispensable. Methicillin Resistant Staphylococcus aureus (MRSA) is one of the
most prominent species of Gram-positive multi-resistant bacteria. More than 11000 people
died in USA in 2011 as a consequence of MRSA infection according to the Center of Disease
Control and Prevention. Pseudomonas aeruginosa which are Gram-negative multidrug-resistant
bacteria cause 8% of all healthcare-associated infections. The spread of multi-resistant
microorganisms has not only become a major problem in medicine but also in food industry.
Endospores of bacteria can survive harsh conditions due to the production of a protective
capsule and are resistant to many disinfectants and antiseptics, which usually destroy
vegetative bacteria. Bacillus anthracis has been recognized as agent for bioterrorism. B.
atrophaeus has been reported to be less susceptible to germicides than B. anthracis.
An innovative and novel approach to combat multi-resistant microorganisms is the
photodynamic inactivation of microorganisms (PIM). The microorganisms are incubated with
photosensitizers (PS) which can absorb visible light and transfer charges or energy to e.g.
molecular oxygen which is then converted into reactive oxygen species (ROS). These ROS can
subsequently damage cellular structures such as proteins and fatty acids by oxidative stress
and lead to death of these microorganisms. However, the cellular processes that occur in these
microorganisms upon PIM have not yet been fully understood. Owing to their small diameter
(~ 1µm) transmission electron microscopy (TEM) offers the possibility to investigate
morphological changes upon PIM due to its high resolution power.
This study focuses on the investigation of ultra-structural changes upon PIM of multi-resistant
species such as MRSA, P. aeruginosa and B. atrophaeus using a new generation of PS based on
vitamins and using TEM. MRSA shows a destruction of the outer peptidoglycan layer as well as
lamellar structures that are formed out of the cell membrane. For P. aeruginosa it is
demonstrated that outer membrane vesicles are formed. The photodynamic treatment of
endospores results in a disruption of the outer coat and in diffusion of macromolecules out of
the inner core. For all microorganisms we achieve a 6 log10 steps reduction of viability under
our experimental conditions.
We demonstrate morphological changes that bacteria and endospores undergo when
inactivated within seconds by new PS. The aim is to get a better understanding of
photosensitized reactions of ROS with bacterial components to further improve methodologies,
in particular the efficacy of PIM by studying mechanisms of microbial inactivation using TEM.
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Fig. 1: TEM image of MRSA before photodynamic
inactivation with its thick peptidoglycan layer and its
cytoplasma.
 

 
Fig. 2: Electron microscopic image of MRSA upon
photodynamic treatment with a new photosensitizer based
on vitamins. MRSA shows a destruction of the
peptidoglycan layer as well as lamellar structures that are
formed out of the cytoplasmic plasma membrane.
 

 
Fig. 3: Imaging of B. atrophaeus endospores before
photodynamic treatment with its protective coat, outer
membrane, cortex and core with its nucleoid using TEM.
 

 
Fig. 4: TEM imaging of B. atrophaeus endospores upon
photodynamic treatment. The photodynamic treatment of
endospores results in a disruption of the outer coat and in
diffusion of macromolecules out of the inner core.
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Many bacteria are amazingly persistent under unfavourable environmental conditions. How
they accomplish this remarkable tolerance is not known in many cases. Bacteria of the genera
Bacillus and Clostridium are producing particular survival stages termed spores. They can
tolerate even harshest environmental conditions, e.g. complete drought for many years,
without losing their capability to germinate and to form vegetative bacteria. The molecular and
structural basis of this remarkable resistance and of the „metamorphosis“ into a dividing
bacterium is only partially understood. Therefore we investigated both, dormant and
germinating spores using Bacillus subtilis as a model and compared results selectively with
results obtained from studies using other species of Bacillus (including Bacillus anthracis) and
Clostridium. Since dormant spores are difficult to prepare for ultrastructural research, basically
because they possess complex molecular barriers, we have used a combination of different
preparation methods, including high-pressure and self-pressurized freezing,
freeze-substitution, cryo-electron microscopy of vitreous sections (CEMOVIS) and
cryo-focussed ion beam-scanning electron microscopy.
Our studies revealed a couple of structures in dormant spores which were unknown so far. We
have analysed them in more detail and followed their fate during germination and outgrowth
into a vegetative bacterium in relation to morphological stages and physiological events, such
as calcium release or water uptake. One remarkable structure that we have discovered was a
crystalline-like region in the core of the dormant spore (Fig. 1). The regions were specifically
labelled by anti-DNA antibodies which indicate presence of DNA in those regions. During
germination the crystalline-like regions disintegrate into anti-DNA positive filaments, which are
dispersed within the cytoplasm of the developing bacterium during outgrowth. Other
remarkable structures visible in dormant spores were membrane-like structures that are
localised directly below the biomembrane which delimitate the spore core (Fig. 2). By electron
tomography we could show that these structures are not continuous with the biomembrane.
During germination the membrane-like structures disappear during the brief period when
water is taken up by the spore core which is characterized by core swelling and a change in
the light optical refraction of the spore. It seems that the membrane-like structures are
integrated within the biomembrane of the spore to allow core swelling by re-hydration of the
plasma which is a prerequisite for functioning of biosynthesis. In summary our studies provide
new aspects for the understanding of bacterial adaptation to resist unfavourable
environmental conditions.



 
Fig. 1: Ultrathin section through a spore of Bacillus subtilis with crystalline-like regions (arrows) within the core. Inset
shows a similar region by CEMOVIS. Bar = 100 nm.
 

 
Fig. 2: Ultrathin section through a spore of Bacillus subtilis with membrane-like structures (arrows) directly below the
core biomembrane and crystalline-like region (asterisk). Inset shows membrane-like structures by CEMOVIS. Bar = 100
nm.
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As a result of progress in microscopic instrumentations, мicroscopists feel that they are only in
the beginning of a new era of subatomic microscopic imaging [1].].The biologist could study
the components of cells. Moreover, the great value has definition of elementary structure of
the sample, and also computation and characterization the received images[2-3].
The aim morphometric and stereometric computations analysis TEM, SEM have been carried
software programs structures of bioorganic(virus,bacteria, yeast, protozoa).
The investigation objects were the rotaviruses, virus-symbionts, bacteria, candida, entamoeba.
The identifications of organic and inorganic particles conducted by means of transmission
(TEM) and scanning electronic microscope (SEM) and SEM microanalysis. For preparing
electronic-microscopic preparations of biological samples were standart methods. Computer
morphometric and stereometric analysis of electronic microscopic pictures was performed
according to the softwar computer programs.
TEM the virus-symbionts of entamoeba are shown to have stick-type form: surface square -
11036 nm2. The application of direct TEM method allows visualization of the surface of E. coli:
there is a large number of fimbria. Computer stereometric TEM analysis of these fimbria points
out that their diameter is 8-15 nm. Morphometric SEM analysis of the C. guilliermondii(Cg)
after x-ray radiation allow to consider the relation of squareof destructive structures to the
total square cell of Cg is equal to 26,2773 :73,723. The length of ribonucleoprotein helical-like
nanoparticles and crystal body in the vegetative and cyst forms of protozoa was found to 300
nm (diameter - 40 nm)and intracitoplasmatic cylindrical structure of hematophage
Ent.histolytica (Fig.1,2). The computer three-dimensional visualization has allowed to
transform the image of the plane of cellular structures in the measurement using for building
of cordinate of brightness, and also with the help softwar service of programs to show certain
colour spectra of the one-colour image.
. References1.Peter W. Hawkes Advances in Imaging and Electron Physics:
Aberration-corrected microscopy. Publisher: Elsevier Science.(2008),590p.
2. Hovnanyan K.O., Davtyan H.H.,SargsyanK.A., Trchunyan A.A. Reports of NAS
RA.110(3),(2010), p.276-286.
3. Popov V.I., Deev A.A., Klimenko O.A., Kraev I.V., Kuz'minykh S.B., Medvedev N.I., Patrushev
I.V., Popov R.V., Rogachevsky V.V., Khutsian S.S., Stewart M.G., Fesenko E.E. Neurosci. Behav.
Physiol. 35(4), (2005), p. 333-41.
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Fig. 1: TEM.Computation of ribonucleoproteid spiral aggregates of chromatoid body of Entamoeba according to the
softwar computer programs
 

 
Fig. 2: TEM Intracitoplasmatic cylindrical structure of hematophage Ent.histolytica computer analysis according to the
softwar computer programs.
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Legionella species are obligate or facultative intracellular bacteria infecting human
macrophages and are naturally associated with protozoa, mainly with free-living amoebae,
which may act as transmission vectors to humans (1). Legionella pneumophila (L.pn.) sg.1 is
the most pathogenic, causing more than 80 % of cases of Legionnaires’ diseases in Europe (2).
It possesses a specific epitope located on the LPS molecules which are detectable by
monoclonal antibodies. Legionella are Gram-negative coccobacilli that measure 0.3-0.9 µm in
width and 2-20 µm in length. Elongated filamentous forms may be seen after growth on special
α-BCYE culture media (3). Inside host cells L.pn. differentiates into a replicative form and when
nutrients become limited into a transmisive form. Bacteria in replicative phase are avirulent
and not flagellated in contrast, transmissive phase bacteria are virulent, flagellated and highly
mobile (4). The purpose of our study was to analyse the ability of intracellular replication of
different subgroups of L.pn.sg.1 in the human monocytic cell line (MM6). L.pn.sg.1 subgroups
Philadelphia, Knoxwille, Benidorm, Oxford and Bellingham were grown on α-BCYE agar at 35°C
in a moist environment. After up to 72 hours of incubation, plates were inspected for typical
growth and appropriate concentration of 3x108 legionellae/ml were prepared. MM6 cells were
cultured in 75-cm3 vented culture flasks in RPMI 1640 medium to the concentration of 2 x 107
and infection of MM6 cells with each L.pn. subgroup were performed after 8h (5). The bacteria
from infected MM6 were prepared for negative staining. In addition Lpn isolate was also
processed for immuno-labeling technique for negative staining using the protein A/colloidal
gold technique with specific patient antiserum which showed strong reaction with Lpn strain
observed in fluorescence microscope. In addition infected MM6 cells were prepared for
embedding in epoxy and acrylic resin. Ultrathin sections were examined in JEOL JEM 1200 EXII
electron microscope, equipped with Gatan CCD camera. Ultrathin sections cut from LR White
embedded Lpn were immuno-labeled using specific antiserum and protein A/Gold (10 nm). The
highest efficiency in intracellular multiplication were seen at more virulent L.pn. subgroup
Pneumophila, Knoxwille and Benidorm.
References:
1. Moliner C, et al. Journal of Medical Microbiology. 2010; 59: 273–284.
2. Levin AS. Expert Rev Anti Infect Ther. 2009; 7:57-68.
3. Diederen BM. J Infect. 2008; 56:1-12.
4. Gomez-Valero L et al. Infect genet Evol. 2009; 9: 727-39.
5. Neumeister B. Methods Mol Biol. 2004; 268: 141-51.



 
Fig. 1: Direct negative staining of L. pneumophila.
 

 
Fig. 2: Immuno-negative staining (a,b) and gold immuno-labeling on thin sections of bacteria embedded in LRW (c,d).
 

 
Fig. 3: Human monocytic cell line (MM6), 3h post infection with L. pneumophila.
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In the family of paramyxoviridae, measles virus, is highly pleomorphic and infectious virus.
Measles virus is enveloped virus that enclose nucleocapsid composed of the ssRNA genome
and the nucleoprotein, matrix protein and has two types of glycoproteins(fusion and
attachment). It is positively necessary to early diagnosis and proper treatment, because it has
high infectivity. So, here we study to more effectively detect of measles virus components as
like protein F, M and protein N using immuno-gold labelling(IGL) for lower leveled virus
particles(Fig. 1). We have used conventional negative staining method to identify the virus
particle in lysate of measles virus-infected cells and used IGL method to detection of the
biomarker(protein F, M and N). For IGL analysis of viral components, carbon-film supported
nickel grids were glow-discharged and incubated on the cell lysate drops from Triton X-100 and
ultrasound. After immuno-gold labelling and the stained grids were observed with an Libra-120
transmission electron microscope at 120kV. We have observed the structure of the each viral
component(Fig. 2) and confirmed the presence of biomarkers by indicated gold particles(Fig.
3). In this results, we observed that protein F is distributed in the surface of the virus particles
and protein M is located in the bundle of complexify protein. However, protein N is coupled to
the linearly arrayed proteins. More improved IGL technique may be useful for detection and
identification of viral biomarkers in diagnosis.
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Fig. 1: Schematic diagram of the IGL method for detection of viral components.
 

 
Fig. 2: Negative stained TEM images of component of measles virus.
 

 
Fig. 3: IGL images for anti protein F(A), protein M(B) and protein N(C). Scale bar=200nm.
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Aquatic bacteria play crucial roles in the cycling of organic matter and energy flow in aquatic
ecosystem [1]. Ultraviolet radiation (UV) is a non-ionizing radiation, which corresponds to 9%
of solar radiation that falls on the aquatic ecosystems [2]. It shifts bacterial communities’
composition and may induce cellular changes. Because of the increasing incidence of UV on
aquatic ecosystems, studies focused on the effects of this radiation on bacteria at both cellular
and community levels are very important [3]. Here,we investigated the occurrence of death
processes and ultrastructure of cultured aquatic bacteria exposed to UV. For bacterial cultures,
samples were collected from Funil Reservoir (Brazil, RJ), serially diluted and seed in two
non-selective solid media (R2A and TSA). Bacterial colonies were transferred to non-selective
liquid media (TSB) and in stationary phase were exposed to ultraviolet radiation (UVR) during 3
h. For this experiment was used UVR in wavelength range corresponding to UV-A+ UV-B
(emission peaks: 365/312nm). Hourly samples were collected and the following parameters
were analyzed: (i) growth curves by optical density through spectrophotometry and cell
density through fluorescence microscopy using DAPI; (ii) cellular viability using fluorescent
markers for membrane integrity (Live/dead Baclight kit); and (iii) ultrastructural changes by
transmission electron microscopy (TEM) [4]. Our density analyses show that bacteria exposed
to UVR showed a decreased bacterial density (p<0.05). Cell viability evaluation showed that
UVR induced a significant increase of the aquatic bacteria mortality in culture (p<0.05). On the
third hour of exposure to UVR, we detected a higher number of non-viable cells in comparison
with those found after the first hour of radiation exposure and controls (p=0.037). Moreover,
our data also demonstrated that the ultraviolet exposure time negatively interferes with the
aquatic bacterial growth and positively with aquatic bacterial mortality. TEM revealed that
bacteria exposed to UVR had higher proportion of cellular damages (51.38%) compared to
control cells (9.54%). Damaged bacteria showed loss of cellular envelope integrity, shape
changes and cellular elongation. Moreover, 11.9% of bacteria in death process presented
emptying of cell components. Altogether, the results of the present work demonstrate that the
UV affects fresh water bacterial communities in culture by inducing ultrastructural changes
and cell death.
References
[1] L.R. Pomeroy et al, Oceanography, 20 (2007) 28-33
[2] J.M. Anderson et al, Edward Arnold, 108 (1981) 13-35
[3] G.J. Herndl et al, Nature, 361(1993) 717-719
[4] T.P. Silva et al, Antonie van Leeuwenhoek, 105 (2014) 1-14
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Fig. 1: Bacterial death curve obtained by cell and optical
density analyses during ultraviolet exposure. In (A and B),
compare cell death curve in UVR-treated group and control.
Bacterial cultures were submitted to ultraviolet radiation. A
sharp decline of cell density (A) and optical density (B) is
detected from the first hour in UVR-exposed bacteria.
 

 
Fig. 2: Visualization of live/dead aquatic bacteria in culture
by fluorescence microscopy. In (A), Live bacteria are
stained in green while dead cells are seen in red. (B)
Bacterial viability in UVR-treated group and control. After 3
h, of UVR exposition, the frequency of dead bacteria is
greater compared with 2 and 1 h (*p<0.05).
 

 
Fig. 3: Ultrastructure of aquatic bacteria. (A) A intact bacteria show nucleoid areas (N) and typical cellular, as
highlighted in (Ai). (B-D) Damaged bacteria are observed after exposition to UVR. Observe bacterial changes, such as
cell elongation and condensation (B), disintegration of the cell envelope (C, arrow) and emptying of cell components
(D).
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The microorganisms play a major role in the processes of hydrocarbon production; they are
distinguished for having different impacts due to the production of metabolites, such as
enzymes, organic acids, polymers, gases, and biomass. The forty percent of all internal
pipeline corrosion cases in the gas industry is microbiologically influenced corrosion (MIC) (1).
Metal surfaces are rapidly colonized by planktonic-bacterium which generates in short time a
mature biofilm (2). The MIC is induced by biofilms of iron and manganese reducing (5,7),
sulphur-oxidizing, fermenting, slime-formers, and sulphate-reducing bacteria (2,3,4). The
environmental scanning electron microscopy (ESEM), the confocal laser scanning microscopy
(CLSM) and the atomic force microscopy (AFM) allow biofilm observation in real time without
introducing distortion of the samples(6). The AFM has been used to obtain information about
surface topography of bacteria and biofilm formation patterns (8,9). The aim of this work is to
present some applications of microscopy in the study of MIC in materials of oil production
installations. The physical properties of anaerobic biofilm involved in corrosion were
determined by different microscopy techniques. The growth of the biofilm was measured
through time by AFM Multimode-3100 Veeco Microscope with NanoscopeR IV Scanning Probe
Controller (tapping methodology), ESEM (Scanning Electron Microscopy) and EDS
(Energy-Dispersive X-ray Spectroscopy) with a FEI/Philips XL30 Microscope. The EDS analysis
was applied to determine chemical composition of materials. A NanoScope Analysis software
(2010) was used to measure the forces in order to estimate Young’s modulus (nN/nm2). The
expression of the lux genes involved in the biofilm development was quantified. The results
showed that surface roughness (nm) increased during biofilm development; meanwhile the
tensile elasticity became greater in nN per nm2. The lux genes expression augmented
substantially during the microbial growth and the development of the biofilm. The evaluation
of mechanical properties of bacteria over different materials can give important information for
controlling and monitoring biocorrosion in oil production industry. References: 1. Zhu X.Y., et
al. 2003. Appl Environ Microbiol. 6:5354-5363; 2. Beech I.B. Gaylarde C.C. 1999. Microbiologia.
30:177-190; 3. Watkins-Borenstein S. 1994. Industrial Press USA.; 4. Videla H.A., 1996. CRC
Press; 5. Mehanna M.,et al. 2009. Corros Sci 5:2596-2604; 6. Videla H.A., Herrera L.K. 2005. Int
Microbiol. 8:169-180; 7. Bagge D.et al. 2001. Appl Environ Microbiol. 67(5):2319-2325; 8.
Touhami A. et al. 2006. J Bacteriol. 188(2):370-377; 9. Mangold S.et al. 2008. Appl Environ
Microbiol. 74(2):410-415.
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Many studies have been conducted to understand the neuropathogenesis of viral encephalitis
however, no experimental studies so far investigated in detail neuropathological features
associated with virus infections of Picornaviridae family of virus isolated from bats in the
Amazon region. The Juruaçá virus, one of these agents, has been partially characterized by
other as a member of the Picornaviridae family. Although this virus did not cause cytopathic
effect (CPE) in primary cultures of CNS cells, it has been associated with brain lesions with
reactive gliosis in neonatal mice suggesting that this viral agent may kill neonatal mice by an
exacerbated inflammatory response. The aim of this study is therefor to investigate the
immune response in the CNS induced by Juruaçá virus in albino BALB/c newborn mice. To that
end, we performed immunosorbent, immunohistochemical and immunofluorescence assays, to
study expression of cytokines and microglial morphological changes. Our results demonstrated
the presence of viral antigens in different cell types of the CNS, and the presence of reactive
microglia distributed throughout the brain and anterior spinal cord. A gradient of microglial
morphological changes including frequent amoeboid shapes suggesting an intense
inflammatory response was observed mainly in the cerebral cortex, but also in olfactory bulb,
anterior olfactory nucleus, midbrain and forebrain near the lateral ventricle. The production of
anti-inflammatory cytokine (IL-10) decreased over time, whereas pro-inflammatory cytokine
(IL- 6, TNF-α and IFN-γ) increased significantly from 8th day post-infection (dpi) onwards. The
activation of glial cells, especially microglia, followed by subsequent production of
proinflammatory cytokines coincided with the intensification of clinical signs. Taken together
the results add a new piece of evidence that Juruaçá virus may kill neonate mice by inducing a
fatal exacerbated inflammatory response.
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Fig. 1: Anti-Juruaçá immunolabeled sections from uninfected (A) and infected (B) mice brain on 8th dpi. Anti-IBA1
immunolabeled sections from uninfected (C) (orange arrow, long branches homeostatic microglia), and infected (D)
mice at 12th dpi (white arrows, short branches activated microglia; black arrows, amoeboid phagocytic microglia).
 

 
Fig. 2: Cytokines production (A) IL-6, (B) TNF-α, (C) IFN-γ and (D) IL-10 in the CNS of albino BALB/c mice, infected with
Juruaçá virus after 4th, 8th and 12th dpi. Control: uninfected group; Infected:infected group; 4: 4 dpi; 8: 8 dpi; 12: 12
dpi. Two-way ANOVA, post-test Bonferroni for Multiple Comparison, (***) = p<0.001, (**) = p<0.01 e (*) = p<0.05.
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Introduction
The miniTEM microscope is designed for fast, simple and cost-effective imaging and analysis of
biological samples as well as other nano-sized particles. It is a novel desktop-top TEM that
requires no special equipment, and can sit on any table in any lab or office. It runs at 25keV
which enables imaging of biological samples with a thickness of up to at least 100nm. In order
to make the miniTEM as easy to use an ordinary light microscope it has incorporated
automatic functions and procedures for microscope alignment, automatic camera and
microscope settings for optimal imaging, and image analysis methods for automatically
searching for objects of interest at one or several scales. Here we will illustrate how built in
automatic multi-scale imaging and analysis can be used to search for and identify virus
particles in nsTEM and to automatically extract population statistics of nanoparticles.
 
Multi-scale search for virus particles
To identify viruses in a sample is an often tedious and time consuming task, requiring an
expert to manually/visually perform the analysis at the microscope. In the miniTEM, we will
incorporate multi-scale analysis methods that mimic how a specialist searches for viruses in
clinical samples. This is illustrated in Figure 1 on some of the first images acquired in the
miniTEM microscope. In low magnification images, grid-squares suitable for further search at
higher magnification are identified. That is, squares that are broken or too cluttered are
discarded. At medium magnification, regions corresponding to the size of single viruses or
small clusters of viruses are detected. These regions are then imaged at high magnification,
where individual virus particles can be detected and identified.
 
Automatic image acquisition for nanoparticle analysis
Two applications where nsTEM analysis is performed to gather population statistics is inorganic
nanoparticle size and shape analysis as well as packing ratio of virus like particles used for
drug delivery. Some of the first example images of inorganic nanoparticles and virus-like
particles acquired in the miniTEM microscope prototype are shown in Figure 2. To get such
statistical information typically means that a specialist acquires a number of images of the
sample. Particles in the images are then often manually measured or annotated to gather
population statistics. The miniTEM instrument will contain methods for automatically acquiring
a number of images at random positions in the grid, avoiding mesh-bars. In addition, methods
for automatically detecting and extracting morphological measures will be incorporated in the
software.
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Fig. 1: Illustration of how multi-scale analysis is used to automatically search for virus particles. At low magnification
good quality grid squares are detected. At medium magnification small objects possibly corresponding to single viruses
or clusters of virus particles are detected, and high magnification images are only acquired of those objects.
 

 
Fig. 2: Low and high magnificationexample images of inorganic nanoparticles (left) and virus-like particles(right)
acquired with the miniTEM microscope
 



Type of presentation: Poster
 

LS-6-P-5786 Beta- lactam antibiotics stimulate biofilm formation in non-typeable
Haemophilus influenzae by up-regulating carbohydrate metabolism
 

Webster P.2, Wu S.1, Gunawardana M.3, Baum M. M.3
 
1Life Sciences Division, University of California, Berkeley, CA, USA., 2Center for Electron
Microscopy and Microanalysis, University of Southern California, Los Angeles, CA, USA, 3Oak
Crest Institute of Science, Pasadena, CA, USA
 

Email of the presenting author: pwebster@usc.edu
 
Non-typeable Haemophilus influenzae (NTHi) is a common acute otitis media pathogen, with
an incidence that is increased by previous antibiotic treatment. NTHi is also an emerging
causative agent of other chronic infections in humans, some linked to morbidity, and all of
which impose substantial treatment costs. Using combined approaches we show that antibiotic
exposure may stimulate biofilm formation by NTHi bacteria. We show that sub-inhibitory
concentrations of beta-lactam antibiotic stimulated the biofilm-forming ability of NTHi strains,
an effect that was strain and antibiotic dependent. When exposed to sub-inhibitory
concentrations of beta-lactam antibiotics NTHi strains produced tightly packed biofilms with
decreased numbers of culturable bacteria but increased biomass. Antibiotic-stimulated biofilms
had altered ultrastructure, and genes involved in glycogen production and transporter function
were upregulated in response to antibiotic exposure. A modified Schiff stain was used to
demonstrate the presence of glycogen around bacterial cells in biofilms exposed to antibiotic.
The results suggest that beta-lactam antibiotic exposure may act as a signaling molecule that
promotes transformation into the biofilm phenotype. Loss of viable bacteria, increase in biofilm
biomass and decreased protein production coupled with a concomitant up-regulation of genes
involved with glycogen production might result in a biofilm of sessile, metabolically inactive
bacteria sustained by stored glycogen. These biofilms may protect surviving bacteria from
subsequent antibiotic challenges, and act as a reservoir of viable bacteria once antibiotic
exposure has ended.
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Fig. 1: Sub-inhibitory concentration of ampicillin result in an increase in dead NTHi bacteria in newly formed biofilms. A:
no antibiotic, B: with 170 ng/mL ampicillin. Image is a Z-stack reconstruction of NTHi biofilms with Live/Dead stain.
Intact bacteria stain green, damaged bacteria stain red.
 

 
Fig. 2: SEM images of NTHi biofilms formed on Thermanox slides. The biofilms are composed of bacterial cells
aggregated into poorly defined partitions and covered with a layer of amorphous material.
 

 
Fig. 3: SEM of NTHi biofilms formed on Thermanox and with 170 ng/mL ampicillin. The biofilms are thick mats of
amorphous material with few detectable bacteria.
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Bacterial biofilms are composed of bacterial cells embedded in an extracellular matrix (ECM) of
proteins, DNA and polysaccharide. Immobilization of extracellular antigens is an essential
prerequisite for immunocytochemical studies. Immunolabeling is performed at ambient
temperature so the optimal approach for preparing biofilms is by high pressure freezing, freeze
substitution and embedding in a low temperature resin such as Lowicryl HM20 [1].
We used this approach to probe in vitro formed biofilms of non-typeable Haemophilus
influenzae (NTHi), a human respiratory tract and middle ear pathogen. To identify suitable
target proteins for study we performed a proteomic analysis of the ECM to identify
biofilm-specific proteins, when compared with a similar list from planktonic (or non-biofilm)
bacteria. Antibodies to biofilm proteins were applied to sections. However, most polyclonal
antibodies reacted non-specifically to bacterial proteins, most likely because they were
produced using bacteria-containing adjuvants. In order to successfully label biofilm sections we
could only use polyclonal antibodies that had been targeted to purified bacterial proteins, or
monoclonal antibodies to similar proteins expressed by eukaryotic cells.
Monoclonal antibodies were visualized with a secondary, polyclonal antibody followed by
protein A-gold. To overcome the non-specific binding of secondary antibodies to bacterial
proteins we added suspensions of lysed bacteria to antibody blocking solutions, an effective
way to remove binding to bacterial proteins.
Eighteen biofilm-specific proteins were identified in ECM and all proteins were either
associated with bacterial membranes or were cytoplasmic proteins. Immunocytochemistry
showed two of the identified proteins, a DNA-directed RNA polymerase and the outer
membrane protein OMP P2, present in bacteria and biofilm ECM. The amount of labeling
present was affected by the age of the biofilm and the location within the biofilm. The different
labeling patters could be illustrated by quantitative analysis, performed using a free stereology
program [2].
Identification of biofilm-specific proteins present in the ECM of immature biofilms is an
important step in understanding the in vitro process of NTHi biofilm formation. The presence of
a cytoplasmic protein and a membrane protein in the biofilm ECM of immature NTHi biofilms
suggests that bacterial cell lysis may be a feature of early biofilm formation.
1. Webster et al (2004) Ultrastructural preservation of biofilms formed by non-typeable
Hemophilus influenzae. Biofilms 1: 165-182.
2. Tschanz etal (2011) A simple tool for stereological assessment of digital images: the
STEPanizer. J Microsc 243: 47-59.
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Fig. 1: A cross section through an cryo-preserved NTHi biofilm. Bacteria and extracellular material are all preserved,
including the top of the biofilm. The section was labeled with anti-OMP P2 polyclonal antibodies and 10nm protein A
gold. The antibody labeling is low in this upper region of the biofilm
 

 
Fig. 2: At the base of of the biofilm the anti-OMP P2 label is
more abundant, and is associated with bacterial cells and
small vesicles in the ECM. These structures can be easily
removed by conventional preparation protocols but are
retained by cryo-preservation approachesl. Amorphous
material at the base of the biofilm does not label.
 

 
Fig. 3: Monoclonal antibodies (mabs) to a DNA-directed
RNA polymerase show abundant labeling at the base of the
biofilm. Label is mostly associated with the amorphous
material between cells and at the base of the biofilm. the
mabs were visualized using a RxM secondary in PBS
containing 1% fish skin gelatin and lysed bacteria, and
10nm protein A-gold.
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Salmonellosis is one of the most common food borne diseases in humans and present a major
public health and economic burden worldwide. Salmonella serovars are facultative intracellular
pathogen which employs a Type III secretion system (TTSS) to inject virulence factors directly
into its host cell to enable the pathogen to invade and establish an intracellular
replicative-niche called the Salmonella- Containing Vacuole (SCV).
A major problem in determination of interacting host proteins and compartments with the
pathogen containing phagosome has been the isolation of these intact phagosomes. A number
of methods column based methods, including buoyant density gradient centrifugation and
even magnetic cell separation has been previously applied but these methods often resulted in
cross-contamination or rupturing of the labile SCV membrane. Here, we report the use of
carbon coated paramagnetic cobalt nanoparticles for pre-labelling of bacteria prior to infection
to label the phagosomes from within (Figure 1). After lysis of host cells at different times
post-infection, application of a mild magnetic field allows efficient collection of intact pathogen
containing phagosomes, without additional concentration steps.
On examining the isolated SCV’s by confocal microscopy using antibodies against well
characterized SCV markers LAMP-1 and LAMP-2, nearly 80-90% of the purified SCV’s showed
positive staining for these markers (Figure 2). These observations suggest that this method of
SCV isolation is rapid and yielded SCV’s which are intact and nearly free from other cellular
contaminants. The microscopic results were further confirmed by Western blotting analysis of
the purified SCV’s. This method can also be applied for isolating pathogen containing
compartments for other pathogens thereby yielding specific in depth knowledge between host
–pathogen interactions.
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Fig. 1: Labelling of bacteria with nanoparticles. (a) & (b) represents TEM images of magnetic nanoparticles, attached to
bacteria surface marked. (c) & (d), represents intracellular Salmonella c) unlabeled (control) and d) labelled with
nanoparticles (marked with arrow heads) infected in THP-1, human macrophage cell line.
 

 
Fig. 2: Microscopic analysis. a) & b) Intracellular Salmonella associated with SCV markers LAMP-1 & LAMP-2
respectively. c) & d) Purified SCV’s also harbors these markers, suggesting that SCV’s are intact and free of any
contamination. e), f) & g) close-up view of the isolated SCV.
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Collagen type VI is a ubiquitous extracellular matrix component that forms complex and
extensive microfibrillar networks in all connective tissues, often associated with basement
membranes. Structurally, it consists of three α-chains (α1, α2 and α3), where each α-chain
contains a short triple helix and N- and C-terminal globular regions. More recently, three
additional chains (α4, α5 and α6) were discovered, which may substitute for α3 in some
tissues. The globular regions are homologous to the type A domains of von Willebrand factor
(vWF-A). We have recently described the antimicrobial properties of this collagen against a
number of Gram-positive and Gram-negative human pathogens. However, the molecular
mechanisms of bacterial killing are still elusive. Therefore, in this study, we applied an in silico
approach to unravel the antimicrobial activity of collagen type VI in further detail. Sequence
and structural analysis showed that the vWF-A domains of all three α-chains contain numerous
amphipathic amino acid motifs of putative antimicrobial nature. In addition, we also could
show that recombinantly expressed vWF-A domains bind to negatively charged surfaces such
as heparin and bacterial membranes. Five such motifs were finally chosen from N8, N9 and C1
domains of the α3- chain for further characterization in bacterial killing assays. The data
suggest that amphipathic, heparin-binding amino acid motifs in the globular vWF A-like
domains harbour the antimicrobial properties of collagen VI.
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Fig. 1: Antibacterial effect of vWF-A domains of collagen VI α-chains. S. pyogenes were treated with collagen VI
α-chains for 2h at 37°C and visualized by scanning electron microscopy. Extensive membrane disruption and leakage
of intracellular contents are observed in the presence of these proteins and are indicated with arrowheads. Scale = 5
µm.
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Fine structural changes of Erwinia carotova in presence of Ag nanoparticles. Paulina
Guevara(1), Raúl A. Morales-Luckie(1) and Guadalupe Zavala(2). Universidad Autónoma del
Estado de México-Universidad Nacional Autónoma de México, Centro Conjunto de Investigación
en Química Sustentable (CCIQS), San Cayetano de Morelos, Toluca, Estado de México, México
(1). Unidad de Microscopía Electrónica, Instituto de Biotecnología. Universidad Nacional
Autónoma de México (2). gzavala@ibt.unam.mx The purpose of this study was to evaluate the
morphology of Erwinia carotova grown in presence of Ag nanoparticles using transmission
electron microscopy (TEM) protocols. Nanoparticles and biotechnology. Spherical nanoparticles
obtained by green method synthesis (AgNO3 reduced by Citrus paradisi extract) were applied
to bacterial culture in Muller Hilton medium. Dilutions of stable, single spread particles and in
average size in 10 nanometers range were made according a minimal inhibitory concentration.
Silver minimal dose (0.0157 ppm) inhibits bacterial growth of fresh cultures in control
conditions incubation for 24 h at 35°C. Morphological changes in bacteria related Ag
nanoparticles. Metal nanoparticles are related to morphological changes in cytosol of E.
carotova similar to the protein aggregation under control thermal or inclusion bodies (IBs)
formation in E coli related to culture conditions including chemical or thermal. In the present
study Ag nanoparticles affect cytosol organization of Erwinia carotova, produces aggregation in
highly hydrated dense structures with a porous structure, rough or smooth, spherical,
cylindrical or ellipsoidal teardrop shapes and 50 to 700 nm in size. References.
Castellanos-Mendoza A. et al. Influence of pH in the formation of inclusion bodies during
production of recombinant sphingomyelinase-D in Escherichia coli SUBMMITED TO APPLIED
MICROBIOLOGY AND BIOTECHNOLOGY. Bio-synthesis of gold nanoparticles by human epithelial
cells, in vivo. Larios-Rodriguez E, et al. Nanotechnology. 2011 Sep 2;22(35):355601 Epigenetic
inheritance based evolution of antibiotic resistance in bacteria. Mike Adam et al. BMC
Evolutionary Biology, Vol. 8, pp. 52, 2008.
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Bacteria remaining in the root canal (RC) space after treatment can lead to a persistent or
secondary infection, leading to treatment failure and the need for re-intervention in around
24% of cases [1-2]. Currently, no standard method exists for detection of bacterial presence
within the RC space. Using in situ (scouting the RC with a fibre-probe) and ex situ (RC sampling
with paper points) approaches, we aim to develop bench side diagnostics to optically detect
and quantify the amount of remnant bacteria (Fig. 1a-b).
Primarily and as a proof of concept for detection, fluorescent beads were used to simulate live
(green) and dead (red) bacteria (Fig. 2). For the ex situ principle, paper points were immersed
in fluorescent beads, which were resolved and distinguished from each other and the paper
point using two-photon microscopy (Fig. 2a-b). For the in situ approach, fluorescent beads
where added directly to RCs of extracted teeth and detected with an endoscope (Fig. 2c).
Secondly, fluorescent dyes for bacterial staining were evaluated and optimised for incubation
time, sensitivity and specificity. Using confocal microscopy, we identified that calcein AM
positively stains a mixed species oral biofilm at a clinically relevant incubation time, with
minimal background staining. It was further confirmed that both ex situ and in situ approaches
were able to perform detection of the in vitro grown bacterial biofilms.
Preliminary studies have focused on developing and optimising the ex situ approach. Real-time
detection of stained bacteria was achieved using a spectrometer coupled to a wide field
fluorescence microscope. Spectral unmixing was used to distinguish between the distinct
calcein AM emission and paper point autofluorescence (Fig. 3a-b). The methodology was
validated in vivo by detection of bacteria from samples acquired during RC treatments (Fig.
3c).
This work has identified the potential for our technique to be applied as a powerful tool in
dental clinics for the efficient and effective detection of remnant bacterial bio-burden,
minimising failure and future need for root canal re-intervention.
[1] Lumley, P. J., Lucarotti, P. S. K. & Burke, F. J. T. Ten-year outcome of root fillings in the
General Dental Services in England and Wales. International endodontic journal 41, (2008), p.
577–85.
[2] Chávez de Paz, L. Redefining the persistent infection in root canals: possible role of biofilm
communities. Journal of endodontics 33, (2007), p. 652–62.
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Fig. 1: Diagram showing the a) in situ incubation and detection and b) ex situ incubation and detection.
 

 
Fig. 2: Two-photon microscopy image of a paper point tip immersed in green and red fluorescent 1 µm beads. Paper
fibers were visualised using SHG (blue). a) Front view and b) side view of a rendered 3D stack. c) Endoscopic recording
of the root canal: green fluorescent beads (yellow arrow) are visible on reflected blue background (red arrow).
 

 
Fig. 3: Spectral readings of a) comparison of the normalised spectra of calcein emission and paper point
autofluorescence. b) Detection of calcein peaks on an in vitro paper point sample, spectra taken every 500 µm starting
from the tip. c) Detection of calcein peaks on an in vivo sample taking during a RC treatment.
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The biomedical devices are composed of different biomaterials however over 60% of infections
acquired in medical centers are due to the presence of biofilms (1). Although bacterial biofilms
are clearly observed by scanning electron microscopy (SEM) and appear as "dead parts of
microorganisms", laser confocal microscopy show that a biofilm is a three dimensional
structure covered by exo-polysaccharides with feed channels for bacterial nourishment and
proliferation (2). This cover prevents the arrival and effective action of biocides and antibiotics
and allows acquire resistance to them over the time. Thus, the biofilm becomes a strategy for
survival in a harsh environment. Common strains in biofilms in dialysis devices are
Staphylococcus aureus, S. epidermidis, Pseudomonas, Escherichia coli. In this work we analyze
the response of biofilms to different biocide treatments: ozone, peracetic acid and UV.
Peracetic acid is a mixture of acetic acid and hydrogen peroxide. The compound eliminates
microorganisms by oxidation and subsequent rupture of the cell membrane, by the hydroxyl
radical (HO). Peracetic acid was used cold, in a 0.09% solution of water during 15 minutes
approximately. Ozone is an allotrope of oxygen formed by three atoms of it. Its role as a
disinfectant is recognized by its high oxidant potential. Due to its instability, it has to be
produced in the site of application through especial generators that produce O3 gas in water
circulating by the system of dialysis. Concentrations used were from 0.08 to 0.4 ppm with a
time of application that varied between 4 to 6 hours. The last kind of tubes analyzed was those
that are part of the osmosis system disinfected by UV-C. Tubes of PVC, PPT and PE of a great
variety of marks were used as negative controls (Fig. 1). All tubes analyzed in this work were
treated with O3, peracetic acid, both treatments and also we assessed tubes that were under
the action of UV in the osmosis equipment. The concentrations and times were those indicated
above. In all cases, we found biofilms of different morphologies, showing that the
concentrations, times of applications and procedures did not work efficiently to eliminate
biofilms of the systems (Fig.2). New approaches to avoid the colonization of biomedical devices
by bacteria are necessary to ensure an appropriate protocol of dialysis.
(1) Treter J, Macedo AJ (2011). Catheters. A suitable surface for biofilm formation. In
Méndez-Vilas A. ed. Science against microbial pathogens: communicating current research and
technological advances. Spain: Formatex Research Center. pp. 835-842
(2) Costerton JW, Stewart PS, Greenberg EP (1999). Bacterial biofilms: a common cause of
persistent infections. Science. 284 (5418):1318-22.
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Fig. 1: (SEM) Tubes of polyvinylchloride (PVC) and,
polyethylene PE of a great variety of marks were used as
negative controls, with a thin layer of pure gold (120
seconds).
   

Fig. 2: (SEM) Tubes of polyvinylchloride (PVC) and
polyethylene (PE) treated with O3, peracetic acid, and UVC.
All tubes show contamination with biofilms. These
biomaterials were metallized with a thin layer of pure gold
(120 seconds).
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It is possible to use the atomic force spectroscopy technique for manipulation of single virus
particles [1]. To do this a virus particle needs to be attached to the tip of atomic force
microscope’s probe. A dielectrophoresis (DEP) is a phenomenon in which a force is exerted on
a dielectric particle when it is subjected to a non-uniform electric field [3]. The direction and
magnitude of DEP force are the functions of frequency of the electric field. These functions are
defined by electrical properties of the particle. It is possible to use positive DEP (a movement
of particles to electrodes) for attaching a single virus particle to the conductive AFM probe’s tip
for the force spectroscopy measurements.
A curvature radius of conventional gold-coated AFM probe’s tip is not more than 35 nm (Fig. 1).
During the experiments the small (60 nm) virus-like particles and virions with size from 100
nm (influenza virus) to 350 nm (vaccinia virus) were used. The AFM tips (CSG01/Au, NT-MDT,
Russia) were flattened by the scanning of silicon or sapphire surfaces in contact mode with
high load, high scan speed, and a large scanning area. This procedure creates a flat area at
the tip [2]. The AFM probe’s tips were examined by transmission electron microscopy (JEM
1400, Jeol, Japan) with custom-made TEM holder.
It has been proved that this method is useful for attaching the virus particles (influenza,
vaccinia, etc.) to the tip of AFM probe. The results were verified by a TEM examination of the
AFM tips.
REFERENCES
1. D. Alsteens, E. Pesavento, G. Cheuvart, V. Dupres, H. Trabelsi, P. Soumillion, Y.F. Dufrene,
Controlled manipulation of bacteriophages using single-virus force spectroscopy, ACS Nano,
2009, 3(10), pp. 3063-3068.
2. C.L. Cheung, J.H. Hafner, C.M. Lieber, Carbon nanotube atomic force microscopy tips: Direct
growth by chemical vapor deposition and application to high-resolution imaging, PNAS, 2000,
97(8), pp. 3809–3813.
3. H.A. Pohl, Dielectrophoresis, Cambridge University Press, Cambridge, 1978.



 
Fig. 1: A virus-like particle on the tip of AFM probe
 

 
Fig. 2: A flat area at the tip of AFM probe
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Staphylococcus aureus is a major causative agent of human and animal diseases. The
increasing number of pathogenic strains resistant to antimicrobial drugs is a serious public
health problem that can be solved by applications of phage therapy as a suitable alternative to
antibiotics treatment. Polyvalent staphylococcal bacteriophage phi812 is a member of
SPO1-like viruses from family Myoviridae. Phage phi812 and its mutants kill 75% MRSA, 95%
MSSA and act against another staphylococcus species. Mutant phage phi812K1-420 is most
perspective for phage therapy because has broadest host range. The phi812K1-420 virion
consist of 1060 A diameter icosahedral head containing 138 kb phage genome and 2100 A
contractile tail with the baseplate. Herein, we have employed electron cryo-microscopy to
provide first description of the phi812K1-420 three-dimensional structure. The icosahedral
symmetry was employed to obtain the initial reconstruction of the phage head. The symmetry
relaxation was performed in order to determine an asymmetric phage head structure. The
helical reconstructions of the tail sheath and the c6 symmetry reconstructions of the baseplate
have been performed for phi812K1-420 in its normal extended state and for the urea treated
bacteriophages in order to determine the structural model of the virion during the infection.
From the comparison of the phage models prior and during infection, the structural changes
related to the bacterial infection are monitored in order to implicate the structural mechanism
by which the staphylococcal cell wall is recognized.
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Cryo-electron Microscopy of Rhinovirus Uncoating Intermediates: Geometry of Membrane
Attachment and Conformation of the RNA Genome
Mohit Kumar, Shushan Harutyunyan, Heinrich Kowalski and Dieter Blaas
Department of Medical Biochemistry, Max F. Perutz Laboratories, Medical University of Vienna,
Austria.
Human rhinoviruses (HRVs) are the main cause of the common cold. During uncoating they
undergo conformational changes, first converting into the subviral A-particle and finally, on
releasing the RNA genome, into the (empty) B-particle. Mimicking in vivo conditions of
uncoating in the late endosome we attached the A-particle to the liposomes and demonstrated
that the RNA was transferred into the liposomal lumen upon acidification; arrival of the RNA
was shown with RT/PCR (1) and fluorescence correlation spectroscopy. Single particle 3D
cryo-electron microscopy reconstruction (cryo-EM 3DR) of membrane bound A-particles
showed that they are attached via one of the 30 two-fold icosahedral axes (2). In
Enteroviruses, such as poliovirus, it has been shown that the RNA was released close to a
2-fold axis when native virus was heated to 56°C. When the RNA was crosslinked with psoralen
within native HRV-A2 followed by exposure to 56°C, particles representing an intermediate
stage different from the classical A- and B- subviral particles accumulated. Cryo-EM 3DR
revealed a rod-like internal density, which presumably represents the condensed form of the
viral RNA. One end of this ‘rod’ was near a viral icosahedral 2-fold axis (4). This suggests that
the rhinoviral RNA was in the process of being released but got stuck because double stranded
regions could not be unfolded as a consequence of the crosslinking. It remains to be seen
whether such condensed RNA plays any role during uncoating under more physiologic
conditions. A mechanism imparting directionality to the genome release process might be
common to many icosahedral non-enveloped single stranded RNA viruses.
References:
1. Gerhard Bilek, Nena M. Matscheko, Angela Pickl-Herk, Victor U. Weiss, Xavier Subirats, Ernst
Kenndler, and Dieter Blaas (2011). Liposomal Nanocontainers as Models for Viral Infection:
Monitoring Viral Genomic RNA Transfer through Lipid Membranes. J. Virol; 8368–8375.
2. Mohit Kumar, Dieter Blaas (2013). Human Rhinovirus Subviral A Particle Binds to Lipid
Membranes over a Twofold Axis of Icosahedral Symmetry. J. Virol .87; 1309–11312.
3. Shushan Harutyunyan, Mohit Kumar, Arthur Sedivy, Xavier Subirats, Heinrich Kowalski,
Gottfried Köhler, Dieter Blaas (2013). Viral Uncoating Is Directional: Exit of the Genomic RNA in
a Common Cold Virus Starts with the Poly-(A) Tail at the 3’-End. PLOS Pathogens; 9.
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Barley stripe mosaic virus is a part of Hordeivirus genus, which includes plant viruses with
tripartite +RNA genome. Three genomic RNAs are incapsidated separately. Virus spreads via
contacts between plants, via seed and pollen and course diseases from light mosaic to lethal
necrosis. BSMV virion has a shape of a rigid rod with helical distribution of RNA and coat
protein.
Structure of members of Hordeivirus genus is poorly studied, whereas structure of close
Tobamovirus genus is well-discribed. The aim of this work is to determine the structure of
BSMV using methods of electron microscopy and image processing (Clare and Orlova,2010).
It was estimated that the helix has 5 turns per period and 111 subunits per period. The angle
between subunits was ~16.2°, and helical rise between subunits was ~1.18Å.
Multivariate Statistical Analysis (MSA) of obtained electron microscopical data showed that
there was a structural heterogeneity in the dataset: diameter of viral particles varied. The
images of wide and narrow particles (with diameter of 224Å and 216 Å correspondingly) were
extracted and used for 3d reconstruction. It turned out that narrow particles have slightly
different helical parameters: 106 subunits per period, the angle between subunits was ~17°,
and helical rise between subunits was ~1.24Å. The resolution of the final electron density map
was 5.7 Å for a wide particle and 5.1Å – for a narrow. On the vertical slice of both structures
there is visible a groove between protein subunits, where RNA is located (Fig. 1). The reached
resolution makes it possible to trace the α-helices in the coat protein of BSMV and the sites of
RNA-protein interactions are determined (Fig. 1). The flexible fitting of homology model of
BSMV coat protein (CP) showed that there is a loop at a high radius. The loop protrudes from
hydrophobic core and makes a contact with the next subunit (Fig. 2). To analyze the functional
importance of interacting arm formed by the BSMV CP internal loop, we constructed two CP
mutants, BSMV-del10 with a ten-residue deletion in the loop and BSMV-IY/GG, in which two
residues Ile86 and Tyr91 involved in the contact with neighboring CP subunit were replaced
with Gly residues (Fig. 3a). Recombinant viruses carrying the mutant CP gene were able to
systemically infect N. benthamiana plants and accumulated to levels similar to recBSMV
(Fig.3a,b). However, virions were not found in tissues infected with recBSMV-del10 and
recBSMV-IY/GG, while readily detected in recBSMV-infected plants (Fig. 3c,d), showing that
both mutants were unable to form stable virions. These data demonstrate the crucial
importance of the inter-subunit interacting arm in formation and/or maintaining the structure
of BSMV virions.
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Fig. 1: Structure of wide BSMV particle. a) Surface of wide BSMV particle. b) Vertical slice of wide BSMV particle. c)
Horizontal slice of wide BSMV particle d) Fourier shell correlation
 

 
Fig. 2:  Loop protrudes from hydrophobic core at a high
radius and makes contact with next subunit.
 

 
Fig. 3: Deletion analysis of role of the loop in virion
formation.a) The sequences of loop region in recBSMV, with
loop deletion and with double point mutation.b) recBSMV
without modifications of coat proteinc) recBSMV-10deld)
reBSMV-IY/GG,scale bar – 200nm
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The role of bacterial consortium in in-situ bioremediation of tannery waste water and
detoxification study of chromium in human hepatoma cell line
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Abstract
Tanneries are responsible for environmental pollution as it uses huge amount of chromium
sulphate (CrIII) and pentachlorophenol (PCP) in the leather tanning processes to inhibit the
growth of microorganism. Effluent contaminated by metals and chlorinated organic compounds
are difficult to remediate. Chromium sulphate [Cr (III)] and pentachlorophenol (PCP) are widely
used as tanning agent and biocide for the leather preparation in tanneries. Pentachlorophenols
are highly toxic and recalcitrant compound. Chromium (III) may be converted in to chromium
(VI) form in aquatic environment which is highly toxic and carcinogenic in nature. Bacterium
consortiums obtained from tannery soil sediment were used for bioremediation and
bioconversion of PCP and chromium from the tannery waste water. A bacterium isolated from
tannery consortium was identified as Serratia sp. by 16S rDNA analysis. Bacterium reduced
Cr(VI) to Cr(III) by a homodimer enzyme, chromate reductase, with a monomer molecular mass
of 40 kDa. The potency of Serratia sp. for degradation of pentachlorophenol was determined
by HPLC after formation of tetrachlrohydroquinone and chlrorohydroquinone. Bioremediation of
chromium and PCP were tested in bioreactors in sequential way where bacterium treated
effluent subsequently treated by fungi showed reduction of chromium (82%) and PCP (85%)
after 120 hrs. Biosorption of chromium was determined by transmission electron microscopy
(TEM), scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX).
The toxicity of Cr(VI) was also determined in vitro HepG2 cell line by IC50,
Ethoxyresorufin-O-deethylation activity, Fluorescence-activated cytometry sorter analysis and
Confocal laser scanning microscopy indicated detoxification of chromium after adsorption by
bacterium.
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Fig. 1: Figure 1 (a) Scanning Electron Microscopy (SEM) of exposed cell of bacterium (Serratia sp.) after tannery
effluent treatment (b) SEM of tannery effluent treated fungal mycelium of Aspergillus niger .
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Actinomycetes are gram positive bacteria in which many bioactive compounds are generally
produced. Over past decade information on the diversity of actinobacteria in marine habitats
has grown considerably. In this study, morphological and chemical characteristics of wall
chemotype were investigated for a rapid method of basically classification. The location of
sediment sampling areas were in Chonburi and Bang-pakong mangrove forests in the east and
Nakhon Si-thamarat mangrove in the west of the Gulf of Thailand, including marine shallow
water coastal area in the east coast. The sediment samples were pre-treated with dry heat at
100o C for 1 h before dilution and spreading on selective medium plates, incubated at 30o C
for 4 weeks. Morphological study was observed both under light microscope and scanning
electron microscopy. The results revealed that most active isolates from Chonburi mangrove
area were Streptomyces with rectiflexibile, spiral and hook spore chain types, while the
isolates from Bang-pakong and the west side of the Gulf manifested various different
morphological types. The active isolates from marine sediments mostly produced single spore
chain type on short or long sporophores or produced in a bundle of Micromonospora and
Salinispora, respectively; including a few white spore mass Streptomyces. The
electronmicrographs of many isolates could reveal more different morphological detail to
consider they were same or different species. Apart of morphological and chemical
characteristic studies, some of representative actinomycetes were selected to identified by
16S rRNA gene sequencing. The active isolates from mangrove and marine sediments are
moderately diverse in genera, but clearly shown they are morphologically diverse and are rich
sources to screen for valuable bioactive compounds.
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Fig. 1: Single spores are formed on short sporophores of
substrate hyphae of Micromonospora  from marine
sediment on ISP2 medium, 7 days old, 3000X.
 

 
Fig. 2: Single spores are formed on short sporophores of
substrate hyphae of Micromonospora on ISP2 medium, 7
days old, 3000X.
 

 
Fig. 3: Spiral spore chain type, rugose, of Streptomyces on
ISP2 medium, 7 days old, 7000X.
 

 
Fig. 4: Rectiflexibile and hook spore chains are formed on
arial mycelia of Streptomyces isolated from mangrove
sediment,7 days old, 2000X.
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Severe malaria risks health and lives of mainly children in subtropical areas (WHO 2011) and is
related to Plasmodium falciparum parasites invasion and asexual proliferation cycles in host
erythrocytes. However, individuals with mutated hemoglobin such as sickle cell, thalassemia,
and other hemoglobinopathies are protected from severe outcomes of malaria.
Central to Plasmodium pathogenesis is the cytoadhesion of infected erythrocytes to the
endothelium and intracapillary sequestration (Voss 2006). The blood stages parasites produce
cyto-adhesins (PfEMP1) that are transported through the cytosol of host erythrocyte and
presented on the surface. This poses a challenge for the parasite as the entire transport
machinery must be assembled de novo.
Using cryo-electron tomography, we have viewed into whole, intact erythrocytes infected with
P. falciparum (Cyrklaff 2011, Cyrklaff 2012) (Fig 1). The tomograms revealed that the parasitic
assemblies in host erythrocyte, such as Maurer’s clefts, tubulo-vesicular networks and knobs
are interconnected via elaborated networks of actin filaments (Fig 1A). The parasite majorly
remodels the actin networks from what was seen in uninfected erythrocytes (Fig 1B) and used
it to its own benefits. Numerous vesicles were attached to the networks and we proposed that
the parasite uses the vesicular transport along actin filaments to facilitate presentation of the
adhesins at the erythrocytic surface.
Markedly, the actin networks appeared incomplete in Plasmodium infected sickle cells (Fig 2).
This presents a likely explanation for the protective mechanism of sickle erythrocytes, whereby
the parasite was not capable of remodelling the host actin cytoskeleton. We attributed this to
differences in actin polymerization dynamics in the presence of denatured hemoglobin, the
process that we also verified in vitro (Cyrklaff 2011).
The mechanism of interference in the transport of malicious adhesins to cell surface is similar
for homo- and heterozygotic hemoglobinopathies. The latter are of particular medical interest,
as the protection against malaria is not compromised by disorders associated with strong
phenotypes such as sickle disease and thalassemia major.
What we have learned from natural protection we want to apply in practice. We try to replicate
the protective role of sickle cells in normal erythrocytes by interfering with the parasitic export
through host cytoplasm. This concept is worth pursuing as, when successful, it would eliminate
the problem of resistance, similarly to the fact that there is no parasites resistant against the
structural hemoglobinopathies.
WHO 2011; Lives at Risk: Malaria in Pregnancy
Voss et al 2006 Nature 439:1004
Cyrklaff et al 2011 Science 334:1283
Cyrklaff et al 2012 Trends in Parasitology 28:479
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Fig. 1: Figure 1: Sections through cryo-electron tomograms and surface rendered views of (A) P. falciparum-infected
erythrocyte containing normal HbAA hemoglobin; (B) uninfected HBAA erythrocyte; PM, erythrocyte plasma membrane
(dark blue); K, knobs (red); V, vesicles (cyan); MC, Maurer’s clefts (cyan); filaments (yellow)-arrowheads. Scale bars:
100 nm
 

 
Fig. 2: Figure 2: Section through cryo-electron tomogram and surface rendered view of P. falciparum-infected
erythrocyte containing mutated HbCC hemoglobin; colours and marking as in Fig 1. Scale bar: 100 nm
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The precise shape and form of single celled parasites enabled their early classification as
etiological disease agents based solely on microscopy. The changes in shape and form of the
kinetoplastid parasites (amastigote, promastigote, epimastigote, slender/stumpy
trypomastigotes) have evolved for particular pathogenicity niches and coordinate with cell
functions at different lifecycle stages.
The cytoskeleton defines their shape and form, providing a clear rationale for the importance
of understanding how it functions to define each form. Leishmania, Trypanosoma brucei, T.
cruzi still represent major threats to world health and agricultural development. Trypanosomes
in sub-Saharan Africa cause Human African Trypanosomiasis and the livestock disease nagana.
We have studied the structural organization of these parasites using light and electron
microscopy techniques ranging form immunofluorescence, ImmunoEM, EM tomography, SEM,
serial block face SEM etc. The T. brucei trypomastigote cell form possesses a single flagellum
that is attached to the side of the cell body. The Basal Body duplicates in the cell cycle,
performs a 3D traverse around the old flagellum axis, facilitating kinetoplast (mitochondrial
genome) segregation and new Flagellar Pocket formation. Concomitantly, the new flagellum
extends outside of the cell with its tip attached to the side of the old flagellum via the mobile,
transmembrane Flagella Connector junction. Internally, a Flagellum Attachment Zone (FAZ)
filament and associated microtubule quartet extend forming a seam in the sub-pellicular
microtubule array. Double transmembrane complexes then assemble to cross-link the
flagellum to the cell body. I will describe this process and then show how it is modified
bloodstream form parasites and in Leishmania parasites that can reduce the motile flagellum
to a short, immotile sensory 9+0 and 9v sensory flagellum in the amastigote form. In addition I
will describe, using freeze fracture approaches, how these cytoskeletal structures define
membrane domains that characterize the cell body, flagellum and flagellar pocket.
These structural features will be discussed in relation to the pathogenicity features of these
parasites.
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Rhoptries are organelles that have a key role in Apicomplexa biology. During infection, these
organelles take part in several essential and complex processes that include host cell entry
and parasites development. Several proteins have been characterized and localized in distinct
areas of these organelles, mainly in Toxoplasma gondii and Plasmodium falciparum. Particular
in Plasmodium a genus that contains several species, it is believed that the morphology of the
rhoptries is the same. And so the localizations of the proteins would not present any
difference. In order to clearly settle this question, we used cryo-electron tomography to study
the morphology of the merozoites rhoptries of the two main Plasmodium species used in
experiments: P. berghei and P. falciparum. The reconstructed tomograms revealed that P.
berghei rhoptry presented a cylinder bulb with a narrow, long neck, similar to the rhoptry of T.
gondii. The rhoptry apertures were located within the apical rings. In some tomograms, a close
proximity was observed with the apicoplast. The density of the rhoptry was homogeneously
with both the neck and the bulb being electron dense, with the bulb probably containing the
majority of the lipidic content (it started to bubbled before any other part of the merozoite). In
P. falciparum, the rhoptry presented a more tear-shape morphology, with the neck being more
short and wider than in P. berghei, with the neck also opening within the apical rings. The
rhoptries were closer to the subpellicular microtubules. The rhoptries appeared to be less
electron dense than the ones from P. berghei.
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Fig. 1: 1 – A section from a cryo-tomogram from a Plasmodium berghei merozoite, showing the cylinder bulb from one
rhoptry. Note the rhoptry’s long, narrow neck. Arrowheads points to the neck of the other rhoptry. 2 – A cryo-electron
micrograph from a Plasmodium falciparum merozoite. Arrows point to the tear-shape rhoptries. Bar = 30 µm.
 



Type of presentation: Oral
 

LS-7-O-2302 Structural changes of cell lines after the real and simulated
inoculations with Cryptosporidium muris oocysts
 

Melicherová J.1, Valigurová A.1
 
1Department of Botany and Zoology, Brno, Czech Republic
 

Email of the presenting author: janka.melicherova@gmail.com
 
   In the present study, two types of cell lines, HCT8 and HT29, were used for an in vitro
cultivation of the gastric parasite Cryptosporidium muris (Cryptosporidiidae, Apicomplexa).
Evaluations of structural changes of both cell lines were carried out after 24, 48 and 72 DPI
using combined approaches of light, electron and confocal laser scanning microscopy. So far,
we succeed to detect sporozoites released from oocysts, free sporozoites gliding on the cell
line surface that were equipped with a typically prolonged apical end and seemed to search for
appropriate infection site, and few structures closely resembling full or already emptied
cryptosporidian parasitophorous sacs. Evidently, newly formed round cells or gaps in a
discontinuous layer characteristic for young cell cultures were frequently preferred and
attacked by invading sporozoites. Interestingly, after 24 DPI, both cell lines started to embrace
unexcysted oocysts of C. muris. These oocysts were found to be completely or partially
enveloped by projections of individual host cells. The experimental inoculation with
polystyrene microspheres was designed in order to verify whether this behaviour of cell lines is
provoked by oocysts of C. muris or it represents their innate reaction to foreign objects in
general. The microspheres were found only occasionally to be covered by a tiny filamentous
projections arising from host cells or remnants in old cell cultures. Direct comparison and
evaluation of both cell lines inoculated either with C. muris oocysts or with polystyrene
microspheres confirmed that the enclosing of oocysts by HT29 and HCT8 cells was induced by
the parasite. Based on present data, we consider this to be a natural adherence of biological
garbage to the surface of polystyrene microspheres.
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Fig. 1: HT29 cell lines started to embrace unexcysted oocysts of C. muris.
 

 
Fig. 2: The polystyrene microsphere weren’t enveloped by HCT8 cell lines.
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Trypanosoma cruzi is a protozoan parasite that has a complex life cycle, involving different
hosts. During the course of the infection the parasite faces environments where extreme
variations in the concentration of ions and osmolytes in the extracellular milieu are found. To
cope with these fluctuations, the parasite has developed adaptation mechanisms that involve
signaling pathways and remodeling of parasite organelles, as the contractile vacuole complex
(CVC) and acidocalcisomes, which are electron-dense acidic organelles rich in calcium,
polyphosphate and other cations, and shown to be involved in several functions as calcium
homeostasis and osmoregulation. The structural and chemical aspects of these organelles
have been intensely investigated by different techniques. At the electron microscopy level,
two-dimensional analysis of thin sections of chemically-fixed cells has been one of the most
commonly used techniques, despite the known potential of generating artifacts during
chemical fixation and the subsequent steps of sample preparation, which is one of the main
limitations to study these organelles by electron microscopy. In contrast, more sophisticated
techniques, such as cryofixation followed by freeze substitution that are known to preserve the
samples in a more close-to-native state, have not been widely applied to T. cruzi. Therefore,
the use of these techniques is an alternative for structural and chemical preservation that,
when combined with electron tomography and X-ray microanalysis, allow the obtainment of
the three-dimensional information on the distribution of elements. In this work, we employed
high-pressure freezing followed by freeze substitution techniques to study the 3D structure of
the CVC and acidocalcisomes and analytical electron tomography to visualize the 3D
distribution of the acidocalcisome elements. The structural preservation of the CVC was highly
improved, showing a characteristic tubular structure in a polarized position of the parasite (Fig.
1). Three-dimensional analytical electron tomography (Fig. 2) showed a heterogenic
distribution of cations (calcium, magnesium e.g) in contrast to anions (phosphorus and
oxygen) that were homogeneously distributed within the acidocalcisome matrix (Fig. 3).
Altogether, results show that cryofixation and electron tomography can significantly contribute
to the comprehension of the spatial organization of the osmoregulatory system of this
protozoan and the employment of analytical electron tomography can define the 3D
distribution of ions inside organelles.
References:
P. Rohloff and R. Docampo, 2008. Exp. Parasitol., 118: 17-24.
R. Docampo et al, 2005. Nature Rev Microbiol, 3: 251-261.
R. A. Steinbrecht and K. Zierold, 1987. Springer, Berlin.
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Fig. 1: A, Scheme of T. cruzi epimastigote. B and C, CVC at systole fase. D and E, CVC at diastole fase. F (flagellum) and
K (kinetoplast). Scale bars: 200 nm.
 

 
Fig. 2: Analytical electron tomography of T. cruzi whole cells showing the 3D distribution of phosphorus, magnesium,
calcium and sulphur inside the acidocalcisomes.
 

 
Fig. 3: Analytical electron tomography of T. cruzi whole cells showing the 3D distribution of phosphorus, magnesium
and calcium in the acidocalcisome (arrow) segmented by threshold. Note the segregation of calcium and magnesium. F
(flagellum) and K (kinetoplast). Scale bar: 500 nm.
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           Fasciolosis and schistosomiasis by the trematodes in Fasciola and Schistosoma spp. are
recognized as major global parasitic diseases that cause health problems in animals and
humans as well as economic losses worldwide. At present, effective vaccines are not yet
available; therefore, anthelmintic drugs including triclabendazole (TCZ) and praziquantel (PZQ)
are the main method of control of the infections. However, resistances to these drugs have
emerged and may pose a serious problem as no other effective drugs are yet available.
Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone; PB) is a compound derived from the roots
of many plants, especially those in the Plumbaginaceae family, which is used as a traditional
medicine for the treatments of several ailments including parasitic infections. However, there
are only a few scientific reports of its potential and no data of its mechanism as an
anthelmintic agent. The objective of this study was to investigate the in vitro anthelmintic
activities of PB against Fasciola gigantica and Schistosoma mansoni, and its effect on the
structure of the tegument and associated structures by light (LM), scanning (SEM), and
transmission electron microscopy (TEM).
          Based on the measurements of relative motility and survival index, PB showed more
antihelmithic effect than TCZ and PZQ. When examined by LM and SEM, PB caused more
damage in the tegument on male than female flukes. PB caused similar tegumental alterations
as those observed in TCZ or PZQ treatments, but with greater severity, comprising of swelling,
blebbing and rupturing of the tegument, loss of spines, and eventually erosion, lesion and
desquamation of the tegument. When observed by TEM, PB-treated flukes exhibited markedly
swollen mitochondria, followed by disruption of the apical plasma membrane, dilatation of
basal infolds, depolymerization of microtrabecular and cytoskeletal networks, and formation of
vacuoles throughout the tegument syncytium, followed by the breaking-down and detachment
of the whole tegument. Over a long periods of incubation, the tegumental cell bodies,
subtegumental musculature, and surrounding parenchymal tissue showed degeneration and
necrotic changes, while TCZ and PZQ showed less effect at comparable doses and times. A test
by MTT assay indicated that PB reduced mitochondrial activity, thus this may be the initial
tripping point that triggered the cascade of structural changes in the tegument and underlying
structures that eventually lead to parasites’ death.
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Fig. 1: Light micrographs (LM) of (a) untreated and (b) 100
μg/ml PB-treated 4-week-old juveniles of F. gigantica at 24
h, (c) untreated and (d) 10 μg/ml PB-treated adult S.
mansoni at 3h
 

 
Fig. 2: Scanning electron micrograph (SEM) of the
tegumental surfaces of adult male S. mansoni from
untreated control group
 

 
Fig. 3: Transmission electron micrographs of the 4-week-old
juveniles of F. gigantica in untreated group after 24 h
incubation in 0.1% DMSO. 
 

 
Fig. 4: Newly excysted juvenile liver fluke (NEJ) of Fasciola
hepatica after in vitro incubated with (A) 0.1% DMSO as
control, and (B) the purple formazan granules appeared
throughout the tissues of control NEJ incubated 4 hour with
MTT (Magnification approximately 300x).
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Although, the commercial anthelmintic drugs can inhibit nematode infection, but they have
documented cases of resistant populations including Haemonchus spp. in Thailand. The drug
discovery is urgent. Reportedly, the anthelmintic effect of purified plumbagin of Plumbago
indica inhibited the motility of nematode and some trematodes. Therefore, this work aimed to
investigate the anthelmintic effect of plumbagin (PB) of P.indica root on adult Haemonchus
placei on relative motility (RM) assay and histopathological changes. Two hundred and forty
flukes were divided in to 6 treatment groups (n=10 per group). Groups 1, 2, 3, and 4 flukes
were incubated with M-199 medium containing plumbagin in the serial concentrations; 0.01,
0.1, 1.0, and 10 mg/ml, respectively. Group 5, as incubated with medium mixed with
albendazole (ABZ) at 10 mg/ml as the positive control and group 6, and they were incubated
with medium containing 0.1% DMSO as the negative control. Flukes were evaluated the RM
values on 3, 6, 12 and 24 h incubation using scoring under the stero-microscopy. Then, they
were collected from each observation time to run tissue processing for histopathological
changes using H&E staining. The results showed that RM values of PB-treated groups at the
concentration 10 mg/ml in H.placei were progressively decreased more than ABZ-treated
group since 3 to 12 h exposure, and few activity of P. cervi was observed at 24 h exposure.
Observation under the stereo-microscope, adult H.placei were partial move on 3 h and 6 h
incubation in PB at concentration 10 mg/ml. At 12 h and 24 h exposure, they were dead which
were confirmed by vital dye staining. The swelling tegumental surface of H.placei was
occurred, but their tegument did not peel off. The slowly motility of H.placei was observed
after 12 h and 24 h incubation with plumbagin at 0.1 and 1 mg/ml. Light microscopic
observation showed similar tegumental layer as normal group of H.placei. But, the
parenchymal cells and vitelline cells in deeper of parasites-treated plumbagin were found
apoptotic appearance. These results suggest that plumbagin of P.indica could be against the
motility of adult stage of H.placei.
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Fig. 1: Figure 1. Light microscopes of PB-treated adult H.placeiat 10 mg/ml. The tegumental (T) layer is covered by
theexternal sheath. The vitelline (Vit) gland show apoptotic damages (arrow), whereasthe gastrointestinal (G) tract has
still normal appearance.
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Malaria caused by Plasmodium parasites remains a major infectious disease in tropical and
subtropical parts of the world, and 300-500 million malaria cases and about 1 million deaths
are recorded annually. P. falciparum, that causes most severe malaria, has a complex life cycle
involving asexual multiplication in the red blood cells (RBCs) in human host and sexual
reproduction in the mosquito host. In the blood stage, P. falciparum grows through ring,
trophozoite, and shizont stages to produce daughter cells within 48 h, and remodels the host
RBC. To transport the parasite proteins to the infected RBC (iRBC) membrane surface,
membranous structures called Maurer’s clefts are constructed in the iRBC cytoplasm acting as
a sorting compartment in trafficking. The cytoadherent ligand PfEMP1 is exposed at
protrusions called knobs on the surface of the iRBC to adhere to several receptors on the
vascular endothelium and to evade the host immune system and hence elimination from
human body.
The molecular biology of Plasmodium infection is well studied, but the ultrastructural
morphological characterization is still not sufficient. Although ultrastructural 3D reconstruction
of the whole Plasmodium-iRBC by electron tomography and FIB-SEM has been reported
recently [1-4], the quantitative 3D analysis of the whole structure has little been performed. In
this study, we used SBF-SEM to image the 3D structure of multiple whole Plasmodium-iRBCs.
The 3D organization showed that Maurer’s clefts are not sub-compartments or membrane
extensions of the parasitophorous vacuole membrane but independent membrane structures
as reported by using other microscopy techniques [1, 2, 5]. Moreover, we will discuss the
quantitative analysis of the numbers and/or sizes of their cell components at the ultrastructural
level.
References
[1] Hanssen et al., Int J Parasitol 40: 123-134 (2010)
[2] Hanssen et al., J Struct Biol 173: 161-168 (2011)
[3] Weiner et al., Cell Microbiol 13: 967-977 (2011)
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Fig. 1: SBF-SEM slice including P. falciparum-infected red blood cells.
 

 
Fig. 2: 3D reconstruction of the whole P. falciparum-infected red blood cell.
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Fasciola gigantica is a prevalent trematode parasite of fasciolosis in tropical regions, where it
causes serious losses of domestic animals, especially cattle, sheep and goat. The parasite can
also infect humans. During development, there are various proteases that the parasites use for
migration, invasion, processing of nutrients, and evasion from the hosts’ immune responses.
During feeding, the parasites utilize endopeptidases, including cathepsins B, L and D, to digest
the host hemoglobin into short peptides. These are then digested by exopeptidases into free
amino acids that are absorbed and utilized by the parasites. Leucine aminopeptidase (LAP) is
in a family of metalloexopeptidases, which cleave short peptide fragments at the N-terminals.
Fasciola gigantica possesses a member of these enzyme and because of its important role in
digestion, invasion and migration through the host’s tissues, LAP is considered as a target for
vaccine and immunodiagnostic candidate for fasciolosis. In this study, The recombinant protein
(rFgLAP) was expressed in prokaryotic expression system. It was then used for immunization of
BALB/c mice to produce MoAbs. Reactivity and specificity of this monoclonal antibody was
assessed by indirect ELISA and immunoblotting. This MoAb reacted specifically with 56.7 kDa
of rFgLAP. Localization of this antigen by immunohistochemistry methods showed that this
antigen was presented in the apical cytoplasm of caecal epithelial cells. These findings
suggested that FgLAP may be a new candidate for immunodiagnosis for fasciolosis which will
be developed by sandwich ELISA method.
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Fig. 1: Localization of FgLAP protein in metacercaria
(MET)stage of F. gigantica by immunoperoxidase and
immunofluorescence technique showing positive
immunoreactivity in caecal epithelial cells.
 

 
Fig. 2: Localization of FgLAP protein in newly excysted
juvenile (NEJ) stage of F. gigantica by immunoperoxidase
and immunofluorescence technique showing positive
immunoreactivity in caecal epithelial cells.
 

 
Fig. 3: Localization of FgLAP protein in adult F. gigantica by
immunoperoxidase technique The negative control (A). (B)
Sections stained with MoAb showing positive
immunoreactivity in caecal epithelial cells. .C,D) High
magnification of the tall caecal epithelial cells showing
intense positive staining in the apical part of the gut
epithelial cells.
 

 
Fig. 4: Localization of FgLAP protein in adult F. gigantica by
immunofluorescence technique The negative control (A).
(B) Sections stained with MoAb showing positive
immunoreactivity in caecal epithelial cells. .C,D) High
magnification of the tall caecal epithelial cells showing
intense positive staining in the apical part of the gut
epithelial cells.
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In crustacean, crustacean hyperglycemic hormone (CHH) is involved in the control of important
physiological process such as the sugar metabolism, molting and reproduction. Molt-inhibiting
hormone (MIH) controls molting by inhibit the synthesis and secretion of ecdysteroid or molting
hormone. Both hormones are produced and secreted from X-organ sinus gland complex in the
eyestalk optic lobe. It has been reported that CHH/MIH peptides are expressed within the same
cell in the optic lobe of some species. Therefore, the purpose of this study is to localize
CHH/MIH in the optic lobe of the black tiger shrimp, Penaeus monodon. Eyestalk of P. monodon
(20g BW) were fixed in Davidson’s fixative, dehydrated and embedded in paraffin. Polyclonal
antibodies against CHH and MIH were used as the primary antibodies, and FITC-conjugated
goat anti-rabbit/mouse IgG was used as the secondary antibody for immunofluorescent
staining and sections of the optic lobe were examined under laser-scanning confocal
microscope. The results revealed that numerous neurosecretory cells in the medulla terminalis
of the optic lobe contained CHH and few cells contained MIH. Some contained both CHH and
MIH, but some contained neither one of the two hormones, which are undistinguishable by
morphological criteria, but clearly distinguishable by specific antibodies. The sinus gland and
the axonal tract of the eyestalk also contained both CHH and MIH. Therefore CHH/MIH
co-localization may exist, though not always being the case, in this economic penaeid shrimp.
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Fig. 1: Photomicrograph by laser-scanning confocal microscope showing immunofluorescence of MIH (green) and CHH
(red) in the X-organ (XO) (A) and co-localization of MIH and CHH (orange) in sinus gland (B) of the Penaeus monodon
optic lobe.
 

