
MCM 2019 TABLE OF CONTENTS1

PROCEEDINGS
from the

14th MULTINATIONAL
CONGRESS ON
MICROSCOPY
September 15–20, 2019, Belgrade, Serbia

MCM2019



PROCEEDINGS
from the

14th MULTINATIONAL
CONGRESS

ON MICROSCOPY

SEPTEMBER 15–20,  2019,  BELGRADE,  SERBIA



MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

T I T L E:
Proceedings from the 14th Multinational Congress on Microscopy, September 15–20, 2019, Belgrade, Serbia

P U B L I S H E R S:

University of Belgrade, Institute for Biological 
Research “Siniša Stanković”, National Institute of Republic of Serbia

Serbian Society for Microscopy, Serbia

F O R P U B L I S H E R S:

Dr. Mirjana Mihailović
Dr. Jasmina Grbović Novaković

E D I TO R S:

Dr. Jasmina Grbović Novaković
Dr. Nataša Nestorović
Dr. Dragan Rajnović 

ISBN 978-86-80335-11-7

P R I N T:

Knjigoveznica i kartonaža Grbović M. Milica, M. Gorkog 43, Beograd 11000, Serbia
30 e-copies

Copyright © 2019
by Institute for Biological Research “Siniša Stanković” and others contributors.

All rights reserved. No part of this publication may be reproduced, in any form or by any means,
without permission in writing from the publisher



MCM 2019 4

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

PROCEEDINGS

We are honored to host for the fi rst time the Multinational Congress of Microscopy  (MCM2019) in Serbia.  
The aim of MCM conferences is to become a worldwide forum for discussion on different application of 
various microscopical techniques for both experts and young researchers. MCM conferences have always 
been a good instrument for establishment of new liaisons between laboratories interested in similar proj-
ects. Trade exhibitions also helped to gain insight into the newest development of microscopy

MCM2019 is jointly organized by 8 societies: Austrian Society for Electron Microscopy (ASEM), Croatian Mi-
croscopy Society (CMS), Czechoslovak Microscopy Society (CSMS), Hungarian Society for Microscopy (HSM), 
Italian Society of Microscopical Sciences (SISM), Serbian Society for Microscopy (SSM), Slovenian Society for 
Microscopy (SDM) and Turkish Society for Electron Microscopy (TEMD)

The bit of history

Extracted from the “Opening lecture” given at the 10th Multinational Congress on Microscopy (Urbino, 4-7 
September  2011) by Giuseppe Arancia,, Department of Technology and Health, Italian National Institute of 
Health Past President and Honorary Member of the Italian Society of Microscopical Sciences.

“In 1990, some representatives of the Italian, Hungarian, Austrian, Yugoslavian and Czechoslovak Societies 
for Electron Microscopy began to have contacts in order to evaluate the possibility of organizing jointly a 
multinational congress on electron microscopy. The inspirer reasons of this idea were, mainly, the substi-
tution of a number of small congresses in neighboring countries with a single multinational meeting with 
the aim of increasing the scientifi c level and reducing the organizing costs, and to favor interactions and 
exchange of information and experiences among researchers operating in different countries.”

Conference chairs
Dragan Rajnovć
Nataša Nestorović
Jasmina Grbović Novaković
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INSTRUMENTATION AND TECHNIQUES

IT1 - Advances in sample preparation techniques

Evolution of the sample preparation methods and instrumentation runs parallel with the evolution of mod-
ern microscopy and image processing. Resolution and other capabilities of microscopes are solidly improv-
ing, setting new requirements for the preparation process. This session focuses on recent developments in 
sample preparation methods ranging from Focused Ion Beam (FIB) to ultramicrotomy, including various 
applications in different disciplines of science and technology.

Chairs:
György Zoltán Radnóczi, Centre for Energy Research, Hungarian Academy of Sciences, Budapest Hungary
Meltem Sezen, Nanotechnology Research and Application Center, Sabanci University, Turkey

IT2 - 3D imaging, image processing, and phase-related techniques

Light, electron and x-ray techniques will be included in this session for all cases of using serial sectioning, 
or/and phase rather than amplitude imaging, or/and computational methods for data acquisition, analy-
sis and 3-D visualization. Contributions are welcome in any area of holography, diffraction imaging, tomog-
raphy, nano-CT and micro-CT, confocal microscopies (multiphoton and electron), differential phase con-
trast imaging, structured illumination, and exit-wave reconstruction for the case of biological as well as 
non-biological samples. This section/symposium is anticipated also as a forum to discuss computational 
methods for processing large complex datasets in all kinds of microscopies and spectroscopies with the 
aim of improving spatial and temporal resolution, as well as precision and contrast for visualization of var-
ious types structural information.

Chairs:
Ognjen Milat, Institute of Physics, Zagreb, Croatia
Thomas Heuser, Vienna Bio Center, Vienna, Austria

IT3 - Diffraction techniques and spectroscopy

The session addresses methodology and implementation of electron diffraction and spectroscopy in charac-
terization of various materials. Topics include contributions based on transmission and backscatter electron 
diffraction including diffraction tomography, and analytical techniques such as energy dispersive X-ray spec-
trometry, electron energy loss spectrometry, energy fi ltering, and cathodoluminescence. Contributions re-
lated to innovative/emerging techniques in electron diffraction and spectroscopies are highly encouraged.

Chairs:
Mariana Klementova, Institute of Physics CAS, Prague, Czech Republic
Miran Čeh, Center for Electron Microscopy and Microanalysis, Jozef Stefan Institute, Ljubljana, Slovenia

SESSIONS AND CHAIRS
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IT4 - Correlative, and super-resolution microscopy

The session addresses new methodologies and advanced applications of correlative microscopies ranging 
from advanced light microscopy, electron microscopy and scanning probe microscopies. We will lay a par-
ticular focus on new developments in combining and correlating microscopy signals from the same speci-
men, which could open a new route to understand structure-property relations in biosciences and materi-
als research. Contributions from all areas of microscopy including new data analysis methods are welcome. 

Chairs:
Ferdinand Hofer, Institut für Elektronenmikroskopie und Nanoanalytik, TU Graz, Graz,Austria
Kristof Kovacs, Pannonia University, Veszprem, Hungary

IT5 - In situ and environmental microscopy

In situ electron microscopy has experienced a great rate of advancement in both techniques and instru-
mental capabilities over the last decade being a subject of increasing impact in life and materials sciences. 
The goal of the Symposium is to bring together an interdisciplinary group of scientists from materials sci-
ence, chemistry, physics and the fi elds of biology, to highlight newly developed instrumental capabilities 
and experimental techniques for studying dynamic processes in functional materials and biological systems 
under realistic or near realistic conditions. The symposium is planned to cover, although is not restricted 
to, the following areas:  in situ experiments spanning from nanoparticle nucleation and growth, studies of 
material transformations, catalysis, corrosion, and mechanical testing to aspects of correlative microscopy 
of biological processes;  and in-operando experiments, such as batteries and other devices – all at high spa-
tial- and time-domain resolution

Chairs:
Sašo Šturm, Department for Nanostructured Materials, Jozef Stefan Institute, Ljubljana, Slovenia
Kónya Zoltán, Dept. of Applied and Environmental Chemistry, University of Szeged, Szeged, Hungary

IT6 - Advances in instrumentation and techniques (SEM, TEM, SPM, etc.)

This session intends to cover recent advances in all fi elds of electron microscopy, but also including scan-
ning probe related techniques. The focus is mainly on the instrumentation developments and related ad-
vances in methodology. The session includes aberration correction and other resolution/contrast improve-
ments for TEM and SEM, low voltage EM techniques, analytical methods, as well as all exciting new ideas 
on electron and probe microscopy.

Chairs:
Daniel Kiener, Department Materialphysik, Universität Leoben, Leoben, Austria
Vladislav Krzyzanek, Institute of Scientifi c Instruments CAS, Brno, Czech Republic

LIFE SCIENCES

LS1 - Live cell imaging, and intracellular dynamics
Nowadays, a number of technologies make it possible to analyze biological processes directly in living or-
ganisms and cells, with the ultimate goal to localize and describe in vivo the dynamics of cell metabolic 
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pathways. Live cell imaging allows following cell populations, individual cells or specifi c molecules within 
complex living tissues and organs, while light and electron microscopy offer the possibility to assemble 
snapshots of events to obtain the dynamic pattern. This symposium will focus on the visualization and anal-
ysis of dynamic cell processes using various microscopy techniques, as well as on using experimental tools 
(e.g., optogenetics and novel probes) for monitoring cellular and tissue events

Chairs:
Manuela Malatesta, Verona University, Italy
Pavel Hozak, Institute of Molecular Genetics CAS, Prague, Czech Republic

LS2 - Structure and imaging of biomolecules

Imaging of cellular and subcellular structures at the microscopic level is essential for the understanding im-
portant biological processes. Advanced microscopy techniques such as conventional confocal, lightsheet, 
multiphoton and super-resolution (STED) microscopes allow visualization of the dynamic processes on a 
time-based manner. The use of fl uorescence is advantageous in labeling the multiple structures and thus 
permits visualization of the interactions between cellular structures. Furthermore, the structure of individ-
ual biomolecules can be addressed by cryo-electron microscopy (cryo-EM) techniques. In this session, the 
advantages and disadvantages of using advanced microscopy techniques for detecting biomolecules and 
determining their structure will be discussed.

Chairs
Sevinc Inan, Dep. of Histology and Embryology, Izmir University of Economics, Izmir, Turkey
Tea Pavkov-Keller, Institute of Molecular Biosciences (IMB), University of Graz, Graz, Austria

LS3 - Microscopic applications in symbiotic interactions, plants, microorganisms, 
and environmental sciences

Microscopic techniques have wide application in biological and environmental sciences. Light microscopy 
has recently experienced an incredible increase in technology and methods development, enabling use in 
study cellular features and architectures, molecular movement and protein localization, as well as morphol-
ogy of microscopic specimens and samples. Electron microscopy techniques have revolutionized studies of 
cellular ultrastructures and organelles, with a special contribution of ESEM which is designed for imaging 
specimens in their natural state. Modern environmental studies utilize microscopy to study symbiotic inter-
actions, biofi lms, and anthropogenic interventions and their impacts on the environment. This session is 
aimed to present novel achievements in microscopic applications in botany, microbiology and environmen-
tal sciences.

Chairs:
Hrvoje Fulgosi, Division of Molecular Biology, Ruđer Bošković Institute, Zagreb, Croatia
Sonja Duletić Laušević, Faculty of Biology, University of Belgrade, Belgrade, Serbia

LS4 - Neuroscience and histopathology

Neuroscience and neuroscientists are among the fi rst benefi ciaries of the amazing development of imag-
ing techniques in both light and electron microscopy. Super-resolution techniques have reached <20 nm 
resolution, due to fast imaging systems we can follow intercellular processes in situ, and the number of 
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publications involving the use of the Nobel-prize awarded ultra-cryo electron microscopy is rapidly increas-
ing. This session wants to offer a range of lectures including topics of histopathology, in which classical and 
state-of-the art microscopic techniques contributed to signifi cant discoveries in the fi eld of neuroscience.

Chairs:
Agnes Kittel, Institute of Experimental Medicine, Hungarian Academy of Sciences, Budapest, Hungary
Gerd Leitinger, Gottfried Schatz Research Center, Medical University of Graz, Graz, Austria

LS5 - High-resolution microscopy in life sciences

Fluorescent microscopy is a well-established method for the non-invasive measurements of cell structures 
and processes; however, its resolution is limited. Popularization of super-resolution imaging techniques, 
with superior resolution, has allowed us to probe in detail cell structures that were previously only in do-
main of electron microscopy. In the fi eld of electron microscopy, advancements in detectors, image pro-
cessing and reconstruction software make possible currently to study larger biological structures at near 
atomic-resolution, understand their molecular dynamics and functions. Nonetheless, different types of mi-
croscopies are complementary and together can lead to new biological insights. The focus of this session 
will be to present recent discoveries in cell/tissue structure and function using advanced microscopy tech-
niques.

Chairs:
Jernej Jorgačevski, Medical Faculty, University of Ljubljana, Ljubljana, Slovenia
Marie Vancová, Biology Centre CAS, Ceské Budějovice, Czech Republic

LS6 - Nanomaterials in biology and medicine

The use of nanobiotechnology in human health has been increased in recent years. Drug carrier nanopar-
ticles with their wide range of uses and advantages are promising approaches for the treatment of many 
diseases. Engineered nanomaterials are made to be attracted only by diseased cells and not by normal cells. 
These materials allow early detection and treatment of many diseases. One of the most challenging tasks 
in the fi elds of microscopic sciences is to visualize and identify the complex interaction of nanomaterials 
with biological material and correlate them with specifi c cellular functions in physiology and pathology. 
The topics of the session are: carbon-based, metal-based nanomaterials and nanoparticles such as, chi-
tosan, alginate, polymeric micelles, cellulose, liposomes, dendrimers, inorganic nanoparticles, nanocrystals, 
metallic nanoparticles, quantum dots, protein and polysaccharides. The evaluation of cell death in the nano-
systems as disease therapy; nanotoxicology mechanisms evaluations; advantages of nanoparticles and their 
role in oxidative stress are important topics to be addressed in this session.