 
Fig. 2: Photomicrograph by laser-scanning confocal microscope showing immunofluorescence of MIH (green) (A), CHH
(red) (B), and co-localization of MIH and CHH (orange) (D) in the X-organ of the Penaeus monodon optic lobe. In
negative control (without antibody) sections, no fluorescence signal were observed (C).
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Fish nematodes are important group of parasites, because it can cause several serious
diseases. They can infect any part of the fish body, including the body cavity, internal organs,
deeper layers of the skin or fins, and external muscle layers as adults or as larvae. During
ichtyoparasitological research in several African countries carried out from 2005 to 2013 were
revealed, among other parasitic species, nematodes referable to species Procamallanus
laeviconchus (Wedl, 1862) from family Camallanidae (Camallanoidea). SEM of their outer
morphology revealed, that under this name is several morphospecies hidden. Procamallanus
laeviconchus sensu lato is quite common nematode of various African fish species and has a
Pan-African distribution. It has indirect life cycle, crustaceans (copepods) serve as intermediate
hosts. Catfishes seem to be the most frequent definitive hosts. Specimens were recovered
mainly from stomachs of catfishes from families Mochokidae, Clariidae and partially also from
Bagridae (Siluriformes), and citharinids from Citharinidae (Characiformes).
For study of important, however poorly recognizable morphological structures, light
microscopy (LM), scanning electron microscopy (SEM) and partially also environmental
scanning electron microscopy (ESEM) were used. Samples were prepared by standard methods
for SEM and examined using a Quanta TM 250 FEG SEM at an accelerating voltage of 10 kV or
JEOL JSM-7401F FE SEM at an accelerating voltage of 4 kV.
All studied procamallanid specimens from different host fish species were medium-sized
nematodes with thick, roughly transversely striated cuticle. Some of them showed features as
oval mouth with peribuccal flange forming 6 bifid lobes (Fig. 1). Mouth of all samples were
usually surrounded by six flat, crescent-shaped elevations, however variously elevated. All
samples had 8 submedian cephalic papillae arranged in 2 circles, each formed by 2 papillae,
however they differ in number of small small finger-shaped processes on the conical tail.
Procamallanus spp. are mutually recognizable by mouth opening with or without oral flange
(Figs. 1, 2) and by number and shape of projections on tail tips of females. Examination of
these nematodes by SEM showed that the material comprise several species new to science.
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Fig. 1: A. Head region of nematode from Distichodus niloticus with peribuccal flange and crescent-shaped elevations.
B. Head region of nematode from Clarias gariepinus without peribuccal flange and low crescent-shaped elevations.
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Giardia intestinalis is an unicellular parasite that commonly causes diarrheal disease all over
the world. Giardia is an eukaryotic cell that presents two nuclei with nuclear membranes, an
endomembrane system consisting of the endoplasmic reticulum (ER) and peripheral vesicles
(PVs) and cytoskeleton structures such as the adhesive disk , median body and the funis.
During its life cycle the protozoan presents two developmental stages: the flagellated
trophozoite which attaches to the microvillus border of the small intestine and is responsible
for the disease symptoms, and the cyst which is the resistant infective form. The
transformation of trophozoites into cysts is known as the encystation process and
characterized by the appearance of large vesicles named encystation secretory vesicles
(ESVs). Although typical lysosomes are also not found, this parasite presents a large number of
peripheral vesicles (PVs) that show acid phosphatase activity, and accumulate macromolecules
ingested by the protozoan. Enzyme cytochemistry, showed that acid phosphatase,
SH-containing proteins, and glucose-6-phosphatase, are localized in the PVs1. Furthermore, PVs
also contains cysteine endoproteases that are orthologous to the cathepsin L and cathepsin B
found in lysosomes of higher organisms and are therefore useful markers of cell compartments
where protein degradation takes place2. These data suggest that the PVs fulfill all criteria to be
identified as early and late endosomes, as well as lysosomes, representing an ancient
structure that later on, during evolution, was separated into distinct compartments. In the
present study we decided to analyze further the endomembrane system of G. duodenalis
during the process of encystation. In order to analyze the behavior of PVs during the
differentiation process of the parasite, G. intestinalis were induced to encyst in vitro. Lucifer
yellow and Acridine orange markers were used to track the PVs during encystment. Moreover,
acid phosphatase cytochemistry technique was performed. The results were observed using
fluorescence microscopy and transmission electron microscopy (TEM), respectively.
Biochemistry analysis of phosphatase activities was performed, measuring the rate of
p-nitrophenol (p-NP) production. Our data show a fluorescence decrease during encystment
process when Lucifer yellow and Acridine orange dyers were used. The same results were
observed during cytochemical localization of acid phosphatase activity; a reduction in the
electron dense stain was noted in parasites after 21h pos-encystment induction.
References
1.Lanfredi-Rangel et al., J.Struct. Biol., 1998, 123, 225. 
2.Ward et al., Cell, 1997, 89, 437.
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Fig. 1: Cytochemistry for acid phosphatase in giardia trophozoite (a) and 21h-encysted (b) analyzed by TEM. The
encysted cell is identified by ESV; the peripheral vesicles (PV) are indicated with arrows. The decrease of acid
phosphatase staining is noted (b). Moreover, plasma membrane phosphatase detection (arrowhead) is only observed
in encysted cell.
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Scanning electron microscopy (SEM) is popular and for taxonomy of parasites very important
and not substituted method in many times. However sometimes taxonomists have only one
specimen and cannot use classical SEM, because their sample (poor conductor) have to be
fixed, dehydrated and coated before it can be observed. This method condemns samples for
destroying and do not allow other using of it, e.g. for molecular study or depositing as type
material in museum. Moreover, the specimen preparation is often long and slow.
Environmental scanning electron microscopy (ESEM) brings two main advantages: elimination
of speed of sample preparation and non-invasivity.
We have made ESEM observation on several groups of already fixed parasites in 4%
formaldehyde solution or 70% ethanol: crustacean (Ergasilus sp.), nematode (Contracaecum
osculatum) and others. Observations were made with the experimental environmental ESEM
AQUASEM-II redesigned in the Institute of Scientific Instruments of the Academy of Sciences of
the Czech Republic by Ionization and YAG-BSE detectors. The samples were cooled down to
2°C and observed in an high pressure water vapour environment of 650–700 Pa. Samples were
placed on a Peltier cooled specimen holder to a drop of water. Consequently the water was
slowly evaporated from the sample, see Fig. 1.
Combination of SEM and ESEM techniques brought two slightly different views. Conventional
SEM has better contrast, more details in microstructure and resolution, however in specific
case, for example at nematodes; it is ESEM almost comparable with SEM. In this study, we
showed that ESEM allows the examination of specimens at high pressure conditions without
any previous treatment in fully hydrated state and can be used effectively in taxonomical
studies of the parasites, where valuable unique specimens sometimes exist.
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Fig. 1: Sequential drying of Contracaecum osculatum specimen documented by ESEM AQUSEMII. Scale bars: 100 µm.
Observation parameters were: cooling temperature 2°C, pressure of water vapour 680 Pa, distance between the
sample surface and the second pressure limiting aperture 2.7 mm, accelerating voltage 20 kV and probe current 95
pA.
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Toxoplasma gondii, the agent of Toxoplasmosis is an obligatory intracellular parasite of
warm-blooded animals, including humans [1]. The ultrastructure of T. gondii was described
mainly based in scanning (SEM) and transmission (TEM) electron microscopy of chemically
fixed specimens. Figure 1 displays a ultrathin section of a typical tachyzoite form fixed with
2.5% glutaraldehyde in 0.1M cacodylate buffer followed by post-fixation in 1%OsO4 in the same
buffer. Chemical fixatives typically have a slow rate of penetration and usually cells suffer
hypo or hyperosmotic shock during fixation. High pressure freezing (HPF) followed by freeze
substitution can avoid these artifacts, bringing a more realistic view of the ultrastructure.
Tachyzoites from culture cells were inserted by
capillarity in cellulose capillaries and quickly frozen in a Balzers HPM010. Freeze substitution
was carried out in a Leica AM EFS2. Four protocols were tested. Best results were obtained
with 0.1% tannic acid in absolute acetone at -70oC for 24h, rinsed in acetone at -90oC, followed
by 0.1%uranyl acetate, 1% OsO4,and 0.5% H2O. Temperature was raised at 1oC per hour up to
4oC; samples rinsed in absolute acetone and embedded in Epoxy resin. General organization of
the cell was confirmed, except for ribosomes that were not randomly scattered in the
cytoplasm, but rather formed clusters of
polysomes. Rhoptries did not have the spongy and biphasic appearance, but were
homogeneously stained. These two features probably are more faithful to the real
ultrastructure of T. gondii because of the speed of immobilization resulting from HPF. However,
impregnation of the fixatives in internal membranes under low temperatures did not result in
contrast, so the inner membranes were clear and the cytoplasm was very electron dense
(Figure2). The inner membrane complex internal space was also electron lucent. Addition of
tannic acid enhanced preservation of the microtubules.
Although, new information was brought by this fixation protocol, it also had some artifacts, as
the tendency of the outer membrane to detach from the surface. In conclusion, routine
chemical fixation, reliably preserves the ultrastructure of Toxoplasma gondii, but high pressure
freezing and freeze substitution techniques have revealed some novel aspects of the
ultrastructural organization of this parasite.
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Fig. 1: Toxoplasma chemically fixed. Rhoptries (R) are biphasic and ribosomes (*) are scattered homogeneously in the
cytoplasm. M-mitochondrion. 
 

 
Fig. 2: HPF fixed, freeze substituted Toxoplasma. Rhoptries  (R) are homogeneously stained and ribosomes form
clusters (*). M-mictochondrion, C-conoid.
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Introduction: Trypanosomes are parasitic protozoa that will typically exploit a bloodsucking
insect and the blood and/or tissues of a vertebrate as a host. Natural mixed infections of
different species and genotypes of trypanosomes occur frequently in a variety of hosts. Their
interaction may affect or modify parasite infection dynamics through co-operation or
competition, either by reducing or enhancing parasitemia, virulence and pathogenicity in the
host.
Results: Our studies have revealed the presence of three different species of trypanosomes
naturally occurring within nine species of West Australian marsupials [1]. However, the woylie
Bettongia penicillata, which has undergone a massive population decline (~90% over 10
years) and has been listed as a critically endangered species since 2006 [2, 3], is the only
marsupial that has been found to be highly infected with trypanosomes and also to harbour
mixed infections.
In woylies only single-species infections were found in the blood, however, co-infections with
two or three trypanosome species were found in individual tissues such as heart, skeletal
muscle, lung and oesophagus. Infected tissues displayed significant levels of inflammation and
damage. Interestingly, significant differences in Trypanosoma species and prevalence rates of
mixed infections were found when comparing animals from a stable population at Karakamia
Sanctuary, to an unstable, declining population in the Upper Warren region.
While T. copemani is known to naturally infect other native Australian marsupials, the species
found to be dominant in declining woylie populations appears to be pathogenic. T. copemani is
shown to have similar biological behaviour in the host to the pathogenic T. cruzi, which is
responsible for Chagas disease in humans. Both species are capable of invading cells and
colonising different tissues in the host, and are able to produce an inflammatory process that
can result in significant damage to vital organs including the heart and liver. Parallel in vitro
studies have further confirmed the capacity of T. copemani to invade cells.
Conclusion: Our results show that the marsupial B. penicillata is highly susceptible to
co-infections within it’s tissues by trypanosomes, which is atypical for Australian marsupials.
We suggest that interactions between these different trypanosome species is playing an
important role in the rapid population decline of the woylie.
1. Botero, A. et al. Int J Parasitology: Parasites & Wildlife 2, 77–89 (2013).
2. Wayne, A. F. et al. Wildl. Res. 40, 169 (2013).
3. Wayne, A. Oryx -The International Journal of Conservation. In press, (2014).
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Several physiological processes are regulated by prostaglandins (PGs). In mammals, PGE2 is
the most abundant type of prostanoid. PGE2 is involved in many reproductive processes
including ovarian follicular function, ovulation, luteolysis and parturition in numerous species.
In crustaceans, several studies reported that PGs are involved in the regulation of
reproduction. However, the mode of PG biosynthesis in arthropods and enzymes involved in
these pathways has remained unresolved.
The key enzymes in the synthesis of PGs from arachidonic acid is prostaglandin endoperoxide
G/H synthesis or cyclooxygenases (COX). COX is present all the vertebrate and has been used
as a marker enzyme for the synthesis of PGs. The aim of this study is to verify the existence of
COX and therefore PGs, in the reproductive system of decapods, using female freshwater
prawns Macrobrachium rosenbergii as a model. The results revealed that COX1
immunoreactivity was detected in the cytoplasm around the nuclear membrane of oocyte
stage 1 and 2 by using immunohistochemistry technique. However, there was no
immunoreactivity detected in oocyte stages 3 and 4. The presence of COX1 immunoreactivity
in the ovary suggests that COX is involved in the synthesis of PGs, Which may exercise control
over the ovarian maturation in this species.
References
Botting, R.M. (2006). Journal of Thermal Biology. 31, 208-219.Varvas, K., Kurg, R. Hansen, K.,
Jarving, K., Jarving, I., Valmsen, K., Lohelaid, H., Samel., N. (2009). Insect Biochemistry and
Molecular Biology. 39, 851-860.
 

Acknowledgement:  This research was supported by a Distinguished Research Professor Grant
(co-funded by Thailand Research Fund, Commission on Higher Education, and Mahidol
University) Ph.D. Scholarship to Assoc. Prof. Chaitip Wanichanon and Miss Chanudporn
Sumpownon.



 
Fig. 1: Immunoperoxidase micrographs of developing oocytes of M. rosenbergii stained with COX1Ab. A and B:
micrograph showing positive immunostaining at Oc1 and Oc2 in low, middle, and high magnification, respectively. C:
Control section showing no immunostaining in low, middle, and high magnification, respectively.
 



Type of presentation: Poster
 

LS-7-P-2065 Localization of the catepsin L isoforms in the salivary glands of the
hard tick Ixodes ricinus by transmission electron microscopy
 

Schrenková J.1,2, Vancová M.1,2, Nebesářová J.1,3, Kopáček P.1
 
1Institute of Parasitology, Biological Centre of ASCR, v.v.i, Ceske Budejovice, Czech Republic,
2Faculty of Science, University of South Bohemia, Ceske Budejovice, Czech Republic, 3Faculty
of Science, Charles University in Prague, Vinicna 7, 128 43 Praha 2, Czech Republic
 

Email of the presenting author: jana.schrenkova@gmail.com
 
An enzymatic cascade is responsible for the blood digestion in ticks. It contributes to the
cleavage of hemoglobin molecules into shorter fragments and individual amino acids. Almost
all of these enzymes occur strictly in the digestive cells inside the gut epithelium. Cathepsin L,
however, is the only one peptidase which is expressed in other tissues too (Sojka et al., 2008).
Apart from the gut, it can be localized also in the salivary glands, ovaries and Malpighian
tubules. Although the function of the cathepsin L and its both isoforms (IrCL1, IrCL3) in the gut
seems to be obvious, its role in the salivary glands of tick remains unclear. Detailed
immuno-localization of this enzyme in the salivary glands during feeding should help us to find
out its function. The specific antibodies against these peptidases were prepared by affinity
chromatography and used for their detailed immunogold labeling of thawed cryosections
according to Tokuyasu (Tokuyasu, 1973). Using transmission electron microscopes, we
localized both isoforms of cathepsin L. It has been shown that both isoforms of cathepsin L are
presented in type III acini, inside secretion granules of e cells. It has also been measured up
that the amount of both isoforms increases during feeding. To further clear up the position of
cathepsin L in the tick physiology, concretely in the digestive cascade, it might be appealing to
use these and other methods, such as electron tomography or FIB/SEM, for co-localization of
other members of the cascade.
References:
Tokuyasu K. T., 1973. A technique for ultracryotomy of cell suspensions and tissues. J. Cell Biol.
57: 551-565.
Sojka D., Franta Z., Horn M., Hajdušek O., Caffrey C. R., Mareš M., Kopáček P., 2008. Profiling of
proteolytic enzymes in the gut of the tick Ixodes ricinus reveals an evolutionarily conserved
network of aspartic and cysteine peptidases. Parasit. Vectors.,1: 7.
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Trilobites are well known as an extinct arthropod taxa from the Palaeozoic Era. Worldwide
palaeontologists studied them for more than hundred years and described many forms and
types. My study is concentrated on their structures and ontogeny and main target is to analyse
their life as well as feeding habits based on morphology. During my study I am trying to
applicate microscopy analyses on two extraordinary preserved trilobites: on ontogenetic stage
and cephalic spine of another taxon. The exceptionally preserved ontogenetic stages of
Cyrtosymbole? sp. have been discovered in the locality near Brno. Material, preserved in
muddy limestone, contains several protaspid specimens as well as disarticulated meraspid
cranidia and pygidia. Thanks to SEM we are able to study microstructures and morphology.
The protaspides are approximately 1 mm long and 0.9 mm wide, sub-ovoid in dorsal view.
Protocranidium is sub-trapezoidal, with glabella reaching ca 80 % of protocranidial length.
Trunk is semicircular in outline, composed of at least four segments. The morphology of the
protaspides is typically proetoid and corresponds to a benthic post-metamorphic stage. This
material represents the first Famennian ontogenetic stages of trilobites which has been
discovered at the area of the Bohemian Massif and it represents the youngest known
ontogenetic trilobite stages from the Czech Republic. Other object of my study is the cephalic
spine of very rare trilobite Ancyropyge sola have been found for the first time in Czech
Republic and its structure is poorly known based on Canadian finds. Thanks new microscopy
photographs (ESEM) we can interpret its right screw-structure.
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Evidence that a diverse range of organisms can utilize the Earth’s magnetic field to orient and
navigate has accumulated over a period of 50 years. Much of the evidence currently available
is based on behavioral data, with the exact mechanistic basis of magnetoreception remaining
one of the great unsolved mysteries in biology. Just as magnetotactic bacteria use magnetic
iron oxide nanoparticles to take advantage of the Earth’s magnetic field for orientation, it has
been hypothesized that a similar mechanism could be present inside specialized cells in higher
animals. Future research on magnetoreception requires to complement behavioral studies by
proximate approaches to identify the mechanistic basis of magnetic field detection at the
cellular level. Novel correlative microscopic approaches that bridge a range of length scales
now provide the necessary approaches to determine the location, structure and function of
these elusive cells.
The honeybee Apis mellifera is known to exhibit magnetoreceptive behavior and represents an
ideal model system for elucidating the cellular basis of this sense in animals. In theory, a
magnetoreceptive system could function using only a small number of cells located virtually
anywhere in the body, which has presented researchers with the problem of searching for a
potentially rare cell type of unknown location and structure; the classic ‘needle in a haystack’
problem.
Here we used a broad range of imaging and analytical techniques to initially characterize the
particulate composition of honeybee body parts. Using a specially developed filtration
technique, the bulk particle fraction of the honeybee was isolated (Fig.1). The particles’
structure and composition have then been characterized using a variety of techniques. In
parallel, 2D and 3D imaging techniques such as scanning electron microscopy (SEM), magnetic
resonance imaging (MRI) and X-ray micro-computed tomography (micro-CT) were attempted in
order to provide overall anatomical detail and potentially pinpoint the location of
magnetoreceptor cells (Fig. 1). Our ultimate aim is to trace the location of the particles back to
their original anatomical position and provide a detailed description of cell ultrastructure and
function. This knowledge is crucial to guide future research to clarify the importance and
function of magnetoreception in honeybees.
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Fig. 1: Anatomical information achievable by (A) Optical, (B) SEM and (C, D and E) MRI imaging in the honeybee. (E) An
MRI section through the abdomen reveals the internal anatomy, including highly contrasting material beneath the
cuticle (arrowheads). (F) SEM has also been used to image magnetically responsive particulates extracted from whole
bees.
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Trypanosoma cruzi, an intracellular protozoan of the Trypanosomatidae family, is the
etiological agent of the Chagas disease that is a tropical neglected illness that is the leading
cause of heart disease in Latin America where it affects approximately 12 million people living
in very poor social conditions. Today, it still represents a serious public health problem in these
affected areas claiming for care and resolution of its current challenges, including the
imperative need to sustain public policies related to the transmission control and the
requirement for new chemotherapic agents. Pentamidine and related di-cations are DNA minor
groove-binders with broad-spectrum anti-protozoal activity. In this context, our aim was
investigate the tripanocidal activity in vitro of six di-cationic compounds – DB1582, DB1627,
DB1645 DB1646, DB1651 e DB1670 – against bloodstream trypomastigotes (BT) of
Trypanosoma cruzi and their cellular targets by fluorescence microscopy. Our results
demonstrated that DB1645, DB1582 and DB1651 were the most active against BT showing IC50

values ranging between 0.15 and 6.9 µM. The compounds displayed toxicity after 24 h of
incubation with 96 µM less than 20%. Following treatment for 72 h, DB1627, DB1645, DB1651
and DB1670 resulted in 36, 21, 45 and 22% loss of cellular viability at 96 µM drug
concentration, while both DB1582 and DB1646 gave a <20% reduction. DB1645, DB1582 and
DB1651 were also the most effective against intracellular parasites, with IC50 values ranging
between 7.3 and 13.3 µM. Due to the characteristics of the tested compounds, blue
fluorescence is emitted when excited by UV light, the amidines could be localized in both
cellular structures of both BT and amastigotes through fluorescence microscopy. When the
parasites were treated for 1 h with 10 µg/ml of each compound, we observed that in the
treated parasites the diamidines presented a striking localization within the kDNA (asterisk)
and at much lower levels in the parasite and host cardiac cells nuclei (thick white arrow).
Interestingly, DB1582 and DB1651 were also localized in several punctated non-DNA
containing organelles (thin white arrows) distributed within the BT and intracellular forms,
which is related to acidic compartments (acidocalcisomes) localization and morphology (thin
arrow). Our data suggest that the localization of these amidines in these organelles may be a
consequence of their intracellular accumulation in these cellular sites (storage sites) and/or
due to their primary or secondary drug targets. These studies may aid future design and
synthesis of novel agents that could be used for Chagas disease therapy.
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Fig. 1: Intracellular localization of the compounds in bloodstream (A–E, G) and amastigote (F) forms of Trypanosoma
cruzi after 1 h of incubation of each diamidine. DB1582, DB1627, DB1645, DB1646, DB1651 and DB1670.
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American cutaneous Leishmaniasis is a parasitic disease, widely spread in most countries of
Latin America and caused by different species of the genus Leishmania. This protozoan is an
obligate intracellular parasite that developed mechanisms to subvert the microbicidal activity
of macrophages, such as regulation of superoxide and nitric oxide (NO) production. During
Leishmania infection, the nitric oxide plays a crucial role killing parasites in vitro and in vivo. In
this work, were analyzed the constitutive Oxide Nitric Synthase (cNOS) activity and NO
production by Leishmania (Viannia) braziliensis and Leishmania (Leishmania) amazonensis.
Leishmania- cNOS was identified in promastigotes by immunolocalization and analyzed by
Transmission Electron Microscopy (TEM)(Fig.1) and confocal microscopy (Fig.2). NO production
was measured in the supernatants of promastigotes cultures as nitrite form by Griess reaction.
Immunolocalization by TEM showed cNOS in the glycossomes-like vesicles and
immunofluorescence assay showed presence of cNOS enzyme in both parasites species. To
confirm the enzyme activity, nitrite measure showed that L. braziliensis promastigotes was
able to produce NO and has a higher production when compared to L. amazonensis. In
conclusion, a correlation between the expression of cNOS and NO production by L. braziliensis
and L. amazonensis suggest a possible virulence factor, which could be related to a regulatory
mechanism of host cell NO production that confer parasites resistance to NO damages.
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Fig. 1: (A-D) Immunolocalization by transmission electron microscopy (TEM) of cNOS in Leishmania braziliensis
promastigotes (A and C), and Leishmania amazonensis promastigotes (B and D). Note presence of anti-cNOS colloidal
gold nanoparticles conjugated (arrows).
 

 
Fig. 2: Indirect immunofluorescence assay by confocal microscopy of L. amazonensis and L. braziliensis promastigotes
on STAT growth phases. Note the presence of cNOS in the parasites. Bars 10 μm.
 

 
Fig. 3: Nitric oxide production measured in the supernatants of promastigotes cultures of L. amazonensis and L.
braziliensis at different growth phases, logarithmic (LOG) and stationary (STAT). Both parasites are able to produce NO.
However, the significant difference was between the two LOG phases. *p<0.05
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Graphosoma lineatum is a species of the Pentatomidae family known as the striped shield
bugs. This species is distributed throughout Europe including Turkey and preferentially feed on
the generative organs of Apiaceae family and found on umbels. Due to agricultural and
economical losses resulting from the insect damage to the crops, it is important to examine
digestive system of G. lineatum. In this study, proventriculus and midgut of G. lineatum are
examined in detail using light microscope, scanning electron microscope (SEM) and
transmission electron microscope (TEM). The connection of proventriculus and midgut is
indistinguishable. In general, proventriculus and all parts of midgut have similar properties.
Midgut is differentiated into three distinct portions: Anterior, median, posterior. Anterior region
is similar to a wide elongated sac. Median region is narrower and tubular in shape. Posterior
region is a short dilated portion. Proventriculus and midgut which have role in digestion of the
nutrients are surrounded by trachea and muscles. Both SEM images and cross section images
illustrate that outer and inner surfaces of proventriculus and anterior midgut regions are
indented. Cells of inner surface are simple cylindrical epithelium. Apical membranes of these
cells are abundant in microvilli and there are many basement membrane invaginations. A
continuous basal lamina lies down under the epithelium. Cells are rich in mitochondria
especially under the microvilli and also abound with rough endoplasmic reticulum and
lysosomes. There are many spherocrystals that are rod or spherical in shape and varisized lipid
droplets. Outer surface of median region is less indented than proventriculus and anterior
midgut regions. Cells of median region of the midgut vary in height and have microvillus
towards lumen. In addition cells which have great numbers of vacuoles and different electron
densities are observed. The posterior midgut assists to absorption of water in nutrients before
passing to hindgut. Its outer surface is quite smooth. Epithelium cells in membrane structure
are shorter than those of previous parts. Cells contain plenty of lysosomes and lipid granules.
Lateral membrane foldings among cells are distinguished. In addition basal membrane
infoldings are observed.



 
Fig. 1: General view of proventriculus and all region of
midgut of Graphosoma lineatum-Stereomicroscope
 

 
Fig. 2: Longitudinal section of the proventriculus and
anterior region of midgut of Graphosoma lineatum-Light
Microscope
 

 
Fig. 3: The outer surface of the median region of midgut of
Graphosoma lineatum-SEM
 

 
Fig. 4: Thin section of the posterior region of midgut of
Graphosoma lineatum-TEM
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Graphosoma lineatum (Linneaus, 1758) is a species belongs to Pentatomidae family and feeds
on cultivated plants belong to Apiaceae family and anise, cotton, tobacco, rice, fruit trees
which grow in Turkey. Its nymphs and adults prefer the generative organs of the host plants
and damage to immature or mature seeds. This damage causes a decrease in quality and
quantity of seeds. Due to the economic importance it is necessary to know the ultrastructure
of this species. To this respect, ultrastructure of rectum of G. lineatum was examined using
light microscope, scanning electron microscope (SEM) and transmission electron microscope
(TEM). An important function of the rectum in insects is the reabsorption of water from the
faeces. Reabsorbed water is recycled and added to the contents of the midgut. In this species,
rectum is a wide elongated sac located at the end of hindgut. Its outer surface is surrounded
by well developed trachea and muscle. Its wall is covered with monolayer cubic-cylindrical
epithelium in which intense infoldings are observed. The thickness of the epithelial layer
increases in the region of the nucleus. Rectum inner surface is lined by a cuticular intima that
is sharp or angled protrusions. Apical membranes of epithelial cells under the cuticula, involve
a small number of microvillus in different height and thickness. There are many basement
membrane invaginations into cells and there is a basal lamina layer under them. Lateral
membranes make folds between cells. Mitochondria with dense matrices are the most
abundant organelles in the cell cytoplasm. In SEM micrographs, crystals of various sizes are
seen in the lumen of the rectum.



 
Fig. 1: The general view of the rectum of Graphosoma
lineatum-SEM
 

 
Fig. 2: The inner surface of the rectum of Graphosoma
lineatum-SEM
 

 
Fig. 3: Semi-thin section of the rectum of Graphosoma
lineatum
 

 
Fig. 4: Thin section of the rectum of Graphosoma
lineatum-TEM
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The alimentary system of insects is divided into three main regions: foregut, midgut and
hindgut. Midgut is a tubular channel which is between foregut and hindgut. Its main role is
absorbing nutritions and excreting enzymes. In this study, morphology and ultrastructure of
the midgut of Poecilimon cervus were examined in detail by using of light microscope,
scanning (SEM) and transmission electron microscopes (TEM). P. cervus (Orthoptera,
Tettigoniidae, Phaneropterinae) is an endemic species that lives in Kızılcahamam-Ankara,
İskilip-Çorum and Tosya-Kastamonu in Turkey. Approximately 10 adult male of Poecilimon
cervus were collected from oak forests in Kargasekmez, Kızılcahamam, Ankara in June of 2013
and were dissected under the stereomicroscope. Dissected midgut tissues were prepared
separately for the light microscope, SEM and TEM. Midgut of P.cervus is a long, thin channel
located between foregut and hindgut. In cross sections of midgut, simple columnar epithelium
is observed. Midgut cells have numerous, long, untidy microvilli at the apical side of the cell. In
TEM examinations, it is clear that the apical plasma membrane is more electron lucent
considering other side of the cell. Generally, the nucleus of the cell is round in shape but in
some cells it seems ovoid in shape. The nucleus is situated near the basal plasma membrane
and it has distinct nucleolus. Around the nucleus there are numerous mitochondria and rough
endoplasmic reticulum. Intercellular gap at the lateral side is enlarged in some regions. We
hope that this study about the midgut structure of P.cervus will be basis for following works on
the insect digestive tract.
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Fig. 1: General view of midgut of Poecilimon cervus, SEM.
 

 
Fig. 2: Midgut cells of Poecilimon cervus, light microscope.
 

 
Fig. 3: Midgut cells with long microvilli, TEM.
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In insects, Malpighian tubules are excretory organs which are responsible for osmoregulation
by regulating ion and water balance. They absorb water and solutes, like mineral salts, from
the surrounding haemolymph and then transfer them to the gut lumen. In this study, the
Malpighian tubule structure of Poecilimon cervus Karabag, 1950 (Orthoptera) was observed
with the use of light microscope, scanning (SEM) and transmission electron microscope (TEM).
P. cervus is an endemic species that belongs to Tettigoniidae (Orthoptera) and lives in
Kızılcahamam-Ankara, İskilip-Çorum and Tosya-Kastamonu in Turkey. Approximately 10 adult
of P. cervus were collected from oak forests in Kargasekmez, Kızılcahamam, Ankara in 2013
and that Malpighian tubules were dissected under the stereomicroscope. Dissected tissues
were prepared separately for SEM, TEM and light microscope. The Malpighian tubules of P.
cervus are long, blind tubules extending from midgut-hindgut junction and they are scattered
all over the haemocoel. Malpighian tubule lumen opens into the gut lumen. In cross sections of
Malpighian tubules, relatively large 4-6 epithelian cells were observed in the transmission
electron microscope. There is a basal lamina at the base of cuboidal cells and apposed to the
basal lamina muscle cell layer is observed. Numerous infoldings of the basal plasma
membrane and several mitochondia in between are present. Apical membrane of the
Malpighian cell is differentiated into long, narrow apical cell projections called microvillus. In
apical cytoplasm at the base of microvillus there is a great number of mitochondia. In the
majority of the observed Malpighian cells, there are so many lipid droplets of all sizes. The
Malpighian cells are rich in mitochondria, rough endoplasmic reticulum and spherites in their
cytoplasm. Spherites are described as a side of biological accumulation of minerals and they
play an important role in regulating the composition of the internal environment. Spherites
composed of concentric strata are seen in vacuole. In this study, we aimed to reveal the
ultrastructure and histology of Malpighian tubules of P. cervus.
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Fig. 1: Malpighian tubules surrounding the digestive tract,
stereomicroscope.
 

 
Fig. 2: Cross section of Malpighian tubule of Poecilimon
cervus, light microscope.
 

 
Fig. 3: Cross section of Malpighian tubule of Poecilimon
cervus, TEM.
 

 
Fig. 4: General view of Malpighian tubule cell, TEM.
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Eurydema ventrale is an important pest of Cruciferae and Capparaceae species. This species is
distributed throughout Europe including Turkey. Due to agricultural and economical losses
resulting from the insect damage to the crops, it is important to examine female reproductive
system of E. ventrale. In this study, structure of the female reproductive system of E. ventrale
is studied using light, scanning and transmission electron microscopes to contribute for a
better understanding of its biology. The female reproductive system of E. ventrale consists of
the paired ovaries with ovarioles, a pair of lateral oviducts, a common oviduct, a spermatheca
and the paired accessory glands. Each ovariole consists of terminal filament, tropharium,
vitellarium, and pedicel. The ovarioles in the ovary are connected to each other by terminal
filaments forming a compact bunch shaped structure. Apical part of ovariole is formed by a
tropharium region with large trophocytes and small prefollicular cells. The latter are located at
the basal part of the tropharium. Trophocytes contain a large nuclei, many ribosomes and
mitochondria in the cytoplasm. The centre of the tropharium, termed the trophic core makes a
connection with trophocytes and oocyte in the vitellarium. Trophocytes and oocytes
communicate with the core by means of long cytoplasmic processes and by nutritive cords,
respectively. The other region of ovarioles in E. ventrale is constituted by vitellarium. The
vitellarium is characterized by oocytes in three different development stages:
Previtellogenesis, vitellogenesis and choriogenesis. Undeveloped oocyte in the
previtellogenesis stage is surrounded by a single columnar epithelium in which has a great
number of rough endoplasmic reticulum and mitochondria. On the oocyte surface in the
vitellogenesis stage, variable shaped polygons are clearly seen and abundant organelles are
seen in the follicular cells. During choriogenesis numerous rough endoplasmic reticulum and
ribosome appear in the cytoplasm of the follicular cells. At this stage of egg maturation, there
is a chorion layer which is composed of two well-differentiated layers: a narrow electro-dense
endochorion, and a thick exochorion. At all stages, lipid droplets and protein granules are
found in oocyte. Each ovariole connects through a pedicel to the lateral oviduct. Lateral
oviducts unit together in the middle line of the abdominal cavity, forming the common oviduct,
which is very short relative to the total size of the reproductive system. The common oviduct
opens ventrally the genital chamber. The oocytes leave the terminal portion of the ovariole
towards the lateral oviduct and are fertilized when going through the genital chamber.



 
Fig. 1: General view of female reproductive system in
Eurydema ventrale
 

 
Fig. 2: Tropharium and vitellarium in Eurydema ventrale
 

 
Fig. 3: The oocyte surface in the choriogenesis stage of
Eurydema ventrale
 

 
Fig. 4: The oocyte in the previtellogenesis stage of
Eurydema ventrale
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Codophila varia (Fabricius, 1787) (Heteroptera: Pentatomidae) is economically important
species in most of Europe countries and in Turkey where it feeds on umbelliferous and
graminaeous culture plants and also on weeds. The aim of present study is to investigate the
reproductive morphology and histology of the male reproductive system of C. varia. Adult
males of C. varia were collected from Ankara, in July 2011, Turkey. Structure of the male
reproductive system of C. varia is studied morphologically and histologically using both light
and scanning electron microscope. The male reproductive system of C. varia consists of two
testes, two vas deferentia, two seminal vesicles, two ectodermal sacs, one ejaculatory bulb,
one ejaculatory duct and a pair of accessory glands. Paired testes lie on either side of the
digestive tract. The testes are lined with the tunica propria and peritoneal sheath with
embedded tracheoles. The red pigmented testis is roughly oval and consist of seven testes
tubules which enter the vas deferens. Three development zones were noted within the testes
tubules; the growth zone, the maturation zone, the differentiation zone. The spermatozoa
migrate to the vas deferens, they are transferred to the seminal vesicle. Vas deferens, which
extend posteriorly from the testes to the seminal vesicle, are also red pigmented. The vas
deferens and the seminal vesicle are same. The walls of vas deferens and seminal vesicle
consist of an inner layer of simple epithelium which is surrounded by a network of muscle
fibers extending in various directions. The seminal vesicle receives and stores the
spermatozoa. Seminal vesicle are connected with the anterior medial portion of the ejaculatory
bulb, which is covered by the investing epithelium and thrown into folds. Ejaculatory duct
extends from the base of the ejaculatory bulb to the aedeagus. There are multiple accessory
glands in C. varia which are situated in the posteroventral region of the male, milk white in
color and sack-shaped. The accessory glands consist of three different parts: the muscle layers
or muscularis, the secretory epithelium and the lumen. It is continuous with the aedeagus and
covers the cuticle. In this study, we tried to explain the morphology and histology of male
reproductive system of C. varia for obtaining the key information for future research about the
reproductive biology of the Heteroptera.



 
Fig. 1: Spermatogonia in Codophila varia testis
 

 
Fig. 2: Spermatocytes and spermatids in Codophila varia
testis
 

 
Fig. 3: Spermatids and spermatozoa in Codophila varia
testis
 

 
Fig. 4: Bulbus ejaculatorius, ductus ejaculatorius and
accessory glands in male reproductive system of Codophila
varia
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Correlative light and electron microscopy (CLEM) allows us to combine wide field images
collected from light microscopy with the high resolution of electron microscopy. CLEM is
especially convenient for visualization of rare and dynamic events, which cannot be followed
by electron microscopy on its own, such as membrane trafficking, signalling and cell division.
Although the use of CLEM in host-parasite research is not very common today (Loussert et al.,
2012), it fulfils all criteria to become a method of choice for visualization/investigation of
infectious diseases where only a small number of pathogenic organisms is required to cause
illness. We apply correlative fluorescence scanning electron microscopy to image the
spirochete B. burgdorferi, the causative agent of Lyme disease, which is the most common
tick-borne infection in the Western world. We examine and more fully characterize the events
involved in the progression of B. burgdorferi through the tick salivary glands, using a
genetically modified strain carrying the GFP reporter gene. Unlike the mode of penetration
through the tick gut (Dunham-Ems et al., 2009), the way how B. burgdorferi transverse the
salivary gland barrier remains unclear. Our results help to possibly shed new light on the
adaptation of the Lyme disease spirochete within the tick vector and its transmission to a new
mammalian host.
1. S.M. Dunham-Ems, M.J. Caimano, U. Pal, et al., J. Clin. Invest. 119 (2009), p. 3652.
2. C. Loussert, C. L. Forestier and B. M. Humbel, Methods Cell Biol. 111 (2012), p. 59.
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American trypanosomiasis also known as Chagas disease (CD) is a neglected disease caused
by the intracellular protozoan Trypanosoma cruzi. Sesquiterpenes lactones (STL) like
cynaropicrin, are terpenoid compounds characteristic of the Asteraceae family, exhibiting a
wide variety of chemical structures with pharmacological effects in a large number of
biological test systems including anti-inflammatory, anti- tumour and antimicrobial effects. As
part of multidisciplinary study to identify novel anti-T.cruzi candidates, bloodstream
trypomastigotes (BTs – Y strain) were incubated at 37°C for 24 h in the presence of increasing
doses (0-6.65 µg/mL) of cynaropicrin. Our data showed that this SL exhibited an EC50 value of
1 ± 0.2 µg/mL, being lower than the reference drug, benznidazole (EC50 3 µg/mL). Aiming to
analyze the cellular targets of this compound, transmission electron microscopy analysis of
BTs treated or not for 2 h at 37°C with the corresponding EC50/24h was performed. The
samples were fixed for 60 min at 4 °C with 2.5% glutaraldehyde 2.5 mM CaCl2 in 0.1 M
cacodylate buffer, pH 7.2 and post-fixed for 1 h at 4 °C with 1% OsO4, 0.8% potassium
ferricyanide 2.5 mM CaCl2 using the same buffer. Next, treated and untreated parasites were
routinely processed for TEM and examined using a Zeiss EM10C electron microscope
(Oberkochen, Germany). Ultrastructural analysis demonstrated that while untreated parasites
exhibited normal morphology like mitochondrion, kinetoplast and flagelum (Fig. 1B),
cynaropicrin treated BTs showed intense intracellular vacuolization, occurrence of large
multivesicular profiles and membrane projections (Fig. 1C), which can be suggestive of
autophagy, a type II programmed cell death (PCD) mechanism. Biochemical studies are
underway in order to better characterize the molecular events associated to the triggering of
T.cruzi cell death by SLs agents.
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Fig. 1: Chemical structure of cynaropicrin (A).Transmission electron micrographs of cynaropicirn effect on bloodstream
trypomastigotes: Untreated parasites display typical morphology (B), while treated parasites (C) show vacuolization (*)
and plasma membrane projection (arrow).
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The mitosome is a double-membrane bounded organelle found in few unicellular eukaryotes,
one of which is the human intestinal parasitic protozoan Giardia intestinalis. The discovery of
mitosomes in Giardia was strongly supported by the identification of the protein machinery
components responsible for iron-sulfur (Fe-S) cluster assembly (IscS and IscU proteins) in this
organelle. G. intestinalis also lacks mitochondria and peroxisomes and has been considered to
be among the earliest-branching eukaryotes. This flagellated protozoan grows in vitro as
trophozoites and under some conditions differentiates into cysts, characterized by the absence
of externalized flagella, a rounded shape and the presence of a cyst wall. Using antibodies that
recognize two proteins present in the mitosome, heat-shock protein 70 (mit-HSP70) and
giardial chaperonin 60 (GiaCpn60), we used confocal laser scanning and electron tomography
microscopy, western blots and qRT-PCR to analyze the presence and distribution of the
mitosomes during both the cell cycle and the process of the trophozoite-to-cyst
transformation. At early stages of the differentiation process (~12 h), there was a significant
decrease in the extent of labeling in the cells and the numbers of mitosomes, which almost
disappeared after 21 h, but were recovered during the cyst stage. This was confirmed by an
mRNA expression analysis, thus indicating a process that modulates the formation of
mitosomes during the G. intestinalis life cycle. Electron microscopy tomography, which allows
for three-dimensional reconstruction, revealed the presence of both rounded and elongated
mitosomes.
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Fig. 1: Confocal microscopy of Cpn60 during Giardia
differentiation. Immunofluorescence using the antibodies
anti-Cpn60 (green) and anti-CWP1 (red). Vegetative cells
are observed (a-c). In 21h-encysted cells (d-f), no Cpn60
labeling is seen; the cells present a positive CWP1 signal. In
the cysts (g–i), the Cpn60 and CWP1 signals are observed.
 

 
Fig. 2: Confocal microscopy of HSP70 during Giardia
differentiation. Immunofluorescence using the antibodies
anti-HSP70 (green) and anti-CWP1 (red). Vegetative cells
are observed (a-c). In 21h-encysted cells (d-f), no HSP70
labeling is seen; the cells present a positive CWP1 signal. In
the cysts (g–i), the HSP70 and CWP1 signals are observed.
 

 
Fig. 3: Electron tomography and 3D reconstruction of mitosomes in Giardia. Mitosomes (arrows) are seen in vegetative
(a–c) and 21h-encysted (d–f) cells. No differences are seen between the mitosomes of the vegetative and 21
h-encysted cells. Elongated and ovoid organelles were observed. VD, ventral disc; Ax, axonemes; M, mitosome; N,
nucleus.
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Nucleolar assembly, often termed nucleologenesis, is a cellular event that requires the
synthesis and processing of ribosomal RNA, in addition to the participation of pre-nucleolar
bodies (PNBs) formed during early telophase. In mammal and plant cells, the biogenesis of the
nucleolus has been described in detail, but in unicellular eukaryotes is a poorly understood
process. In this study, we used light and electron cytochemical techniques to investigate the
pathway of nucleolus re-building during closed mitosis in epimastigotes of Trypanosoma cruzi,
the protozoan parasite that causes American trypanosomiasis. Uranyl-lead conventional
contrast, silver impregnation specific for nucleolar organizer regions and EDTA regressive
procedure to preferentially stain ribonucleoprotein revealed a single electrodense nucleolus
which is intensively impregnated with silver mainly into fibrillar component. Additionally, we
observed fibers of nucleolar chromatin surrounded by argyrophilic elements in interphase.
Early in mitosis, the AgNOR proteins are maintained but are dispersed throughout the
nucleoplasm. During the normal course of the division, the nucleolar material is divided
asymmetrically and migrates to opposite poles of the elongated nucleus. Late in mitosis, when
the two nuclei have been formed, the AgNOR proteins are concentrated in the NOR and the
nucleolus is assembled. In contrast with other eukaryotic cells, the classical perichrosomal
sheath and PNBs were not visualized. We suggest that the formation of the nucleolus during
mitosis of epimastigotes of T. cruzi occurs as a continuous process that does not require the
concentration of nucleolar material within intermediates nuclear bodies such as the
characteristic PNBs.
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Fig. 1: AgNOR light microscopy
 

 
Fig. 2: Uranyl-lead standar electron microscopy
 

 
Fig. 3: AgNOR electron microscopy
 

 
Fig. 4: EDTA electron microscopy
 



Type of presentation: Poster
 

LS-7-P-2575 Morphometric Analysis of Granulomas in Nectomys squamipes Brants,
1827 (Rodentia: Sigmodontinae) naturally infected with Schistosoma mansoni
Sambon, 1907 (Digenea: Schistosomatidae).
 

Amaral K. B.1, Dias F. F.1, Silva T. P.1, Malta K. K.1, Gentili R.2, Neto S. F.2, Melo R. C.1
 
1Laboratory of Cellular Biology, Department of Biology, Federal University of Juiz de Fora, Juiz
de Fora, MG, Brazil. , 2Laboratory of Biology and Parasitology of Wild Mammals Reservoirs,
Oswaldo Cruz Foundation, Rio de Janeiro, RJ, Brazil.
 

Email of the presenting author: katia.amaral@oi.com.br
 
The semi-aquatic rodent Nectomys squamipes has been found naturally infected with
Schistosoma mansoni and has a wide geographical distribution that coincides with endemic
areas of human schistosomiasis in Brazil. Due to its susceptibility, high abundance and
water-contact patterns, it contributes significantly with the epidemiology of the disease [1].
The pathological effects of schistosomiasis occur mainly because of the immunological
reactions of the host due to the eggs of the parasite that are not excreted and are deposited
on the tissues and later on are encapsulated to form the granulomas, which undergo several
evolutional stages according to the phase of the infection [2]. In this process, the eosinophils,
leukocytes of the innate immune system, are actively recruited and secrete cytotoxic products
that cause damage to parasites [3]. In this study, we investigated the role of eosinophils in the
formation of different stages of granulomas in this naturally infected rodent. Animals (n=3)
were captured and immediately euthanized by deep anesthesia (animal ethical approval #
L-0049/08). Liver fragments were processed for light microscopy. For the morphometric
analysis, Histoquant software was used to measure parameters as area, perimeter, major and
minor diameter of granulomas with visible eggs in the center. Liver sections showed
inflammatory infiltrates and periovular lesions in pre-granulomatous stages, characterized by
exudative reaction (7,93%) and exudative-necrotic reaction (1,22%) and a clear predominance
of exudative-productive (48,78%) and productive (42,07%) granulomas. However, no
significant differences were found in the areas of all types. Some granulomas around eggs
containing well-preserved miracidium showed an acute inflammatory reaction, with many
polymorphonuclear cells, mainly eosinophils. They presented the largest numbers of
eosinophils (absolute numbers) and eosinophils per area (density of cells). More frequently, an
inflammatory reaction of chronic type was seen, with cells as eosinophils, macrophages and
fibroblasts and collagen deposition in varying amounts around empty eggshells or eggs
containing degenerated miracidia. Finally, we observed that the degree of impairment of liver
tissue (calculated as the sum of the area occupied by granulomas and that occupied by
inflammatory infiltrates) was very small (mean = 5.05%), which explains the lack of symptoms
observed in these rodents during schistosomiasis infection.  
References:
[1] Gentili, R. et al. Oecologia Australis, 14(3) (2010) 711-725.
[2] Lambertucci, J.R. 2010. Memórias do Instituto Oswaldo Cruz, 105(4) (2010) 422-435.
[3] Melo, R.C.N. et al. Journal of Leukocyte Biology, 83 (2008) 229-235.
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Fig. 1: Granulomas in liver of Nectomys squamipes infected with S. mansoni. In (A-D) different stages of granulomas
around parasite eggs are seen. Liver sections were stained with Hematoxilin-eosin and analyzed through light
microscopy. In (E and F) the frequency and area of granuloma types are shown. (a, b, c) indicate p<0,001. Scale bar:
50 µm.
 

 
Fig. 2: Eosinophils in liver granulomas of Nectomys squamipes. In (A) observe many eosinophils with characteristic
nucleus (arrow) and granules (arrowhead) surrounding the Schistosome egg, as noted in detail (Ai). In (B) the graph
shows the eosinophil abundance, while in (C) is presented the eosinophil density. Scale bar: 25µm (A), 5 µm (Ai).
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Some insect pests are able to adapt to presence of plant defense compounds. Is important
understands these adaptive mechanisms in order to design effectives strategies of pest
control. The fall armyworm (Spodoptera frugiperda) (Lepidoptera: Noctuidae) is an important
pest in Brazil, attacking several crops of economic importance, as such corn and cotton. The
adaptive mechanism of the fall armyworm against plant protease inhibitors is triggered by
transcription of resistant trypsins, but the physiological role and location these enzymes are
unknown. In this work, we used immunofluorescence techniques to investigate the presence
and spatial location of Entada acaciifolia trypsin inhibitor (EATI) in S. frugiperda larval tissues
to elucidate details about this phenomenon. Different tissues from larvae chronically fed with
EATI were separated, rinsed and analyzed by western blot: midgut, gut epithelial membrane,
fat body, Malpighian tubules, hemolymph and frass. For immunofluorescence studies, these
larvae were euthanized in cold heptane, frozen in liquid nitrogen, embedded in Tissue Tek and
sectioned at 8 µm in a cryostat. Sections were washed in BSA 1% and primary antibody
anti-EATI was applied in 1:200 concentration overnight, washed again in PBS and incubated
with secondary fluorescent antibody (1:300) in the dark for 1 hour. Fluorescent stain DAPI
(1:1000) was then applied for 5 minutes. Images were acquired with microscope Eclipse
(Nikon) and camera Coolsnap (Media Cybernetics). Western blot detected EATI in frass, midgut
and gut epithelium. The immunofluorescence studies showed the presence of the inhibitor in
the gut lumen, along the peritrophic membrane, on the surface of the gut epithelium and
minority in fat body. With exception of fat body, the presence of EATI in others compartments
follows the spatial location of digestive enzymes, especially trypsins. The digestive process in
S. frugiperda involves the secretion of enzyme vesicles by a microaprocrine process. These
vesicles are solubilized in the lumen, releasing active enzymes. In regards to trypsin secretion,
a fraction these enzymes remains incorporated into the peritrophic membrane, with an unclear
participation on digestive process. We suggest that the S. frugiperda mechanism to bypass the
effects of protease inhibitors involves the immobilization of sensitive trypsins into peritrophic
membrane associated with the release of soluble resistant enzymes into lumen.
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Fig. 1: Location of EATI in the gut of Spodoptera frugiperda larvae. A- Staining with haematoxilin and eosin, B-
immunofluorescent visualization of EATI associated at peritrophic membrane (PM) and C- basal membrane (BM).D-
Minoritary presence of EATI in fat body. The nuclei are marked in blue. Bar=50µm in A and 20µm in B,C,D
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The outer body surface of parasitic Platyhelminthes, including monogenean parasites, is
covered by a tegument consisting of a syncytial layer, cell bodies that are situated below the
syncytium and muscle layers connected to the syncytium by several cytoplasmic processes.
The subtegumental position of nuclei is generally thought to protect them from host
responses. The family Diplozoidae (Monogenea) includes blood-feeding gill ectoparasites of
freshwater fish. They exhibit extraordinary body architecture and life cycle involving a
permanent fusion of two larval worms and their subsequent transformation into one individual
(permanent copula).
Developmental stages of Paradiplozoon bliccae comprising diporpa, juvenile and adult were
investigated for their anatomy using a combined approach of light, confocal and electron
microscopy. The freeze-etching method proved to be a strong tool to visualize the
membranous structures of tegumentary cells and muscles of the body wall. Direct labelling of
filamentous actin with fluorescent phalloidin demonstrated the organization of the major
muscular structures. The body wall musculature is well-developed and highly organized, with
circular, intermediate longitudinal and inner diagonal muscle fibres. Wavy muscle fibres were
observed. The buccal suckers and the pharynx represent the most dominant muscular
structures of the worm’s forebody while the hindbody bears the prominent haptor with four
pairs of clamps serving for parasite’s strong attachment to the host gills. The bundle of the
muscles attached to every clamp controls the mobility of the clamp´s skeletal jaws.
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Fig. 1: The forebody musculature of Paradiplozoon bliccae (adult stage). CLSM.
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Malaria is a disease caused by protozoan parasites from the genus Plasmodium with the
highest impact on public health in endemic areas. Morbidity and mortality of malaria results
from the asexual replication of Plasmodium in the erythrocyte of the mammalian host. In the
course of infection, different developmental stages of the parasite are formed as it progresses
from the ring stage to the trophozoite and then to the replicating schizont stage. During its
intra-erythrocytic development, malaria parasites internalize massive amounts of hemoglobin
from the red blood cell in order to obtain free amino acids and to regulate osmotic pressure.
Hemoglobin is digested in a compartment with acidic pH termed the food vacuole, producing
aminoacids and others byproducts, namely heme. It is known that free heme can generate
free-radicals, causing molecular and cellular damage. In order to avoid these effects, free
heme is immobilized and stored in a crystal form known as hemozoin or malaria pigment.
Although hemoglobin uptake and heme crystallization are physiological steps used as target
for many antimalarial drugs, the fine mechanisms underlying hemoglobin crystallization are
still under discussion. In this work we studied the mechanism of hemozoin nucleation in the
different stages of the intra-erythrocytic cycle of the rodent parasite Plasmodium chabaudi by
transmission electron tomography of cryofixed and freeze substituted cells. Cryofixation of
samples generally provided a better preservation of the cells and their hemozoin crystals
(figure 1). Electron tomography showed the three-dimensional dispersion of hemozoin crystals
within the food vacuole and the cytoplasm of the parasite (figure 2). Results showed that large
amounts of hemoglobin are internalized during the early stages after invasion (ring stage and
early throphozoite), whereas in late stages (throphozoite), assembly of several vesicles
containing hemoglobin spread through the parasite cytoplasm were observed. Small food
vacuoles concentrated near the membrane of the parasite were also frequently seen. In the
late (schizont) stage, the hemoglobin containing vesicles were drastically reduced and larger
food vacuoles were seen, containing large amounts of hemozoin (figure 2). Taking together,
these results provide new insights on the mechanisms of hemoglobin uptake and degradation
in rodent malaria parasites.
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Fig. 1: Serial electron tomogram of an early throphozoite (A-D) and a schizont (E-H) form of P. chabaudi submitted to
high pressure freezing and freeze substitution. The morphology of several cell components could be observed through
the different Z-sections, including hemozoin crystals (arrows). N: nucleus. Scale bar: 300nm
 

 
Fig. 2: Dispersion of hemozoin crystals in P. chabaudi schizont. Two different food vacuoles are seen throughout z
sections(A-C). Vacuoles occupy small portion of the cell volume and are completely filled with hemozoin(D-H). Yellow:
parasite membrane, blue:nucleus, gray:food vacuole, purple:hemozoin crystals, red:vesicles with hemoglobin. Scale
bar: 300nm
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The protozoa Trypanosoma cruzi, the aetiological agent of Chagas disease, belongs to the
Trypanosomatidae family that presents as a main characteristic a single mitochondrion with an
enlarged portion termed kinetoplast. This structure contains the mitochondrial DNA (kDNA)
that is composed of interlocked maxi and minicircles that are released from this network for
replication. Since the kDNA arrangement is unique in nature and represents a hallmark of
kinetoplastids, it constitutes a valuable target in chemotherapeutic and cell biology studies. In
this work, we analyzed the effects of berenil, a minor-groove binding agent that targets
preferentially the kDNA, on the proliferation and ultrastructure of T. cruzi, using different
microscopy approaches. For this purpose, cells were cultivated in medium containing different
drug concentrations (2, 10, 20 and 50 μM) and samples were collected after each 24 hours for
counting on Neubauer’s chamber and for analysis by optical and electron microscopy. The
presence of dyskinetoplastic cells, which lost partially or totally the kDNA, was revealed after
DAPI staining and cell viability was verified using MTS/PMS method based on mitochondrial
viability. Our results showed that berenil promoted a slight effect on parasite growth and its
viability was not affected. However, this compound caused significant changes at
ultrastructural level as revealed by transmission electron microscopy, when comparing control
and treated cells, such as mitochondrial swelling, including loss of matrix, and strong changes
on kDNA arrangement. Furthermore, membrane profiles were observed in the middle of the
kinetoplast network, as well as an electron-lucid area close to the kDNA. In order to investigate
if such areas corresponded to uncatenated minicircles, we used the TdT technique that
specifically recognizes DNA, however no labeling was detected in this kinetoplast region. Using
atomic force microscopy, we observed that the isolated kDNA presented a more compact
arrangement after berenil treatment, when compared to control cells. Taking our results
together we can assume that berenil impeaches the minicircle decatenation of the network,
thus impairing DNA replication and culminating in the appearance of dyskinetoplastic cells.
Since berenil affected directly the kDNA topology, our data reinforce the idea that the
kinetoplast represents a potential target for chemotherapy against trypanosomatids.
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Fig. 1: Figure 1: Non-treated Trypanosoma cruzi, showing
the bar shape kinetoplast, the nucleus and the
mitochondrion. n = nucleus, ht = heterochromatin, m =
mitochondrion, k = kinetoplast, f = flagellum, gc = Golgi
complex, cy = cytostome.
 

 
Fig. 2: Figure 2: Transmission electron microscopy of
parasite treated with 20 µM berenil for 48 hours. Note the
electron-lucid area close to the kDNA network (arrowhead).
 

 
Fig. 3: Figure 3: TdT technique applied on parasite treated
with 20 µM berenil for 48 hours. Gold particles were
observed in the compact kDNA, but not at the kinetoplast
electron-lucid area (arrowhead).
 

 
Fig. 4: Figure 4: Atomic force microscopy of the kDNA after
treatment with 50 µM berenil for 72 hours. Note that the
network periphery is more compact (white arrow).
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Orangutans are in an extremely precarious state, with the Sumatran orangutan (Pongo abelii)
critically endangered and the Bornean orangutan (Pongo pygmeaus) endangered with rapidly
declining populations. There is only limited information available on orangutan parasites in
general. Studies focusing on the parasites of orangutans in their natural habitat are even rarer,
making any new information especially valuable. The most extensive record of orangutan
parasites comes from a study which summarizes the data based only on standard coprology
analyses often with not clear identification to the parasite species level. We would like to
present scanning electron microscopy (SEM) as important tool in parasites identification to the
species level which has been used in recently described new pinworm species and
identification of Ascaris sp. parasitizing Sumatran orangutan. The use of the SEM methodology
in nematodes was found to be necessary for studies of cephalic structures and the caudal end
in males, where the study of form and distribution of cloacal and caudal papillae by light
microscopy produces inaccurate results. The locality of investigation, the village Bukit Lawang
(former home to a rehabilitation centre for Sumatran orangutans) is situated on the
southwestern border of the Gunung Leuser National Park, northern Sumatra, Indonesia. From
the fresh faeces of semi-wild orangutans, nematodes were collected and immediately fixed.
These nematodes were examined under a light and scanning electron microscope for
morphometric analysis.
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The parasites can alter host behavior and physiology as way of increase its own probabilities to
complete its life cycle. These alterations can interfere in insect host reproductive success.
Although the pathogenic effects of Trypanosma rangeli on R. prolixus are already described in
the literature, the impact of this parasitic infection on the reproductive biology has not yet
been fully evaluated. In order to identify reproductive patterns caused by an infection in the
insect vector, in this work we characterized the influence of T. rangeli infection on R. prolixus
oogenesis. Our previous results demonstrated that the time mating was lower in pairs with
infected females when compared with the control pairs. The oviposition in infected females
was also lower when compared to the control group. Furthermore, a smaller number of eggs
hatched were observed in infected females, compared to the control group. Ultrastructural
characterization by transmission electron microscopy of thin sections of infected ovarian
epithelium indicated nuclear fragmentation with spread chromatin (karyorrhexis) (Figure 1
A-B) and mitochondrial morphology alteration or mitochondrial swelling (Figure 2 A-B)
suggesting follicular atresia or ovarian follicles degeneration. We are now investigating the
programmed cell death (PCD) mechanisms by TUNEL labeling, autophagic vesicles by
monodansylcadaverin, a lisossomotropic fluorescent compound useful for identifying cadaverin
protein and also assessing proteolytic enzymes involved in R. prolixus reproductive disorder
caused by T. rangeli infection.
Key-words: Trypanosoma rangeli, Rhodnius prolixus, follicle atresia, parasitc infection,
reproduction.
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Fig. 1: Figure 1: A- Nuclear chromatin organization of ovarian follicle of Rhodnius prolixus control; B - Nuclear
fragmentation with spread chromatin (karyorrhexis) of R. prolixus infected by T. rangeli.
 

 
Fig. 2: Figure 2: A- Appearance of mitochondria in ovarian follicle of Rhodnius prolixus: control insects; B- mitochondrial
swelling in ovarian follicle of R. prolixus infected insects.
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The obligate intracellular protozoan parasite Toxoplasma gondii is capable of infecting almost
every nucleated warm blooded cells and has raised medical and veterinary importance.
Nevertheless, its egress from host cell is still poorly understood. Herein, we investigated some
general aspects of the dynamics of egress by confocal and elecron microscopy. For Field
Emission Scanning electron microscopy (FESEM), between 30 and 48 hours post-infection,
LLCMK2 monolayers were washed and fixed with 2.5% glutaraldehyde in 0.1 M cacodylate
buffer pH 7.2, post-fixed for 1 h with 1% OsO4 in 0.1 M cacodylate buffer pH 7.2 and 0.8%
potassium ferrocyanide, dehydrated in ethanol, critical point dried in CO2, sputtered with
carbon and observed in a Jeol 6340 field emission scanning electron microscope. Some
samples had the surface detached by adhesive tape, which allowed the observation of the host
cell interior. For confocal microscopy, the monolayers were pre-incubated with 50 mM
ammonium chloride and 3% BSA in PBS pH 8.0 for 45 min. The samples were then incubated
with primary antibodies at a 1:100 dilution for 1 h, rinsed, and incubated with 1:400 secondary
antibodies at room temperature for 1 h. Observation was carried out in a Zeiss 510 LSM 510
NLO. By FE-SEM, in natural egress, we observed the detachment of one of the parasites from
the residual body with the parasitophorous vacuole membrane and the tubular network still
present (Figure 1). Comparing natural egress with calcium ionophore induced egress in the
second one tubular disassembly precedes parasite detachment. The participation of the host
cell cytoskeleton was also checked, indicating a dual role in T. gondii egress: it can be a
substrate for intracellular gliding of the parasite, contributing to its escape, and also a barrier
for T. gondii during egress since escape from host cells occurred preferentially at actin free
zones (Figure 2). 
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Fig. 1: A rosette of T. gondii inside a parasitophorous vacuole, from which parasites, after 30hpi, begin to detach
(arrow). Bar. 1μm
 

 
Fig. 2: T. gondii induced egress after cytochalasin D treatment. Parasites (blue) escape through actin (red) free zones
(arrows).
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Toxoplasmosis is caused by the Toxoplasma gondii protozoan, an intracellular coccidian
parasite, that infects nucleated cells particularly muscle and brain tissues. In the central
nervous system (CNS) microglia is the main cell of immune innate response against
Toxoplasma gondii. In this study, we investigated the response of microglial cells treated with
GM-CSF, after an infection with tachyzoites of T. gondii RH strain, in vitro. We assessed the
pro-inflammatory action of this growth factor on the cell viability, rate of infection, cytokine
production, nitric oxide (NO) and reactive oxigen species (ROS). Cultures of microglia were
submitted to four different manipulations: untreated control (UC), treated control (TC),
untreated infected (UI) and treated infected (TI). Treated cultures were received 50ng/mL of
GM-CSF 24 hours before the interaction and once again 2 hours after interaction. 24 and 48
hours after interaction fluorescein diacetate /propidium iodide (fig. 1A and 1B) and MTT assays
revealed significant increase in the percentage of viable cells in TC and TI as compared to UC
and UI groups. As compared with UI, TI group showed significant decreases in the number of
infected microglia and tachyzoites per cell in both time points. Although IL-4, IL-10 and TGF-β
cytokines were not detected, a significant increase in the levels of IL-6 and TNF-α in the TI
group were found in both time windows (fig. 2A and 2B). In addition, as compared to all other
groups, an increase in NO was detected in TI after 24 hours, followed by significant reduction
after 48 hours (fig. 2C). As compared to the other groups, after 24 hours of interaction, we
observed a significant increase in ROS production in TC and TI groups (fig. 1E and 1F), followed
by a significant reduction after 48 hours (fig. 2D). Taken together the results suggest that
GM-CSF exacerbates inflammatory response enhancing the pro-inflammatory profile of
microglia in vitro.
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Fig. 1:  UI (A) and TI (B) microglia cell cultures incubated with fluorescein diacetate and propidium iodide, showing
viable cells (green) after 24 hours of interaction. Giemsa stained microglia UI (C) and TI (D). NBT stained microglia TC
(E) and TI (F) indicating intense production of ROS by TC cells (ellipse indicate NBT intense stained cell).
 

 
Fig. 2: Graphic representations of TNF-alpha and IL-6 cytokines, NO and ROS into the culture supernatants of GM-CSF
treated and untreated microglial cultures after 24 and 48 hours of interaction with Toxoplasma gondii.
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Cryptococcosis caused by the encapsulated yeast Cryptococcus neoformans affects mostly
immunocompromised individuals and is a frequent neurological complication in AIDS patients.
Recent studies support the idea that intracellular survival of Cryptococcus yeast cells is
important for its pathogenesis. However, the initial steps of Cryptococcus internalization by
host cells remain poorly understood.
We investigated the mechanism of C. neoformans phagocytosis by peritoneal macrophages
using laser scanning confocal microscopy (LSCM) and electron microscopy techniques, as well
as flow cytometry (FACS) quantification. Five C. neoformans strains differing in serotypes and
capsule size - H99, B3501, ATCC28957 and acapsular mutants CAP59 and CAP67 - were
allowed to interact with peritoneal macrophages, previously adhered on glass cover slips, in a
ratio of 25:1 yeast per macrophage, for 2 hours. Interactions occurred in the presence or
absence (control) of cytoskeletal dynamics inhibitors: cytochalasin D, latrunculin B, nocodazole
or placlitaxel and then cells were processed for FACS, LSCM and transmission and scanning
electron microscopy (TEM and SEM, respectively). For LSCM, actin filaments were labeled with
AlexaFluor® 488 phalloidin and α-tubulin was labeled with anti-α-tubulin AlexaFluor® 546
conjugate.
Electron microscopy analyses revealed that capsular and acapsular strains of C. neoformans
are internalized by macrophages via both 'zipper' (receptor-mediated) and 'trigger' (membrane
ruffle-dependent) phagocytosis mechanisms (Fig.1). Actin filaments surrounded phagosomes
of capsular and acapsular yeasts (Fig. 2), and the actin depolymerizing drugs inhibited yeast
internalization and actin recruitment to the phagosome area. In contrast, inhibitors of
microtubule dynamics decreased internalization but did not prevent actin recruitment to the
site of phagocytosis.
Our results show that different uptake mechanisms, dependent on both actin and tubulin
dynamics occur during yeast internalization by macrophages, and that capsule production
does not affect the mode of Cryptococcus uptake by host cells.
 

Acknowledgement: This research was supported by Fundação Carlos Chagas Filho de Amparo à
Pesquisa do Estado do Rio de Janeiro (FAPERJ), Coordenação de Aperfeiçoamento de Pessoal
de Nível Superior (CAPES) and Conselho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq).



 
Fig. 1: Uptake of Cryptococcus neoformans acapsular strain CAP59 after interaction with peritoneal macrophages.
Scanning electron microscopy showed both trigger-like (A) and zipper-like (B) uptake structures. Scale bars represen 1
μm (A) and 2 μm (B).
 

 
Fig. 2: Actin is recruited to the phagosome area during yeast uptake. Confocal laser scanning microscopy of
internalized Cryptococcus neoformans strain H99 identified by bright field (arrow in A) can be visualized in the context
of host cell actin (red) and microtubule (green) cytoskeletons. Host cell DNA is labeled with DAPI (blue). Bar represents
5μm.
 



Type of presentation: Poster
 

LS-7-P-3497 Elucidating the development of Wolbachia in the larval stages of
Dirofilaria immitis
 

Kozek W. J.1, Cangani C. C.1, Santiago N.1, Subkorndej P.2
 
1University of Puerto Rico, San Juan, Puerto Rico, 2University of Georgia, Athens, GA, USA
 

Email of the presenting author: wieslaw.kozek@upr.edu
 
All filarial nematodes of medical importance harbor intracellular, mutualistic endosymbionts
bacteria belonging to clades C, D and F of the Wolbachia group. Lack of safe and effective
chemotherapeutic agents against the adult filariae suggests that an alternate, indirect
treatment directed against Wolbachia may be effective in controlling and eventually
eradicating filaria infections. Since Wolbachia are vertically transmitted during the life cycle of
filariae, we traced the location of Wolbachia in the larvae of Dirofilaria immitis maturing in the
mosquito vector, to elucidate the role that Wolbachia may play during development of the
larvae. Aedes aegypti (Liverpool strain) were infected by feeding on a dog blood containing
microfilariae. Groups of six to ten mosquitoes were killed on day 3, 5, 7, 9 and 14, their
malpighian tubules, and larvae developing therein, were isolated and processed for
examination by transmission electron microscopy. Results obtained indicate that the
Wolbachia were limited to the lateral chords, as in the adult worms, and appeared to be
actively reproducing before each molt in the early larval stages. In the third stage, Wolbachia
were widely, but sparsely, distributed in the lateral chords. The results of this first report
tracing the development of Wolbachia in filarial larval stages suggest that Wolbachia may
actively produce components required for the synthesis of the cuticle of successive larval
stages. In the third larval stage Wolbachia appear to enter a period of latency and are
reactivated again when the third stage is introduced into the final host.
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Fig. 1: Wolbachia in the hypodermal cell of a 12-day D. immitis larva. X10,000.
 



Type of presentation: Poster
 

LS-7-P-5712 The sperm of Triatoma brasiliensis and Triatoma shelocki (Insecta,
Reduviidae, Triatominae)
 

Baffa A. F.1,2, Silva E. R.2, Santos-Mallet J. R.1, Freitas S. C.1
 
1Setor de Entomologia Médica e Forense, Laboratório de Transmissores de Leishmanioses,
Instituto Oswaldo Cruz – FIOCRUZ, Av. Brasil, 4365, Manguinhos, Rio de Janeiro, RJ.
21040-360., 2Laboratório de Insetos aquáticos, Departamento de Zoologia, Instituto de
Biociências, Univeridade Federal do Estado do Rio de Janeiro, Av. Pasteur, 458, Urca, Rio de
Janeiro. 22290-240.
 

Email of the presenting author: sfreitas2@gmail.com
 
Spermiogenesis in insects has demonstrated a number of changes in different groups of
Hemiptera, providing diversity adequate to justify descriptive studies that may support
analysis taxonomy, reproductive biology and phylogeny. The objective of this paper is to
obtain more data on the morphology of spermatozoa of T. brasiliensis and T. sherlocki, which
can be used in phylogenetic analyzes of Hemiptera. For SEM, drops of sperm suspension were
spread on histological glass slides and fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer,
pH 7.2, for 1 hour at room temperature. After drying, the glass slides were mounted on metal
stand, covered with a thin layer of gold and observed under scanning electron microscope,
model JEOL JSM 6390 LV of Electron Microscopy Platform of Oswaldo Cruz Institute, FIOCRZ, RJ.
For TEM, males were dissected in saline solution and seminal vesicles transferred to 2.5%
glutaraldehyde in sodium cacodilate buffer at room temperature, washed in same buffer and
post-fixed in 1% OsO4 in buffer for 1h. The seminal vesicles were dehydrated in a graded
series acetone and embedded in Epon 812. Ultrathin sections were stained with uranyl acetate
and lead citrate and observed under Transmission Electron Microscopy Jeol JEM 1011 of
Electron Microscopy Platform of Oswaldo Cruz Institute, FIOCRZ, RJ. The sperm are long and
thin, formed by the nucleus, inserted at the anterior end and flagellum composed of double
axial wire and two mitochondrial derivatives (Fig. 1 and 2). The flagellum consist of the
axoneme, which follows the pattern of microtubule arrangement 9 + 9 + 2, 9 accessories, 9
doubles and 2 central microtubules, and the two mitochondrial derivatives that flank the
axoneme forming a heart-like structure (Fig. 2). In mitochondrial derivates could be seen
bridges adhering the tank between mitochondrial derivatives and microtubules (Fig. 2). In the
transition between nucleus and flagellum could be seen the centriole adjunct, parallel to the
nucleus (Fig. 3). The mitochondrial derivates terminate before the end of the axoneme,
therefore, the end of the flagellum is composed only by the axoneme (Fig. 4). The morphology
of the sperm of T. brasiliensis and T. sherlocki is similar to those of other insects already
studied, differing in the shape of the structures. Some characteristics observed in the sperm of
two species can be considered as markers shared between families of Heteroptera.
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Fig. 1: Nucleus and flagellum of the sperm. Arrowhead
showing junction of nucleus and flagellum. 
 

 
Fig. 2: Cross-section of the flagellum showing the axoneme
(Ax) consisting of nine microtubule accessories, nine
doublets and one central pair, and mitochondrial
derivatives (MD) with bridges between microtubules and
mitochondrial derivates (arrowhead). N: nucleus.
 

 
Fig. 3: Cross-section of the nucleus-flagellum transition
region, showing the nucleus (N) and the portion of the
centriole adjunct (CA).
 

 
Fig. 4: Posterior extremity of sperm. Axoneme (Ax);
mitochondrial derivates (MD).
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The cytochemical study is useful to determine the functional role of different elements of the
spermatozoa, in its movement and in the fertilization process, and particularly to detect the
role of enzymes in sperm development. The present study analyses the localization of acid
phosphatase im spermatozoa of T. brasiliensis, which is the most important Chagas disease
vector in the semiarid areas of Northeast Brazil. Adult males were dissected and its seminal
vesicles removed and fixed in 1.5% glutaraldehyde solution in 0.1 M sodium cacodylate buffer
at pH 7.2 during 30 min at 4 ° C, and washed in the same buffer for an equal period, followed
by incubation at 37°C for 1 h in the medium: Tris-maleate buffer 1mM, pH 5,0, sodium
beta-glycerophosphate 1mM, saccharose 5% (p/v) and CeCl3 2mM. Controls were incubated in
the medium without sodium beta-glycerophosphate, but otherwise prepared in the same
manner. The vesicles were post-fixed in 1% osmium tetroxide in cacodylate buffer for I h.
Dehydration was carried out in an ethanol series and propylene oxide and embedding in Epon
812. Ultrathin sections were stained with uranyl acetate and lead citrate and observed under
Transmission Electron Microscopy Jeol JEM 1011 of Electron Microscopy Platform of Oswaldo
Cruz Institute, FIOCRZ, RJ. In spermatozoa stored in the seminal vesicles, the phosphate of lead
deposits are located specifically in axonema, on the radial spokes extending from the central
pair of microtubules to the outer pairs 9 and the connection of accessory microtubules (Fig.
1-4). The intensity of the response varies from one to another axonema and also between the
fibers of a single axonema. These results indicate that acid phosphatase appears to be
involved in phosphate metabolism important for flagellar motility, since this enzyme activity
begins only after acquiring all its axonema microtubules and connecting fibers and to be fully
equipped for movement.
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Fig. 1: Transverse section of spermatozoa. In the axoneme,
the lead deposits are very dense on the radial spokes
(arrow) between the central pair of microtubules and the
nine peripheral doublets. N: nucleus.
 

 
Fig. 2: Transverse section of spermatozoa. In the axoneme,
the lead deposits are very dense on the radial spokes
(arrow) between the central pair of microtubules and the
nine peripheral doublets. MD: mitochondrial derivates.
 

 
Fig. 3: Longitudinal section of axoneme. Lead phosphate
deposits are evident on the radial spokes (arrow). N:
nucleus.
 

 
Fig. 4: Prepared control, with spermatozoa showing no
enzymatic reaction product (arrow). Ax: axoneme.
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Nanotoxicity by quantum dots (QD) has been extensively studied in prokariote and eucaryote
cells. The toxicity of QDs is associatedwith their physicochemical properties. Several attempts
have been made to reduce particle size by (a) selecting the capping of the nanoparticles; (b)
using minimal doses; and (c) modulating nanoparticle size. All these factors are importantfor
cell toxicity response and consequently to the use of QDs as fluorescent marker. The potential
effects of CdTe in T. cruziepimastigotes were evaluated by our group showing that high doses
of QDs (200 µM) led to a decrease in T. cruzi growth patternsthroughthedecreasing ofthe
percentage of duplicated-DNA parasites (14.5%) and increased of the percentage of
fragmented-DNA parasites (36.7). Ultrastructural data showed extensive mitochondrial
swelling and abnormal chromatin condensation, moreover endoplasmic reticulum profiles
surrounding the subcellular structure and myelin-like structures, were also observed leading us
to suggest autophagy. To confirm the hypothesis parasites were incubated with
monodansylcadaverin (MDC) a lisossomotropic fluorescent compound useful for identifying
cadaverin protein, present in the autophagic vesicles and observed by fluorescence
microscopy. The images revealed many autophagic vacuoles within parasite cells, which could
to confirm the autophagy developing.At the same time, experiments were performed with 3
methyladenine (3MA) a phosphatidylinositol 3 kinase (PI3K) inhibitor that showed a
dose-dependent reversion of cell death. Taken together our results show that high QDs
concentrations are toxic to T. cruzi, inducing cell death by autophagy.
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Fig. 1: A- T. cruzi control; b- T. cruzi treated with 200μM of QDs + 100 μM of monodansylcadaverine. These head
arrows represent vacuoles MDC (+) expressing the cadaverine protein labeled, visualized by Zeiss Axioplan Microscope
(fluorescence).
 

 
Fig. 2: Transmission electron microscopy analysis of Trypanosoma cruzi CdTe labeled A- T. cruzi control presenting
typical morphology, B and C T. cruzi labeled with 200 uM QDs. Bars = 1 µm
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The abdominal segment deformity disease (ASDD) of the Pacific whiteleg shrimp Penaeus
(Litopenaeus) vannamei is characterized by abdominal segment deformity with degeneration
of the abdominal muscle but without significant mortality. This disease causes economic loss
of approximately 10% in affected specimens because of unsightliness. Transmission electron
microscopic study revealed virus-like particles in cytoplasm of neurons and glial cells, and
degenerative axons of abdominal ganglia. A new retrovirus-like element of 5052 bp (named
abdominal segment deformity element or ASDE) was identified by shotgun cloning and 3’ and
5’ RACE using RNA extracted from ventral nerve cords of ASDD shrimp. ASDE contained 7
putative open reading frames (ORF). One ORF called the penelope-like sub-element (PENS),
had a deduced amino acid sequence homologous to the GIY-YIG endonuclease domain of
penelope-like retrotransposons, while two others were homologous to the reverse
transcriptase and RNaseH domains of the pol gene of non-long terminal repeat (non-LTR)
retrotransposons, called non-LTR-like sub-element (NLRS). In situ hybridization using a
dioxygenin-labeled NLRS probe revealed that NLRS gave positive reactions in
abdominal-ganglion neurons of ASDD shrimp but not normal shrimp. Preliminary analysis
indicated that female broodstock that were continuously used for 16 weeks in the hatchery to
generate larvae had significantly higher chance to become ASDE-positive by both PCR and RT
PCR, compared to those being used for 4 weeks. Our results suggested that NLRS is a shrimp
genetic element associated with ASDD, and that preventative measures include shorter-term
use of broodstock. In the longer term, it is recommended that currently used, domesticated
shrimp lines be selected for freedom from NLRS.
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Fig. 1: In situ hybridization results using a DIG-labeled NLRS probe. Shown are contiguous sections each from normal
and ASDD shrimp stained with H&E and subjected to the in situ hybridization with and without the probe. Nerve cords
of both were positive for NLRS, but cytoplasm of neurons of ASDD shrimp only gave positive signals.
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INTRODUCTION
Toxoplasma gondii is an intracellular protozoan parasite which affects humans causing
encephalitis, chorioretinitis and death. The tachyzoite has structures that allow it to perform
cell invasion. During the invasion, tachyzoite adheres to the target cell membrane through
proteins from micronemes and then projects a dynamic structure called conoid [1,2].
Subsequently the parasite enters the cell and is housed in a parasitophorous vacuole
proliferating by endodyogeny. After several cycles of replication, the parasites leave the
infected cell by mechanisms such as conoid extrusion and secretion, which enables the
parasite to invade neighboring cells. This replication cycle results in cell destruction and is
responsible for the major clinical manifestations of toxoplasmosis. Ethanol is a
well-characterized inductor calcium-dependent events in different cell models. In this work we
used ethanol and we analyze the morphological changes that occur in isolated T. gondii
tachyzoites.
METHODS
Cell culture. The cell model used for our invasion, proliferation and egress assays was HEP-2
cells (human epithelial laryngeal carcinoma cells) (Hep-2,ATCCCCL-23).
Parasites and conoid extrusion. The RH strain of T. gondii was maintained in BALB/c mice,
purified and incubated with 0.5M ethanol, fixed, and processed for electron microscopy and
immunofluorescence.
Eletronic microscopy. The samples were fixed, dehydrated and infiltrated in resin or processed
for scanning electron microscopy. Thin sections obtained were contrasted with uranyl acetate
and examined in a transmission electron microscope (Jeol 2000 EX).
Immunodetection. MIC2 protein detection was performed without permeating in extracellular
tachyzoites. The samples were fixed and incubated with specific primary antibodies and
analyzed using confocal microscopy.
RESULTS
The exposure of tachyzoites to ethanol induces reversible conoid extrusion, clearly observed
the projection of the apical part of tachyzoites (Fig. 1). We also observed the presence of
vesicle components accumulating in the back of tachyzoites, associated with some changes in
the plasma membrane. We could detected that these vesicular components presenting on its
surface was always associated with the extruded conoid(Fig. 1). For immunofluorescence, we
showed that the secreted products during extrusion conoid micronemes come from. These
results suggest a similar mechanism of secretion and induction for extrusion.
REFERENCES
[1] Mondragón y Frixione . J. Euk. Microbiol. 43 (1996) 120-127.
[2] González-Del Carmen, et al. Cell Microbiol 11(2009):967-82
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Fig. 1: Conoid extrusion induced by incubation with ethanol. Tachyzoites were incubated ethanol and analyzed by
scanning electron microscopy. Conoid projected (arrows) and the presence of secreted elements accumulate in the
posterior end (arrow head) is observed. Scale =2 μm
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Cryptosporidium, an enteric protozoan pathogen is hidden enemy in surface water listed as
reference pathogen perils for drinking water supplies under WHO guidelines of Safe
Drinking-water. In Malaysia, data involving intestinal protozoa infections in raw water supplies
are few in numbers. This study provides morphological analysis of Cryptosporidium oocysts
obtained from raw water supplies by transmission electron microscopy. The samples were
processed by using membrane filtration technique using flat-bed membrane filtration
technique. Then the processed samples were observed under direct microcopy. We
successfully detected the occurrence of Cryptosporidium by its size which is approximately 4
µm and its rounded shape. The positive samples with Cryptosporidium oocysts were pooled
together and preserved with 4% glutaraldehyde for transmission electron microscopy
processing. The findings showed that the oocyst is ovoid in shape and covered by
thick-doubled cell wall which contains sporozoites. Through this study, an improved
understanding on morphological aspect of Cryptosporidium oocyst obtained from raw water
will help in controlling and combating the occurrence of this parasite. Therefore, the use of
transmission electron microscope serves as confirmation tool to confirm the occurrence of
Cryptosporidium in raw water supplies. Besides, on the technical aspects, transmission
electron microscopy is the appropriate tool to study the biological and characteristic of other
parasites.
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Helminth infections in human are usually caused by intestinal helminths include Ascaris
lumbricoides that can be diagnosed through detection of eggs and larvae in the stool of human
sample. It has been reported that high prevalence of Ascaris lumbricoides was recorded in
regions such as Central sub-Saharan Africa, Southeast Asia, Latin America and Oceania. The
external environment is crucial for the egg of Ascaris lumbricoides maturation period before
they are passed into the soil and need up to 4 weeks to develop into the infective stage. The
disease diagnosis through the examination of worm eggs or larvae in stool samples is usually
intended to identify the occurance of Ascaris lumbricoides. Direct microscopy examination and
staining method are not sufficient to study the morphology and characteristic of Ascaris
lumbricoides. Therefore, the aim of this study is to characterized the egg of Ascaris
lumbricoides by using scanning electron microscope method for better images and
identification of the egg of Ascaris lumbricoides can be made. Human stool had been collected
and were examined by scanning electron microscopy. The results showed that the egg of
Ascaris lumbricoides exhibited rough and wrinkle surface. Besides, many granules were
detected on the surface of the egg. Hence, the use of scanning electron microscope is a
promising method which serve an alternative method to study the morphology and
characteristic of the surface structure of this parasite other than staining method.
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Plasmodium falciparum and Babesia divergens are obligate intracellular parasites that belong
to the phylum Apicomplexa. P. falciparum invades human RBC, is transmitted by mosquitoes
and is a causative agent of malaria, while B. divergens infects bovine and, occasionally, human
RBC, is transmitted by ticks, and causes a hemolytic disease termed babesiosis.
The mammalian RBC is normally unable to endocytose or phagocytose and the process of the
RBC invasion by either parasite is incompletely understood. Initially both parasites are
surrounded by the RBC plasma membrane-derived parasitophorous vacuolar membrane (PVM)
that is formed during invasion. We have investigated the formation and fate of the PVM in a B.
divergens strain adapted to human RBC. In addition to the ultrastructural analysis, the
presence of host RBC membrane proteins and lipids in the PVM was analyzed by whole mount
or on-section immunofluorescence and immunogold labeling. For labeling, we used chemically
fixed samples, as well as cells that were high pressure frozen, freeze substituted and
embedded in LR White resin.
Our results demonstrate that protein and lipid components of the RBC plasma membrane are
present in the initial PVM. Integral membrane proteins band 3 and glycophorin A, and the
cytoskeletal protein spectrin were found to be associated with the PVM of B. divergens,
whereas they were absent from the PVM of P. falciparum at the ring or the trophozoite stage.
We provide evidence that the biophysical properties of the RBC cytoskeleton per se do not
preclude the internalization of cytoskeletal proteins by invading parasites.
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After an injury or surgery of integumentary tissues that are in permanent contact with the
environment, an orchestrated process begins to protect the organisms against pathogens and
heal the wound to restore the tissue continuity and functioning. The tunic is the intermediary
tissue between the exterior and the interior of the body of ascidians, marine organisms
belonging to the subphylum of tunicates representing the sister group of vertebrates [1]. It is a
specialized tissue covering the mantle epithelium or epidermis, and consists of a leathery or
gelatinous matrix containing microfibrils of polysaccharides linked to proteins, and free living
cells randomly distributed within it. Apart from its role as a support and mechanical protection,
the tunic owning to its cellular component, is also involved in many biological functions [2 and
references therein]. Tunicates lack an adaptive immune system but they rely on a robust
innate immunity which consists of both humoral and cellular responses [3,4]. Tunic damage
caused by the environment and by encrusting organisms, triggers repair mechanisms to
prevent microbes from gaining access and spreading throughout the body. A simple defence
reaction leading to wound healing, maintenance of tunic tightness, and neutralization of
foreign microorganisms occurs. The present study reports on ultrastructural aspects of both
Styela plicata and Ciona intestinalis tunic physical wounding occurring in the natural habitat.
The most remarkable differences here reported between intact and wounded tunics, are: a)
thinning of the tunic b) high presence of bacteria and protozoans within the tunic c)
inflammatory aspects Moreover, the presence of natural AMP molecules was immunolocalized
in the extracellular space of the wounded tunic. The study aims to compare the cellular
reactions in naïve S. plicata and C. intestinalis, significative animal models for the study of the
phylogenetic relationship with vertebrates.
[1] Delsuc, F., Brinkmann, H., Chorrot, D., Hervé, P., 2006. Nature 439 (7079), 965-968.
[2] Burighel P., Cloney R.A., 1997. Urochordata: Ascidiacea. In: Harrison, F.W., Ruppert, E.E.
(Eds.), Microscopical Anatomy of Invertebrates. Wiley-Liss, New York, Vol. 15, pp. 221-347.
[3] Azumi, K., De Santis, R., De Tomaso, A., Rigoutsos, I., Yoshizaki, F., Pinto, M.R., Marino, R.,
Shida, K., Ikeda, M., Ikeda, M., Arai, M., Inoue, Y., Shimizu, T., Satoh, N., Rokhsar, D.S., Du
Pasquier, L., Kasahara, M., Satake, M., Nonaka, M., 2003. Immunogenetics 55 (8), 570-581.
[4] Shida, K., Terajima, D., Uchino, R., Ikawa, S., Ikeda, M., Asano, K., Watanabe, T., Azumi, K.,
Nonaka, M., Satou, Y., Satoh, N., Satake, M., Kawazoe, Y., Kasuya, A., 2003. Biochem. Biophys.
Res. Commun. 302 (2), 207-218.
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Despite the betterment done by the government especially the Ministry of Health regarding
the infectious diseases, the issue of gastrointestinal parasites especially among livestock is still
a major concern in Malaysia. Indeed there were studies done pertaining the prevalence of
gastrointestinal nematodes in livestock, nevertheless they were not as much as studies done
in human. Trichostrongylus which known as hairworm commonly affects cattle, goats and
other ruminants which can lead to gastritis to animals. Trichostrongylus eggs laid by adult
females in the large intestine of the host will be shed together with the faeces to the
environment. Hence, this study provides a better understanding on the outer surface
identification and morphological characteristics of Trichostrongylus eggs obtained from goat
feacal samples by using scanning electron microscopy. Faecal samples were collected per
rectum from 42 goats in two farms, Haji Kassim’s farm and Pasfa’s farm which both are located
in Kuantan, Pahang, Malaysia. The results showed that the eggs are ovoid or elongated shape.
The outer surface of Trichostrongylus eggs were appeared rough, crease and ruffled structure.
The rough surface of Trichostrongylus eggs may imply that these forms could be resistant form
for these eggs to survive in the outer environment and remain infective for several months. In
conclusion scanning electron microscopy examination would facilitate evaluation and
identification of outer surface structure of Trichostrongylus and other parasites as well.
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Giardia lamblia is a pathogenic protozoan that causes intestinal disorders in humans. This
unicellular organism, although considered one of the earliest eukaryotic cells, presented a
complex microtubular cytoskeleton formed by an adhesive disk, four pairs of flagella, funis and
a median body. The organization of Giardia cytoskeleton at the ultrastructural level has been
analyzed by different microscopy techniques, including high resolution scanning electron
microscopy. Nevertheless, recent advances in scanning microscopy technology, which resulted
in the development of ultra-high resolution scanning electron microscopy (UHRSEM) and
helium ion microscopy (HIM), have opened a new venue to the detailed characterization of new
cellular structures. Here we studied the organization of the cytoskeleton of trophozoites of
Giardia lamblia using UHRSEM and HIM in membrane extracted cells. Giardia disk was
arranged in a spiral organization with cross-bridges measuring around 25 nm in length and
connecting their elements. HIM showed a compacted arrangement the microtubules of the
ventral disk periphery that were maintained even after break up of the cross-bridge (Fig.
1A-1B). The banded collar, found in the barea area, presented three segments and was
associated to the axonemes and the disk microtubules (Fig; 1C). The microtubular sheets of
the funis presented a lattice-like array (Fig. 1D). Images of marginal plates showed that these
structures were associated with a network of filaments not identified before (Fig. 1E), being the
last one spread out in all dorsal surface of the trophozoite. Cells showed a set of filaments
oriented parallel to the main axis of the cell body that extended through all cell periphery (Fig.
1F). Taken together, these data revealed the presence of new structures of the cytoskeleton of
Giardia lamblia and contribute to the understanding organization of Giardia trophozoites.
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Fig. 1: A-B. HIM images showed a compacted arrangement the microtubules of the ventral disk periphery (arrows in A
and * in B). C. The lattice-like array of the funis was visualized (F). D. The banded collar had three segments
(arrowhead). E. Marginal plates (MP) were associated with a network of filaments (large arrows). AX: axoneme.
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Microdevices based on microfluidics and MEMS (microelectromechanical systems) technology
have been employed for numerous biological applications, thereby exploiting the possibility to
create 3D structures with dimensions comparable to those of cells (few micrometers).
Microdevices can be used to miniaturize laboratory functions (Lab-on-a-chip), and they offer
the possibility of isolating or quantitatively measuring different aspects of a complex process,
which is not necessarily possible in bulk plate assays. We developed an experimental platform
with the specific aim to study tip growing cells, the TipChip. The device allows fluid-flow driven
positioning of pollen grains or fungal spores at the entrances of serially arranged
microchannels harboring microscopic experimental setups. The tip growing cells, pollen tubes,
filamentous yeast or fungal hyphae, can be exposed to chemical gradients, microstructural
features, integrated biosensors or directional triggers within the modular microchannels. We
demonstrated that the device is compatible with high resolution Nomarski optics and
fluorescence microscopy. Using this platform we were able to answer several outstanding
questions on pollen tube growth. We established that unlike root hairs and fungal hyphae,
pollen tubes do not have a directional memory. Furthermore, pollen tubes were found to be
able to elongate in air raising the question how and where water is taken up by the cell.
Finally, we quantified the invasive properties of pollen tubes. To reach its target in the in vivo
situation, the pollen tube needs to exert significant penetrative forces. Using the TipChip we
tested the pollen tube's ability to navigate mechanical obstacles and to exert penetrative
forces by guiding them through microscopic gaps made of elastic polydimethylsiloxane (PDMS)
material. Based on the deformation of the gaps the invasive force exerted by the elongating
tubes was determined using finite element methods.
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The majority of fungi are microscopic moulds (filamentous fungi) that grow by means of tip
growing tubular ‘cells’ called hyphae. Most filamentous fungi form complex, interconnected,
networks of fungal hyphae and these networks are generated by the fusion of genetically
identical hyphae or cell protrusions. The interconnected state allows the fungal colony to
function as a coordinated individual by the sharing and exchange of nutrients, water, signalling
molecules, nuclei and other organelles (Read et al., 2010). During colony initiation in the
fungal model Neurospora crassa, germinating asexual spores (conidia) form specialized
hyphae called germ tubes that are involved in colony establishment. They also develop
specialized cell protrusions termed conidial anastomosis tubes (CATs) that generate fused
networks of spore germlings. My group is using the CAT system in N. crassa as a model to
study self-signalling and self-fusion between cells in filamentous fungi (Read et al., 2012). I will
show how we are combining the live-cell imaging of proteins with mutant analyses to study the
cell biology and mechanistic basis of CAT induction, chemotropism and fusion (e.g. Lichius et
al., 2014). Prolific cell fusion continues as the fungal colony develops and matures. I will finish
my presentation by showing with time-lapse imaging how the complex coenocytic
(supracellular), hyphal network formed in the mature colony facilitates the long distance and
highly dynamic movement of nuclei and other organelles.
Lichius A, Goryachev AB, Fricker MD, Obara B, Castro-Longoria E, Read ND (2014) CDC-42 and
RAC-1 regulate opposite tropisms in Neurospora crassa. J Cell Sci 127: 1953-1965
Read ND, Fleißner A, Roca GM, Glass NL (2010) Hyphal Fusion. In Cellular and Molecular
Biology of Filamentous Fungi (ed KA Borkovich & D Ebbole), pp. 260-273. American Society of
Microbiology
Read ND, Goryachev AB, Lichius A. (2012). The mechanistic basis of self-fusion between
conidial anastomosis tubes during fungal colony initiation. Fungal Biol Rev 26: 1-11.
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Cyanobacteria form a very important bacterial phylum that emerged at the dawn of life on
Earth. These organisms evolved an efficient photoautotrophic metabolism based on oxidation
of water molecules and the reduction of CO2 to organic matter using energy of photons. This
unique process involves an endogenous thylakoid membrane system and requires two large
chlorophyll-protein assemblies called photosystem I and II (PSI and PSII). In the last decades an
amazing amount of progress has been achieved in understanding the structure of
photosystems, as well as the mechanisms by which they are assembled from individual
components. In contrast, we have very limited knowledge regarding the membrane
compartment(s) in which the core photosystem subunits are synthesized and assembled into
mature photosynthetic complexes. It appears that synthesis and early stages of photosystem
biogenesis are inherently related to biogenesis of the whole thylakoid membrane system, and
there is an urgent need to localize these processes in the cell.
The unicellular cyanobacterium Synechocystis PCC 6308 provides a unique combination of
molecular genetics and physiological characteristics, and is frequently used as a tool for
photosynthetic studies. Recently, a distinct region called PratA-defined membrane (PDM) has
been identified in Synechocystis in the vicinity of the plasma membrane, and appears to be a
likely site for both commencement of PSII biogenesis, and the terminal steps of chlorophyll
biosynthesis.
At this time, available data regarding PDM are inconclusive, however in an attempt to clarify
this, we have commenced localizing the proteins critical for synthesis of chlorophyll-binding
PSII subunits such as YidC insertase, factors like Sll0933 and Ycf48 known to assist in PSII
biogenesis, and enzymes related to chlorophyll biosynthesis. Additionally, we are trying to
trace the steps of thylakoid membrane biogenesis, by analyzing the ‘greening’ of the nitrogen
depleted/repleted cells.
Employing various Synechocystis mutants as controls, we prepared Tokuyasu cryo-sections
and localized selected proteins by specific antibodies. To date, our data has not highlighted
any specific membrane region where biogenesis could occur, as the analyzed proteins are
quite regularly scattered thru the thylakoid membranes. We have however observed an
intriguing membrane structure, including putative vesicles protruding from the plasma
membrane. Our data contradict the current model based on PDM, and indicate both that the
biogenesis of thylakoid membranes could involve vesicular transport, and that the synthesis of
photosystems might be located in hypothetical biosynthetic rafts in thylakoids.
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Repeated oscillations in cellular calcium (Ca2+) concentration, known as Ca2+ spiking signals,
have been described in plants within a limited number of signaling pathways. Among them,
the common symbiotic signaling pathway (CSSP) mediates the recognition of two symbiotic
microbes, arbuscular mycorrhizal (AM) fungi and nitrogen fixing rhizobia, by their legume
hosts.
Due to the complexity and variability of the Ca2+ spiking patterns we have developed
automated Ca2+ spiking analysis (CaSA) software that performs i) automated peak detection, ii)
statistical analyses based on the detected peaks, iii) autocorrelation analysis of peak-to-peak
intervals to highlight major traits in the spiking pattern.
We used Medicago truncatula root organ colture (ROCs) expressing the 35S:NupYC2.1
cameleon and confocal microscopy for all the FRET experiments, in order to test CaSA on two
experimental cases. In the first, CaSA highlighted unpredicted differences in the spiking
patterns induced in Medicago truncatula root epidermal cells by exudates of the AM fungus
Gigaspora margarita as a function of the phosphate concentration in the growth medium of
both host and fungus. In the second study we compared the spiking patterns triggered by
either AM fungal or rhizobial symbiotic signals. CaSA revealed the existence of different
patterns in signal periodicity, which are thought to contribute to the so-called Ca2+ signature.
On this basis we propose CaSA as a useful tool to complement microscopy observation for
studying oscillatory biological phenomena including - but not limited to - Ca2+ signaling.
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Plant cell walls are integral to plant development and growth, and are important bioproducts in
timber, fibres, food and biofuel. Two cell wall types we are interested in are those of cotton
fibres and cereal seeds. Cotton fibres are extensions from approx. 30% of the cotton seed
epidermal cells, and their number per seed, length, thickness and strength are important
qualities for industry. Fibres begin as epidermal protrusions just before the flowers open, which
is when they are first identifiable, and we have developed a simple protocol for scanning
electron microscope (SEM) imaging and quantification of cell size at this stage. We image
methanol-fixed, critical-point-dried tissue uncoated in variable pressure mode using both
backscattered and secondary electrons, which provide both cell outline and topological
information, respectively (1,2). Later, during fibre elongation, we analyse cell wall changes in
different mutant lines by imaging acridine orange-stained resin sections using the confocal
laser scanning microscope. This method is less prone to the laser polarisation artefacts
commonly seen after staining with cellulose-specific fluorescent dyes. Cotton fibres are dead
at maturity, and cell wall thickness, presence of a cell lumen and fibre twisting properties are
important quantities assessed using a combination of methods, including cryo-SEM to measure
fibre wall thickness. We have modified a protocol for measuring animal hair cross sections that
is fast and avoids artefacts caused by wetting dry fibres before cryo-SEM imaging, and enables
measurement of all three properties simultaneously.
Cell wall properties are also integral to cereal quality, especially in the starchy endosperm that
makes up the bulk of the crop. Our focus is on the role of cell walls and wall enzymes in seed
dormancy and germination. We showed previously that the barley coleorhiza, which is the
protective tissue surrounding the embryo roots, is the first tissue in which hydration-induced
gene expression changes are detected (3), and we also see changes in several cell wall-related
genes. Localisation of cell wall components with antibodies to specific carbohydrate residues
revealed correlated changes in callose (b1-3 glucan), mixed-link glucan (b1-3,1-4 glucan) and
xyloglucan in the coleorhiza of germination-ready seeds. Unmasking cell wall components by
treating resin-embedded sections with enzymes to remove specific cell wall carbohydrates
allowed increased staining of coleorhiza and other embryo tissues.
1. Talbot MJ, White RG (2013) Plant Methods 9: 36 doi:10.1186/1746-4811-9-36
2. Talbot MJ, White RG (2013) Plant Methods 9: 40 doi:10.1186/1746-4811-9-40
3. Barrero JM, Talbot MJ, White RG, Jacobsen JV, Gubler F (2009) Plant Physiology 150:
1006-1021
 

Acknowledgement: This work was supported by Cotton Breeding Australia, a joint venture
between CSIRO and Cotton Seed Distributors.



Type of presentation: Oral
 

LS-8-O-3516 Dynamics of auxin concentration, distribution and transport, and NIT2
expression reveal their involvement in microspore embryogenesis
 

Rodríguez-Sanz H.1, Solís M. T.1, López M. F.2, Gómez-Cadenas A.2, Risueño M. C.1, Testillano P.
S.1
 
1Pollen Biotechnology of Crop Plants group. Centro de Investigaciones Biológicas (CIB) CSIC.
Ramiro de Maeztu 9, 28040 Madrid, Spain., 2Dep. Ciencias Agrarias y del Medio Natural,
Univ.Jaume I, Campus Riu Sec, 12071, Castellón, Spain.
 

Email of the presenting author: TESTILLANO@CIB.CSIC.ES
 
Microspore embryogenesis constitutes an intriguing system in which a cell, the microspore, is
reprogrammed from its gametophytic program towards an embryogenic pathway by stress
treatments, giving rise to an embryo and a plant, a widely used method to obtain
double-haploid plants with many applications for plant breeding. The auxin indole-3-acetic acid
(IAA) is a major coordinating signal in the regulation of plant development. Despite the
abundant data on the auxin involvement in plant growth and development, no information on
the role of endogenous IAA on microspore embryogenesis is available.
In this work IAA levels and distribution, expression of BnNIT2, responsible of conversion of
indol-3-acetonitrile to IAA, and effects of inhibition of IAA transport and action by
N-1-naphthylphthalamic acid (NPA) and α-(p-Chlorophenoxy) isobutyric acid (PCIB) treatments
were analyzed during Brassica napus microspore embryogenesis, a system in which the
process is induced and embryo developed in vitro from individual isolated cells without
addition of plant growth regulators. Experimental approach included immunofluorescence
using anti-IAA antibodies and confocal analysis, BnNIT2 expression analysis by qPCR,
quantification of IAA levels by LC/ESI-MSMS, and treatments with NPA and BCIP.
Results indicated de novo synthesis of IAA at early stages of microspore embryogenesis,
progressive IAA increase with microspore-embryo development, and differential distribution
pattern in embryo regions at late developmental stages. BnNIT2 gene was up-regulated during
microspore embryogenesis. Both, the inhibition of the IAA transport by NPA and the inhibition
of IAA action by PCIB negatively affected the microspore-embryo development. NPA also
modified the IAA distribution pattern in embryos and at cellular level IAA accumulated in small
cytoplasmic compartments suggesting that auxin transport involving the secretory pathway
and/or the endoplasmic reticulum could operate during microspore embryogenesis. Taken
together, results indicated that endogenous auxin biosynthesis, action and transport are
involved in microspore embryogenesis initiation and development.
Rodríguez-Sanz H, Solís MT, López MF, Gómez-Cadenas A, Risueño MC, Testillano PS (2014)
Auxin biosynthesis, action and transport are involved in stress-induced microspore
embryogenesis initiation and development. Submitted.
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Fig. 1: IAA immunofluorescence in microspore embryogenesis and BCIP-NPA effects. A: Vacuolated microspores. B:
Early embryo. C: Globular embryo. D: Torpedo embryo. E-G: Control (E), BCIP (F) and NPA-treated (G) cultures. H: IAA
immunofluorescence in NPA-treated embryo.  Bars A-C: 20µm, D: 40µm, E-G: 10mm, H: 10µm.
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Tobacco rattle virus (TRV) is a member of the genus Tobraviruses and has the widest host
range of any plant virus. Over 100 plant species are infected in nature, and under laboratory
conditions more than 400 species have been infected. TRV is transmitted by parasitic plants,
nematodes and partially through seed. TRV not only infects vegetative organs and causes
decrease of crop production plant such as tobacco, potato and pepper, but also it has
enormous impact on seeds and pollen development. Abnormalities in generative processes
have immense influence on infected plants seed production. We demonstrated the structural
model of TRV PSG replicase prepared in bioinformatic programs such as: Jmol and Scrach
Protein Predictor to present three-dimensional structure of the RNA dependent RNA
polymerase of Tobacco rattle virus, and to indicate the localization one of the most antigenic
epitope in TRV replicase. The significant epitope was used to production specific antibodies
against chosen PTKSGDADTYNANSDR-Cys amino-acids sequence of large subunit RdRp of TRV
PSG. The aim of this work was an indicating the potential regions of TRV replicase deposition in
the context of crucial meaning of viral replication process, using immunofluorescence
detection and immunogold labelling localization. The epitope of large subunit TRV PSG RdRp
detection was demonstrated during viral infection in diagnostic host plants, but not only in
vegetative organs, but also in ovaries and anthers of tobacco and pepper flowers. The large
subunit TRV polymerase was detected in primary cortex parenchyma and phloem in roots of
both host as well as in and around vascular bundles of infected leaf blades. The strong
fluorescence signal indicated the presence of RdRp of TRV-PSG was shown in ovaries tissues
(especially in ovary wall, vascular bundle and placenta) and inside ovules cells. The replicase
of TRV PSG was detected in young and mature anther tissues. The strong TRV polymerase
fluorescence signal was observed also in tobacco pollen tubes. This results shows new and
interesting view on the role of TRV replicase in plant-virus interactions in different parts of host
plant connected with pathogenic changes in vegetative and generative organs.
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Starch and glycogen are the two main storage polysaccharides that accumulate in living cells.
Although they are both made of α(1→4)-linked glucose residues branched in α(1→6) position,
they differ in structure and properties. The main difference lies in the distribution of the α(1→6)
linkages in the macromolecules. In glycogen, these branching points are homogenously
distributed whereas in amylopectin (the major and semicrystalline fraction of starch), they are
concentrated in amorphous lamellae. The crystalline regions of amylopectin are mainly
composed of linear glucans that intertwine into parallel double helices. In starch metabolism,
the isoamylase-type debranching enzymes (that specifically cleave the α(1→6) linkages)
control the distribution of the branching points by removing those in excess or misplaced,
allowing the interlacing of the chains, an essential event to confer crystallinity to amylopectin
[Wattebled et al., Plant Physiol. 138 (2005), 184; Wattebled et al., Plant Physiol. 148 (2008),
1309]. This work aimed at establishing the implication of branching enzymes (that introduce
the α(1→6) linkages in the glucans) in the branching point distribution in amylopectin. The
Arabidopsis be2- be3- branching enzymes double mutant [Dumez et al., Plant Cell 18 (2006),
2694] has been transformed allowing the expression of the E. coli branching enzyme (GlgB)
natively involved in glycogen synthesis in this bacterium. Several transformed plants harboring
different levels of GlgB activity were cultivated. Strips of freshly cut leaves harvested at the
end of the day were fixed with glutaraldehyde, post-fixed with OsO4 and embedded in Epon
resin. Ultrathin sections were cut with a diamond knife, post-stained with periodic acid
thiocarbohydrazide silver proteinate (PATAg) and observed by transmission electron
microscopy (TEM). Typical images of plastids from the wild-type and three transformants with
different levels of GlgB activity are shown in Figure 1. The glucans were specifically stained
with PATAg and morphological differences can clearly be seen by comparison with the
well-formed starch granules in the wild-type specimen (Fig. 1a). These observations
complement chain length distribution profiles (established by HPAED-PAD after complete
enzymatic debranching of the molecules) and determination of crystallinity levels (determined
by X-ray diffraction) of insoluble polysaccharides. Altogether, our results indicate that
replacing the endogenous plant branching enzymes by a protein of bacterial origin can result
in the production of a polymer with characteristics close to those of the wild-type amylopectin.
Our results allowed to establish a relation between the level of branching enzyme activity and
the structure of the synthesized polysaccharides.
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Fig. 1: TEM images of ultrathin sections of leave plastids from wild-type (a) and transformed (b-d) Arabidopsis,
positively stained with PATAg. The level of ClgB activity in the three transformants varies from high (b) to intermediate
(c) and low (d).
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The present work is devoted to morphological, histochemical and ultrastructural research of
the trichomes covering a leaf, petiole, phyllary, and peduncle in six Senecioneae species
(Doronicum macrophyllum, D. orientale, Ligularia dentata, Senecio integrifolius, S. viscosus и
Tussilago farfara). The secretory structures of each species have specific morphological
features. In D. macrophyllum and D. orientale a head contains one layer of the secretory cells
(from two to five cells) and the long stalk (Fig. 1). Trichomes of Ligularia dentata are mainly
1-seriate, 2-seriate ones are found rarely. In S. viscosus 2–4 secretory cells form two layers of
the head (Fig. 2). Leaf trichomes differ by the stalk height (from 3 to 7 cells). In S. integrifolius
the trichomes of a phyllary are smaller; they have one-celled head and a short stalk. In T.
farfara the trichome of the leaf and peduncle consist of a head on a long 2-seriate stalk. 3–5
layers of the secretory cells are in the head and 10–12 layers are in the stalk.
All studied trichomes are capable to auto fluoresce in UV radiation without application of the
markers. Yellow colour is typical for the walls of the head cells, whereas the red auto
fluorescence is found in the chloroplasts of the stalk cells. The yellow-green fluorescence of
phenylpropanoids is revealed in the secretory cells in the presence of Natural or Wilson
reagents. Phenylpropanoids are located in the subcutical space and in the cell wall. Using the
histochemical dyes, in the trichome secretory cells it is possible to find the total, acid and
neutral lipids, tannins, polyphenols, terpenoids and sesquiterpene lactones. The most intensity
of the colouring is characteristic for 2–3 upper layers of the secretory cells; the stalk cells are
colourless.
General ultrastructural features are revealed in the secretory cells of the trichomes in all
studied species (Fig. 3). The upper cell wall is heterogeneous: numerous light lamellas are
under a cuticle. Secretion is accumulated in the periplasmic space as the small drops. In
cytoplasm of the secretory cells abundant smooth endoplasmic reticulum is formed. During
maturation the dark contents are accumulated in it. Cisternae of the rough endoplasmic
reticulum are rare. In the terminal head cells the leucoplasts have a various form and
extended surface. They are rounded, oval, amoeboid, and with cup-shaped invaginations.
Tubular membrane elements, plastoglobuli and amorphous inclusions are found in the plastid
stroma. Elements of endoplasmic reticulum are met in proximity to the outer membrane of the
leucoplast envelope. In the secretory cells situated under the terminal ones and also in all stalk
cells there are the chloroplasts. Lipid drops are typical for cytoplasm of the head cells.
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Fig. 1: Trichomes of the peduncle in Doronicum orientale
(A-F) and D. macrophyllum (G-I). Scale bars: A, G – 250 µm;
B-F, H-I – 50 µm.
 

 
Fig. 2: Trichomes of the leaf in Senecio viscosus. Scale
bars: A – 100 µm; B-D – 50 µm.
 

 
Fig. 3: Ultrastructure of the secretory cells in the trichomes of some Asteraceae species. A, D, G – Tussilago farfara; B,
E, H – Doronicum macrophyllum; C, F, I – Senecio viscosus. A-C. The upper cell wall of the secretory cells. D-F. Smooth
endoplasmic reticulum in the secretory cells. G-I. Leucoplasts in the secretory cells. Scale bars: A-I – 1 µm.
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Cell size is a structural component of fleshy fruit such as tomato berry, contributing to
important trait such as fruit size. There are currently a number of methods for measuring cell
sizes most rely either on tissue sectioning or digestion of the tissue with cell wall degrading
enzymes to release single cells. In this study, we used two tomato plants, cv. Ailsa Craig (wild
type) and its ABA deficient mutant flacca. We performed histological analysis and calculate
pericarp cell size distribution from slides for light microscopy made according to standard
paraffin procedure (Ruzin, 1999). In addition, we measured tomato pericarp mean cell area at
ripe fruit stage using the method of cell separation by pectinase solution described in Bertin et
al. (2002). At least five measurements per pericarp section were done on five fruits replicates
for each genotype. Pericarp sections were observed with a Leica DMLS microscope; images
were acquired with a Leica DC300 digital camera and measured by Leica IM1000 software. Cell
size of macerated tissue were measured by the public domain Image J software (Rasband,
1997-2009, http://rsbweb.nih.gov/ij), using the “analyze particles” tool, after manually
adjusting the segmentation threshold. For both genotypes a minimum of 500 cells were
measured and it was found that each of them displayed a distribution of cell size. In ripe fruits,
differences between genotypes were clearly visible; cell sizes were larger and more
heterogeneous in wild type than in flacca. By both methods the mean size of cells in flacca was
about 50% smaller than in wild type. Comparing these two methods for cells measuring we
could say that pectinase is less time consuming and could give quantitative trait such as cell
number, but histological cross sections provides real view of cell size distribution.
 

Acknowledgement: This study was supported by Bilateral Cooperation between Serbia and
France 2012-2013, Serbian Ministry of Education and Science (No TR 31005) and FP7-AREA (No
316004, 2013-2016).



Type of presentation: Poster
 

LS-8-P-1909 Determination of micro-mechanical properties of apple cells (Malus
domestica) by means of bio-atomic force microscope (bio-AFM) and analysis of the
multidimensional images
 

CARDENAS S.1, CHANONA J.1, MENDEZ J.2, CALDERON G.1, PEREA M.2, NERI E.1
 
1Escuela Nacional de Ciencias Biologicas-IPN, 2Centro de Nanociencias y Micro y
Nanotecnologías-IPN
 

Email of the presenting author: stefany_fany03@hotmail.com
 
Morphometric parameters and micro-mechanical properties of vegetable cells can be
considered as an index of quality and ripeness of climacteric fruits. After harvest, the cells
undergo biochemical changes that modify their cell size, texture and flavor which are key
quality features that influence consumer acceptability of fruits and functional properties. The
aim of this work was to study the mechanical properties of apple cells by indentation with a
bio-atomic force microscope (bioAFM) to contribute to the understanding of the maturity
process on climacteric fruits. In this study was carried out the isolation of parenchymatic cells
from the central cortex of the unripe apple (Malus domestica) by dissolution in mannitol (0.3M)
at 45 °C and 30 min according to Schaffer et al., (2009). Isolated cells were contrasted to be
observed in microscope (Nikon Eclipse 50i, Japan). Images obtained were analyzed in order to
characterize the size and cellular morphology (about 300 cells were used). The values of
cellular area had a normal distribution with a mean of 352.2±86.16 μm2, while diameter and
circularity values were not normally distributed with a mean of 245±36.7 μm and 0.68±0.12
respectively (Figure 1). Also, mechanical properties were studied by means of a bio-AFM
(Bioscope Catalyst, Bruker, USA) to indent apple tissue by means of microcantilevers with
pyramidal tips (ScanAsyst, radius: 20 nm). Force curves were obtained in several areas of cells
and their Young's modulus were obtained by two fit mathematical models (Hertz and
Sneddon). Figure 2 shows the force curves obtained during the indentation. Furthermore,
multidimensional images of height, error, DMT modulus (e.g. Figure 3 and 4), deformation,
dissipation, and adhesion mapping images were obtained. Otherwise, the Young´s modulus
was calculated from the force curves and a mean of 0.281±0.125 MPa was obtained to cells
analyzed, which it is within the range for biologic materials as reported by Zdunek et al.,
(2013). An optimizing of the fit models showed that the best fit was the Sneddon model with
an R2average of 0.99. The study of cellular mechanical of vegetable cells by atomic force
microscopy imaging and the mechanical properties obtained from Bio-AFM could be important
for understanding the maturity process that occur during the storage and postharvest handling
of climacteric fruits.
Schaffer R.J., McAtee, A.P., Hallet I.C., Jhonston J.W. (2009) A rapid method of fruit cell isolation
for cell size and shape measurements. BioMedCentral Plant Methods 9, 5:5
Zdunek A., Kurenda A., (2013) Determination of the Elastic Properties of Tomato Fruit Cells
with an Atomic Force Microscope. Sensors, 13, 12175-12191
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Fig. 1: Isolated apple cells used for morphometric
characterization by means of image analysis, stained with
methylene blue.
 

 
Fig. 2: Typical curve force (red line) and fitted with
Sneddon model (green line) for isolated apple cells
 

 
Fig. 3: Mapping image of peak force error signal of cell wall
unripe apple
 

 
Fig. 4: Mapping image of DMT modulus signal of cell wall
unripe apple
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Barbacenia purpurea Hook. (Velloziaceae) is a nurse plant of Sugar Loaf and Urca Natural
Monument, a rocky mountains complex, localized in Rio de Janeiro, southeastern Brazil, within
Atlantic Rainforest, considered a biodiversity hotspot. Because their high tolerance to adverse
conditions, adult nurse plants play an important role on seedling establishment in stressful
environments and dynamism of forest expansion. However, B. purpurea seeds germination
and seedlings development are inhibited under hottest conditions, making such events
possible only during humid months. Since global climate change may compromise the
successional dynamic of Sugar Loaf and Urca Natural Monument, this work aim to investigate
the influence of temperature on ultrastructure of B. purpurea seed germination. Thirty seeds
were imbibited in sterilized water, distributed in plate dishes and incubated under 30ºC, 35º C
and 40ºC in growth chamber for 3 h, 3 days and 7 days. For ultrastructural analysis, seeds
were fixed with 2.5% glutaraldehyde and 4% paraformaldehyde in 1. 25% PIPES buffer (pH
7.3), postfixed with 1% osmium tetroxide, dehydrated in a graded acetone and embedded in
Spurr's resin. Ultrathin sections were post-stained with 1% uranyl acetate in absolute ethanol
and lead citrate. It was demonstrated that 100% of seeds germinated 3 days after exposition
under 30ºC and 35ºC. Seven days after incubation under 30ºC, 100% of normal seedlings were
produced. However the temperature increase to 35ºC induced 100% of seedlings with
anomalous morphology and the increased to 40ºC inhibited 100% of seeds germination.
Ultrastructural analyses demonstrated that under 30ºC, for 3 hours, 3 days and 7 days,
respectively, both endosperm and embryo cells reduced their storage of starch grains, proteins
and lipid bodies, in contrast to seeds germinated under 35ºC, where such reserves structures
were slightly consumed, and under 40ºC, where they did not alter both in number or size in
relation to the first steps of seed germination (3 hours). These results suggested that the
influence of temperature on Barbacenia purpurea seeds germination might be related to the
inhibition of storage resources consumption and mobilization, which would affect seed
germination and seedling morphology.
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Fig. 1: Transmission electron microscope of seed endosperm cells of Barbacenia purpurea Hook. 3 hours after
incubation under 30o C, evidencing starch grains, protein bodies and lipid droplets.
 

 
Fig. 2: Embryo epidermal cell 3 hours after incubation under 30o C showing cell wall, plastids, mitochondria, lipid
droplets, endoplasmic reticulum and part of nucleus.
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Polystachya Hook. (Orchidaceae) is a large epiphytic mainly African genus with 197 species.
The species representing Polystachya section Caulescentes Kraenzl. are plants with
non-pseudobulbous, reed-like, clustered stems leafy in upper part, simple or paniculate,
many-flowered inflorescences. The flowers are characterized by a prominent mentum and
3-lobed lip with a callus. The section includes 18 species divided into 3 subsections.
Histochemical studies conducted by Davies et al. (2002, 2009) showed some morphological
diversity of labellar trichomes in Polystachya. The authors analyzed two representatives of the
section Caulescentes, Polystachya bennettiana Rchb.f. and P. caloglossa Rchb.f.
The aim of the study is to observe the diversity of labellar trichomes in two other species
representing Polystachya section Caulescentes (Polystachya albescens subsp. imbricata (Rolfe)
Summerh. and Polystachya laxiflora Lindl.), to compare the trichome types occurring in
different parts of the labellum and the gynostemium as well as to determine the taxonomic
value of the studied characters.
The epidermis of the labellum and gynostemium of two species of Polystachya section
Caulescentes were studied. The trichomes from the different parts of the labellum (basal,
central with callus and apical) were analyzed using scanning electron microscope.
The analysis reveals the structure of labellar and gynostemial surface of two representatives of
Polystachya section Caulescentes. No farinaceous, pollen-like material called pseudopollen is
observed. The labella (Fig. 1, 3) and gynostemia (Fig. 2, 4) of both studied species are
furnished with similar type of trichomes. They are two-celled (occasionally three-celled)
food-hairs with clavate apical cell and occur on the labellum and the gynostemium.
The trichomes of both species analyzed in this study as well as in two other representatives of
the section Caulescentes (Polystachya caloglossa and P. bennettiana) studied by Davies et al.
(2004) are of similar type, however, there is some diversity in the length and shape of the
food-hair regarding on the particular species and parts of the labellum. The trichomes of P.
albescens ssp. imbricata are generally longer and slender than the trichomes of P. laxiflora.
The labellum and gynostemium of the latter species are more densely covered by the
food-hairs.
References
Davies K.L., Roberts D. L. Turner M.P. 2002. Pseudopollen and Food-hair Diversity in
Polystachya Hook. (Orchidaceae). Annals of Botany 90: 477-484.
Davies K.L. 2009. Food-hair form and diversification in orchids. In: Kull, Arditti & Wong (eds.).
Orchid biology: Reviews and Perspectives, X: 159-184. Springer



 
Fig. 1: Trichomes of the apical part of the labellum of
Polystachya albescens ssp imbricata (Rolfe) Summerh
 

 
Fig. 2: Gynostemium trichomes of Polystachya albescens
ssp imbricata (Rolfe) Summerh.
 

 
Fig. 3: Callus (labellum structure) trichomes of Polystachya
laxiflora Lindl.
 

 
Fig. 4: Gynostemium trichomes of Polystachya laxiflora
Lindl.
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Orchidaceae is one of the largest families of Angiosperms and one of the most specialized lines
of flowering plant evolution. Orchids are plants distributed all over the world with exceptional
species diversity, unique and often spectacular flowers and various relationships with both
pollinators and fungi.
Polystachya vulcanica Kraenzl. is one of 197 species of the pantropical genus Polystachya
Hook. classified within exclusively African section Cultriformes Kraenzl. including one-leaved
plants. The species is endemic to the Albertine Rift (part of Democratic Republic of Congo,
Rwanda, Burundi and Uganda), only known from Kahuzi-Biega, Nyungwe-Kibira, the western
Virunga Volcanoes, Kigezi and Ruwenzori, at 1300–2400 m.a.s.l.
The species is an epiphyte growing in montane forest, on mossy branches or sometimes a
lithophyte occurring on mossy rocks. It flowers from January to April and from August to
December.
Polystachya vulcanica is a plant up to 20 cm tall with filifrom pseudobulbs tightly clustered
with a terminal single, linear, semiterete leaf. Its inflorescence is shorter than the leaf, 1- to
5-flowered, flowers are medium-sized, creamy-white, flushed with rose, lip and petals wine-red
or purple (fig.1).
Fragments of the lip and gynostemium of Polystachya vulcanica were prepared to transmission
electron microscopy. The ultrastructural observations based on ultrathin sections shown that
epidermal cells predominantly have centrally located vacuoles and cytoplasm concentrated
near the cell wall (fig.2). What is significant, cell wall and cuticle of epidermis form
characteristic more or less regular folds. Between these folds, above the cuticle, there are
visible secreted materials (fig.3). Specific construction of cell wall and cuticle, such as
presence of numerous bubbles within, may to facilitate the secretion and indicate possible
pathway of this activity. Substance outside epidermal membranes may play role to attract
insects.



 
Fig. 1: The flower of Polystachya vulcanica Kraenzl. (by Eric Hunt)
 

 
Fig. 2: Ultrastructure of the epidermal cells with cuticle of Polystachya vulcanica lip.
 

 
Fig. 3: Epidermal outer cell wall and cuticle with secreted materials.
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Arbuscular mycorrhizas (AM) are symbiotic associations involving up to 90% of terrestrial
plants and symbiotic fungi belonging to Glomeromycota. AM fungi enhance the absorption of
plant nutrients and give them resistance against pathogens by colonizing the root with inter-
and intracellular hyphae and arbuscules, the highly branched structures where the nutrient
exchange takes place. A symbiotic interface compartment is developed by the host cells
around intracellular fungal structures and is considered as a hallmark of the biotrophic
condition of AM fungi, and enables fungal development inside the plant cell space, while
preserving its integrity. This presentation focuses on the plant perception of AM fungi and their
accommodation within the host cell. Our results, largely based on in vivo confocal microscopy,
demonstrate that the process of interface construction takes place upon recognition of the AM
fungus and adhesion of a hyphopodium to the root epidermis. Epidermal cells contacted by the
fungus show repetitive oscillations (spiking) of nuclear calcium concentration. These
oscillations are a central element in the signaling pathway that controls the symbiosis.
Activation of this pathway leads to the assembly of the prepenetration apparatus (PPA), a
columnar cytoplasmic aggregation, containing all the elements of the secretory pathway. By
taking advantage of a range of fluorescent protein markers we show that the proliferation of
the host plasma membrane takes place within the PPA, leading to the assembly of the
perifungal membrane and symbiotic interface, in advance of hyphal tip growth.
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The ascomycetous fungus Ophiostoma novo-ulmi Brasier is the causative agent of the current
Dutch elm disease (DED) pandemic, which has ravaged both European and North American
Ulmus populations. The pathogenic fungus spreads within the secondary xylem vessels of
infected trees, causing the formation of vessel plugs due to tyloses and gels, which ultimately
results in foliar wilting and subsequent tree death. Recently we found that the primary targets
of O. novo-ulmi ssp. americana × novo-ulmi attack were medium-molecular weight
macromolecules of cellulose, resulting in the occurrence of secondary cell wall ruptures and
cracks in the vessels (Fig. 1) but rarely in the fibers of the examined Dutch elm hybrids
'Groeneveld' and 'Dodoens'. In this study, the newly developed atomic force microscopy (AFM)
technique, PeakForce quantitative nanomechanical mapping, was used to reveal vessel wall
topography in the infected trees. Quantitative images for nanomechanical properties of cell
walls such as adhesion, deformation, the reduced Young’s modulus of elasticity, and
dissipation, were also obtained. This new technique of imaging provided direct control of the
maximum loading force and the deformation depth in vessel wall samples keeping
indentations small, while eliminating damaging lateral forces in order to preserve both the tip
and sample. High-resolution and non-destructive imaging (Fig. 2) resulted from the short range
repulsive forces which dominated the interaction between tip and sample. Microscopic
observations of vessel wall degradation were supplemented with size exclusion
chromatography and 13C nuclear magnetic resonance (NMR) measurements. The NMR spectra
revealed that a loss of crystalline and non-crystalline cellulose regions occurred in parallel.
 

Acknowledgement: This work was supported by the Slovak scientific grant agency VEGA
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Fig. 1: SEM images of O. novo-ulmi ssp. americana × novo-ulmi and elm secondary cell wall cracks. (A) Tyloses occlude
earlywood vessel lumens, and fungal hyphae growing inside the vessel, cross-section. Scale bar = 100 μm. (B) Fungal
hyphae inside the earlywood vessel and radial cracks in the secondary cell wall (arrows), radial section. Scale bar = 50
μm.
 

 
Fig. 2: Flatten height (A) and adhesion (B) AFM images of the elm vessel wall surface upon infection by O. novo-ulmi
ssp. americana × novo-ulmi. Scale bars = 10 μm. L, lumen; CW, cell wall.
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Fluorescence microscopy is essential for the study of genes, chromosomes and genomes. The
method called fluorescence in situ hybridization (FISH) is used here to map repetitive DNA
sequences on chromosomes of plants species in the tribe Hordeeae, family Poaceae, that have
the Ns-genome in its genomic constitution. Two types of Ns-specific repetitive DNA sequences
from Leymus Hochst. and Psathyrostachys Nevski have been isolated in my group: (A)
dispersed retroelement-like repeats isolated from tetraploid northern North American and
amphi-Pacific species L. mollis (Trin.) Pilger and octoploid European species L. arenarius
Hochst. (Figure 1A, Bödvarsdóttir & Anamthawat-Jónsson 2003, Genome 46: 673-682); and (B)
sub-telomeric satellite repeats isolated from tetraploid western North American species L.
triticoides (Buckley) Pilger (Figure 1B, Anamthawat-Jónsson et al. 2009, Genome 54: 381-390)
and two diploid Psathyrostachys species (unpublished results). These sequences have been
analysed molecularly and mapped on chromosomes. The sequences, particularly the dispersed
repeats, have been used to confirm the presence of Ns-genome in a wide range of species in
Triticeae genera including Leymus, Psathyrostachys, Hordelymus (Jessen) Harz and Hystrix
Moench. The results consistently show that all genomes in the polyploid Leymus species
examined are Ns. The Ns-specific dispersed repeats may have spread predominantly and
rapidly across genomes following allopolyploidisation, thus homogenising the nuclear
genomes. The Ns-genome may have been evolutionarily diverged into a variable array of
Ns-karyotypes, the variation which can be identified using satellite repeats. Furthermore,
polymorphisms in Ns-genome specific sequences can be used to reveal relationships among
taxonomically related species and to differentiate closely related species having different
geographical distributions.
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Fig. 1: Fluorescence in situ hybridization (FISH) mapping of red-fluorescing pLm44 dispersed retroelement-like repeat
(A) and green-fluorescing sub-telomeric satellite repeat Lt1-1 (B) on chromosomes of Leymus triticoides. The double
FISH in both images represents localization of the 18S-25S ribosomal loci. The scale bar represents 5 µm.
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The common beech (Fagus sylvatica L.) is one of the most important broadleaved species in
European forestry. At harvest, beechnuts are in deep physiological dormancy as seeds of many
temperate trees. Dormancy as a mechanism preventing germination during unsuitable
ecological conditions is controlled by the genetic factors and regulated by phytohormones.
Seeds can be stimulated to dormancy breaking and to germination by cold stratification. The
control of dormancy breaking is recently studied in the different levels – environmental,
biochemical, molecular etc.
Our study is aimed to the changes in the amount and distribution of storage compounds in the
beech embryos during stratification. Beechnuts belong to the group of non-endospermic seeds
with reserves stored predominantly in the cotyledons. The major mobilization of storage
compounds as starch, proteins and oils within storage tissues commences after protrusion of
the radicle. Nevertheless, some partial mobilization of storage proteins starts with the uptake
of water by imbibition of the dry seed.
Paraffin sections were observed under the transmission light microscope Jenaval, Zeiss. We
detected the storage proteins using protein specific stains – Ponceau-xylidin, amido black 10B
and Commassie brilliant blue R250. Storage proteins were deposited in the vacuoles
predominantly in the cells of cotyledons. In dormant embryos the most intensive protein
labelling was observed in storage vacuoles which filled up the cotyledon cells and partially also
in the cytoplasm. After imbibition of the seeds, storage vacuoles in the external parts of the
cotyledons diminished and their content exhausted. Later on the small vacuoles fused to form
large central vacuoles. During stratification we observed strong labelling in the cytoplasm. The
central vacuoles remained free of storage proteins.
Starch was stained using Lugol solution. Abundance of starch grains were observed in
cotyledons, as well as in the embryo axes. We did not recognize any differences in the
distribution or amount of starch grains in dormant and non-dormant embryos. Besides these
storage compounds the immense amount of calcium oxalate (CaOx) crystals was observed
under the polarized light. CaOx appeared as druses or small prismatic crystals in cotyledons
excepting the region of vascular tissues. Small druses were rarely found also in the embryo
axes.
According to our results, storage proteins localization and utilization only is linked with
stratification. Other storage compounds will be probably used during germination.
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Fig. 1: Storage tissue in cotyledon of dormant beech seed.
Cells are filled with protein storage vacuoles (red colour).
Paraffin section stained with Ponceau-xylidine / Azur II;
scale bar = 50 µm.
 

 
Fig. 2: Storage tissue in cotyledon of beech seed released
from dormancy. Proteins were present in small bodies or in
the cytoplasm (red colour). Paraffin section stained with
Ponceau-xylidine; scale bar = 50 µm.
 

 
Fig. 3: Starch grains (dark dots) in the cells of beech
embryo cotyledon surrounding the vascular bundle.
Paraffin section stained with Lugol (I/KI) and Azur II; scale
bar = 50 µm.
 

 
Fig. 4: Druse crystals of calcium oxalate (arrow) in vacuoles
of cotyledon storage cells of the beech embryo. Paraffin
section in the polarized light; scale bar = 20 µm.
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Lodging, the state of permanent displacement of tillers from their upright position, decreases
grain quality and increases the costs of harvesting, qualifying this phenomenon as one of the
most serious problems in cereal crop production. Therefore lodging resistance is an important
agronomic trait, especially in rye (Secale cereale L.), where yield losses due to lodging can be
as high as 75%. ‘Stabilstroh’, a recently identified genotype of rye, not only has the best
lodging resistance, but simultaneously it is characterized by the longest tillers among the
German cultivars of rye hybrids.
In order to identify the genetic traits responsible for the 'Stabilstroh' phenotype histological
and ultrastructural investigations were focused on the most prone to lodging basal internodes
of segregating F2 population (‘304/1’) and its parental lines: ‘ms135’ (‘Stabilstroh’) and
‘R1124’ (wild type). Analyses of tissue distribution, cell size, and cell wall thickness using Light
Microscopy, Scanning Electron Microscopy, and Transmission Electron Microscopy revealed
sclerenchymal and inner periclinal cell walls of epidermis to be thicker, more lignified, and
more structured in the 'Stabilstroh' genotype as compared to the wild type. 'Stabilstroh' is also
morphologically characterized by many pronounced stem invaginations and a significantly
higher ratio of sclerenchyma to parenchyma tissues (sc/pa ratio), important factors enhancing
mechanical stability of the crop stem. Not only do these features improve mechanical
properties of lodging resistant genotype, but they are also responsible for increased biomass
production.
The quest for QTLs (Quantitative Trait Loci) for improved lodging resistance is based on the
inheritance of microsatellite (SSR) markers linked to the traits affecting mechanical stability of
tillers, including stalk invaginations, thickness of cell walls, lignin content, and sc/pa ratio.



 
Fig. 1: A standard phloroglucinol staining of lignin in wild type (A) and 'Stabilstroh' (B). Hand cross-sections of wild type
(C) and 'Stabilstroh' (D) under SEM. Basic fuchsin staining of cell walls in: wildtype (E) and 'Stabilstroh' (F). SI- stem
invagination; Vb –vascular bundle; Pa- parenchyma; Sc- sclerenchyma
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Curvularia pallescens is an endophytic fungi and melanin producer that occasionally causes a
variety of human infections (Figure 1). Currently, there are some studies about antifungi
effects of bioproducts which have low toxicity. The hydroxy-2-hydroxymethyl-γ-pyrone (Kojic
acid) is a secondary metabolite synthesized by some species of fungi from Aspergillus,
Penicillium and Acetobacter genera. The kojic acid has several applications mainly as
tyrosinase inhibitor, enzyme that works in biosynthetic pathway for melanin formation in
mammalian and fungi cells. Thus, this study evaluated the kojic acid effect in Curvularia
pallescens morphology cultivated and treated with 50, 100 e 200 μg/ml of kojic acid. The
morphological analysis by scanning electron microscopy (Figure 2), performed at Zeiss Leo
1400, transmission electron microscopy (Figure 3), analyzed at Zeiss Leo EM 900 and confocal
microscopy (Figure 4), observed at Zeiss LSM 5 Pascal. After incubation, treated cells showed
accumulation of many cytoplasmic vesicles like lipid droplets as well external vesicles. In
addition, it was showed an accumulation of lipid vesicles in the cytoplasm and cell wall.
Furthermore, severe disruption of this wall and subsequent release of these retained vesicles
were observed (Figure 3). These results suggested that kojic acid disturbs the structure of the
cell wall that could be causing the death of fungus. Further studies are needed to identify the
mechanisms that induce these alterations and cell death.
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Fig. 1: Curvularia pallescens growth on GPY medium. (A)
forward side of culture plate (B) backward side of culture
plate (C) conidiation process.
 

 
Fig. 2: Scanning electron microscopy of the Curvularia
pallescens. (A) untreated culture; (B, C and D) treated with
50, 100 and 200 µg/mL of KA respectively; Observe intense
externalization of vesicles in hyphae (brown) and wilted
conidia (green). Scale bars (B-D) 10 µm and (A-C) 15 µm.
 

 
Fig. 3: Transmission electron microscopy of Curvularia
pallescens using osmium-imidazole method. (A) untreated
control; (B, C and D) treated with 50, 100 and 200 µg/mL of
KA respectively. Note the presence of lipid bodies (*) and
lipid vesicles with strong eletrodense stain (arrows). Scale
bars: 2 µm.
 

 
Fig. 4: Confocal microscopy of Curvularia pallescens
incubated with BODIPY®. (A) untreated control; (B, C and D
a) treated with 50, 100 and 200 µg/mL of KA respectively.
Observe the presence of lipid bodies extra and
intracytoplasmic, marked in green. Scale bars: 10µm.
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Silica phytoliths are microscopic biominerals of amorphous silica (SiO2 ∙ nH2O) formed by
specialised plant cells. Their morphology is very variable among the species and they are often
used as a taxonomic marker. They serve as a protection against herbivores and pathogens and
support mechanical properties of plant tissues. Their structural features offer many
possibilities of application also in industry and technology [1, 2]. However, small dimensions
and optical properties of phytoliths obstruct their microscopic observations. Recent imaging
techniques require lengthy preparation of samples, phytolith isolation, or a work with toxic
chemicals. Tracking the changes in biomineralization process caused by various exogenous or
endogenous factors thus might be complicated. Our study was focused on elaboration of a
novel phytolith visualization technique by fluorescence microscopy that could facilitate further
silica biomineralization studies.
Experiments were performed with Sorghum bicolor L. plants characteristic by regularly
distributed silica phytoliths in root endodermal cells. Plants were grown for three days in
hydroponics containing distilled water and sodium silicate solution in final concentration of 2.5
mol.dm-3. Samples were prepared from seminal root basal regions 20 – 30 mm from the
root-shoot junction. Rhizodermis and cortical tissues were mechanically removed and samples
were placed on slides into a mounting solution of NaOH with pH adjusted to 12. Observations
were performed by fluorescent microscope Axioskop 2 plus (Carl Zeiss) with excitation filter
TBP 400 + 495 + 570 nm, dichroic beamsplitter TFT 410 + 505 + 585 nm and emission filter
TBP 460 + 530 + 610 nm. Spectrofluorimetric properties were analysed by spectrofluorimeter
FSP 920 (Edinburgh Instruments).
Phytoliths in Sorghum roots are formed as dome-shaped structures of amorphous silica nested
in inner tangential walls of endodermal cells. Their diameter and axial dimensions ranged 8.51
± 2.49 µm and 7.08 ± 1.17 µm, respectively. Number of phytoliths counted from 7 to 14 per
cell. Silica phytoliths emitted blue fluorescent signal, which was clearly distinguishable from
cell wall background and was time-stable for more than 10 minutes. Despite this fact, the
fluorescence emission spectrum induced by 400 nm excitation wavelength did not show any
remarkable peaks and reaches maximum at 475 nm.
Fluorescent visualization of silica phytoliths induced by basic pH provided suitable features for
their localisation and morphological studies. Preparation of samples was quick and simple, and
might be applicable for high throughput screenings.
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INTRODUCTION
Detailed investigation of microscopic anatomy and its physiological implications often requires
the use of specialized staining procedures and complex imaging equipment. In some cases,
however, staining is impractical or even impossible, and contrasting by purely optical means
represents a convenient alternative. The present paper highlights the advantages and pitfalls
of several microscopic optical contrasting modalities suitable for imaging unstained plant
cells/tissues and specimens derived from them.
APPARATUS
Relief- and schlieren-contrast imaging highlighted in the present paper utilize a shifting
asymmetric (edge) diaphragm in the condenser and as such represent the simplest and
historically also the oldest microscopic optical-contrasting modalities [1,2]. They are not
directly available in most commercially available microscopes (see [3] for a rare exception),
and one possible adaptation is depicted in Fig. 1. The rim of a partly pulled out objective
Wollaston prism holder (itself a DIC-Nomarski imaging accessory) served as the schlieren
diaphragm (simple modulator) at the objective back focal (Fourier) plane (Fig. 2).
RESULTS & DISCUSSION
Optically thick objects such as leaf replicas in transparent acrylate resin are typically best
rendered in relief or schlieren contrast (Fig. 2), often superior in image quality to Hoffman
modulation contrast, itself a more complex variant (requiring special objectives) of schlieren
imaging. Other examples of relief-contrast (off-axis illumination) microscopy may be found
elsewhere (e.g., [4]). Objects of medium optical thickness such as spores of the field horsetail
(Equisetum arvense) or osmotically swollen (burst-open) pollen grains of yew or juniper are
most conveniently imaged by Hoffman modulation contrast or apodized phase contrast.
However, schlieren imaging yields superior contrast (especially when low-power objectives are
used), comparable even to DIC-Nomarski microscopy (Fig. 3). Optically thin objects such as
refractive-index matched stellar trichomes of olive (Olea europaea) or Elaeagnus sp. leaves
ideally require the use of low-transmittance phase-contrast microscopy. Refractive-index
matching (achieved by embedding, e.g., in acrylate resin or glycerol) is often essential to
reliably visualize fine microscopic structures normally filled with air, such as the spokes of the
seed-bearing ‘parachutes’ in the common dandelion (Taraxacum officinale), and makes it
possible to determine their refractive index.
[1] Töpler A. (1866) Annalen der Physik 203 (4): 556-580
[2] Axelrod D. (1981) Cell Biophys. 3 (2): 167-173
[3] Hostounský Z. & Pelc R. (2007) Adv. Physiol. Educ. 31 (2): 232-235
[4] Pelc R., Hostounský Z. & Otaki T. (2008) J. Biomed. Opt. 13 (5): 054067
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Fig. 1: Adaptation of Nikon D-CUD condenser to relief/schlieren imaging. Relief diaphragm (RD) made of black paper is
used for imaging. SD, schlieren diaphragm. Fig. 2. Abaxial leaf replica of rhododendron (Daphniphyllum macropodum)
in transparent resin (image ID: 2010-02-24_*). Fig. 3. Pollen grains of yew (Taxus baccata) in water (image ID:
2009-08-29_*)
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The red seaweed Pterocladiella capillacea, an alga which occurs along the southeastern and
southern Brazilian coastline, is an excellent source of agar. Ultraviolet radiation has become an
increasing concern since discovering the ozone hole in Antarctica, which has resulted in the
release of such atmospheric pollutants as chlorofluorocarbons, halocarbons, chlorocarbons,
dioxins and carbon dioxide. At the same time, ecosystems around the world have also been
polluted by the presence of heavy metals, and algae can, by their participation in many food
chains, contribute to the contamination of other organisms. In particular, copper is found in low
concentrations in algae species, and it is essential for metabolic processes such as
photosynthesis. Based on its contribution to the important supply of agar, Pterocladiella
capillacea was evaluated in this study to determine the effects of ultraviolet radiation
(PAR+UVA+UVB), PAR+copper in different concentrations, and the combined effects of
PAR+UVA+UVB + copper on morphology and cell organization. Control samples of P.
capillacea stained with Periodic Acid-Schiff exhibited a positive reaction in the cell wall and
floridean starch grains. On the order hand, P. capillacea-treated plants revealed a decrease in
the density of floridean starch grains in the cells. When observed by transmission electron
microscopy, P. capillacea control cells showed a somewhat vacuolated cortical region filled
with numerous chloroplasts and some starch grains, all surrounded by a thick cell wall. The
chloroplasts assumed the typical internal unstacked organization of red algae, i.e., evenly
spaced thylakoids. Electron-dense lipid droplets described as plastoglobuli were observed
between the thylakoids. However, after exposure to PAR+UVA+UVB for 3 h per day during a
7-day period, P. capillacea was observed to undergo ultrastructural changes, including
irregularly shaped cortical cells with increased vacuolation and increased cell wall thickness
with concentric layers of microfibrils. In addition, chloroplasts showed visible changes in
ultrastructural organization, including irregular morphology (Figs. 1a-b). Plants of P. capillacea
exposed to PAR + copper in different concentrations showed fewer ultrastructural changes; the
thylakoid membranes showed no demonstrable ultrastructural damage (Fig.1c). However, the
combination of PAR+UVA+UVB+ copper caused more dramatic changes than did
PAR+UVA+UVB and PAR+copper treatments, with the cortical cells showing the greatest
reduction in cytoplasmic cell volume. In addition, the chloroplasts were degenerated and
disrupted (Fig.1d).
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Fig. 1: Figure 1: Transmission electron microscopy micrographic images of P. capillacea. a. Detail of cortical cell with
many starch grains (S) and thick cell wall (CW). b. Observe the irregular shape chloroplast (C) and a presence of
vacuoles (V). c. Observe the absence of changes in chloroplast. d. Note the degenerated and disrupted chloroplast.
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A new species of Suaeda sect. Brezia, Suaeda edulis Flores Olv. & Noguez was recently
described [1]. And it is found in saline lakes of Estado de México, Guanajuato, Jalisco,
Michoacán, Distrito Federal, Tlaxcala and Puebla which are d with S. nigra and S. mexicana [1]
which are edible herbs known as “Romerito” and harvested from wild population or from
cultivated plants.
The objective of the present research was to contribute to the anatomical knowledge of S.
edulis (C3) and S. nigra (C4), using Scanning Electron Microscopy. This research is part of a
“Romerito network” for the conservation, knowledge and sustainable use of this halophyte
herb.
Materials and methods. Fragments of the central part of mature leaves of S. edulis (from
Montecillo Estado de Mexico, Guanajuato, Puebla and Distrito Federal) and S. nigra (from San
Luis Potosi), were fixed in 2.5 % glutaraldehyde in 0.1 M pH7 phosphate buffer 0.1 M for 48 h,
in vacuum. Cross sections 3 mm thick, were washed and dehydrated in a series of ethanol and
then critical point dried (Samdri 780A), and coated with gold with a Ion Sputter (JFC-1100 Jeol,
Japan) and observed with a SEM (JSM-6390, Jeol, Japan) operating at 30 Kv.
Results. The leaf cross section of S. edulis appears elliptic to oblong with a Brezia type C3
anatomy (Fig. 1). It has three vascular bundles aligned and equally distributed in the centre of
the leaf; the mesophyll contains several layers of elongated parenchyma cells with numerous
chloroplasts (Fig. 2). In contrast, S. nigra shows a round shape with the presence of a typical
Salsina-type C4 anatomy, a bundle sheath or Kranz cells with abundant chloroplasts,
surrounding five vascular bundles aligned in an arc shape (Fig. 3). Chloroplasts of the Kranz
cells have similar size to those of the mesophyll (Fig. 4). The epidermal cells of S. edulis are
thinner (20-30 µm) than those of S nigra (50-70 µm). The mesophyll of S. nigra is formed by a
single layer of thin palisade cells. In contrast to S. taxifolia and others species of Suaeda with
Salsinia type C4 [2], the internal parenchyma to the bundle of S. nigra contains round and
abundant chloroplasts. 
References.
[1] Noguéz Hernández R., Carballo Carballo A. and Flores Olvera H. Botanical Sciences
(2013)19-25.
[2] Smith M.E. Photosynthetic performance of single-cell C4 species (Chenopodiaceae). Thesis
Master of Science in Botany. Washington State University, USA (2007) 64p.
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Fig. 1: Leaf cross section of S. edulis from Montecillo,
Estado de México. Typical Brezia type C3 anatomy. e:
epidermis; me: mesophyll;; vb: vascular bundle.
 

 
Fig. 2: Mesophyll of S.edulis.. Typical Brezia C3 anatomy. e:
epidermis; me: mesophyll; vb:vascular bundle.
 

 
Fig. 3: Leaf cross section of S. nigra from San Luis Potosí.
Salsinia type C4 anatomy. e:epidermis;me: mesophyll,
palisade cells; bc: bundle or Kranz cells; vb: vascular
bundle.
 

 
Fig. 4: Bundle cells of S.nigra, Salsinia type C4 anatomy. e:
epidermis; me: mesophyll, palisadecells; bc: bundle or
Kranz cells, ch: parenchyma.
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Aquatic carnivorous plants use different types of glands within their trap leaves in order to
secrete digestive enzymes and absorb prey-derived nutrients. Since the glands are the
physiologically most active part of the trap, enhanced contents of physiologically important
elements can be expected here. Furthermore, nutrient uptake from prey via the trap lumen
should further increase the content of nutrients within these glands. It remains unclear if these
elements are accumulated or immediately transported to other parts of the plant.
We used X-ray microanalysis (EDX) to study element contents and distributions in two genera
of aquatic carnivorous plants, Utricularia (Lentibulariaceae) and Aldrovanda (Droseraceae).
Plants were cultivated in the greenhouse, frozen in liquid nitrogen, dehydrated via
freeze-drying in order to avoid element translocations, carbon coated and analysed in a Philips
XL20 scanning electron microscope with attached EDX. Contents of N, P, S, K, Mg, Zn and other
biologically relevant elements were compared between epidermal cells and various gland
types in young but fully mature traps.
In Aldrovanda vesiculosa, significantly higher contents of N and Mg, but lower contents of P
and S, were found in the quadrifid (A) glands compared to the epidermis. The elemental
composition of the quadrifid glands was similar to that in the digestive glands (B), but clearly
different from the external sessile glands outside the trap (C). In Utricularia purpurea, the
quadrifid glands (D) contained higher contents of N, P, Ca and Zn. Generally, A. vesiculosa
contained more N but less Mg, S, P and K than U. purpurea in the epidermis and especially in
the quadrifid glands.
These results indicate different physiological functions of the quadrifid glands of Aldrovanda
and Utricularia in spite of their similar morphology. Furthermore, the different functions of the
various gland types in Aldrovanda are reflected by their different elemental content. The
relevance of these findings for the physiology of nutrient uptake in aquatic carnivorous plants
is discussed.
 

Acknowledgement: Thanks are due to Dr. M. Weidinger for kind support.



 
Fig. 1: Glands of Aldrovanda vesiculosa (A-C) and Utricularia purpurea (D )
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In this study we apply spectrofluorometric-imaging microscopy in a confocal microscope using
a supercontinuum laser as an excitation source and a custom-built prism spectrometer for
detection. This microscope system provides confocal imaging with spectrally resolved
fluorescence excitation and detection from 450 to 700 nm. This set up enables
two-dimensional maps of fluorescence intensities as a function of the excitation and emission
wavelengths. These detailed maps, called lambda-squares, are especially useful in samples
with many unknown fluorescences. An example is the environmentally-important
micro-communities formed by photosynthetic organisms that cause damage to cultural
heritage. Cyanobacteria are the primary and most abundant of such photosynthetic colonizers.
They have chlorophyll a and accessory pigments, such as carotenoids and phycobilins, which
allows them to absorb a wide range of light radiation. For some years now these communities
and their spectral emission properties have been studied using confocal laser scanning
microscopy (Roldán et al. 2006). Using this technique together with the Lambda-scan feature
makes it possible to analyse the autofluorescence emission spectra of single cells. In addition,
confocal microscopy with white light laser applied on photosynthetic organisms, permits to
obtain the shape of the emission spectra and the position of their maximum, allowing us to
identify the photosynthetic pigments. For the Cyanobacteria the presence of phycoerythrin,
helps them to survive in dim environments; their maximum excitation and emission were very
similar in the different species studied, while the shape of the spectra varied. In the
Bacillariophyta phylum, the species essentially had the same maximum excitation and
emission, corresponding to the presence of chlorophyll a and c. However, the shape of the
excitation spectra was slightly different. Finally, for the Chlorophyta phylum, or green algae,
the shape of the excitation and emission spectra and the maximum of chlorophylls a and b
were fairly constant in all species. These communities are complex in terms of their pigment
composition, which is indicative of the microbial composition, and also due to the different
physiological states of the cells (Roldán et al. 2014). The fact that some species may have
broader absorption spectra could imply an advantage for ecological success in these hostile
environments. In conclusion, this technique can be used not only to discriminate between
different phyla but also to determine their photosynthetic plasticity and physiology in natural
environments.
References
Roldán, M. et al. (2006). Appl Environ Microb 72, 3026-3031.
Roldán M. et al. (2014). Appl Environ Microb (In press).