Chairs:
Serap Arbak, Dep. of Histology and Embriology, Acibadem Mehmet Ali Aydinlar University, Turkey
Stefania Meschini, ISS, Roma, Italy

LS7 - Multidisciplinary approaches for medical and biological sciences

In biological and medical research, multidisciplinary approaches have become of great importance and in-
terest for the scientifi c community. This session is focused on multiple applications and translational re-
search in this fi eld. Oral and poster presentations from biotechnology, biomedicine, diagnostics, and relat-
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ed multidisciplinary studies, are cordially invited. Researches obtained by using microscopical and imaging 
techniques, as well as technological innovations, are particularly welcome.

Chairs:
Elisabetta Falcieri, Urbino University, Italy
Melek Ozturk, Dep. of Medical Biology, Istanbul University, Istanbul, Turkey

LS8 - Emerging and miscellaneous topics in life sciences

Microscopic methods are rapidly advancing, offering new technologies to address novel problems in bio-
logical and biomedical research. This panel is initially intended for emerging topics that may not match di-
rectly to other sessions. The session will remain open for late breaking submissions until the end of August 
2019. However, the latter submissions will be
assigned as poster presentations.

Chairs:
Jana Nebesářová, Biology Centre CAS, Ceské Budějovice, Czech Republic
Nela Puškaš, School of Medicine, University of Belgrade, Belgrade, Serbia

MATERIAL SCIENCES

MS1 - Metals, alloys and intermetallics

Importance of metals, alloys and intermetallic in everyday life cannot be stressed enough and the research 
aimed at the discovery of new compounds as well tailoring of the existing ones is currently at the fore-
front of materials science. The only way of improving desiring properties, such as extreme strength ac-
companied with the low weight and endurance in the robust atmospheric conditions, superior electrical 
and thermal conductivity, self-healing properties and so on, is by full elucidation of the crystal structure 
of materials. And what better way of understanding the structure than through the use of electron mi-
croscopy? This session will address, but is not limited to, the following topics: phase transformations, 
high-entropy alloys, shape memory alloys, energy and gas storage alloys, advanced alloys for transporta-
tion industry, new alloying materials used in medicine, ultrafast cooled materials, new alloys for corrosive 
environment, materials for solar cells and LEDs, catalytic materials based on intermetallics, intermetallic 
matrix composites. 

Chairs:
Matjaž Godec, Institute of Metals and Technology, University of Ljubljana, Ljubljana, Slovenia
Željko Skoko, Faculty of Science, University of Zagreb, Zagreb, Croatia

MS2 - Nanoscale, nanostructured, and carbon based materials

With the advent of nanoscience and nanotechnology, various electron microscopy techniques became in-
dispensable in structural and chemical characterization and local property measurements of materials for 
nanotechnology, such as nanoparticles, one-dimensional structures (nanowires, nanotubes, nanorods), lay-
ered structures and heterostructures. This symposium is focused on the application of electron microsco-
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py techniques in determination of structure and chemical composition of materials for nanotechnology on 
nano and atomic scale.

Chairs:
Andreja Gajović, Division of Materials Physics, Ruđer Bošković Institute, Zagreb, Croatia
Sanja Milošević Govedarović, Vinča Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia

MS3 - Thin fi lms, coatings, surfaces and interfaces

Thin fi lms, coatings, and interfaces such as optical thin fi lms and coatings, energy production related coat-
ings, biomedical and biological thin fi lms, thermal and environmental barrier coatings, electrical and mag-
netic coatings, component coatings for automotive, aerospace and manufacturing applications play im-
portant role in our daily life. Regardless of the application fi eld, all thin fi lms and coatings have in common 
that their properties depend on chemical and phase composition, crystalline structure, texture, microstruc-
ture, interface properties, and surface related properties. The goal of this session is to provide information 
on the relationship between the listed factors, and functional properties and processing of thin fi lms, coat-
ings, and interfaces. Contributions from all fi elds where thin fi lms, coatings, and interfaces play vital role 
are welcome. Besides interfaces in thin fi lm and coating systems, interfaces between different phases and 
grains are also covered by the session.

Chairs:
Aleksandar Miletić, Faculty of Technical Sciences, University if Novi Sad, Novi Sad, Serbia
Regina Ciancio, IOM-CNR TASC, Trieste, Italy

MS4 - Ceramics, composites, cultural heritage materials, rocks and minerals

The session covers microscopy of wide range of materials including ceramics, composites, cultural heritage 
materials, rocks and minerals. Learning materials’ phenomena from macroscopic down to the atomic scale 
to reconstruct reaction sequences and phase transformations in rocks, or man made historical and mod-
ern functional materials, utilizing microscopy and spectroscopy methods. Papers covering discovery of min-
erals and polytypes, phase transitions, exsolutions, topotaxial replacements and orientation relations stud-
ies, studies related to ceramic or composite textures, interfaces and grain growth phenomena, and fi nally, 
contributions investigating cultural heritage materials and preservation treatments are cordially invited. The 
session also invites discussion of sample preparation, as one of the crucial steps for microscopy observa-
tions

Chairs:
Aleksander Rečnik, Department for Nanostructured Materials, Jozef Stefan Institute, Ljubljana, Slovenia
Snežana Vučetić, Faculty of Technology, University of Novi Sad, Novi Sad, Serbia

MS5 - Polymers, biomaterials, and soft materials

The session invites contributions concerning current research on both fundamental and applied aspects 
of polymers, biomaterials and soft materials. It will address, but is not limited, to the topics of: molecules 
on surfaces (including fi lms and supramolecular architectures); physical/chemical properties of polymer-
ic fi lms, surfaces and interfaces; polymeric matrix; polymeric/molecular  nanostructured systems; colloi-
dal systems (such as polymer self-assembled systems, micelles, beads and foams). Molecular systems 
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should be investigated by state-of-the-art microscopy techniques (TEM, SEM, SPM, LM). Technological ap-
plications of such materials in organic electronic devices, organic sensors and active surfaces, for instance, 
are encouraged.

Chairs:
Cristiano Albonetti, CNR, Bologna, Italy
Suzana Šegota, Ruđer Bošković Institute, Zagreb, Croatia

MS6 -Semiconductors, devices, and magnetic materials

Even after several decades of theoretical and applied research, Semiconductors, Electronic devices and 
Magnetic materials are still an important fi eld of study. This is due to both the variety of industrial applica-
tion as well as the theoretical opportunities offered by such materials in understanding the structure of 
matter. Moreover, the continuous scaling down of the size of structures and devices requires updated in-
strumentation and skills able to investigate samples at the nanometric or atomic level. This session wel-
comes contributions on morphological, structural and analytical characterization of semiconductor and 
magnetic materials and devices. This includes (but it is not limited to) classic semiconductors, wide-gap 
materials, heterostructures, dielectrics and materials for interconnects, magnetic materials as well as their 
applications, as in devices for micro- and nano-electronics. All contribution should emphasize the role of 
microscopy in the characterization of the materials

Chairs:
János Lábár, Center for Energy Research, Hungarian Academy of Sciences, Budapest, Hungary
Roberto Balboni, CNR, Bologna, Italy

MS7 - Materials for energy harvesting, production, storage, and catalysis

Advanced energy related materials and catalytic ones encounter worldwide a growing demand. This ses-
sion demonstrates that cutting edge microscopy methods are necessary to comprehend their properties 
and tailor the materials for sustainable future.

Chairs:
Peter Karnthaler, Faculty of Physics, University of Vienna, Vienna, Austria
Sandra Kurko, Vinča Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia

MS8 - Emerging and miscellaneous topics in material sciences

The session covers different topic in materials science. The session includes new developments, new strat-
egies and interdisciplinary topics. The talks will be focused on hierarchy materials, self-healing materials, 
biomaterials, self-reporting materials and other emerging and miscellaneous topics in material sciences.

Chairs:
Alena Michalcova, The Department of Metals and Corrosion Engineering, University of Chemistry and Tech-
nology in Prague, Prague, Czech Republic
Servet Turan, Eskisehir Technical University, Eskisehir, Turkey
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Atomistic Phenomena in Nanostructures for  
Energy Related Applications 

 
Velimir R. Radmilović1,2 

 
1Serbian Academy of Sciences and Arts, Knez Mihailova 35, 11000, Belgrade, Serbıa  

2Nanotechnology and Functional Materials Center, Faculty of Technology and Metallurgy, 
University of Belgrade, Karnegijeva 4, 11120 Belgrade, Serbıa  

 
This study demonstrates nanostructure enhancement in both, thermal and electrical properties in 
functional oxide polytypoid nanowires for energy related applications. A novel method, which 
controls both, structure and chemical composition at nanoscale, was used to produce polytypoid 
nanowires. Due to the decoupling of certain electrical and thermal properties, these polytypoid 
nanowires, which contain low dimensional periodic compositional and structural features, are ideal 
model systems for studying thermoelectric phenomena at atomic scale. The concept of structure 
control at atomic level is in agreement with the theoretical prediction that it is possible to increase 
the material-dependent figure of merit, zT=S2σT/κ (S - Seebeck coefficient, σ - electrical 
conductivity, κ - thermal conductivity coefficient, T - absolute temperature). This can be achieved 
by using nanoscale materials, attributed to electronic band structure changes due to the quantum 
confinement effect, which increases the Seebeck coefficient, and enhances interface phonon 
scattering, which brings down the thermal conductivity coefficient. It appeared that control of 
lattice phonon transport contribution is essential in improving thermoelectric properties of 
functional oxide nanowires. Aberration corrected transmission electron microscopy was used to 
perform a detailed structural analysis of these nanowires at atomic level, based on which we 
propose that the aperiodic superlattice structure is generated through a defect-assisted solid-state 
diffusion. One of the greatest advantages of this novel synthesis is the ability to tune the nanoscale 
features of the polytypoid wires by simply adjusting the amount of metal precursor with appropriate 
annealing procedure in oxygen atmosphere. These new oxide thermoelectric nanostructures 
exhibited a two to three orders of magnitude increase in figure of merit, due to hindering of phonon 
propagation, while preserving good electrical conductivity. 
 

ATOMISTIC PHENOMENA IN NANOSTRUCTURES FOR ENERGY 
RELATED APPLICATIONS

VELIMIR R. RADMILOVIĆ1,2

1 Serbian Academy of Sciences and Arts, Belgrade, Serbıa; 2 Nanotechnology and Functional Materials 
Center, Faculty of Technology and Metallurgy, University of Belgrade, Serbıa
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Quantum Sorting: a new paradigm of quantum measurement in electron 
microscopy 

 
Vincenzo Grillo 

CNR-NANO Via G. Campi 213/a, I-41125, Modena, Italy
 
The methodological and instrumental research in electron microscopy is a very vital and flourishing 
field of research. Important innavations have regarded the correction of spherical aberrations and the 
improvement down to meV scale of the EELS energy resolution. However a completely new 
prospective on electrons in microscopy has arisen from the introduction of electron vortex beams and 
more general of beam shaping [1][2]. These concepts, very familiar to light optics community, are 
quite unusual for electron microscopy. But what is the actual use of these new tools? 

Beam shaping can be used to correct the spherical aberration, measure the off-axis component of 
the magnetic field, produce new form of interferometry and new forms of lensing.  

However we introduce here the idea and the application of a new beam control configuration that 
should allow for a paradigm change in the microscopy measurements. 

This device is the Orbital Angular Momentum (OAM) sorter [3][4]. Using a combination of 
electrostatic phase elements we can produc, directly of the screen of the microscope or in a 
spectrometer, a spectrum of the OAM distribution of a given wavefunction. In a quantum language 
this is an alternative representation of a wave alternative to position (imaging) and momentum 
(diffraction) and promises to open a new world of measurements: plasmon mode analysis, EMCD 
(magnetic dichroism) and protein analysis are just a few examples. 

 
Figure 1. Evolution of a test wavefunction in a sorter  from the initial wave (a) trough the  coordinate 

tranformation (b) to the final spectrum (c). The scheme of the 3 elements is also shown. 
 

Figure 1 shows an example of working OAM sorter acting on a test beam. The final spectrum 
shows that the beam can be written as a quantum superpostion of OAM states with ℓ=10 and ℓ=0 ( 
the OAM is here equal to ℓ times the plank constant ħ).  

These data are obtained from QSORT personnel and not only the author. This work is supported 
by Q-SORT, a project funded by the European Union’s Horizon 2020 Research and Innovation 
Program under grant agreement No. 766970. 
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Anatomy of Adipose Tissues 
The term adipocyte refers to the anatomical feature of cells able to contain relevant amounts of lipids 
regardless their function. It is widely accepted that two very different cell types can be defined as 
adipocytes: white and brown adipocytes.  
 
White adipocytes and white adipose tissue (WAT) 
White adipocytes are large (about 70-140 microns) spherical cells containing a unilocular lipid droplet 
in their cytoplasm that form about 90% of the cell volume. The spherical shape is the best geometrical 
form allowing maximal volume in minimal space, thus supporting the main goal of this cell: a 
reservoir of energy able to guarantee energy distribution to the rest of organism during intervals 
between meals (1). Lipids contained into white adipocytes are triglycerides, i.e. highly energetic 
molecules that represent the ideal fuel for the activity of heart. Brain must also be served during 
fasting and this condition induces white adipocytes to secrete asprosin a protein able to induce hepatic 
glucogenesis, thus providing fuel for brain (2) . White adipose tissue (WAT) is also the main site of 
production of leptin (3). Leptinemia is positively correlated with the total amount of fat contained in 
the body. When fat is scarce and does not guarantee for survival during fasting, low leptinemia 
induces a strong stimulus for food search and intake (in collaboration with asprosin).  
 
Brown adipocytes and brown adipose tissue (BAT) 
Brown adipocytes are smaller than white adipocytes (about 1/3) and lipid droplets are small and 
numerous (multilocular). The reason for this lipid arrangement is that mitochondria of these cells are 
able to burn fatty acids to produce heat (4). The large lipid-cytoplasm surface contact due to the 
multilocular arrangement and the presence of the uncoupling protein 1 (UCP1) on the inner 
membrane of large and packed with laminar cristae mitochondria are key factors for their thermogenic 
activity. Cold exposure induces a noradrenergic stimulus, trought sympathetic nervous system, for ß3 
adrenergic receptors of brown adipocytes. The adrenergic signalling induces two main consequences: 
UCP1 synthesis and activation (5). Mitochondria oxidize fatty acids that result in formation of a 
proton gradient between the external and internal compartments of mitochondria. UCP1 is inserted 
in the membrane forming the laminar cristae and separating the two compartments. In coupled cells 
(without UCP1) the proton gradient is used to form ATP using the energy of proton flux trough the 
enzymatic channel formed by ATPase that is also present on mitochondria cristae. In brown 
adipocytes UCP1 acts as a protonophore offering an alternative way to protons to reach the 
mitochondria internal compartment and thus uncoupling the oxidation of fatty acids from ADP 
phosphorylation. The net result of this uncoupling process is the heat production derived from the 
inevitable side effect of fatty acids oxidation. Because the total amount of fatty acids oxidized in the 
large and numerous mitochondria is relevant the heat production assumes a physiologic role allowing 
survival of mammals in quite cold climate. The vascular and nerve supply to WAT and BAT is quite 
different. In humans WAT and BAT have the same morphologic and functional characteristics 
described above.  
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The Adipose Organ 
Our anatomical studies showed that adipose tissues are contained in a dissectible organ: the adipose 
organ (6). This organ is contained in two compartments of the body: subcutaneous and visceral. The 
subcutaneous part forms a continuous layer between cutis and muscles. The visceral part is contained 
in mediastinum, abdomen and pelvis. In small mammals many of these depots are composed by a 
mixed population of BAT and WAT and accurate quantitative studies on mice maintained in warm 
environment (28°C) have shown that BAT is the prevalent tissue (about 60%) in obesity resistant 
strain Sv129, while WAT is the prevalent tissue (about 80%) in obesity prone strain C57/BL6 (B6). 
In adult humans the adipose organ is mainly composed by WAT but remnants of metabolically active 
BAT are found mainly in the supraclavicular area (in close proximity with aorta arch branches) (7). 
 
Plasticity of the Adipose Organ 
A true organ can be defined as follows: an anatomically dissectible composed by at least two different 
tissues with reciprocal cooperative functions able to concur for a unitary functional purpose. For 
example, a widely accepted structure that is considered as an organ is the stomach. This organ fulfils 
the above reported definition: it is dissectible, it is formed by several tissues (i.e.: muscles and 
mucosae) and the cooperation for digestion is evident. The adipose organ is dissectible, composed by 
WAT and BAT having distinct several functions. Our data suggest that the reciprocal cooperative 
aspect of WAT and BAT consist in their ability to convert each other reversibly in physiologic 
conditions (transdifferentiation). As a matter of fact, several data showed that in different occasions 
the adipose organ is able to became more brown (browning) or more white (whitening). Detailed 
analyses of browning in the two different strains mentioned above (Sv129 and B6) showed that after 
ten days of cold exposure the total number of adipocytes contained in the adipose organ did not 
change in both strains, the BAT component increased in both and the WAT component decreased in 
both. Interestingly the decrease of WAT was in both equivalent to the increase in BAT suggesting a 
direct conversion of WAT in BAT as several other experiments have shown before(8). Of note, a 
recent paper supported the reversible transdifferentiation phenomenon by lineage tracing 
experiments. 

The clearest data showing the reverse phenomenon (BAT whitening) in physiological condition 
is offered by aging and obesity. BAT whitening due to aging is probably due to reduced sympathetic 
activity as shown by a prompt browning of whitened BAT after cold exposure of old rats and by a 
clear BAT whitening in beta less mice, but the physiologic whitening can be that occurring when a 
chronic excess of calorie intake induces energy storing in BAT. The organism in fact cannot refuse 
the precious energetic molecules because a fasting period cannot be excluded a priori. 

Thus, a converging body of evidences seem to suggest that a mature cell, under a physiologic 
stimulus can reversibly change its phenotype and function. In order to further support this new basic 
cellular property, we found another striking example in the adipose organ: mammary gland.  
 
The Pink Adipocyte (PAT) 
The mammary gland is a true gland only during pregnancy and lactation because the glandular part 
of it (milk-producing alveoli) develop only in these periods and disappear after the end of lactation. 
The alveolar cells seems to derive mainly from a direct conversion of adipocytes. All alveolar 
epithelial cells of late pregnancy, immunoreactive for the milk protein WAP (Whey Acidic Protein) 
and the nuclear transcription factor ELF5 (E74-Like Factor5, key regulator of alveologenesis), have 
impressive amount of lipids (unilocular vacuole) in cytoplasm that make their morphology very 
similar to unilocular adipocytes.  

The term adipocyte implies simply a parenchymal cell of adipose organ rich in lipids whatever 
is its function, thus we called these epithelial cells pink adipocytes because the colour of the organ 
during pregnancy is pink (9). Electron microscopy studies, BrdU experiments, immunohistochemistry 
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data on serial sections and lineage tracing and explants experiments support the reversible white to 
pink conversion and also the pink to brown conversion (10-12). Brown to pink conversion has not been 
jet demonstrated but a brown to myoepithelial conversion was recently found by another lab (13). 

Thus, the transdifferentiation seems to be a basic physiologic property of adipose organ acting to 
allow the best distribution of energy for different needs: thermogenesis (brown), nutrition of the body 
(white), nutrition of pups (pink). 
 
The concept of Nutritional System  
The adipose organ collaborates with digestive organs for the vital homeostatic mechanism of humans: 
nutrition (14). Both adipose (leptin, asprosin) and digestive (Ghrelin, PYY3-36, Insulin) organs 
produce hormones able to influence the mammal’s behaviour for pivotal activities finalized to 
nutrients search, intake and distribution. Low levels of leptinemia informs brain of poor energy 
storage and induces a strong stimulus for food search and intake . Thus leptin action on limbic system 
assume a primary importance in driving the very primitive behaviour to survive. But leptin stimulus 
is not the only one, because together with food search it is necessary the intake of food and the recent 
discovery of asprosin led new light on this aspect .   

Post-prandial BAT thermogenesis is stimulated by intestinal products such as bile acids and 
secretin  and BAT produced factors such as FGF21 influence digestive aspects. 

Finally, intestinal microbiota implements the intestinal-adipose organ functional link. 
 
Histopathology of the Adipose Organ 
Adipose tissues of obese animals and humans are infiltrated by macrophages. Infiltration creates a 
low-grade chronic inflammation of considerable importance because it determines insulin resistance 
that leads to type 2 diabetes (15). Our laboratory has shown that both human and murine obese hyper-
trophic adipocytes die thus producing particularly large cellular residues (Fig. 1). The macrophages 
surround the debris and form characteristic histopathological figures that we have called CLS (crown-
like-structures) (16, 17). Subsequent studies have shown that hypertrophic visceral adipocytes die 
earlier than those of the subcutaneous and therefore have a lower critical death size, justifying the 
greater morbidity of visceral fat accumulation, well known since early clinical studies [4].  
 
Conclusions 
Thus, the cooperation between adipose organ and digestive organs seem to delineate a complex 
system able to coordinate the most important basic behaviour and function for survival: food search 
and intake. After the intake food must be absorbed (intestine) and transformed into useful energetic 
molecules that must be stored and distributed to the rest of the organism in the intervals between 
meals (adipose organ). Furthermore, the energy distribution must be delivered to new-borns in order 
to guarantee the species survival and pink adipocytes (mammary alveolar cells) derived from WAT 
conversion during pregnancy and lactation seem to serve this important function of the system. 
All these data on adipose organ anatomy, physiology and plasticity allow a better understanding of 
its histopathology and this knowledge is necessary for future strategies of prevention and treatment 
of obesity and related disorders: i.e. a very widely diffused and important pathology (18). 
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Fig 1. Extrusion of lipid droplets by degenerating adipocytes into the visceral fat of a db/db obese 
mouse. By HR-SEM, (A) a degenerating adipocyte is releasing several small lipid droplets (arrows) 

into the extracellular space. An extruded lipid droplet (arrowhead) is surrounded by some 
macrophages (asterisks). Note the numerous collagen fibrils covering the surface of the 

degenerating adipocyte. In (B), TEM shows lipid droplets being cleared by a macrophage (Mac) in 
an area where two adjacent degenerating adipocytes are extruding lipid droplets (arrows). Note the 

large lipid droplet (L) in the macrophage cytoplasm. Scale bar: 4.2 μm for (A); 1.8 μm for (B). 
This figure was originally published in the Journal of Lipid Research. Giordano A, Murano I, Mondini 

E, Perugini J, Smorlesi A, Severi I, Barazzoni R, Scherer PE, Cinti S. Obese adipocytes show 
ultrastructural features of stressed cells and die of pyroptosis. J. Lipid Res. J Lipid Res. 2013 Sep; 
54(9):2423-36. © the American Society for Biochemistry and Molecular Biology or © the Author(s). 
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Using off-axis electron holography to measure magnetic properties of materials  
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Off-axis electron holography (EH) is one of the most powerful technique that directly measures the 
phase shift of the electron wave that has interacted with the electromagnetic fields of an electron 
transparent sample in the transmission electron microscope (TEM). It can be used to measure 
quantitatively the magnetic properties of materials with high spatial resolution. The introduction of 
high brightness electron guns, improved specimen holders with external stimuli, spherical 
aberration corrections, direct electron detectors, image analysis and image simulation have resulted 
in dramatic improvements in the spatial, phase resolutions and ability to interpret the often very 
complex magnetic states of nanostructures. Here, we describe the magnetic field measurements in 
the TEM, recent experimental results of magnetic field characterization of nanostructures, soft and 
hard magnetic alloys and magnetic skyrmions and give an outlook to possible future developments 
in methodology developments.  

Off-axis EH is based on the use of an interference of an object wave that passed through a 
region of interest on the sample with another part of the same electron wave that usually passed 
through vacuum. An electron holographic interference pattern is generated by applying positive 
voltage to the biprism that is positioned one of the conjugated image plane of the microscope. In 
this work, off-axis EH measurements were performed using a high-brightness gun, spherical 
aberration corrected TEM operated at 300 kV. The magnetic field-free environment around the 
sample is obtained by turning off the conventional objective lens of the microscope and using, 
instead the transfer lens of the aberration corrector. A magnetic field is applied to the specimen 
using a combination of the sample tilt and small excitation of the objective lens. Electron holograms 
are recorded using a direct electron counting camera taking advantage of its high speed and 
improved phase noise characteristics.  