 
Fig. 1: Lambda-square map of Nostoc sp. from Nerja cave (Málaga, Spain). Orthogonal spectral image with the
excitation and emission spectra in a point of Lambda-square map.
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Yeast is an eukaryotic microorganism. Yeast’s cell is spherical, oval or lemon shape. The
diameter of yeast’s cell is around 5 µm. Asexual reproduction of yeast is budding. Some
species of yeast reproduce sexual stage by mating of two compatible haploid cells. After fusion
of cytoplasm, the mated cell becomes diploid cell. Then diploid cell divides by meiosis into four
haplYeast is an eukaryotic microorganism. Yeast’s cell is spherical, oval or lemon shape. The
diameter of yeast’s cell is around 5 µm. Asexual reproduction of yeast is budding. Some
species of yeast reproduce sexual stage by mating of two compatible haploid cells. After fusion
of cytoplasm, the mated cell becomes diploid cell. Then diploid cell divides by meiosis into four
haploid cell. Haploid cell develops to be ascospore or basidiospore depend upon its genetic
material. Ascospore will be formed in the ascus or sac. We had isolated the new strains of
thermotolerant yeast that can produce ethanol. We also identified them by their morphology
and biochemical characters. The characteristics of ascospore such as shape, size, color,
decoration and number of ascospore per ascus, are essential for identification the sample into
species. The experiment inducing ascospore-formation was conducted for the required stage.
The optimal condition was found to be cultivation on V-8 juice medium at pH 7 under 25
degree celcius. 23 out of 25 isolates could produce ascospore in above condition. Then the
microscopic morphology of thermotolerant yeast, UBU-strains at their ascospore-formation
stage was revealed by light microscope and scanning electron microscope. Two out of 23
isolates, UBU-1-11 and UBU-2-16 produced ascospores as shown in fig 1 and fig 2. The
microscopic morphology of the thermotolerant yeast at vegetative stage and sexual stage will
be described in details.
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Fig. 1: Ascospore formation of thermotolerant yeast strain, UBU-1-11, on V-8 juice medium at 25 oC at day 12 under
light microscope.
 

 
Fig. 2: Ascospore formation of thermotolerant yeast strain, UBU-2-16, on V-8 juice medium at 25 oC at day 12 under
light microscope.
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The structural complexity of the Candida albicans biofilm and the presence of an extracellular
matrix (ECM) are thought to be associated with the biofilm resistant behavior. The ECM makes
it resistant biofilm overlying cells, since for the antifungal action he needs first then penetrate
the biofilm to reach the cells. Electron microscopy techniques have been used to study in vitro
fungal biofilm structure and the effectiveness of antifungal drugs, but chemical fixation
protocols usually fail to preserve the ECM. Since cryofixation techniques are today standard for
successfully fixation of biological samples, we applied high pressure freezing and plunge
freezing on biofilm samples for ECM preservation.
Thus, in this work, we evaluated the efficacy of high pressure freezing (HPF) and plunge
freezing (PF) techniques, both combined with freeze substitution (FS) in preserving C. albicans
biofilms for scanning electron microscopy. C. albicans biofilms were formed on 5 mm sections
of central venous catheters (CVC), afterwards samples were subjected to HPF or PF followed by
FS, then warmed to 4°C, critical point dried in CO2, attached to metal stubs and coated with
gold for observation in a FEI Quanta 250 Microscope (Netherlands) or FEI Magellan Microscope
(Netherlands).
These techniques provided a better preservation of biofilm structure, including the ECM not
seen after chemical sample handling. PF samples also presented a perfectly preserved biofilm,
with huge amount of ECM around and nearby cells (figure 1). Interestingly, sample carriers for
HPF produced fractures in the yeasts surface (figure 2), enabling the visualization of
intracellular features such as cell wall thickness and the plasma membrane.
Our results describe cryofixation protocols that enable good preservation of biofilms for SEM
and offer novel insights about ECM ultrastructure and organization on C. albicans biofilms. This
is of outstanding importance as chemical fixative methods usually used for SEM led to the total
extraction of ECM leading to a reductionist observation of biofilm complexity.
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Fig. 1: Candida albicans 44A biofilms formed on the surface of catheters cryofixed by PF followed by FS. Arrows
indicate the extracellular matrix (A to D).
 

 
Fig. 2: Candida albicans 44A biofilms (A to D) formed on the surface of catheters cryofixed by HPF followed by FS.
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The Norway spruce (Picea abies L. Karst.) is an abundant conifer in European temperate
forests playing an important role in the global carbon cycle. To reveal the effect of elevated
CO2 concentration on Norway spruce needle anatomy, selected structural parameters were
measured using unbiased methods including a 3D method for chloroplast counting in cells.
The trees were planted in glass domes with ambient or elevated (700 ppm) CO2 concentration
at the CzechGlobe experimental site Bílý Kříž (Beskid Mts., Czech Republic). Sun needles were
collected from upper shoots of the crowns and stored frozen until processing. Cross-sections
were cut off in a systematic uniform randomly chosen positions along the needle. Images were
captured by a Leica SP2 AOBS confocal laser scanning microscope and analysed using Ellipse
software.
Needle volume density of mesophyll (mesophyll volume per needle volume) was estimated by
the point counting method (Weibel, 1979) and needle volume by the Cavalieri principle
(Gundersen and Jensen, 1987). The estimated number of chloroplasts per mesophyll cell was
calculated by the ratio of the chloroplast number and the mesophyll cell number per needle
volume, while both values of these quantities were determined by application of the disector
probe (Sterio, 1984; Gundersen, 1986) on series of optical sections.
Our previous study showed that the commonly used profile counting of chloroplasts on 2D
sections yielded 10 times underestimated value compared to unbiased estimation of
chloroplast number per cell obtained by 3D stereological approach (Kubínová et al., 2014). The
pilot results of the volume density of mesophyll in sun needles did not prove to be significantly
affected by CO2 concentration. Needles grown in ambient and elevated CO2 were 0.72±0.04 SD
(standard deviation) and 0.73±0.05, respectively. The pilot results of the number of
chloroplasts per mesophyll cell showed a trend of a higher number of chloroplasts per cell
under elevated CO2, however, this parameter is still being measured.
References
Gundersen HJG. 1986. Stereology of arbitrary particles—a review of unbiased number and size
estimators and the presentation of some new ones, in memory of Thompson, William, R.
Journal of Microscopy 143, 3–45.
Kubínová Z, Janáček J, Lhotáková Z, Kubínová L, Albrechtová J. 2014. Unbiased estimation of
chloroplast number in mesophyll cells: advantage of a genuine three-dimensional approach.
Journal of Experimental Botany 65 (2), 609-620.
Sterio DC. 1984. The unbiased estimation of number and sizes of arbitrary particles using the
disector. Journal of Microscopy 134, 127–136.
Weibel ER. 1979. Practical methods for biological morphometry. In: Stereological methods, vol.
1. New York: Academic Press, 1–415.
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Expression of melanin pigments is associated with virulence in pathogenic fungi of the
Sporothrix schenckii complex by conferring resistance to antifungal drugs and to host immune
system. Also, Highly melanized S. schenckii and other fungi has been reported as being more
virulent against mouse models. This is a strong motivation for the study of the structural
characteristics around melanin production and its role in the cell biology of pathogenic fungi.
We studied by scanning electron microscopy and STEM tomography the contribution of
melanin to cell wall structure and the presence of this pigment in organelles.
Analyses of the surface morphology of mycelia by scanning electron microscopy showed that
heavily melanized areas of fungal colonies of S. brasiliensis have a matrix-like material
covering and connecting conidia and parts of hyphae (figure 1A). On S. schenckii samples such
structure was not observed (figure 1B).
STEM tomography of 300 nm thick slices of resin embed S. schenckii yeasts showed an
electron-dense layer localized in the cell wall of the fungus and electron-dense content inside
cytoplasmic organelles. In transmission electron microscopy studies, melanin is usually easily
observed as an electron-dense material in the cell or tissue. Segmentation based on threshold
levels indicated that the electron-dense layer and the electron-dense content of cytoplasmic
organelles have gray values on a same specific range. We hypothesized that such
electron-dense material observed in both organelles and on the cell wall is melanin, and that
melanin in S. schenckii could be produced in melanosomes and exported to cell wall, as
observed in other pathogenic fungi.
This study and further observation of melanized and non-melanized fungi may shed light on
how melanin participates to cell wall assembly in melanized S. schenckii.
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Fig. 1: Extracelular matrix associated to conidia (arrowhead) and linking conidia and hyphae (arrow) in S. brasiliensis
(A). In B, S. schenckii showed no extracelular matrix covering cell features. Bars = 1 µm.
 

 
Fig. 2: A, B and C shows slices after STEM tomography of S. schenckii and WBP reconstruction, spaced 50 nm in depth.
Electrondense material is observed in organelles (arrow) and in an external layer of the cell wall (arrowhead).
Segmentation shows cell membranes (D), eletrondense material (Melanin, E) and their association (F), bar = 400nm.
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The most common method used for visualization of chloroplast ultrastructure is transmission
electron microscopy (TEM). However, due to the size of chloroplasts (diameter of about 3 to 8
µm), there is only a very limited extent of three-dimensional (3D) structural information, when
standard ultrathin sections (70-80 nm) are used. Both serial sectioning and electron
tomography offer a powerfull tool for 3D reconstruction and visualization of chloroplast
ultrastructure described in detail in the abstract of Radochová et al. (IMC2014).
In the present study, dual-axis TEM tomography and serial sectioning were used for
visualization of the spatial arrangement of chloroplast ultrastructure. Norway spruce (Picea
abies L. Karst.) needles were sampled at the experimental site Bílý Kříž (Beskids Mts., Czech
Republic). Samples were chemically fixed, processed using microwave tissue processor and
embedded into Spurr´s epoxy resin. Electron tomography projections of two orthogonal axes
were acquired from 200 nm thick sections using JEOL JEM-2100F microscope equipped with
Gatan camera Orius SC 1000 and Serial EM automated acquisition software. Tomograms were
processed by specialized computer program (IMOD package, Boulder Laboratory, Colorado).
Serial sections (at least five consecutive sections) were viewed in JEOL JEM-1010 microscope
and acquired image data were aligned using special software (Link MRC). Chloroplast
components (e.g. thylakoids, starch grains and plastoglobuli) were traced in reconstructed
series of images (from both electron tomography and serial sectioning) in a process called
interactive segmentation and then visualized using 3D plug-in in Ellipse software.
Based on a previous quantitative study on chloroplast ultrastructure using ultrathin sections
and TEM, we observed differentiation into two types of chloroplasts within one sun-exposed
needle. The chloroplasts from the light exposed side of the sun needle appeared to have less
and lower grana (GT) and more plastoglobuli, which can indicate high light stress (Fig. 1). The
chloroplasts from the light unexposed side of the sun needle showed more grana, less
plastoglobuli and higher starch accumulation. The 3D-visualization using dual-axis electron
tomography and serial sectioning (Fig. 2) enabled comparison of spatial arrangement of
thylakoid membranes of the two types of chloroplasts from light exposed and unexposed sides
of the sun needle.
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Fig. 1: Norway spruce chloroplast differentiation into two types of chloroplasts within one sun-exposed needle. The
chloroplasts from the light exposed side of the sun needle appeared to have less and lower grana (GT) and more
plastoglobuli (arrows) comparing to the chloroplasts from the light unexposed side of the sun needle.
 

 
Fig. 2: 3D visualization of Norway spruce chloroplast from the light unexposed side of a sun needle, acquired via
dual-axis electron tomography. Thylakoids in green, starch grain in yellow and plastoglobuli in brown.
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Sporothrix schenckii complex species are the etiological agents of sporotrichosis, cosmopolitan
subcutaneous mycoses that are endemic in Latin America countries, such as Brazil. The
complex was recently created and groups the dimorphic species: Sporothrix schenckii sensu
stricto, Sporothrix brasiliensis, Sporothrix globosa, Sporothrix mexicana, Sporothrix pallida and
Sporothrix. luriei. Although the disease and its etiological agent have been described over a
century ago (Schenck, 1898), still little is known about the ultrastructural aspects of the
fungus. Therefore, this study aims to characterize the ultrastructural aspects of S. schenckii
complex species in the filamentous form, as well as yeasts, by scanning electron microscopy.
The vegetative and reproductive mycelia of fungus adhered to the coverslips obtained in
microculture technique and yeasts growth in Brain Heart Infusion were processed and
visualized in a scanning electron microscope FEI Quanta 250. Diameters of sessile conidia and
yeasts were measured using the Image J software (NHI, USA) and the area was calculated with
an elliptical. Differences in the cell size were analyzed by one-way ANOVA (Tukey’s test) and
statistical significance was accepted when p < 0.05.
S. schenckii specie showed subglobose sessile conidia and elongated yeast; S. brasiliensis
showed globose sessile conidia and globose yeast; S. globosa elliptical sessile conidia and
globose yeast. Additionally, S. luriei showed sessile conidia with largest area, followed by S.
globosa, S. brasiliensis, S. pallida, S. mexicana and S. schenckii. Therefore S. schenckii
presented the lowest conidia. Yeasts showed larger areas than sessile conidia, and S. globosa
showed the lowest yeasts.
The species morphology in the filamentous form (hyphae and conidia) showed tenuous
differences (Figure 1), except for the S. luriei specie which showed a characteristic morphology
with very elongated conidia. However, considering the morphology of the filamentous form
and yeast together, it was found that different species exhibit characteristic morphological
profiles. Furthermore, differences between sizes of infectious particles may reflect differences
in the interaction of the fungus with the host cells. Thus, the different species will present
naturally a varied interaction dynamic.
Basics features of cellular biology of S. schenckii complex species remains unknown. Thereby,
ours results extend the knowledge about this pathogenic fungus, whose medical importance
has increased in recent decades.
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Fig. 1: Scanning electron microscopy images of Sporothrix schenckii complex species in filamentous form (Bars= 5
µm).
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Heavy metals, such as lead, copper, cadmium, zinc, and nickel, are among the most common
pollutants found in both industrial and urban effluents. High concentrations of these metals
cause severe toxic effects, especially on organisms living in the aquatic ecosystem. Cadmium
(Cd), lead (Pb) and copper (Cu) are the heavy metals most frequently implicated as
environmental contaminants, and they have been shown to affect development, growth,
photosynthesis and respiration, and morphological cell organization in seaweeds. This study
aimed to evaluate the effects of 50 and 100 μM of Cd, Pb and Cu on growth rates,
photosynthetic pigments, biochemical parameters and ultrastructure in Gelidium floridanum.
To accomplish this, apical segments of G. floridanum were individually exposed to the
respective heavy metals over a period of 7 days. After 7 days of experimentation, control, Cd-,
Cu-, and Pb-treated G. floridanum showed altered morphological features with reduction in the
amount of branches, noticeable discoloration, algal necrosis, and reduction in the content of
photosynthetic pigments. When observed by transmission electron microscopy, control
samples of G. floridanum showed cortical cells to be somewhat vacuolated, mostly filled with
chloroplasts (Fig. 1a) and a large quantity of floridean starch grains close to the chloroplasts.
However, after culturing G. floridanum in 50 and 100 μM of Cd for 7 days, cortical cells
appeared more vacuolated with increasing cell wall thickness, exhibiting concentric layers of
microfibrils. Chloroplasts showed a few changes in ultrastructural organization (Fig. 1b), and
the number of plastoglobuli increased in the chloroplasts. In contrast to Cd exposure, copper
treatment caused more dramatic ultrastructure changes in G. floridanum, with cortical cells
showing a large reduction in cytoplasmic cell volume. The cell wall showed increasing
thickness with deposition of concentric layers of microfibrils, and spots of black deposits
appeared, most likely Cu. The chloroplasts were degenerated and disrupted, and the presence
of plastoglobuli was observed (Fig. 1c). After Pb treatment, the cortical cells of G. floridanum
showed a few changes in shape and increased cell wall thickness. In the cortical cells, an
increase of vacuole volume could be observed. On the other hand, chloroplasts showed no
changes in ultrastructural organization (Fig. 1d). These results indicate that Cd, Pb and Cu
negatively affect metabolic performance and cell ultrastructure in G. floridanum and that Cu
was more toxic than either Pb or Cd.
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Fig. 1: Figure 1: Transmission electron microscopy micrographic images of G. floridanum. a. Detail of chloroplast (C),
showing the thylakoids near the mitochondria. b. Observe the irregular shape in thylakoid membranes (*). c. Note the
disrupted chloroplast (C) with the presence of plastoglobuli (P). d. Observe the absence of changes in chloroplast.
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RNAi-derived mobile silencing signals have been known for more than a decade in plants, but
proteins involved with the short- and long-distance transport of these signals remain a
mystery. Mobile silencing is commonly investigated by grafting tissue expressing the RNA
hairpin to tissue expressing the target gene, then monitoring the development of silencing
once the grafted tissues have reconnected. To overcome some of the limitations imposed by
the need for grafting, we developed a dexamethasone-inducible Root-to-Shoot Silencing
system (RtSS), in which green fluorescent protein (GFP) expressed throughout the plant
(Arabidopsis thaliana) is silenced by an RNA hairpin expressed solely in the root following
dexamethasone treatment. With this system we showed that GFP silencing spreads up from
the roots slowly, cell-to-cell via plasmodesmata, rather than through the plant vascular system
(1).
To explore the factors underlying signal transmission, we carried out an EMS screen for
Arabidopsis mutants with altered root-to-shoot silencing. Mutants displayed four types of
altered silencing: no silencing at all; an altered silencing pattern; an increased rate of mobile
silencing; a decreased rate of mobile silencing. Plants that showed no silencing were assumed
to be deficient in the gene silencing machinery or the dexamethasone-signaling pathway and
were not analysed further. We screened 110,000 Arabidopsis plants and recovered one mutant
(vasc1), with a vascular silencing pattern rather than the usual front of cell-to-cell silencing
advancing upward through shoot tissues. A second mutant line showed increased movement
of silencing (imos1), in which analysis of symplastic dye movement in leaves revealed
plasmodesmata that were more open than in RtSS wildtype plants. In a further two mutants,
silencing was initiated in roots but progressed very slowly up the hypocotyl, never reaching the
shoot meristem before flowering. One of the latter mutants lacked a type III peroxidase,
RCI3-2, causing reduced cell wall peroxide levels throughout the plant. Addition of H2O2 to the
mutant restored silencing mobility, and addition of catalase (which breaks down H2O2) to
wildtype RtSS plants slowed silencing spread. Since type III peroxidases can restructure cell
walls, we speculate that RCI3-2 may regulate silencing mobility by loosening or tightening cell
walls around plasmodesmata.
1. Liang D, White RG, Waterhouse PM (2012) Gene silencing in Arabidopsis spreads from the
root to the shoot, through a gating barrier, by template-dependent, nonvascular, cell-to-cell
movement. Plant Physiology 159: 984–1000
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Grafting is an ancient technique in plant propagation, often used to join productive shoot
systems (scions) onto disease-tolerant or otherwise vigorous root systems (rootstocks). In
successful grafts, the long-distance transport systems rejoin early, supplying shoots with water
and soil nutrients via the xylem, and supplying roots with the products of photosynthesis via
the phloem. Grafts are also used to investigate whether endogenous compounds or the
products of transgenes can be transported along certain pathways between rootstock and
scion. The assumption is that for species with both internal and external phloem, bidirectional
phloem transport is possible, but that for other species, this is either not possible or rare.
We investigated the capacity of the limited phloem system in Arabidopsis thaliana hypocotyls
to carry macromolecules both shootward from roots and rootward from shoots. Rootstocks or
scions expressing tagged proteins were grafted in the hypocotyl to non-expressing scions or
rootstocks, respectively. We traced protein and mRNA from tissues expressing either green
fluorescent protein (GFP), glucuronidase (GUS), or larger GFP-tagged proteins moving from
transgenic scions to wild-type (WT) rootstocks, or vice versa. Free GFP (27 kDa mwt),
expressed either throughout the tissue or only in phloem companion cells, moved rapidly via
reconnected phloem from GFP-expressing scions to WT root tips, but moved only slowly from
GFP-expressing rootstocks into the phloem of WT scions. Larger proteins such as GFP-sporamin
(67 kDa) or GUS (68 kDa) also moved readily in the phloem from scion tissue into WT roots,
and in WT scions on transgenic rootstocks, GUS protein was detected in phloem of many
leaves. GFP associated with the endoplasmic reticulum rarely crossed the graft junction in
either direction, and was detected within 2-4 cells of the junction. Similarly, transgene mRNA
from scions was readily detected in WT rootstocks, but transgene mRNA from rootstocks was
only detected in WT scion tissue very close to the graft junction. Clearly, non-native proteins
and mRNA can move bidirectionally in phloem, although there is substantially greater
movement towards the root tips. Tracer proteins were found only in phloem in the destination
WT tissue and accumulated in companion cells. We speculate that similar to the introduced
tracer proteins, many endogenous macromolecules may be able to move bidirectionally once
they enter the phloem. Escape from the phloem may then require specific unloading signals,
and the tight control of unloading may be key to regulation of development by abundant
phloem-mobile proteins and RNA species.
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Candida albicans biofilms are formed by yeasts and hyphas adhered to a surface and enclosed
in an extracellular polymeric matrix (ECM) secreted by the biofilm cells. ECM is mainly
composed by polisaccharides and its water-soluble nature hampers its observation by electron
microscopy. Thus, the aim of this work was to evaluate if ECM is extracted from C. albicans
biofilms during routine SEM preparation techniques. Biofilms were formed in vitro on the
surface of central venous catheters (CVCs) and prepared for Scanning Electron Microscopy
(SEM). Samples were chemically fixed, dehydrated in an ethanol series, critical point dried in
CO2 and coated with gold for observation in a scanning electron microscope. After each step of
sample preparation, an aliquot of the supernatant liquid was collected for further analysis. ECM
physically extracted from biofilms was used as a control sample. Negative staining (ammonium
molybdate, 1%) and gas chromatography followed by mass spectrometry (GC-MS) were used
to evaluate the presence of ECM in the supernatant collected. Environmental Scanning
Electron Microscopy (ESEM) and Confocal Laser Scanning Microscopy (CLSM) were used to
confirm that ECM was being produced during in vitro biofilm growth. SEM images confirmed
that no ECM could be observed after routine preparation methodologies (Figure 1). Negative
staining confirmed that ECM fibers are being released from the biofilms during sample
preparation. Supernatants from all SEM preparation steps presented large amounts of fibers
similar to control sample (Figure 2) and all fractions exhibited similar thickness (22- 28 nm).
GC-MS analysis corroborates with this hypothesis and shows that all supernatants have the
same carbohydrate content as the control sample, being mannose and glucose the main
monosaccharide, present in every step of sample preparation. Additionally, analysis using
ESEM mode confirmed that yeast cells were completely covered by ECM before sample
preparation and the mannose/glucose nature of the ECM around the cells were demonstrated
by the intense labeling of biofilms with Concanavalin-A, as shown in CLSM images (Figure 3).
Here we demonstrate that chemical fixation followed by dehydration of biofilms samples lead
to the total extraction of biofilm ECM. This result shows that utilization of only routine
preparation methods for SEM leads to a reduced or mistaken analysis of biofilm structure.
Comparing results from ESEM, CLSM and SEM we also showed that each microscopy technique
has some information to offer and that the combination of several methodologies would lead to
a better understanding of the whole biofilm structure.
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Fig. 1: Candida albicans biofilms formed in vitro on central venous catheters and prepared for SEM using chemical
fixation and dehydratation methodology. No extracellular matrix can be observed in the biofilm.
 

 
Fig. 2: Negative staining of the supernatants collected after each sample preparation step. (A) An aliquot of physically
extracted extracellular matrix (ECM) was used as control; (B) sample from fixation step; (C) sample from Ethanol 50%
step; (D) sample from ethanol 70% step.
 

 
Fig. 3: Candida albicans biofilms labelled with concanavalin-A and visualized using a confocal scanning microscopy. (A)
ECM can be observed involving biofilm cells (white arrow); (B) Biofilm distribution.
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Xylem tissue plays a crucial role in long-distance water transport from roots to leaves. Since
hydraulic efficiency is associated with stomatal conductance, and thus indirectly with the
supporting growth and photosynthetic capacity of a plant, it could also influence grain yield in
crop plants such as wheat (Triticum aestivum). In addition, hydraulic properties of the stem
xylem tissue could provide information about its plasticity to environmental conditions such as
water deficit. Increased drought stress and reduced food production is indeed one of the most
important challenges to scientists and our society. In wheat, as in most monocots, the vascular
cambium is absent and the entire plant body is the product of its primary growth, meaning
that the water transport capacity of the stem is determined during early growth conditions.
The aim of this study was to determine how climate conditions during spring 2011 and 2012
would affect stem hydraulic conductance, plant growth, and grain yield in 40 different wheat
genotypes. Wheat stems were sampled from field experiments during the early generative
phase. The xylem pathway in wheat stems was investigated using transverse sections and
quantitative vessel characteristics were measured using light microscopy. We applied an
analysis of variance for all data of 2011 and 2012, and calculated pearson correlations
between anatomical traits.
There was a significant correlation between 2011 and 2012 for the biomass, grain number per
spikelet, grain weight per average spike, and the number of large vascular bundles.
Anatomical characters correlated with yield parameters (e.g., biomass, grain number, and
grain weight) included the number of vascular bundles, vessel area, and the number and size
of parenchyma cells. Moreover, the theoretical hydraulic conductance was significantly
correlated with biomass. Differences between genotypes will be analysed to identify the most
productive genotypes, and how this selection could be used to increase wheat production
under climate change.
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<span>Symplasmic communication via plasmodesmata is a part of the information exchange
system for plant cells. A multitude of molecules as ions, hormones, minerals, amino acids,
sugars, proteins, transcription factors, and different classes of RNA can pass through
plasmodesmata, suggesting the participation of plasmodesmata in the regulation and
coordination of plant growth and development.
<span>The main aim of the presented studies was a description of symplasmic
communication between different cells of the barley root epidermis during cell differentiation.
For the comparable analysis the parental variety and two root hairless mutants, rhl1.a and
rhl1.b, from the Mutant Collection of Department of Genetics were selected. Differences in the
transport via plasmodesmata between the genotypes would suggest the importance of
symplasmic isolation during the differentiation of barley root hairs.
<span>The results obtained clearly showed that symplasmic communication was limited
during root hair differentiation in the parental variety, whereas in both root hairless mutants
epidermal cells were still symplasmically connected in the zone of mature root hairs (Fig.1).
Transmission electron microscopy analysis revealed that there are no differences in the
ultastructure of plasmodemata between mutants and parental variety. However immonogold
labeling of callose showed a significant higher number of gold particles at plasmodesmata in
the differentiation zone of ‘Karat’ variety compared to root hairless mutant.
<span>This is the first report about the role of symplasmic isolation in barley epidermal root
cell differentiation. Additionally, the presented data show that a disturbance in the restriction
of symplastic communication is present in root hairless mutants.
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Fig. 1: Transport of fluorescent probes between root epidermal cells of barley ‘Karat’ and mutants rhl1a and rhl1b at
different stages of development. aez, apical elongation zone; bez, basal elongation zone; dz, differentiation zone; hc,
hair cell; mz, meristematic zone; n, total number of analysed cells; nhc, non-hair cell; nfr, no fluorescence recovery.
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Brosimum alicastrum Swartz, (tree commonly known as “Ramon”) is a dominant tree in the
forests of Mexico and Central America, it is considered as a species of high economic
importance (Larqué-Saavedra, 2013). Its high nutritional value surpasses corn, wheat, oats,
and rice, among others (Sánchez and Pardo, 1977); in addition, its performance is five times
greater than corn (CATIE, 1999). In this work, the insect that produces galls on the Brosimum
alicastrum Swartz (Ramon) tree was identified. There is evidence that the insect is Trioza
Rusellae Tuthill. In order to isolate and identify it, there were collections performed some areas
of the peninsula specify in the town of Muna and Sacalum, Yucatán. Five to ten years old trees
were sampled; branches with leaves that had damage gills were selected, placed in plastic
bags and taken to the laboratory. They were subsequently placed in entomological cages;
adults were obtained with a vacuum cleaner and nymphs with a razor and a brush (0.000)
taking them out of the gills. Both samples were preserved in 70% alcohol, and Formalin
fixer-Water-Alcohol (FAA). From samples in 70% alcohol nymphs and adults were mounted,
they were observed in stereoscopic microscope and the insects that did not show body harm
and have whole organs were selected. The samples in FAA were processed and observed with
an Scanining Electron Microscope JEOL 6360 LV. Both types of samples were photographed
and the different development stages were identified with entomological keys



 
Fig. 1: Morphology of the nymphs stages. Nymphs are similar in form to the adult except for the presence of wings,
which are not developed until adulthood
 

 
Fig. 2: Morphlogy of the adult insect head. The head contains most of the sensing organs, including the antennae,
ocellus or eyes, and the mouthparts.
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Light sheet microscopy, such as Selective Plane Illumination Microscopy (SPIM, [1]), reduces
photo-toxic effects to a minimum. Due to the illumination of the sample in a thin volume
around the focal plane no tissue outside the plane of interest is exposed and bleached. In
addition, the fluorescence is collected with highly sensitive cameras. Combined with novel
sample mounting techniques [2], SPIM has become a powerful technique for the long-term
observation of fragile biological organisms [3, 4]. SPIM benefits from the latest camera
technology and is therefore constantly improving in speed and sensitivity. Over the years it
has become evident that light sheet microscopy is revolutionizing bio-imaging in several ways.
Lately, we have shown that three-dimensional (3D) volumes can be imaged almost
instantaneously using electrically tunable lenses (ETL) in SPIM [5]. This makes SPIM the fastest
fluorescence microscopy technology for non-invasive 3D imaging. Even the dynamics of the
beating zebrafish heart can be captured and the myo- and endocardial tissues as well as the
blood can be visualized by 3D reconstruction [6].

Experiments have become possible that run at full speed using the best possible hardware,
without being limited by the fragility of the sample. The speed advantage of the SPIM over
other fluorescence technique can be utilized not only to image rapid events in developing
tissues but also to record a large number of views for multi-view reconstruction. One key
application of light-sheet technology includes the multi-dimensional imaging of the developing
zebrafish larvae over extended periods of time [2]. I will give some examples of the unique
capabilities of SPIM, especially for monitoring the development of the zebrafish heart [6] and
the early endoderm [7].
References
[1] J. Huisken, et al., Science 305 (2004) 1007.
[2] A. Kaufmann, et al., Development 139 (2012) 3242.
[3] J. Huisken, D.Y.R. Stainier, Development 136 (2009) 1963.
[4] M. Weber, J. Huisken, Curr Opin Genet Dev 21 (2011) 566.
[5] F.O. Fahrbach, et al., Opt Express. 21(2013):21010.
[6] M. Mickoleit, et al., under review.
[7] B. Schmid, et al., Nat Commun 4 (2013) 2207.
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Here, I want to discuss how advances in in vivo microscopy together with mouse genetics can
improve our understanding of the cellular, subcellular and molecular mechanisms that mediate
neuroinflammatory tissue damage.
To illustrate this approach I will use our recent insights into the in vivo pathogenesis of
immune-mediated axon damage as an example. Immune-mediated axon damage plays a
crucial role in inflammatory diseases of the central nervous system (CNS) like multiple
sclerosis (MS), as we know by now that the number of axons damaged by immune cells
critically determines the clinical disability of MS patients. However we still understand very
little about the process that leads to axon damage. Recently, we have used an in vivo imaging
approach to investigate the pathogenesis of immune-mediated axon damage in an animal
model of multiple sclerosis. By time-lapse imaging of fluorescently labeled axons we could
follow the slow and spatially restricted degeneration of axons in inflammatory CNS lesions.
This “focal axonal degeneration” appears to be a novel type of axonal degeneration that is
characterized by intermediated stages that can persist for several days and progress either to
the degeneration or full recovery of the affected axons.
In vivo imaging approaches now allow us to address the following key aspects of the axon
degeneration process: First, to identify the molecular mechanisms that drive axonal
degeneration, we can now reveal the actions of key damage mediators, in particular the influx
of calcium and the release of reactive species, in vivo. Second, to better understand the
relation between structural and functional axon damage in neuroinflammatory lesions, we can
directly measure axonal transport in neuroinflammatory lesions. Using these examples, I hope
to illustrate how recent advances in light microscopy can help us to reveal and mechanistically
dissect neuroinflammatory tissue damage as it happens in the living CNS.
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It is widely known that oestrogen is neuroprotective [1] through various mechanisms which
suggest that sex hormone levels, thrombotic mechanisms and inflammatory processes are
strongly interconnected in predicting the outcome and consequences of cerebral ischaemia
[2]. Cerebral ischaemia is associated with parameters of altered blood coagulation which may
lead to the occlusion of blood vessels; including increased thrombin activity, elevated
fibrinogen levels, altered fibrin network ultrastructure, increased platelet counts and even
resistance to fibrinolysis [3,4]. Because platelet ultrastructure is altered in conditions like
thrombosis and associated with stroke [5,6], the question arises what insight ultrastructural
analyses of platelet morphology may provide into the role of oestrogen during ischaemic
insult.
A hyperglycaemic modification to the two-vessel occlusion model for inducing experimental
cerebral ischaemia was established in Sprague Dawley rats, divided into three experimental
groups (males, cyclic and acyclic females). Subsequent to termination at four intervals, neural
tissue integrity levels were correlated to corresponding platelet ultrastructure so as to
determine whether there is an association between cerebral ischaemia and altered platelet
ultrastructure.
It is apparent in the results that under the influence of oestrogen in cyclic females, there was
indeed lesser neural tissue damage and a reduced overall degree of inflammation evident in
chemical analysis and platelet ultrastructure when compared to males and acyclic
(ovariectomised) females. Mirroring the biochemical ischaemic cascade [2], inflammation is
shown to peak early in the morphological evidence. Platelet morphology suggests that the
largest shock due to cerebral apoptosis indeed takes place within the first 24 hours after insult.
At this time males and acyclic females displaying necrotic ultrastructure, whereas cyclic
females are rescued by oestrogen’s neuroprotective and anti-inflammatory effects. At 48
hours, the largest disruption of the blood brain barrier takes place, and this is again evidenced
by the extension of platelet pseudopodia.
In conclusion, physical neural injury is closely shadowed, if not preceded, by inflammatory
changes in the coagulation system, particularly manifested in platelet ultrastructure.
Ultrastructural platelet study may be used successfully to follow the progression of events of
cerebral ischaemia and possibly assist in the assessment of treatment strategies and their
effects on haemostasis [7].
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Fig. 1: Platelet morphology representation of cyclic females. A: pre-ischaemia control minimally activated,
Post-ischaemic reperfusion B: 2h post-reperfusion indicative of inflammation, C: 24h post-reperfusion demonstrating
anti-inflammatory effects of oestrogen, D: 48h post-reperfusion inflammation around second BBB disruption. (Scale bar
= 200nm)
 

 
Fig. 2: Platelet morphology representation of males. A: pre-ischaemia control minimally activated, Post-ischaemic
reperfusion B: 2h post-reperfusion indicative of inflammation, C: 24h post-reperfusion 70% of platelets necrotic due to
low oestrogen levels, D: 48h post-reperfusion inflammation around second BBB disruption. (Scale bar = 200nm)
 

 
Fig. 3: Platelet morphology representation of acyclic females. A: pre-ischaemia control displaying thrombotic
preparedness, Post-ischaemic reperfusion B: 2h post-reperfusion soothed inflammation, C: 24h post-reperfusion 60% of
platelets necrotic, D: 48h post-reperfusion inflammation around second BBB disruption. (Scale bar = 200nm)
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Cellular and neural network dynamics during memory formation remain poorly known.
Drosophila melanogaster is a unique model to better understand them. Its main advantages
are the small size of its brain which gives an optical access to the whole brain after
microsurgery, the tractability of global analysis of the whole network and the availability of
powerful genetic methods while Drosophila melanogaster demonstrate remarkable learning
abilities. Genetically encoded fluorescent reporters have given a special place to optical
microscopy in drosophila neurobiology research because they allow in vivo analyses of
biochemical processes, with good temporal resolution in targeted well-defined cells owing to
the binary UAS-Gal4 system. In this field, current optical implementations rely on commercial
optical set-up, usually confocal microscope. Integrated analysis of most brain functions, like
memory for instance, would benefit from a global 3D monitoring of activity of the neurons
involved in the function which is out of reach of current confocal approaches. To take
advantage of the potential temporal resolution of the reporter, I have developed a wide-field
microscope based on structured illumination by a micromirror matrix technology. This
microscope exhibits both high speed imaging and optical sectioning ability. I will present
results on mushroom body physiology, a brain area known to be the memory center for
olfactory associations, obtained with recently developed genetically encoded reporters,
especially the calcium reporter Gcamp6.
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Incidence of malignant tumor is increasing with ageing of population worldwide. Tumors are
highly complex tissues, where cancer-associated fibroblasts (CAF), inflammatory cells and
blood vessels support the activity of malignant cells. From this point of view, the intercellular
interactions seem to be in the center of interest of cancer cell biologists. CAF origin is not fully
understood. However, among other sources, they can be formed by induction of transition of
normal fibroblasts by TGF-β1 and/or endogenous lectin, galectin-1. These cells usually express
smooth muscle actin, but it is not obligatory. CAF differ from normal fibroblasts in expression
of almost 600 genes. They are functionally very active because CAF cultured with the normal
epithelial cells significantly changed their phenotype to be similar to cancer cells. Interestingly,
the fibroblasts under the influence of CAF acquire properties of mesenchymal stem cells. To
complete the study of intercellular crosstalk in the tumor we also studied the opposite
situation, where normal fibroblasts were cultured with normal/malignant epithelial cells. 
Normal fibroblasts cultured under the influence of epithelium acquire properties of CAF but for
the limited time only.  On the other hand, the activation of CAF by cancer cells seems to be
more stable.  The results demonstrated that IGF-2, BMP-4, CXCL-1, IL-6, IL-8 can play an
important role in cancer cell-mesenchymal interaction. Blocking of cancer cell-CAF interaction
by targeting of these molecules can have some therapeutic potential in future. Some similarity
between the cancer and wound healing has been also observed. The presented data show how
the combination of microscopy with genomic approach increases the volume of informations to
improve the complexity of cancer microenvironment research.
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Apoptosis plays a crucial role in muscle pathology, in denervation and disuse. On the other
hand, autophagy, a form of organelle/molecules deletion, is a mechanism of cell survival
diffusely described in literature. In this work we studied in vitro muscle cell response to a
variety of experimental conditions, all leading to final cell death. C2C12 murine myoblasts were
conventionally cultivated in flasks and, after achieving monolayer confluence, myogenic
differentiation was induced (D’Emilio et al., 2010). Both on myoblasts and myotubes, cell death
was induced with H2O2, UVB, (oxidant agents), staurosporine (PKC blocking agent), cysplatin
(DNA cross-linker), starvation or etoposide (topoisomerase II inhibitor). Cell response was
investigated by means of a variety of morpho-functional approaches. TEM or SEM were carried
out to identify possible chromatin changes, organellar component involvement or surface
blebbing, all cell death-related patterns. TUNEL reaction allowed to highlight in situ DNA
fragmentation, generally well demonstrated by DNA agarose gel electrophoresis too, but not
so easily identifiable in muscle cells, even if in the presence of other apoptotic patterns
(Salucci et al., 2013).
Myoblasts appeared more sensitive than myotubes to all treatments. In particular, myoblasts
treated with H2O2, UVB, cysplatin, starvation or etoposide showed characteristic apoptotic
features, with chromatin condensation and DNA cleavage, even if in the absence of the classic
cup-shaped dense patches. Interestingly, in multinucleated myotubes apoptotic and normal
nuclei appeared inside the same syncytium: this behavior could support the common
observation of a better resistance of myotubes. Their nuclear-dependent “territorial
organization”, could indeed determine a progressive “myonuclear death”, later than that of
mononucleated myoblasts.
Cells treated with staurosporine, evidenced late apoptotic features and secondary necrosis.
After the majority of stimuli, autophagic granules -frequently containing mitochondrial
remnants- could be diffusely revealed in myotube cytoplasm, both by TEM and LC-3
immunolabeling. We hypothesize that they could preserve muscle cell integrity, counteracting
chemical treatments, most of which activate death pathways involving mitochondria.
Therefore, autophagy, an important mechanism for mitochondria degradation (Sandri et al.,
2013), plays a central role in muscle biology and, in particular, in cell death-resistance of
differentiated cells.
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Fig. 1: C2C12 myoblasts (A,B,C,D,E) and myotubes (F,G,H,I,L) after H2O2 (A,B), staurosporine (C,H), cysplatin (D),
starvation (E), UVB (F,G) and etoposide (I,L). n=nuclei; ap=apoptotic nuclei. A,C,I Bar=2µm; B,D, Bar=5µm; E,G,
Bar=10µm; F,L, Bar=1µm; H, Bar=20µm.
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Urinary tract infection (UTI) is the third cause of medical consultant in childhood. 3-5% of
children until the age of 11 are in risk of having UTI. Uropathogenic Escherichia coli (UPEC) is
the most common etiological agent, being responsible for 80-90% of cases. Different virulence
factors are related with the capability of UPEC of causing UTI and recently it was demonstrated
that it can produce intracellular bacterial communities (IBC) in the vesical epithelium in
children. Until now, the only technique available for the detection of IBC in urine cells is
confocal laser scanning microscopy (CLSM).
The objective of the present work was to determine the presence of intracellular bacteria in
children with UTI caused by E. coli, to characterize its virulence attributes and to establish the
relationship with the clinical presentation and recurrent UTIs.
The study included 106 children with E. coli UTI assisted in a Children’s Hospital in Uruguay
(HP-CHPR) between June-November 2012. Urine samples were analyzed by confocal
microscopy for exfoliated urothelial cells with intracellular bacteria. Phylogenetic group and 24
virulence factors of E. coli were determined using multiplex-PCR.
CLSM images allow us to classify at least three different intracellular reservoirs. Intracellular
bacteria isolated (IBI) was characterized by the presence of bacteria inside the cell but
separated each other (Figure 1). Small intracellular bacteria communities (sIBC) were defined
as a group of at least five bacteria (Figure 2) and the presence of a bigger group was classified
as intracellular bacterial communities (IBC) (Figure 3). The presence of intracellular bacteria
was detected in 37/106 (34,9%) samples, 26 cases as IBC, 11 as intracellular bacteria isolated
(IBI). We analyzed 49 medical records: 22 with IBC/IBI and 27 with none IBC/IBI. The presence
of IBC/IBI was associated with the absence of certain virulence factors (P pili and siderophores,
p0.006 and 0.035 respectively). IBC formation was associated with the presence of lower
urinary syndrome and absence of fever (p0.000), not associated with recurrent UTIs. IBI's
presence was associated with recurrent UTI (p0.01).
A new type of UPEC strains with low virulence factors but IBC/IBI producers could be described.
The fail of antibiotic therapy could be related with the presence of intracellular bacteria. CLSM
should be employed as a gold technique for the detection of IBC in particularly in patients with
recurrent UTI. It will also necessary to establish if IBI/sIBC/IBC are different steps from the
same phenomena or if they are independent process.



 
Fig. 1: Intracellular bacteria isolated (IBI). CSLM image; in red uroplakin III from urothelial cell, in green E. coli. The bar
represents 7 um
 

 
Fig. 2: Small Intracellular bacteria communities (sIBC). CSLM image; in red uroplakin III from urothelial cell, in green E.
coli. The bar represents 7 um.
 

 
Fig. 3: Intracellular bacteria communities (IBC). CSLM image; in red uroplakin III from urothelial cell, in green E. coli.
The bar represents 7 um.
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Age related macular degeneration (AMD) is closely connected to the non-reversible
accumulation of degradation products in the inside of human retinal pigment epithelium (RPE)
cells[1]. There they form granules with a typical volume of around (0,6 +/- 0,5)μm³. To better
understand the mechanisms of AMD formation, granules are analyzed quantitatively,
especially their size, number and composition. Conventional light-microscopy is usually unable
to resolve single granules reliably. Also it is practically impossible to manually identify and
characterize up to over 100 granules in a single cell for a statistically relevant number of cells.
As solution we used Structured Illumination Microscopy (SIM)[2,3] to resolve the granules
inside the cells and to distinguish between different deposit materials. Furthermore, we
introduce an algorithm that separates individual granules even in cells with high granule
density. Besides, the algorithm determines characteristic quantitative parameters of the
granules.
We present these characteristic parameters gained by analyzing over 200 RPE cells in
histological samples of human donors of different age. All work on human tissue was done
according to the Declaration of Helsinki.
[1] V. L Bonilha; Age and disease-related structural changes in the retinal pigment
epithelium,Clinical Ophthalmology 2008, 2:413-424
[2] G. Best, R. Amberger, D. Baddeley, T. Ach, S. Dithmar, R. Heintzmann, C. Cremer (2011);
Structured illumination microscopy of autofluorescent aggregations in human tissue, Micron
42;
[3] T. Ach, G. Best, S. Rossberger, R. Heintzmann, C. Cremer, S. Dithmar ;Autofluorescence
imaging of human RPE cell granules using structured illumination microscopy; British Journal of
Opthalmology, BJO Online First, published on July 3, 2012 as
0.1136/bjophthalmol-2012-301547



 
Fig. 1: SIM-Image of human RPE. Age of donor was 53years. Color-code is according to the excitationwavelengths
488nm, 568nm and 671nm.
 

 
Fig. 2: Left: 2D-Image of a single RPE-cell imaged by SIM. Right: Automatically separated granules of the left Image.
The single granules are colored randomly.
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“Vasa vasorum” (VV) derives from Latin and literally means “vessels of the vessels”. Hence,
the VV are a network of small arterioles, venules and capillaries which supply the outer two
layers of the wall tissue of large blood vessels with oxygen and nutrients [1, 2]. The largest
blood vessels in the body (e.g. the human great saphenous vein, the aorta, etc.) depend on
this supporting network to maintain their health and function. Thus, the Vasa vasorum are an
important part of the blood circulatory system [2, 3].
In the present study VV were studied in explanted segments of the human great saphenous
vein (Vena saphena magna, HGSV), taken during harvesting for coronary bypass grafts or
extirpation of varicose vein segments at the University Clinics for Vascular and Endovascular
Surgery (PMU Salzburg), using vascular corrosion casting (VCC), scanning electron microscopy
(SEM, FEI/Philips XL-30 ESEM) and 3D-morphometry (M3).
The aim of this study was the examination of the three-dimensional arrangement of the Vasa
vasorum in healthy and pathological (varicose) conditions. Moreover, it was intended to
identify the most vital segments of the HGSV in order to improve the results of bypass
surgeries.
A meticulous analysis of the whole delicate microvascular system of the VV of the HGSV and
its spatial arrangement (Fig. 1) is presented. It is one of the first studies yielding detailed
quantitative data on the geometry of the HGSV’s Vasa vasorum and the optimality principles
(minimal lumen volume, minimal pumping power, minimal lumen surface and minimal
endothelial shear force) underlying the design of this microvascular network.
Arterial feeders originating from nearby arteries were found to approach the HGSV every
15mm, subsequentially forming a rich capillary network within the adventitia and the outer two
thirds of the media in normal HGSV. In HGSV with intimal hyperplasia capillary meshes of the
VV were found to extend into the inner layers of the media.
Measurements of spatial branching-off angles in bifurcations and consecutive optimality
calculations showed that in both, the medial and distal part of the HGSV, data are
homogenously distributed close to the theoretical optimum of vessel diameters.
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Fig. 1: The Vasa vasorum run predominantly parallel to the longitudinal axis (LA) of the HGSV. Vessels having a
longitudinal arrangement are defined as orders 1 & 3. Orders 2 & 4 indicate vasa with a circular arrangement. Arterial
vasa (A) are coloured in red, venous vasa (V) in blue & capillaries (c) in orange. Arrows indicate the direction of blood
flow.
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Thrombus aspiration (TA) is a recommended technique in the treatment of myocardial
infarction allowing thrombus removal from the culprit artery via a specific catheter. A reduced
mortality in patients affected by myocardial infarction with ST elevation (STEMI) has been
associated to the use of TA in conjunction with primary percutaneous intervention (PCI) (De
Luca et al. 2008; Burzotta et al. 2009). Noteworthy, TA allows to collect the biological aspirate
in a minimally invasive way for the characterization of its morphology and composition that
can trace the evolution of the pathology from the lesion of the atherosclerotic plaque to the
reperfusion of the ischemic cardiac tissue (Silvain et al. 2011). We aimed at developing and
applying a multiscale approach to determine coronary thrombus composition by means of
optical and electron microscopic techniques on a series of 57 thrombi collected during PCI with
TA on STEMI patients.
Each thrombus was immediately fixed (2% glutaraldehyde in 0,1M phosphate buffer) and a
digital colour image (10x) was obtained for the qualitative macroscopic classification into
“red”, “mixed” and “white” thrombus (Figure 1). The sample was subsequently prepared and
imaged by SEM in high vacuum mode (2000x) for percent quantification of platelets, red blood
cells (RBCs), white blood cells (WBCs) and fibrin (Figure 2) according to a method we
developed for thrombi in hemodialysis catheters (Lucas et al. 2013). Scanned samples were
than rehydrated and processed for permanent histology. Platelet, RBCs and WBCs were
quantified on Carstair’s stained sections by setting specific colour thresholds in the La*b*
colour space (Figure 3).
Macroscopic classification according to two senior and a young cardiologists gave 8(14%)
“white”, 20(35%) “mixed” and 29(51%) “red” thrombi. Inter-observer agreement was good for
“red” and “white” thrombi, but lower for the identification of mixed thrombi. The mean (SD)
histological composition was 18%(20%), 47%(24%) and 35%(20%) for platelet, RBCs and WBCs
respectively. Features quantification on SEM images was feasible in 53/57 samples giving a
mean (SD) SEM composition of 31%(25%), 40%(22%), 26%(19%), and 3%(3%) for platelets,
RBCs, WBCs and fibrin respectively. Sub-groups analysis showed an agreement between
macroscopic classification and both SEM and histological composition: white thrombi presented
a mean prevalence of platelets (42% at histology and 58% at SEM) while red thrombi were
mostly composed of RBCs (59% at histology and 42% at SEM). Intermediate features were
found for mixed thrombi.
Method here presented deserves high potential for understanding the mechanisms of
thrombus formation in STEMI and for investigating correlations between composition and
thrombus age or drug treatments.
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Fig. 1: Macroscopic classification of aspirated coronary thrombi. Representative image of a white (a), mixed (b), and
red (c) sample.
 

 
Fig. 2: SEM images of the thrombus surface. Representative fields of view with a prevalence of platelets (A), RBCs (B),
WBCs (C, stars), and fibrin (D). High vacuum mode, 10 KV, SE detector, 2000x original magnification.
 

 
Fig. 3: RBCs, fibrin, and platelets on a mixed thrombus section stained with Carstair’s method (left). Representative
colours associated to the three components of interest are shown. Binary images after specific threshold for RBCs (a),
fibrin (b), and platelets (c). Inset d) reports about components not recognized in the three previous features.
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Abstract
Biofilms are organized microbial communities that are playing an increasing role in
otolaryngologic diseases such as chronic or recurrent otitis media, cholesteatoma, adenoiditis
or tonsillitis. Moreover, biofilm infection may also be problem in the prosthetic device.
Development of biofilm formation may due to the device itself, host or both. They are difficult
to eradicate owing to their resistance to immunologic defense mechanisms and antibiotics.
Various cultural techniques are available to detect biofilm-producing microorganisms, but the
using the electron microscopic methods may offer detailed insight into the ultrastructure of
biofilm and their environment. Despite this, limited data are available from this area.
Cochlear implants are highly acceptable rehabilitation method in the person with severe to
profound hearing loss. Although the complication rate of the cochlear implantation is very low,
biofilm formation is considered as a main reason of the flap problems or local infection in this
patient.
In this project, our objective is to investigate the evidence of biofilms in patients who
underwent surgery for cochlear implantation. For this purpose, specimens were taken during
the surgery (42 tissue samples; 21 mastoid and 21 middle ear mucosa).
Our findings support the hypothesis that biofilms may play a significant role in otolaryngologic
infections. 12 of the 21 patients (% 57) with cochlear implant demonstrated findings of a
biofilm. However, bacterial microcolonies were not evenly distributed over the entire surface of
the specimen, but rather located in some parts of the specimen, mostly located in small
depressions between cells of normal-appearing mucosa. For the biofilm studies with SEM, high
magnifications are very important. Sometimes, for the samples which seem to be negative at
low magnifications, as magnification was increased, biofilm presence was encountered. On the
contrary, sometimes, for the samples which seem to be positive at low magnifications, as
magnification was increased, rough surface structure of tissue or erythrocytes were observed.
Nevertheless, further investigations should be performed in order to determine that whether
biofilm formation may be an important factor in the pathogenesis of these infections.
 

Acknowledgement: Acknowledgement
This work was supported by a grant from Eskisehir Osmangazi University (Project no.
201141045).



 
Fig. 1: Figure 1. Scanning electron micrograph of middle
ear tissue covered with biofilm. All specimens were
removed from patients with cochlear implant.
 

 
Fig. 2: Figure 2. Higher magnifications of same picture.
Arrows indicate the extracellular material connected to the
bacteria.
 

 
Fig. 3: Figure 3. This image shows a mastoid tissue sample
of same patient. Arrow indicate the biofilm.
 

 
Fig. 4: Figure 4. This image shows the surface of a middle
ear of a patient with cochlear implant. The specimen was
used as a control in our study. Note the relatively smooth
surface and lack of organisms.
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Modification (O-GlcNAcylation) of proteins by O-linked N-acetylglucosamine occurs in the
nucleus and in the cytoplasm. O-GlcNAcylation is particularly relevant to chronic human
diseases including diabetes, cancer, neurodegenerative disorders, and cardiovascular disease.
Increased flux through the hexosamine biosynthesis pathway promotes the O-GlcNAcylation,
and has been implicated in the development of insulin resistance and diabetes complications.
In our previous immunohistochemical study, we demonstrated that the O-GlcNAcylation level
increased in various tissues including kidney from diabetic GK rats, which is an animal model
of type 2 diabetes.
To identify marker proteins that change in their extent of O-GlcNAcylation in the diabetic
kidney from GK rats, we separated total kidney proteins by two-dimensional gel
electrophoresis. O-GlcNAcylated proteins were detected by the immunoblot using
anti-O-GlcNAc antibody. Selected proteins that changed markedly in the O-GlcNAc level were
identified by Mass Spectrometry analysis. The localization and the quantity of these
O-GlcNAcylated-proteins were analyzed by in situ Proximity ligation assay (PLA).
O-GlcNAcylated proteins that changed significantly in the degree of O-GlcNAcylation were
identified as cytoskeletal proteins (α-actin, α-tubulin, α-actinin 4, myosin) and mitochondrial
proteins (ATP synthase, pyruvate carboxylase). Results of immunoprecipitation and
immunoblot studies, as well as in situ PLA demonstrated that the extent of O-GlcNAcylation of
the above proteins increased in the diabetic kidney. Immunoelectron microscopy revealed that
α-actinin 4 increased in the foot process of podocytes and the proximal tubules. To further
examine the changes of the O-GlcNAcylation of glomerular proteins accompanied with diabetic
nephropathy, we isolated glomerulus from kidney and performed proteomic analysis.
It was revealed that some glomerulus-specific proteins including synaptopodin were
O-GlcNAcylated. To elucidate the role of O-GlcNAcylation of glomerular proteins in the diabetic
nephropathy the morphological changes of the glomerular epithelial cells were examined
under the various conditions in vitro.
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Thromboembolic complications have been identified as the second most common cause of
death in breast cancer patients [1,2]. The interaction and result thereof, between circulating
tumour cells and platelets is complex and reciprocal: platelet activation and aggregation has
been implicated in facilitating coagulation-mediated metastasis; tumour-derived cytokines and
growth factors have been implicated in thrombocytosis [3] and malignancy itself is associated
with increased risk of thromboembolism [1,2]. Platelet and fibrin network morphology is
altered in human disease conditions such as diabetes, stroke and cancer and associated with
thrombosis [4,5]. It is thus understood that the in vivo relationship between breast cancer cells
and platelets may lead to changes in platelet morphology and function, increasing
susceptibility to thrombosis.
The reciprocal interactions between tumour cells and coagulation ability in vitro were
investigated, by assessing ultrastructural alterations in platelet and fibrin network morphology,
through the establishment of a co-culture system (MCF-7 luminal phenotype breast cancer
cells cultured with blood plasma of healthy female individuals). Co-cultures were implemented
for 5 to 30 min after which platelet and fibrin network coagula were prepared as per published
protocol [5] on glass coverslips.
Utilising scanning electron microscopy, we found that that enhanced fibrin network formation
and platelet aggregation appears to take place concurrently [6,7]. Changes in morphology
from normal were visible as early as 5 min in co-culture, with platelets displaying pseudopodia
extension and fibrin networks increasing in density. At 10 and 15 min, distinguishable
morphology deteriorated drastically, with platelets spreading their hylomeres and fibrin plaque
formation. By 20, 25 and 30min there was almost no semblance of normal characteristics in
both platelet and fibrin network preparations, with dense plaque formation in both. This
induced deterioration of cellular and fibre characteristics resembles that of previously studied
blood plasma preparations of severe inflammation- and thrombosis- prone patients [4,5].
In conclusion, our preliminary results seem to indicate that the in vitro environment closely
mimics the in vivo at an ultrastructural level, evidencing that it may indeed be the reciprocal
interaction between tumour cells and the coagulation system which induces thrombosis,
regardless of other systemic factors. The more rigid the construction of platelet and fibrin
networks, the more impaired fibrinolysis would be. These results offer picturesque
confirmation that breast cancer patients would be increasingly susceptible to
thrombotic-related consequences [8].
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Fig. 1: Platelet ultrastructure. Platelet rich plasma was co-cultured with MCF-7 breast cancer cells. Ultrastructure was
studied preparing platelet coagula from plasma. A: Control platelet, unexposed to cells. Experimental platelets B: 5min
co-culture, C: 15min co-culture, D: 30min co-culture (Scale bar = 1µm)
 

 
Fig. 2: Fibrin network ultrastructure. Platelet rich plasma was co-cultured with MCF-7 breast cancer cells. Ultrastructure
was studied preparing fibrin coagula through addition of thrombin to plasma. A: Control fibrin networks, unexposed to
cells. Experimental networks B: 5min co-culture, C: 15min co-culture, D: 30min co-culture (Scale bar = 1µm)
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Recently discovered ability of the adult bone marrow cells (BMCs), incl. hematopoietic and
mesenchymal stem cells, to contribute to injury–induced skeletal muscle regeneration has
raised new possibilities in treatment of skeletal muscle diseases. However, mechanisms by
which BMCs participate in regenerative myogenesis have still remained to be fully elucidated.
To extend our knowledge of experimental stem cell therapy of skeletal muscle diseases and
investigate the role of exogenous adult BMCs in the skeletal muscle regeneration, we
intravenously transplanted mouse lacZ+ or GFP+ freshly isolated BMCs into whole-body lethally
irradiated immunocompetent mice 7 hours after or 4 weeks before the cardiotoxin-induced
injury of the recipients’ tibialis anterior muscles. Seven to 33 days after the toxin injection,
injured muscles were excised and fixed in 4% paraformaldehyde, processed for X-gal
histochemistry to detect lacZ+ cells, embedded into GMA resin (to obtain 1 µm thin sections) or
paraffin or fixed in 2% paraformaldehyde, frozen in methylbutane, chilled in liquid nitrogen,
cryosectioned and examined for GFP fluorescence. The presence of lacZ gene in injured
muscles was determined by qPCR. The skeletal muscles of recipients injured 7 h before the
transplantation did not regenerate, nevertheless, X-gal positivity was predominantly identified
in desmin- and nestin- multinucleated cells resembling foreign body giant cells located in the
injured areas, 14 and 33 days after grafting. On the contrary, the recipients’ muscles injured 4
weeks after the transplantation fully regenerated. X-gal or GFP positivity was observed in the
regenerating muscles excised 7 days after the injury in numerous inflammatory cells, in some
newly formed myoblasts and myotubes and in some cells of the endomysium and in the
regenerated muscles examined 28 days after the toxin injection in some endomysial cells and
rarely in newly formed myofibers. qPCR verified presence of transplanted lacZ+ BMCs in injured
recipients’ muscles. Our results confirmed ability of intravenously transplanted exogenous
BMCs to settle in the injured skeletal muscle and participate in the skeletal muscle
regeneration. They generated blood cells that infiltrated endomysium and took part in the
cleaning reaction, the first step of the regeneration process, and moreover, they contributed to
new myofibers formation.
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Skin cells can respond to UVB-induced damage either by tolerating it, or restoring it through
antioxidant activation and DNA repair mechanisms or, ultimately, by undergoing programmed
cell death when damage is massive. Nutritional factors, in particular, food antioxidants, have
attracted much interest because of their potential use in new preventive, protective, and
therapeutic strategies for chronic degenerative diseases including skin inflammation (Vitale et
al., 2013).
Hydroxytyrosol (HyT), a polyphenol present in virgin olive oil, well tolerated by organism after
oral administration, shows a variety of pharmacological and clinical benefits such as
anti-oxidant, anti-cancer, anti-inflammatory, and neuro-protective activities (Hu et al., 2014).
These properties have been also reported for its synthetic derivatives. In fact, in an our
previous study we have already demonstrated the HyT and its esthers anti-apoptotic effect
against pro-oxidant chemical agents in different cell models (Burattini et al., 2013).
Here, the possible protective effects of HyT and its derivatives against UV-induced apoptosis
were investigated in HaCat cell line. Human keratinocytes were pre-treated with antioxidants
before UVB exposure and their effect evaluated by means of ultrastructural and molecular
analyses. After UVB radiation, a known cell death triggers (Salucci et al., 2012), typical
morphological apoptotic features, absent in control condition (Fig. A) and in HyT alone treated
cells (Fig.B), appear. In particular, nuclear chromatin condensation (Fig. C, D) cytoplasm
shrinkage and vacuolization (fig. D) can be observed at Electron Transmission Microscopy.
Moreover, in control cells (Fig. F) and in the case of HyT administration alone (Fig. G) no
labelled nuclei can be detected after TUNEL reaction, they diffusely appeared after UVB
radiation exposure (Fig.H, I). An evident ultrastructural apoptotic patterns (Fig. E) and TUNEL
positive nuclei (Fig. L) decrease can be observed when antioxidants were administrated before
cell death induction. These data have been confirmed by molecular analyses (Fig. M, N, O). In
fact, after UVB radiation, both intrinsic and extrinsic pathways appeared activated as well as
PARP, a specific protein to identify nuclear damage directly correlated to apoptotic nuclear
changes. Antioxidant compound administration before UVB-induced cell death showed an
evident caspase activation decrease according to morphological analyses described above. In
conclusion, our preliminary results demonstrate that natural antioxidant compounds are able
to prevent apoptotic cell death in human keratinocytes exposed to UVB, attributing to these
molecules an important role in preventing skin damage.
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Fig. 1: Fig. 1: control (A,F,1) , HyT alone (B, G,2) , UVB (C, D, H, I,3), HyT+UVB (E, L,4) conditions, observed at TEM
(A-E) and after TUNEL reaction (F-L). In M,N,O western blotting analyses of caspase- 9, -8 and -3, respectively. Bars:
2µm for A, B, E; 1µm for C, D; 25µm for F-L.
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Introduction: Application of miniscrew with bone cement is a promising method that may
extend the limits of force application for orthodontic movement. Tricalcium Phosphate (TCP) is
a kind of biodegradable material and used for bone replacement and augmentation. Tricalcium
Phosphate cement has a potential to be used with orthodontic miniscrews. It will be in contact
with bone also with the surrounding soft tissue during application with miniscrews. In this
study, the early effects of the cement on the surrounding gingiva tissue was investigated by
histological examinations of epithelium and connective tissue.
Materials and Methods: 8 male of New Zealand white rabbits were divided into two groups; as
cement treated (n=7) and control (n=1) group. For cement treatment, a defect of 1.2 mm in
diameter was created by punch at the level of lower left incisor gingiva, and the formed cavity
was filled with TCP. The animals were sacrified after 24 hour of surgery, and the gingival
tissues were dissected for histological examinations. Tissue samples were fixed in 10 %
formalin solution for 24 hour before tissue processing. Following paraffin embedding, gingival
tissue sections of 5-μm were stained with hematoxylin-eosin (H&E) for evaluation of epidermis
and dermis, Gomori methenamine silver and Masson’s Trichrome staining techniques in order
to investigate the dermal extracellular matrix related molecules, especially collagen fibers.
Results: Gingival epithelium of control group described a parakeratinized stratum corneum
whereas other layers of epithelium, stratum granulosum, startum spinosum, as well as stratum
basale reflected a normal morhology. In addition, the cells of stratum spinosum were polygonal
in shape and the ratio of nucleus to cytoplasm was normal. In the epithelium of TCP- treated
gingival tissues, the stratum corneum, stratum granulosum and stratum basale layers were
quite similar to those of the control group. However, there was a decrease in the ratio of the
nucleus to cytoplasm of the stratum spinosum cells related to an increase in the amount of
cytoplasmic mass. Histopathological examination of the dermal extracellular matrix related
molecules, particularly collagen fibers, did not reveal any significant difference in terms of
organization of collagenous fiber network in both groups.
In conclusion, we could suggest that TCP treatment resulted in early histopathological changes
in gingival epithelium whereas no prominent change had been encountered in collageneous
fiber network of the gingival connective tissue. In the future studies, further histopathological
changes and the self-repair mechanism of the gingival tissue upon removal of biodegradable
TCP will be investigated.
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Introduction: Endotoxemia is one of the important causes of death in clinics which trigger
septic shocks and multiple organ damage. The cholinergic anti-inflammatory pathway is a
physiological neuroimmune mechanism that regulates innate immune function and controls
inflammation. The functional activity of this pathway can be modulated through its neuronal
(efferent vagal neurons and higher brain structures) and non-neuronal (alpha7 nicotinic
cholinergic (α7nACh) receptors on cytokine-producing cells) cholinergic components.
Aim: The aim of the study is to investigate the anti-inflammatory role of the cholinergic
pathway in endotoxemia induced multiple organ damage and the interaction between pathway
and nitric oxide synthase (NOS) and cyclooxygenase (COX) systems.
Materials and Methods: Endotoxemia was induced in male and female Sprague-Dawley rats
(250-300 g; n=8/group) by intraperitoneal (ip) administration of 10mg/kg Escherichia coli (LPS;
serotype 0111:B4) following a 16 hour starvation period. Control group was received
physiological saline solution (1ml/kg; ip). The treatment groups were injected either nicotine
(1mg/kg; ip), or nicotine + aminoguanidin (AG; 8mg/kg, ip) or nicotine + nimesulide (NIM;
10mg/kg, ip) for 3 days before LPS administration. At the 24th hour after LPS induction, blood,
liver and kidney samples were collected. Samples were stored at -70 oC for the measurement
of malondialdehyde (MDA), glutathione (GSH) levels, and myeloperoxidase (MPO) activity.
Formation of reactive oxygen species in tissue samples was monitored by using
chemiluminescence method. ALT, AST and BUN levels were measured in serum. In addition,
the tissue samples were fixed with 10% neutral formaldehyde and processed for routine
paraffin embedding. Hematoxylin and Eosin stained sections were evaluated histologically.
Data were analyzed with Student’s t test and Mann Whitney-U test.
Results: Tissue damage scores, serum ALT, AST, BUN, MDA and MPO levels and
chemiluminescence levels increased, GSH levels decreased (p˂0.05-0.001) in LPS group
comparing to control group. Nicotine treatment ameliorated microscopic scores and
biochemical parameters of inflammation in all tissues and serum (p˂0.05-0.01). Nicotine+AG
and Nicotine+NIM treatments attenuated all tissue and serum inflammation parameters which
increased with LPS induction except kidney GSH levels. While Nicotine+NIM treatment reduced
microscopic damage in kidney, Nicotine+AG treatement reduced only liver damage.
Conclusion: The stimulation of cholinergic anti-inflammatory pathway with nicotine had
beneficial effects on endotoxemia model in rats. iNOS or COX-2 inhibition did not changed the
nicotin effects. In some cases, iNOS and COX-2 inhibition contributed positive nicotine effects.
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Various drug delivery systems such as nanoparticles, liposomes, microparticles and implants
have been demonstrated to significantly enhance the preventive/therapeutic efficacy of many
drugs by increasing their bioavailability and targetability.
Herein, we report the preparation of capsules from hydrogen-bonded polymer multilayers that
are cross-linked through disulfide (S-S) bonds. These capsules are both stable at physiological
pH and amenable to deconstruction under reducing conditions or via thiol-disulfide exchange,
such as those occurring within cells. We employed a pair of polymers that form stable
multilayers when alternately deposited at moderately acidic conditions, pH 4, poly(methacrylic
acid) containing thiol moieties, PMASH. The resulting single-component PMA hydrogel capsules
are colloidally stable in a range of conditions, including the presence of blood serum proteins.
Furthermore, and of particular importance for biomedical applications, the capsules degrade in
the presence of intracellular concentrations of a natural reducing agent, glutathione (1, 2).
In this study we provide PMAsh biocompatibility by MTT test on a cell line of human breast
adenocarcinoma (SKBR3). These studies have shown that PMAsh are not toxic. To evaluate the
potential of PMASH capsules as a carrier to deliver anticancer drugs, we incorporated
doxorubicin (DOX) into the capsules. DOX has an intrinsic fluorescence spectrum (excitation at
480 nm, emission at 550-650 nm) that can be exploited to monitor localization of the drug. The
amount of DOX loaded into the PMASH capsules ( 2 1012 molecules/caps) was determined by
UVჼ�vis spectrophotometry. The successful encapsulation of DOX was confirmed by the
confocal laser scanning microscopy (CLSM) images of DOX-loaded PMASH capsules
(PMASH-DOX), showing red DOX fluorescence within PMASH capsules.
Further insight into the internalization and intracellular distribution of PMASH-DOX capsules
was gained by CLSM. The resulting observations show the effective internalization of
PMASH-DOX capsules inside the cells. Although some DOX still appears to colocalize with
PMASH capsules, strong DOX fluorescence is observed in both the cytoplasm and the nucleus,
indicating release of DOX from the capsules after internalization. These results were confirmed
both by flow cytometric analysis of time course experiments of PMAsh-DOX uptake and
scanning electron microscopy observations.



 
Fig. 1: SKBR3 cell viability evaluation after incubation with PMAsh (25, 50, 75, 100 particles/cell) for 24, 48 h.
 

 
Fig. 2: CLSM observations show the effective internalization of PMAsh-DOX capsules inside the cells.
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Isotretinoin is chemically known as 13-cis-retinoic acid and is part of the broad group of
compounds related to vitamin A. This therapy shows great efficiency in cases of severe acne
and is related to the induction and control of epithelial differentiation and mucus secreting
tissues. The isotretinoin pharmacological activity for this treatment is to block the secretion of
sebaceous cells. The daily dose is calculated according to the patient's weight, and ranges
from 0.5 to 2mg/kg/day for 16 to 35 weeks. The duodenum mucosa is made up of villi and
crypts. The villi epithelium consists mostly of absorptive cells (enterocytes) and goblet cells,
and arises from the crypt epithelium, which in turn contains some absorptive cells, goblet cells,
enteroendocrine cells, Paneth cells and stem cells. The aim of this study is to investigate
alterations in duodenal mucosa using two different dosages of isotretinoin, one of which is that
suggested for humans. For this study, 20 young male Wistar rats were separated in four
groups. The drug was diluted in soybean oil, and offered by gavage every day for 60 days. G1:
control with water; G2: control with soybean oil; G3: 1mg/Kg of isotretinoin; G4: 5mg/Kg of
isotretinoin. A volume of 2mL of solution was given to each animal. After the treatments, the
animals were euthanized by application of xylazine and cetamine. Portions of the duodenum
were collected and fixed with Karnovsky´s fixative. Part of these samples were treated
following the usual protocol for light microscopy with Hematoxilin-Eosin staining technique.
Other samples were treated following the usual protocol for analyses with scanning electron
microscopy. After fixation, the samples were treated with osmium tetroxide. The next step was
critical point drying, followed by gold sputter coating. The analysis of the both samples from
the control groups (G1 and G2) showed a perfect mucosa, with the expected structure. The villi
are in contact with the lumen and the crypts at the base of the villi. The connective tissue
supporting the villi, and containing lymphatic vessels and blood vessels can be observed with
no alterations. Just below the crypts, a connective tissue layer and a muscular layer were
defined. This last structure has an internal circular muscle layer and an external longitudinal
muscle layer. The villi and the crypts could be clearly defined. In the treated groups (G3 and
G4), modifications were not found compared with the control group (Figure 1). This result
suggests that the treatment proposed does not cause modifications in the general structure of
the duodenum mucosa. Further evaluation is needed for more complete conclusions.
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Fig. 1: Duodenal mucosa. a, b, e, f: Scanning Electron Microscopy.; c, d, g, h: Light Microscopy, Hematoxilin-Eosin
staining. G1: control with water; G2: control with soybean oil; G3: 1mg/Kg; G4: 5mg/Kg. V: villi; C: crypt; T: connective
tissue; M: muscular layer. Bar: 100µm.
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Isotretinoin or 13-cis-retinoic acid therapy shows great efficiency in cases of severe acne and is
related to the induction and control of epithelial differentiation and mucus secreting tissues.
The isotretinoin is part of the broad group of compounds related to vitamin A and its
pharmacological activity for the treatment is to reducing the activity of sebaceous glands. The
suggested dosage for humans is 0.5 to 2mg/kg/day for 4 to 8 months. The substance is
absorbed in the small intestine and the duodenum is the first segment of this organ. The
duodenum structure is made up of villi and crypts. The villi epithelium consists mostly of
absorptive cells (enterocytes) and goblet cells, and arises from the crypt epithelium, which in
turn contains some absorptive cells, goblet cells, enteroendocrine cells, Paneth cells and stem
cells. The aim of this study is to investigate alterations in duodenal mucosa using two different
dosages of isotretinoin, one of which is that suggested for humans. For this study, 20 young
male Wistar rats were separated in four groups. The drug was diluted in soybean oil, and
offered by gavage every day for 60 days. G1: control with water; G2: control with soybean oil;
G3: 1mg/Kg of isotretinoin; G4: 10mg/Kg of isotretinoin. A volume of 2mL of solution was given
to each animal. After the treatments, the animals were euthanized by application of xylazine
and cetamine. Portions of the duodenum were collected and fixed with Karnovsky´s fixative.
The samples were treated following the usual protocol for analyses with light microscopy. To
observe structure, Hematoxilin-Eosin staining was used, as well as the following cytochemical
techniques: Reticulin, Masson's trichrome and Alcian Blue-PAS combination. The analysis of the
samples showed a perfect mucosa, with the expected structure. Hematoxilin-Eosin stain
showed villi and crypt structure with the villi in contact with the lumen and the crypts at the
villi´s base. In the Masson's trichrome sample, the connective tissue can be observed
supporting the villi, and containing lymphatic vessels and blood vessels. Just below the crypts,
a connective tissue layer and a muscular layer were defined. With Reticulin samples, the
reticulin fibers can be observed providing support for the structures. The Alcian Blue-PAS
combination technique, demonstrated goblet cells in all of the absorptive tissue, more
concentrated in the crypt in relation to the villi. All of these techniques showed that in the
treated groups (G3 and G4), no alterations were found compared to the control groups (G1 and
G2) (Figure 1). This result suggests that the treatment proposed does not cause modifications
in the general structure of the duodenal mucosa. Further evaluation is needed for more
complete conclusions.
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Fig. 1: Duodenal mucosa structure using light microscopy. G1: control with water; G2: control with soybean oil; G3:
1mg/Kg; G4: 10mg/Kg. a: Hematoxilin-Eosin staining; b: Reticulin technique; c: Masson's trichrome; d: Alcian Blue-PAS
combination. V: villi; C: crypt; M: muscular layer; *: connective tissue. Bar: 50µm.
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During aging, a progressive loss of skeletal muscle mass and a concomitant decrease in
muscle strength and endurance take place. This condition, termed sarcopenia, has important
health-care and socioeconomic implications, since it contributes to frailty, disability and
premature death (1). The mechanisms leading to sarcopenia are probably manifold and still
incompletely elucidated, although the decline in muscle regeneration efficiency is thought to
play a crucial role. Still in the absence of specific therapies, many studies have stressed the
importance of physical exercise as an effective approach to prevent/limit the sarcopenic drive
(2,3).
In this study, the effects of an adapted exercise on the number and myogenic properties of
satellite cells (SCs) were investigated in quadriceps femoris and gastrocnemius muscles of old
male mice (28 months). Both muscles contain a high proportion (about 90%) of type II fibers,
which are specifically affected by sarcopenia (4). We compared old exercised mice (OE) versus
old sedentary mice (OS), using adult sedentary mice (12 months, A) as a control: SCs were
identified (Figs. 1) and quantified ex vivo; in addition, the proliferation and differentiation
potential of SC-derived myoblasts from the same groups of mice was studied in vitro (Figs. 2
and 3). Ultrastructural morphology and immunocytochemical techniques at light and electron
microscopy were used with special attention to some molecular markers of SC activation, and
to some protein factors involved in RNA transcription and splicing.
Our results demonstrated that: 1) physical exercise induces an increase in the total number
and in the activated fraction of SCs compared with sedentary old sample; 2) myoblasts from
exercised muscles show morphological features and nuclear activity quite similar to myoblasts
from adult subjects, whereas myoblasts from non-exercised muscles exhibit structural and
functional alterations suggestive of a reduced metabolic activity; 3) myotubes differentiated
from myoblasts of exercised muscles resemble the myotubes from adult myoblasts, whereas
myotubes from non-exercised muscles show marked morphological alterations.
The present study provides convincing evidence that physical exercise not only induces
numerical increase and activation of SCs in old animals but can also improve their capability to
differentiate into structurally and functionally correct myotubes. Adapted physical exercise
may actually represent a non-pharmacological approach to stimulate SCs in the attempt to
enhance muscle quality even at very advanced age.
1. Ryall et al. Biogerontol 9:213, 2008
2. Zancanaro et al. Eur J Histochem 51:305, 2007
3. Bautmans et al. Acta Clin Belg 64:303, 2009
4. Larsson et al. Acta Physiol Scand 103:31, 1978
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Fig. 1: Fluorescence microscopy: the nucleus of a SC after immunolabelling for Pax7 (a SC molecular marker) (a) and
MyoD (a marker of SC activation) (b); nuclear DNA was stained with Hoechst 33258 (c). Bar, 10 µm
 

 
Fig. 2: Immunoelectron microscopy: nuclei of SC-derived myoblasts from A, OS ad OE mice after labelling for activated
RNA-polymerase II. Bars, 500 nm. Quantitative evaluation demonstrates similar values (mean±SE) in A and OE mice,
while OS mice show significantly lower values (Mann Whitney test).
 