Figure 1 shows an example of quantitative magnetic measurements of Bloch skyrmions in B20-
type FeGe thin film. To generate skyrmions, the sample was cooled below the magnetic transition 
temperature in the presence of a small magnetic field (100 mT) using a liquid nitrogen filled TEM 
holder as the magnetic transition temperature of this material is 278 K. The magnetic contribution to 
the phase alone was obtained by repeating the experiment at room temperature and evaluating the 
difference between the phase images recorded at the two temperatures. Figure 1a shows the 
magnetic phase shift image of Bloch skyrmions recorded at 200 K in the presence of 400 mT out-
of-plane magnetic field applied using the objective lens of the microscope [2]. The magnetic phase 
is proportional to the in-plane component of the magnetic induction within and around the specimen 
integrated in the electron beam direction. The induction map can be generated by adding contours to 
the image by evaluating the cosine of a chosen multiple of the phase. The horizontal and and 
vertical derivatives can also be used to generate colours that shows the field directions. Figure 1b 
shows the magnetic induction map of Bloch skyrmions generated from the magnetic phase image. 
In addition, the magnetic phase shift can be used to calculate the projected in-plane magnetization 
applying a model-based iterative reconstruction algorythm. Figure 1c,d shows the results of the 
magnetization calculation of a Bloch skyrmion, which can serve to analyse the field distribution and 
characteristic properties of magnetic objects [3]. The measured magnetization is approximately 110 
kA/m at 200 K, which is in a reasonable agreement with the bulk value considering the three-
dimensional magnetic field distribution of a Bloch skyrmion in a thin film.  
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Figure 1. Magnetic imaging of Bloch skyrmions in B20-type FeGe thin film. a) Magnetic phase shift map 
recorded at 200 K in the presence of 400 mT applied perpendicular to the sample. b) The corresponding 
magnetic induction map of the skyrmions is visualized by adding colors and contours with a spacing of 

2π/64=0.098 rad. c) Projected in-plane magnetisation of a single skyrmion marked in (a) calculated using a 
model-based iterative reconstruction algorithm. The scale is in kA/m. d) The corresponding vector map of 

the recovered projected magnetisation.  
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Microscoping the amoeboid cell motility 
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Transition from mesenchymal to amoeboid cell migration is a hallmark of tumor metastasis. Genuine 
amoeboid motility is most appropriately studied in amoeba such as Dictyostelium. The core motility 
mechanisms conserved from amoebozoa to mammals are based on fast remodeling of the actin 
cytoskeleton regulated by small GTPases. I will present a retrospective of a quarter century of cell 
motility research in Dictyostelium and give an overview of the contemporary evolution of digital 
microscopy techniques with the focus on live cell imaging [1-15]. 
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Quantitative Cs corrected STEM of local structures in lead-free ferroelectrics 
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Ferroelectric materials in thin-film or bulk forms are technologically very important and are used 
for decades in electronic, electro-mechanical and optical devices. This class of materials, often 
having a perovskite structure, undergoes spontaneous polarisation below some critical temperature 
(Tc, Curie temperature) where non-centrosymmetric (paraelectric, normally cubic) structure 
transform to a centrosymmetric one (tetragonal, rhombohedral, orthorhombic or monoclinic). Upon 
transformation 2D topological defects are formed where two domains with different direction of 
polarisation come into contact, called domain walls (DW).  DWs may form along various 
crystallographic planes, depending on crystal symmetry, may accumulate different ionic or 
electronic point defects, and may be pinned by different defects like dislocations or grain 
boundaries. Under external electric field the spontaneous polarisation of ferroelectric materials can 
be reversed and the domain walls can move. The DW dynamics and consequently the final 
macroscopic properties are influenced by the DW local structure and the presence of various point 
defects accumulated at or near the wall.  Most of these structural features are the result of the 
material synthesis and have detrimental effect on the DW properties, such as electrical conductivity. 
Controlling those features could be directly utilizable in the so-called “domain-wall 
nanoelectronics” [1, 2, 3] or may indirectly influence the functional response of polycrystalline 
ferroelectrics [4]. To make further progress in tailoring the DW properties, in-depth understanding 
of the structural details of DWs on the nano and atomic scales are needed.  

Using elaborated quantification methodologies based on ADF and ABF STEM images the atom 
columns shifts from the original positions can be measured within few pm precision, and from 
comparison of experimental atom column intensities with calculated ones the presence and 
concentration of cation vacancies can be very precisely determined [5]. 

As a continuation of our recently published work on domain-wall conductivity in BiFeO3 [5] 
where we explained the extrinsic nature of the DW conduction mechanism dominated by the 
accumulation of charged defects (Bi vacancies and Fe4+) at the DWs we report in this presentation 
that through different material processing conditions (temperature, atmosphere, and cooling rates) 
the type and concentration of defects at DWs may be controlled and the local DW structure, 
thickness, unit-cell distortions across the wall and consequently the DW conductivity can be 
tailored. By constructing displacements maps from STEM images, we identified the DW type 
(charged/non-charged) and compared the point defects accumulation differences at DW regarding 
the type. The observed domain structures and point defects clustering were correlated with DFT 
calculations.  Some interesting in- and ex- situ biasing experiments will be explained and the DW 
dynamics discussed and commented. 

In the second part of the presentation the direct experimental evidence of the existence of polar 
nano regions in paraelectric state of barium titanate based ferroelectric materials will be introduced 
and discussed. It was recently found that some ferroelectric materials exhibit unusual types of 
electro-mechanical and electro-thermal coupling in their paraelectric state, which should be 
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forbidden by their centric symmetry. Origins of this phenomena are not yet well understood. It was 
shown with indirect evidences that BaTiO3 cubic phase exhibits local and macroscopic breaking of 
nominal centric symmetry and exhibits local and global polarization. It was assumed that both are 
linked to presence polar nano regions [6]. 

A direct visualisation of polar nano-regions in paraelectric phase of BaTiO3 (BT with Tc at 
130 °C) and (Ba0.6Sr0.4)TiO3 (BST, with Tc at 0°) by measuring oxygen atoms displacement 
regarding to Ba and Ti sub-lattices will be presented. We also correlate the chemical composition 
fluctuations (Ba/Sr ratio) in BST with possible appearance of polar nano-regions. Data were 
obtained from ABF and ADF images, acquired with Cs probe-corrected STEM using heating 
sample holder in the temperature range from RT to 300 °C. Results show that in paraelectric state 
BT and BST Ba or (Sr, Ba), Ti and O atom columns are displaced in a coherent way, and forming 
noncubic few nm sized clusters. Based on shifts of Ti and O sub-lattices we confirm that those 
regions are polar and possess symmetry, which could even be lower than tetragonal.  

Possible origins of polar nano-regions and the correlation between the presence of polar nano-
regions and chemical composition fluctuations (in the case of BST) and lattice strain will be 
explained and discussed. 

Throughout the lecture the techniques and approaches used during quantitative Cs-corrected 
STEM analysis, such as fast collection of frame stacks to minimize the effect of the specimen drift 
and scanning nonlinearity, estimation of the influence of sample thickness, defocus values, etc. on 
the quality of results will be described and discussed in details.  
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Since the EBSD information comes from depth of few tens of nanometers the most critical issue of 
the EBSD measurement is the surface quality. The ion beam can gently polish surface as for EBSD 
so for cutting any ingomogenious solid samples in order to create a new surface for imaging and 
microanalysis. Therefore ion sample preparation is presented as the most promissing, well defined 
and precise, universal and succesful method for preparation of a wide range of materials with the 
purpose of microanalysis such as EDS, EBSD and TKD. Paleontological objects are one of the most  
fragile samples in the surfase  preparation for any investigation. Another type of “extrimely hard” 
materials for surfase preparation is diamond. Ion polishing can significantly improve the surface 
quality in both cases. 
1. Ion polishing for EBSD analysis of natural diamonds.  
High surface quality on series of mechanically polished natural diamonds was achived using broad 
ion beam (BIB) or in the other words by a near parallel Ar+ ion beam source (see. Fig. 1 left). Only 
BIB technique allow us to treat and polish large samples up to 12 mm in diameter (see. Fig. 1 right). 
Ion Ar+ polishing was carry out by 1 keV beam energy with 4 degree inlcine during 30 min. This 
type of surface preparation allows us to reveal the cases of misorientation of the structure and the 
split of diamond crystals into subgrains. We have shown that this effect are more often than it is 
usually assumed [1]. We showed also cases of cracking, disorientation and regeneration of diamond 
crystals by EBSD maping of classic polycrystalline diamond. We have identified 60° twins with a 
thickness of 60-600 nm, in plastically deformed crystals. At the intersection of twins, <110> etching 
channels (Rose channels) are observed in some cases. Thus, the EBSD method allows one to obtain 
new data on the real structure of even such a well-studied mineral as the diamond is.  

Fig.1. Texture component map (111//Z) of diamond surface (left) and large area polishing of diamond in IPF 
Z coloure (right). 
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2. Ion slope cutting of Devonian micro- and megaspores. 
Studying the morphology and ultrathin structure of spores in situ in various phylogenetic lines of 
Paleozoic plants and comparing them with dispersed ones is necessary information in 
reconstructions of plant communities of the Earth past history. However the time consuming and 
sophisticated sample preparation with high probability of failure mainly for paleontological samples 
have laed us to use the ion milling tecniquies. Studying of inner fine structure and microanalysis 
inside these spores was done after ion beam cutting. These Devonian micro- and megaspores were 
collected in the Pease Bay formation in the northeastern part of Scotland (these collection is 
compiled by the University of Southgemtom University J. Marshall, United Kingdom). 
Slope cut of a megaspores 1200 um in diameter was performed by 8 keV of Ar+ ion beam with 30 
degree incline during 2.5 hours (see. Fig.2 left). For local ion cutting of a microspore 100  um in 
diameter the liquid metall source of Ga+ was used with 30 keV of focused ion beam (FIB) at 90 
degrees (see. Fig.2 right). The use of FIB and BIB thechniques allows one to study the micro and 
nanosculpture of a sporoderm surface, the number of its layers and their ultrathin structure. These 
results are in a good agreeement with a preliminary TEM analysis and can be obtained in the 
framework of ion sample preparation techniques [2]. 
 

      
Fig. 2. BIB 30° slope cut of megaspore - Archaeotriletes Naumova (left) and 90° FIB cross-section of 

microspores edge - Curriculomonoletes orbis McLean et Neves (right). 
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A widespread technique to increase the surface hardness of metal components is nitrocarburising. In 
this thermochemical process nitrogen and carbon diffuse into the surface of ferrous materials, which 
increases the hardness, wear resistance, fatigue strength, low adhesion and corrosion resistance of 
tools and engineering parts operating under unlubricated or boundary lubrication conditions [1-3]. It 
is often applied to inexpensive, easily machined low carbon steel to impart the surface properties of 
more expensive and difficult to work grades of steel. 
In this work 31CrMoV9 (1.8519) steel samples were initially treated by salt bath- (SNC), gas- 
(GNC) and plasma-nitrocarburising (PNC) and afterwards oxidised for increased corrosion 
protection. The surface as well as the cross section of these samples were analysed using optical- 
and Scanning Electron Microscopy (SEM), Energy-Dispersive X-ray Spectroscopy (EDX) and 
Electron Backscatter Diffraction (EBSD) to get detailed information about the surface topography, 
the microstructure, the crystallography and the chemical composition. 
From a microscopy point of view the cross section preparation is very challenging. On the one 
hand, the interesting regions are at the edge of the samples and rounding due to embedding could 
provide misleading information. On the other hand, the nanoporosity of the surface modified areas 
can easily be smeared by using a conventional sample preparation (embedding, grinding and 
polishing). For these reasons the broad ion beam technique (Gatan Ilion) was used for cross section 
preparation. To guarantee an artefact-free cross section and to avoid changes in nanoporosity the 
sample was cooled during preparation and prepared from the backside to avoid redeposition (see 
Figures 1 and 2).  
   

 
Figure 1. Backscatter electron micrograph of a PNC modified sample  

left: prior to tribological tests; middle: after tribological tests 
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Figure 2. EDX mapping of a PNC modified sample for carbon, oxygen, iron and nitrogen 

image width 4.8 µm; left: prior to tribological tests; right: after tribological tests 
 

Following these analyses tribological tests for characterisation of wear and frictional behaviours 
were performed under unlubricated sliding conditions. Results show that, although different 
nitrocarburising processes yield very similar hardness profiles and compound layer thicknesses, 
their surface morphology and oxide layer properties can be significantly different. On SNC 
samples, the thickest oxide layers were formed, which had a different chemical composition than 
those formed on GNC and PNC samples. Furthermore, SNC samples provided the highest wear 
resistance and only on these samples, the oxide layers were not removed during tribological testing. 
It is thus possible that a correlation between the oxide properties and the favourable tribological 
behaviour of the SNC samples exists.
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Serial block-face scanning electron microscopy (SBF SEM) uses an ultramicrotome installed inside 
the microscope to cut away ultrathin slices and a backscatter detector to scan each newly exposed 
layer of the specimen. Such arrangement brings the possibility to acquire a series of images 
allowing reliable and precise volume reconstruction. Sample preparation procedures for SBF-SEM 
are derived from standard protocols used in transmission electron microscopy. Generally, it is a 
time-consuming process with enlarged number of contrasting, fixing or washing steps. We 
attempted to innovate a common SBF-SEM specimen preparation protocol. 
 