 
Fig. 3: Phase contrast microscopy: the myotubes differentiated from myoblasts of OS mice show irregular shape and
clustered nuclei, whereas the myotubes of OE mice resemble those of adults (A). Bar, 10 µm.
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Particular poor prognosis for patients in advanced stages of solid tumours have opened the
possibility that tumours include a population of cells responsible for the initiation of tumour
development, growth and its ability to metastasize and reoccur. Because these cells share
some similarities with stem cells, they are referred to as cancer stem cells (CSCs). CSCs
possess inherent properties of self-renewal and differentiation, along with expressing certain
genes related to a mesenchymal phenotype. These features favour the promotion of tumour
recurrence and metastasis in cancer patients. Treatment of malignant gliomas represents one
of the most formidable challenges in oncology. Despite treatment with surgery, radiation
therapy, and chemotherapy, prognosis remains poor, particularly for GBM. Quiescent, or slowly
proliferating, CSCs may contribute to chemotherapy resistance as this therapy acts mainly on
rapidly cycling cell populations. Issues regarding CSC movement are important in neurosphere
biology as cell–cell or cell–environment interactions may have significant impacts on CSC
differentiation and contribute to the heterogeneity of the neurosphere. Despite the growing
body of literature data on the biology of brain tumor stem cells, floating CSC-derived
neurospheres have not been fully characterized from a morphological and ultrastructural point
of view. Thus, to better understand the mechanisms underlying GBM CSC biology, the behavior
of the CSCs was followed in living conditions by time-lapse videomicroscopy and by scanning
electron microscopy (SEM). Several CSC cell lines isolated from glioblastoma patients were
analyzed. The invasive potential was assessed by transwell chamber invasion assay and was
compared with SEM observations carried out after 3 and 20 hours after deposition on a
MatrigelÔ film. After 3 hours from seeding, CSC cells invaded the film organizing long cords
constituted by bipolar elongated cells (Figure 1). Moreover, satellite cells with peculiar surface
morphology (Figure 2) were present in all CSC lines analyzed. In particular experimental
condition, CSCs formed characteristic units composed by a flat epithelioid cell housing other
CSCs with globular morphology (pseudo-niche) (Figure 3). After 20 hours, CSC agglomerates
displayed the surface completely covered by the MatrigelÔ film (Figure 4), only satellite cells
lined outside the structure. The results obtained in this study indicated (i) the ability of CSC
populations to self organize in ordered structures; (ii) the presence of satellite cells whose
location suggest a specific role still to be clarified; (iii) the presence of pseudo-niche like
structures, i.e. the pluripotentiality of the population of glioblastoma isolated stem cells.



 
Fig. 1: Bipolar elongated CSC cells invaded the film
organizing cords.
 

 
Fig. 2: Satellite cell.
 

 
Fig. 3: Pseudo-niche constituted by flat epithelioid cell
housing CSCs with globular morphology.
 

 
Fig. 4: CSC agglomerates covered by Matrigel™ film.
 



Type of presentation: Poster
 

LS-10-P-2734 Does Lapatinib increase pulmonary toxicity when concurrently used
with Radiation Therapy? An experimental study with Wistar-albino Rats
 

Yetmen O.1, Güzel E.1, Eser M.1, Karaca C.1, Coban I.2, Süzer O.1, Bese N S.1
 
1Istanbul University Cerrahpasa Faculty of Medicine, Istanbul, TURKEY, 2Istanbul University
Faculty of Veterinary Medicine, Istanbul, Turkey.
 

Email of the presenting author: elifguzelctf@yahoo.com
 
Lapatinib (L) is an oral receptor tyrosine kinase inhibitor which is used for the treatment of
metastatic breast cancer. Adjuvant usage of L is being investigated in clinical phase III trials.
There is no data regarding the side effects of combination of RT and L which may be a problem
when L is used in the adjuvant setting. Lung is the most radiosensitive organ to observe late
effects of RT. We evaluated if concurrent administration of L has any impact on the
development of radiation induced pulmonary fibrosis in rats (RIPF).
Fourty female Wistar-albino rats (WAR) were divided into 4 experimental groups (G). G1
(control) did not receive any treatment, G2 (RT) received RT to whole thoracic region, G3 (L)
received L without RT, G4 (L+RT) received L with RT. A total dose of 30 Gy in 10 fractions was
given to both lungs with an anterior field at 2 cm depth. L equivalent to 1500 mg/day, 60 kg
adult dose, were calculated according to the mean weight of rats, orally administrated with a
feeding tube twice daily including the weekends until WAR were sacrificed. WAR were
anesthetized and sacrificed 16 weeks after RT which was shown to be a sufficient period for
the development of RIPF in rats. Paraffin sections (5 µm thick) of lungs were stained with
hematoxylin-eosin and Masson’s trichrome. A semiquantitative comparative analysis was
performed among 4 groups by scoring the pulmonary injury between 0 and 4 according to the
infiltration of inflammatory cells into the alveolar spaces, alveolar wall thickening and
architectural deformation across the entire lung section. Each criterion had a possible score of
0 to 4, where 0 no injury; 1 minimal injury, 2 mild injury, 3 moderate injury, and 4 marked
injury. The total lung injury score was calculated by summing the scores of these three
parameters. Statistical analysis was performed.
Control group demonstrated normal pulmonary architecture. Lungs of the rats which received
RT (G2) revealed inflammatory cell infiltration and increased amount of collagen fibers in the
interstitial area leading to fibrosis, which thereby result in thickening of the alveolar septa and
shrinkage of the size of the alveoli. RT damaged the lung architecture and G2 had a
significantly lower lung histological injury score than did G1 (p<0.05). G3 showed minimal
alveolar septal thickening and infiltration of inflammatory cells into the alveolar spaces which
were not significantly different than G1. The histopathological findings in the group which L
treatment was given together with RT (G4) was similar to those in G2 and was statistically
significantly different compared to both the control group and G3 (p<0.05) (Figure 1).
This study shows that addition of Lapatinib to RT does not increase radiation induced
pulmonary fibrosis in rats.



 
Fig. 1: Representative photomicrographs. A,B; thin alveolar walls. C,D; areas of intensivefibrosis and thickened alveolar
walls. E; lapatinip alone had no adverse effect on thetissue structure. F; lapatinip+RT did not worsen the effects of RT
on lung.
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Uveitis is a chronic inflammatory eye disease which may be accompanied by some systemic
diseases, often considered as idiopathic. LPS-induced inflammation is an experimental animal
models of acute uveitis. Propolis is a natural substance collected by honeybees from buds and
exudates of certain trees which has antioxidant, antibacterial, antiviral and anti-inflammatory
effects [1,2]. The aim of this study is to investigate the effects of propolis on endotoxin
induced uveitis (EIU) by immunohistochemical, ultrastructural and biochemical methods.
24 male Wistar albino rats were divided into four groups (n=6). A single dose of LPS (150
µg/kg/ip) was administered to 12 animals intraperitonally (ip). Water extract of propolis (WEP)
from Adapazarı region of Turkey (50mg/kg/ip) was administered to 6 of them after LPS
injection. Control group was injected with saline ip. After 24 hours, the aqueous humor of both
eyes of animals were collected under anesthesia for biochemical analysis of inflammatory
markers, namely TNF-α ve HIF-1α levels. The right eyeballs were fixed with formalin and
paraffin-embedded for immunohistochemical staining of Nf-kb p65 and left eyeballs were fixed
with 4% glutaraldehyde and araldite-embedded for ultrastructural analysis.
Immunoreactivity against anti-Nf-κB p65 at corpus ciliare was significantly decreased in EIU
group treated with Turkish propolis extract (Figure1-2). Moreover, ELISA analysis of HIF-1α and
TNF-α levels in aqueous humour was significantly decreased in same group (Figure 3).
Ultrastructural analysis of retinal regions showed that EIU group treated with Turkish propolis
extract has less vacuoles and mitochondria degeneration at retinal pigment epithelium (RPE)
than EIU group (Figure 4). The intercellular spaces of the inner nuclear layer and outer limiting
membrane were compatible with control group; no polymorphonuclear cells were seen in both
intravascular and extravascular spaces and no stasis symptoms were detected at the capillary
lumen (Figure 4).
Our report is the first study that established anti-inflammatory effect of Adapazarı/Turkish
propolis on LPS-induced uveitis rat model. As a marker of inflammation, NF-κB reactivity was
increased significantly in corpus ciliare and coroid of eyes of LPS-induced rats, accompanied by
TNF-α induction of HIF-1α, whereas the levels were markedly decreased in Propolis treated and
LPS-induced group. We think that Adapazarı/Turkish propolis might be a new class of
bioavailable dietary supplement for the treatment of inflammatory opthalmic diseases such as
uveitis.
References
1- Jin XH, et al. Invest ophthalmol Vis Sci 2006:47,2562-2568.
2- Kumazawa S, et al. Food Chemistry 84 2004:329–339.



 
Fig. 1: Immunohistochemical staining of Nf-κB p65 in rats.
A. Negative control, B. Control group injected with saline, C.
50mg/kg/ip Turkish propolis injected group D. 150 µg/kg/ip
LPS group without propolis-treatment, E. LPS group treated
with propolis.
 

 
Fig. 2: Statistical analysis of H-SCORE results of Nf-κB
immunostainings. One-way ANOVA was performed with
Tukey-Kramer Multiple Comparisons Test between all
groups and *P < 0.0001 is considered extremely
significant.
 

 
Fig. 3: Statistical analysis of biochemical assay of HIF-1α
and TNF-α in aqueous humor of rats. All groups are
compared with Tukey-Kramer Multiple Comparisons Test.
*P < 0.05 is considered significant compared to control
group. #P < 0.01 is considered significant compared to
Propolis group.
 

 
Fig. 4: Electron micrographs of retina layers. Control group:
1) x3000, 2) x6000,3) x25000. LPS group: 4) x6000, 5)
x5000, 6) x5000. LPS+Propolis group: 7) x5000, 8) x12000.
Propolis: 9) x7500,10) x6000.
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Introduction: Tricalcium phosphate (TCP) cement is a bioabsorbable material used in clinical
applications as bone substitute material. In orthodontic treatments the presence of bone
cement over miniscrew is an alternative approach to fix the screw and enhance bone healing.
In this study, the effect of TCP cement treatment over miniscrew was investigated both on
different bone healing stages and primary stability of orthodontic miniscrew.
Method: 36 male of New Zealand white rabbits were used and 4 miniscrews were implanted on
each tibia of both legs. Animals were divided into four groups (in each group n=9) based on
post-operation periods, and the cement treated (a) and untreated (b) miniscrews were
implanted on right and left tibia in all groups, respectively. Tibias were dissected after 24h
(Group 1), 2 weeks (Group 2), 4 weeks (Group 3), and 8 weeks (Group 4) of implantation.
Samples were decalcified for 14 days after fixation. Sections of samples were stained with
hematoxylin-eosin to evaluate histomorphometrical analysis based on thickness, number and
areas of trabecules by image analysis system. Biomechanical stability was evaluated by
measuring maximum torque, maximum pull-out load and tensile strength. Specimens were
loaded at a cross-head speed of 1 mm/min using a universal testing machine. The force
needed to remove the miniscrew was measured using a digital torque by DID-05-E Digital
Torque Screwdriver.
Results: Histopathological evaluations revealed any inflammation, foreign substance reaction
and necrosis in all groups. According to histomorphometrical analysis based on thickness,
number and areas of trabecules, the measurements of Group 2, 3 and 4 for untreated and
cement-treated tissues were almost similar. In Group 1 vascularization was prominently higher
in the untreated tissues compared to the cement-treated tissues. Specimens were loaded at a
cross-head speed of 1 mm/min using a universal testing machine to evaluate the pull-out
strength and shear strength. The force needed to remove the miniscrew was measured by
DID-05-E Digital Torque Screwdriver. A statistically significant difference was found between
the pull-out strengths of the groups (p<0.01). The pull-out strengths of the miniscrews placed
with TCP were significantly greater than the untreated groups. In shear tests, there was no
statistically significant difference among the groups.
In conclusion, the usage of bioabsorbable cement on the miniscrew could be recommended to
be used in orthodontic treatments. Eventhough the bone healing stages were similar among all
groups according to histopathological evaluation, the mechanical test results revealed that the
treatment of cement with miniscrew enhances the stability of the implant.
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Hermansky-Pudlak syndrome (HPS) is a rare autosomal recessive disorder consisting of a triad
of oculocutaneous albinism, platelet dysfunction and accumulation of ceroidlike depositions in
tissues[1]. We report five patients with HPS which have various clinical symptoms associated
with gastrointestinal complications related to chronic granulomatous colitis.
Case1:28-year old female patient whose HPS was diagnosed in 2001.Performed colonscopy
showed mucosal ulcers, pseudopolyps and biopsy results showed granulomatous colitis.
Case2:28-year-old male patient whose HPS was diagnosed in 2009.Performed colonoscopy
showed edema from anal canal up to the cecum, biopsy results showed granulomatous colitis.
Case3:28-year-old male patient whose HPS was diagnosed in 2011. Colonoscopy doesn’t
perform yet, but clinical symptoms were compatible with Chron’s Disease.
Case4:32-year-old female patient whose HPS diagnosed in 2013. Performed colonoscopy
showed compatible results with ulcerative colitis with typical distribution of inflammatory
regions, biopsy results showed inflammatory bowel disease.
Case5:33-year-old female patient whose HPS diagnosed in 2013 is the sister of
case1.Colonoscopy doesn’t performed yet. There are no signs of inflammatory bowel disease.
The bloods which were obtained from the patients, separated citrated platelet-rich plasma
(C-PRP), and fixed samples of platelets for examination at the electron microscope were
modified from Hayat M E. et al..
Each case of platelets have increased spreaded glycogen and plenty of dense bodies.
Eventhough in case 4 glycogen stores and alpha granules were seen. In case 3 and case 5, the
platelets size were larger than the others. Each case of platelets were seen irregular in shape.
The platelets ultrastructural examinations will keep going by applying various aggregating
agents (fibrinogen, collogen, adenosine diphosphate, epinephrine) to the C-PRP of the patients
which are treating with various medicines.
References
1.Erzin Y, Cosgun S, Dobrucalı A, Tasyurekli M, Erdamar S, Tucer M. Complicated
granulomatous colitis in a patient with Hermansky-Pudlak syndrome, successfully treated with
infliximab.Acta Gastro-Enterologica Belgica, Vol.LXIX,April-June 2006.
2.Hayat M E.Principles and Technics of Electron Microscopy,Biological Application.Vol.1 Von
Nostrand,Reinhold Company Melborn 1970.



 
Fig. 1: DB (dense bodies), AG (alpha granules), grey arrow (glycogen), G (glycogen store), OCS (open canalicular
system), black arrows: a canaliculus associated with outside.
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Objective:Phosphodiesterase type 5 inhibitors (PDE5) are widely used for the treatment of
erectile dysfunction. However, these drugs have recently become popular among men without
erectile dysfunction as a means of enhancing sexual performance and improving sexual desire.
The aim of this study was to investigate the histopathological and ultrastructural effects of
PDE5 inhibitors on the corpus cavernosum in young, healthy male rats.
Methods:24 four-month-old male Wistar albino rats were divided into four groups (n=6). The
first group was the control group. Sildenafil citrate, vardenafil hydrochloride and tadalafil was
administered respectively the second, third and fourth groups. All drugs were administered for
4 weeks. Penile tissues were fixed with 4% glutaraldehite and araldite-embedded for
ultrastructural analysis and fixed with formaldehite and paraffin-embedded for collagen
measurements.
Results:Electron microscopic analysis indicated that the number of active fibroblasts and
macrophages and the synthesis of new collagen fibers increased in treated rats. Cavernous
tissue collagen levels were significantly higher in the sildenafil citrate, vardenafil
hydrochloride, and tadalafil treated groups than the controls (46.16±4.9, 42.06±2.4,
41.07±2.4, and 29.20±3.3, respectively) (p<0.001). Young men who use these drugs to
enhance performance in the absence of erectile dysfunction may experience irreversible
damage to the corpus cavernosum.
Conclusion: However, more studies are needed to evaluate the molecular mechanisms by
which PDE5 inhibitors affect the corpus cavernosum.



 
Fig. 1: Ultrastructure of corpus cavernosum A.Control:Endothelial basement membrane.X5000 B.Sildenafil
citrate:Collagen bundles, fibroblasts, RER.X40.000 C.Vardenafil hydrocloride:Collagen.X6000 D.Tadalafil:
Fibroblasts,RER.X12.000
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The establishment of an efficient soft tissue seal around a dental implant is a prerequisite for
implant success. The formation of the tissue barrier is the result of a wound healing process
that has been largely documented in animal models (Berglundh et al., 2007). However, data on
human oral mucosa are scarce. Recently, we proposed a novel human model to evaluate the
morphogenesis of the mucosal attachment to implants (Tomasi et al., 2013 ). In this study we
aimed at characterizing and quantifying tissue adhering to the implant surface by SEM.
Patient informed consent was obtained and after implant installation, a custom-designed
experimental abutment was connected to the implant. Soft tissue biopsies and titanium
abutment were collected after 12 weeks of tissue healing by the use of a circular cutting
device. The whole system was placed in 4% formalin and transferred to a 70% ethanol solution
after 48 h. After fixation, the tissue was separated from the experimental abutment using the
previously described “fracture technique” (Berglundh et al., 2007).
A total number of 6 experimental abutments were processed for high vacuum SEM to
qualitatively and quantitatively reveal biological remnants. Samples were washed twice in
phosphate buffer, dehydrated, dried, and gold sputtered. BSE images were acquired at a 15
KeV showing compositional contrast between titanium surface and biologic debris. One set of
low magnification (80x) high resolution (2576x1936 pixels) images was acquired per each of
the four abutment facets (Figure 1). Each set was digitally processed creating a single high
resolution 1.5 mm wide image strip per abutment side. To quantify different morphologies
within the biological remnants, a 150x150 µm squared grid was superimposed to the image
strips. The observation of each single cross point allowed to quantify the percent of the
following micro-morphological features: a) plaque, b) uncovered titanium, c) epithelium-like
tissue, d) connective-like tissue (Figure 2).
A minimal amount of plaque was found in the coronal side below the mucosal margin, followed
by a uncovered titanium area where no bacteria were present. More apically, single or few
layers of nucleated cells formed the epithelium-like tissue. In the deepest area, a thicker
connective-like tissue showing fibrous morphology was present. Quantitative results showed a
mean (SD) amount of 2%(2%), 52%(27%), 20%(13%), 26%(18%) for plaque, titanium,
epithelium-like and connective-like tissue respectively, thus showing a mature healed mucosa
in strict contact with the abutment surface (Figure 3). SEM investigation and quantification of
tissue adhering to the healing abutment can complement histological findings in describing the
healing process of human oral mucosa.
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Fig. 1: Image acquisition and processing for features quantification on the experimental abutment surface. a) Set of
images acquired by SEM at 80x magnification covering the whole surface of the abutment facet. b) High resolution
strip obtained from image montage. Identification of the mucosal margin and supra and sub mucosa areas.
 

 
Fig. 2: Representative images for the four micromorphological features found on abutment surface: a) plaque, b)
titanium, c) epithelium-like, d) connective like. SEM, original magnification 250x.
 

 
Fig. 3: High magnification images of the abutment surface covered by epithelium-like (a) and connective-like (b) tissue.
Close interaction of tissue cells with titanium surface is indicated by white arrows. SEM, original magnification 4000x.
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Transmission electron microscopy (TEM) is still used as an ancillary tool, quality control
method or gold standard to complement, support or confirm the results of specific
histopathological diagnoses. For “second opinion” consultation of difficult cases we used over
years an interactive remote TEM operation via Internet with a server-client architecture
(“Ultrastructural Telepathology”). This contribution focuses on the presentation of an
alternative web-based approach.
The routine sample processing is performed by computer controlled tissue processors
(LYNX/Leica); microwave-assisted processing allows a “same-day diagnosis”. Resin sections
are examined in the LEO-912AB/Zeiss TEM equipped with a side-entry digital camera (TRS; 2k
x2k pixel) image acquisition system (iTEM/OSIS, Muenster). We applied for remote camera
operation and online image sharing with external experts the IT-software program called
TeamViewer (www.teamviewer.com) running on a WIN7 server.
The TeamViewer software allow cross platform (Windows, Mac, Linus, iOS, Android) global
connections with other computers (even through firewalls and routers). It was used in the
“Meeting Mode” for online sharing of the TEM images captured by the microscope camera [Fig.
1], in the “Remote Mode” to remote control of the CCD-camera and the TEM using the GUI of
the iTEM software from external computers via Internet. We experienced a fast and high
quality image and file transfer to the remote expert, the remote camera and microscope
operation was performed with negligible time delay (1-3sec.) depending on the available
bandwidth and daytime of the link.
Additional discussion and communications tools like annotations, object measurement,
databank access combined with optional parallel live video (webcams) and voice transfer of
the consultation participants increases significantly the telepresence cooperation and
networking [Fig. 2].
Our centralized EM unit is integrated into the diagnostic service of the Pathology Department,
external responders, and research institutions. The received samples cover a broad spectrum
of materials and diseases, including rapid virus detection in skin lesions or in urine of kidney
TXT-patients (DD: acute rejection/polyoma), a number of neoplastic and especially
non-neoplastic conditions of the kidney, muscle, nervous system, skin, cilia defects, storage
diseases, liver biopsies, respiratory diseases, toxic lesions, microsporidia, opportunistic
infections, and more.
The necessary expert consultations in a number of difficult diagnoses of some above
mentioned samples showed good performance saving time and money. This TeamViewer
based, cross-platform mediated telepathologic networking, opens new ways for remote
pathological EM diagnosis, research, and teleteaching.



 
Fig. 1: The Internet connected TEM at the University Regensburg. On the right monitor note the TeamViewer panel, the
iTEM camera and EM control software as well as the patient’s databank; left the currently consulted sample (detail of a
human liver sample, abnormal mitochondria).
 

 
Fig. 2: Monitor display at the remote expert site. Note right the TeamViewer control panel with webcam images of the
consulting partners (telepresence), left the transmitted EM image as seen in Fig.1.
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Cancer cells are known for their uncontrolled proliferation due to the defects of the cell cycle
checkpoints. Microtubules are considered as one of the best targets for anticancer drugs
because of their principal role in cell division. Recently, it was shown that various estradiol
derivatives target microtubules of cancer cells and inhibit their proliferation. One of such
derivatives, 2-methoxyestradiol, is already registered drug by Entremed Inc. and is under
clinical trials [1]. However, this endogenously present derivative is prone to rapid degradation
by gastrointestinal and liver enzymes. To increase the bioavailability of potential drugs, dimers
of different estradiol and testosterone derivatives were synthesized by our group. We studied
their cytotoxicity, effect on cell cycle, apoptosis and microtubules assembly in vitro. Then the
most promising compounds were conjugated with fluorescent dye and there localization was
studied by spinning-disc confocal microscopy. Our studies revealed, that such compounds do
not interact directly with microtubules, preferentially localizing in endoplasmic reticulum.
Instead, obtained results suggest that tested estradiol derivatives affect microtubules
polymerization by other mechanism than direct binding. The mechanism is the subject of our
ongoing study.  
1.  Bruce JY, Eickhoff J, Pili R, Logan T, Carducci M, Arnott J, Treston A, Wilding G, Liu G. A phase
II study of 2-methoxyestradiol nanocrystal colloidal dispersion alone and in combination with
sunitinib malate in patients with metastatic renal cell carcinoma progressing on sunitinib
malate. Invest New Drugs. 2012 Apr; 30(2):794-802. 
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Fig. 1: Localization of estradiol dimer conjugated with BODIPY (green) in HeLa cells after 4 h of incubation.
Microtubules were visualized by antibodies against alpha tubulin (red), nuclei were stained by DAPI (blue).
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In this study our aim was to investigate the effects of pyridoxine which has neurotrophic
effects and is known to be deficient in diabetes mellitus on pancreatic islet cells of
streptozotocin (STZ)- induced diabetic rats.
Adult female Wistar rats (n=24) each weighing 200-250 g. were used. The first group was the
control group. The second and third groups were injected single dose of streptozotocin (i.p, 50
mg/kg). Second group was not given any treatment. The third group received, 5 mg/kg/day
prydoxine for a period of one month. The pancreatic tissue sections were immunostained with
insulin, glucagon, somatostatin, pdx-1, PCNA and synaptophysin antibodies. Body weight and
blood glucose levels of the animals in all groups were measured. All values were analyzed with
statistical methods.

Blood glucose levels of STZ+Pyridoxine groups, were significantly decreased (p<0,001) when
compared with the untreated STZ group. The number of insulin, pdx1 and PCNA
immunopositive cells within the islet was detected to be higher in the STZ+ Pyridoxine group
than the STZ group (p<0.001). In the treated and untreated STZ diabetic groups number of
glucagon and somatostatin immunopositive cells significantly increased (p<0.001) compared
to the control group. The glucagon and somatostatin cells were centrally localized in the islets
of STZ group, whereas their localisation in the STZ+Pyridoxine group were similar to the
control group. Synaptophysin immuno reactivity was detected in all of the endocrine cells of
islets in all groups.

We concluded that pyridoxine induced beta cell proliferation.This effect might depend on the
neuronal like properties of pancreatic B cells.
1. Tamai H : Nippon Rinsho 57: 2362-2365 ,1999
2. Victor M , Adams RD :Am. J Clin Nutr 4: 346-355 ,1996
3. Nawale RB et al : Indian J. Biochem. Biophys. : 43 (337-44), 2006



 
Fig. 1: Statistical evaluation of the immunopositive cell numbers in pancreatic islets.a,,d,f,g,h,i,*p<0,001, hp<0,01 and
c,gp<0,05; compared to control group, b,fp<0,001 and bp<0,01 ; compared to STZ+Pyridoxine group.
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Natural products play an important role in investigation of novel anti-cancer agents and the
development of more effective drugs. In elemination of cancer cells, the effective treatment
models are suggested such as the stimulation of both apoptotic and autophagic cell death
types in the same time by using different agents (1). Colchicine is a natural product which is
obtained from plants of the genus Colchicum, a member of Colchicacea family (2) . We studied
with Colchicum baytopiorum CD Brickell (Cb) which is an endemic plant species of
Antalya-Turkey (3). It contains colchicine and its derivatives including demecolcine,
2-demethyldemecolcine, 3-demetylcolcine and cornigerin. The aim was to determine the role
in both apoptotic and autophagic cell death pathways of the Cb extract on HeLa cell line.
The cytotoxic effect of Cb plant extract (0.1mg/ml) on HeLa cells was determined by using MTT
assay. Cell viability was measured by trypan blue. To identify its molecular targets, the
expression of genes which are involved in apoptosis and/or autophagic cell death (Bif and
BNIP3 for both apoptotic and autophagic cell death; Atg12, Atg5 and DAPk for autophagic cell
death; Bcl-xL, Bad, Puma, Noxa, Fas, Akt, TNFR1 and caspase-3,-8,-9 for the apoptotic cell
death) were analyzed by qRT-PCR. Immunocytochemical analysis was performed by using
active caspase-3 and t-Bid antibodies, then evaluated semiquantitatively.
We observed that there is a significant difference by means of cell cytotoxicity values between
the control and the Cb extract treatment groups after an incubation period of 48 hours
(p<0.001). According to qRT-PCR results, the expression levels of Bif(2,5), BNIP3(5,4),
Atg12(5,7), Atg5(14,3), DAPk(2,3),Beclin-1(31), Bcl-xL(3,1), Bad(2,2), Puma(2,5), Noxa(4,2),
Fas(2,4), Akt(2,6), TNFR1(25,1) and Caspase-3(5,7) ,-8(2,1) ,-9(2,3)genes were significantly
increased(as fold) after the extract treatment. Active caspase-3 and t-Bid immunopositive cells
were detected higher number in the Cb extract treated group compare to the control group.
This study shows that the treated dose of the Cb extract induces the crosstalk mechanisms
between apoptotic and autophagic cell deathin HeLa cells, as well as upregulates some of
genes in both of cell deaths. We suggest that this endemic plant extract seems to be a
promising new therapeutic approach in cancer.

1- Zhou J, et al. Vitexin 6, a novel lignan, induces autophagy and apoptosis by activating the
Jun N-terminal kinase pathway. Anticancer Drugs (2013) 24(9):928-36
2- Le Hello C. The pharmacology and therapeutic aspects of colchicine. Alkaloids (2000)
53:288-352
3- Akan H, Eker I. Check-list of the genus Colchicum in the flora of Turkey. Turk J Bot (2005) 29:
327-31
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Fig. 1: Immunohistochemistry of t-bid (a,b) and active caspase-3 (c,d). (C:Control group, Cb:Colchicum baytopirium
group)
 

 
Fig. 2: Cytotoxic activity (MTT) of Cb extract throughout
48h on HeLa cell cultures.*p<0.001 compared to control
group. (C:Control group, Cb:Colchicum baytopirium group)
 

 
Fig. 3: Analysis of distribution of t-Bid and active caspase-3
expression in HeLa cells.*p<0.001 compared to control
group. (C:Control group, Cb:Colchicum baytopirium group)
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Despite technological challenges polymeric nanoparticles have shown great promise for the
development of drug administration and are now viewed as a spy to check cellular machinery
so as to combat various dreadful life threatening diseases. Apart from their sub cellular size,
biocompatibility with tissue and cells these polymeric nanoparticles hold good promise as an
efficient drug deliverers in a controlled and sustained release manner. Guar gum, used in the
present investigation, is a naturally abundant non-ionic hydrophilic polysaccharide involving
low cost in its processing. Guar gum has emerged as a potential candidate for the same due to
its unique drug release retarding property and susceptibility to microbial degradation in the
large intestine. In the present study, our focus was on development of a new pharmaceutical
formulation for colon targeted drug delivery using guar gum nanoparticles. The drug loaded
guar gum nanoparticles were prepared by nano-precipitation method. 5-Fluorouracil, an
anticancer agent, was used as a model drug in this study. The nanoparticles were
characterized using Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy
(TEM). The nanoparticles were found to be 50-100 nm in size and spherical in shape. The
uniformity distribution was checked by the Zeta-sizer. In-vitro drug release pattern was studied
using HPLC. The results obtained using drug loaded guar gum nanoparticles were found to be
quite encouraging for development of new colon targeted drug delivery system. Thus, data
obtained could be exploited to reduce the systemic side effects and provide effective and safe
therapy in colorectal cancer treatment.
Keywords: Nanoparticles, Guar gum, Drug delivery, 5-Fluorouracil, Colorectal cancer



Type of presentation: Poster
 

LS-10-P-3320 Effects of nicotinamide on differantiation of exocrine cell into beta cell
in neonatal STZ diabetic rats
 

Kaya Dagistanli F.1, Ozturk M.1
 
1Medical Biology Department, Cerrahpasa Medical Faculty, Istanbul University, Istanbul, Turkey
 

Email of the presenting author: fkaya@istanbul.edu.tr
 
The pancreas develops from Pdx1 expressing progenitors that emerge from the foregut
endoderm to form ventral and dorsal buds. Pdx-1 is necessary for pancreatic development and
beta cell maturation. The formation of the pancreas and its subsequent differentiation to the
exocrine and endocrine cell types results from the ordered activation of a large number of
genes (1). Ngn3 is an important regulator of pancreatic endocrine cell formation. Notch
signaling regulates ngn3 gene expression negatively (2). Nicotinamide (NA) is a precursor of
nicotinamide adenine dinucleotide that protects beta cells from several toxic agents. It is
known to increase the mitotic index of beta cells after pancreatectomy, and is a potent inducer
of endocrine differentiation of human fetal pancreatic cells in vitro (3,4). We investigated the
relationship in between expression of notch1, jagged1, ngn3 and pdx1 with pancreatic beta
cell regeneration and/or differentiation of NA treated neonatal diabetic rats.
Three groups were performed. The first group was the control group. The second group was
STZ diabetic (100 mg/kg i.p on the second day after birth; n2-STZ). The third group received,
500mg/kg/day NA for 5 days (n2-STZ+NA) by starting from third day. The pancreatic tissue
sections were immunostained with insulin, pdx-1, notch1, jagged1 and ngn3 antibodies and
also double immunostained with insulin and PCNA antibodies. Body weight and blood glucose
levels of the animals in all groups were measured. All values were analyzed with statistical
methods.
The increase of the blood glucose levels in n2-STZ+NA group were significantly decreased by
NA treatment (p<0.01). The number of insulin/PCNA double-positive cells significantly
increased in the n2-STZ+NA group compared with the other groups (p<0.001). n2-STZ group
had lower number of insulin and pdx-1 positive cells compared to NA treated diabetic group in
islet. We found that immunopositive insulin, pdx1 and ngn3 cells were located in small cell
clusters or scattered in exocrine tissue and close to ducts in n2-STZ+NA. We did not observe
the expression of ngn3 in any islet. There was significant difference between the numbers of
notch1 and jagged1 immunopositive cells in islets when the n2-STZ+NA group was compared
with the other groups.
In conclusion, we showed that NA treatment stimulates duct epithelium or acinar cell
differentiation into the beta cell via up regulation of ngn3 and pdx1, and down regulation of
notch1 in exocrine pancreas.
1-Bernardo et al. Mol Cell Endocrinol. 2008;294:1-9. 2- Qu et al. Dev Biol. 2013;376:1-12
3- Otonkoski et al. J Clin Invest 1993; 92,1459–66
4- Sandler S and Andersson A. Diabetologia 1986; 29,199–202
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Fig. 1: Figure 1. Immunolocalisation of jagged1 in the pancreas of all groups. A, Control; B, n2-STZ; C, n2-STZ+NA
groups.
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Dipeptidyl peptidase-4 (DPP-4) is an enzyme responsible for the degradation and inactivation
of incretins such as GLP-1 and GIP. Vildagliptin (VG), a new inhibitor of DPP-4, increases
glucose depended insulin secretion by increasing GLP1 and regulates plasma glucose levels
(1,2). We aimed to observe the effects of long and short term VG treatment on possible beta
cell regeneration, apoptosis and regulation of islet morphology in neonatal streptozotocin
(STZ) diabetic rats.
In this study three groups including control group, diabetic (n2STZ) group and treatment
(n2STZ+VG) group were recruited for 36 neonatal rats. STZ (100 mg/kg,ip) were injected to
n2STZ and n2STZ+VG group in the second day after birth. VG (60 mg/kg/day,orally) was
administered to n2STZ+VG group during 8 and 28 days. The pancreatic tissue sections were
immunostained using insulin, glucagon, somatostatin and PCNA antibodies. TUNEL method was
performed for apoptosis. Body weights and blood glucose levels were measured at 10th and
30th days. All data were analyzed with statistical methods.
Blood glucose levels in n2STZ groups were significantly increased compared to control in 10
(p<0,001), n2STZ+VG group were significantly lower (p<0,01) compared to n2STZ groups in
30 days old rats. Islet size and number in n2STZ groups were detected decreasing compared
to control and n2STZ+VG groups in both term groups. Immunopositive insulin cells and beta
cell clusters were scattered in exocrine tissues and duct epithelia, and area of insulin (+) cells
and islets size increased in n2STZ+VG groups compared to n2STZ groups in both 10 and 30
days old rats (respectively p<0,001, p<0,05). In n2STZ groups, glucagon and somatostatin
immunopositive cells were significantly increased within the islets compared to n2STZ+ VG
and control groups in both short and long term groups (p<0.001). In 10 and 30 days old rats,
number of PCNA immunopositive cells within the islets in n2STZ+ VG group was significantly
higher than n2STZ and control groups (p<0,001). In 10 days old rats, apaptotic cells number of
islets in n2-STZ+ VG and control groups was lower than n2-STZ group (p<0,001). Apoptotic
cells were observed within exocrine tissue cells and duct epitelium, but there was no
significant difference in 30 days old rats for all groups.
The results show that vildagliptin as a DPP4 inhibitor promotes beta cell neogenesis from duct
epithelium or acinar cells by inducing some of the endocrine progenitor cells, induces islet cells
proliferation by increasing the expression of PCNA, and reduces apoptosis in the islets, also
regulates morphological reorganization of the islets in the STZ diabetic neonatal rats.
1-Ahrén B, et al. Obes Metab.13(9):775-83,2011
2-Duttaroy A, et al. Eur J Pharmacol.15;650(2-3):703-7,2011
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Fig. 1:  Immunolocalization of insulin in the pancreas of all groups. A,D Control Group. B,E n2STZ Group, C,F n2STZ+VG
Group. Upper: 10 days old rats, bottom: 30 days old rats. Scale bar = 20 µm.
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The incidence of diabetes mellitus is increasing Nowadays. The growing number of oxidative
stress and the diabetes is related with each other. Climbing number of free radicals causes
several tissue damages by interacting with lipids, proteins and nucleic acids. To encounter with
the effects of the defective radicals, the organism has some enzymatic and non enzymatic
defense systems. However, the results of the researches points out a decrease in the
antioxidant defense systems.
The fruit of “Laurocerasus officinales Roemer” is widely used as a herbal treatment for
diabetes In the Black Sea region of Turkey. Locally they call it “taflan”. It contains considerable
amount of antioxidants. This is proven scientifically with many studies, but there is no animal
studies about it till now. We aimed to investigate its anti diabetic effects on the islets of
Langerhans of rat pancreas.
We prepared four groups of Albino rats. There were eight rats in each grout. The 1st group was
The healthy control group. The 2nd group was The diabetic control. The 3rd group was The
taflan + STZ + taflan and The 4th group was The taflan. The 2nd group received only STZ. The
3rd group had taflan for one month. They received intraperitoneal injections of STZ and then
fed with taflan for a month. The 4th group fed with taflan. 3rd and 4th group had taflan during
each day from 8 AM to 4 PM. The 1st and 2nd groups had normal pallets all day, but the 3rd
and the 4th groups had a pallet diet as ad libitum during 4 PM to 8 AM.
Serum glucose levels:The values were high in the 2nd group (≥ 200 mg/dL.). The other groups
were low (≤ 200 mg/dL). Body weight: There was weight loss in the 2nd group and there were
no significant changes in the other groups. HDL, LDL, VLDL, CHOLESTEROL TRIGLYCERIDE:HDL
was low. LDL, VLDL, cholesterol and triglyceride were high in the second group. HDL was high
in the 1st, 3rd and 4th groups. LDL, VLDL, Cholesterol and triglyceride were low in the 1st, 3rd
and 4th groups. Tissue; MDA and SOD values: MDA was high in 2nd group and it was low in
1st, 3rd and 4th groups. SOD was low in 2nd group and it was high in 1st, 3rd and 4th
groups. Immunohistochemistry findings: Insulin antibody staining was negative in the 2nd
group. It was positive in 1st, 3rd and 4th groups. Glucagon was positive in all
groups. Electronmicroscopy observation: 2nd group: Secretory granules diminished. GER
dilated and the crista of mitochondria vanished. 3rd group: Similar morphological features as
1st and 4th control groups.
Conclusion: The fruit of Laurocerasus officinalis Roemer have protective effects against the
development of the experimental diabetes and its complications in rat.
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Fig. 1: Immunohistochemical staining for insülin (X10). A; Islet cells of the healthy control group. B; Islet cells of the
diabetic control group. C; Islet cells of the taflan + STZ + taflan group. D; Islet cells of the taflan group.
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Lipid bodies (LBs) are complex organelles, rich in lipids and delimited only by a monolayer of
phospholipids [1]. LBs are present in all eukaryotic cells, being sites for synthesis of
inflammatory mediators in cells from the immune system [2,3]. Accumulation of LBs in the
cytoplasm of pathogens in response to interactions with host cells has been attracting great
interest, but the meaning of this accumulation is not yet understood. In this study, we
investigated LB formation within the intracellular parasite Trypanosoma cruzi, the causal agent
of Chagas’disease, during different situations of interaction with host cells (macrophages) and
the potential role of these organelles as sites for synthesis of inflammatory mediators, such as
prostaglandin E2 (PGE2). First, LBs were identified in both trypomastigotes and amastigotes
forms of the parasite after staining with different lipid probes (Osmium tetroxide, BODIPY and
Oil red O) (Figure 1). Second, stimulation of cultured trypomastigotes with fatty acids
(arachidonic acid (AA), oleic acid (OA)) induced significant formation of LBs (mean ± SEM: 4.67
± 0.208 in control and 8.19 ± 0.19 in stimulated with 7.5 μM of AA, n = 6) (Figure 2). Third,
PGE2 was detected in newly formed, stimulated LBs within the parasite (mean ± SEM: 16.02
pg/mL ± 3.76 in control and 101.5 pg/mL ± 10.52 in stimulated with 1.5 μM of AA, n ≥ 3) in a
mechanism dose and time-dependent. Transmission Electron Microscopy (TEM) of infected
macrophages revealed that LBs formed in the parasite were significantly larger and more
electron-dense in cells infected in vivo (heart macrophages) compared to LBs formed in
response to the in vitro infection (peritoneal macrophages) (0.03 μm2 ± 0.00 in vitro and 0.04
μm2 ± 0.00 in vivo, n = 90 and 66 LBs analyzed, respectively). Our study demonstrates that
LBs within the parasite Trypanosoma cruzi are organelles able to respond to stimuli and to
produce PGE2, with potential roles during the infection process and maintenance of the
parasite in the host cell. These findings bring a new focus on LBs and help to understand the
functional capabilities of these organelles during inflammatory responses induced by infectious
diseases.
References
[1] D. J. Murphy et al, Protoplasma, 249(3) (2012) 541-585
[2] H. D'Avila et al, Mediators of Inflam., 1 (2012) 1-11
[3] R. C. N. Melo et al, J. Histochem. Cytochem., 59(5) (2011) 540-556
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Fig. 1: Lipid Bodies (LBs) in trypomastigote forms of parasite Trypanosoma cruzi, observed by light microscopy. (A) LBs
appear as rounded and darks structures in the cytoplasm after staining with osmium tetroxide. (B) Marking with
fluorescence probe for neutral lipids BODIPY® reveals LBs green in cytoplasm of trypomastigotes forms.
 

 
Fig. 2: Difference in the numbers of lipid bodies (LBs) between trypomastigotes stimulated and not stimulated. LBs
appear in large amount in the cytoplasm of trypomastigotes after stimuli with arachidonic acid and staining with
osmium tetroxide (A) compared to not stimulated (B).
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The electromagnetic waves (EMW) emitted by commonly used mobile phones are reported to
have effects on many tissues. In this study, we aimed to show effects of EMW emitted by
mobile phone with DSC 1800 carrier frequency which has the highest SAR value 1.79 W/kg on
the cell proliferation, cell death and blood-testis barrier of rat testis. Wistar-albino rats were
used in this study and were formed to five experimental groups as 1) Control, 2)Stand by Fetal,
3)Stand by, 4)EMW Fetal and 5)EMW (n=6). Testes of rats in all experimental groups were
taken at postnatal 60th day under ether anesthesia. Body and testis weights of the rats were
weighed, diameter and area of seminiferous tubules were measured, presense of proliferative
and apoptotic cells were determined and quantitative analysis of ZO-1 were done. To establish
the ultrastructural morphology we used transmission electron microscopic techniques. In the
tissues ratios of MDA and GSH; in the serum levels of LH, FSH and testosterone were
biochemically analyzed. While body weight of rat was decreased in only EMW group, testis
weight and seminiferous tubule area were decreased in EMW Fetal and EMW groups.
Seminiferous tubule diameters were decreased in all experimental groups. However apoptotic
index were significantly increased in Stand by, EMW and EMW Fetal, proliferative index were
significantly decreased. In EMW and EMW Fetal groups irregular dispersion of ZO-1 and
significantly decreased levels of ZO-1 protein were shown. In electron microscopic
examinations small vacuols between and inside the cells were determined in Stand by and
EMW Fetal groups; big and great number of vacuols were shown in EMW group. While levels of
GSH were significantly decreased in all experimental groups, levels of MDA were significantly
increased. However no changes were minitored between serum FSH and LH levels of
experimental groups, serum testosterone levels were significantly decreased in EMW and EMW
Fetal groups. However it has less effects on stand by mode, cell phones may couse of infertility
of rats via decreasing testosterone levels, inducing cell death and breaking down the
blood-testis barrier.
Key Words: Cell phone, Electromagnetic waves, Rat, Testis
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The potential biological effects of electromagentic waves (EMWs), have become a great
concern in the public. In the present study the biological effects of Digital Cellular System
(DCS) 1800-MHz radiation from a common digital mobile phone which has the highest specific
absorbtion rate (SAR) value 1.79 W/kg on the urinary bladders of male wistar albino rats are
investigated. The study was performed in five different groups. 1) Control group; 2) Stand-by
fetal group (rats exposed to EMW emmited by mobile phone on stand-by mode from
embryonic day 14 until parturition); 3) Stand-by group (rats exposed to the same EMW mode
as Stand-by fetal group from embryonic day 14 until postnatal day 60); 4) EMW fetal group
(rats exposed to EMW emmited by mobile phone on speaking mode from embryonic day 14
until parturition); 5) EMW group (rats exposed to same EMW mode as EMW fetal group from
embryonic day 14 until postnatal day 60). The exposure time was 2 hours per day for all
groups. All of the animals in experimental groups were sacrified under ether anesthesia at
postnatal day 60. The effects of EMWs exposure were examined in terms of urothelial
morphology, barrier function, inflammatory cell infiltration and oxidative damage. The barrier
function of urothelium was assessed using zonula occludens 1 (ZO-1) and E-cadherin
immunohistochemistry and ruthenium red (RR) staining for transmission electron microscopy.
Luminal urothelial morphology was evaluated with scanning electron microscope. EMW group
showed desquamation of urothelial cells and degradation of the glycosaminoglycan layer,
inflammatory cell infiltration and increased number of total mast cells. Decrease in the
immunreactivity of ZO-1 and E-cadherin were detected in the EMW group. The diffusion of the
RR to the intercellular spaces was detected in all EMW exposed groups. Finally increase in the
malondialdehyde and decrease in the glutathione levels were observed in all experimental
groups comparing to control group. Exposure intensity and time correlate with adverse effects
in developing period of urinary bladder. These changes can lead to urinary bladder
inflammatory disorders.
Key Words: Cell Phone, Electromagnetic Waves, Urinary bladder, ZO-1, e-cadherin
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NIBSC routinely employs imaging, including; electron microscopy (EM) in the testing and
evaluation of biological medicines. However, as biological medicines develop so do the
challenges of ensuring their safety. Today’s emerging and postulated therapies present an
ever-moving target with greater demands on basic research, control and standardisation. The
largely artefact free, high-resolution information threshold provided by cryo-EM techniques has
been core to the evaluation of a number of current and postulated therapies [i.e., human
papilloma virus (HPV) vaccine, measles vaccine, gene therapy vectors, Bordetella pertussis
and Meningitis vaccines]. However, each of these studies, despite offering higher information
thresholds than were achievable with more traditional room-temperature processing
techniques remain demanding in operator time and lack quantitative robustness able to inform
against variation in vaccine state.
EM remains a powerful tool for evaluation of these biological medicines due to its lack of bias
in identifying variations in samples. If this “catch-all” analytical capability could be extended to
allow automated acquisition of larger data sets with digital classification of particles it is
theoretically possible that EM could be employed as a “gold standard” quality control
procedure for biological medicines. This could have a significant impact on novel vesicle type
vaccines which are sensitive to osmotic variation.
NIBSC has adapted an automated particle acquisition software suite; JEOL Automated Data
Acquisition System (JADAS) which was developed to acquire images of ice-embedded
macromolecular complexes under low dose conditions with the intention of further processing
the data for 3D macromolecular reconstruction. The software offers the facility to acquire large
quantities of high quality data without operator intervention. We have adapted the software to
allow for both room temperature and cryo-EM data acquisition and have carried out extensive
evaluation of the HPV and Neisseria meningitides, group B, outer membrane vesicle vaccines.
The data shows for the first time the potential of EM as a quantitative analytical tool for the
quality control of complex biological medicines and vaccines.
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In this study, effects of resveratrol as a natural polyphenol compount, gemcitabine as an
antimetabolite which has nucleoside structure, analogous of deoxycytidine and para
aminophenol derivated paracetamol were investigated with single and combined applications
in monolayer MDAH-2774 human ovarian cancer cell line. Drugs were evaluated in cell culture
with respect to cell proliferation, cell cytotoxycity (trypan blue dye exclusion test), synthesis
phase of cell cycle and cell structure in 24, 48, 72, 96 h. Resveratrol has diminished both cell
proliferation and cell cycle synthesis phase indication in monolayer cell cultures (p<0,05).
Structural changes were also observed in electron micrographs. Gemcitabine has
demonstrated a decreasing effect in cell proliferation and marked reduce according to other
drug groups were observed in cell cycle synthesis phase indication in monolayer cell cultures
(p<0,05). Structural changes observed in electron micrographs showed more impairment in
respect to resveratrol. Even paracetamol has shown a decreasing effect in cell proliferation
compared to control group in monolayer cell cultures (p<0,05), this effect increased with
respect to other drugs. Similar effects were observed in both control and paracetamol group in
cell cycle synthesis phase indication. No structural changes were observed in electron
micrographs in both the control and paracetamol group. All combination groups showed similar
effects that were mainly more effective in respect to single usage of resveratrol and
gemcitabine in monolayer cell culture. As a result, the effects of gemcitabine, resveratrol and
paracetamol were investigated in monolayer MDAH-2774 human ovarian cancer cell line and a
decrease in cell number in cell cycle synthesis phase, prevention of cell proliferation and
destruction of cell structure were observed.



 
Fig. 1: Control ,Tumor cells marked with Brdu (red colored)
(a), Resveratrol(R) fewer marked cells (b), Paracetamol(P):
large number of marked cells (c), Gemcitabine(G) less
marked cells (d); R+G: less marked cells (e), P+G: Cells
that have lost their cell extensions, round and unmarked
cells (f); x40 ,96 th hour.
 

 
Fig. 2: Control (a), Resveratrol(R): Degenerated tumor cells
with round appearance (b), Paracetamol(P): Tumor cells
that seems more degenerated (c), Gemcitabine(G) : More
spoilt tumor cells (d); R+G: Cells with spoilt structure (e),
P+G: Cells with spoilt structure (f), round and apoptotic;
a,b,c,d,f x 750, e x1000, 96 th hour.
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Cementum is a component of the periodontium, and its major role is to serve as the site of
attachment for principal collagen fibers. Periodontal disease is the local inflammation of the
supporting tissues of teeth, it causes destruction of gingival tissues, bone loss and loss of
connective tissue attachment to cementum. It is generally accepted that removal of the
pathogenic microorganisms that form plaque and calculus is the major goal of the periodontal
treatment. The teeth treated by hand curettes (HC) and ultrasonic scaler (US) can present a
surface without cementum and the open dentinal tubules. US with new shaped tips and
airpolishing (AP) devices as alternative to HC designed for subgingival access have been
developed for minimal root damage. The aim of the this study is to compare the effect of in
vivo root instrumentation using a new piezoelectric US instrument, HC and air polishing by
glycine powder, under routine clinical conditions, on the thickness and surface characteristics
of cementum.
Twenty-seven patients with teeth clinically and radiographically diagnosed by chronic
advanced periodontitis and scheduled for extraction treated in four different methods. The
teeth were instrumented subgingivally at one approximal site either with manual instruments,
air-polishing, piezoelectric ultrasonic scaler, piezoelectric ultrasonic scaler following
air-polishing. After instrumentation the teeth were immediately extracted and cut horizontally
into two sections. The teeth were sectioned perpendicularly to the root axis with a microtome
and stained with hematoxylin & eosin. Six parts of cementum of all sections, including mesial
and distal areas of each tooth, were analysed and each measure was reported as a mean
value of five quantifications. The root surface characteristics of teeth were analyzed by
scanning electron microscopy.
The results showed that all periodontal treatment methods used in this study remove
cementum although using AP alone removed less cementum than HC and US. AP device was
more effective at the apical part of the treated area. However, in using of US device following
AP the cementum loss was lower on the apical sites than coronal sites. This study showed that
US devices and subgingival AP preserve more tooth structure compared to HC, while AP is
producing a smooth root surface.
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Ischemic acute renal failure (ARF) is a common clinical event leading to development of
chronic kidney disease and a high mortality. ARF has a higher incidence in elderly people than
younger ones. β glucans are glucose polymer groups possessing protective effects against
oxidative damage through an effective free-radical scavenger function. In this study, effects of
β glucan on renal ischemia/reperfusion injury were investigated in young and aged Sprague
Dawley rats. 56 female rats were randomly assigned to two main groups as young (4 months
old) and aged groups (16 months old). Groups were designed as follows: Young and aged
sham, young and aged I/R, young and aged β glucan, young and aged I/R+β glucan. I/R were
performed as described previously. β glucan was administered by gavages at a dose of 50
mg/bw/day for 10 days prior to the surgery. At the end of the experiment, following collection
of blood samples from the heart, rats were sacrificed and kidneys were removed Creatinin,
blood urea nitrogen, oxidant/antioxidant status, thiol, myeloperoxidase (MPO), paraoxanase
(PON), catalase (CAT) and aryl esterase (ARES) were measured in serum. Histopathological
changes including tubular degeneration, vacuolization, tubular necrosis, glomerulosclerosis,
hemorrhage, capillary dilatation and congestion and intercellular edema were evaluated.
Mean HDSs of sham operated young and old groups were 0.5±0.83 and 1±0.57; respectively
whereas 8±1.67 of young and 4.86±1.34 aged I/R groups. Mean HDSs of young β glucan I/R
group was 1.83±0.75 and of aged β glucan I/R group was 2.75± 1.16. A significant difference
was detected between young sham and young I/R group (P<0.001). Serum urea and creatinin
levels of young and aged of sham group and β glucan administered groups were all lower than
those of I/R and β glucan+ I/R groups. Significant differences in creatinin levels were detected
between young and aged β glucan administered groups and I/R performed groups (P<0.001,
P<0.01; respectively). Mean CAT activities and MPO levels of young and aged β glucan
administered groups were lower than those of I/R and β glucan+ I/R groups. PON activities of
sham operated young and aged rats were higher than those of I/R and β glucan+ I/R rats. Thiol
levels of young and aged I/R groups were higher than those of β glucan+ I/R groups.
Differences in total oxidant and antioxidant status among groups were not significant.
As a conclusion, β glucan found to be protective against renal I/R injury in young and aged
rats. However, we suggest that oxidative stress should have been evaluated in tissue samples
rather than sera since 2 hours, full duration of the experiment, probably is not sufficient for
indicating oxidative damage in serum. Tissue analysis of the experiment are continuing.
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Introduction: Gamma-amino butyric acid (GABA) is the main inhibitory neurotransmitter in
the central nervous system. Besides existence in the brain tissue, GABA is also found in
nonneuronal tissues such as testis. There is evidence that GABA has a role in the release of
testosterone. GABAergic system in the testis was also shown to have a negative effect on the
spermatogonial stem cell proliferation.
Aim: Studies have shown that reproductive hormones are affected in patients with epilepsy.
Based upon the knowledge that the changes in these hormones may result in infertility in
epilepsy, the present study aimed to investigate the possible morphological and GABAergic
system alterations in the testis tissue of genetic absence epilepsy rats from Strasbourg
(GAERS).
Materials and methods: Adult male Wistar rats and GAERS were used in the present study.
Animals were perfused with 4% paraformaldehyde and the testes tissue were routinely
processed for paraffin embedding. The sections were stained with hematoxylin and eosin for
morphological observation. Other sections were processed for GABA immunohistochemistry.
Results: Qualitative observations revealed that GAERS testis showed less sperm in the
seminiferous tubules compared to the Wistar controls. GABA immunoreactivity was observed
in the seminiferous tubules and interstitial areas of Wistar rats and GAERS.
Conclusion: Previous studies demonstrated the presence of GABA, glutamic acid
decarboxylase (GAD) and GABA receptor subunits in the seminifeorus tubules. Our results also
demonstrated the presence of GABA in the testis tissue of both strains. We suggest that the
alterations in GABAergic system in absence epileptic rats may also affect the gonadal system,
resulting in decreased sperm production.
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Second harmonic imaging (SHG) is a non-invasive technique used for studying biological
samples for over a decade. Fibrillar collagen I, a very potent generator of SHG signal, is a
component of the ECM and the most abundant mammalian protein.  The contribution of
extracellular matrix (ECM) remodelling to the pathogenic changes in chronic obstructive
pulmonary disease (COPD) is complex and not well understood. Collagen I, a component of the
ECM altered in COPD airways has second harmonic generation (SHG) properties. The SHG
signal is coherent, propagating both forward (F) (primarily organized/mature collagen fibrils)
and backward (B) (primarily disorganized/immature collagen fibrils) parallel to the incident
light. Formalin fixed and paraffin embedded tissues of 30µm thickness was used in the
experiments. F/B SHG ratio was used to determine the proportion of organized to disorganized
collagen, with lower variation in F/B ratio between sampling regions within the same patient
and between patients in the same disease group (Figure 1) compared to analysing F and B
data alone. The F/B ratio was independent of laser power drift, regions analysed within a tissue
and tissue orientation during analysis. Using this method we identified a significant difference
in collagen organization in airway tissue between COPD and non-diseased patients.  We have
developed a robust optimization and calibration methodology that will allow direct comparison
of data obtained at different times and from multiple microscopes that is directly adaptable for
use with other tissue types. We report a powerful new tool for advancing our understanding of
pathological ECM remodelling that may help uncover new therapeutic targets in the future.
References.
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images of collagen I fibrils. Biophys J, 2005. 88(2): p. 1377-86.
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Fig. 1: Variation of Area F/B ratio values between regions (solid black lines, n=3 each patient), patients (distance
between solid red lines, mean individual deviations from the averaged region variations from each patient for
non-diseased or COPD) and disease (distance between blue dotted lines; relative difference of the means for
non-diseased vs COPD).
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Our hearing organ, the organ of Corti (OC), is exquisitely sensitive- able to detect one hundred
trillion units of sound intensity, across a range of frequencies that spans several orders of
magnitude. In normal hearing, sound, a mechanical stimulus is converted to an electrical
signal that triggers neural activation. This is accomplished by specialized sensory hair cells in a
process called mechanotransduction, which relies on a combination of extracellular protein
filaments, transmembrane complexes including ion channels, actin-based stereocilia and
actin-associated intracellular motor proteins. The sophisticated micromechanics underlying our
ability to hear would not be possible without the unique morphologies and remarkable
patterning of hair cells and non-sensory support cells of the OC (Figure 1). Each cell type within
the OC has a characteristic cytoskeletal architecture that is defined by different arrangements
and dynamics of actin filaments and microtubules. Accordingly, mutations in actin as well as a
number of actin regulatory proteins and microtubule-associated proteins have been associated
with hearing disorders. We have recently identified, from the Wellcome Trust Sanger Institute
Mouse Genetics Project screen for hearing defects, that the mutation of the
cytoskeleton-associated Klc2 gene, which encodes kinesin light chain 2 (KLC2), causes a
progressive hearing loss in mice. Kinesins are a family of molecular motor proteins that move
along polarized microtubules to transport macromolecular cargo using energy obtained from
ATP hydrolysis, and kinesin light chains are involved in cargo-binding. We are currently using a
combination of microscopy techniques to characterize the Klc2 mutant mouse, to elucidate the
role of Klc2 in progressive hearing loss. The localization of Klc2 in the inner ear is being
investigated using immunofluorescence together with confocal fluorescence microscopy; the
apical morphology of the OC in the Klc2-/- mouse is being assessed using scanning electron
microscopy; and the ultrastructure of hair cells and synapses interrogated using transmission
electron microscopy. Together, these data will provide novel insights into the role of Klc2 in
progressive hearing loss, but importantly also add to existing knowledge on the molecular
bases of normal hearing and deafness.



 
Fig. 1: A scanning electron micrograph of the apical surface of the OC, showing the unique architecture of hair cells,
and precise checkerboard patterning of hair cells (HC) and support cells (SC )
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Standard optical microscopy is fundamentally limited in the details that can be observed due
to diffraction (the way that light bends around objects). Super-resolution fluorescence
microscopy overcomes this limitation and gives us the ability to explore cell biology on the
nanometre-scale. Here, I will demonstrate how explorative research using super-resolution
microscopy has already led to several new ideas about how immune cells interact with other
cells, how they recognize signs of disease, and how these discoveries seed new ideas for drug
design.
We have recently found, for example, that the immune synapse clears and excludes molecules
above a size threshold, and as a consequence of this, drugs that target synaptic cytokines or
cytotoxic proteins must fit these dimensions. Another finding is that, various cell types,
including immune cells, can be connected by thin membrane tethers termed membrane
nanotubes. Membrane nanotubes may facilitate a new mechanism for intercellular
communication. We have found, for example, that microRNAs traffic from macrophages into
cancer cells to dampen unwanted cellular proliferation. One broad theme emerging from high-
and super-resolution microscopy is that interactions between immune cell receptors, kinases
and adaptors are at least in part controlled by transient interactions between nano-scale
assemblies. This is a significantly different concept from a linear cascade of individual
protein-protein interactions depicted in textbook diagrams of immune receptor signaling
pathways. Importantly, our preliminary observations indicate that the surface of alveolar
macrophages might be organised differently in disease settings, which is likely to impact signal
integration in these cells.



Type of presentation: Oral
 

LS-11-O-1568 microRNA miR-142-3p inhibits breast cancer cell invasiveness:
characterization of altered morphology and functional properties
 

Götte M.1, Schwickert A.1, Kemper B.2, Riethmüller C.3
 
1Münster University Hospital, Münster, Germany, 2Center for Biomedical Optics and Photonics,
Münster, Germany, 3Serend-ip GmbH, Münster, Germany
 

Email of the presenting author: mgotte@uni-muenster.de
 
MicroRNAs (miRNAs) are pivotal post-transcriptional regulators of gene expression. These
endogenous small non-coding RNAs play significant roles in tumorigenesis and tumor
progression. miR-142-3p expression is dysregulated in several breast cancer subtypes. We
aimed at investigating the role of miR-142-3p in breast cancer cell invasiveness applying a
range of microscopic techniques combined with functional analysis. Supported by
transcriptomic Affymetrix array analysis and confirmatory investigations at the mRNA and
protein level, we demonstrate that overexpression of miR-142-3p in MDA-MB-231,
MDA-MB-468 and MCF-7 breast cancer cells leads to downregulation of Integrin-αV, RAC1,
WASL (N-WASP) and CFL2, molecules implicated in cytoskeletal regulation and cell motility.
ROCK2, IL6ST, KLF4, PGRMC2 and ADCY9 were identified as additional targets in a subset of
cell lines. Decreased matrigel invasiveness was associated with the miR-142-3p-induced
expression changes. Confocal immunofluorescence microscopy, nanoscale atomic force
microscopy and digital holographic microscopy revealed a restructuring of the intracellular
actin cytoskeleton as well as a reduced cell volume and size. A more cortical actin distribution
and a loss of membrane protrusions were observed in cells overexpressing miR-142-3p.
Luciferase activation assays confirmed direct miR-142-3p-dependent regulation of the 3’UTR of
ITGAV and WASL. siRNA-mediated depletion of ITGAV and WASL resulted in a significant
reduction of cellular invasiveness, highlighting the contribution of these factors to the
miRNA-dependent invasion phenotype. Our data identify ITGAV and several additional
cytoskeleton-associated molecules as novel invasion-promoting targets of miR-142-3p in
breast cancer. With its tumor suppressive potential, miR-142-3p is a promising candidate for
future approaches of miRNA-based anti-metastatic cancer therapy.
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The epithelial ameloblasts are separated from maturing enamel by an atypical basal lamina
(BL) enriched in laminin (Lm)-332. This heterotrimeric protein (α3, ß3 and γ2 chains) provides
structural integrity to BLs and exerts effects on various epithelial cell processes including cell
adhesion. A distinctive feature of this BL is that it binds to mineral rather than connective
tissue. In a separate abstract, we demonstrate that three secreted proteins amelotin (AMTN),
odontogenic ameloblast-associated (ODAM), and secretory calcium-binding
phosphoprotein-proline-glutamine-rich 1 (SCPPPQ1), members of the SCPP gene family, are
novel constituents of this BL. This atypical BL has therefore adapted by integrating these
specialized molecules. Objective: To explore how the three proteins participate in structuring
the BL and mediating cell-mineral adhesion, we have used a mouse model of Lm-332
deficiency, which expresses a doxycycline (Dox)-controllable human Lm-γ2 transgene under
the cytokeratin 14 promoter on the Lm-γ2 knockout background (PLoS One 7(9):e45546).
Method: Mandibles and maxillae from normal, Lm-332 mice on-DOX (expressing Lm-γ2) and
off-DOX for 1 or 2 weeks (Lm-332 deficiency) were paraffin-embedded and sections were
processed for immunohistochemistry using rabbit antibodies to rat AMTN, ODAM, or SCPPPQ1,
and human Lm-γ2. Results: Incisors from both on- and off-Dox mice showed severe histological
changes at the level of the enamel organ. In addition, as seen in decalcified samples, the
organic matrix of forming enamel was altered and residual matrix was found throughout the
maturation stage. CT-scans and scanning electron microscope analyses showed that these
mice exhibited a hypomineralized enamel layer and occlusal surface wear in molars. In normal
mice, all three proteins localized discretely in the region of the BL, and no Lm-332 was
detected in the maturation stage using the Lm-γ2 antibody, confirming the species specificity
of the antibody. In both on- and off-Dox mice, the distribution of AMTN, ODAM and SCPPPQ1
labeling was altered, accumulating as intensely stained focal patches within the cell layer
rather than at the cell apex. Human Lm-γ2 was also detected in these patches indicating that
off-Dox mice are only partially Lm-γ2 deficient. Conclusion: The expression of human Lm-γ2
chain in these mouse models causes alterations that are similar to those in teeth of patient
with junctional epidermolysis bullosa due to Lm-332 mutations. Considering that rodent AMTN,
ODAM, SCPPPQ1 proteins only show partial homology with the human proteins, this suggests
that proper molecular ratios and interactions between AMTN, ODAM, SCPPPQ1 and Lm-332 are
required for structuring the atypical BL and mediating adhesion to the tooth surface.
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Fig. 1: Light micrographs illustrating the histological appearance of the maturation stage of amelogenesis in (A) wild
type and (B) Lm-332 deficient mice off-DOX. In Lm-332 off-DOX mice, the enamel organ is disorganized and enamel
matrix residues (*) are still present in the maturation stage.
 

 
Fig. 2: Immunohistochemistry for rat AMTN (A), ODAM (B), SCPPPQ1 (C) and human Lm-γ2 in Lm-332 off-DOX mice.
Expression is found at the cell-tooth interface and as focal patches (*) in the disorganized enamel organ.
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Background and Aim of work: The epidermis is a self-renewing stratified squamous epithelium
that forms the outer most component of the skin. A balance between epidermal cell
proliferation, differentiation and apoptosis preserve epidermal homeostasis. A potential
inhibitor of apoptosis has been recently identified as survivin. This study was designed to
detect the presence of survivin in normal skin of male rats at different stages of postnatal
development.
Materials and Methods: This study included 30 male albino rats equally classified, according to
their ages, into 6 groups: zero, five, ten, fifteen, twenty and sixty day- old. Skin specimens
were obtained from the back of all animals, processed, sectioned and submitted to H&E and
immunohistochemical staining for survivin. The area percent and the optical density of survivin
in the epidermis, dermis and hair follicles were detected using image analyzer and were
statistically analyzed.
Results: Survivin immunopositivity was detected mainly in the nuclei of basal as well as prickle
and granular cell layers of epidermis. In the dermis, survivin immunostaining was seen in the
fibroblasts, cells of sebaceous glands as well as in the germinal, inner root sheath and outer
root sheath of hair follicles. The area percent of survivin in both epidermis and dermis was
higher at young ages then gradually decreased towards adulthood with a second rise
demonstrated at age of sixty days.
Conclusion: Survivin exists in normal skin at different stages of postnatal development. Its
existence is greatly confined to cells involved in mitosis. Thus, its anti-apoptotic role seems to
be connected to the highly proliferating cells. Understanding the role of survivin in the skin
would help to approach new strategies in prevention and therapeutics of skin cancer and other
skin inflammatory diseases.
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Breastfeeding places a stress on maternal calcium homeostasis because of the increased
calcium demands for milk production, leading to massive bone resorption and osteopenia.
Ordinary calcium supplement is often not effective to prevent this maternal bone loss since
fractional calcium absorption in the intestine is apparently low. Previous investigations showed
that high plasma prolactin, especially the suckling-induced prolactin surge, enhanced intestinal
calcium absorption; therefore, it was hypothesized that pre-suckling calcium supplementation
is the potential regimen for preventing of lactation-induced bone loss. Day-7 lactating
Sprague-Dawley rats were daily administered 4 times per day for 14 days with water (Vehicle)
or various doses of CaCl2 solution (i.e., 1, 2 and 4 mg/kg/dose) at 90 min prior to suckling.
Thereafter, maternal femora, tibiae and L5–6 lumbar vertebrae were collected for
measurement of bone mineral density (BMD) and bone mineral content (BMC) by using dual
energy X-ray absorptiometry (DXA). BMD and bone microarchitecture in the tibiae or femora of
5- and 7-week-old offspring were also investigated by DXA and computer-assisted bone
histomorphometric analysis, respectively. The results showed 4 mg/kg/dose CaCl2-treated
lactating rats had higher femoral, tibial and vertebral BMD and BMC as compared to
vehicle-treated rats. Male and female offspring breastfed by calcium-supplemented dams
showed higher femoral BMD and trabecular bone volume than those breastfed by
vehicle-treated dams. In conclusion, pre-suckling calcium supplement (4 mg/kg/dose, 4 times
per day, administered 90 min prior to suckling) could effectively prevent bone microstructural
defect in lactating rats and also increased bone density in their offspring.
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In young growing humans and rodents, diabetes mellitus can lead to growth retardation and
low bone density, but how diabetes mellitus alters bone structure remains unclear. In the
present study, we used micro-computed tomography to visualize the 3-dimensional structure
of cortical envelope and evaluate volumetric bone mineral density of femora (long bone)
obtained from non-obese Goto-Kakizaki rats, which exhibited type 2 diabetes mellitus with high
fasting plasma glucose level (hyperglycemia) and insulin resistance. The results showed that
diabetic rats had lower volumetric bone mineral density in the femora (especially in the
trabecular part) and L5–6 lumbar vertebrae as compared to the wild-type rats. They also had
lower femoral cortical bone area and moment of inertia, the latter of which was an indirect
indicator of bone strength. In addition, the shorter femoral and tibial lengths in diabetic rats
suggested that endochondral bone growth was impaired. A histomorphometric analysis further
showed that the total height and hypertrophic zone height of the tibial growth plates in
diabetic rats were lower than those in the wild-type rats. On the other hand, the height of
epiphyseal resting zone was markedly greater in diabetic rats as compared to the wild-type
rats. It could be concluded that type 2 diabetes mellitus was associated with aberrant growth
plate histology and defective cortical structure. These findings could explain, in part, how
diabetes mellitus led to impairment of bone structure.
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Type 1 diabetes mellitus has been known to induce bone microstructural defect, low bone
density, and osteoporosis, but the findings from type 2 diabetes mellitus (T2DM) remain
controversial. Here, bone microstructure was investigated in female young growing
Goto-Kakizaki diabetic rats by using computer-assisted bone histomorphometric analysis. This
rat strain was non-obese and hyperglycemic, and exhibited T2DM with insulin resistance. Two
doses of 10 mg/kg calcein (a fluorescent dye) were injected subcutaneously on day 7 and 1
prior to euthanasia to stain mineralizing bone surface. The tibiae were removed, sectioned,
and finally processed for Goldner’s trichrome staining. The results showed that the tibial
secondary spongiosa of diabetic rats had lower trabecular bone volume, trabecular thickness,
and osteoblast surface than the wild-type rats, but osteoblast morphology appeared normal.
Analysis of calcein labeling under a fluorescent microscope revealed lower mineralizing
surface, mineral apposition rate, and bone formation rate in diabetic rats as compared to the
wild-type rats. Active osteoclasts were also observed in the tibial metaphases of diabetic rats,
agreeing with a histomorphometric finding that osteoclast surface was greater in diabetic rats
than wild-type rats. Therefore, the present study has provided evidence that T2DM was
associated with defective bone microstructure, presumably due to the suppression of
osteoblast-mediated bone formation and enhancement of osteoclast-mediated bone
resorption.
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Antimicrobial peptides (AMPs) are found in all forms of life, and form part of the innate immune
system. Strategies for the development of AMPs for clinical application involves the isolation
and characterisation of these AMPs, then to use these peptides as templates for the synthesis
of shorter peptides with greater stability, lower cost of production and greater antimicrobial
activity.
The peptide Os is a synthetic defensin C-terminal derived peptide from the tick Ornithodoros
savignyi. Both Os and its analogue, in which three cysteine residues were omitted (Os-C), were
previously found to be bactericidal to Gram-positive and Gram-negative bacteria. Peptides
investigated for clinical application must not be toxic to mammalian cells. Cell culture based
studies have shown that both peptides were not cytotoxic (Prinsloo et al. 2013).
In this study the morphological effects and mode of killing of Os and Os-C was further
investigated using SEM and confocal fluorescence microscopy (triple staining with DAPI - stain
all cells, CTC - viable cells and FITC - cells with permeabilised membranes). Possible
cytotoxicity was further evaluated using human erythrocytes which represent a typical
eukaryotic membrane.
SEM of melittin (Mel), a known lytic peptide, showed distinct blebbing of the cell surfaces of E.
coli and B. subtilis at 25 µM. In contrast both Os (0.77 µM) and Os-C (1.74 µM), at their
minimum bactericidal concentrations (MBCs), caused leakage of intracellular content that led
to a flattened morphology (fig 1).
Triple fluorescence staining showed that E. coli exposed to 2.5 µM Mel had undergone
membrane permeabilisation while no viable bacteria remained. Likewise at the MBC of Os and
Os-C membranes were damaged with few viable cells. At concentrations ten times lower than
the MBCs, Os and Os-C caused membrane permeabilisation, however the bacteria remain
viable. This suggests a dual mechanism of action that includes both the membrane and
intracellular targets.
At 25 µM Mel caused 100% haemolysis with the formation of echinocytes at concentrations as
low as 2.5 µM. Both Os and Os-C did not cause haemolysis up to 100 µM and SEM showed
normal membrane morphology and biconcave cells (fig 2).
In conclusion, preliminary indications are that these peptides have a different mechanism of
action than Mel, possibly affecting multiple targets including membranes and intracellular
components. The peptides show no toxicity towards human erythrocytes. Further investigation
will be done by fluorescently labelling the peptide and tracking with confocal microscopy.
Cytotoxicity towards human leukocytes will also be investigated.
 

Acknowledgement: Thank you to the personnel of the Micrscopy Unit at the University of
Pretoria for all your assistance during this project.



 
Fig. 1: SEM of B. subtilis treated with 25 µM Mel showing membrane blebbing (A), and 0.77 µM Os showing flattened
cell morphology (B). Scale bars = 1 µm
 

 
Fig. 2: SEM of human erythrocytes exposed to 2.5 µM Mel showing the formation of echinocytes (A) and 100 µM Os
showing normal morphology (B). Scale bars = 1 µm
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Brown adipose tissue (BAT) has a role in the regulation of temperature homeostasis and
overall energy balance. Its heat-producing/energy-dissipating activity is physiologically
stimulated by cold exposure and excessive food intake (1). BAT activity, which is tightly
controlled by noradrenaline released from sympathetic nerve endings, can be modified by
various hormones including thyroid hormones (THs). Contrary to the view that in
hyperthyroidism BAT thermogenesis is suppressed due to increased obligatory thermogenesis
in other cells in the body, some recent reports suggest that BAT may take an active part in
thyroid thermogenesis as an effectory organ (2).
Tumor necrosis factor α (TNFα) is one of pyrogenic cytokines produced by many cell types
including adipocytes. It is involved in numerous and sometimes opposite biological activities
such as cell proliferation and cell death (3, 4). Link between TNFα and BAT thermogenesis is
still not completely understood. While some studies report that TNFα stimulates BAT
thermogenic activity, the others suggest that it compromises BAT function promoting
apoptosis of brown adipocytes and BAT atrophy (5).
The objective of this study was to examine the expression of TNFα in interscapular BAT of
hyperthyroid rats, in order to contribute in better understanding of regulation of thyroid
thermogenesis in BAT.
Male Wistar rats (n=18) were divided into 3 equal groups and treated for 5 days with: 9 mM
NaOH (solvent for THs, 1 ml/kg i. p. (control), (b) 200 μg/kg T3 i. p. (T3) and (c) 300 μg/kg T4 i.
p. (T4). TNFα immunoreactivity was assessed on 5 μm thick paraffin sections by LSAB method,
using rabbit primary polyclonal anti-TNFα (1:300, SantaCruz Biotechnology) and secondary
goat anti-rabbit (Abcam) antibodies.
As shown in Figure 1, in all three studied groups TNFα-immunopositivity was localized within
the cytoplasm of most brown adipocytes. TNFα-positive cells were evenly scattered throughout
the tissue. In T3-group, intensity of reaction seems to be slightly enhanced in comparison to
control. In T4-group, reaction was apparently more intensive than in control and T3-group and
almost all brown adipocytes were positive for TNFα.
The results of this investigation show that brown adipocytes are TNFα-producing cells.
Hyperthyroidism induced by T4, but not by T3, markedly enhanced TNFα-immunoexpression,
which suggest that two THs differentially affect synthetic programme of brown adipocytes.
Finally, the evidences from this study support the idea that BAT may serve as effector of
thyroid thermogenesis and reveal the possible involvement of TNFα in its regulation.
1. Physiol Rev 84, 277-359, 2004
2. Nat Med 16, 1001-1008, 2010
3. J Infect Dis179, S294-S304, 1999
4. Semin Cell Dev Biol 10, 19-29, 1999
5. FEBS Lett 582, 117-131, 2008
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Fig. 1: TNFα-immunoexpression in interscapular BAT of control (a), T3-treated (b) and T4-treated rats (c); negative
control (primary antibody omitted, d); bar = 50 μm.
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Sibutramine is a Serotonin-Norepinephrine Re-uptake Inhibitor (SNRI) which was widely used in
the treatment of obesity as it acts on the central nervous system influencing satiety as well as
energy expenditure. Although now withdrawn from most markets, sibutramine is often a
hidden ingredient in “natural” weight loss agents which have been shown to contain far higher
concentrations of this compound than the original prescription drug. In light of the obesity
epidemic and the associated comorbidities, some are of the opinion that the benefits
associated with sibutramine use outweigh the possible risks. Comprehensive risk assessment
of this compound is essential in order to fully define the safety and efficacy of its use.