We applied and evaluated several modifications to a protocol originally based on the Deerinck et al. 
method. [1] Firstly, we focused on enhancing OsO4 penetration into the sample and thus reducing 
sample charging during visualization in SEM. The insufficiently penetrated OsO4 in a standardly 
prepared sample can be seen in figure 1. The tested modifications included change of chemicals, 
incubation times or temperatures during contrasting steps. Secondly, a table-size milling cutter was 
introduced as a less time-demanding alternative to an ultramicrotome in trimming the sample into a 
desired shape. Apart from a time reduction we also evaluated the effect of shape on the conductivity 
and charging in SEM. 
 
 

 
 

Figure 1. Section of a mouse brain tissue prepared by a standard protocol and visualised in an optical 
microscope. The decreasing contrast toward the middle of the sample is visible. 
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The zeolite clinoptilolite is an alumosilicate material used in many industries and has also medical 
applications due to its safety in applications in vivo. Due to its crystalline structure with pores and 
cavities, it is an ion-exchanger that may be useful for certain detoxification purposes in animals and 
humans. This and other biological effects documented in the scientific literature so far, are most 
probably related to physio-chemical structure of clinoptilolite materials, especially to the surface 
properties. We therefore, present herein the surface study of the different clinoptilolite materials by 
a simple approach of monitoring the surface changes upon interaction of clinoptilolite-materials 
with sugar solutions. For this purpose, we prepared suspensions of different zeolites, namely 
synthetic zeolite A and three clinoptilolite materials prepared by different micronization methods 
TMAZ, PMA and PMAO2. Glucose solution was added to the zeolite suspension at concentration 
of 40g/L at room temperature. The samples were analysed by use of the Scanning Electron 
Microscope (SEM) microscope and the results show a dramatic change in the surface area 
appearance of zeolites in glucose-enriched solutions due to glucose adsorption that differed among 
tested micronized materials. The Energy Dispersive X-Ray Spectroscopy (EDS) analyses showed 
that the observed surface structure is mainly composed by oxygen and carbon. This behavior and 
chemical composition will be systematically analyzed in future experiments. 
 
 
 
 
 

 
 

 

Figure 1. Synthetic zeolite A  pre-treated water 
suspension 

Figure 2. Zeolite clinoptilolite material TMAZ  
pre-treated water suspension 
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Figure 3. Zeolite clinoptilolite material PMA  
pre-treated water suspension 

 
Figure 4. Zeolite clinoptilolite material PMAO2  

pre-treated water suspension 
 
 

  
 

Figure 5. Synthetic zeolite A  pre-treated water 
suspension upon addition of glucose 

 
Figure 6. Clinoptilolite material TMAZ  pre-

treated water suspension upon addition of 
glucose 

 

 
 

 

Figure 7. Clinoptilolite material PMA  pre-
treated water suspension upon addition of 

glucose 

Figure 8. Clinoptilolite material PMAO2  pre-
treated water suspension upon addition of 

glucose 
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A deep knowledge of the way materials properties change under irradiation is of paramount 
importance, in order to predict the behavior of structural materials, cladding and fuels for Nuclear 
Power Plants (NPP). TEM characterization represents a powerful method in this sense, allowing 
one to detect structural changes with nanometer scale spatial precision. This is particularly true 
when the FIB in situ lift-out technique for sample preparation is used; another advantage of FIB 
as compared to conventional methods is the possibility to work with greatly reduced specimen 
mass as compared to conventional 3 mm samples, thus significantly reducing the amount of 
radiation emitted and the complexity of safety measures.   
 
However, since irradiation invariably produces a wide variety of defects in the material, it is 
fundamental to ensure that TEM sample preparation does not introduce artefacts such as gallium 
implantation, surface amorphisation and, more importantly, crystal defects which can be confused 
with irradiation damage. [1]. These drawbacks are generally minimised by performing a careful 
final cleaning at low energy of the lamella; unfortunately, for actinides such as UO2 and ThO2 
this approach is not enough to guarantee defect free TEM samples, as the relatively high atomic 
mass of the U atoms implies that they can trigger a cascade effect inside the material once knocked 
out of the original lattice position [2]. 
 
We present here an alternative method, based on the combined use of FIB and PIPS techniques. 
Much longer than usual (approx. 150 um) lamellas are first extracted from the substrate in the 
usual way, attached to a grid and polished at high (30 kV) energy. The grid is then transferred to 
the PIPS and milled at low angles and decreasing voltages till electron transparency.   
In this way, we combine the FIB spatial precision and high efficiency with the relatively low 
damage introduce by the PIPS, since the latter employs a very large and defocused beam compared 
to the former. 
 
A marked decrease in terms of defect density is observed for monocrystalline UO2 TEM samples 
prepared in this way, when compared to analogous samples prepared by conventional FIB (Fig. 
1); in particular, very few dislocations loops are observed. 
On the other hand, only a minor fraction of the lamella was thin enough for TEM analysis, 
indicating that the PIPS experimental parameters (incidence angle, final energy, grid positioning) 
need to be optimised through careful tuning.  
 
As a further step, we have extended the method to more representative materials, such as UO2 
pellets prepared via Spark Plasma Sintering (SPS), which allows full densification in a much 
shorter time and at lower temperatures as compared to conventional sintering [3]. The materials 
were implanted with He+ at energies on the MeV scale, to produce very high levels of damage in 
a relatively short time and without activating the samples. 
 
Preliminary results agree with theoretical predictions, indicating the sample preparation method 
does not introduce artefacts in the material.  
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Figure 1. TEM BF images of lamellas prepared by conventional FIB (left) and FIB+PIPS (right) 
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Dominik Pinkas1, Erik Vlcak1, Vlada Philimonenko1,2, Jiri Janacek3, Jakub Novak4, Marcel Jirina4, 

Pavel Hozak 1,2 
 

1Institute of Molecular Genetics ASCR v.v.i., Electron Microscopy Core Facility, Prague, Czech 
Republic 

2Institute of Molecular Genetics ASCR v.v.i., Department of Biology of the Cell Nucleus, Prague, 
Czech Republic  

3Institute of Physiology ASCR v.v.i., Department of Biomathematics, Prague, Czech Republic  
4Czech Technical University in Prague, Faculty of Information technology, Department of 

Theoretical Computer Science, Prague, Czech Republic 
 
Evaluation of immunolabelling in EM often lacks unbiased quantitative approach. We are 
developing an easy-to-use online tool for semi-automatic multi-stage analysis of immunolabeling 
on EM images spanning particle detection and classification, mathematical and statistical evaluation 
and visualization of results. This builds on previous work of A. Philimonenko et al. [1] and C. 
Schofer et al. [2]. The tool detects basic particles (“big” and “small” spheres) automatically; results 
of detection and identification can be manually reviewed and edited. Spatial relations can be 
analysed in 2D and 3D microscopic data and along linear structures such as membranes and 
filaments. The tool uses pair correlation and pair cross-correlation functions for clustering and 
colocalization evaluation with results presented both numerically and graphically. Labelled 
structures are visualised via mapping and their spatial relations to other structures or particles are 
further evaluated as shown by V. Philimonenko et al. [3]. Statistical significance of detected 
patterns will be calculated and presented in a comprehensive way without the need for deep insight 
into statistical analysis. All results and respective settings can be exported. Particle coordinates can 
be kept on the server for prolonged periods of time to be reused with new settings or compared to 
new datasets. Projects can be shared with colleagues. For routine analysis, useful results should be 
available in just a few clicks. 
 
The tool is currently in test phase. It will be provided to the broad scientific community in open 
access mode by the IMG within the Czech-BioImaging research infrastructure. The tool emphasizes 
convenience and understandability of the interface and will provide detailed explanations of all 
results, steps, values and options. The platform is modular and can be expanded with more 
capabilities in the future. 
 
This project is supported by MEYS CR (LM2015062), OPVVV (CZ.02.1.01/0.0/16_013/0001775), 
IMG grant (RVO: 68378050) and TACR (TE01020118) grants. 
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The central piece of materials science is the need to understand and modify the structure and 
composition of materials. To understand the relation between structure, morphology and chemical 
makeup and mechanical, electrical and thermal properties of metals and alloys, conventional two-
dimensional (2D) projection images recorded via transmission electron microscopy (TEM) are often 
insufficient. To go beyond these limitations, three-dimensional (3D) nano-analysis of internal 
morphology, as well as information about chemical composition is indispensably required. The 
expansion into 3D space can be done by STEM tomography, but for measuring elemental 
distributions, spectroscopic methods are essential.[1] For the combination of tomography with 
spectroscopic methods, spectrum images (SIs) are recorded. Ideally several signals, such as 
HAADF (Figure 1,a), electron energy-loss spectra (EELS) (Figure 1,b) and X-ray spectra (EDX) 
(Figure 1,c) can be acquired simultaneously. [1,2] These can be used to reconstruct 3D chemical 
maps from each element in the material.  
 

Figure 1. a) Example of an HAADF image of a steel tip. The green rectange marks the SI area b) Analytical 
EELS signal of nickel L-edge in steel c) Analytical EDS signal of nickel K-lines d) one slice through 

reconstruction of the nickel signal e) Visualization of nickel with the software Avizo® 

In this work, we investigate steel and nickel-base alloy (Inconel® 718) by electron tomgraphy to 
reveal shape and composition of different types of precipitates within the materials. For electron 
tomography samples in the form of sharp needles are ideal, which we fabricated by 
electropolishing. This is an electrochemical sample preparation method, which shapes rectangular 
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conductive samples into sharp needle-shaped samples and is commonly used for atom probe 
tomography (APT). [3] 
The acquisition of the tilt series of the metal needle is done by tilting the sample about a single axis, 
acquiring projections at equal angular increments. For reconstruction of the dataset, we employ 
variational modelling and multi-channel regularization techniques within the software Graptor – a 
Python/OpenCL reconstruction tool [5,6]. This method is based on two main ideas: First, within the 
reconstruction, each dataset is regularized either with a total generalized variation (TGV) term, 
which favors piecewise constant and linear reconstructions, leading to sharp and gradual interfaces 
within the reconstructions. Second, the different elemental maps and the ADF data are linked 
together, to favor similar interface locations for the different reconstructions. This provides superior 
reconstructions compared to conventional methods, like weighted back projection or SIRT, but also 
compared to other total-variation based methods, which do not employ the correlation between 
different signals. Additionally, we will discuss the possibilities of correlating electron tomography 
with atom probe tomography, by investigating the same sample with the two techniques to combine 
their advantages and compensate for shortcomings of each methods. [1].  
In summary, this work focuses on the determination of the morphology and analytical information 
of different metals and alloys by analytical electron tomography and by adding information from 
APT, to understand materials properties. The combination of these techniques can provide detailed 
understanding of the morphology and compositional information of metals and alloys. 
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1.Introduction 
In this study, we investigated the horizontal arrangement and organization of human corneal 
collagen bundles in the stroma between keratoconus and normal human cornea by second 
harmonic generation (SHG) imaging. 
The corneal stroma is mainly composed of collagen and changes in collagen structure can lead to 
visual impairment and various corneal diseases. The corneal stroma contains collagen of types I, 
V, VI, XII, and XIV, and the collagen fibrils align with the same orientation to form lamellae1. 
Second harmonic generation (SHG) imaging is a form on non-linear optical microscopy that 
allows for the visualization of fibrillar collagen in situ2. A key advantage of this approach is that 
it allows evaluation of the structural characteristics of collagen lamellae in 3-dimensional in 
intact cornea.  
Keratoconus is a relatively common condition characterized by progressive corneal protrusion 
and thinning that result in reduced visual acuity3 (Figure 1). Although various bioactive 
molecules have been implicated in its pathogenesis, the mechanisms responsible for the 
development of keratoconus have remained unclear. In previous studies using SGH in 
keratoconus, 3D characteristics of collagen lamellae were evaluated3, less lamellar interweaving 
and loss of lamellae were revealed4.  

 
Figure 1. Illustration of normal and keratoconic cornea.  

 
2. Material and Methods 
We obtained 6 normal human total cornea specimens from the eye bank (Beyoğlu Eye Bank, 
Istanbul, Turkey) and 3 keratoconic cornea at the time of penetrating keratoplasty performed at 
Istanbul Medipol University Hospital.  The cornea tissue was immediately fixed overnight at 4°C 
in 4% paraformaldehyde, washed with phosphate-buffered saline (PBS), mounted with the 
corneal surface parallel to the scanning plane on a petri dish in PBS and imaged. Second 
harmonic generation imaging was performed using a Zeiss 7 MP microscope (Carl Zeiss, Jena, 
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Germany) equipped with dual Ti:Sapphire multiphoton lasers (Coherent Chameleon Vision II 
and Ultra, Coherent, Santa Clara, CA) (Figure 2). 820 nm wavelength was used for second 
harmonic image generation. Forward and backward SHG signals were simultaneously acquired 
using a 20x/1.0 N Plan-Apochromat water immersion with a 1.8 mm working distance, image 
sizes were 1024 × 1024 pixels, 400–600 μm thick image stacks were acquired with a z-step size 
of 1.0, extending from the surface of Descemet's membrane to that of Bowman's layer. In order 
to quantify the irregularity of the collagen bundle layout, we used image analysis method 
describe by Park et al6. 

  
Figure 2. Schematic of the optical layout of the SHG microscope, showing the optical components before 

the scan head and the detection pathways (Optimized from Chen et al5). 
 

3. Results and Conclusion 
Both forward and backward scatter images were taken from all samples by SGH imaging. 
Backward scatter SHG imaging is noninvasive but the signal intensity is lower compared with 
forward scatter SHG imaging. Therefore, forward scatter image was used in the analysis. In 
normal cornea, irregular connective tissue forms thick bundles of collagen interweaving in three 
dimensions, while keratoconus collagen fibers are irregular and loss of collagen bundles 
according to plot analysis. In addition, the collagen bundles were curved in the keratoconus 
(Figure 3).  
 
As a result, by SGH imaging we observed that the corneal stroma of the keratoconus is disrupted 
due to the disorganization of the bundles of collagen and forming a loose structure. 
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Figure 3: The collagen bundle arrangement (green) in corneal lamella was shown. Forward scatter image 

of normal (A) and keratoconic cornea (B). SGH images were processed by ImageJ with sequential 
application of bandpass filter and binary conversion. The crossing density was measured at the vertical 

center of the image and each black and white conversion is plotted as a peak in the graph. The number of 
peaks crossing the median cut-off value (dotted line) of signal intensity is counted and represents the 

irregularity of collagen bundle arrangement pattern. 
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1. Introduction 
As generally known, scanning electron microscopy (SEM) provides insight into the surface 
topography of small 3D objects (micron fragments). Specimens can be observed from different 
vantage points by changing the angle and by rotation of the observation table on which specimen is 
mounted. Several recent studies employed photogrammetric processing of SEM images to derive 
3D models of micro objects for research purposes in the fields of biology, chemistry, geology, etc. 
[1-3]. Multi-view, or Structure-from-motion photogrammetry uses a number of overlapping SEM 
images captured from different viewpoints around the object, to create a 3D point cloud and a 
triangulated polygonal surface with photographic texture, representing the shape of the object. The 
resulting surface models are extremely accurate and topologically complex (highly detailed), 
appropriate not only for inspection and visualization, but also for further processing, analysis, 
measurements, and application of 3D technologies as printing, simulations, animation etc. [4]. The 
non-invasive nature of this approach and the capability of acquisition and reconstruction on a micro 
and even on a nanoscale are the main benefits of the methodology. The main challenge in the 
experimental is setting the parameters of image acquisition, which are crucial for the quality of the 
3D reconstruction and depend on a type of the object under the inspection. 
The objective of the research was to study the possibility of application of a simple and non-
invasive 3D surface photogrammetric reconstruction using captured overlapped SEM images of 
merino wool fibre. The goal was to define optimal acquisition settings that could be used for 
efficient image capture and photogrammetric model generation, and to define the framework for 
employing geometric and topological analysis and metrics on the derived 3D models.    
 
2. Experimental 
In research, the SEM microscope, model 6060 LV (Jeol) was used. This model of SEM allows to 
capture photos at a table tilt ranging from -10° to 70°, with full plane rotation of the specimen 
(360°) at a 45° rotation step. From preliminary tests we decided to tilt the sample from -10 ° to 65 ° 
in 5 ° steps, and to rotate the sample in 45 ° steps at full plane rotation (Figure 1). The primary 
electron beam was generated at 10 kV voltage. The photos were taken at 2.000× magnification of 
the sample. 
A series of overlapping photos was captured in tagged image file format (TIFF) and processed with 
the Agisoft Metashape photogrammetric reconstruction software. Photogrammetric reconstruction 
is highly automated and includes identification of keypoints in individual images, matching the 
keypoints between the images, determining the camera positions relative to the object, and 
calculating the 3D coordinates of recognizable points on the object, resulting in a dense point cloud 
representing the geometry of the object in a relative but metrically correct coordinate space. Finally, 
a polygonal mesh is generated from the point cloud, and a photographic texture is assembled from 
the captured images and projected onto the polygonal surface model for added realism. 
For visualization, 3D surface models were exported to Meshlab, an open source platform for the 
analysis, measuring, editing and processing of 3D triangular meshes. The meshes were inspected 
topologically, geometrically and texturally. Moreover, the metric system enabled 3D comparison of 
geometric difference between 3D models. 
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Figure 1. SEM images of merino wool fibre at different rotation and tilt angle (mag. 2.000×) 
 
 
3. Results with discussion 
The level of detail (LOD), expressing the accuracy of representation of the merino wool fibre, was 
strongly affected by the acquisition parameters set on the SEM microscope. The spatial extent of 
our derived 3D photogrammetric models is limited with the object coverage that the rotating sample 
table can provide. In particular, the parts of the wool fibres that were resting on the rotating table 
are not possible to reconstruct with this method. The resulting raw 3D models therefore have an 
open mesh topology in the shape of a cylinder (Figure 2). Moreover, the parts of the fibres closest to 
the table could only be imaged at highly oblique angles due to the limitations in table rotation. 
Consequently, these parts of the models showed significant degradation in reconstruction quality 
and had to be discarded in subsequent surface editing.  
 
 

 
Figure 2. Front and side view of the wool fibre 3D reconstruction. 

 
 
 

The quality of resulting photogrammetric 3D models was generally very good, showing no 
topological artefacts such as duplicate faces and duplicated vertices, unreferenced vertices, zero 
area faces and non-manifold edges. The only detected artefact of the method was occasional 
occurrence of self-intersecting surfaces, which is controlled both by the SEM acquisition 
parameters and the photogrammetric modelling procedure. Different realisations of the wool fibre 
model were compared in Meshlab by inspecting the errors and checking the distances between 
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model meshes. In Figure 2 front and side view of a fibre model is presented, pointing out the details 
in geometry and texture. Figure 3 emphasizes topological artefacts which required subsequent mesh 
correction in order to provide topological accuracy for the further use of the 3D model.  
 

 
Figure 3. Topology artefacts in a 3D mesh, self intersecting faces. 

 
 
4. Conclusion 
Our results demonstrate that combining SEM imagery and the Structure-from-motion 
photogrammetric workflow provides a valuable 3D reconstruction approach. The technique is 
completely non-invasive and does not require any specific specimen preparation, that an ordinary 
SEM user would not be able to cope with. The only downside of the method is the time-consuming 
procedure of rotating the specimen, required to provide sufficient spatial coverage of the imagery. 
Photogrammetric reconstruction provides an accurate geometrical and textural 3D representation of 
investigated objects. Derived 3D geometrical models require little topological editing and are 
suitable for metric examination and for further use such as 3D printing.     
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Porous nano-sized Ni-SDC cermets are commonly used anode material in contemporarily solid 
oxide fuel cell (SOFC) energy conversion system. The most important requirements for efficient 
electro-oxidation at the anode are: i) high catalytic activity for fuel electro-oxidation, ii) chemical-, 
morphological- and dimensional-stability, iii) electronic- and ionic-conductivity, iv) open porosity 
and v) tortuosity. Many of those properties can be determined by detailed anode microstructure 
analysis [1]. For this purpose, it is crucial to establish quantitative relationship between primary 
microstructural parameters, which can be adjusted during material processing, with the higher order 
topological features that control the electrochemical performance of the anode. In porous cermets 
critical topological features such as connectivity, TPB density and the tortuosity of transport 
pathways within the pores can only be established based on a detailed 3D microstructural 
information.  
 
In this work we present quantitative three-dimensional microstructure description of nano-sized Ni-
SDC cermets, fabricated at various sintering conditions, using FIB (focused ion beam) 
nanotomography. Porous Ni-SDC cermets were fabricated with co-sintering of NiO-SDC pressed 
pellets at various temperatures and reduced to Ni-SDC functional anodes. The samples were 
specially prepared for microscopy and serial sectioned using a fully automated slicing procedure 
with active drift correction algorithms and auto focusing routine to obtain a series of low-loss BSE 
images with 5 nm reproducible step. Advanced image processing algorithms were developed and 
applied directly to image data volume. Individual phases were labelled using python assisted 3D 
watershed segmentation algorithm. After phase separation, the entire probed volume was 
reconstructed and visualized as presented in Figure 1. Volume fractions, porosity, feature sizes and 
their size distributions were calculated directly from 3D reconstructed microstructure [2]. A high 
quality tetrahedral grid was generated with triangular aproximations and used for specific surface 
areas (SSA) and specific interface areas (SIA) calculations. Segmented 3D data cube was used for 
grain connectivity analysis, TPB density and tortuosity calculations [3]. Active and inactive TPB’s 
were identified as ilustrated in Figure 2 and quantitatively evaluated using “in house” programing 
algorithm based on the centroid method. In a final stage, gas transport streamlines and absolute gas 
permeabilities were simulated through porous network. The simulation results for the case of 
methane gas at typical fuel cell operating condions are visualy presented in Figure 3. 
 
The presented analytical approach will serve as a tool for detailed quantitative microstructural 
description of various porous nano-sized SOFC anode cermets. The detailed three-dimensional 
microstructural data will be used to optimize their fabrication process in direction to achieve highly-
efficient and durable electrodes. 
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Figure 1. 3D reconstruction of porous Ni-SDC cermet sintered at a) 1400 °C and b) 1200 °C 
 
 

 
 

Figure 2. 3D distributions of active TPB’s (red) and inactive TPB’s (blue) for the case of Ni-SDC cermet 
sintered at a) 1400 °C and b) 1200 °C 

 
 

 
Figure 3. Simulations of absolute permeability throughout the complex porous structure with visualization of 
gas stream lines and pressure profiles for the case of Ni-SDC cermet sintered at a) 1400 °C and b) 1200 °C 
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Digital optical holographic microscope; interferometric study of thin film 
delemination buckling patterns 

 
Ognjen Milat and Nazif Demoli 

 
Institute of Physics, Zagreb, Croatia 

 
A home-made Digital Optical Holographic Microscope (DOHM) [1] was used for the 
interferometric study of morphology and topography of buckling patterns in residually compressed 
thin film during or after its delamination from the substrate. A number of buckling patterns such as 
disordered surface wrinkles, regular herringbone, straight-sided or telephone cord (TC) buckles and 
circular blisters [2, 3], Figure 1., has been studied and analysed. Delamination usually starts as 
straight-sided linear wrinkle, but then deviate to the “telephone cord” periodic wavy geometry due 
to the fact that the compressive residual stress in the film is biaxial. In general, morphology and 
topography of buckling patterns can be characterized, by scanning electron microscopy, mechanical 
or laser-scanning profilometry, optical interferometry, or (depending on scale) by using an atomic 
force microscope [4, 5]. 
Our Digital Optical Holographic Microscope is based on an adapted commercial metallurgical 
instrument (rather old brand Leitz Metallux II) by setting up a number of sophisticated extensions. 
This set-up provides simultaneous and/or alternative white-light and/or monochromatic 
illumination; coupled pair of CCD cameras enables acquisition of the corresponding images of the 
very same area of a specimen. This enables traditional microscopic imaging in succession with 
holographic imaging and the real time optical reconstruction as well as interferometric processing 
and correlation of acquired digital images. Figure 2. displays white light microscopic images in 
correlation with holographic interferometry data (λ/2 fringes). 
White-light microscopy of top surface of highly compressed tungsten thin film clearly reveals (at 
lower magnification: <500X) lateral morphology of the buckling patterns, Figure 1. At higher 
magnification (>500X) reduction of focus depth affects imaging contrast, so that the lateral as well 
as vertical wrinkles` features can hardly be observed and measured down to submicron precisions, 
as it is represented in Figure 2(a, b, c). By imaging and optical processing in holographic mode of 
our DOHM, one can display interferometric fringes patterns that reveal buckling features with 
lateral and vertical precision: Δl ≈ Δh ≈ 0.3 μm, Figure 2(d, e, f). Correlation of traditional 
microscopy and holographic interferometry provides topography data in optical and digital format 
that can be used as a basis for quantitative 3-D modelling of TC buckling morphology and 
associated stress-strain mechanics of thin films. 
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Figure 1. Buckling patterns of W-thin film on substrate revealing straight-sided and „telephon-corde“ (TC) 
morphologies (insets a, b, c), as well as disordered surface wrinkles (right) and a circular blister (arrowhead 

d); medium magnification (200X) top view image (white-light microscopy mode). Insets represent 
interferometric fringes (magnification 500X) recorded and processed by monochromatic-light holography 

mode. 