Numerous adverse events have been associated with sibutramine use, with cardiovascular
complications being most predominant. This study was aimed at investigating the effect of
sibutramine on the ultrastructure of platelets and fibrin networks by using scanning electron
microscopy. Male Sprague-Dawley rats, treated with a low (LD; 1,32mg/kg) and high dose (HD;
13.2mg/kg) of sibutramine for 28 days were used in this study and were compared to control
animals. Blood samples were collected on the day of termination via cardiac puncture and
plasma smears were prepared for the evaluation of platelet morphology. To evaluate fibrin clot
structure thrombin was added to the plasma to form the coagulum.

Compared to controls, platelets from exposed animals presented with pseudopodia formation
as well as membrane spreading (Fig. 1). Upon higher magnification signs of necrosis, such as
membrane tears, were also evident, characteristic of over activation (Fig. 2). The fibrin clots of
the sibutramine-treated animals revealed fused thick fibres with thin fibres forming a net-like
architecture, covering the thick fibres (Fig. 3). Fibrin network formation was also seen without
the addition of thrombin (Fig. 1C). This may be due to elevated concentrations of coagulatory
factors which is associated with the over activated phenotype. These results are typical of a
hypercoagulable state, as has been previously described in cases such as thromboembolic
ischaemic stroke.

It can therefore be concluded that sibutramine alters the ultrastructure of platelets and fibrin
networks to that typical of a hyercoagulable state. This could contribute to the increase in
blood pressure and heart rate associated with sibutramine use. This effect may occur through
peripheral noradrenergic stimulation, which further activates various physiological processes in
response to shear stress. In depth biochemical investigations are required to identify the
molecules and regulatory process involved to fully understand the mechanisms whereby
sibutramine affects platelet function.
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Fig. 1: Platelets from the different experimental groups. A: Control; single pseudopod is visible (arrow); B: LD
Sibutramine; Activated platelet, numerous pseudopodia (thick arrows) and membrane spreading (thin arrows); C: HD
Sibutramine; numerous pseudopodia (arrows), matted thick fibres (white star) and platelet interaction is visible

Fig. 2: Higher magnification of platelets from the different experimental groups. A: Control; smooth surface and open
canalicular pores visible (arrows); B: LD Sibutramine; platelet membrane appears granular; C: HD Sibutramine;
membrane appears necrotic (arrows) with membrane tears (white star)

Fig. 3: Fibrin networks of animals in the different experimental groups. A: Control; major thick (thick arrows) and minor
thin (thin arrows) fibres; B: LD Sibutramine; fused thick fibres (thick arrows) and minor fibres forming a net-like
structure (thin arrows); C: HD Sibutramine; minor fibres (thin arrows) covering the thick fibres (thick arrows)
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Fumonisin B1 (FB1), the most prevalent member of a family of toxins produced by fusarium
verticillioides, induces cell proliferation in the liver. Cell proliferation requires a coordinated
interaction of cyclin-dependent kinases (CDK) and CDK inhibitors. The purpose of this study
was to examine the expression of CDKs and CDK inhibitors in FB1 treated liver. C57BL/6 mice
were divided into 3 groups and received FB1 (0, 5, and 20mg/kg/day, i.p) for 5 days. Liver
tissues were processed for immunohistochemistry and immunoblot analysis. Low-dose FB1 (5
mg/kg) did not affect AST levels. However, high-dose FB1 (20 mg/kg) significantly increased
AST serum levels and caused extensive necrosis. Both low-dose and high-dose FB1
significantly induced cell proliferation. Immunohistochemical detection of PCNA and
quantification revealed that cell proliferation increased by 4.69-fold (5 mg group) and 4.86-fold
(20 mg group), respectively. Expression of CDK2, CDK4, and CDK6 significantly increased in
both low-dose and high-dose FB1 groups. Also, expression of CDK associated cyclins (D1 and
D3) increased in both FB1 groups. Confocal microscopy showed that expression CDK2 was
co-localized with PCNA in the nucleus of many hepatocytes. In contrast, expression of
P18INK4C and P27KIP1 significantly decreased in both low-dose and high-dose FB1 groups.
Interestingly, localization of P27KIP1 shifted from the nucleus to the cytoplasm in both FB1
groups. These results suggest that expression and intracellular redistribution of CDKs and CDK
inhibitors may play an important role in FB1-induced cell proliferation in the liver.
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Background. Newly described telocytes (TCs) are a novel cell type in the interstitial space of
human myometrium. TCs are characterized by very long and distinctive prolongations named
telopodes (Tps). It was suggested that TCs could influence the contractile activity of
myometrial smooth muscle cells (SMCs). Therefore, our aim was an in vitro
electrophysiological evaluation of myometrial TCs.
Methods. We used whole-cell patch-clamp recordings and immunofluorescence on TCs from
human myometrium.
Results. In non-pregnant myometrium, patch-clamp recordings on TCs in voltage-clamp mode
revealed a hyperpolarization-activated chloride inward current with calcium dependence and
the absence of L-type calcium channels. Measurements of membrane capacitance showed the
in vitro electrical coupling of TCs to SMCs. In human non-pregnant myometrium, T-type
calcium currents have been evoked by brief ramp depolarization in TCs electrically coupled to
SMCs, but not by standard protocols of step-depolarizing pulses. Mibefradil (1 μM) inhibits the
T-type calcium currents. TCs exposed to oxytocin (40 nM) present a slight oscillating activity in
current clamp mode generated by action potential like protocols. Immunofluorescence of TCs
in pregnant myometrium using isoform selective T-type calcium channel antibodies indicates
strong expression of CaV3.1 and CaV3.2 on the cell body and in Tps. The expression in TCs
from the non-pregnant uterus is less intense, being confined to the cell body for CaV3.2, while
CaV3.1 was expressed both on the cell body and in Tps.
Conclusion. The presence of T-type calcium channels in human myometrium could be a key
issue in understanding the excitatory-coupling events during pregnancy and labor.
Acknowledgement: This work was supported by a grant of the Romanian National Authority for
Scientific Research, CNCS – UEFISCDI, project number 82/2012 (PN-II-PT-PCCA-2011-3.1-0553).
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Spinal cord injury (SCI) can lead to paraplegia or quadriplegia. Although there are no fully
restorative treatments for SCI, many cellular and molecular therapies have been tested in
animal models. Olfactory ensheathing cells (OECs) are known to enhance axonal regeneration
and to produce myelin after transplantation and have become a prime candidate for
cell-mediated repair following a variety of CNS lesions. Some grown factors like (acid fibroblast
grow factor) aFGF are used to potentiate this effect. This study evaluated the effect of
OEC+aFGF transplantation on spinal cord lesions in rat. Fifteen Wistar rats underwent a T8-T
10 complete spinal cord section. Sixty days post injury, nine rats were injected directly into the
injury with OECs+aFGF, and 6 rats were used as controls. Functional outcome was measured
using the Basso-Beattie-Bresnehan score and inclined grid test 24 hour after the treatment and
up to seventy five days after transplantation when the animals were sacrifized. Samples of
spinal cord tissue were studied for ultrastructural changes. The results showed a clear and
progressive functional recovery of the animals treated with OEC+aFGF transplantation,
compared to controls (Fig. 1). Ultrastructural evaluation exhibited severe axonal and myelin
changes, like ruptured myelin sheaths, neuropil edema, very thin myelin sheaths, axonal
degeneration and peri-axonal edema, in control rats (Fig 2). In transplanted rats these changes
were reduced in frequency and severety. In addition, in transplanted rats there were foci of
remyelinated axons (Fig. 3) that were not observed in control rats. These results suggest that
OEC+aFGF transplant induces axon regeneration and remyelination and functional recovery in
chronic injured rats.
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Fig. 1: Figure 1. BBB score. Functional recovery of rats with chronic completely transected spinal cords after OEC+aFGF
transplantation

Fig. 2: Figure 2. Transmission electron micrographs from
the lesion site of a control animal. A) Ruptured myelin
sheaths (arrows) and neuropil edema (star). B) Very thin
myelin sheaths (arrows). C) Thin myelin sheaths and axonal
degeneration. D) Peri-axonal edema (arrows)

Fig. 3: Figure 3. Micrographs from the lesion site of a
transplanted rat with OEC+aFGF. A) Semi thin sections with
toluidin blue (TB). It shows foci of axonal regeneration and
remyelination. B and C Transmission electron micrographs.
B) Foci of remyelination.(circle) C) Detail of the forward.
Remyilinated axons by oligodendrocytes (arrows)
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Diabetes mellitus, a serious metabolic disorder, causes damage in many tissue and organs (1).
It has a significant damaging impact on liver. This experimental study has been designed to
investigate possible therapeutic and protective effects of oxytocin; a well-known antioxidant in
several organs (2) on liver of STZ- induced diabetic rats which were treated with oxytocin
before and after STZ administration.
4 experimental groups each containing 6 adult Wistar Albino rats were established. 1) control
group: 1 ml of saline solution was injected intraperitoneally (i.p.) for 5 days, 2) STZ group: a
single dose of STZ 65 mg/kg, freshly dissolved in 1 ml of saline solution was injected i.p. , 3)
pre-oxytocin group: 5 µg/kg of oxytocin was injected i.p. for 5 days prior to the administration
of a single dose of STZ injection, 4) post-oxytocin group: 5 µg/kg of oxytocin was injected i.p.
for 5 days beginning by 28th days following the administration of single dose of STZ injection.
Rats with blood glucose levels of 200 mg/dl or higher were considered to be diabetic and
included in the study. Sacrification at the end of the 4th week, liver tissue samples were taken
to be processed for light microscopy. Blood samples were processed for malondialdehyde
(MDA), glutathione (GSH) and advanced oxidation protein products (AOPP) measurements.
Paraffin sections from liver, stained with Haematoxylin and Eosin (H&E), were evaluated under
a light microscope. Body weights of experimental animals were measured and all data were
analyzed by Graph-Pad Prism.
Liver injury, based on disrupted arrangement of hepatocyte plates, sinusoidal dilatation,
hyperemia, vasocongestion, , pyknotic nuclei in degenerated hepatocytes was scored by using
a scale ranging from 0 to 3 (0: none; 1: mild; 2: moderate; and 3:severe) for each criterion.
Control group reflected a normal liver parenchymal histology. In STZ group, swollen,
hypertrophied hepatocytes with pyknotic nuclei, hyperemia, vasocongestion and sinusoidal
dilatations reflected prominent tissue damage. Microscopic analysis of tissue sections from
pre-oxytocin group demonstrated a reduction in the severity of liver parenchymal damage.
Tissue degeneration in post-oxytocin group was quite similar to that of STZ group. According to
the biochemical data, oxytocin treatment led to a decrease in liver tissue damage which was
more prominent in pre-oxytocin group compared to post-oxytocin group.
We can conclude that oxytocin pretreatment reduced the degree of liver injury in STZ- induced
diabetic rats by providing a cellular protection against oxidative stress produced by
STZ-induced diabetes mellitus.
1. Szkudelski T. (2001). Physiol Res, 50: 536–546.
2. Lee J, Macbeth AH, Pagani J, Scott W. (2009). Prog Neurobiol, 88 (2):127–151.
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Although the Achilles tendon is the strongest tendon in the body, it is also the most affected by
ruptures. Tendon repair is a slow and complicated process and for these reasons researchers
have investigated various treatments to accelerate the healing process and the recovery of the
tendon integrity. Statins are drugs widely prescribed for the treatment of hypercholesterolemia
and in the last few years studies have showed the benefits of these drugs in the recovery of
bone fractures and wound healing making evident the anti-inflammatory, immunomodulatory
and angiogenic effects of the statins. Considering that statins are beneficial in several injuries
and that there are no studies about the effect of statins in the tendon healing, this work has
investigated the influence of local application of simvastatin in the tendon after partial
tenotomy.
Wistar rats were treated for 21 days after partial tenotomy and divided in the following groups:
(N) intact tendon; (L) injured tendon; (LSL) injured tendon treated with local administration of a
sponge of collagen soaked with simvastatin (2.2 mg/50 µl) Simvastatin was dissolved in
aqueous solution of 0.5% carboxymethylcellulose (CMC); (LVL) injured tendon with local
administration of a sponge of collagen soaked with an aqueous solution of 0.5% CMC. Sections
with 7 µm, without stain, were analyzed through polarizing microscope for detecting
birefringence and alterations in the organization of collagen fibers. Other sections were stained
with toluidine blue (TB) (pH 4.0) and analyzed under light microscope to detect cells and
glycosaminoglycans (GAGs). CatWalk system was used to evaluate gait recovery.
Birefringence measurements showed significant differences between the groups (Fig 1). The
groups L, LVL and LSL had lower birefringence than the N group that exhibited the greatest
organization of the collagen fibers (Fig 2). Birefringence analysis also showed better collagen
organization in the LVL group when compared to the other two injured groups. TB stain showed
intense metachromasy in the L and LSL groups indicating higher content of GAGs (Fig 3). The
analysis of gait recovery showed no significant differences between the groups (Fig 4).
Therefore, LVL showed a higher birefringence than the L and LSL groups, indicating that this
group had a better deposition and aggregation of collagen I in the extracellular matrix. Due to
the apparently high content of GAGs in LSL, we believed that the aggregation of collagen may
be impaired. In conclusion, our results suggest that local administration of simvastatin had no
beneficial effects in the collagen organization and in gait recovery after 21 days of treatment.
Perhaps the treatment with simvastatin needs more time to make effect on the collagen
organization.
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Fig. 1: Longitudinal sections of the tendons from different
groups observed by polarization microscopy where (a) N,
(b) L, (c) LVL, (d) LSL. The larger tendon axis was set at 45°
to the polarizers. N group: strong birefringence of the
collagen fibers is observed. LVL group is apparently more
organized when compared to the other injured groups. Bar
50µm

Fig. 2: Birefringence measurements. The largest axis of the
tendon was positioned at 45°with respect to the crossed
polarizers. The number of measurements (100) chosen at
random in 9 sections from 3 tendons of each group. LVL
group had higher birefringence value when compared to
the other injured groups. GA: Gray Average.TR transection
region. (*) p<0.05

Fig. 3: Tendons sections stained with TB where (a) N, (b) L,
(c) LVL, (d) LSL. Observe the bigger number of cells in the
injured groups and the intense metachromasy especially in
the L and LSL groups. Bar 50µm

Fig. 4: Max contact intensity during gait of the rats
obtained by the catwalk system. Measurements performed
on animals 21 days after injury. Measurements were made
on the 1st, 3rd, 5th, 7th, 9th, 11th, 13th, 15th, 17th, 19th
and 21st days after injury. There are no significant
differences between the groups.
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In the early stage of sepsis, impairment of the renal microcirculation is a key complication
potentially leading to renal failure through hypoxia-induced tubular epithelial cell injury and
acute tubular necrosis. Fluid resuscitation during sepsis is considered crucial for the
preservation of adequate intravascular volume and blood pressure and thereby promotion of
microvascular perfusion and renal oxygenation. Balanced fluids are able to improve renal
oxygenation, oxidative stress, and renal function under septic conditions remains to be
elucidated where titration of an optimal dose is still an area of uncertainty. Balanced 6% HES
(130/0.4) dissolved in Ringer’s acetate solution (HES-RA; Volulyte® 6%, Fresenius Kabi) or a
new experimental solution (AQIX®RS-I), or isotonic saline 0.9% NaCl were investigated as to
their efficacy in renal tissue in a rat model of LPS-induced endotoxemia.
Male Wistar-albino rats were randomized in 5 groups (n=6 per group) to receive intravenous
administration of 10 mg/kg lipopolysaccharide (LPS; Escherichia coli serotype: A127:B8, Sigma)
or vehicle (time control) in 30 min. An amount of 20 ml/kg/hr Volulyte® 6% (Fresenius Kabi), 20
ml/kg/hr and 40 ml/kg/hr a new balanced solution AQIX®RS-I and 20 ml/kg/hr and 60 ml/kg/hr
of 0.9%NaCl was continuously given for a period of 180 min after a period of 120 min a mean
arterial pressure (MAP) of about 60 mmHg was reached. After the experiments, kidneys were
isolated and analyzed immunohistochemically for inducible nitric oxide synthase (iNOS), fatty
acid binding protein (FABP), interleukin-6 (IL-6) and myeloperoxidase (MPO) expression.
AQIX®RS20 or AQIX®RS40 administration reduced the increased levels of iNOS and IL-6
reactions, and MPO-stained leukocytes in LPS group compared with control group. AQIX®RS20
decreased the L-FABP reaction, whereas AQIX®RS40 did not decrease its reaction in LPS group.
In conclusion, these results showed that AQIX®RS was effective partially on prevention of
oxidative stress and inflammation in renal tissue.
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The preservation of fertility during cancer therapy remains a major challenge in women in the
reproductive age. The adverse effects of alkylating chemotherapeutic agent cyclophosphamide
on folliculogenesis in the ovary are well-known. On the other hand, resveratrol, a polyphenolic
phytoalexin, has been shown to exert antioxidant, antinflammatory, cardioprotective, DNA
protective and neuroprotective effects in a variety of clinical and experimental settings. This
study aims to evaluate the effects of resveratrol on cyclophosphamide -induced ovarian
damage in rats.
For this purpose, 28-day-old immature Wistar Albino female rats were treated with pregnant
mare serum gonadotrophin (PMSG) to develop the first generation of preovulatory ovarian
follicles. Then, the animals in experimental groups were treated with cyclophosphamide (100
mg/kg, i.p), resveratrol (25 mg/kg/day, i.p), cyclophosphamide + resveratrol or vehicle
ethanol. Forty eight hours after PMSG injection, rats were sacrificed, the ovaries were removed
and embedded in paraffin. Cleaved caspase-3 immunohistochemistry and TUNEL staining were
performed on paraffin sections to determine the apoptotic process in the ovarian follicles. To
compare the intensity of cleaved caspase-3 expression and the extent of TUNEL labeling
between experimental groups, a semiquantitative assessment of immunostaining in granulosa
and theca cells of the follicles at different development stages was performed by h-scoring on
four sections obtained at regular intervals from serial sections of the ovaries.
Cleaved caspase-3 immunoreactivity and TUNEL labeling were significantly increased in
granulosa and theca cells of the multilaminar primary, secondary and Graafian follicles in
cyclophosphamide-treated rats. In these animals, resveratrol treatment significantly reduced
the increased cleaved caspase-3 immunoreactivity in granulosa and theca cells of the
multilaminar primary follicles and in cumulus and mural granulosa cells of the Graafian follicles
(Figure 1). In addition, a significant decrease of the increased TUNEL labeling was observed in
granulosa and theca cells of the multilaminar primary follicles and in mural granulosa cells of
the Graafian follicles (Figure 2).
In conclusion, our data suggest that resveratrol treatment may provide a choice of
pharmacologic approach in the preservation of fertility owing to its beneficial effects on
chemotherapy-induced apoptotic process in ovarian follicles at both early and late phases of
development.
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Fig. 1: Representative images showing cleaved caspase-3 immunostaining of Graafian follicles from ovaries of rats in
cyclophosphamide (a) and cyclophosphamide + resveratrol (b) groups. Scale bars = 100 µm.
 

 
Fig. 2: Representative images showing TUNEL labeling of multilaminar primary follicles from ovaries of rats in
cyclophosphamide (a) and cyclophosphamide + resveratrol (b) groups. Scale bars = 25 µm.
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Ubiquitous in nature, the phospholipases A2 (PLA2) hydrolyze phospholipids at the sn-2 position
and exhibit a large variety of biological functions. In the snakes, the PLA2 are among the most
toxic compounds present in the venoms, exhibiting pharmacological effects: myotoxic,
neurotoxic, anticoagulant and others. Some PLA2 possess high inflammatory capacity that can
occur by several different paths. The Dominici stain allows the identification of different
inflammation involved cells and it can help in the identification of the inflammation pathway
induced by the toxin. In the present work, Bothrops hyoprora venom was fractionated via gel
filtration chromatography and a PLA2 containing pool was submitted to reverse phase HPLC,
yielding a new purified acidic PLA2. Inflammatory activity was monitored by observation of
edema formation and cytokines IL-1α, IL-6 and TNF-α concentration in plasma, measured with
commercially available kits. Purified toxin was applied in mice gastrocnemius muscle, which
was removed and fixed using a 4 % formaldehyde solution in Millonig’s buffer (0.13 M sodium
phosphate, 0.1 M NaOH– pH 7.4) for 18 hours at 4º C and washed in water, ethanol
dehydrated, diaphanized with xylene and paraffin-embedded. Sections of 7μm were
deparaffinized and immersed in water. After that, different sections were stained by
hematoxylin-eosin and by a modified Dominici stain: they were submersed for 30 minutes in a
mixture of acid fuchsin and orange G (0.5% each in distilled water); after that followed a
quickly rinse in 60% ethanol and a counterstain in toluidine blue 0.75% for 20 seconds and
another ethanol rinse. The sections were then put in 95% ethanol until the stains differentiate.
The images were captured with Zeiss Axio Scope A1 Microscope. Previous experiments showed
that this toxin had no myotoxic, anticoagulant or antimicrobial capacities. Nonetheless, it
presented moderate edematogenic properties and high inflammatory capacity, elevating
several times the concentration of interleukins 1α, 6 and TNF-α. The microscopic observations
revealed no muscle damage caused by the toxin, as expected, but it was possible to observe
inflammatory infiltrate in the samples. The Dominici stain made possible to identify the cells in
the infiltrate as mast cells. These results are coherent with the data obtained by interleukins
tests and lead to think that the source of the increase in the cytokines concentration is mast
cell degranulation, triggered by the isolated acidic PLA2 injection.
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Fig. 1: Profile of cytokines IL-1α, IL-6 (pg/ml) and TNF- α (U/ml) plasmatic concentrations along 12 hours after PLA2

injection (filled markers) and phosphate buffer injection (empty markers).
 

 
Fig. 2: Sections of the gastrocnemius muscles from mice injected with PLA2 and phosphate buffer, where: A, B, C-
section stained with HE of muscle injected with phosphate buffer (A) or PLA2 (B and C). D, E, F- sections stained with
Dominici of muscle injected with phosphate buffer (D) and PLA2 (E,F). Bar in A,B,: 40µm. Bar in C,D,E,F: 20 µm.
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Intraduction: At the cellular level, experimental spinal cord injury (SCI) provokes an
inflammatory response, leading to delay in wound healing and low intensity of transforming
growth factor-β1 (TGF-β1) in the dorsal wound-tissue specimens. Systemic application of ozone
leads to delivery of super enriched oxygen at a cellular level and optimizes cell function via
activating the red blood cell, immune-competent cells, the enzymatic antioxidants and radical
scavengers at a cellular level. The aim of this study was to investigate the effects of ozone
therapy on inflammatory response associated with SCI in cutaneous wound healing in rats.
Method: The rats were allocated to one of the three groups: Group T (trauma only,n=7): SCI
was performed as described. The dorsal wound margins were apposed with a non-absorbable
interrupted suture. Then, 4 mL of medical air was insufflated rectally during 1 min. via an 18G
cannula once a day for 5 consecutive days. Group O (trauma+ozone, n=7): After trauma
induction, instead of medical air, 4 mL of ozone (10mcg/mL) was insufflated. Group Control (no
trauma,n=2): No treatment was applied. All rats were sacrificed at Day 14. Wound samples
taken from the dorsum of the rats were evaluated histologically (as thickness of epithelium,
thickness and regeneration of collagen fibers), immunohistochemically (expressions of TGF-β
and VEGF), histomorphometrically (the number of blood vessels) and biochemically
(hydroxyproline and hydroxyproline/protein levels). For statistical analysis, non-parametric
ANOVA and Dunn’s test as a post-hoc were used (p<0.05).
Results: Histological evaluation of the tissue samples were revealed that vessel count was
higher in ozone than in other groups (p<0.001 for each). Hydroxyproline levels in ozone group
is approximately 1.8 times greater (p<0.05) when compared to others. Similarly,
hydroxyproline to total protein ratios were 1.5 and 1.6 times greater (p<0.05) in ozone group
when compared to others. Although, in histochemistry analyses revealed that collagenization
in ozone group was lesser than in control group (p<0.001), it was significantly higher than in
trauma group (p<0.001). Also, collagen organization was worse in trauma group than both
ozone (p<0.05) and control (p<0.01). Although expression of TGF-β and VEGF was worse in
ozone group than in control group (p<0.001); expressions of these growth factors was worse in
trauma group then the others (p<0.001 for both groups).
Conclusion: Based on the results on the parameters evaluated in the study, ozone therapy
reverses the inflammatory response associated with traumatic SCI, leads to better dorsal
cutaneous wound healing via intensifying expressions of TGF-β and VEGF in rats.
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The human endometrium, during every reproductive cycle, undergoes extensive tissue
remodelling in response to cyclical hormonal changes. Estrogens stimulate proliferation and
re-establishment of the stromal and vascular components of the tissue including many
proteins and several transcription factors, especially angiogenic factors, that are important for
DNA replication and cell division. Angiogenesis, the formation of new blood vessels, plays an
important role in the remodelling of endometrial tissue. Notch is a transmembrane receptor
which belongs to a growth factor family. It is structurally and functionally conserved during
evolution and it regulates cell fate specification, stem cell maintenance, and initiation of
differentiation in embryonic and postnatal tissues. The mammalian family of Notch protein
consists of four different isoforms (Notch 1-4) and its ligands can be classified into two classes
as Jagged 1-2. Activation of Notch signaling pathway promotes the development of the
vascular system in embryo, normal adult tissues, and cancerous lesions. Notch genes and their
ligands are known to be expressed in endothelial cells, however little is known about their
expression in the human endometrium, and their role in the cyclical endometrial changes. The
purpose of this study was to investigate the cellular localization of Notch-1 and Jagged-1 in
normal endometrium at different endometrial phases under the control of steroid hormones by
immunohistochemistry.
Endometrial tissue samples were obtained from 24 women with regular menstrual cycles
operated because of benign gynecological conditions. Menstrual cycle phases were determined
and immunhistochemistry was applied to the sections and the immunostaining was evaluated
semiquantitatively.
Notch-1 and Jagged-1 immunoreactivities were both detected on cell membranes. The
expression of both proteins were correlated and they showed weak immunoreactivities in
early-mid proliferative phase of the menstrual cycle in both glandular epithelium and stromal
cells. On the other side, in late proliferative and early secretory phases, the expressions of the
proteins were the highest among the other phases of the cycle. During the late secretory
phase the expressions were weak as in the early-mid proliferative phase in the glandular
epithelium and stromal cells. According to our knowledge, this is the first study which shows
cyclic regulation of Notch signaling pathway in the endometrium. Notch signaling pathway is
shown to have an important role in cyclic structural changes of endometrium and disregulation
of these functions may lead to several endometrial pathologies.



 
Fig. 1: Representative photomicrographs of Notch-1
expression in the endometrium at different cycles. Weak
immunoreactions belong to early-mid proliferative (a) and
late secretory phases (d). Strong immunoreactions are
observed at late proliferative (b) and early-mid secretory
phases (c). All magnifications are X 20.
 

 
Fig. 2: Representative photomicrographs of Jagged-1
expression in the endometrium at different cycles. Weak
immunoreactions belong to early-mid proliferative (a) and
late secretory phases (d). Strong immunoreactions are
observed at late proliferative (b) and early-mid secretory
phases (c). All magnifications are X 2
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Endometrium is a unique tissue characterized by the changes in a cyclic fashion taken place
under the control of estrogen and progesterone hormones. It has been shown that expression
levels of various types of proteins like heat shock proteins, growth factors, cytokines and
several signaling molecules those get involved in endometrial changes have clear differences
at various phases of menstrual cycle. Notch signaling is an evolutionarily conserved
mechanism used to regulate cell fate decision. Four Notch receptors (Notch 1-4) and two
ligands Jagged 1-2 have been identified in mammals. In several studies it has been
demonstrated that Notch signaling is responsible for significant processes, like differentiation,
proliferation and apoptosis those are finely regulated in human endometrium in order to allow
a successful menstrual cycle. Notch signaling pathway has active role during the blood vessel
formation in angiogenesis process for endothelial cells. One of the main morphogenetic events
occurring during the menstrual cycle is formation of spiral arteries(1). In this respect, there is
little known about the expression levels and localization of notch-3 and notch-4 proteins in
human endometrial tissue. So the aim of this study is to investigate the expression levels of
Notch-3 and Notch-4 proteins in the normal endometrial samples surgically removed from 24
women. Tissues were divided according to the menstrual cycle phases, and
immunhistochemistry was applied to the sections, and the immunostaining was evaluated
semiquantitatively.
In the cytoplasm of glandular epithelium cells, both Notch-3 and Notch-4 immunoreactivities
were observed. The expression levels of the proteins were correlated, and they showed mild
immunoreactivities in early-mid proliferative phase of the menstrual cycle in glandular
epithelium. On the other hand, in late proliferative as well as early secretory phase, the
expression levels of the proteins were the highest with respect to the other phases. During the
late secretory phase, the expressions were mild, which is the similar situation for early-mid
proliferative phase in glandular epithelium. In this study, cyclic regulation of Notch-3 and
Notch-4 proteins in the endometrium is demonstrated for the first time. According to our
results, cyclic expression of Notch-3 and Notch-4 proteins seems to be involved in regulation of
structural changes of endometrium and any malfunctioning related to those proteins may
cause several endometrial pathologies.
1- Cobellis L, Caprio F, Trabucco E, Mastrogiacomo A, Coppola G, Manente L,Colacurci N, De
Falco M, De Luca A. The pattern of expression of Notch protein members in normal and
pathological endometrium. J Anat. 2008 Oct;213(4):464-72.



 
Fig. 1: Representative photomicrographs of Notch-3 expression in the endometrium at different phases. Mild
immunoreactions belong to early-mid proliferative (a) and late secretory phases (d). Strong immunoreactivities are
seen at late proliferative (b) and early-mid secretory phase (c).
 

 
Fig. 2: Representative photomicrographs of Notch-4 expression in the endometrium at different phase. Mild
immunoreactions belong to early-mid proliferative (a) and late secretory phases (d). Strong immunoreactions are seen
at late proliferative (b) and early-mid secretory phases (c). All magnifications are X 20.
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Experimental animal models allow reproducing phases of the carcinogenesis and tumor
microenvironment evolution closely to the human pathology, in particular for colorectal
carcinogenesis and chronic colitis models. Azoxymethane (AOM) induced experimental
cancers, in rat and mouse, present features resembling the human pathology [1, 2], as well as
the ulcerative colitis model with dextran sulfate sodium (DSS). Under conventional (CV)
conditions, i.e. commensal microflora in the bowel, the mucosal immunity is persistently
activated (so-called “physiological inflammation”) by the continuous solicitations exerted by
the microbiota on the gut associated lymphoid tissue. Therefore, different stimulation of the
mucosal immunity under the two conditions can elicit different immune environments and
responses, even influencing tissue structures. Germ-free reared (GF) animals may represent a
new and strong model to evaluate regulatory mechanisms of inflammation and their effects on
environment constitution in comparison with the CV animals [3].
When applied in vivo, the SHG Imaging can provide important results in describing
physio-pathologic events, e.g., consequent to manipulation (hyperthermia) of the melanoma
microenvironment [4]. Therefore, SHG appears a tool suitable of more intensive application for
biological and pathological processes evaluation, very perspective also in diagnostics. This
technique allows effective investigations in vivo (or in fresh tissue samples) even without
staining, offering realistic detection of structural characteristics related to biological
phenomena. Digital images of confocal stacks represent suitable data for quantitative
measurements and for computer three-dimensional reconstructions, performed with no need
of aligning and stitching images of successive sections. Here we present a quantitative
comparison of SHG image data obtained in vivo as well as on fresh tissue samples.
References
1) Reddy BS. Studies with the azoxymethane-rat preclinical model for assessing colon tumor
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Vitamin A derivative Retinoic acid (RA), has effects on cell cycle, proliferation and
differentiation (1). Various studies propounded that RA has critical roles on renal development
and repairment of renal damage (2).Aim of this study is to investigate the effects of exogenous
RA on cell proliferation and RAR alpha expression in rat kidney.
12 adult female balb-c mice were used in control and experimental group. 80mg/kg/day 13-cis
RA was applied for 5 days in experimental group, but in control group only saline was given by
gavage. Kidneys were embedded in paraffin and stained with anti RAR alpha and BrDU
antibody.
As BrDU immunreactivity was investigated, no anti-proliferative effect was detected in RA
treated group (Fig. 1). Positive RAR alpha immunoreactivity was seen especially in epithelial
cells of loop of Henle and collecting duct in medulla rather than glomerular and tubular cells
(Fig. 2).
Intracelluar retinoic acid level depends on enzymes that synthesize and metabolize RA,
transport proteins and nuclear receptors. The finding that endogenous retinoic acid has effects
on principle cells and intercalated cells of collecting duct is compatible with our study which
shows RAR immunoreactivity in collecting duct cells of mice kidney treated with exogenous
retinoic acid (3). Although Xu Q. et al. (4) showed that exogenous RA treatment increases
mortality and fibrosis in a dose-dependent manner in endogenous RA deficient transgenic
mice, retinoic acid dose which is used in our study has no significant antiproliferative effect on
healthy kidney cells.
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Fig. 1: Fig. 1: RA treated group BrdU immunoreactivity
 

 
Fig. 2: Fig.2: RAR alpha immunoreactivity of Henle loop and collectory canals of RA treated group.
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Osteoarthritis (OA) is a joint disease characterized by progressive degeneration and loss of
articular cartilage, ultimately resulting in severe pain and disability. Articular cartilage derives
its functional mechanical properties from its extensive extracellular matrix (ECM) of type II
collagen and proteoglycans. In OA, ECM degeneration is characterized by extensive proteolysis
of the type II collagen network and proteoglycans (1,2). Relationships between these structural
changes and altered cartilage mechanical properties have been observed at all stages of OA
degeneration. This study investigated the changes of mechanical properties and surface
roughness in OA progression.
Animal samples were obtained following the Guidelines of the Internal Committee for the Care
and Use of Laboratory Animals (NOM-069-ZOO-1999). Normal articular and osteoarthritic
cartilage was obtained from femoral condyles of male adult Wistar rats (120-150 g) and rats
with OA induced by partial menisectomy (5,10,20 and 45 days after surgery compared with
normal). Full-thickness rat normal and osteoarthritic articular cartilages from weight bearing
areas were fixed with 4% PBS paraformaldehyde at 4°C, and cryosectioned in 6 µm. The
samples were scanned with an atomic force microscope (AFM) (Autoprobe CP Research,
Thermomicroscopes) operating in contact mode.
In normal cartilage it was observed collagen fibers in double or triple junction, which provides
strength and stability to the cartilage. In OA cartilage (45 days after induction) we saw that the
integrity of these junctions were lost.
Using AFM, we can get new images of microstructures that help us to understand the biological
processes occurring in the OA pathogenesis.
These results are part of a comprehensive study on osteoarthritis in the Wistar rat model;
which provides an insight of OA pathogenesis.
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Fig. 1: Normal cartilage.Lefth 2D image, double or triple very tight binding of the collagen fibers is observed . In right
side 3D image, viewed from another perspective or triple pairing arrangement of the collagen fibers
 

 
Fig. 2: OA cartilageLefth 3D image of a sample of OA cartilage 45 days after induction, where the disorder of the
collagen fibers is observed, we also observed a similar formations holes in the extracellular matrix. In right side
another 3D perspective in which the loose arrangement of the collagen is clearly observed
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Osteoarthritis (OA) is a chronic-degenerative and incapacitating disease, characterized by
deterioration of the articular cartilage, synovitis, and alteration in the peri-articular and
subchondral bone [1]. Rodent animal models have contributed to the understanding of the
basic biology of the OA and have helped to describe new candidate biomarkers for diagnosis
and treatment [2]. However, rodents and humans are different in many aspects, including
physiological traits and gene expression. Thus, rodent models cannot sufficiently mimic human
diseases in some cases and large animal models remain needed. Pigs have been used as
models for human diseases because they are similar to humans in terms of anatomy,
neurobiology, cardiac vasculature, gastrointestinal tract, and genome [3]. Therefore, we
analyzed the articular cartilage pathology in pigs with induced joint instability to determinate if
this model could be useful for the study of OA pathogenesis.
Based in our rat OA model [4], joint pathology was induced in Vietnamese pigs (Sus scrofa
domestica) by unilateral knee menisectomy and post-surgery exercise for 20 days;
sham-operated pigs were used as controls. Cartilage sections were fixed with 4%
paraformaldehyde in PBS and stained with safranin O-fast green to assess proteoglycan
content. Immunohistochemistry was performed to determine the expression of IL-1β and
MMP-3 proteins.
Histological analysis of cartilage slices from menisectomized pigs produced pathologic
characteristics similar to OA such as: chondrocytes cluster formation, fibrillation and depletion
of proteoglycan content, mainly in the superficial zone of cartilage (Figure 1).
Metalloproteinases are enzymes involved in the degradation the cartilage extracellular matrix;
therefore, we analyzed the expression of MMP-3. Immunohistochemistry studies showed an
increase in MMP-3 expression in menisectomyzed pigs when compared to sham operated
controls (not shown). Since MMP-3 expression is induced by pro-inflammatory cytokines, such
as IL-1β, we investigated the expression of such cytokine in cartilage slices. IL-1β
immunostaining increased strongly in cartilage from menisectomized pigs when compared
with sham operated controls (Figure 2). Taken together, our results suggest that minipigs
developed OA pathology as consequence of menisectomy and exercise and therefore could be
a useful model to study the physiopathology of OA disease. However, further studies are
required to validate such OA model.
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Fig. 1: Proteoglycan content in porcine articular cartilage. Proteoglycan content was assessed by the safranin O-fast
green staining in cartilage slices from sham operated pigs (left) and menisectomized pigs (right). In menisectomized
animals is evident the chondrocytes cluster formation (arrow) and fibrillation (arrowhead). Scale bar: 50 µm.
 

 
Fig. 2: Expression of IL-1β in porcine articular cartilage. IL-1β expression was determined by immunohistochemistry in
cartilage slices from sham operated pigs (left) and menisectomized pigs (right). Scale bar: 50 µm.
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Advances in digital pathology are generating huge volumes of whole slide images (WSI) and
tissue microarray (TMA) images which are providing new insights into the causes of some of
today’s most devastating diseases. They also present tremendous opportunities for developing
and evaluating new and more effective treatments that may revolutionize the care of patients
with cancers and other diseases. The challenge is to exploit new and emerging digital
pathology technologies effectively in order to process all the heterogeneous tissue-derived
data. AIDPATH project addresses this challenge through a focused research in collaboration
between academia and industry. The objectives are:
1) Optimizing and standardizing digital pathology image display: Digital pathology
requires make diagnosis through images displayed on electronic devices such as LCD
monitors. A WSI is thousands of times larger than an ordinary photograph. AIDPATH is
developing novel technology for calibrating and standardizing medical image display devices.
Different metrics for ensuring image quality is being developed and integrated into WSI
devices (Figure 1).
2) Advanced image analysis for whole slide imaging: The H&E, IHC and FISH stained issue
sections represent the mainstay of traditional pathology diagnosis. Automated image analysis
of WSI can extract specific diagnostic features of diseases and quantify individual component
of these features to support diagnosis and provide informative clinical measures of disease.
AIDPATH develops advanced intelligent image analysis tools to automatically extract useful
image features (Figure 2).
3) Evaluation and quantification of biomarkers: IHC is a robust and commonly used
methodology for identifying the expression of specific biomarkers in tissues. For analysis of
marker coexpression, immunofluorescence has significant importance. The application of
genetic probes in FISH is now an standard tool in pathology for genetic aberrations analysis.
Objective evaluation of biomarkers is needed for disease diagnosis and identification of
therapeutic targets in TMA (Figure 3).
4) Clinical evaluation of the processing tools: This will help developing efficient and innovative
products to fulfil the needs of digital pathology.
AIDPATH carry out research and develop: a) state of the art medical image display technology
for digital pathology, b) novel image analysis solutions and knowledge discovery tools for
future pathology diagnosis and research and c) state of the art solutions for biomarker
evaluation and quantification.
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Fig. 1: Image quality in digital pathology. Quality evaluation of microscopy and scanned histological images for
diagnostic purposes. Example of two captured histological images of size 1800 × 1800 pixels: (a) Scanner, (b)
Microscope.
 

 
Fig. 2: Advanced image analysis for WSI. AngioPath: Automatic TMA vessel segmentation and characterization based
on color and morphological features. Angiogenesis research.
 

 
Fig. 3: TMA Evaluation. Automatic Handling of Tissue Microarray Cores in High-Dimensional Microscopy Images for
further anlaysis. H&E Breast TMA sample digitized with the motorized microscope.
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The present study examined the ultrastructure of the thyroid gland of West African Dwarf
(WAD) goat, in order to further understand the ultrastructural changes in the components of
the thyroid glands in relation with age. Thyroids glands obtained from fifteen (15) apparently
healthy WAD goats of different ages and sexes slaughtered at the local abattoirs were used for
this study. Electron microscopic techniques were used to study of fixed tissue with emphasis
on the follicular and parafollicular cells. Thyroid tissues showed marked regional variation in
structure and ultrastructure. The results showed that the follicular cells were cuboidal in
thyroid of young goats but appear flattened to columnar, especially in the thyroids of much
older goat (5-7 years). These cells were characterized by the presence of markedly dilated
cisternae of rough endoplasmic reticulum and well developed Golgi apparatuses, which
decreased in the older goats. Microvilli were short and sparse on the follicular cells and their
numbers decreased in the older goats. Different sizes of apical vesicles of varying electron
density (i.e measuring from 250nm to 1600nm) were encountered, with membrane bound
colloid droplets, lysosome-like bodies, abundant secretory vesicles and the presence of these
vesicles appear to differ with age. Parafollicular cells were encountered in the basal position
between follicular cells in all the thyroids examined. Numerous dense cytoplasmic granules
were observed and they were not apparently different from that described in several
mammals. This finding indicates that the morphological features of the follicular epithelial cells
of thyroid gland in WAD are generally similar to that reported in some domestic animals.
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Fig. 1: A. Electron micrograph of a high cuboidal follicular
cell taken from 3 years-old WAD goat showing a basal
nucleus (N). The Golgi stacks (G) close to the nucleus. The
cytoplasm is rich in organelles that included abundant
mitochondria (M), Rough Endoplasmic Reticulum(RER),and
secretory vesicles (S), Colloid droplets(L) (Scale 2.4µm)
 

 
Fig. 2: B. Electron micrograph of parafollicular cells taken
from 2years- old WAD goat. Note the extensive cytoplasm
containing numerous profiles of dense secretory granules
(S) and golgi complex(G). Note the rim of cytoplasm of the
follicular cell(F) abutting the colloid. (Scale 2.0µm).
 

 
Fig. 3: C. Electron micrograph of apical cytoplasm of
follicular cells showing some organelles close to the colloid
lumen (C). Note the abundant mitochondria (M), Rough
endoplasmic reticulum (RER), Lysosomes (L), Colloid
droplets (D) and presence of tight junctions (white arrow)
between the cells . (Scale 5µm).
 

 
Fig. 4: D. Electron micrograph of a follicular cell showing a
typical intercellular junctional complex with tight junction
(T), desmosome (D). Note the presence in apical cell
membrane, a few short microvilli(thin black arrow),
mitochondria(M) with visble cristae, some colloid droplets
(C) and few ribosomes in the cytoplasm. (Scale 2µm).
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The scorpionism is a public health problem worldwide causing serious accidents in children
under 10 years. Potentially dangerous scorpions to humans belong to the family Buthidae, in
Latin America these events are mainly caused by the genus Centruroides and Tityus. Only in
2008 Colombia enters the list of countries affected by severe scorpion, especially that caused
by the scorpion Tityus pachyurus, however Colombia for its megadiversity has more than one
dangerous species to humans, among these is Tityus sp endemic Department of Cauca south
western Colombia that has the most toxic lethal dose 50 (3.5 mg / kg), reported so far.
The objetive of this study was to determine the ultrastructural level cardiotoxic effect on male
Wistar rats (n = 16), weighing (200 ± 20g). A design with four treatments was applied: a
control group treated with 0.9% saline (n = 4), and three sub-doses of LD50 (20%, 40% and
80%), each with four rats. After 3 hours of applying venom, the heart was extracted for
ultrastructural analysis. Fixation was done in 2.5% glutaraldehyde, the post-fixation in 1%
osmium tetroxide, dehydrated with alcohol in increasing concentrations (30% to 100%) and
soak in LR White resin. The semithin sections were stained with 500 nm toluidine blue for light
microscopy at high resolution and ultra-thin 40 nm thick, and contrasted with uranyl acetate -
lead citrate for transmission electron microscopy.
The effect of the venom was observed in all treatments, the most striking pathological changes
occurred in the sub-doses of 80%. The main findings of cardiac tissue consisted of edema of
muscle fibers, a change that is also evident at the level of mitochondrial cristae, which have
notorious separation cause by edema. Also focally, vascular congestion, karyorrhexis,
karyolysis and vacuolization of sarcoplasmic that guide toward the emergence of incipient
necrosis is observed. It is concluded that the venom of Tityus sp produces damage in the heart
of Wistar rats at the cellular and tissue.
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Fig. 1: Electronic mycrography of rat heart treated with Tityus sp scorpion venom , with mitochondrial edema
(asterisk); vacuolization (triangle); edema of the  cardiac fibers (arrow).
 

 
Fig. 2: Electronic mycrography of rat heart treated with
Tityus sp scorpion venom , with  abundant areas of
mitochondrial edema (asterisk).
 

 
Fig. 3: Electronic mycrography of rat heart treated with
Tityus sp scorpion venom , with ,  karyorrhexis
(rhombus); cell congestion (circles).
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Premature newborns are frequently exposed to both mild and severe hyperoxia and
experimental data indicate modulation of liver metabolism by hyperoxia in the first postnatal
period. Conversely, nothing is known about possible modulation of growth factors and
signaling molecules involved in other hyperoxic responses and no data are available about the
effects of hyperoxia in postnatal liver haematopoiesis.
The aim of this study is to analyse the effects of hyperoxia in neonatal liver tissue, focusing the
attention on the responses shown by hepatocytes and haemopoietic cells in terms of Vascular
Endothelial Growth Factor (VEGF), Matrix Metalloproteinase 9 (MMP-9), Hypoxia-Inducible
Factor-1α (HIF-1α), endothelial Nitric Oxide Synthase (eNOS), and Nuclear Factor-kB (NF-kB),
expression along with apoptotic event occurrence.
Exposure of newborn rats to room air (controls), 60% O2 (mild hyperoxia), or 95% O2 (severe
hyperoxia) was performed for the first two postnatal weeks. The results were obtained by
means of  immunohistochemical, TUNEL and Western blot analyses.
Severe hyperoxia increases hepatocyte apoptosis and MMP-9 expression and decreases VEGF
expression. Reduced content in reticular fibers is found in moderate and severe hyperoxia.
Moderate hyperoxia specifically induces in hepatocytes upregulation of HIF-1α and
downregulation of eNOS and NF-kB expression. Postnatal hyperoxia exposure upregulates
VEGF (both moderate and severe hyperoxia) and eNOS (severe hyperoxia) expression in
haemopoietic cells.    
In conclusion, our study reveals different effects of hyperoxia on hepatocytes and
haemopoietic cells, with growth factors and intracellular mechanisms being differently
involved. Postnatal hyperoxia shows detrimental action on hepatic tissue. Decreased VEGF
expression may play a role in severe hyperoxia whereas some other changes seem to drive
response to moderate hyperoxia, such as increased HIF-1α expression, and decreased
expression of eNOS and NF-kB. Conversely, postnatal hyperoxia exposure increases liver
haemopoiesis and upregulates VEGF and eNOS expression. Thus, it may be hypothesized the
involvement of VEGF and eNOS in the liver haemopoietic response to hyperoxia.     
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Abstract
Background: Dioxins are one of the most widely distributed environmental pollutants. Dioxins
consist of feedstock during the preparation of some industries, such as the paper industry as
they can be produced in the atmosphere during the process of burning garbage and waste
especially medical waste. Dioxins can be found in the adipose tissues of animals in the food
chain as well as in human breast milk. 2,3,7,8-Tetrachlorodibenzo-pdioxin (TCDD) is the most
toxic component of a large group of dioxins. Humans are exposed to TCDD through
contaminated food items like meat, fish, milk products, eggs etc.
Recently, natural formulations relating to reducing or eliminating TCDD toxicity have been in
focus. Ginger rhizome (Zingiber officinale R., family: Zingiberaceae), is used worldwide as a
spice. Both antioxidative and androgenic activity of Z. officinale was reported in animal
models. Researchers showed that ginger oil has dominative protective effect on DNA damage
and might act as a scavenger of oxygen radical and might be used as an antioxidant.
Aim of the work: The present study was undertaken to evaluate the toxic effect of TCDD on the
structure and histoarchitecture of the testis and the protective role of co-administration of
ginger root extract to prevent this toxicity
Materials & Methods: Male adult rats of Sprague-Dawley strain were assigned to four groups,
eight rats in each; control group, dioxin treated group (given TCDD at the dose of 100 ng/kg
Bwt /day by gavage), ginger treated group (given 50 mg/kg Bwt /day of ginger root extract by
gavage), dioxin and ginger treated group (given TCDD at the dose of 100 ng/kg Bwt /day and
50 mg/kg Bwt /day of ginger root extract by gavages). After three weeks, rats were weighed
and sacrificed where testis were removed and weighted. The testes were processed for routine
paraffin embedding and staining. Tissue sections were examined for different morphometric
and histopathological changes.
Results: Dioxin administration showed a harmful effects in the body, testis weight and other
morphometric parameters of the testis. In addition, it produced varying degrees of damage to
the seminiferous tubules, which were shrunken and devoid of mature spermatids. The
basement membrane was disorganized with vacuolization and loss of germinal cells. The
co-administration of ginger root extract showed obvious improvement in the above changes
and showed reversible morphometric and histopathological changes of the seminiferous
tubules.
Conclusion: Ginger root extract treatment in this study was successful in reversing all
morphometric and histological changes of dioxin testicular damage. Therefore, it showed a
protective effect on testis against dioxin toxicity.
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Introduction: Current literature suggests that vascular components play a fundamental role in
neurological diseases like Alzheimer’s disease (AD) (Kovacic and Fuster, 2012). One such
component is erythrocytes (RBCs) that are highly deformable, which contributes to assisting
blood flow in the microcirculation (Mohandas and Gallagher, 2008). Abnormalities in RBCs and
their flow can contribute to AD by obstructing oxygen delivery to parts of the brain that are
already in a compromised state. Closely linked to hematological pathology in AD are increased
iron levels that may play an important role in the pathogenesis of the condition(Barnham and
Bush, 2008). Increased iron levels cause oxidative stress, as they participate in
oxygen-dependent free radical formation (Castellani et al., 2012). This free radical stress may
have an impact on RBCs and may possibly cause extensive and accumulative damage to these
cells, ultimately compromising their functioning. Aims: Determine if there is iron overload
present in AD and if this has an effect on the structure of the RBCs. Methods: 25 AD patients
and 40 healthy control individuals were studied and results from light microscopy, scanning
electron microscopy, atomic force microscopy and confocal microscopy were correlated.
Results: RBC ultrastructure showed a changed morphology in the presence of iron overload.
These changes might impair the oxygen carrying capacity and compromise hemorheology of
the RBCs, and additionally cause a strain on the already challenged brain function of these
individuals. Conclusions: Iron overload are present in AD patients, this may cause the condition
to progress faster than in AD individuals who do not have iron overload, particularly due to the
additional hydroxyl radical load.
References:
Kovacic,J.C.,andFuster,V.(2012). Atherosclerotic risk factors, vascular cognitive impairment,
and Alzheimer disease. Mt. SinaiJ.Med. 79, 664–673.
Mohandas,N.,andGallagher,P.G.(2008) .Red cell membrane:past,present,and future. Blood 112,
3939–3948.
Barnham,K.J.,andBush,A.I.(2008). Metals in Alzheimer’s and Parkinson’s diseases.
Curr.Opin.Chem.Biol. 12, 222–228.
Castellani,R.J.,Moreira,P.I.,Perry,G.,andZhu,X.(2012). The role of iron as a mediator of oxidative
stress in Alzheimer disease. Biofactors 38, 133–138.
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Fig. 1: Red blood cell (RBC) of a healthy individual with a typical discoid shape. Scale: 1μm
 

 
Fig. 2: Discoid shaped red blood cell from an Alsheimer's patient with normal serum ferritin levels. Scale: 1μm
 

 
Fig. 3: Irregular shaped red blood cells from Alzheimer's patient with increased serum ferritin levels. Scale: 1μm
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Abstract
Introduction. Lung carcinoma is the leading cause of cancer related mortality worldwide. For
this reason, some research efforts are focusing in the evaluation of a variety of
tumor-associated antigens (TAAs) for diagnosis, prognosis and therapy monitoring as well as
for lung cancer immunotherapy. In line with this, adequate methods to identify which patients
are most likely to benefit from the targeted drugs against the identified TAAs are needed.
Aims. To evaluate the immunohistochemical detection of the N-glycolyl GM3 ganglioside
(NeuGcGM3), the epidermal growth factor receptor (EGFR) and its ligand (EGF) in non-small
cell lung carcinoma (NSCLC) using four cuban monoclonal antibodies.
Materials and Methods. Five micrometer serial sections from 64 routinely processed,
formalin-fixed and paraffin-embedded archival samples with diagnosis of NSCLC cancer were
obtained. For EGFR and EGF antigens, the slides were pre-treated with 0.4% pepsin in 0.1N
hydrochloric acid solution at 37°C for 30 minutes. The samples were incubated with ior egf/r3
(anti-EGFR), CB-EGF1, CB-EGF2 (anti-EGF) and 14F7 (anti-N-glycolyl GM3 ganglioside) Mabs
followed by a peroxidise avidin-biotin system. All markers were evaluated for percentage of
positive cells (0-100%) and the intensity of reaction (0-3+). The results in agreement with two
observers were considered as final.
Results. The reactivity of 14F7 Mab was evidenced in 61/64 (95.3%) of NSCLC samples. The
pattern of staining of this Mab was finely granular and was located on both cell membrane and
cytoplasm of malignant cells (Figure 1). In one of positive cases (1.6%) an additional nuclear
staining of 14F7 Mab was detected.
The immunodetection of EGFR by means of the ior egf/r3 Mab was evidenced in 37/59 (62.7%)
of NSCLC samples. The pattern of staining of ior egf/r3 Mab was finely granular and was mainly
located in the plasmatic membrane of malignant cells (Figure 2), although their cytoplasm was
also decorated.
The expression of EGF was observed in about 70% of NSCLC samples, using CB-EGF1 or
CB-EGF2 Mabs. The pattern of staining of these Mabs was finely granular and mainly located in
cytoplasm; although a membrane staining was also observed (Figure 3). An additional
extracellular staining was detected. A slight increase in the intensity of reaction was observed
with CB-EGF1 Mab, although a significant correlation was detected when the reactivity of these
two Mabs were compared (p<0.0001, rs=0.5429; Spearman test).
Conclusions. Our data permit to consider the development of diagnostic kits using ior egf/r3,
CB-EGF1 and 14F7 Mabs in order to achieve a better selection of patients to specific therapies.
Acknowledgement. Financial support was provided by the Center of Molecular Immunology.
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Fig. 1: Figure 1. Hematoxylin and eosin staining of lung adenocarcinoma (A). Note: the intense reaction of 14F7 Mab
located on both cell membrane and cytoplasm of malignant epithelial cells (B) (Brown color). Counterstained with
Mayer’s Hematoxylin (Blue color). White bar = 50 µm.
 

 
Fig. 2: Figure 2. Hematoxylin and eosin staining of lung adenocarcinoma (A). Note: the intense reaction of ior egf/r3
Mab mainly located in cell membrane and also in the cytoplasm of malignant epithelial cells (B) (Brown color).
Counterstained with Mayer’s Hematoxylin (Blue color). White bar = 50 µm.
 

 
Fig. 3: Figure 3. Hematoxylin and eosin staining of lung adenocarcinoma (A). Note: the intense immunostaining with
CB-EGF1 Mab located on both cell membrane and cytoplasm of malignant epithelial cells (B) (Brown color).
Counterstained with Mayer’s Hematoxylin (Blue color). White Black bar = 100 µm.
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Aim: In this study we aimed to investigate healing effects of melatonin, quercetin and
resveratrol on hepatocellular injury in streptozotocin-induced experimental diabetes via
histological and biochemical methods.
Material and Methods: Thirty-five adult male Wistar albino rats divided into 5 groups each
containing 7 rats as follows: Group 1: Control, Group 2: Diabetes (Streptozotocin 45
mg/kg/single dose/ip), Group 3: Diabetes+Melatonin (10 mg/kg/30 days/ip), Group 4:
Diabetes+Quercetin (25 mg/kg/30 days/ip) and Group 5: Diabetes+Resveratrol (10 mg/kg/30
days/ip). Melatonin, quercetin and resveratrol dissolved in 4% ethanol. Initial and final blood
glucose levels and body weights were measured. At the end of the experimentation, rats were
sacrified by ketamine anesthesia. The tissue samples were fixed in 10% formalin. Following
routine tissue process, livers were embedded paraffin. Paraffin blocks were cut at 5 µm,
mounted on slides stained with hematoxylin-eosin, Periodic acide schiff and Masson’s
trichrome. Histopathologic damage score was calculated in regard to congestion, sinusoidal
dilatation, inflammation, fibsosis and loss of glycogen. Maximum score was 15. Tissues were
examined using a Leica DFC280 light microscope and a Leica Q Win Image Analysis system
(Leica Micros Imaging Solutions Ltd., Cambridge, UK). Tissue biochemical (oxidant/antioxidant)
parameters as malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT) and
glutathione (GSH) were examined.
Results: The diabetic rats had significantly higher blood glucose levels than the control group
(p<0.05). In diabetic rats, body weights were significantly decreased when compared with the
control rats (p<0.05). There was no significant difference in body weights among diabetic
groups (p>0.05). The control group was normal in histological appearence. However,
histopathological alterations were detected such as congestion, sinusoidal dilatation,
inflammation, fibrosis and loss of glycogen content in the diabetes group. On the other hand,
in treatment groups, histopathological changes markedly reduced. The levels of MDA
increased and the enzyme activities of CAT, SOD and GSH levels decreased in the diabetes
group, while melatonin, quercetin and resveratrol treated diabetic rats showed an increase of
CAT activity and GSH level and a decrease of MDA levels. There was no significant difference in
SOD activity among treatment groups (p>0.05).
Conclusion: In view of the histological and biochemical findings, we conclude that STZ-induced
hepatocellular injury should be prevented by melatonin, quercetin and resveratrol
administration probably via their antioxidant actions.
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Characteristic pathological changes in the glomeruli in diabetic nephropathy (DN) include
expansion of the mesangial matrix and thickening of the glomerular basement membrane
(GBM). Streptozotocin (STZ) induced DN in rats represents an excellent model for evaluation of
drug treatment efficacy due to the progressive development of severe glomerular sclerosis
and tubule-interstitial fibrosis. Additionally, this model reflects high similarity of the intrarenal
enzyme distribution with the one in humans. Electron microscopy represents a unique method
for analysing kidneys on ultrastructure level. The aim of this study was to confirm kidney
changes in rats with STZ-induced DN and to estimate the effect of the perindopril (PER)
treatment.
DM was induced by a single IP injection of STZ (60 mg/kg) in 75 Wistar rats. The control group
received only IP injection of citrate buffer, pH 4.5. The rats with blood glucose levels  11
mmol/L, under fasting condition were included in the study and were left in diabetic condition
for 4 wks to develop DN. The diabetic rats (n=50) were randomly assigned to two experimental
groups (STZ and STZ+PER). In the STZ+PER group (n=25), PER was administered (6
mg/kg/daily) from week 4 to week 12. Changes in kidney structures were analysed in a
double-blinded manner. Glomeruli were carefully graded in a sequential manner, to avoid
grading the same glomeruli twice. The detected changes by light microscopy were analysed
and confirmed by TEM. Kidney tissue samples with a size of 1-2mm2 after de-paraffinization
and rehydration procedure were post-fixed in 1% (v/v) OsO4 for 1h and then embedded in
Durcupan™ resin. Semi-thin sections were stained with Toluidine blue, while ultrathin sections
obtained from ultra-microtome (PT-PC PowerTome, Ultramicrotomes, RMC Products), were
contrasted in autostainer (QG-3100 Automated TEM Stainer, RMC Products) by uranyl acetate
and lead citrate. Samples were then analyzed on TEM (Jeol, JEM 1400) attached to digital
camera (Veleta TEM Camera, Olympus) and controlled by iTEM software v.5.2.
The renal tissue examination (STZ group, after 8 wks), have shown presence of a moderate
degree of glomerulopathy characterized with basement membrane thickening, expansion of
the mesangial matrix, arteriolar hyalinosis and insudative protein deposits that obstruct some
of the capillaries (Fig. 1). The ultrastructure analysis have identified uneven fusion of the
podocytes and widening of the mesangial matrix with GBM thickening due to deposition of
basal membranaceous sclerotic material (Fig. 2, Fig. 3).
The detection of the observed changes on the ultrastructure kidney level outweighs the
expense of EM for routine diagnostic purposes and adds its value as irreplaceable technique
for diagnosis of renal diseases.



 
Fig. 1: Histopathological features of kidney from untreated
diabetic rat at 12 wks with damaged glomeruli, thickened
GBM, altered tubular epithelium with clear cytoplasm due
to intracellular glycogen accumulation and areas of partial
tubular dilatation. Sections were stained with PAS reagent.
Magnification × 100 and × 200.
 

 
Fig. 2: Histopathological features of kidney diabetic rat
treated with perindopril at 12 wks. Sections were stained
with PAS reagent. Magnification × 100 and × 200.
 

 
Fig. 3: An electron micrograph from STZ-induced DN rats.
Untreated diabetic rat at 12 wks., uneven fusion of the
podocytes as well as widening of the mesangial matrix with
sclerotic GBM thickening (magnification × 20,000)
 

 
Fig. 4: An electron micrograph from diabetic rat treated
with perindopril at 12 wks.,showing mild thickening of the
GBM and regenerated podocyte (magnification × 15,000)
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Chronic hypoxia results in pulmonary hypertension and right ventricle hypertrophy. On the
other hand, it increases myocardial resistance to acute ischemia/reperfusion injury (Kolar et
al., 2007). Akt signalling plays an important role in cardioprotective mechanisms (Ravingerova
et al., 2007). Akt1 and Akt2 are known as major isoforms and their localization in
cardiomyocytes appear to be crucial for their action in the area of mitochondria and
sarcolemma. We aimed to assess the subcellular localization of Akt1 and Akt2 and their
co-localization with either mitochondria or sarcolemma by quantitative fluorescence
microscopy in hearts of rats adapted for 3 weeks to intermittent hypobaric hypoxia (7000 m,
8h/day). Frozen section method of indirect immuno-fluorescence staining combined with
marker counterstaining was used. Cryosections were incubated with rabbit primary polyclonal
antibodies against rat Akt1 (Cell Signalling) and Akt2 (GenScript). As counterstaining, either
mitochondrial compartment or sarcolemma markers were used. Mitochondria were stained
with MitoProfile Total OXPHOS Rodent Antibody Cocktail (Abcam), WGA-TMRM conjugate
(Molecular Probes) was used as sarcolemma marker. Pearson correlation coefficients indicating
the level of colocalization of both Akt isoforms with the two subcellular compartments were
calculated using ICA plugin of Fiji ImageJ software.
Our results showed thatAkt2 was not associated with sarcolemma and its association with
mitochondrial compartment was higher compared to Akt1 in both ventricles. Adaptation to
hypoxia decreased (p<0.005, n=6) mitochondrial association of Akt1 in the hypertrophied right
ventricle only while increasing its association with sarcolemma in both ventricles.
We conclude that Akt1, but not Akt2, subcellular localization is affected by chronic hypoxia
with significant differences between right and left ventricles.
Ostadal B, Kolar F. Cardiac adaptation to chronic high-altitude hypoxia: beneficial and adverse
effects. Respir Physiol Neurobiol. 2007 Sep 30;158(2-3):224-36.
Ravingerova T, Matejikova J, Neckar J, Andelova E, Kolar F. Differential role of PI3K/Akt pathway
in the infarct size limitation and antiarrhythmic protection in the rat heart. Mol Cell Biochem.
2007 Mar;297(1-2):111-20.
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Fig. 1: The overall pattern of Akt1 fluorescent signal in different cell compartments. Akt1 isoform is more associated
with mitochondria than with sarcolemma. Under hypoxic condition Akt1 detach from mitochondria in RV (p<0.0022,
n=6) and translocate to plasma membrane in both ventricles (p < 0.0001, n=6).
 

 
Fig. 2: Akt1 colocalization with mitochondria in hypertrophied right ventricle of rat. After adaptation to hypoxia Akt1
isoform (green) detached from mitochondria (red) in right ventricle (p<0.0022, n=6). A: tissue section of control
samples B: sections of samples adapted to hypoxia
 

 
Fig. 3: Akt1 colocalization with plasma membrane. After adaptation to hypoxia, Akt1 (green) seems to translocate to
plasma membrane (red). Pearson’s coefficient increased significantly (p < 0.0001, n=6). Nevertheless the absolute
values of coefficient are very low and further evidence is necessary. A: control sample B: sample adapted to hypoxia
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The HL-60 human cell line corresponds to promyelocytic myeloid leukemia. HL-60 has the
ability to differentiate throughout the myeloid series with the incorporation of exogenous
retinoic acid (ATRA) or dimethylsulfoxide (DMSO). The induction of differentiation of HL-60
modifies the typical nuclear granulocytes ovoid to polylobulated. The HL-60 cell line has the
translocation t(5;17) (q35;q21) involving the gene encoding the nuclear retinoic acid receptor
(RARalpha and nucleophosmin gene (NPM) (Cho et al. 2011). The product of the t(5; 17) shares
the ability to act as ligand-dependent transcriptional activator of genes responsive to retinoic
acid (Hummel et al. 1999). ATRA is included in chemotherapeutic protocols of cancer in acute
promyelocytic leukemia (LAP, M3). All the process of differentiation was assessed by SEM, TEM
and light microscopy (Fig_1). We also investigated the relation of the p53 protein and the
cytoskeleton remodeling during differentiation HL-60 to granulocytes, analyzing the dynamic
of p53 distribution and its relation with polymeric actin through specific antibodies against p53
and actin and confocal laser microscopy (Fig_2). Preliminary results obtained show that
differentiated HL-60 cells with ATRA or DMSO present modifications in the location and degree
of intensity in p53 and actin signals. The redistribution of p53 and its association with the actin
cytoskeleton in differentiated HL-60 cells may due to a change in cellular environment where
colonization capacity might be reduced. In contrast, actin is present all over the cells in
undifferentiated HL-60 as well as p53, although this protein may inhibits cell spreading through
an inhibition of cell polarization (filopodia formation) according to Roger et al. (2006) (Fig_3). In
addition, filopodia formation does not appear to be inhibited, despite p53 is expressing. A
possible explanation could be that p53 or its regulator proteins are mutated in this cell line.
The characteristics forming the identity of the metastatic process, is heterogeneity and
instability of cells, therefore, to determine the existence of this p53 and actin distribution
patterns in other tumoral cells lines is necessary to confirm the hypothesis of Roger et al.
(2006).
Gallagher R, Collins S, Trujillo J (1979) Characterization of the continuous, differentiating
myeloid cell line (HL-60) from a patient with acute promyelocytic leukemia. Blood 54: 713-733
Cho SR, Park SJ, Kim HJ, Park IJ, Choi JR, Jung HJ, Park JE (2011) Acute promyelocytic leukemia
with complex translocation t(5;17;15)(q35;q21;q22): case report and review of the literature.
Pediatr Hematol Oncol. 33:e326-9
Roger L, Gadea G, Roux P (2006). Control of cell migration: a tumour suppressor function for
p53? Biol. Cell. 98: 141-152
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Fig. 1: (A-C) TEM of differentiated HL60-ATRA ultrathin
sections (D-F). SEM of HL60-ATRA metallized with a thin
layer of pure gold in which light are observed invaginations
(G-I) Images obtained in inverted microscope illustrating a
complex morphology exhibiting HL60-ATRA
 

 
Fig. 2: (CM) Patterns distribution of p53 in HL60-ATRA cells
differentiated and cells undifferentiated (control HL60-PBS)
(A1, B1, C1) merge of single cell z-stack slices 3D
reconstruction of HL60-ATRA (A2, B2, C2) p53 (red) (A3, B3,
C3) actin cytoskeleton; (A4, B4, C4) DAPI (blue) bar=4
microns
 

 
Fig. 3: (CM) Patterns distribution of p53 in HL60-PBS cells undifferentiated (A1) single cell z-stack slices DAPI (blue),
(A2) p53 (red), (A3) actin cytoskeleton (A4) merge; (B, C, D, E) cell polarization (arrow filopodia formation). Images
obtained in epifluorescence microscope illustrating a complex morphology, bar = 4 microns
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Microvascular networks are designed to deliver blood to certain tissue areas and adjust local
blood flow to tissue metabolic needs. Morphological and functional heterogeneity of
microvessels plays an important role in vasomotor reactions and regional blood flow
regulation. To study the mechanisms of microvascular remodeling, we explored the potential
of optical microscopy techniques for 2D and 3D imaging of microvasculature [1] in combination
with blood flow measurements and quantitative image analysis [2].
Using data obtained by intravital microscopy, we estimated the distribution of microcirculatory
parameters and analysed microvascular network architecture in the rat mesentery (Fig. 1) and
skeletal muscle (Fig. 2). Wall shear stress values estimated from the luminal diameter and
blood flow velocity measurements in terminal arterioles varied significantly and correlated with
wall-to-lumen ratio. The data provide evidence of a role for shear stress and circumferential
wall stress in the development and adaptation of microvascular networks under normal
physiological conditions. Ex vivo microscopic visualization was used to generate high
resolution 3D images of the perfused fraction in terminal vascular beds in rodents. Tissue
specimens taken after iv injection of fluorescein isothiocyanate-dextran were dissected, fixed,
subjected to optical clearing, and used for subsequent confocal microscopic examination.
Sequential optical sections collected at 1-5 μm intervals along the z axis were used to
generate 3D-images of the microvascular tree (Fig. 3). To perform a comparative assessment
of total microvascular density in healthy animals and in animals with vascular abnormalities,
immunohistochemical localization of vascular wall elements [3] was used (Fig. 4). The method
of ex vivo microscopic visualization allows evaluation of the vascular microarchitecture and
perfusion levels across a microvascular tree in tissue specimens with a thickness of up to 1-2
mm. Quantitative assessment of microvascular networks using 2D and 3D optical imaging
techniques will be a useful tool for studying the mechanisms of microvascular adaptations both
in healthy and diseased tissues.
References:
1. Ahlgren, U. and E. Kostromina, Imaging the Pancreatic Beta Cell, in Type 1 Diabetes -
Pathogenesis, Genetics and Immunotherapy, D. Wagner, Editor. 2011, InTech. p. 269-92.
2. Shinkarenko, V., et al., in New Methods and Instruments for Microscopy in Biology and
Medicine, V. Shinkarenko, Editor. 1987: Wetzlar. p. 170-175.
3. Kostromina, E., et al., Glucose intolerance and impaired insulin secretion in
pancreas-specific STAT3 knockout mice are associated with microvascular alterations in the
pancreas. Endocrinology, 2010. 151(5): p. 2050-9.



 
Fig. 1:  In vivo microscopic image of rat mesenteric
microvessels. A-arterioles, C-capillaries. Scale bar=50 µm.
Objective 25x.
 

 
Fig. 2:  Intravital microscopy of the rat cremaster muscle
microcirculation. A-arterioles, V-venules. Scale bar=100
µm. Objective 6.3x.
 

 
Fig. 3:  Ex vivo confocal microscopic image of perfused
blood vessels after iv injection of fluorescein
isothiocyanate-dextran.
 

 
Fig. 4:  Endothelial cells are visualized by PECAM-1
immunostaining of frozen tissue sections. Scale bar=50
µm. Objective 40x.
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Introduction: Cisplatin (CIS) is commonly used as a chemotheropotic agent however it is
associated with numerous side effects such as urinary cytem cytotoxicity. Quercetin (QT) is a
naturally occurring flavonoid present in fruits and vegetables. A number of studies have
evaluated its biological properties and found it to have potential benefits for human health,
including antimicrobial, antiviral, antioxidative, anti-inflammatory, and anti-apoptotic activity.
Aim: The aim of the study is to investigate possible protective effects of QT in cisplatin induced
damage in urinary bladder tissues.
Materials and Methods: Male Sprague Dawley rats were used in the study and four
experimental groups (250-300 g; n= 8/each group) were formed as: 1- saline applied control,
2- QT applied control, 3- CIS and 4- CIS + QT groups. Following a single dose of CIS (7 mg/kg
i.p.), either saline or QT (20 mg/kg, orally) was administered for 21 days. After decapitation of
rats, urinary bladder were removed for histopathological and biochemical evaluation. The
urinary bladder tissue samples were fixed with 10% neutral buffered formaldehyde and
processed for routine paraffin embedding. Hematoxylin and Eosin stained sections were
evaluated semiquantitatively. In order to examine oxidative tissue injury,
8-hydroxy-2-deoxyguanosine (8-OHdG), malondialdehyde (MDA) and glutathione (GSH) levels,
and superoxide dismutase (SOD) and caspase 3 activities were analyzed biochemically. Data
were analyzed statistically.
Results: Urothelial damage was increased in CIS induced rats and decreased with QT
treatment. In the CIS treated group, increase in 8-OHdG and MDA levels and caspase 3 activity
and decrease in GSH level and SOD activity were also reversed by QT treatment.
Conclusion: According to the results, quercetin exerts beneficial effects against cisplatin
induced oxidative damage through its antioxidant and antiapoptoic effects.
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Introduction: Aging is defined as a progresivelly decreasing ability to maintain homeostasis
and increasing risk to many cardivascular system diseases. At an older age, accumulation of
altered macromolecules and membranes may impair cell functioning and accumulation of
damaged organelles may increase the yield of reactive oxigen species and accelarete aging. It
is known that exercise delays the aging processes and protects the cardivascular system. Due
to aging body mass index increases and adipose tissue amount increases in the body.
Aim: The aim of the study was observed the protective effects of exercise and caloric
restriction on cardivascular system in aged rats.
Materials and Methods: Sprague Dawley rats were used in the study. Five experimental groups
(n= 8/each group), were formed as: 1-control (3 month old, standart diet), 2-aged (15 months
old, standart diet), 3-aged + caloric restriction (15 months old, caloric restriction), 4-aged +
exercise (15 months old, standart diet, swiming exercise for 3 months) and 5-aged + caloric
restriction + exercise groups. At the end of the study aorta and heart tissues were taken from
the animals for morphological and biochemical studies. The tissue samples were fixed with
10% neutral buffered formaldehyde and processed for routine paraffin embedding.
Hematoxylin and Eosin stained sections were evaluated semiquantitatively. In order to
examine oxidative tissue injury, 8-hydroxy-2-deoxyguanosine (8-OHdG), malondialdehyde
(MDA) and glutathione (GSH) levels, and superoxide dismutase (SOD), nitric oxide synthase
(NOS) and caspase 3 activities were analyzed biochemically. Data were analyzed statistically.
Results: Aging altered the histological appearance of the tissues and caused oxidative damage
assessed by increased MDA and 8-OHdG levels and decreased GSH levels and SOD activity.
Furthermore, due to aging, the heart and aorta tissue caspase-3 activity is increased, while
NOS activity is decreased. When aged rats were exposed to exercise, caloric restriction, or
both procedures, histopathological and biochemical changes were reversed in varying
amounts.
Conclusion: In conclusion, exercise and caloric restriction may protect the cell and tissues in
the cardiovascular system via balancing oxidant-antioxidant status, nitric oxide metabolism
and inhibiting apoptosis.