  

  
Figure 2. Correlative images (a, b, c) and corresponding interferometric fringes patterns (d, e, f) of straight 
and TC delamination buckless of thin W-film as recorded in microscopy mode, and by reconstruction and 
processing of holographic images. White lines (1 to 6) indicate traces for height profile characterization. 

Consecutive dark fringes reveal lines of constant height in steps of 0.3 μm. Magnification 1000X. 
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tomography  

 
Karakulina OM1, Batuk M1, Hendrickx M1, Abakumov AM1,2, Hadermann J1 

1EMAT, Department of Physics, University of Antwerp, Groenenborgerlaan 171, 2020 Antwerp, 
Belgium  

2 Centre for Energy Science and Technology, Skoltech, Skolkovo Institute of Science and 
Technology, Bolshoj Blvd. 30, bld. 1, Moscow, Russia 121205  

 
Quantitative electron diffraction in the form of electron diffraction tomography has been used for 
about a decade now to solve and refine structures of different types of compounds.   It is based on 
reconstructing the three dimensional reciprocal space with minimal dynamic diffraction effects, to 
allow using the intensities for direct structure solution and even precise and accurate refinement of 
the coordinates.  
 
Recently, the focus in our research group has turned to trying to refine structures from operando 
data obtained using an electrochemical cell or a gas environment cell.  Up until now, X-ray (XRD) 
and neutron diffraction (ND) are typically applied for operando tracking of structural changes 
during reactions, however, they can only be usefully applied as powder diffraction, since the single 
crystals needed for X-ray and neutron diffraction are too large to be active for most of the targeted 
reactions, such as redox reactions. Operando electron diffraction would allow obtaining single 
crystal data from submicron sized materials during ongoing reactions in realistic environments 
(instead of the high vacuum of the microscope), but it has not yet been reported in literature.  For 
gas environments, nanoparticles have been tracked in literature to observe their changes in size or 
morphology, or the addition or removal of a single atom to the surface, but no crystal structure 
determinations were yet done.  For an electrochemical reactions, due to the thick liquid layer, it is 
impossible to image the structure at high resolution and only low magnification tracking was done.   
 
Recently, we published the determination of the structure of charged LiFeO4  (thus FePO4) from in 
situ obtained data, to show the potential of in situ electrochemistry TEM [1].  LiFePO4 was chosen 
for the proof-of-concept as it is one of the few materials for which the structure of the charged 
compound is well known from neutron diffraction experiments, and simple.  Using an in situ 
electrochemistry holder filled with 1M LiF6/DMC and LiFePO4 drop-casted on the electrodes, we 
charged the material inside the TEM and could refine the cell parameters, atom coordinates and 
occupancy of the lithium position of the charged compound, in good agreement with the structure 
from literature. However, we encountered many problems that will still need to be handled before 
the experiments can become operando. 
 
In this talk, I will discuss the potential of in situ/operando electron diffraction tomography, but also 
the problems that still need to be overcome. 
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1. Introduction 
Modern STEMs can record a large number of diffraction patterns, one from each pixel of a scanned 
area. The electron probe is usually focused to a nearly parallel beam of nanometric diameter for 
such studies. Many of these studies do not require precession and special additional hardware is not 
needed in such studies (although simultaneous precession with additional hardware may be 
advantageous in certain cases). The information obtained from that set of diffraction patterns 
depends on the fact if the scanned sample region was crystalline or amorphous. Phase maps and 
orientation distributions are obtained from the spot patterns and electron pair distribution function 
(ePDF) analysis is performed on the amorphous patterns to obtain nearest neighbors as an example. 
Automatic processing of the huge number of patterns is a challenge in both cases and the steps of 
the automatic procedure depend on the type of patterns (crystalline spots vs. amorphous rings) and 
the information to be deciphered. We report here a new computer program that processes the spot 
patterns, where the number of patterns to be processed in a single session depends only on the 
power of the processing computer (size of memory and speed). 
2. Crystalline spot patterns 
Due to the nanometric probe size, any of the spot patterns is typically dominated by spots from one 
or two grains, provided the sample is thin enough to prevent overlapping many grains in the beam 
direction. For successful application of the method it is assumed that the diffraction patterns are 
collected from samples, whose thichness in not more than a few times larger than the average grain 
size. Identification of the crystalline phase and of the orientation is based on template matching in a 
similar way as also described in [1]. The procedure is implemented within the ProcessDiffraction 
program [2]. The Template for a given phase contains calculated diffraction patterns for each 
independent orientations. The number of necessary orientations depends on the crystal symmetry of 
the given phase. In the present version of the program, only cubic patterns are calculated. The 
independent orientations are represented by a double-triangular part of the stereographic projection: 
[001]-[101]-[111]-[011]. That region includes both right-handed and left-handed variants. A spot in 
the diffraction pattern is represented by 3 numbers: its angular distance from the direct beam, its 
azimuthal angle (related to the same but arbitrary starting angle) and intensity. Intensity includes the 
structure factor (kinematic in the present version) and the deviation from the Ewald-sphere 
(calculated up to a pre-specified length of the relrod, which is determined by the sample thickness). 
During Template-matching the Template is azimuthally rotated to find the measured diffraction 
spots. The best-matching phase in the best-matching orientation is assigned to the given measured 
diffraction as a solution. Even in case of overlapping patterns (from two or three grains within the 
excited volume) ususally there is a dominant one, which is found as a solution, only the quality of 
the fit will be reduced for such patterns. 
Logically distinct steps are used to structure the program into menu-driven functional units. First 
the measured diffraction must be calibrated (primary beam energy, camera length, pixel size) and 
the center of the pattern must also be located (in pixel numbers). It is assumed that the pattern 
center only makes a minor movement between patterns of the same set. The origin of this possible 
slight movement might be the scanning of the beam. This minor movement is tracked and corrected 
for automatically during automatic processing. Next, Templates are generated for all of the phases 
to be considered. Template-matching assignes a phase and an orientation to a given diffraction 
pattern (that corrsponds to a pixel of a scanned image) and this result is saved. Visualization in the 

Automatic processing of a large number of electron diffraction 
patterns in the TEM

JÁNOS L. LÁBÁR1, Z. FOGARASSY1

1 MTA EK MFA, Budapest



DIFFRACTION TECHNIQUES AND SPECTROSCOPYINSTRUMENTATION AND TECHNIQUES 63

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

next step starts from these saved results and includes several options. The identified orientation of a 
phase can be plotted on the sterographic projection. Integration of the direct beam region in each 
pattern is used to produce a virtual bright field (VBF) image. Asignment of intensites to image 
points is done according to the scanning-parameters (number of lines and columns) of the 
experiment. Similarly, a virtual image, corresponding to the one recorded by a high-angle annular 
dark-field detector (VHHADF) can also be calculated by integrating the intensities in the measured 
pattern along a belt that excludes the central region. On the same scanning image the quality of the 
fit or the uniquness of the olution can also be visualized. Phase maps are rendered similarly. 
3. Experimental 
Experimental patterns are recorded on a Cs-corrected FEI Themis TEM, operated at 200 keV. The 
corrector is in the imaging part and the probe is not corrected. The size of the C2 aperture is 20 µm, 
to ensure small-sized, nearly parallel illumination. The patterns are recorded on a 4k*4k CETA 
CMOS camera controlled by the TIA rpogram. The presentation will provide examples of 
application of the new program. 
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Donwilhelmsite - a new mineral from the Moon  
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The new mineral “donwilhelmsite” [1], calcium aluminium silicon oxide (CAS) phase, formed in 
shock melt pockets in the lunar meteorite Oued Awlitis 001. The meteorite is classified as an 
anorthositic lunar melt rock [2]. Shock melt pockets 100 µm in size of roughly anorthitic chemical 
composition contain bundles of up to 20 µm long and less than 1 µm wide needle-shaped crystals 
(Fig 1).  
 
A lamella was cut out of the thick section NHMV-O104 with a focused ion beam (FIB) to study the 
structure of needle-like donwilhelmsite crystals. The sample was investigated by Precession 
Electron Diffraction Tomography (PEDT) using a Philips CM 120 TEM (LaB6, 120kV) equipped 
with a NanoMEGAS precession unit DigiStar and an Olympus SIS CCD Veleta (2048x2048 pixel) 
camera. The data were collected from 50° to +50° with a step of 1° and a precession angle of 1°. 
The data were processed in the PETS software. Structure solution and refinement were performed 
in the computing program package Jana2006. Donwilhelmsite structure was solved by the charge 
flipping algorithm using the program Superflip, and refined using dynamical approach [3]. 
 
Eight datasets (Fig. 2) were collected with average lattice parameters a = 5.44(1) Å, c = 12.76(3) Å, 
space group P63/mmc. The structure is identical to the one of synthetic crystals experimentally 
produced at pressures of >15 GPa and temperatures of >1550 K by Gautron et al. [4]. The structure 
comprises M1 octahedral sheets that contain Al and Si (Fig. 2). These are intercalated with two M2-
octahedra occupied by Al, one larger site occupied by Ca coordinated by 12 oxygen atoms, and two 
Al-tetrahedra with 50% occupancy. The structure was refined dynamically to R1(obs) = 8.98%. The 
chemical composition derived from the structure model is CaAl4Si2O11, which is in good agreement 
with chemical composition of Ca1.02Al3.92Si2.06O11 obtained experimentally. 
 

Figure 1. Backscattered-electron (BSE) images of a polished and carbon coated thick section of Oued 
Awlitis 001. (a) shock melt pocket, (b) needle-like crystals of donwilhelmsite. 
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Figure 2. PEDT experiment. Reciprocal space sections (a,b,c). Structure of donwilhelmsite (d). Structure is 
composed of octahedral (M1) layers (dark blue) occupied by Al and Si in 1:2 ratio and interlayer containing 
octahedral position M2 (grey) fully occupied by Al, tetrahedral position T (grey) half occupied by Al, and 
cavity occupied by Ca (green). 
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Analytical Electron Microscopy: Recent Advances and New Applications  
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Scanning transmission electron microscopy (STEM) has proven to be an indispensable method for 
mapping the location and identity of atoms in complex materials. The introduction of spherical 
aberration correction paved the way for atomic resolution imaging by means of high-angle annular 
dark field (HAADF) and annular bright field (ABF) detectors and recently also differential phase 
contrast (DPC) imaging [1]. Additionally, an aberration corrected STEM enables atomic-resolution 
mapping of the individual elements in a material thus allowing a unique correlation of structural and 
chemical information by means of electron energy-loss spectrometry (EELS) and energy dispersive 
X-ray spectrometry (EDS). 
1. Quantitative elemental mapping 
However, quantification of atomic resolution elemental maps on an absolute scale remains a 
challenge. In most cases elemental maps recorded at atomic resolution have been only interpreted in 
a qualitative way. This situation changed with the novel simultaneous acquisition of EELS and X-
ray signals and the careful consideration of the geometry of X-ray detectors [2], thus enabling 
elemental quantification in terms of volumetric densities [3]. Absolute scale quantification 
comparisons between experiment and quantum mechanical calculations revealed the number of 
atoms in the individual atom columns e.g. in SrTiO3, but this is only possible if all scattering 
processes are fully considered [4]. Since a few years, elemental mapping has been extended to the 
third dimension by combining electron tomography methods with simultaneous EELS and EDX 
spectroscopies revealing voxel spectroscopy data at the nanoscale [5]. Advancing electron 
tomography to atomic resolution now even reveals the 3D atomic positions in core/shell 
nanoparticles [6]. 
2. The new electron energy-loss spectrometry 
Here we will concentrate on new developments in EELS instrumentation: Around 15 years ago we 
saw the hype with the monochromated STEM-EELS instruments of the first generation, which 
allowed to acquire EELS spectra with an energy-resolution down to 150 meV. This development 
was extremely important for studying surface plasmons on noble metal nanoparticles and 
nanostructures by taking advantage of the electron microscope’s unbeaten high spatial resolution. In 
the meanwhile, STEM-EELS is the main microscopic method for imaging of surface plasmons 
starting with Au and Ag nanoparticles [7] via flat nanostructures [8] to 3D nanoscale mapping of 
coupled plasmonic nanoparticles [9]. Recently, we could gain a quantitative understanding of the 
light coupling of dark plasmonic modes by simultaneous EELS and cathodoluminescence (CL) 
spectroscopy [10]. A new generation of a monochromated microscopes was introduced in 2014 and 
now these instruments deliver an energy resolution in the sub-20 meV regime. It gives access to a 
range of new and unique experiments hitherto impossible on any other electron microscope: 
vibrational spectroscopy with a nm-sized probe or even smaller [11]. 
Another important improvement for EELS comes with the introduction of direct-electron-detectors 
which can be attached to EELS-spectrometers and energy-filters [12]. We will show that the  
improved detective quantum efficiency enables low-dose elemental mapping of radiation sensitive 
organic matter, trace element analysis and higher signal-to-noise ratios for high energy ionization 
edges [13]. 
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3. New application examples 
Finally, we will describe two new applications of analytical STEM at atomic resolution. Firstly, we 
will describe the quantitative analysis of interstitial Sr atom colums in silicon by combining STEM 
and DFT simulations [14] and secondly the diffusion defining atomic-scale spinodal decomposition 
within nanoprecipitates in an Al-alloy [15]. 
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Vibrational STEM-EELS simulations at atomic resolution 
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We have investigated the potential of the so-called “delta thermostat” [1] for vibrational Scanning 
Transmission Electron Microscopy Electron Energy Loss Spectroscopy (STEM-EELS) 
simulations. The phonon-loss processes are thereby modeled within the frozen phonon 
approximation by a combination of Molecular Dynamics (MD) and elastic multislice calculations. 
The method was applied to the simulation of a 15 nm flake of hexagonal boron-nitride (hBN). 
Vibrational spectroscopy in the electron microscope became only possible a few years ago after   
incremental advances in several components of EELS instrumentation and the development of new 
monochromators [2]. It was noted back then that the phonon-EELS signal contains both low- and 
high-resolution components [2-4]. In a recent paper by Hage et al it was demonstrated on hBN, 
that spectral mapping of atomic structure using the phonon sector in EELS is possible [5]. They 
found suitable detector positions in order to exploit the high-resolution component of the 
vibrational EELS for atomic resolution STEM images. Their results show furthermore that high 
angle phonon scattering carries atomic scale information and that this contrast is somewhat lost in 
low angle phonon scattering. These findings are supported by computer simulations using the 
quantum excitation of phonons (QEP) model [6], in which the atomic vibrations are treated by 
means of an Einstein model. The Einstein model neglects correlations of the motion of atomic 
nuclei, since each atom is modeled to vibrate independently from all other atoms.
The second important development, that enabled this work, happened in the field of Molecular 
Dynamics (MD) simulations. Stochastic thermostats based on the Langevin equation and the 
Generalized Langevin Equation (GLE) can be tailored for a range of applications, such as 
improving the sampling efficiency of Path-Integral MD simulations and modelling Nuclear 
Quantum Effects at low cost [7]. One interesting flavor of these thermostats is the so-called delta 
thermostat, which allows to heat only those normal modes, whose frequencies lie within a narrow 
interval around a selected peak frequency.
Within the frozen phonon approximation, the image or diffraction pattern (DP) including phonon 
scattering is an incoherent average over elastic electron scattering images or DPs calculated using 
the thermally distorted structure “snapshots”. The key idea of our work lies in the generation of 
the structure snapshots: instead of an Einstein model the delta thermostat is used in a MD 
simulation. By “scanning” the peak frequency of the delta thermostat over the phonon-loss region, 
N structure snapshots, corresponding to atomic displacements of the heated phonon modes are 
generated.  These snapshots are subsequently used as inputs for elastic electron scattering 
simulations  utilizing the multislice method. This procedure yields a set of exit wave functions Ψ 
for each frequency. In the spirit of Ref. [4], the phonon signal (the intensity due to phonon 
scattering) is computed from these exit wave functions as the difference of the incoherently 
averaged intensity and the intensity of the coherently averaged exit wave functions, i.e., 