Type of presentation: Poster
 

LS-11-P-5922 The Anti-inflammatory Effects of The Cholinergic Pathway on
Pancreaticobiliary Duct Ligation-Induced Acute Pancreatitis in Rats
 

Kolgazi M.1, Kolbasi B.2, Guleken Z.3, Atsız A.4, Başıbüyük C. S.4, Boz İ. B.4, Küçükali B.4, Ercan
F.2, Yeğen B. Ç.3
 
1Acibadem University, School of Medicine, Dept. of Physiology, Istanbul,Turkey, 2Marmara
University, School of Medicine, Dept. of Histology and Embryology, Istanbul, Turkey, 3Marmara
University, School of Medicine, Dept. of Physiology, Istanbul, Turkey, 4Marmara University,
School of Medicine, 5th Year Student, Istanbul, Turkey,
 

Email of the presenting author: bircankolbasi@yahoo.com
 
Introduction: Acute pancreatitis is an inflammatory condition that may lead to multisystemic
organ failure. The "cholinergic anti-inflammatory pathway" modulates the immune system by
acting via the alpha7 receptors expressed on macrophages and immune cells.
Aim: The aim of this study was to investigate the effects of cholinergic anti-inflammatory
pathway on acute pancreatitis induced by pancreaticobiliary obstruction in rats.
Materials and Methods: Acute pancreatitis was induced in Wistar albino rats by
pancreaticobiliary duct ligation (PBDL). Half of the animals, before they were induced with
pancreatitis, were subjected to bilateral cervical vagotomy using capsaicin. All groups were
treated intraperitoneally with either nicotine (1 mg/kg/day) or saline for 3 days. After
decapitation, lung, liver and pancreas tissues were collected for histologic evaluation and
measurement of myeloperoxidase (MPO) activity, malondialdehyde (MDA) and glutathione
(GSH) levels. For lung tissue (1) vascular congestion, (2) fibrosis and interstitial edema, (3)
alveolar structural disturbance and inflammatory cell infiltration, for pancreas tissue (1)
edema, (2) acinar necrosis and (3) inflammatory cell infiltration, for liver tissue (1)
vacuolization and picnotic nucleus in hepatocytes, (2) sinusoidal congestion and (3) Kupffer
cell infiltration were taken as the scoring criteria. Based on a semiquantitative scale, the
histological scores of the organs were calculated as the sum of the scores (0–3) given for each
criterion. The maximum calculated score was 9. Student’s t-test was used for statistical
analysis. Values of p<0.05 were regarded as significant.
Results: Acute pancreatitis with PBDL increased microscopic damage scores in lung, liver and
pancreas tissues. Nicotine treatment and cervical vagotomy significantly reduced microscopic
damage scores compared with PBDL group in all tissues (p<0.05-0.001). Nicotine treatment
reduced MPO activity and MDA levels which were increased with PBDL in all three tissues, and
prevented PBDL-induced GSH depletion in the liver and pancreas tissues (p<0.05-0.001).
Similarly, capsaicin-induced denervation decreased MPO activity and MDA levels in liver and
pancreas tissues (p<0.05-0.001).
Conclusion: Stimulation of the cholinergic system with nicotine reduced neutrophil infiltration
and lipid peroxidation and prevented GSH depletion in the PBDL-induced acute pancreatitis
model. In addition, capsaicin-sensitive vagal afferent neurons have a role in this cholinergic
anti-inflammatory mechanism. Further experimental and clinical studies are required to
elucidate the regulatory role of the cholinergic system in acute pancreatitis.



Type of presentation: Poster
 

LS-11-P-5932 Resveratrol Protects Against Experimental Induced-Reye's Syndrome
by Prohibition of Oxidative Stress and Restoration of Complex I Activity
 

Abdeen A. A.1, Sarhan N. I.2
 
1Departemnt of Pharmacology ,Faculty of medicine ,Tanta University , 2Departement of
histology and cell biology FAculty of medicine Tanta university
 

Email of the presenting author: nsarhan2006@hotmail.com
 
Reye's syndrome is the main contraindication of using aspirin in
young children during fever-causing illnesses. The safety of paracetamol as a classical
alternate therapy is now questionable due to increasing evidence of its correlation to
increased incidence of autism. Therefore, this study was designed to investigate if
resveratrol could provide protection against Reye's syndrome induced by 4-pentenoic
acid in Wister albino rats. Methods and results: Compared to rats with untreated
Reye's syndrome; 1 hour pre-treatment by low dose resveratrol (10 mg/kg by oral
gavage) resulted in marked amelioration in liver functions in the form of significant
decrease in serum transaminases (AST, ALT) and plasma ammonia levels, shortening
of prothrombin time and increase in serum albumin levels. In addition, resveratrol
prohibited oxidative stress markers as significant increase in GSH and decrease in
MDA with restoration of complex I activity in liver tissues. The classical
histopathological presentation in Reye's syndrome of microvesicular steatosis by light
microscope and mitochondria distortion by electron microscope; has been improved by
resveratrol pre-treatment. The efficient protection by resveratrol was determined by
normalization in serum levels of AST and albumin as well as complex I activity, GSH
and MDA. Conclusion: It could be concluded that pre-treatment with resveratrol in low
dose could protect against Reye's syndrome partially via prohibition of oxidative stress
and restoration of complex I activity. This may provide the opportunity to reconsider
aspirin therapy for infants and young children. However, the verification of such result
in clinical practice remains a real challenge.



 
Fig. 1: Induced Reye's syndrome(group II) showing multiple
microvesicular steatosis (►) and mononuclear cellular
infiltrate (→). (×200). [
 

 
Fig. 2: Induced Reye'ssyndrome (group II) showing multiple
microvesicular steatosis (→) and extracellular vacuoles with
wide separation of thecells (*). Notice nuclear
fragmentation (►). (×1000).
 

 
Fig. 3: Hepatocytes of induced Reye's syndrome (group II)
showing crescents of chromatin margination inside the
nucleus (N) with focal swelling (*) and disrupted nuclear
envelope (wavy arrow), few mitochondriawith destroyed
cristae (►) and multiple vacuoles (→). Notice also focal
disruption of the plasma membrane (curved
arrow).(×11700|). 
 

 
Fig. 4:  Hepatocytes of induced Reye's syndrome (group II)
showing irregular contoured nucleus (N), Few mitochondria
(M), large sized cytoplasmic lipid droplets (L), multiple
vacuoles (►) and electron dense bodies (→).(×11700).
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Introduction: Cisplatin is commonly used as a chemotheropotic agent however it is associated
with numerous side effects such as reproductive cytotoxicity. It causes spermatogenic cell
death and DNA damage in spermatozoa via the formation of reactive oxygene species (ROS).
Resveratrol (3,5,4'-trans-trihydroxystilbene), a natural phytoalexin, is a potent antioxidant
agent, presents in a wide variety of dietary sources including grapes, plums and peanuts.
Aim: The aim of the study is to investigate possible protective effects of resveratrol in cisplatin
induced testis damage.
Materials and Methods: Male Sprague Dawley rats were used in the study and four
experimental groups (250-300 g; n= 7/each group) were formed as: 1- saline applied control,
2- resveratrol applied control, 3- cisplatin and 4- cisplatin + resveratrol groups. Following a
single dose of cisplatin (7 mg/kg i.p.), either saline or resveratrol (10 mg/kg, orally) was
administered for 5 days. After decapitation of rats, testes were removed for histopathological
and biochemical evaluation. The testis tissue samples were fixed with 10% neutral buffered
formaldehyde and processed for routine paraffin embedding. Hematoxylin and Eosin stained
sections were evaluated semiquantitatively as atrophic, degenerative, regressive or normal
seminiferous tubules. Oxidative injury was examined by measuring malondialdehyde (MDA)
and glutathione (GSH) levels and myeloperoxidase (MPO) activity. Data were analyzed
statistically.
Results: Degenerated and atrophic tubule numbers were increased in cisplatin induced rats
and resveratrol treatment decreased the degenerated and atrophic tubules significantly. In
cisplatin treated group, increase in MDA level and MPO activity and decrease in GSH level were
also reversed by resveratrol treatment.
Conclusion: Resveratrol is protective against cisplatin induced testis injury in rat and may be a
promising agent in alleviating the systemic side effects of cisplatin.
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Introduction: Apocynin (4-hydroxy-3methoxy-acetophenone), naturally occurring
methoxy-substituted catechol, extracted from the roots of Apocynum cannabinum (Canadian
hemp) and Picrorhiza kurroa (Scrophulariaceae) is well known an inhibitor of NADPH oxidase.
Aim: This study was designed to examine the possible protective effect of apocynin, a NADPH
oxidase inhibitor, against torsion-detorsion (TD) induced ischemia/reperfusion (I/R) injury in
testis.
Material and Methods: Male Wistar albino rats were divided into sham-operated control, and
either vehicle, apocynin 20 mg/kg- or apocynin 50 mg/kg-treated TD groups. In order to induce
I/R injury, left testis was rotated 720 degrees clockwise for 4 hours (torsion) and then allowed
reperfusion (detorsion) for 4 hours. Testicular morphology was examined by light microscopy.
Left orchiectomy was done for the measurement of tissue malondialdehyde (MDA), glutathione
(GSH) levels, myeloperoxidase (MPO) activity, and luminol, lucigenin, nitric oxide (NO) and
peroxynitrite chemiluminescences (CL).
Results: I/R caused significant increases histological damage and luminol, lucigenin, nitric
oxide and peroxynitrite chemiluminescence demonstrating increased reactive oxygen and
nitrogen metabolites in tissue. As a result of increased oxidative stress tissue MPO activity,
MDA levels were increased and antioxidant GSH was decreased. On the other hand, apocynin
treatment reversed histopathological alterations, as well as all these biochemical indices that
were induced by I/R.
Conclusison: Findings of the present study suggest that NADPH oxidase inhibitor apocynin by
inhibiting free radical generation and increasing antioxidant defense exerts protective effects
on testicular tissues against I/R.
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A rapid metabolization of acetate or lactate present in resuscitation fluids for correction of
acidosis following shock without excessive edema formation can be considered an important
expectation when resuscitating with balanced crystalloid solutions. However whether this
actually occurs and what the respective contribution to the control of acid base of either
acetate or lactate in crystalloid solutions is, especially during conditions of critical illness and
cardiovascular compromise is uncertain. In this study we aimed to compare the efficacy of an
acetate-gluconate based fluid Plasmalyte (PL) versus other crystalloid fluids (Ringer Lactate
solution; RL, Ringers Acetate; RA and Saline (0.9% NaCl)) to demonstrate its superior ability to
resuscitate in a hemorrhagic shock and resuscitation model with liver dysfunction.
Male Spraque dawley rats were randomized in 6 groups (n=6 per group). Liver resection (LR)
was achieved by ligaturing the hepatic arterial portal venous and removing the ligatured 70%
part of liver. For hemorrhagic shock (HS) after stabilization, the animals were bled from the left
femoral artery catheter at a rate of 1 ml/min using a syringe pump till reaching a mean arterial
pressure (MAP) of 30 mm Hg. This pressure was maintained for 1 hour by re-infusing or
withdrawing blood. At the end of this phase, the animals were resuscitated for 60 minutes with
intravenous administration of RL, RA, PL, %0,09 NaCl until a target of MAP=65 mmHg is
reached. Also, this study was consisted two groups as time control and an LR+HS without
resuscitation. After the experiments, kidneys were isolated and analyzed
immunohistochemically for inducible nitric oxide synthase (iNOS), liver fatty acid binding
protein (L-FABP), interleukin 6 (IL-6) and Tumor necrosis factor-alpha (TNF-α) expression.
Saline, RA, and RL administration after LR and HS reduced the increased levels of iNOS, TNF-α
and IL-6 reactions. PL did not decrease iNOS and IL-6 reactions, whereas it decreased TNF-α
reactions in LR+HS group. All fluids were decreased L-FABP reactions in LR+HS group. In
conclusion, these results demonstrated that these crystalloid fluids have a role on oxidative
stress and cytokine expression in kidney tissue in a hemorrhagic shock and resuscitation
model with liver dysfunction.
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The higher ratio of binucleated cardiomyocytes in adult mammal’s heart has been postulated
to be an adaptive response to increased metabolic activity, including cell hypertrophy.
Although the nitric oxide (NO) is considered to be involved in heart remodeling, the
mechanisms of right ventricle hypertrophy induction after chronic treatment with NOSs
inhibitors or chronic cold acclimation are still obscure. Hence, we aimed this study to examine
whether these treatments affect ratio of binucleated cardiomyocytes in rats right ventricle and
structure of cardiomyocytes nuclei. Rats acclimated to room temperature (22±1 °C) and cold
(4±1 °C), respectively, were treated with 2.25% L-arginine, a substrate for NOSs, or with
0.01% Nω-nitro-L-arginine methyl ester (L-NAME), an inhibitor of NOSs, for 45 days. Untreated
groups acclimated to room temperature or cold served as controls. The cardiomyocyte’s
nuclear cross-sectional area was measured morphometrically, and the ratio of binucleated
cardiomyocytes was estimated. In order to explore the potential link between cardiomyocyte
proliferation and binucleation we performed immunohistochemistry for proliferating cell
nuclear antigen (PCNA). All treatments independent of ambiental temperature increased ratio
of binucleated cardiomyocytes, which was statistically significant in L-NAME-treated animals
only. Binucleated cardiomyocytes showed immunopositivity for PCNA. At the same time,
cardiomyocyte’s nuclear cross-sectional area was decreased in all treated and cold-acclimated
animals, with significantly higher percent of nuclei with cross-sectional area bellow 20 µm2.
These results suggest that cardiomyocytes nuclear state alterations involving decreased
nuclear size and increased presence of binucleation play important role in the right ventricle
remodeling, especially during chronic L-NAME-treatment.
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The biological membrane is a highly dynamic two-dimensional structure. Lipids not only form
the structural basis of the membrane, but also play many functional roles. In comparison to
proteins, however, relatively little is known about how lipids distribute in the membrane. This
is mainly because most microscopic methods used for proteins are not appropriate for
determining lipid distribution at a small scale. Proteins can be immobilized with chemical
fixatives like aldehydes so that various immunohistochemical techniques can be applied. In
contrast, most membrane lipids do not react with aldehydes and remain mobile even in fixed
cells. This ‘unfixability’ makes it difficult to determine lipid distribution even though specific
probes are available for many membrane lipids.
We have been working on an electron microscopic method using freeze-fracture replica
labeling combined with quick-freezing (QF-FRL). In this method, cells are fixed physically to
avoid the problem of chemical ‘unfixability’ of lipids. Briefly, cells are subjected to
quick-freezing to stop molecular motion instantaneously; then a membrane is split into two
leaflets by freeze-fracturing, after which membrane molecules are immobilized by vacuum
evaporation of platinum and carbon; to this physically-stabilized membrane preparation (i.e.,
freeze-fracture replica), specific probes are applied to label target molecules (Figure 1).
By using QF-FRL, we can observe not only the two dimensional distribution of membrane lipids
(and proteins as well) but also the asymmetry that lipids show between the outer and inner
leaflets. Because membranes are retained in a stable form in the freeze-fracture replica, they
can be subjected to various chemical treatments that may perturb membrane structures when
applied to native membranes. I would like to present several results obtained using QF-FRL and
discuss the strength and weakness of this technique in comparison with other methods
available today.
 

Acknowledgement: The study was supported by Grants-in-Aid for Scientific Research of the
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Fig. 1: The outline of quick-freezing/freeze-fracture replica labeling
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The perinucleolar structure is a nuclear body forming in highly malignant cancer cells. To
address its structure and function, we employed chemical-biology approaches, in which small
molecules that significantly reduce PNC prevalence were identified and used as chemical
probes. Compound ML246 disassembles PNCs effectively in the nM range, and inhibits soft
agar growth and invasion capability of cancer cells in vitro. In a PC3M human metastatic
prostate cancer mouse model, ML246 significantly inhibits the growth of the tumors and blocks
the metastasis of PC3M cancer cells into lungs. In a pancreatic cancer model, ML246 blocks
metastasis to lung and liver. Thus, PNC disassembly corresponds well with inhibition of
malignant behavior of cancer cells both in vitro and in vivo. Cellular and molecular analyses of
the mechanism of action show that ML246 induces significant and reversible changes in the
nucleolar structure as evaluated both by light and electron microscopy. Correspondingly,
ML246 treatment induces reduction of pol I and pol III transcription. However, there is little
change in pol II transcription. Gene array analyses show biased impact on gene expression
upon treatment. These studies suggest that PNC function directly associates with nucleolar
and pol III activities. Experiments are currently underway to identify the cellular pathways by
which ML246 reduces PNC, disrupts nucleolar structure, regulates transcriptions, and blocks
malignant behavior, so as to tease out the functional relation among all of them.
 

Acknowledgement: We would like to thank the support from NIH grant (GM078555) and grants
from Robert Lurie comprehensive Cancer Center.
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GFP-based video microscopy provides profound insight into biological processes by generating
information on the ‘history’, or dynamics, of the cellular structures involved in such processes
in live cells. A crucial limitation of this approach, however, is that many important structures
may not be resolved by light microscopy. Like more recent super-resolution techniques,
Correlative video-Light-Electron Microscopy (CLEM) was developed to overcome this limitation.
CLEM integrates GFP-based video and electron microscopy through a series of ancillary
techniques such as proper fixation, hybrid labeling and retracing, and so provides the needed
resolution. Another key characteristic of CLEM is that, by virtue of its electron microscopy
component, it defines the context of the object of interest through the staining of bulk
membranes and proteins and hence delineates all of the organelles and structure that
surround or contact the structures of interest. This feature has no equivalent in light-based
super-resolution techniques, which can only detect the fluorescent molecule used as marker.
CLEM ‘multiplies’ the power of video microscopy, and is having an impact in several areas cell
and developmental biology. Future developments of CLEM will, in our view, derive from
combining again information deriving from GFP-based video microscopy (with its unique power
to provide insight into the spatial-temporal organization of a process), with other types of
information based on different imaging technology. In particular, correlating GFP-based video
microscopy with the detection of large multi-molecular complexes, or with the localization of
individual lipid species, will have significant impact in cell biology. Techniques that are suitable
to achieve these aims are being developed. The potential, limitations and perspectives of
correlative approaches aimed at integrating the unique insight generated by video microscopy
with information from different forms of imaging will be discussed.
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In higher organisms, genomes are housed and function in the cell nucleus. While we have
learnt a great deal in recent years about the sequence of genomes and the machinery that
reads genome information, insights into how genomes function in the context of the
architectural framework of the cell nucleus in a living cell are only now emerging. Several key
concepts such as the existence of nuclear architectural proteins, the presence of distinct
nuclear compartments, the non-random organization of genomes, and the dynamic nature of
nuclear architecture are now recognized as driving genome function. Importantly, aberrations
in nuclear architecture are now known to lead to diseases ranging from cancer to pre-mature
aging. We are using various imaging modalities to elucidate the cell biological properties of the
genome including mapping of the genome in 3D space, development of diagnostic applications
based on genome organization and the visualization of genome function in living cells. In
particular we have developed a novel diagnostic approach for breast cancer based on changes
in higher order genome organization. We have also used Deep Imaging methods to follow the
formation of chromosome translocations in living cells. Our observations establish a spatial and
temporal framework for the formation of chromosome translocations and they identify several
molecular pathways as contributors to translocation etiology. They also represent a illustrative
example of the power of Deep Imaging as a new tool in cell biology.
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Molecular microscopy is a field of many scales; length, size, color, thickness, weight and many
more. The study of molecular signaling processes related to disease on each of those scales
requires the detection and analysis of the molecules involved as well as the evaluation of their
spatial organization. This allows the detailed molecular typing of cells under duress and can
provide critical insight in the activated pathways related to the progression of disease.
Molecular imaging in the post-genome era provides insight in metabolomic and proteomic
changes during the progression of disease on different scales; from single cells to whole
biological systems.
Multimodal molecular imaging with mass spectrometry provides direct insight into the spatial
organization of a wide variety of molecules on complex surfaces. It is truly a multiplex and
label free imaging technique that takes advantage of all analytical capabilities embedded in
modern mass spectrometers. This molecular histology technique allows for direct structural
analysis of molecules liberated from the surfaces under study. As such, it enables direct
targeted and untargeted analysis of endogenous metabolites, oligosaccharides, lipids, peptide
and proteins, as well as exogenous compounds. The subsequent identification and
quantification can contribute to disease specific molecular disease profiles.
The distribution of several hundreds of molecules on the surface of histological tissue sections
can be determined directly in a single imaging MS experiment. This enables molecular
pathway analysis as well as the role of the different molecular signals and their behavior under
a drastically changing chemical or biological environment in these pathways. Imaging mass
spectrometry has evolved to bridge the gap between different disciplines such as MRI, PET,
fluorescence imaging and histology. In this contribution we will discuss applications of new MS
based chemical microscopes in biomedical tissue analysis in various diseases. This lecture will
highlight innovative applications of multimodal imaging MS that elucidate the way in which
local environments can influence molecular signaling pathways on various scales.
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The rapid diagnosis of plant virus diseases can be of great significance in order to identify the
viral agent and to limit the spread of the diseases. Transmission electron microscopy (TEM) is a
powerful method to diagnose viral diseases and to study the distribution of viruses within plant
cells and tissues. Current protocols for both ultrastructural and immunological detection of
viral diseases with TEM in plants take several days and are therefore not suited for the rapid
diagnosis of such diseases. This study describes a method that allows the rapid ultrastructural
and cytohistochemical detection of Zucchini Yellow Mosaic Virus (ZYMV) in Cucurbita pepo and
Tobacco Mosaic Virus (TMV) in Nicotiana tabacum within about half a day and is based on
microwave assisted plant sample preparation for TEM, negative staining methods, and
immunogold labelling of viral coat protein.
With the help of microwave irradiation sample preparation for ultrastructural and
cytohistochemical investigations was reduced from about 75h each to 136min and 89min,
respectively. After cutting and contrasting of the sections typical ultrastructural alterations
such as cylindrical inclusions in the cytosol could be observed in ZYMV infected plants whereas
large areas of virions accumulating in the cytosol were visible in TMV-infected plants (Fig.1). In
addition, negative staining of viral particles in the sap of the remaining ZYMV- and
TMV-infected leaves revealed typical rod shaped virions with an average length and width of
707nm and 12nm for ZYMV and 280 and 17nm for TMV. These data were in accordance to the
ultrastructural symptoms of ZYMV and TMV and the size range reported for the virions in the
literature. Cytohistochemical labelling of TMV-coat protein with primary and secondary gold
conjugated antibodies on sections prepared for cytohistochemical investigations was
performed in 100min and identified virions within the cytosol as TMV in the TEM (Fig.1d).
Comparison of gold particle density by image analysis revealed that samples prepared with the
help of microwave irradiation yielded significantly higher gold particle density as samples
prepared conventionally at room temperature.
This study clearly demonstrates that microwave assisted plant sample preparation for
ultrastructural investigations, negative staining methods, and cytohistochemical localization of
viral coat protein are well suited for the rapid diagnosis of plant virus diseases in altogether
about half a day by TEM. As these protocols could also be applied in the fields of medical
pathology they are an important application for the rapid diagnosis of virus diseases in human,
animals and plants.
 

Acknowledgement: The authors gratefully acknowledge funding from the Austrian Science
Fund (P20619, P22988).



 
Fig. 1: Cells of C. pepo (a-b) and N. tabacum (c-d) after microwave assisted sample preparation. Cylindrical inclusions
(arrows in b) and parallel aligned virions (arrows in c,d) appeared within ZYMV- and TMV-infected plants, respectively.
Gold particles were present in the areas of virions (d). C=chloroplasts, M=mitochondria, V=vacuoles. Bars=1µm.
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Abstract
In correlative microscopy, light microscopy provides the overview and orientation in the
complex cells and tissue, while electron microscopy offers the detailed localization and
correlation to subcellular structures. High quality electron microscopical preparation methods
provide optimal preservation of the cellular ultrastructure. From such preparations serial thin
sections are collected and used for comparative histochemical, immunofluorescence and
immunogold staining.
In light microscopy histological stains identify the orientation of the sample.
Immunofluorescence labeling facilitates to identifying the region of interest, namely, the
labeled cells expressing the macromolecule under investigation whereas colloidal gold
visualize the label within the cellular architecture at high resolution provided by electron
microscopy.
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Quantum dots (Q-dots) harbour unique chemical properties and are a valuable instrument for
Correlative Electron Microscopy as they emit specific fluorescence signals, that can directly be
documented and linked to an electron dense signal in the same sample processed for Electron
Microscopy.
Q-dots are of small size and very robust, and are used as a tool for a variety of biomedical
applications.
We have found recently while studying inflammatory processes in vivo that systemically
injected Q-dots reach the microvasculature and even penetrate biological barriers depending
on their surface chemistry (Ref1). Carboxyl Q-dots for example enter predominantly
endothelial caveolae and get enriched in perivascular macrophages (Fig1 and 2). Moreover
under pathophysiological conditions their behaviour is more differentiated, directly modulating
inflammatory responses also in the extracellular environment (Ref2).
These findings suggest considering Q-dots as drug vehicles for modulating inflammatory
processes.
Furthermore the in vitro application of Q-dots in pre-embedding protocols has a great potential
to label the cellular volume in 3D and to bridge light microscopy imaging to ultrastructural
resolution. Mainly by using a high pressure freezing, rehydration protocol for initial fixation
dynamic membrane compartments are immobilized in their most ‘intact’ condition. (Ref3, 4).
We are currently investigating the appearance and labelling efficiency of different membrane
vehicles in a correlative approach by applying Q-dots (Fig3 and 4).
References:
1) Rehberg M, Praetner M, Leite CF, Reichel CA, Bihari P, Mildner K, Duhr S, Zeuschner D,
Krombach F. Quantum dots modulate leukocyte adhesion and transmigration depending on
their surface modification. Nano Lett. 2010 Sep 8;10(9):3656-64.
2) Rehberg M, Leite CF, Mildner K, Horstkotte J, Zeuschner D, Krombach F. Surface chemistry of
quantum dots determines their behavior in postischemic tissue. ACS Nano. 2012 Feb
28;6(2):1370-9.
3) Donselaar E, Zeuschner D, Posthuma G, Humbel B M & J W Slot.
Immunogold labeling of cryosections from high-pressure frozen cells. Traffic. 2007
May;8(5):471-85.
4) Jimenez N, Post JA. A novel approach for intracellular 3D immuno-labeling for electron
tomography. Traffic.  2012 Jul;13(7):926-33.



 
Fig. 1: Cross-sectioned venule in mouse cremaster muscle:
injected carboxyl Q-dots are taken up by caveolae of the
endothelium.Scale bar: 100nm
 

 
Fig. 2: Perivascular macrophages get enriched in carboxyl
Q-dots applied systemically - note that mitochondria and
ER are not reached by Q-dots.Scale bar: 100nm
 

 
Fig. 3: HUVECs were high pressure frozen, rehydrated and
processed for pre-embedding labelling -overview illustrates
integrity of different membrane compartments after
HPF-rehydration and mild permeabilization.Scale bar:
500nm
 

 
Fig. 4: HUVECs were high pressure frozen, rehydrated and
processed for pre-embedding labelling– Weibel Pallade
bodies are well preserved in long branching networks.
Scale bar: 200nm
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Chitosan-based nanoparticles (chiNPs) are biocompatible polymeric drug carriers; they are
able to prolong drug activity by stabilizing and modulating the release of the encapsulated
agent, which allows its delayed delivery after NP administration (1). Due to their polycationic
nature, chiNPs easily interact with the cell membrane thus rapidly crossing endothelial linings
and entering cells; they are also able to cross the blood brain barrier (2).
Based on these features, we choose chiNPs as promising drug delivery systems for targeting
the hypometabolizing D-Ala(2)-D-Leu(5)-enkephalin (DADLE) to the central nervous system (3).
The induction of a hypometabolic state is of potential interest for surgical procedures, for
preserving organs for transplantation, or for neuro- and cardio-protection. However, in the
attempt to design a suitable drug delivery strategy, preliminary studies on target cells are
required to elucidate the uptake mechanisms of NPs and their intracellular fate, with special
reference to their degradation pathway.
Transmission electron microscopy is a valuable tool to investigate the intracellular trafficking
pathway of NPs and clarify their interaction with organelles; however, due to their moderate
homogeneous electron density, chiNPs are almost indistinguishable from the cytosolic milieu.
To overcome this difficulty, cytochemical and immunocytochemical approaches were used to
make chiNPs unequivocally detectable at the ultrastructural level. Neuronal cultured cells were
administered FITC-labelled chiNPs (Fig. 1), and then submitted to DAB photo-oxidation. The
resulting reaction product was easily visualized after osmication in epoxy resin-embedded
samples (Fig. 2), revealing that chiNPs are internalized by endocytosis and can escape
endosomes thus avoiding lysosomal degradation. In acrylic resin-embedded samples DAB
precipitates were also visible without osmication; these specimens proved to be optimal for
combining DAB photo-oxidation with immunoelectron microscopy, thus allowing the precise
identification of the chiNP degradation sites (4).
DADLE-loaded chiNPs were also recognized in neuronal cultured cells by immunogold labeling
with an anti-enkephalin antibody and this approach also allowed to label DADLE molecules
released from chiNPs into the cytoplasm (Fig. 3) (5).
Preliminary tests ex vivo envisaged promising application of these ultrastructural techniques to
also detect chiNPs in explanted tissues and organs, after systemic administration.
1. Jallouli et al. Int J Pharm 344:103, 2007
2. Jaruszewski et al. Nanomedicine 8:250, 2012
3. Malatesta et al. Rev Environ Sci Biotechnol 6:47, 2007
4. Malatesta et al., Micron 59:44, 2014
5. Malatesta et al. Histochem Cell Biol 2013 (DOI 10.1007/s00418-013-1175-9013-1175-9)
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Fig. 1: Fluorescence microscopy: FITC-labelled chiNPs are
distributed in the cytoplasm of a neuronal cell. DNA was
stained with Hoechst 33258. Bar, 10 µm.
 

 
Fig. 2: Transmission electron microscopy (epoxy resin
embedding): a finely granular electron dense product is
evident in an endosome-enclosed FITC-labelled chiNP after
DAB photo-oxidation. Bar, 150 nm.
 

 
Fig. 3: Immunoelectron microscopy (acrylic resin embedding): a chiNP is labelled with the anti-DADLE antibody; some
labelling also occurs in the cytosol. Bar, 150 nm.
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Pollen embryogenesis (POEM) is an efficient process for the production of doubled haploid
plants and represents a convenient model for studying the process of plant cell proliferation in
general and embryogenesis in particular. Uninucleate pollen is known to be the most amenable
stage for the induction of POEM. Though exact mechanisms are unclear, successful induction
of embryogenesis may depend on the epigenetic predisposition of microspores. To elucidate
the cellular mechanisms causing gametophytic and embryogenic processes taking place in
pollen grains, we have investigated chromatin alterations in both of these pathways. Since
gametogenesis is accompanied by distinct chromatin alterations within the nuclei of the
vegetative and generative cells (Pandey et al. 2013), it deemed likely that the switch from a
gametophytic into an embryogenic pathway is also associated with epigenetic modifications.
Immunolabeling confirmed this assumption. Not only did induction of POEM lead to chromatin
modifications, typical patterns proved to be very different from those found during
gametogenesis. While modifications were restricted to the nucleus during gametogenesis,
upon induction of POEM, also the cytoplasm was concerned. Most prominent were the
redistributions of the chromatin alterations H3K9ac, H3K4me2 and H3K27me3, all of which
play a profound role in transcriptional activity. Inhibition of histone deacetylation by
Trichostatin A, not only prevented the redistribution of H3K9ac into the cytoplasm but also that
of H3K27me3 and H3K4me2, suggesting an interdependency of these modifications. Since all
observed epigenetic alterations take place prior to the first pollen mitosis, they are the earliest
known indicators of effective embryogenic induction. Further studies will be required to reveal
causal relationships between particular epigenetic signatures and the commencement of
POEM. The increased understanding of those mechanisms may eventually contribute to the
development of improved haploid technology. References: Pandey et al. (2013) Cytogenet
Genome Res DOI: 10.1159/000351211.
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Fig. 1: Label of H3K27me3 in VN of gametogenic pollen(a), in cytoplasm after 2 days of induction(c), in nuclei after
treatment of pollen culture with Trichostatin-A inhibitor(e)Label of H3K9ac in cytoplasm of GN of gametogenic
pollen(b), in cytoplasm after 2 days of induction(d), in nuclei after treatment of pollen culture with Trichostatin-A
inhibitor (f)
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In this study, the backbone of the cellular adhesion-recognition mechanism, located in the cell
membrane, some basic sugar residues are marked ultrastructural demonstration purposes.
The study material selected pancreas tissue, has a privileged structures.
The pancreas is one of the main organs to aid in digestion. The pancreas, a large gland
situated near the junction of the stomach and the small intestine, secretes pancreatic fluid into
the duodenum through the pancreatic duct; thus, the pancreas functions as an exocrine gland.
In addition to its exocrine role in digestion, the pancreas also functions as an endocrine gland,
secreting several hormones into the blood that control the blood levels of glucose and other
nutrients (1). Due to the pancreas have been selected for this unique feature. Thus, different
types of cells in the same sample will be able to study the structure of the surface
glycoconjugates. Overall pressing followed for studying carbohydrates, glycoproteins or
glycolipids are cut with enzymes such as endoglycosidases. Next step, the oligosaccharide
mixture obtained, than establishing the complete structure of oligosaccharides and
polysaccharides requires determination of branching positions, the sequence in each branch,
the configuration of each monosaccharide unit, and the positions of the glycosidic links a more
complex problem than protein and nucleic acid analysis. (2). These processes are
indispensable for the understanding of the chemical structure of the sugar. However, none of
these methods can not be used to the study of living cells of sugar. Whereas in cells using
colloidal gold labeled lectins specific sugars, it is possible to accurately determine (3, 4, 5).
In this study, the colloidal gold labeled Mackiaa amurensis (MAL), Triticum vulgaris (WGA) and
Limulus polyphemus (LPA) lectins were used. Thus, the cells located on the surface
[Neu5Ac/Gcα2-3Galβ1-4GlcNAcβ1-R], [Neu5Ac / Gcα2,3Galβ1 ,4Glc(NAc) ], [Neu5Ac
/Gcα2,3Galβ1,3 (Neu5Acα2,6) GalNac ] for MAL; [GlcNAcβ1-4GlcNAcβ1-4GlcNAc] and Neu5Ac
(sialic acid) for WGA and Neuraminic acid, sialic acid for LPA sugar residues were investigated
(4, 5). Preliminary results of the study of these sugars with gold labeled lectins that bind
specifically support. When this study is completed, the differences of sugar on the surface of
cells in the pancreas can be shown in micrographs. Thus, in the cells of the pancreas, the
sugar units involved in adhesion-recognition will be possible to determine specifically.
1. Biology, P.H. Raven et al p:988-89, 9th Ed. 2010
2.Lehninger Principles of Biochemistry, p:276 4th Ed. 2004.
3. Y. Akimoto et al. Glycobiology, Vol. 17 no. 2 p: 127–140, 2007
4.Bals R et al, J. Anat. (1997) 190, pp. 73-84
5. http://www.interchim.fr/ft/M/MS902z.pdf
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Retinoic acid (RA) is a regulator of epidermal cell growth and differentiation (1). RA shows its
effects by binding RA receptors (RAR) and retinoid X receptors (RXR) (2). Aim of this study was
to investigate the effects of excessive retinoic acid on cell proliferation and RAR alpha
expression in skin.
We used a total of 12 adult female balb-c mice in control and experimental group. In
experimental group 80mg/kg/day 13-cis RA was applied for 5 days. 5 days later 50mg/kg BrdU
injection was done intraperiteonaly. Skin biopsies were fixed with %10 formalin, embedded in
paraffin. Collagen fibers were stained with Van Gieson. For immunohistochemistry, sections
were stained with anti RAR alpha and BrdU antibody and evaluated with light microscopy.
Type III collagen (thin) filaments were observed in RA applied group in sections stained with
Van Gieson. There was no difference between experimental group and control group in BrdU
labeling. In control group, RAR alpha immunoreactivity was observed intensively in dermis. In
experimental group, weak labeling was seen in dermis.
Schwartz et al. (3) stated that type III collagen synthesis which is found with type I collagen
fibers is increased with topical treatment of RA. Type III collagen fibers participate in type I
collagen synthesis (4). We observed that type III collagen fibers stained with yellow with Van
Gieson stain in RA treatment group. All-trans RA represses RAR alpha in cells transfected with
RAR alpha and increases collagen synthesis by repressing increased MMP-1 synthesis through
RAR alpha pathway (5). We observed that RAR alpha labeling is decreased in RA treatment
group. Our findings are compatible with the studies of Watson et al. (5) and stimulative effect
of RA on collagen synthesis may be through RAR alpha receptor and MMP synthesis. Further
studies are needed to investigate the effects of different retinoic acid receptors and MMP types
on this process.
References
1. Darwiche H, Celli G, Tennebaum T et al. Mouse skin tumor progression results in differential
expression of retinoic acid and retinoid X receptors. Cancer Res, 1995,55: 2774-2782.
2. Roos TC, Jugert FK, Merk HF, Bickers DR. Retinoid metabolism in the skin. Pharmacological
Reviews 1998,50(2): 315-333.
3. Schwartz E, Cruickshank A, Mezick JA, Kligman LH. Topical all-trans retinoic acid stimulates
collagen synthesis in vivo. Dermatol, 1991, 96: 975-978.
4. Liu X, Wu H, Byrne M, Krane S, Jaenisch R. Type III collagen is crucial for collagen I
fibrillogenesis and for normal cardiovascular development Developmental Biology, 1997, 94:
1852–1856.
5. Watson RE, Arjuna Ratnavaka J, Brooke RC, Yee-Sit-Yu S, Ancian P, Griffiths CE. Retinoic acid
receptor alpha expression and cutaneous aging. Mech Ageing Dev. 2004, 125(7): 465-473.
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Ultrastructural immunolabelling brings important information about localization of biological
molecules inside the cell compartments and is an indispensable tool of cell biology (Roth,
1989; Roth et al., 1981; Roth and Taatjes, 1998). For optimal result, it is necessary to preserve
well both the fine structure and the antigenic properties of the sample. The choice of optimal
technique for the sample preparation is therefore crucial. During the preparation of samples
for post-embedding immunolabelling, the antigenic properties of the biological material are
influenced by a number of factors, the most important being the fixation method, dehydration
procedure, and the resin properties (Skepper, 2000; Stirling, 1990). Classical epoxy resins are
in most cases not suitable for subsequent immunolabelling, therefore, a number of acrylic
resins have been formulated, which, along with milder fixation, help to overcome the
drawbacks of epoxy resins in the antigen preservation and accessibility (Acetarin et al., 1986;
Carlemalm et al., 1985).
We compared four acrylic resins - LR White, LR Gold, Lowicryl HM-20, and Lowicryl K4M with
regard of immunolabelling efficiency on ultrathin sections. Antigens were detected using
standard immunogold technique in either chemically fixed or high-pressure frozen and
freeze-substituted HeLa cells after embedment into each of the listed resins. We observed
significant differences in immunolabelling densities between studied resins; however, the
influence of the resin type was fixation-dependent and antigen-dependent. We recommend
using LR White as a standard starting option, keeping in mind that individual optimizing of
sample preparation conditions and resin choice may be needed for some antigens.
Additionally, the influence of resin surface nanostructure on the immunolabelling efficiency will
be discussed.
Acetarin, J.D., E. Carlemalm, and W. Villiger. 1986. J.Microsc. 143:81-88.
Carlemalm, E., W. Villiger, J.A. Hobot, J.D. Acetarin, and E. Kellenberger. 1985. J.Microsc.
140:55-63.
Roth, J. 1989. Methods Cell Biol. 31:513-551.
Roth, J., M. Bendayan, E. Carlemalm, W. Villiger, and M. Garavito. 1981. J Histochem Cytochem.
29:663-671.
Roth, J., and D.J. Taatjes. 1998. Histochem Cell Biol. 109:545-553
Skepper, J.N. 2000. J.Microsc. 199:1-36.
Stirling, J.W. 1990. J Histochem Cytochem. 38:145-157.
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Fig. 1: Relative labelling densities (LD) of four antigens in the nucleoplasm of HeLa cells after chemical fixation and
embedment into Lowicryl HM20, LR Gold or LR White. LD for Lowicryl HM20 was set as 100%. * - P<0.05, ** - P<0.01.
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Chromosomes must be properly segregated during meiosis to transmit the correct set of the
parental genome into gametes. Incorrect chromosome segregation produces aneuploid
gametes, fertilization of which results in pregnancy loss and congenital diseases such as
Down’s syndrome. However, it is known that the frequency incorrect chromosome segregation
is extremely high at meiosis I in oocytes (20-40% in humans), compared to other cell divisions.
Moreover, the frequency of the errors increases with maternal age. Why chromosome
segregation is so error-prone and age-related in oocytes is not fully understood.
In this study, we established a high-throughput and high-resolution imaging of chromosome
dynamics during meiosis I in live oocytes from naturally aged mice. Our high-throughput 4D
recording approach using automated confocal microscopy (developed by Dr. Jan Ellenberg
group at EMBL Heidelberg) allowed us to image >30 oocytes in a single experiment, at a high
spatiotemporal resolution sufficient to detect nearly 100% of kinetochores and chromosomes
at every timepoint from germinal vesicle breakdown to chromosome segregation and thus
robustly track all the kinetochores throughout meiosis I. This approach yielded the datasets of
>200 oocytes from aged mice, including >10 oocytes that underwent chromosome
segregation errors at meiosis I. Thus, these datasets provide the first quantitative analysis of
‘at-risk’ single chromosome dynamics and a comprehensive resource to identify the major
causes of age-related chromosome segregation errors at meiosis I in oocytes.
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Fig. 1: High-throuput live imaging of mouse oocytes expressing the kinetochore marker 2mEGFP-CENP-C (green) and
H2B-mCherry (red).
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Imaging chromosome segregation in live mouse oocytes and early embryos
The first meiotic division of mammalian oocytes is highly specialized. It has to segregate
homologous chromosomes rather than replicated sister chromatids and achieve an extremely
asymmetric division – polar body extrusion – to preserve the maternal nutrients for embryonic
development. It is a very important division to understand, since errors in female meiosis I are
the leading cause of aneuploidies that can lead to infertility, early embryonic lethality or
severe developmental problems. Over the last years we have developed and applied live cell
imaging approaches to quantitatively analyze the key steps of meiosis I in mouse oocytes,
focusing on spindle assembly, chromosome biorientation and spindle relocation to the cortex.
More recently, we have achieved efficient RNAi-mediated gene knock-down in oocytes despite
the maternal load and have developed new, lower light and faster light-sheet based imaging
systems tailored to the mouse oocyte and early embryo, that now also allow us to study the
first embryonic divisions with high spatio-temporal resolution and understand the transition
from meiotic to mitotic divisions and the origin and fate of aneuploidy in the early
embryo.                                                               
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Previous studies revealed profound rearrangements of the posterior neural plate in embryos of
amphibians [1-5] and higher vertebrates [6,7]. As first shown by Bijtel, the posterior neural
plate, although forming the posterior end (named “reg.3”) of the neuroepithelium of the
neurula, has a mesodermal bias and gives rise to tail and posterior trunk muscles. Because
morphogenesis and fate of the posterior plate had never been characterized in detail, we
studied both issues in embryos of the axolotl (Ambystoma mexicanum). We grafted reg.3 from
a GFP+ donor (stage 15) orthotopically into a white (d/d) host of the same stage and analysed
the labelled descendants during tail development. We found that after neural tube closure
reg.3 descendants undergo a gastrulation-like involution movement. As a result, the posterior
half of reg. 3 gives rise to posterior trunk and anterior tail somites whereas the anterior half
forms posterior tail somites and tail spinal cord. The border between tail and trunk somites
does not seem to be prespecified within plate reg.3 but to rely on epigenetic events because
tail presomitic mesoderm grafted into the trunk can form belly muscles which are not formed
in the tail. Despite its gastrulation-like movement, reg.3 does not give rise to the notochord of
the tail. This develops from involuted mesoderm underlying reg.3 in the neurula (stage 15).
These results indicate that different mechanisms are involved in forming central and lateral
mesoderm of the tail and that the posterior neural plate gives rise to both mesoderm and
neuroectoderm.
[1] JH Bijtel, Roux Arch. EntwMech. Organ. 125 (1931) 448-486
[2] HH Chuang, Roux Arch. Entw. Mech. Organ. 143 (1947) 19-125
[3] P Ford, Proc. Zool. Soc. Lond. 119 (1947) 609-32
[4] AS Tucker and JMW Slack, Curr. Biol. 5 (1995) 807-813
[5] AS Tucker and JMW Slack, Development 121 (1995) 249-262
[6] M Catala, MA Teillet, and NM Le Douarin, Mech. Dev. 51 (1995) 51-65
[7] M Cambray and V Wilson, Development 134 (2007) 2829-2840
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The genetic, physiologic and anatomic similarity to humans in combination with short
reproduction times makes the mouse the most important model organism for studying the
genetic regulation of developmental processes and the genesis of congenital diseases. The
International Mouse Phenotyping Consortium (IMPC) plans to generate mouse strains carrying
a deletion of each of the approximately 20 000 genes of the mouse genome. Individuals of the
strains are phenotyped for gaining information of the function of the out-knocked gene.
However, first results suggest that about one third of all knock out strains will produce
homozygous offspring, which die during embryogenesis or in the perinatal period. Thus the
“Deciphering Mouse Developmental Disorders” (DMDD) project was launched that aims at
providing phenotyope information of embryos of such strains. In this presentation we will
present pilot data from the DMDD project obtained by employing the “High resolution
episcopic microscopy” (HREM) method for phenotyping E14.5 embryos.
HREM is a post-mortem three-dimensional (3D) imaging technique based on digital images,
which show physical sections through histologically embedded and sectioned specimen. We
fixed a total of 92 knock out embyos in Bouins fixative, dehydrated them in ethanols, and
embedded them in plastic resin dyed with eosin. Using a microtome the blocks were cut in 3
µm thick sections. During sectioning, images of the block surface were captured after each cut.
For this a microscope equipped with a GFP-filter set and a digital camera was aligned with the
photo-position of the microtome. Since the block comes to rest at this position after each cut, a
series of aligned digital images, which consisted of 2,000 to 3,500 single images was created.
This series was converted into a volume data set with a voxel size of 3 x 3 x 3 µm3.
The quality of single HREM images nearly matches the quality of images captured from
histologial sections. Thus phenotype screens of E14.5 mouse embryos can largely rely on
virtual resections (Figure). In our pilot study, we developed a protocol, that is based almost
solely on such sections. It enabled us to diagnose macroscopic malformations, as well as
subtle, but potentially lethal tissue defects, which would escape their diagnosis with
alternative 3D imaging techniques. Our results demonstrate that HREM is an optimal technique
for phenotyping E14.5 mouse embryos with gene deletions.



 
Fig. 1: Figure: Sagittal virtual resection through HREM data of an E14.5 mouse embryo.
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the chromosomal segregation errors in comparison with mitotically divided cells. This could
lead to spontaneous abortion, embryonic lethality and serious congenital malformations. It has
been previously shown, in mammalian oocytes, that many of quantitative and qualitative
parameters, such a spindle microtubule morphogenesis, structure, assembly, cytoplasmic
position and distribution, are affected by in vitro culture. The aim of our study is comparison of
the spindle assembly and metaphase plate formation between in vitro and in vivo matured
mammalian oocytes. To obtain physiologically relevant results we used multichannel live cell
imaging confocal microscopy combined with high-resolution microscopy of fixed samples.
Combination of those techniques allowed us to detect and monitor several parallel processes
in every single cell. The spindle assembly and spindle bipolarization (the formation of bipolar
spindle) are the results of counteraction of the kinesins (plus end-directed motoric proteins)
and dyneins (minus end-directed motoric proteins). We discovered that the balance between
those two groups of molecules, which is crucial for correct assembly of the spindle in meiosis I
and meiosis II, is influenced by maturation in vitro. This was reflected by dramatic changes of
spindle morphology and function observed in meiosis II. Since spindle is playing important role
in faithful chromosome segregation, our results are suggesting that techniques frequently
used in assisted reproduction techniques (ART) might contribute to chromosome segregation
errors.
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Reef-building corals are the most biodiverse marine ecosystem, estimated to harbour a million
species altogether. They also support the economic and food requirements of over half a billion
people, and are a reserve of pharmaceutical and biotechnological products. Yet numerous
factors, many man-made, threaten this important biome. Over 60% of the world’s reefs are in
severe decline; all but the most remote reefs will be impacted in the next 50 years. Robust
conservation strategies based on scientific knowledge of coral biology are required. However,
corals are elusive, and despite decades of ecological, physiological and ‘-omics’-based studies,
there is a remarkably wide gap in our understanding of fundamental mechanisms of coral
growth.
To complement imaging techniques traditionally used in this area, such as histology and
electron microscopy of fixed samples, we demonstrate the power of live imaging for long-term
developmental studies. Live imaging of stony corals comes with a distinct set of problems.
Firstly, a solid calcium carbonate skeleton scatters and absorbs light. Secondly, corals are
highly sensitive especially to bright light, so minimisation of phototoxicity is central. Thirdly,
fluorescent protein tagging is not possible, while strong autofluorescence and susceptibility
often preclude the usage of live dyes. We counter these problems by means of sample
preparation, low intensity for illumination and high sensitivity for detection, and the use of
spectral signatures for label-free imaging.
We show long-term development of reef-building Acropora sp. using brightfield, widefield,
confocal and light-sheet fluorescence microscopy. We report new growth structures, and show
the dynamic interplay of the three main components – coral tissue, symbiotic algae and
calcified skeleton. Development of polyps and the growing edge is described. Distinct zones,
representing successive developmental stages, can be defined based on architectural
components and dynamic behaviour. The approach yields a wide range of skeletal, tissue- and
cyto-architectural parameters which can be used to measure the effect of different
environmental conditions on coral morphology. It also enables the identification of
mechanisms leading to coral disease, and both are important factors informing coral
preservation programs.



 
Fig. 1: A) Brightfield image of coral surface with retracted polyps and brown symbiontic algae. Scalebar: 500µm. B)
Light-sheet fluorescence image of extended polyp with symbiontic algae. Scalebar: 500µm. C) Confocal view of
developing polyp. Coral tissue green, symbiontic algae red. Scalebar: 200µm. D) Mature polyp. View, colours and
scalebar as in C).
 



Type of presentation: Poster
 

LS-13-P-1395 Prenatal exposure to oral bitter leaf results in protein and DNA loss in
the prefrontal cortex in Wistar rats
 

balogun w. g.1, cobham a. e.2, olajide o. j.3, ishola a. o.4, imam a.5, adeyemo k. a.6, enaibe b. u.7
 
1Department of Anatomy, College of Health Sciences, University of Ilorin, P.M.B 1515 Ilorin,
Nigeria
 

Email of the presenting author: ballonogodie@yahoo.com
 
Background: Bitter leaf is widely consumed by pregnant women in Africa for the treatment of
many diseases during the various phases of pregnancy. But whether this treatment is
deleterious to developing prefrontal cortex requires clarification.
AIM: This study investigated some histological effects of prenatal exposure of aqueous bitter
leaf extract on the developing prefrontal cortex.
METHODS: Twenty-five pregnant Wistar rats with an average weight of 200g were randomly
divided into five groups (n=5). The experimental groups were administered bitter leaf
(400mg/kg) on the gestational days 1-7 (group B), 8-14 (group C), 15-21 (group D) and 1-21
(group E) while the control (group A) was given normal saline from gestational days 1-21. After
parturition, the litters in each group were weighed and sacrificed by euthanized on postnatal
day 35. The brain was weighed and the prefrontal cortices were excised, fixed in formol
calcium and processed. Tissue sections were stained with: Feulgen reaction for DNA
substances and Cresyl Fast Violet for Nissl substance.
RESULTS: Using CFV, there was partial loss of Nissl substances in the litters exposed to bitter
leaf on E8-E14 and E1-21 while there was more DNA loss in the litters exposed to bitter leaf on
E8-E14 and E1-21
CONCLUSION: The above findings suggest that prenatal exposure of young Wistar rats to oral
bitter leaf at 400 mg/kg is associated with loss of protein and DNA in the prefrontal cortex.
Keyword: bitter leaf, histological studies
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Trefoil factor family (TFF) protein 1, 2 and 3 are low molecular weight peptides predominantly
secreted in the gastrointestinal system, but also found in many different tissues, including
nervous, respiratory and urinary system. They are also present during the embryonic
development [1]. These proteins have an important role in epithelial protection by promoting
epithelial restitution [2,3]. The aim of this research was to determine if TFF proteins are
present in the developing embryonic epidermis.
Mouse embryos were isolated at E15 to E17 developmental stages (stages 23 to 25 according
to Theiler), fixed in 4% paraformaldehyde and embedded in paraffin blocks. Blocks were cut
into 6µm sagittal sections and transferred onto adhesive slides. Slides were incubated
overnight with primary polyclonal rabbit anti-TFF1, anti-TFF2, and anti-TFF3 antibodies at 4°C,
and negative controls with PBS. Biotinylated anti-rabbit antibody was applied the next day,
followed by streptavidin HRP layer, and finally DAB for the visualization of the
immunocomplexes.
Embryonic epidermis showed presence of all three TFF proteins at all monitored stages.
Staining was mild to moderate for TFF1 and TFF2, and moderate to strong for TFF3. At stage
E15, the signal was widespread, although less pronounced in stratum basale, and mostly
sparing stratum corneum. At stages E16 and 17, the signal was more restricted to stratum
granulosum and stratum spinosum, while stratum corneum and stratum basale showed little or
no staining.
Positive staining for TFF proteins in embryonic mouse epidermis is in line with known
properties and roles of these proteins in cell migration and apoptosis. Taken into consideration
that TFF1 and TFF3 were found in primary mucinous skin carcinomas, but another study found
no TFF immunostaining in normal adult human skin, our findings point to possible connections
between mechanisms of carcinogenesis and embryonic development [4,5]. Further research
may elucidate the impact of TFFs in the development of the epidermis.
1. N. Bijelić, T. Belovari, M. Baus Lončar, Acta Histochem. 15 (2013) p.204-208
2. G. Regalo, N.A. Wright, J.C. Machado, Cell. Mol. Life Sci. 62 (2005) p.2910-2915.
3. M. Baus-Loncar, A.S. Giraud, Cell. Mol. Life Sci. 62 (2005) p.2921-2931.
4. A.M. Hanby, P. McKee, M. Jeffery, W. Grayson, E. Dublin, R. Poulsom, B Maguire, Am. J. Surg.
Pathol. 22 (1998) p.1125-1131.
5. J. Madsen, O. Nielsen, I. Tornøe, L Thim, U. Holmskov. J. Histochem. Cytochem. 55 (2007),
505-513.
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Fig. 1: TFF1 signal in the epidermis of mouse embryo (17 days), predominantly in stratum granulosum and stratum
spinosum.
 

 
Fig. 2: TFF2 signal in the epidermis of mouse embryo (17 days), mostly pronounced in stratum granulosum with mild
staining in stratum spinosum.
 

 
Fig. 3: TFF3 signal in the epidermis of mouse embryo (17 days), strong signal in stratum granulosum and moderate in
stratum spinosum.
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Crustacean exoskeletal cuticle is an epidermal apical extracellular matrix, based on
chitin-protein fibers and hardened by calcification. Mature cuticle is organized in three
principal layers: the outermost epicuticle, exocuticle and the inner endocuticle. In adult
isopods exo- and endocuticle are mineralized by calcite and by amorphous calcium carbonate
and calcium phosphate. In isopods the cuticle is formed during ontogenetic development in the
female brood pouch - marsupium and periodically renewed during molting of adults. The
integrative part of cuticle formation is calcification, which is still poorly investigated in the
forming cuticle of terrestrial isopods.

In our study a combination of complementary microscopic methods was applied to investigate
the exoskeletal cuticle differentiation in sequential developmental stages of marsupial larvae
mancae of isopod Porcellio scaber in comparison to adults. Ultrastructure and elemental
composition of methanol fixed intact and transversely fractured cuticles were analysed by
FEG-SEM imaging in LEI mode, supplemented by EDXS analyses. Next, methanol fixed resin
embedded cuticles were prepared for correlative LEI imaging and EDXS analyses of the sample
block face in combination with TEM of the corresponding ultrathin section. Methanol fixation
was performed to preserve the mineral phases in the cuticle as suggested in the literature.
Data were compared to conventionally aldehyde-fixed and resin embedded samples.

Our results suggest that exoskeletal cuticle calcification occurs already in marsupial larvae
mancae. In advanced marsupial mancae the cuticle displays all three principal layers, lamellar
sublayers in exo- and endocuticle and a network of pore canals (Fig.1). The cuticle elemental
composition resembles that of adults, indicating prominent cuticle calcification in this stage
(Fig.2). In earlier developmental stage, newly hatched marsupial manca, the exoskeleton
displays elaborated structure of epicuticle and no distinctive structural division in exo- and
endocuticle (Fig.3). EDXS analyses suggest initial calcium sequestration in the cuticle in this
stage. Cuticle is a non-homogenous and dynamic matrix, thus different approaches are
required for examining the cuticle during morphogenesis. Combination of applied microscopic
techniques is suitable to obtain data on cuticle structure and calcification in the same sample
and thus follow cuticle differentiation in progressive developmental stages. The results suggest
the important role of calcification during cuticle formation in developing larvae, contributing to
its support and mobility which was observed within marsupium. Elaborated cuticle also
protects the larvae against physiological stress after having shed the egg envelopes.



 
Fig. 1: Exoskeletal cuticle in advanced marsupial manca of P. scaber. (a) TEM image of aldehyde-fixed specimen shows
cuticle differentiation into epicuticle (ep), exocuticle (ex) and endocuticle (en), with lamellar sublayers and pore canals.
ec-epidermal cell. (b) TEM image of methanol-fixed specimen shows lamellae of chitin-protein fibers in endocuticle.
 

 
Fig. 2: EDXS spectrum obtained from the cuticle surface in methanol-fixed advanced marsupial manca of P. scaber
shows conspicuous calcium peaks, in addition to phosphorus, magnesium, sulphur, potassium, carbon and oxygen
peaks. Ca peaks are evidently higher than P peaks.
 

 
Fig. 3: Ultrastructure of exoskeletal cuticle in the newly hatched marsupial manca. TEM image of aldehyde-fixed cuticle
(a) and methanol-fixed cuticle (b) show elaborated epicuticle (ep) and procuticle (pro). ec-epidermal cell. In the image
(b) chitin-protein fibers arranged in characteristic helicoidal pattern are clearly evident in the cuticular matrix.
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Digyny, is the presence of a third pronucleus due to failure of the extrusion of the second polar
body (1). The oocyte mitochondria have critical roles such as production of ATP or regulation of
Ca+2 homeostasis during oocyte maturation, fertilization and subsequent developmental
processes (2,3). The cytoskeleton of the oocyte has regulatory function in meiotic spindle
formation, chromosome segregation, pronuclear apposition and cytokinesis (4, 5).
Mitochondrial membrane potential, distribution of F-actin and gamma-tubulin, and
ultrastructure of the 3 pronuclear oocytes were investigated.
Oocytes from patients who were engaged to assisted reproduction program were collected and
after ICSI process oocytes with 3 pronuclei were selected for the study. Informed consents
were taken from all patients. Some oocytes were fixed by %4 paraformaldehyde and treated
by anti-gamma tubulin and FITC – phalloidin antibodies for immunoflourescent study. For
ultrastructural evaluation, oocytes were fixed with %1 glutaraldehyde and embedded in Epon
812. Sections were investigated by Jeol 1011 transmission electron microscope. Mitochondrial
membrane potential was evaluated in fresh oocytes stained with JC-1 by fluorescent
microscope.
Mitochondrial membrane potential of oocytes with three pronuclei was found to be comparable
to normal zygotes (Figure 1). Gamma – tubulin were stained predominantly at the
subplasmalemmal domain and microfilaments were localized at the cortical, but not
perinuclear areas (Figure 2). Either partial or no cytoplasmic halo were detected. Large
vacuoles were seen in cortical regions of oocyte cytoplasm. Ruptured and dilated ER cisternae
were detected in some oocytes. Lipofuscin granules, degenerated mitochondria and
multilamellar bodies were also seen in the ooplasm (Figure 3 and 4).
These findings suggest that mitochondrial membrane potential has no direct influence on
extrusion of the second polar body. In our study quality of the oocytes with 3 pronuclei were in
poor condition and most of them were showing evidences of aging. Aging features, triggered
by various conditions including culture media and in vitro environment, might have caused
failure in microtubule organization and microfilament distribution and such a disruption
associated with the dynamics of the cytoskeleton may play a role in the formation of 3
pronuclei.
References:
1. Feenan, K. ve Herbert, M. (2006). Human Fertility, 9:3, 157-169
2. Wang, L., Wang, D., Zou, X., Xu, C. (2009). Journal of Zhejiang University Science B, 10(7),
483-492
3. Van Blerkom, J. ve Davis, P. (2007). Molecular Human Reproduction, 13(11), 759-770
4. Kim, H., Chung H.M., Cha, K., Chung, K.S. (1998). Human Reproduction, 13(8), 2217-2222
5. Veselska, R., Janısch, R. (2001). Scripta Medica (BRNO), 74(4), 265-274



 
Fig. 1: Fig.1: Mitochondrial membrane potential. JC-1
aggregate accumulation shows yellow-orange high
membrane potential (asterisk).
 

 
Fig. 2: Fig. 2: FITC-phalloidin labeled actin filaments
(green). Actin filaments located surface of the 3PN oocyte
(arrows). No staining around the pronuclei (asterisk). DAPI:
blue, PN: pronucleus
 

 
Fig. 3: Fig. 3: Dilated SER cisternae (asterisk) detected at
the cortical region of the oocytes. PVS: perivitellin space
 

 
Fig. 4: Fig. 4: Vacuolated mitochondria (asterisk) M:
mitochondria, nm: nuclear membrane, npb: nuclear
precursor body, PN: pronucleus
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Fully grown mammalian oocyte utilizes transcripts synthetized and stored during earlier
development. In the mouse oocyte are three forms of cap-dependent translational repressors:
4E-BP1, 4E-BP2 and 4E-BP3 (Susor et al., in review process). The dominant form, 4E-BP1,
inhibits cap-dependent translation by binding to the eIF4E translation initiation factor.
Hyperphosphorylation of 4E-BP1 disrupts this inhibitory interaction and results in activation of
cap-dependent translation (Pause et al., 1994). 4E-BP1 is highly phosphorylated after NEBD,
while it is dephosphorylated after fertilization. Increased phosphorylation of 4E-BP1 (which is
not detected in the cumulus cells) promotes cap-dependent translation of specific mRNAs after
meiotic resumption. Our immunofluorescence analyses of the differently phosphorylated forms
of 4E-BP1 in the oocytes during meiosis show even localization of 4E-BP1 and
phospho-4E-BP1(T37/46) as well as spindle poles localization of phospho-4E-BP1(S65). 4E-BP1
phosphorylated on T70 co-localizes with its activator mTOR exclusively at the spindle. In
addition, mTOR and CDK1 are the main positive regulators of 4E-BP1 phosphorylation after
NEBD; on the other hand, inhibition of PLK1 does not affect 4E-BP1 phosphorylation. Treatment
by Rapamycin, inhibitor of mTOR, results in decreased phosphorylation of 4E-BP1 on T37/46 in
the whole oocyte, while T70 phosphorylation is decreased at the spindle. Our results show that
4E-BP1 phosphorylation forms promote in situ translation necessary to support spindle
assembly and genomic stability.
References:
Susor, A., Pesanova, D., Cerna R., Kubelka, M., Danylevska, A., Anger, M., Toralova, T., Malik,R.,
Supolikova, J., Cook, M.J., Oh, J-S. (in review process).Temporal and Spatial Regulation of
Translation in the Mammalian Oocyte via the mTOR/4F Pathway.
Pause, A., Belsham, GJ., Gingras, AC., Donzé, O., Lin, TA., Lawrence, JC Jr., Sonenberg, N.
(1994). Insulin-dependent stimulation of protein synthesis by phosphorylation of a regulator of
5'-cap function. Nature 371,762-767.
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Fully grown mammalian oocyte utilizes transcripts synthetized and stored during earlier
development. In the mouse oocyte are three forms of cap-dependent translational repressors:
4E-BP1, 4E-BP2 and 4E-BP3 (Susor et al., in review process). The dominant form, 4E-BP1,
inhibits cap-dependent translation by binding to the eIF4E translation initiation factor.
Hyperphosphorylation of 4E-BP1 disrupts this inhibitory interaction and results in activation of
cap-dependent translation (Pause et al., 1994). 4E-BP1 is highly phosphorylated after NEBD,
while it is dephosphorylated after fertilization. Increased phosphorylation of 4E-BP1 (which is
not detected in the cumulus cells) promotes cap-dependent translation of specific mRNAs after
meiotic resumption. Our immunofluorescence analyses of the differently phosphorylated forms
of 4E-BP1 in the oocytes during meiosis show even localization of 4E-BP1 and
phospho-4E-BP1(T37/46) as well as spindle poles localization of phospho-4E-BP1(S65). 4E-BP1
phosphorylated on T70 co-localizes with its activator mTOR exclusively at the spindle. In
addition, mTOR and CDK1 are the main positive regulators of 4E-BP1 phosphorylation after
NEBD; on the other hand, inhibition of PLK1 does not affect 4E-BP1 phosphorylation. Treatment
by Rapamycin, inhibitor of mTOR, results in decreased phosphorylation of 4E-BP1 on T37/46 in
the whole oocyte, while T70 phosphorylation is decreased at the spindle. Our results show that
4E-BP1 phosphorylation forms promote in situ translation necessary to support spindle
assembly and genomic stability.

Susor, A., Pesanova, D., Cerna R., Kubelka, M., Danylevska, A., Anger, M., Toralova, T., Malik,R.,
Supolikova, J., Cook, M.J., Oh, J-S. (in review process).Temporal and Spatial Regulation of
Translation in the Mammalian Oocyte via the mTOR/4F Pathway.
Pause, A., Belsham, GJ., Gingras, AC., Donzé, O., Lin, TA., Lawrence, JC Jr., Sonenberg, N.
(1994). Insulin-dependent stimulation of protein synthesis by phosphorylation of a regulator of
5'-cap function. Nature 371,762-767.
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Knowledge about the genetic and epigenetic factors effecting the development of the
cardiovascular system rests on detailed comparisons of the phenotype of normal embryos of
biomedical model organisms with that of embryos of genetically engineered, and
experimentally manipulated littermates. In particular the chick is a valuable model, because it
offers the possibility to experimentally induce malformations by in ovo manipulation. For
interpreting experimentally induced phenotypes, precise three-dimensional (3D) information
about the normal situation is mandatory. This study aims at providing detailed 3D computer
models and metric analysis of the pharyngeal arch arteries of normal chick embryos of
developmental stages 16, 17,and 18 according to Hamburger and Hamilton (HH). From 5
embryos of each of the developmental stages HH16 to HH18 digital volume data set with Voxel
sizes of 2.14 x 2.14 x 2 μm were generated with the high-resolution episcopic microscopy
(HERM) data generation method. Out of the volume data, virtual, surface rendered 3D models
of the lumina of the pharyngeal arch artery derivatives, and the heart were reconstructed. The
models were visualized (Figure) and metrically analyzed using the visualization tools of the
software package Amira following a recently developed analysis protocol. We provide detailed
descriptions of the topology of the pharyngeal arch arteries and the ascending and descending
aortas and descriptive statistics about their diameters. These data will serve as reference data
for diagnosing malformations in manipulated embryos and provide insight into normal
remodeling of the pharyngeal arch arteries between HH16 and HH18.



 
Fig. 1: Figure. Pharyngeal arch arteries (PAAs) of a chick embryo of HH16. View from venterolateral left. Ta = truncus
arteriosus, DoA = aorta dorsalis, L1/R1 = left and right 1st PAAs, L2/R2 = left and right 2nd PAAs, L3 = 3rd left PAAs,
dr4LR = dorsal roots of left and right 4th PAAs , vr4LR = ventral roots of left and right 4th PAAs.
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Polo-like kinase 1 (PLK1) is a protein kinase that orchestrates multiple events of cell division.
Although PLK1 function has been intensively studied in centriole-containing and rapidly cycling
somatic cells, little is known about its function in the meiotic divisions of mammalian oocytes,
which arrest for a long period of time in prophase before meiotic resumption and lack
centrioles for spindle assembly. Here, using specific small molecule inhibition combined with
live oocyte imaging, we comprehensively describe PLK1’s functions during meiosis in mouse
oocytes. We show that PLK1 becomes activated at meiotic resumption on microtubule
organizing centers (MTOCs) and kinetochores. We demonstrate a function of PLK1 in nuclear
envelope permeabilization and nuclear lamina breakdown during resumption of meiosis. PLK1
is also needed to recruit centrosomal proteins to acentriolar MTOCs to promote bipolar spindle
formation, as well as for stable kinetochore-microtubule attachment through BUBR1
phosphorylation. Consequently, PLK1 inhibition leads to metaphase I arrest with misaligned
chromosomes activating the spindle assembly checkpoint (SAC). Unlike in mitosis, the
metaphase I arrest is not bypassed by the inactivation of the SAC. We show that PLK1 is
required for the full activation of the anaphase promoting complex/cyclosome (APC/C) by
promoting the degradation of the APC/C inhibitor EMI1 and is therefore essential for entry into
anaphase I. Moreover, our data suggest that PLK1 is required for proper chromosome
segregation and the maintenance of chromosome condensation during the meiosis I-II
transition, independently of the APC/C. Thus, our results define the meiotic roles of PLK1 in
oocytes and reveal interesting differential requirements of PLK1 between mitosis and oocyte
meiosis in mammals.
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Fig. 1: PLK1 localizes to MTOCs and kinetochores:Time-lapse imaging of meiosis I in oocytes expressing EGFP-PLK1
(green) and 3mCherry-CENP-C (kinetochores, red). Maximum intensity z-projection images at representative time
points are shown. Time after induction of meiotic resumption (h:mm). Scale bar = 10 µm. Insets show magnified
images on kinetochores.
 

 
Fig. 2: PLK1 with CDK1 cooperates on NE permeabilization: Time lapse of 70kDa-dextran-TRITC microinjected H2B-EGFP
oocytes after induction of meiotic resumption in control, BI2536-, flavopiridol (Fl) and Fl+BI2536 medium. 70kDa-TRITC
signal is pseudocolored and maximum intensity z-projection for H2B-EGFP is gray.
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Mammalian oocytes and embryos frequently suffer from aneuploidy, caused by chromosome
segregation errors. Most of the time, the aneuploidy originated in meiosis or in first mitotic
cycles in developing embryos would prevent further development. However, in several cases,
the extra chromosomes are tolerated, which leads into severe mental and developmental
disorders, such as Down syndrome. The reason, why chromosome segregation errors are so
frequent in germ cells and embryos, is unknown. It seems that the problem lies in less
stringent control mechanisms operating in these cells. In our study we have focused on a
surveillance checkpoint mechanism called Spindle Assembly Checkpoint (SAC) during female
meiosis I. Using live cell imaging multichannel microscopy we have tested, whether mouse
oocytes are capable of detecting univalent chromosomes and single chromatids in meiosis I.
We have also monitored the activity of SAC on every single kinetochore within individual cells
throughout meiosis I. These events were detected together with chromosome movements,
spindle formation, Anaphase Promoting Complex (APC) activation and polar body extrusion
(PBE) simultaneously in individual oocytes at various time points during first meiotic division.
Our results showed that SAC in mammalian oocytes works differently, compared to the
somatic cells. In contrast to the somatic cells, single chromatids, univalents and unaligned
chromosomes are unable to prolong anaphase onset. Moreover, in oocytes from aged
individuals, SAC proteins are displaced from individual kinetochores with different dynamics
then in young oocytes. This indicates that checkpoint mechanisms operating in oocytes, which
are involved in monitoring chromosome segregation, are insufficient in prevention of
propagating the aneuploidy to the embryo.
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Aneuploidy has critical consequences such as miscarriages, stillbirths and severe mental and
physical defects. An improper number of chromosomes mainly results from errors in
chromosomal segregation during the meiosis and the first mitotic divisions after fertilization.
During early development mammalian embryo divides mitotically several times and it seems
that those few first divisions are different than mitosis in somatic cells. This developmental
period is also associated with the increase of chromosome segregation errors. The
mechanisms behind the rise in aneuploidy level during embryonic early stages are still unclear.
Employing live cell confocal microscopy we focused on the regulation of the spindle length,
duration of the different cell cycle phases and the fidelity of the chromosome segregation
during the first four embryonic divisions. We have combined the advantages of live cell
imaging with chromosomal spreads and other methods. It gave us the unique opportunity to
obtain complete picture of the cell cycle events and results of chromosome segregation in
living embryos. According to our data the regulation of spindle length changes between first
and second mitosis in developing embryo. Besides regulation of the spindle length we have
also discovered that distribution of cohesin, the protein complex, which holds sister chromatids
together, is also changing dramatically in the first embryonic mitoses. We believe that our
results will help to understanding of basic developmental processes in mammalian embryos.
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Vasculogenesis is the process of new blood vessel formation that generates one of the first
functional systems in a forming embryo. It is a dynamic process that involves changes of
endothelial cells to form blood vessels, which happens concomitant with the embryo
development. The own way of endothelial cells clusters selfish organize became the system
ideal to study following the evolution of patterns. In order to quantify this phenomenon we use
the video microcopy to obtain a movie following the vessels emergence in an embryo. We
extracted embryos from chicken eggs at stage 12 HH that lay in a dish with culture medium
made of agar and albumin. During the experiments, the samples are placed in a microscope
incubator to control the environment at 370C degrees and 60% of humidity. A continuous
movie monitoring the vessel’s growth for a period of 15 hours is made. To follow changes in
the vasculogenesis patterns a rectangular region on area opaca was selected, as showed in
the Fig.1. In that region were made measurements during time of fractal dimension, area and
amount of clusters. The fractal dimension measured following the vessels growths increases
until it reaches saturation. In the beginning of the process with just a few clusters with a
random spatial distribution, the fractal dimension measured is (Df= 1, 52 ± 0, 06) a value
close to results obtained for cluster-cluster interactions. This clusters self-organize to create a
polygonal network. In the end of the process when the network is assembled the value
measured is (Df= 1, 72 ± 0, 06) a value close to results reported for a directed percolation
process in 2D. That is according with the dynamic of the process, as reported in literature after
the onset of circulation the cells move collectively. With the other parameters like the number
and maximum area of the clusters we can describe the aggregates dynamics. The number of
cells aggregates grows as a Gaussian function, which after reaching a maximum value it
decreases indicating that coalescence prevails in the system. From the maximum area of
aggregates we can identify the percolation of primary plexus; there is phase transition of a
non-connected region to all the regions connected. In this work, we show that sequences of
interactions between cell aggregates promote the connections to build the complete vessels
network, and obtain statistical parameters that can describe the vasculogenesis process.
 

Acknowledgement: The authors would like to acknowledge the support of the Brazilian
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Fig. 1: The rectangle selected on area opaca of embryo at stage HH-12 is followed in time to obtain the vessels
emergence. The picture in the right side shows the selected area at: 0 hours, 7 hours and 14 hours.
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Objective: To investigate the role of placental cellular apoptosis through Bcl-2/BaX
immunoreactive expression and ultrastructural alterations in placenta of tea garden workers.
Samples: Tissue specimens from 50 full term placentas of tea garden workers (TGW) and 35
normal term placentas appropriate for gestational age (AGA) of house wives were collected.
Method: Bcl-2/BaX expression was assessed by immunohistochemistry on paraffin-embedded
sections; whereas, apoptosis was evaluated by terminal deoxynucleotidyl
transferase-mediated deoxyuridine triphosphate nick end labeling (TUNEL) assay and
transmission electron microscopy (TEM).
Results & Conclusions: Bcl-2 protein was abundantly immunolocalized in syncytiotrophoblasts
of normal term placentas of house wives, while, least abundant in term placentas of TGW. BaX
was over-expressed in placental tissue of TGW than those of house wives. In accordance with
the change of ratio of these two molecules, the increase of apoptotic cells was observed in
placenta of TGW. These data indicate that Bcl-2 and BaX are spatio-temporally regulated
during placental development and the difference in their expression is at least in part
responsible for the delicate balance between cell proliferation and programmed cell death in
the human placenta. Apoptosis was indicated by the morphological features, such as,
condensation and margination of chromatin along an intact nuclear envelop in
syncytiotrophoblast nuclei; villous surface fibrin deposits; loss of microvilli with membrane
blebbing; cytoplasmic condensation; autophagocytosis of cellular debris containing nuclear
fragments. From these TEM observations, it could be concluded that human placental
syncytiotrophoblast undergoes apoptosis, and this process is associated with breaks in the
trophoblast covering of villi. In case of low birth weight (LBW) babies placenta, typical features
of apoptosis were observed including internucleosomal DNA degradation, and both nuclear
(nuclear condensation and fragmentation) and extranuclear (cell blebbing) morphological
alterations. The placental cellular apoptosis was confirmed by TUNEL assay. Trophoblastic
apoptosis of the placenta might play an important role in the pathogenesis of LBW babies in
case of TGW, and thus may be related to lowered expression of Bcl-2 and higher expression of
BaX.
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Development of tooth primordium is a well-established model for epithelial morphogenesis.
Good accessibility of embryonic tooth germs for pharmacological treatment in vitro combined
with molecular genetic approaches in mouse model enable comprehensive examination of the
role of particular genes during epithelial morphogenesis. The analysis of two-dimensional
histological sections is not sufficient to fully evaluate the variations in epithelial morphogenesis
under altered genetic or biochemical conditions. Thus, 3D reconstructions of embryonic dental
epithelium have been introduced as essential tool for analysis of embryonic teeth
development. However, the classical method used for 3D reconstructions of dental epithelium
is time-demanding and still based on histological sections (1). During this process, the tissue
suffers from dehydration, which, along with mechanical sectioning and errors in digitalization
of the contours, causes artifacts in the final 3D reconstruction. Here we present a new
approach that allows generation of high-quality 3D reconstructions of dental epithelial
structures in a short time. We used Krt14-Actin-GFP mouse line which is suitable for
visualization of the epithelial cells in many tissues. The mandibles of transgenic embryos were
dissected at different stages of development (E12.5 – E14.5) and fixed in 4% PFA. The tissue
was subsequently cleared for two weeks following the Scale method (2). Cleared mandibles
were scanned using LSM confocal microscope and the three-dimensional projection of dental
epithelium was reconstructed in Imaris Bitplane software. As an example we show the
wild-type molar and incisor epithelium at different developmental stages; morphological
changes in molar field after disruption of Fgf and Shh signaling pathways in vitro; and the
molar phenotype after specific cell line ablation using DTA transgenic system. In contrast to
the classical method, optical sectioning of the tissue cleared by Scale method allows
preservation of the structure in whole-mount, and therefore minimizes the artifacts. With slight
variations this approach can be used in variety of epithelial structures such as hair follicles,
taste papillae, and salivary glands. Taken together, the described method of 3D reconstruction
is an advantageous approach that produces highly accurate 3D images of the organ of interest
with reasonable time requirements.

1. R. Peterkova, M. Hovorakova, M. Peterka, H. Lesot, Three-dimensional analysis of the early
development of the dentition. Aust. Dent. J. 59 Suppl 1, 55–80 (2014).
2. H. Hama et al., Scale: a chemical approach for fluorescence imaging and reconstruction of
transparent mouse brain. Nat. Neurosci. 14, 1481–1488 (2011).



 
Fig. 1: 3D reconstrution of mouse molar epithelium at E14.5 in Krt14-actin-GFP line (mesenchymal view). Scale bar,
150 µm.
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  Vinculin (VCL) is an actin-binding protein responsible to sense the mechanical properties of
the extracellular environment. It is the main component of the focal adhesions establishing
cell-cell and cell-matrix interaction. Our preliminary data locates VCL to both somatic nuclei as
well to meiosis-specific structure in spermatocytes nuclei – the synaptonemal complex. This
finding shows VCL as a new player in the mammal meiosis. In C. elegans, vinculin ortholog is
DEB-1 protein which has ~85% amino acid sequence homology. Depletion of DEB-1 resulted
into hermaphrodite sterility and “EMO phenotype” with refractive eggs that fail to hatch.
However, till present there was no evidence of DEB-1 participation in meiosis.
 This model organism is well-established for the study of meiosis because adult hermaphrodite
meiotic nuclei progress in the entire gonad, which allows visualizing all meiotic stages. We
therefore localized the DEB-1 with a specific antibody in the whole C. elegans gonad and within
rachis. As the presence of DEB-1 in meiocytes was microscopically not clearly apparent, so we
produced deb-1(RNAi) knock-down worms. Our reached data suggest DEB-1 independent role
in the distal part of hermaphrodite gonad independent on the ovulation activity of the
contractile apparatus in the proximal somatic part. Furthermore we demonstrate clear
evidence of DEB-1 engagement in meiotic prophase progression. Knock down of DEB-1 via
RNAi interference impacts chromosomal pairing stabilization, attachment of chromosomes to
cytoskeletal forces and formation of synaptonemal complex during prophase I, resulting in
formation of synapsis between non-homologous chromosomes, meiosis delay and increased
presence of univalents after diakinesis. We proceed ultra-structural visualization of meiotic
chromosomes in zygotene and pachytene wild type and deb-1-/- worm gonad. Furthermore we
detected DEB-1 and synaptonemal proteins (HIM-3, SYP-2) on ultrathin sections, using
immuno-gold labeling method. These TEM results allowed us to describe ultrastructural
localization of DEB-1 in the meiotic cells.
 

Acknowledgement: This experimental work is supported by the project „BIOCEV –
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Fig. 1: The deb-1(RNAi) hermaphrodites develop gonads of normal size and organization. Transition zone is present;
with some transition zone-like cells (Leptotene/Zygotene onset). During diakinesis, we observed elevated numbers of
DAPI-positive structures, ranging from 8 to 12 compact bodies (Diakinesis onset).
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Introduction: Testicular development plays an important role in male fertility. Gonadal
development begins on the 10th day fetal rat. In the 18-19 day the seminiferous tubules are
filled with primordial gonocytes in the fetal testis. From postnatal day 10 primordial germ cells
divide and differentiate into spermatogonia. Over the next 40days and so, testicular
development demonstrates a series of successful developing germ cell layers. For a proper
and continous development, the permutation and function of junctions among Sertoli cells play
a crucial role. While spermatogonia transfer into spermatid through the blood-testis barrier,
they also move from basal compartment to adluminal compartment.
Aim: We aimed to show the consecutive stages of tight junction morphology in the days 4-12
in the neonatal rat testis.
Materials and Methods: In this study rat testis of days 4-12 were obtained and proceeded for
both light and electron microscopy. We accepted the date of birth 0. We observed the
blood-testis barrier development day by day in neonatal rats by using ZO-1
immunohistochemistry and for ultrastructural examiation tissues were proceeded by
ruthenium red in order to visualize the tight-junctions.
Results: In the days 4-7 the interval between Sertoli cells were wider and from the day 8 to 12
the interval became tighter and the 12th day showed the final morphology of tight junction,
ZO-1 immunohistochemistry demonstrated the same morphology in accordance with electron
microscopy.
Conclusion: Ruthenium red observations in electron microscopy demonstrated that
tight-junction formation in neonatal rat begins by days 8-12.
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Processing of visual information in insect compound eyes starts at the synapse between
photoreceptors (R-cells) and lamina monopolar cells (L-cells). In locusts, two large monopolar
cells (L1 and L2) were already investigated (Nowel and Shelton 1981, Cell Tissue Res 216:377),
but their connectivity pattern has not been established yet.
To disclose the wiring between the R and L-cells, we produced series of electron micrographs
with serial block face scanning electron microscopy (SBEM, Denk and Horstmann 2004, PLOS
Biol 2: e329; Zankel et al. 2009, J Microsc 233: 140). SBEM allowed us to automatically slice
and image, i.e. cut sections from a tissue block and in each case subsequently scan the block
face using a backscatter electron detector. 3D-reconstructions of L1 and L2 from one column
of the first optic neuropile (Fig.1) allowed us to map their synaptic connections (Fig. 2).
The input from photoreceptor cells to both the L1 and L2 neurons was restricted to one column
situated underneath one lens of the compound eye, and their axon diameters were as large as
5.5 (L1) and 3.4 (L2) µm, allowing for high conduction velocities. This suggests that the
neurons may drive motion detection pathways, for which differences in illumination between
neighboring columns must rapidly be calculated.
However, although L1 and L2 do not differ in their response to light (James and Osorio 1996: J
Comp Physiol A 178: 183), we found fundamental differences in their connectivity pattern: Our
reconstructions show that both L1 and L2 receive synapses from R- cells in the lamina (Fig. 1),
but L1 receives more than twice as many synapses and contrary to L2 also exhibits feedback
synapses onto the R-cells, so it could have an influence on the R-cells’ sensitivity to light.
The differences in connectivity patterns suggest that both L1 and L2 differ in the neuronal
pathways they are involved in.
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Fig. 1: 3D-reconstruction of L1 and L2 neurons in the lamina of a locust.
 

 
Fig. 2: A photoreceptor synapse onto L1, L2, and two other,
unidentified neurites.
 

 
Fig. 3: The same synapse as in Fig. 2, with L1 made
transparent to display the arrangement of the neurites.
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   Iron is an essential element for most life on Earth. In the human brain, iron plays a critical
role in oxygen utilization, enzymatic systems, and especially neural development. In contrast,
the excess accumulation of iron in nerve cells has been reported to causes neurodegenerative
diseases, such as Parkinson’s disease, Alzheimer’s disease, and amyotrophic lateral sclerosis.
In this study, we analyzed the distribution of iron and other elements in nerve cells in the
brains of patients with Parkinson’s disease and in those of age-matched controls to investigate
the pathogenesis of Parkinson’s disease.
 Transmission electron microscopy (TEM) combined with energy-dispersive X-ray spectroscopy
(EDS) is usually applied to demonstrate elements in biological samples. However, it is
impossible to analyze the localization of Fe by TEM-EDS analysis, because a high peak of the
Fe spectrum emerges from components of the transmission electron microscope. Therefore,
we developed a new method to demonstrate Fe using scanning electron microscopy (SEM)
combined with EDS.
 Brain tissues (substantia nigra pars compacta) were taken after autopsy, fixed with 3%
glutaraldehyde and 2.5% potassium dichromate, dehydrated, and embedded in Epon.
Semi-thin sections (0.4 to 1-μm thick) were cut using a microtome equipped with a diamond
knife, mounted on copper mesh, placed on a sample holder made of carbon, and used as
samples for SEM-EDS analysis.
 <Control brains> A large number of electron-dense neuromelanin granules were present in
the cytoplasm of nerve cells on SEM observation (Fig. 1A). When elements contained in
neuromelanin granules (Fig 1A, arrow) were analyzed by EDS, a high peak of Fe was detected
(Fig.1B, arrow). Spectra of Al, P, S, K, and Ca were also demonstrated in nerve cells. The
highest peak of the Fe spectrum in nerve cells was detected in neuromelanin granules.
 <Parkinson’s disease brains> The number of neuromelanin granules reduced markedly in
nerve cells. In some nerve cells, neuromelanin granules lost their electron density (Fig. 2A,
arrow), and levels of Fe in these granules showed a marked decrease on EDS (Fig. 2B, arrow).
 It is likely that the levels of Fe in neuromelanin granules decrease markedly during the
development of Parkinson’s disease. We also conclude that SEM-EDS analysis is a method
capable of demonstrating iron in biological samples.



 
Fig. 1: Figure 1. Control brain. Nerve cell observed by SEM (Fig. 1A) and spectra taken by EDS (Fig. 1B). High levels of
Fe are demonstrated in neuromelanin granules.
 

 
Fig. 2: Figure 2. Parkinson’s disease brain. Neuromelanin granules lost their electron density (Fig. 2A arrow), and levels
of Fe in these granules showed a marked decrease (Fig. 2B).
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Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
(CADASIL) is a hereditary stroke disease caused by the mutation in Notch 3 gene, located on
chromosome 19 (19p13). This gene encodes a single-pass transmembrane receptor Notch 3,
responsible for maturation of blood vessels in perinatal period and their homeostasis in adult
period. Granular osmiophilic material (GOM) is a pathognomonic feature of CADASIL and
represents an abnormal accumulation of Notch 3 at the cytoplasmic membrane of vascular
smooth-muscle cells (VSMCs) in cerebral and extracerebral blood vessels.
The clinical picture is characterized by repeated ischemic events, cognitive disorders leading
to dementia, headache, psychopathological manifestations and a wide range of various
pathological events caused by vasculopathy which damages the central and peripheral
nervous system, skeletal muscles, skin, heart and other organs.
Our study aimed to determine the significance of ultrastructural analysis of skin biopsy in the
diagnosis of CADASIL. This study included patients in whom clinical suspicion of CADASIL was
based upon the clinical picture, characteristic changes on the endocranial magnetic resonance
imaging (MRI) and positive family history. After a detailed electron microscopy analysis of
blood vessels in the dermis, the presence of characteristic granular osmiophilic material (GOM)
was detected in 70% of patients, indicating that this method has a relatively high sensitivity
level. Besides the presence of GOM deposits in indentations of altered VSMCs or between the
remains of degenerated VSMCs, the morphological changes also included disruption of
myoendothelial contacts, disoriented cytoskeletal elements of VSMCs and endothelial cells,
thickening of VSMCs basal lamina, fibrous changes in the vascular wall and chromatin
condensation and peripheral aggregation of nuclear material of VSMCs, suggesting apoptotic
cell death.
Ultrastructural examination of skin biopsy is a highly specific and relatively sensitive diagnostic
method for establishing a diagnosis of CADASIL. It is very important in the differential
diagnosis of CADASIL, especially when genetic analysis is unavailable or limited and can be
considered as a method of choice for the diagnosis of CADASIL.
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Fig. 1: An arteriole in the dermis. 1. Vascular smooth muscle cell (VSMC), 2. Thickened basal lamina with GOM deposit
(white arrowhead) (TEM)
 

 
Fig. 2: Degenerated VSMCs (1) with disoriented cytoskeletal elements and GOM (arrowhead) in the thickened basal
lamina (TEM)
 

 
Fig. 3: Small arteriole in CADASIL patient. 1. Endothelial cell 2. VSMC with chromatin condensation at nuclear periphery
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It is well known that every human suffers lifetime axonal injuries caused by different factors:
physical traumas, genetic diseases, inflammation, toxins etc., sometimes the damage takes
the form of axonal swellings.
The present study aims to investigate and assess the influence of axonal swellings on nerve
impulse transmission between Ranvier nodes. We studied damaged axons in prepared samples
of human brain white matter obtained postmortem from schizophrenia patients.
In previous studies of electron micrographs of brain white matter slices it was shown that
these characteristic changes in myelin structure (axonal swellings) are typical for
schizophrenia disease. Although very important, those studies did not yield enough
information on 3D properties of swellings crucial for modeling the electromagnetic signal
propagation between Ranvier nodes. To collect this data we also performed volumetric study
of brain white matter with nanometer resolution utilizing FEI® FIB/SEM Auto slice&view©
technique as well as transmission electron microscopy methods (electron tomography) in the
present study.
Based on the data obtained, we were able to incorporate true 3D shapes of axonal swelling
deforming myelin sublayers into our model.
The model simulations of electromagnetic impulse propagation along axon body between
Ranvier nodes has shown that such axonal swellings will cause weakening, loss, or deformation
of neural pulse shape - in the same way the waveguide with distorted geometry causes signal
loss or distortions. The simulation was performed on a 3D model describing the myelin layer
(this area did not contain Ranvier nodes or para-nodes) as a dielectric waveguide with
intracellular and extracellular liquids serving as its boundaries. The axonal swellings were
supposed to have the same electromagnetic parameters as the intracellular media. In
accordance with this model we performed computer simulation of electric field distribution
within myelin layer and demonstrated the influence of myelin damage on signal loss during
nerve impulse transmission between Ranvier nodes.
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Introduction: The synthetic peptide Fibroblast Growth Loop (FGL) is an allosteric modulator of a
Fibroblast Growth Factor Receptor (FGFR) mimicking the Neural Cell Adhesion Molecule
(NCAM). FGL reduces glial activation, promotes neurite outgrowth and synaptogenesis and
supports the survival of different neuronal types in cell cultures [1-3]; however its effect on
neurogenesis in vivo has not yet been fully determined. A recent study showed that FGL
increases doublecortin immunoreactivity (a marker of neuronal precursors and immature
neurons) in the dentate gyrus [4]. In this experiment we focused on the influence of short-term
application of FGL on cell proliferation, survival and expression of a marker of mature neurons
NeuN (neuronal nuclei).
Methods: 22 adult male Wistar rats (300±20g) were included in this experiment. Half of the
animals received 4 doses of FGL (80mg/kg s.c.) during 4 consecutive days (= FGL group), the
2nd half received saline (= SAL group). On the 4th day all of the animals were injected with the
S-phase marker 5-bromo-2-deoxyuridine (BrdU, 3x 50mg/kg i.p). One day after the BrdU
injections, 6 animals from each treatment group (= proliferation group) were transcardially
perfused. The remaining animals were transcardially perfused on the 21st day after the BrdU
injections (= survival group). The rat brains were sliced (40μm) and immunohistochemically
stained with mouse anti-NeuN (1:250, Millipore) and/or rat anti-BrdU (1:500, AbD Serotec).
BrdU+ cells were counted in the dentate gyrus in every 12th section under a fluorescence
microscope (Zeiss Axio Imager Z1). BrdU+/NeuN+ cells in the survival group were quantified
using a confocal laser scanning microscope (Leica SPE). Image analysis was performed using
ImageJ software and a LOCI tools plug-in. Statistical analysis (Mann-Whitney U test) was
performed in the program Statistica 9.0 (Statsoft).
Results: The average number of BrdU+ cells in the SAL-proliferation group did not significantly
differ from the FGL-proliferation group and in the SAL-survival group from the FGL-survival
group. Three weeks from BrdU application ~80% of the BrdU+ cells survived in both the SAL
group and the FGL group. The percentage of NeuN+ cells was higher in the FGL-survival group
(88%) than in the SAL-survival group (78%).
Conclusion: Short-term application of FGL did not increase cell proliferation or survival in the
dentate gyrus. The higher ratio of cells that differentiated into neurons might be attributed to
the FGL-mediated suppressing effect on the glial cells.
References:
[1] Cambon K et al. (2004) J Neurosci. 24(17): 197-204.
[2] Neiiendam JL et al. (2004) J Neurochem. 91(4):920-35.
[3] Ojo B et al. (2011) Exp Neurol. 232(2):318-28.
[4] Ojo B et al. (2013) Neurochem Res. 38(6):1208-18
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Electron microscopic studies have revealed synaptic vesicle recycling by endocytosis following
neurotransmitter release by exocytosis. Imaging methods using fluorescent dyes have enabled
monitoring of synaptic vesicle endocytosis and recycling in living neurons. Measurement of
plasma membrane capacitance by electrophysiological recording has further elucidated
mechanisms of synaptic vesicle endocytosis. However, many aspects of synaptic vesicle
mobility during exocytosis and endocytosis are still a matter of debate. For example, where
endocytosis occurs in synapses is not wholly understood. To analyze ultrastructural changes
that occur during synaptic activity, observation of fine structure inside intact synapses is
necessary. Reconstruction of synapses by serial sectioning provides good resolution, but much
information is lost because sections cannot be made thinner than ~50 nm. Focused ion beam
milling and scanning electron microscopy (FIB-SEM) has enabled 3D imaging of whole
synapses; however, resolution has not been satisfactory. Here I present 3D images of synaptic
vesicles of the calyx of Held presynaptic terminus examined by FIB-SEM, with satisfactory
resolution and contrast. Reducing the probe current and acceleration voltage permitted
visualization of fine ultrastructure comparable to that of TEM. It is easy to recognize the
synaptic cleft, synaptic vesicles, including clathrin-coated vesicles, mitochondrial cristae, and
ribosomes on rough-endoplasmic reticulum.
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Fig. 1: Top surface view of rat brainstem slice embedded in epon (left, top). Side view of specimen during ion beam
milling (left, bottom). an image obtained during ion milling shows two principal neurons of the medial nucleus of the
trapezoid body surrounded by the calyx of Held presynaptic terminus.
 

 
Fig. 2: FIB-SEM ion milling of a single synaptic vesicle. Siz representative serial sections out of 674 taken without drift
or loss of focus. The milling thickness is estimated at ~10 nm.
 

 
Fig. 3: Resolution of FIB-SEM cut at 10 nm right) is close to that of a TEM epon section cut at 50 nm (left).
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ω-Agatoxin IV A (AgaIVA), a peptidyl toxin from Agelenopsis sperta venom, specifically binds to
P/Q-type calcium channels.  Pharmacological and electrophysiological studies showed that
AgaIVA-sensitive channels are widely distributed in both the central nervous system and in
neuromuscular junctions.  Using biotin-conjugated AgaIVA, it was possible to determine which
cells in freshly prepared mouse cerebellar and hippocampal slices possess binding sites for this
toxin (Nakanishi, S. et al., 1995).  Biotinylated AgaIVA was also applied to transcardially fixed
brain slices prepared with various fixatives (4 % paraformaldehyde with 0.1 % glutaraldehyde,
Zamboni's fixative, and acrolein).  AgaIVA did not bind to fixed tissues from P/Q-type calcium
channel knockout mice, confirming that the binding to normal, fixed tissues was not an
antifact.  With transmission electron microscopy, it was shown that the toxin also binds to fixed
tissue.  Using immunoelectron microscopy, the locations of biotinylated AgaIVA binding sites
were compared to those of binding sites identified with an antibody specific for the α-1A
subunit of P/Q-type voltage-gated calcium channels.  Biotinylated AgaIVA binding sites
visualized with FluoroNanogold-streptavidin showed a similar pattern to those visualized with
antibody.  This ability of biotinylated AgaIVA to bind to fixed tissue provides a new tool to
study the molecular architecture of excitatory synapses. Reference: Nakanishi, S. et al., (1995)
J Neurosci Res 41: 532-539
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Fig. 1: Biotinylated AgaIVA bound to chemically fixed P/Q-type calcium channels in the medial nucleus of the trapezoid
body  (left), but without toxin no binding was seen (middle).  Immunohistochemical examination using an antibody to
recombinant protein (aa856-888) showed similar results (right).
 

 
Fig. 2: P/Q-type calcium channels were visualized on the presynaptic membrane (black arrow heads) with
peptide-binding cytochemistry (left) and with immunoelectoron microscopy (right). Tissues shown in Fig.1 were
reprocessed for TEM. Bars, 50 nm
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The multiplicity of neurogenic niches in adult fish brains evidences their high postnatal
capacity to repair and growth.
Such amount of sites with proliferative and neurogenic capacity is sustained by the presence
of undifferentiated cells
with features of progenitor cells. The neural stem cells in vertebrate brains are not properly
identified yet.
Some authors suggest that cells with radial glia features are the candidates to be the stem
cells (Götz et al. 2007; Zupanc et al 2003),
the point remains not fully clarified. With the purpose to deepen into the knowledge of stem
cells and/or progenitor
cells in fish brains, we have studied the distribution and structural characteristics of radial glia
in the adult fish brain.
In previous works, we analyzed Austrolebias brain cell proliferation (Fernández et al. 2011).
Now, we have introduced the
use of thymidine halogenated analogs chloro (CldU) and iodo (IdU)-deoxyuridines to identify
different populations of
proliferating cells and those that re-enter the cell cycle, besides allowing a temporal
discrimination of labelling.
We detected three types of proliferating cells: 1) cells marked 24 h after marker injection
(CldU+), and located in
ventricular regions; 2) cells marked 30 days post injection (IdU+), many of them migrating;
and 3) doubled marked non-
migrating cells (CldU+IdU+) that remain in the ventricular zone. The immunohistochemical
analysis performed with antibodies
against Vimentin, S-100, BLBP and Glial Acidic Fibrilar Protein, showed a widespread
distribution of radial glial cells
mainly located in medial zones of brain lining with the ventricular walls. In the places detected
as highly proliferative,
the concentration of cells Vimentin+ was higher. As shown by transmission and scanning
electron microscopy, radial glia
cells of the medial niches are communicated by connexin 43+ gap junctions along variable
traits. Such cells form groups of
very elongated cells that contact apical surface of ventricular lumen and present a single
cilium and different intercellular
junction complexes (Casanova et al 2014). Then, the characteristics shown by radial glia of
Austrolebias neurogenic niches
suggest that these cells are highly probable candidates to be the progenitor cells that sustain
neurogenesis and brain
repair.
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Fig. 1: Immunohistochemistry showing proliferative
markers CldU+ (red) and IdU+ (green) at the Torus
longitudinalis (TL). CldU+ nuclei were detected 24 h after
injection and found close to the ventricular wall. Most of
the IdU+ nuclei detected 30 days after IdU administration
were found at different distances from the ventricular
surface .Confocal image.
 

 
Fig. 2: Transversal section of the third ventricle of brain
showing cells with glial phenotypes identified by Vimentin,
and Cx43, immunoreactivity. The confocal analysis showed
a widespread distribution of radial glial cells mainly located
in ventral medial zones of brain lining with the ventricular
walls.
 

 
Fig. 3: A panoramic electron microscopy image shows the
ventral ventricular region. In this region appears a kind of
elongated radial cells (RG) similar to those found in others
ventricular regions of the brain.
 

 
Fig. 4: Scanning microscopy image of ventral ventricular
region that show different cells with phenotypes of radial
glial. Note several elongated radial glial cells. (RG)
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Impaired function of the endoplasmic reticulum (ER) leads to accumulation of misfolded
proteins and induction of the unfolded protein response (1). The aberrant accumulation of
specific misfolded proteins in intracellular inclusions or extracellular aggregates has been
recognized to be crucial in the pathogenesis of some neurodegenerative diseases (2). Recent
evidences suggest that astrocytes are important players in neurodegenerative disorders (3).
We used an in-vitro ER stress model induced by tunicamycin (T) in C6 glioma cells which is
derived from rat astrocytes. Ghrelin (G) is a natural peptide ligand of the growth hormone
secretagogue receptor which is known to stimulate growth hormone secretion (4). The aim of
this study was to investigate the potential protective effects of G on ER stress model.
Cells were cultured in DMEM-F12 containing 10% FBS at 37˚C with 5% CO2 in a humidified
incubator. Dose and time dependent preliminary experiments were performed by 0.5, 1, 2.5, 5
and 10 µg/ml T for 2, 6, 12 and 24 hours (h). 2.5 µg/ml dosage of T was chosen and applied for
12 and 24 h. Cells were divided into four groups; control group, T mediated ER-stress group, G
(100nM) treated group and G+T group (G administered one hour before T application). At the
end of incubations, cells were fixed and immunocytochemical analysis was performed by using
ER stress marker anti-GRP78/BiP, and BrdU antibodies. Semi-quantitative analysis of
immunoreactions and proliferation percentages were statistically evaluated with ANOVA using
GraphPad InStat DTCG software.
BrdU assay showed that G increased the proliferation level of cells significantly according to
control group (p<0.05) while 2.5 µg/ml T decreased the level significantly (p<0.01) (Fig 1,2).
When G was applied to cells before T, a significant increase in proliferation level was observed
according to T group (p<0.01) (Fig 1,2). Statistical analysis of immunoreactions against
GRP78/BiP showed that 2.5 µg/ml T for 12 and 24 h extremely increased the expression level
of BiP significantly compared to control group (p<0.05); however, G substantially suppressed
the effect of T when applied before T (p<0.01) (Fig 3,4).
According to our results, G has a protective effect on neuroglial cell proliferation suppressed by
ER stress. It also affects the expression of GRP78/BiP, thus equilibrating between cell surviving
and apoptotic cell death. Further research needs to be done for new approaches to
applications of ghrelin as a neuroprotective agent.
References
1. Lindholm D, Wootz H, Korhonen L. Cell Death Differ. 2006;13(3):385-92.
2. Pereira CMF. ISRN Cell Biology. 2013:2013:22.
3. Maragakis NJ, Rothstein JD. Nat Clin Pract Neurol. 2006;2(12):679-89.
4. Kojima M, et al. Nature. 1999;402:656–60.



 
Fig. 1: BrdU immunoreactions in C6 glioma cells. Control
group (A), Ghrelin group (B), Tunicamycin group (C),
Ghrelin+Tunicamycin group (D). Hematoxylin counterstain,
40X.
 

 
Fig. 2: Percentage analysis of distribution of BrdU
expression in C6 glioma cells.*P<0.05; compared to Control
group, **P<0.01; compared to Tunicamycin and Ghrelin
groups.
 

 
Fig. 3: GRP78/BiP immunoreactions in C6 glioma cells
incubated for 12 (left side) and 24 (right side) hours.
Control group (A,B); Tunicamycin group (C,D); Ghrelin+
Tunicamycin groups (E,F), 40X.
 

 
Fig. 4: H-SCORE analysis of intensity of GRP78/BiP
expression in C6 glioma cells. *P<0.05; compared to
Control group, **P<0.001; compared to Tunicamycin group.
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The acquisition of millisecond-scale optical signals in biological samples is extremely useful in
the study of fast biological events, such as neurons signalling or hemodynamics. However, the
most used techniques for optical imaging in thick biological samples, such as confocal and two
photon microscopy, are not capable of providing reliable millisecond-scale signals on a wide
field of view. The main limiting factor for confocal acquisition rate is the use of galvanometric
mirrors for raster scan beam displacement.
In order to allow effective parallel fast acquisition, the presence of multiple confocal excitation
volumes is required. This can be achieved through the use of a Spatial Light Modulator (SLM),
which can divide the coherent excitation light in multiple diffraction limited focal points across
the field of view. Reported implementations of SLM based confocal microscope [1] rely on a
standard galvanometric scanner for the acquisition of an image of the sample, on which
locations of interest are selected to be illuminated with Spatial Light Modulation.
We present an alternative approach, allowing for the acquisition of complete three dimensional
confocal images through the use of an SLM and a pixelated detector. This dramatically reduces
the cost and complexity of the setup, as the microscope works without any mechanical moving
part, and allows for placement of excitation volumes in locations of interest for fast parallel
signal acquisition with sub-micrometer precision. Spatial light modulation – two photon
microscopy (SLM-2PM) image acquisition is based on the use of the SLM to illuminate the
sample with a grid of diffraction limited excitation volumes, and move such grid according to a
raster scan pattern. A pixelated detector acquires the fluorescence signals of each excitation
volume separately during the scan sequence, and a custom software creates the confocal
image. The same process can be executed on different focal planes thorugh the use of the
SLM, without the need for mechanical movement of the objective.
Images acquired with SLM-2PM have comparable quality to the ones obtained through a
standard two photon microscope, and the method was successfully employed for millisecond
scale calcium imaging in acute cerebellar slices.
[1] Nikolenko et Al. SLM Microscopy: Scanless Two-Photon Imaging and Photostimulation with
Spatial Light Modulators. Frontiers Neural Circuits 2:5 (2008).
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Fig. 1: Example of high frequency acquisition: Image on the left shows granular layer in a cerebellar slice loaded with
Fura-2 AM. Multiple focal points are placed on the cells indicated by red circles, obtaining the image on the center on a
fast CMOS camera. Calcium signals from each cell are acquired at frequencies up to 1KHz (example on the right).
 

 
Fig. 2: SLM-2PM 3d image of a Purkinje cell, obtained without any mechanical moving part. Panel A: three confocal
images acquired at planes 4 μm apart. Panel B: Projection of a total of 10 confocal images of planes.
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Vanadium (V) is delivered to the atmosphere by the combustion of petroleum derivates rich in
this element. V can induce the formation of reactive oxygen species (ROS) in biological
systems and the toxicological effects have been associated with them1. In previous studies we
reported neuronal alterations in olfactory bulb and hippocampus in mice exposed to vanadium
pentoxide2 (V2O5). Carnosine (beta-alanyl-l-histidine) is endogenously synthesized in brain
and is endowed with antioxidant activity as a scavenger of free radicals3. The present study
determined carnosine neuroprotection in mice prefrontal cortex exposed to vanadium with an
ultrastructural approach. CD-1 male mice weighing 30±5g were divided into four groups. 1)
V2O5 [0.02M] inhalation one hour twice for a 4-week period. 2) V2O5 Inhalation plus oral
Carnosine treatment (1mg/kg/day) 3) Only Carnosine treatment (1mg/kg/day), and 4) Controls
inhaled saline. Animals were sacrificed by pentobarbital overdose, perfused by intracardiac
puncture with saline solution and glutaraldehyde (2%); prefrontal cortex was dissected and
processed for MET. The samples were analyzed in a Zeiss EM 100. The ultrastructural
examination revealed that pyramidal neuron of prefrontal cortex in carnosine group showed
undamaged organelles (Fig. 1D) similar to controls (Fig. 1A). In contrast, alterations in
pyramidal neuron were observed after vanadium exposure showed dark cells with shrunken
soma, pyknotic nucleus and irregularly clumped chromatin, a form of necrotic neuronal death
(Fig. 1B). In notably, mice vanadium exposed and treated with carnosine showed a decrease in
neuronal death (Fig. 1C) compared with vanadium exposed without carnosine. These results
suggest that ultrastructural alterations in pyramidal neuron death induced by vanadium are
mediated by oxidative stress and that carnosine may modulate the neurotoxic vanadium
action.
References 1. S.S. Soares, et al. Journal of Inorganic Biochemistry, 2007,101, 80-88.
2. T.I. Fortoul, et al. Journal Biomed. Biothech, 2011
3. J. Drozak, M. et al. Journal of Biological Chemistry, 2010, 285,9346-9356
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Fig. 1: Prefrontal cortex. A) Pyramidal neuron (P) with nucleus (N),apical dendrite (D) of control mice, B) Dark cell (D)
with shrunken soma and vacuolation (V) of exposure vanadium mice, C) Normal pyramidal neuron of exposure
vanadium with treatment carnosine mice; and carnosine treatment mice D) with normal axon (A) and blood vessel
(bv).Scale bar = 2 µm
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Perinatal asphyxia (PA) induced short and long term synaptic and cytoskeletal alterations that
has been associated with neuronal cell death following hypoxia. The lack of knowledge about
the mechanisms underlying this dysfunction prompted us to investigate the changes in the
synapse and neuronal cytoskeleton and related structures.
For this study we used a well established murine model of PA. Full-term pregnant rats were
rapidly decapitated and the uterus horns were placed in a water bath at 37 °C for different
time of asphyxia. When their physiological conditions improved, they were given to surrogate
mothers. One month, 4, 6 and 18 months old after PA rats were included in this study.
Modifications were analyzed using photo oxidation with phalloidin-eosin, conventional electron
microscopy (EM), inmunocytochemistry and ethanolic phosphotungstic acid (E-PTA) staining
combining with electron tomography and 3-D reconstruction techniques [1].
After one and two months of the PA insult, an increase in the F-actin staining in neostriatum
and hippocampus synapses was observed using correlative fluorescent electron microscopy for
phalloidin-eosin.[2] Mushroom-shaped spines showed the most consistent staining. Strong
alterations in the dendrite and astroglial cytoskeleton organization were found at four months
of PA [3]. After six months of PA, postsynaptic densities (PSDs) of the rat neostriatum are
highly modified. We observed an increment of PSDs thickness related with the duration and
severity of the hypoxic insult. In addition, PSDs showed and increase in the ubiquitination
level. Using 3-d reconstruction and electron tomography we observed showed clear signs of
damage in the asphyctic PSDs [1]. These changes are correlated with intense staining for
ubiquitin. Finally, in 18 months old rat was observed a reduction in the number of synapses in
the PA animals related with a decrease in BDNF staining. Overall these results demonstrate
that synaptic dysfunction following PA might be produced by early changes in the actin
organization and long-term misfolding and aggregation of proteins in the PSDs.
Therefore, we hypothesize that the synaptic and neuronal cytoskeleton changes induced by PA
in the rat CNS could lead to the cellular dysfunction and death.
References
[1]Capani, F., et al (2009) Exp Neurol. 219, 404-13.
[2]Saraceno G.E el al (2010) Exp Neurol. 223, 615-22.
[3]Saraceno, GE et al (2012) Synapse. 66(1):9-19.



 
Fig. 1: Electron microscopy images of the neostriatum in control and PA animal. A- Post-synaptic densities stained with
E-PTA. AP showed an increment in the PSDs thickness in comparison with the control (arrows). B- Photo-oxidation with
phalloidin-eosin. After PA we observed more number of dendritic spines actin-positives. Scale bar, 1 mm.
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The nervous system consists of two major cell types: neurons and glial cells. For a long time
neurons stood in the center of interest for their important roles and special functions. In the
past few years numerous researches had shown that beside the neurons, glial cells also have a
significant role in the operation of the nervous system. These cells do not only fill the space
between nerv cells as it was thought before but they also participate in the recyclization of the
metabolits made by neurons. They regulate the synaptic process between two nerv cells and
with the configuration of the blood-brain barrier they defend the whole nervous system from
mechanical or molecular impacts.
However, it seems that there are still a lot of unknown functions and procedures, controlled by
glial cells, even undiscovered glial subtypes may exist. For the proper investigation of these
functions it is necessary to have a clear vision of the ultrastructure of those cells. Therefore we
put the electronmicroscopical examination of single-labelled glial cells in the focus of our
research. For model organism we used fruit-flies (Drosophila melanogaster) instead of rat or
other mammals. The advantages of the fly strains are they can be kept in small place, the
development of the animals are fast and last but not least their nervous system and genomic
sequences are very similar to mammals in numerous ways, so the results can be referred even
to human brain researches.
In this experiment with crossing of Drosophila strains we created a transgenic line where some
glial cells are single-labelled in the nervous system. Those cells expresses a
membrane-specific protein, the horseradish-peroxidase enzyme. The brain of those animals
were dissected, fixed and the marked cells were developed with DAB-reaction. After the
reaction, the whole cell membrane with its projections became visible and could be easily
recognised. The samples were embedded in Durcupan epoxy resin and were cut into ultra-thin
sections. After that, the complete sections were studied under electronmicroscope. To our first
knowledge this is the first genetic method to label glial cells directly for electron microscopic
examination.
The proper investigation of single cells in the level of the electronmicroscope is requied to
have precise knowledge about neurodegenerative deseases and basic functional processes in
the central nervous system, therefore our method hopefully could provide help for all the
scientists working in this field.
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Fig. 1: Single labeled glial cell visualized in Drosophila brain
tissue. Light microscope image of the projections of a
single glial cell. Arrowheads indicate the borders of the cell
marked by horseradish-peroxidase. Scale: 10μm.
 

 
Fig. 2: Electron microscopy images of the ultrastructure of
the nervous tissue. The HRP labels the membrane of the
specific glial cell (white arrows), allowing observation of
structures of the cytoplasm. Asterix: mitochondria, L: lipid
droplet, N: nucleus. Black arrowheads mark the
endoplasmic reticulum.
 

 
Fig. 3: Fluorescent images of a surface glial cell forming part of the blood-brain-barrier in Drosophila. Red Fluorescent
Protein (RFP) was bound to the HRP enzyme, all cell nuclei are labeled with HisGFP. Scale: 50μm.
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The progression of the neurofibrillary pathology in Alzheimer´s disease (AD) was early
described by Braak and Braak [1]. This progression consists in a predictable appearance and
distribution of neurofibrillary tangles (NFTs) and dystrophic neurites (DN) along entorhinal,
limbic and isocortical areas in the brain of AD affected individuals. It is well known that in AD,
NFTs and DNs are mostly composed of tau protein which has undergone several
posttranslational modifications such as abnormal phosphorylation, conformational changes
and truncation [2, 3, and 4]. The timing of occurrence and possible cosegregation of these
modifications during the formation and progression of the neurofibrillary pathology in AD is still
under debate and we aimed to address this issue in the present study. Formalin fixed brain
sections from the hippocampus and cerebral cortex of AD cases were processed for multiple
immunolabeling with antibodies to distinct modifications occurring in tau protein, such as
phosphorylation, truncation, ubiquitination, and conformational changes. The pattern of
staining and the degree of colocalization were analyzed by using confocal microscopy.
Antibodies and fluorescent markers to detect programmed cell death were also included in
some experiments. Brain sections from AD cases versus age-matched control individuals were
analyzed and compared. We reported the timing by which the distinct events that tau protein
undergoes during its aggregation in the form of NFTs. Hence, abnormal phosphorylation was
found as the earliest modification on the tau molecule that may alter its conformation. We also
found that proteolytic processing of the C-terminus is a key event that links distinct
conformational changes in the molecule. Our results indicate that the C-terminus of tau protein
is transiently truncated from the aminoacid aspartic acid-D421 to glutamic acid-E391, leading
the tau molecule to adopt distinct conformations. Apoptosis in the brain of AD cases was also
associated with tau pathology, mostly when the early truncation of tau protein at the aspartic
acid-D421 was the major component of NFTs. Besides this, ubiquitination was associated with
this early truncation of tau, which may link two different pathways of proteolytic processing in
a single substrate occurring at intermediate stages of NFTs maturation. We may conclude that
this cascade of pathological molecular events occurring in the molecule of tau protein may
give a better correlation with the neuropathological progression of the disease.
[1] H. Braak, E. Braak. Acta Neuropathol (Berl). 82 (1991) 239.
[2] I. Grundke-Iqbal et al., J Biol Chem. 261 (1986) 6084.
[3] G. Carmel et al., J Biol Chem. 271 (1996) 32789.
[4] M. Novak et al., EMBO J. 12 (1993) 365.
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Fig. 1: Tau signatures in neurofibrillary tangles. Ubiquitination, truncation at D421 and conformational changes of tau
protein are closely associated with early neurofibrillary tangles. Bar. 10 µm.
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Parkinsons’s Disease (PD) is characterized by the progressive loss of dopaminergic neurons in
the substantia nigra pars compacta (SNpc) resulting in the loss of dopaminergic innervation to
the striatum. In recent years increasing number of in vitro and in vivo studies demonstrate the
neuroprotective effects of valproic acid (VPA), which is a commonly used drug in the treatment
of epilepsy and bipolar disorders, through many mechanisms (1). In this study, we aim to
determine whether VPA protects dopaminergic neurons from 6-hydroxydopamine (6-OHDA)
induced neurotoxicity.
Male Wistar albino rats (250–300 g) were assigned to 4 groups (n=4) as follows: Sham
operated (S), sham operated and VPA treated (SV), 6-OHDA injected (PD) and 6-OHDA injected
and VPA treated (PV). The rats were stereotaxically injected either with 6-OHDA (8μg/2μL) or
saline to the SNpc. Only the rats showing rotational behaviour (≥5 contralateral turns/min)
were included into the study after apomorphine (0.5 mg/kg sc) test. Two weeks following the
operation, rats were intraperitoneally injected with either VPA (300 mg/kg) or saline for 10
days. Coronal sections were taken through the substantia nigra on a freezing microtome at a
thickness of 16 μm. Each section was examined under Stereo Investigator version 7.5 image
analysis software for tyrosine hydroxylase (TH) immunoreactive cells (2). One-way Anova
followed by Tukey post-hoc test was used for statistical analysis.
The number of TH positive neurons was not different between S and SV groups. There was a
pronounced loss of TH positive neurons in 6-OHDA lesioned right SNpc in PD group as
compared to sham-operated groups (p<0.001). VPA treatment significantly increased the
number of TH positive neurons in PV group as compared to PD group (p<0.05). However, the
numbers of TH positive neurons were still significantly lower in PV group as compared to S and
SV groups (p<0.01) (Figure 1 and 2).
In our study, we have demonstrated that VPA treatment may have neuroprotective effects on
dopaminergic cell survival in a 6-OHDA lesioned rat model of Parkinson’s Disease.
References:
1) Kidd S.K. and Schneider J. S.,2011 Protective effects of valproic acid on the nigrostriatal
dopamine system in a 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine mouse model of
Parkinson's disease. Neuroscience 194, 189–194.
2) Decressac M., Mattsson B., Björklund A.,2012 Comparison of the behavioural and
histological characteristics of the 6-OHDA and α-synuclein rat models of Parkinson's disease
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Fig. 1: TH immunoreactivity was decreased in PD group and increased in PV group. Photomicrographs demonstrating
sections taken from right SNpc stained with TH. Groups: A; S, B; PD, C; SV, D; PV. Dopaminergic neuron is
demonstrated with arrow and mononuclear cell infiltration is star. The magnification is x10. Scale bar represents 200
μm.
 

 
Fig. 2: Graphs comparing the S, PD, SV, PV groups. Data are presented as percentage of right SNpc neurons compared
to total neurons in right and left SNpc. Data are expressed as mean ± SEM (*p<0.05, **p<0.01 and ***p<0.001).
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General information:
The extracellular matrix (ECM) of mammal peripherals nerve fibers plays an important role in
Schwann cell (SC) development, proliferation, adhesion and extension. The ECM seems to be
also involved in the modulation of myelination and, as a consequence, in the structural and
functional nerve fibers integrity. The fiber ECM anchoring has been ensured by joints in trans
from SC, connected in cis with the subcortical glial actin cytoskeleton. The structural dynamic,
ensures signal transduction through the modulation of the cytoarchitecture, responding the
axon to radial progress offered by Schwann cell.
Specific information:
We have recentely signaled, by Atomic Force Microscopy (AFM) and confocal microscopy
(Rosso et al, 2012), molecular differences on peripheral nerve fibers ECM constitution and
organization associated to Trembler-J genotype, a murine model to human
Charcot-Marie-Tooth (CMT1E) neuropathy. This differences are also related to the actin
cytoarchitecture, giving specific differences on mechanical properties associated to wild type
(+/+) and Trembler-J (TrJ/+) genotype (Kun et al, 2012).
Our approach:
The peripheral nerve fibers from (+ / +) and (TRJ / +) genotype were studied by scanning
electron microscopy (SEM). Metallized fibers showed specific ECM genotype differences, similar
in appearance to that we have recently noted by AFM.
This difference appears to be supported at least partly in the absence of collagen IV in mice
(TRJ / +).
The study of ECM on nonmetalized fibers also showed specific genotypic differences,
apparently associated to underliging subcellular domains (node of Ranvier, Schmit-Lanterman
clefts, cell nuclei), suggesting a coordinated and hierarchical structure of the basement
membrane and ECM, which is present on wild type fibers and absent on (TrJ/+) that looked a
more homogeneous organization of their constituents.
Along with the structural differences, the SEM microanalysis carried on nonmetalized fibers
revealed significant differences in the composition and atomic ratio of both genotypes.
In our knowledge, such findings have not been reported before in the literature.



 
Fig. 1: Wild type fiber without gold coating showing depressions
 

 
Fig. 2: Mutant fiber (Trembler) without gold coating. Depressions are not observed
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The endoplasmic reticulum (ER) forms a continuous network of tubules and cisterns in
neurons. However, recent evidence suggests that neuronal ER does not represent a uniform
Ca2+ pool but rather a spatially heterogeneous system organized into subcompartments. These
ER domains, or calciosomes, are usually enriched in certain isoforms of Ca2+ pumps, Ca2+

binding proteins and Ca2+ permeant channels, and are supposed to unload and refill Ca2+

independently [1]. Ca2+ release from the ER is mediated by two families of Ca2+ permeable
channels, namely the ryanodine receptors (RyRs) and the inositol 1,4,5-trisphosphate
receptors (IP3-Rs), each with three major isoforms. Areas of the plasma membrane overlying
calciosomes also form specialized microdomains that contain unique sets of ion channels.
These plasma membrane domains together with the underlying calciosomes are proposed to
build functional units, termed plasmerosomes [2].
This study was undertaken (i) to unravel exact morphological parameters of subsurface
cisterns (SSCs), representing particular types of calciosomes in cerebellar Purkinje cells (PCs),
and (ii) to analyze the molecular composition of SSCs as well as overlying plasma membrane
domains with respect to Ca2+ release channels (IP3-Rs, RyRs), voltage-gated Ca2+ channels and
Ca2+ sensors such as large-conductance Ca2+ activated K+ (BKCa) channels. The morphological
parameters of SSCs are established by 3D-reconstruction plane-by-plane from series of
ultrathin sections by using the software CAR (Contour Alignment Reconstruction). The
molecular composition is studied by means of pre- and post-embedding immunogold electron
microscopy and SDS-digested freeze-fracture replica immunolabeling.
SSCs are discoid flattened cisterns, 0.4-1.5 µm wide, with a luminal depth of 4-5 nm (widening
at their lateral edges), situated beneath the inner leaflet of the plasma membrane at a regular
distance of 10-15 nm. IP3-Rs and RyRs are both localized to SSCs indicating that these Ca2+

release channels share a common Ca2+ pool and dispose SSCs to the generation of both Ca2+

puffs and sparks. Clustered BKCa channels are always associated with plasma membrane
domains overlying SSCs and likely facilitate the generation of small transient outward currents.
These findings indicate that functional units exist in cerebellar PCs resembling plasmerosomes
in myocytes [3], and these units may contribute significantly to spatial signalling in central
principal neurons.
[1] Verkhratsky A (2005) Physiol Rev 85:201-79. [2] Blaustein MP and Golovina VA (2001)
Trends Neurosci 24:602-8. [3] Wellman GC and Nelson MT (2003) Cell Calcium 34(3):211-29.
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Fig. 1: 3D-reconstruction of Purkinje cell subsurface cisterns by means of CAR (Contour Alignment Reconstruction; K.
Sätzler, Univ. Ulster, UK). Green, axon terminal; purple, aspect of PC soma; dark-red, subsurface cistern; white,
mitochondrion; orange and yellow, junctional and non-junctional ER, respectively.
 

 
Fig. 2: Clustering of BKCa channels at sites of subsurface cisterns in Purkinje cells. BKCa channels, immunolabeled with
antibodies conjugated to 10-nm gold particles (arrowheads) in a post-embedding immunogold approach, are enriched
at sites of SSCs. Scale bar = 180 nm.
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During embryonic neurogenesis, cell-cell and cell-matrix interactions are critical for proper
development of the central nervous system. In the adult brain, areas considered embryonic
reservoirs called "neurogenic niches", show proliferating cells located in the vicinity of the
ventricles. In previous studies, our group reported the existence of numerous proliferative
zones, located on the wall that lines the ventricles of the telencephalon (VT), optic tectum (TO)
and torus longitudinalis (TL) of fish of Austrolebias genus (Fernández , 2011). Different cell
populations can be distinguished with both: cytosqueletal and plasma membrane
specializations (Rosillo, 2010; Casanova, 2011). In spite of, some epitelial specializations at the
central nervous system of higher vertebrates have been described (Garcia Verdugo, 2002),
information available on this topic is scarce. Austrolebias brain showed a widespread
distribution of radial glial cells mainly located in medial zones lining with the ventricular walls,
as has been demonstrated using immunohistochemical analysis performed with
antibodiesagainst Vimentin, S-100, BLBP and Glial Acidic Fibrilar Protein (view Rosillo et al.,
2014).
In this work confocal laser, transmission electron and scanning microscopy analysis, showed
that neurogenic niche cells are laterally linked through different and well developed
intercellular junctional complexes. We observed extensive gap junctions between cells, as well
as tight junctions sealing the ventricular wall. Often is possible to observe one or more
desmosomes of different lengths, arranged in tandem, linking the plasma membrane of
neighboring cells. Atypical adherens junctions were also detected. The continuity between
adherens junctions and desmosomes with cytoskeletal components is evident. Cytoskeleton
shows great development in "radial glia like" cells at TL, an elongated structure in the midbrain
of Actinopterygii fish, linked to vision (Northmore, 1984). Using antibodies linked to fluorescent
probes, we observed that cells rich in intermediate filaments, alternate with others with less
developed cytoskeleton. Apically, the cells bordering the ventricular lumen of the neurogenic
niches, often have microvilli and cilia. The analysis by SEM established that these are
monociliated cells. The conservation of epithelial specializations in progenitor candidates cells,
reinforces its functional significance. In this paper we analyze the location, ultrastructural
features and molecular composition of such specializations, in the Austrolebias brain.



 
Fig. 1: Panoramic confocal image of cells of the
telencephalic ventricular wall showing vimentin+
intermediate filaments and Cx 43 gap junctions.
 

 
Fig. 2: Panoramic TEM image of the ventricular torus
longitudinalis region showing membrane specializations
such as microvilli and cilia. Inset: High magnification of
transversal section of a cilium.
 

 
Fig. 3: SEM micrograph showing the apical pole of cells from the ventricular telencephalic lumen which are
predominantly monociliated.
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Changes in cell membrane voltage are a hallmark of neuronal activity. Genetically encoded
fluorescent sensors of membrane voltage have recently allowed optical observations of
electrical activity in isolated neurons and in living animals. Here we demonstrate a new
approach to optical monitoring of cell membrane voltage that relies on two-photon polarization
microscopy (2PPM). 2PPM detects changes in orientation of fluorescent moieties with respect
to the cell membrane. Therefore, changes in orientation of a fluorophore that occur in
response to changes in cell membrane voltage can be used for monitoring of cell membrane
voltage by 2PPM. We have now applied 2PPM to known genetically encoded voltage sensors
derived from the Ciona intestinalis voltage sensitive phosphatase. Our observations show that
the fluorescent moiety in the investigated sensors undergoes voltage-induced reorientation
that can be observed by 2PPM. Thus, the investigated sensors can be used as ratiometric 2PPM
probes of cell membrane voltage. Apart from allowing us to observe changes in cell membrane
voltage, our 2PPM experiments have allowed us to make insights into the mechanism of
function of the existing sensors, and to outline a rational path towards development of
improved sensors with faster and more robust responses. Apart from investigating existing
membrane voltage sensors, we also demonstrate novel, rational approaches to development
of genetically encoded voltage sensors that should take full advantage of 2PPM's strengths.
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Fig. 1: Structure of the genetically encoded voltage sensor ArcLight, based on the Ciona intestinalis voltage sensitive
phosphatase.
 

 
Fig. 2: An ArcLight expressing cell observed by 2PPM. The red-green pattern signifies a well-defined orientation of the
fluorescent protein moiety.
 

 
Fig. 3: Temporal profile of changes in ArcLight fluorescence intensity and in fluorescent protein orientation induced by
changes in cell membrane voltage.
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Axonotmesis is one consequence of nerve injury and skeletal muscle inactivity occurs after
these injuries. Different rehabilitation treatments have proven useful in accelerating sciatic
nerve (SN) and soleus muscle (SM) regeneration. The aim of this study was analyze the effects
of 4-week endurance and balance and coordination training programs on the morphology of
the SN and SM fibers after crush injury of the SN. 23 male Wistar rats (3 months) were
randomly divided in 4 groups: (1) sham-operated rats (Sham, n=5); (2) rats with sciatic crush
(non-trained, NT, n=6); (3) rats with sciatic crush and endurance training (ET, n=6); and (4)
rats with sciatic crush and balance and coordination training (BCT, n=6). For the surgical
procedures, animals were anesthetized and the right SN was exposed and nerve crush injury
was performed with 1 mm hemostatic forceps for 30 seconds. 48 hours after the surgery, the
animals from the ET and BCT groups began specific training that lasted 4 weeks. 48 hours
after the end of the training programs, the animals were anesthetized, transcardially perfused
with saline solution, followed by Karnovsky solution. A short segment of the right SN 5mm
distal to the crush injury site and small samples of the central part of the right SM were
excised and fixed in the Karnovsky solution; postfixed OsO4, dehydrated in acetone,
embedded in araldite. Sections (1µm) were stained with 1% toluidine blue. Images of the SM
and the SN were captured, digitized and processed with Image Pro Plus Software 6.0. Dates
were analyzed using one-way ANOVA followed by post hoc Tukey’s tests (p<0.05). In the SM,
the percentages of the muscle tissue area of NT group were significantly lower and muscle
connective tissue area was significantly greater than the other groups. The percentage of the
muscle blood vessel area in the BCT group was significantly greater than that of the Sham and
NT groups. In the SN, the percentages of the nerve tissue area of the Sham group were
significantly greater and nerve connective tissue area was significantly lower than the other
groups. The percentage of the nerve blood vessel area in the NT group was significantly lower
than that in the Sham group and the nerve blood vessel area in the ET group was significantly
larger than that in the NT group. These findings indicate that BCT and ET, when initiated in the
early phase after SN injury, improve the morphological properties of the soleus muscle and
sciatic nerve.
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Fig. 1: Fig. 1 Digitized images. Soleus muscle (A-D). Sham(A), NT(B), ET(C), BCT(D). Bar=50 µm. Normal sciatic nerves,
Sham (E), regenerating nerves, NT (F), regenerating nerves, ET (G), regenerating nerves BCT (H). Bar=20 µm. MF =
muscle fiber; NF=myelinated nerve fiber; Sc=Schwann cell; *=endoneurial connective tissue; BV=blood vessel;
Ld=lipid droplet
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Defective formation or function of synapses in the central nervous system (CNS) results in
disorders of learning and memory, including autism and intellectual disability. X-linked
intellectual disability (XLID) is a heterogeneous condition caused by single gene mutations on
the X chromosome. Most of the genes mutated in XLID encodes synaptic proteins involved in
actin cytoskeleton rearrangement, synaptic plasticity, synapse formation or
neurotransmission, although the precise roles of most of these genes remain unknown. One of
the genes responsible for XLID is TM4SF2 which encodes TSPAN7. TSPAN7 promotes filopodia
and dendritic spine formation in cultured hippocampal neurons, and is required for spine
stability and normal synaptic transmission. We identified PICK1 (protein interacting with C
kinase 1) as a TSPAN7 partner. In vitro TSPAN7 regulates the association of PICK1 with
AMPARs, and controls AMPAR trafficking. The objective of this study is to characterize the
effects of TSPAN7 elimination on the structure of the cortex and hippocampus and their
excitatory synapses in mice lacking TSPAN7. We analyzed the anatomy of the CNS of TM4SF2
KO mice on paraffin sections of brain; we compared the cellular architecture of the cortex and
hippocampus of WT and KO mice; we did not detect any difference in the structure of these
two areas. We then focused our attention on a more detailed analysis of the hippocampus by
transmission electron microscopy of excitatory synapses and synaptic spines by applying
quantitative morphometrical analyses. We found a significant reduction in both the length and
the thickness of the PSDs of KO mice compared to WT. Golgi staining and stereological
analyses also suggested that there might be a trend towards a reduction of the density of
dendritic spines in mutant mice, to further investigate this aspect we used serial block-face
scanning electron microscopy and 3D reconstruction to measure spine volume and density.
Quantitative measurements of presynaptic boutons did not reveal significant differences in any
of the samples examined. We also tested the effects of TM4SF2 gene deletion on the
expression of endogenous synaptic proteins and showed a significant reduction in the levels of
expression of AMPAR subunits while no reduction was observed in the levels of presynaptic
proteins or inhibitory synapses markers. Moreover we explored whether the disruption of
TSPAN7 resulted in alterations of synaptic transmission and plasticity in the intact network.
Excitatory input was measured on acute slices from WT and KO brains. We found a difference
in the frequency of mEPSCs recorded from granule cells of dentate gyrus in KO animals and a
significant alteration in mEPSCs amplitude of the currents recorded from CA3 pyramidal
neurons.
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Even the very simplest actions can involve complex activity dynamics in networks of neurons
distributed in areas throughout the brain. Understanding the nature of neuronal networks
activity patterns under natural conditions is an important step in understanding how our brains
generate adaptive behavior. However, our ability to make simultaneous recordings from large
populations of neurons in vivo has been severely limited by the available techniques.
Electrophysiology provides high temporal resolution, but typically only from a small fraction of
neurons sampled blindly from a particular region. Two-photon microscopy allows single cell
resolution functional imaging from large numbers of neurons, but is ultimately limited in
recording speed by the need to scan each point sequentially.
Light-sheet excitation can overcome this latter limitation, since data can be acquired from
many thousands of points simultaneously using an area CCD or CMOS camera. We have built a
simple, compact and high speed digital scanned light-sheet microscope (DSLM) dedicated to in
vivo functional imaging in larval zebrafish that will allow simultaneous experimental control of
visual and other sensory stimuli, high-speed neural data acquisition and potentially monitoring
behavioral output. The detection objective is mounted on a piezo actuator for fast z scanning,
allowing high-speed imaging by coordinated motion of the objective and the scanned
light-sheet. We also take advantage of the Hamamatsu Orca Flash 4.0 dedicated light-sheet
mode in order to reduce background and improve image quality. The fish are mounted
horizontally, using low-melting-temperature agarose, in an open, water-filled chamber that
allows access from above for recording pipettes or tactile stimuli, and room below for visual
stimulus projection. Visual stimuli are projected onto a diffusing screen below, or in front of the
fish using a laser projector.
High spatial resolution knowledge of the brain’s functional architecture and an understanding
of the relationship of network dynamics and behavioral output on fast timescales will be
accessible using the described fast volumetric light-sheet imaging set up.
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Bites from genus Phoneutria (Ctenidae, Araneomorpha) are the second most frequent source
of spider accidents in Southeast Brazil. In the Phoneutria nigriventer severe envenoming,
systemic signs and symptoms, such as vision disturbance, spastic paralysis, tremors, profuse
cold sweating and convulsions are related, suggesting that the central nervous system (CNS) is
involved in the effects; however, the mechanisms of PNV in the CNS are still poorly
understood. It is known that PNV induces changes in blood-brain barrier, impairs glutamate
uptake, and causes astrogliosis and neuroinflammation in rats. Down-regulation of
Na+/K+-ATPase in combination with changes of Ca2+ signaling in the astrocyte networks are
parameters associated with neuroinflammation and abnormal glutamate uptake. Therefore,
astrocytes can be a key target in central mechanisms of PNV. The present work aimed at
investigating if PNV induces Ca2+ oscillations in cultured astrocytes and how this affects
activated astrocytes. All experiments were done in triplicate. After confluence, cells were
exposed to PNV (14000 ng/ml; 0.5, 1, 5 and 24 hours exposure), and double labeling for GFAP
(immunocytochemistry) and F-actin (Alexa488- phalloidin probe) were performed. The
Na+/K+-ATPase expression was accessed by immunoblotting. Ca2+ waves were measured
using a fluorescent Ca2+ sensitive probe Fura-2/AM. To determine the underlying Ca2+ source
of the PNV-evoked Ca2+ transients, internal stores were depleted by pre-incubation with a
endoplasmic reticulum Ca2+ATPase inhibitor, thapsigargin (1 μM), and caffeine (20 mM), or
incubated with a Ca2+-free buffer. Astrocytes showed impaired stress fibers 1 hour after PNV
exposure, with retracted bodies and processes. After 5 and 24 hours, stress fibers and cells
morphology were similar to control. Na+/K+-ATPase expression was decreased 0.5, 1 and 5
hours after PNV administration. After 24 hours, no significant alteration in Na+/K+-ATPase
level was observed. Ca2+ waves were induced by PNV in astrocytes, immediately after
exposure. The incubation with Ca2+-free buffer did not change the waves; however, the
pre-incubation with thapsigargin/caffeine totally prevented Ca2+ waves during PNV incubation.
Taking together, these results suggest that PNV directly affects astrocytes. The impairment in
Na+/K+-ATPase and stress fibers might be part of the mechanisms of neuroinflammation and
abnormal glutamate uptake induced by PNV. Also, PNV activates a membrane receptor,
triggering waves from intracellular Ca2+ stores. Understanding the mechanisms of
neurointoxication caused by PNV is of interest not only for better treating envenoming by P.
nigriventer, but also for appreciating the diversity of targets triggered by PNV toxins.
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Fig. 1: GFAP and stress fibers double labeling in astrocytes. Control cells showed normal morphology and actin
cytoskeleton distribution (A-C). PNV impaired stress fibers and induced bodies and processes retraction after 1 hour
(G-I). Five (J-L) and 24 (M-O) hours after venom exposure, cells were similar to control.
 

 
Fig. 2: Ca2+waves in astrocytes. There was an immediate astrocyte response after PNV exposure (A). When Ca2+ free
medium was used, the response persisted (B). However, when cells were pre-incubated with thapsigargin/caffeine, PNV
was not able to induce Ca2+ waves (C). Control was done using both Ca2+ free medium and thapsigargin/caffeine (D).
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Gentamycin is a very effective aminoglycoside. However, its usage is limited by the
nephrotoxic and the irreversible ototoxic effects. This study aimed to measure the protective
role of Both 4- methycatechole (a nerve growth factor) and silymarin (an antioxidant) against
gentamycin induced ototoxicity. Twenty guinea pigs were divided into four groups and were
treated for 19 days: group I (only saline, i.p), group II (gentamycin 120mg/kg/d, I.P), group III
(4- methylcatechole 10µg/kg 2hrs before gentamycin + gentamycin 120mg/kg i.p.) and group
IV (silymarin (100mg/kg by oral lavage 2hrs before gentamycin + gentamycin 120mg/kg i.p).
Auditory brainstem response, nerve growth factor levels, TRKA mRNA in cochlear tissue, serum
catalase activity and serum malondialdhyde levels were measured in all groups. Scanning
electron microscopic examination of cochleal hair cells was conducted. The main findings
indicated that silymarin pre-treatment produced significant decrease in auditory brainstem
response (ABR) threshold with significant restoration of nerve growth factor (NGF) levels and
increased Trk-A m-RNA expression in cochlear tissue as well as marked preservation of most of
hair cells of the organ of Corti by scanning electron microscopy (SEM) compared to the
pre-treatment by 4-methylcatechol. Silymarin caused significant amelioration in the oxidative
stress state by reducing malondialdehyde (MDA) levels and increasing catalase activity. It
could be concluded that silymarin was more potent than 4-methylcatechol as a protective
agent against gentamicin ototoxicity.
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Fig. 1: Scanning electron micrograph of organ of corti of
normal control group showing three rows (1,2,3) of outer
hair cells (OHCs) and one row of inner hair cells (IHCs).
Notice stereocilia of OHCs arranged as V shape and those
of IHC arranged in U shape. (Group I, SEM ×1500)
 

 
Fig. 2: Scanning electron micrograph of organ ofcorti of
gentamicin-induced ototoxicity group showing loss of
several inner (IHCs) and outer hair cells (OHCs) (wavy
arrows). Stereocilia of these cells showing either fusion
(white ►), focal loss(black ►) or complete absence (curved
arrow) and irregular arrangement. (Group II, SEM ×1500)
 

 
Fig. 3: Scanning electron micrograph of organ of corti of
4-methylcatechol treated group showingpreservation of
most of the hair cells except for fewinner (►) and outer hair
cells (→). Notice disarrayof cilia of IHC (wavy arrow) and
fusion of thestereocilia of the OHC (curved arrow). (Group
III,SEM ×1500)
 

 
Fig. 4: Scanning electron micrograph of organ of corti of
silymarin treated group showing preservation of nearly
most of the inner (IHCs) and the outer haircell (OHCs
1,2,3). Notice also will preserved stereocilia (Group IV, SEM
×1500)
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Regeneration capability of the central neural system is very limited and therefore diseases
accompanied with marked loss of neurons lead to mostly irreversible functional deficits. One of
such diseases are hereditary cerebellar degenerations. Neurotransplantation represents the
most promising therapy to reverse the effects of the disease. However, successful engraftment
of the cells depends on the type of transplant as well as the state of the host tissue.
Adult B6CBA Lurcher mutant and wild type mice were used. Lurcher mutants carry the Grid2Lc

mutation causing loss of Purkinje cells and secondary degeneration of cerebellar interneurons
and inferior olive neurons (Fig. 1). Cells and tissue used for transplantation were isolated from
B6CBA mouse embryos, constitutively expressing GFP.
We determined that solid transplant of embryonic cerebellum or suspension of embryonic
cerebellar cells had successfully survived in the host cerebellum and differentiated into various
types of cells of neuronal and glial lineage. However, such therapy would require a lot of
material and is not scalable to be useful in practice. On the other hand, transplantation of
neuroprogenitors derived from proliferating cells was successful only in wild type mice, while in
Lurcher mouse the transplant was lost within two months after transplantation (Fig. 2A).
To overcome this problem, embryonic neural stem cells (eNSC) were used for transplantation
(Fig. 2B). In addition the effects of morphogenic factor Sonic hedgehog (Shh) were studied.
Shh has the ability to maintain "stem" nature of the cells and has an effect on survival,
proliferation and differentiation of eNSC.
Grafts were examined 3 months after transplantation in frozen sections of the cerebellum
using fluorescent microscope to detect GFP-positive cells. For the in vitro experiments, seeded
cells were examined after 5 days of differentiation with or without Shh using anti-GFAP (marker
of astrocytes) and anti-MAP2 (marker of neurons) immunofluorescence to evaluate lineages
into which the cells differentiated. Cell proliferation activity was assessed by incubating eNSC
with bromodeoxyuridine (BrdU) for 24 hours prior fixation and then counting ratio of
BrdU-positive nuclei to all nuclei. The overall survival was determined by MTS test.
eNSC engrafted successfully in both wild type and Lurcher cerebellum both with and without
Shh treatment (Fig. 3). Shh successfully enhanced cell "stemness" and increased eNSC
proliferation and survival during differentiation in vitro.
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Fig. 1: Wild type (A) and Lurcher (B) mouse cerebellum. White arrows points to Purkinje cells.
 

 
Fig. 2: Survival of neuroprogenitors (A) and eNSC (B) after transplantation into cerebellum.
 

 
Fig. 3: Transplanted cells (green) and glial cells (red) in eNSC grafts without Shh (A) or with Shh (B)
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Aims: In a previous study, the eye of the land snail Megalobulimus (Strophocheilus) sp. was
described at light microscopic level. Some questions remain, however, about the types of
photoreceptors, and about the existence of other neurons (ganglion cells or second order
sensorial neurons), and glial cells in the retina. In order to clarify these questions, an
ultrastructural study of the retina of M. abbreviatus was made.The existence of the glial cells in
the retina was investigate by immunohistochemistry for glial fibrillary acidic protein (GFAP),
which has not yet been investigated in the retina of the gastropod mollusks.

Methods and Results: Snails Megalobulimus abbreviatus were anaesthetized (menthol
solution for 30 min). The isolate eyes were fixed for 2 h in 4% paraformaldehyde and 0,5%
glutaraldehyde buffered with 0,1 M phosphate pH 7,4 (PB), post-fixed in 1% OsO4 in PB for 1 h,
dehydrated and embedded in Durkupan ACM (Fluka) resin. Ultrathin sections were obtained on
MT 6000-XL ultramicrotome and stained (2% uranyl acetate and 2% lead citrate). The sections
were analyzed with Jeol JEM 1200EXII at Electron Microscopy Center of UFRGS. Two types of
cells with sensorial aspects were observed in the retina of M. abbreviatus. A sensory cell (type
I) possesses apical projections toward the vitreous body, which are composed of overlapped
long and slender microvilli, constituting the rhabdomere (Fig. 1). The rhabdomeric portion of
the inner layer of retina is thicker (28-32 µm) in the central portion than the peripher alone
(2-3,6 µm) of the retina. Another sensorial cell (type II) was visualized in the peripheral areas
of the retina. These cells have cilia in their apical end and few microvilli (Fig. 2). Type-I
sensorial cell should be the principal photoreceptor, because of its well-organized rhabdomeric
pattern and its central location in the retina. The pigmented cells are more numerous in the
central portion of the retina. The nuclei of the photoreceptor and pigmented cells are located
in the basal portion of the retina, the nuclear layer. The outmost layer of the retina consists of
neuritic processes, the plexiform layer, that contain some axonal projections with dense-core
vesicles (Fig. 3). These projections appear originate from a central ganglion of the animal. The
photoreceptors may project toward the optic nerve without making synapses in theplexiform
layer. Exocytosis of these dense-core vesicles could occur without specialized synapses.
GFAP-immunoreaction and cells with glial aspect were observed in the nuclear and plexiform
layers of the retina of the snail M. abbreviatus.



 
Fig. 1: Electron micrograph of central area of the retina of
M. abbreviatus, showing the arrangement of microvilli with
two different orientations in rhabdomere.
 

 
Fig. 2: Electron micrograph of retina in eye periphery of M.
abbreviatus, showing the type-II sensorial cell with cilia
(arrows). The microvilli of the type-I sensorial cells are
shorter than in the central retina.
 

 
Fig. 3: Electron micrograph of the central area of retina of
M. abbreviatus, showing the plexiforme layer, which is
situated between the nuclear layer and the basal
lamina(asterisk). The basal lamina is surrounded by a thin
capsule of connective tissue. Axonal processes containing
dense-core vesicles are showed (arrows).
 

 
Fig. 4: Light micrograph of the eye (demelanized) of M.
abbreviatus, showing the intense GFAP-immunoreaction in
the external layer of the retina.
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Adult neurogenesis is the process through which new neurons are generated and added to, or
replace lost neurons of preexisting circuits. This primitive, evolutionary conserved trait was
reduced along evolution from anamniotes to amniotes. In mammals is almost limited to two
brain regions, but in teleosts several brain proliferating zones (PZs) with high neurogenic
capacity are profusely distributed, subserving its high regenerative potential. In spite of the
physiological and pathological relevance of adult neurogenesis, and the recognized need of
comparative studies to achieve a better understanding of its regulation and function, few
vertebrate species have already been studied (Zupanc, 2001; Lindsey & Tropepe, 2006;
Grandel & Brand, 2012). Within the teleostean radiation, the wave type weakly electric fish
Apteronotus, is a “model” species in which differences with non electroreceptive species in the
distribution of adult brain PZs and neurogenesis are attributed to its functional specialization..
A similar distribution of brain PZs was found in the pulse-type weakly electric gymnotid
Gymnotus omarorum through postnatal development (Iribarne & Castelló, 2014; Olivera &
Castelló, 2014). In the present work, we evidenced the neurogenic potential of G. omarorum
adult brain PZs by analyzing the co-localization of long term label retaining (30, 90 and 180
days) of the thymidine analog 5-Chloro-2′-deoxyuridine (CldU) and the expression of markers
of neuronal differentiation (HuC/HuD, beta III tubulin, and tyrosine hydroxylase -TH-) or in vivo
retrograde transport of the neuronal tracer neurobiotin. Our results support a rostral migratory
stream, from the rostral region of the subpallial PZ to the olfactory bulb, where derived cells
express HuC/HuD first, and differentiate into TH+ interneurons later (Fig. 1), and radial
migration giving rise to subpallial HuC/HuD and TH+ neurons, and co-localization of CldU and b
III tubulin in the caudal telencephalon (Fig. 2), and CldU and HuC/HuD in the caudal regions of
the mesencephalic tectum opticum (Fig. 3) and the torus semicircularis, and the
rombencephalic electrosensory lateral line lobe (ELL) and the corpus cerebelli (CCb). We
further demonstrated the insertion of newborn neurons into circuits of the CCb, by
co-localization of retrogradely transported neurobiotin in long CldU label retaining cells already
migrated to CCb granular layer (Fig. 4). In conclusion, in this work we provide further
evidences that adult neurogenesis is a conserved feature of euteleosts, giving rise to
interneurons that are incorporated into preexisting neural networks. We also demonstrated for
the first time a new neurogenic region at the functionally relevant ELL, the first and exclusive
relay of electrosensory information.
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Fig. 1: Confocal images of a stack of sequential focal planes
and orthogonal images generated for the position indicated
by the crossing lines for demonstrating the co-localization
of CldU long term (180d) label retaining (red) and TH
expression (green) in a newborn cell already migrated into
the olfactory bulb (arrow in inset). Scale bars: 5 μm.
 

 
Fig. 2: Confocal images of a stack of sequential focal planes
and orthogonal images generated for the position indicated
by the crossing lines for demonstrating the co-localization
of CldU long term (30 d) label retaining (red) and beta III
tubulin immunoreactivity (green) in a newborn cell in the
caudal telencephalon. Scale bars: 5μm.
 

 
Fig. 3: Confocal images of a stack of sequential focal planes
and orthogonal images generated for the position indicated
by the crossing lines for demonstrating the co-localization
of CldU long term (90d) label retaining (red) and HuC/HuD
expression (green) in a newborn of the tectum opticum
(arrow in inset). Scale bars: 5μm.
 

 
Fig. 4: The integration of newborn neuron into neural
circuits of the CCb was evidenced by sequential acquired
confocal images of retrogradely transported neurobiotin
(green, left), long term (180d) CldU label (red, middle), and
the overlay (yellow, right) in a newborn cell at the granular
cell layer of CCb (arrow in inset). Scale bars: 5μm.
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Atomic force microscopy (AFM) is not only an advanced imaging tool, but can also be used for
exploring the mechanical properties of tissues. We are using AFM to investigate the stiffness of
acute rat brain slices in demyelination, a condition causing severe functional impairment and
disability.
The most common demyelinating disease is multiple sclerosis. Due to an inflammatory
reaction axons lose their protective insulating layer, the myelin sheath, which in the central
nervous system is formed by oligodendrocytes. To remyelinate axons and restore full
functionality, recruitment and maturation of oligodendrocyte precursors cells (OPCs) is
essential. As OPC function has been shown to depend on the mechanical environment [1], we
are studying the tissue stiffness in remyelination.
Lesions were created by injecting ethidium bromide into the caudal cerebellar peduncle of rats
and the tissue was harvested 7 and 21 days post lesion in accordance with regulations issued
by the Home Office of the United Kingdom under the Animals (Scientific Procedures) Act of
1986. The resulting lesions were measured as acute slices with a JPK Nanowizard III by
nano-indentation, data were analyzed using the Hertz model following a routine developed by
Christ et al. [2]. AFM measurements show that at 7 days demyelinated areas of tissue are
consistently more compliant than their surroundings, healthy white matter has an elastic
modulus of 210 ± 150 Pa, lesion tissue of 148 ± 115 Pa. At 21 days the inner areas of the
lesion are still soft at 163 ± 106 Pa, whilst the outer areas of the lesion begin to stiffen to 202
± 105 Pa, approaching healthy tissue stifness at 238 ± 125Pa. The differences in stiffness
between the two values of each healthy and lesion tissue are not statistically significant, the
differences between healthy tissue and lesion tissue however are significant (Kruskal-Wallis
test, p < 0.01). The migration speed of OPCs that has been reported for such lesions [3]
matches the speeds observed in OPC cultures on hydrogels [1] with the same stiffness as we
report for the lesion, suggesting an explanation for the perceived mismatch between OPC
behaviour in lesion and OPC behaviour in culture as an effect created by the different
mechanical properties of the cells' environment.
In summary, our results show that in demyelination the mechanical properties of brain tissue
change and that changes in mechanics are indicative of underlying changes in biology. Further
work will concentrate on harnessing these novel insights for improved therapeutic approaches
to treat these devastating neurological disorders.
[1] Jagielska et al., Stem Cells Dev 21 (2012), p.2905�14
[2] Blakemore et al., J. Neuroimmunol. 98 (1999), p.69-76
[3] Christ et al., J. Biomech. 43 (2010), p.2986�2992
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carry out time-of-flight mass spectrometry with nanoscale precision within a scanning electron
microscope
IT-5-O-2752 FIB-SEM Instrument with Integrated Raman Spectroscopy, Scanning Probe Microscopy
and Secondary Ion Mass Spectroscopy
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MS-4-P-3017 Characterization of microstructure evolution in 9-12% Cr steels using SEM, HR-TEM,
and EDS

Kagesawa K.
MS-14-P-2600 Single-crystallization of LiMn0.4Fe0.6PO4 nanowires via oriented attachments
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