 
where is  the position in the image plane and z is the thickness at which the signal is considered. 
Using this procedure, the phonon-loss sector in EELS is simulated and it is possible to match the 
frequency or energy of a phonon mode with the predicted electron intensity. Given a suitable inter-
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atomic potential for the MD simulation, our method should improve upon the simulations in Ref. 
[5] by taking into account correlations between atomic vibrations.
The main results of our work are summarized in Figure 1. Two spectra of the phonon-loss region 
for a dark field (DF) detector, one for the beam centered on an atomic column and one centered 
on a “hole” of the hBN structure, are shown in Fig. 1a. A clear difference in intensity between both 
spectra is observed, leading to atomic scale contrast in Fig. 1b), which shows a STEM image in 
which the intensity of a pixel is the integral over the phonon-loss sector for the corresponding 
beam position. The contrast of 0.55 agrees well with the contrast of 0.52 reported in Ref. [5]. 
Figure 1c) shows spectra for a bright field (BF) detector at the same beam positions as in Fig. 1a). 
It is evident that the difference between on column and off column spectra is substantially smaller 
in the BF than in the DF case. This leads to a much lower contrast in the tentative BF image in 
Fig. 1d) and in agreement with Ref. [5]. The lack of hexagonal symmetry apparent in the BF image 
is most likely caused by not yet reaching full convergence by averaging over 48 structure 
snapshots. Phonon impact scattering is only a tiny fraction of the total elastic scattering cross-
section (~10-4) in the bright field and reaching full convergence is thus computationally 
demanding.
In summary we have found good agreement in image contrast between our results and those of 
Ref. [5] but the tentative BF image is distinctly different from the simulated BF image of Ref. [5].
We acknowledge funding from Swedish Research Council and Swedish National Infrastructure 
for computing (SNIC) at the NSC center (computer cluster Tetralith).
 

Figure 1: Visualization of the main results of this work: a) phonon-EELS spectrum with detector 
in DF position. b) STEM-image with detector in DF position, c) phonon-EELS spectrum in BF 
position, c) STEM-image with detector in BF position.
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Structure and Properties of Novel 1D Self-organized TiO2 Nanotubes Deposited 
by MoS2 and CdS via Atomic Layer Deposition 
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The self-organized TiO2 nanotube layers have attracted considerable scientific and technological 
interest over the past 15 years, motivated by the range of applications including photo-catalysis, 
solar cells, hydrogen generation and biomedical uses [1]. The synthesis of 1D TiO2 nanotube 
structure of high aspect ratio is carried out by a conventional electrochemical anodization of Ti 
sheet.  
One of the major issues to extend the functional range of nanotubes is to coat homogenously tube 
interiors by a suitable secondary material to tailor surface properties and expand the application 
portfolio of these unique 1D layers.  
The poster will focus in recent successes in the coatings of the TiO2 nanotube arrays via the atomic 
layer deposition (ALD). In particular, it will be presented properties of: 
A) Homogeneously decorated TiO2 nanotubes with ultrathin 2D MoS2 nanosheets by the ALD, 
which were used for the first time for Li-ion batteries anodes [2]. When employed as anodes for 
Li-ion batteries, the MoS2-decorated TiO2 nanotube layers show a superior performance compared 
to their pristine counterparts with more than 50 % higher areal capacity and ~70 % higher 
gravimetric capacity.  
B)  Homogeneously deposited TiO2 nanotubes with few nm thin layer of CdS light absorber, which 
revealed a strong influence on the light absorption profile within the CdS/TiO2 heterostructure and 
on sub bandgap tail of CdS within the TiO2 nanotubes. As a result it showed up nearly 80 % trapped 
photons converted into electrons. All these aspects make this heterostructure very promising for the 
next generation of highly performing solar cells [3]. 
Both created heterostructures will be demonstrated via SEM and STEM-HAADF imaging and via 
STEM-EDX elemental mapping with use of a quadrant SUPER-X spectrometer, as a powerful tool 
to thoroughly analyze deposited structures. 
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Correlative Raman microscopy, SEM and EDX – examples of application and 
best practice 
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Recent years have seen the introduction of commercially available systems that integrate fully 
capable Raman microscopes with scanning electron microscopes (SEM) [1]. This opens up the 
exciting possibilities of combining high resolution SEM and elemental analysis by energy 
dispersive X-ray spectroscopy (EDX) with chemical mapping by Raman microscopy for a broad 
audience from fundamental research to industry.  
When it comes to correlative Raman-SEM, in addition to having the equipment it is also necessary 
to have experience with both measurement techniques. On one hand, both techniques have specific 
requirements with regards to sample preparation, which need to be carefully arranged if a sample is 
prepared for correlative measurements. On the other hand, the interpretation of the results on a 
complex sample usually requires experience in SEM-EDX and especially in Raman microscopy. On 
top of that, issues specific to the combination of the two techniques such as carbon contamination 
and chemical deterioration by the electron beam [2] or correct correlation of measurements with 
significantly different resolution and contrast mechanism need to be considered. In addition, the full 
performance of the Raman microscope can only be achieved in a “off axis” setup as shown in figure 
1, which further complicates the instrument operation, as the sample has to be moved precisely 
between the two measurement positions. To sum up a lot needs to be considered in correlative 
Raman-SEM-EDX microscopy and some general best practices guidelines are very helpful for 
anybody venturing into this field of research. 

 

 
Figure 1: Left: Image of the sample chamber and detectors in a combined SEM-EDX-Raman (Zeiss Sigma 
300 VP; Oxford X-Max 80; WITec RISE); Right: Schematic Drawing of the “off axis” setup and sample 

movement for correlative measurements. 
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Our institute has extensive experience with both SEM-EDX and Raman microscopy in fundamental 
research as well as in cooperation with partners from industry. In 2017, a combined SEM-EDX-
Raman (Zeiss Sigma 300 VP; Oxford X-Max 80; WITec RISE) was installed at our institute. Since 
then a broad range of samples has been investigated, a particularly exotic example of which, a 
meteorite, is shown in figure 2. Other types of samples that have been investigated include metal-
oxides, inclusions in metals, metal-organic compounds, pharmaceuticals, polymers, organic-
inorganic compounds and diverse particles (from micro to nano). Using some of these examples, we 
would like to outline general benefits of the addition of Raman microscopy to the established 
combination of SEM and EDX, such as readily available information about hydrogen bonds or the 
possibility to identify organic compounds. Additionally we would like to point out specific benefits 
with regards to the concrete examples shown, such as using the superior depth of focus of the SEM 
to guide Raman point measurements on a rough surface or confirming a difference in chemical 
composition that can only be inferred from the contrast in the SEM image. On top of that, the most 
important considerations concerning sample preparation and the limitations that arise from them 
will be discussed. Furthermore, some best practices guidelines to avoid problems that can occur due 
to beam damage by both the laser and electron beam will be presented.  
 

Figure 2: Correlative Raman-SEM-EDX of a meteorite. Left: SEM (BSE) image with an overlay of a Raman 
mapping, the phases are shown in the same color as the spectra on the right. Note that the metallic phases 

(bright parts in the BSE image) cannot be identified by Raman microscopy. Right (top): Raman spectra with 
the identification of the phases. Right (bottom): Complementary EDX spectrum identifying the composition 

of the metallic phases. 
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Direct costs due to corrosion worldwide amount to 3% and in some countries up to 5% of the GDP 
(gross domestic product) [1][2]. Secondary cost like production losses or efficiency loss can be much 
higher [3]. Apart from these enormous costs and the economic consequences, in many areas, 
corrosion represents a very high safety risk (e.g. aircraft and pipelines). Microbiologically influenced 
corrosion (MIC) is responsible for 20% of all corrosion damage [4]. In this context, there is great 
interest in understanding MIC especially, since it has been shown that some microbes slow down the 
rate of corrosion [5], while others speed it up [6]. It is important to note that one of the difficulties in 
understanding MIC is that the composition of bacterial cultures and biofilms can vary greatly [7]. 
This makes any newly discovered composition an interesting topic to study. 
During experiments in the Koralmtunnel, a bacterial strain was found, whose main mass consists of 
iron-oxidizing gallionella ferruginea, sulfur-oxidizing thiothrix and methanotrophic bacteria. In 
figure 1, the typical corrosion structures of the dominating bacteria is shown. This bacterial strain 
causes MIC and as a result a biofilm is formed (figure 1). 
 

 
 
Figure 1: Left: SEM-image of typical microbial corrosion structures measured on a powder sample from the 

experimental setup in the Koralmtunnel (Right). The red mucus in the pipes is a biofilm, formed 
by the bacterial strain. 

 
To study the effects of  this strain, various steel samples, with different composition and roughness, 
a 3D printed steel, and three pipes (copper, lead, steel) were placed in the experimental setup (figure 
1, right). Both a macroscopic and microscopy analysis of the samples is performed. On the 
macroscopic side, the average corrosion rates are determined by etching in accordance with Standard 
G1-03 [8] and the pitting corrosion rate is determined using infinite focus microscopy.  
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On the microscopic side a novel technique that combine Raman imaging with scanning electron 
microscopy (SEM) and energy dispersive X-Ray spectroscopy (EDX) (Zeiss Sigma 300 VP; Oxford 
X-Max 80; WITec RISE) is applied. The correlative Raman microscopy complements the established 
SEM-EDX combination with information about chemical bonds and oxidation states. An example of 
a correlative SEM-EDX-Raman measurement of a powder sample from the experimental setup is 
shown in figure 2. The Raman spectra shows hematite and biotic maghemite. The EDX-mappings 
shows the distribution of iron, oxygen, silicon and calcium. 
 

 
 
Figure 2: Top: Left (top): SEM-image with Raman positions; Right (top): Raman spectrum: red  hematite; 

blue  biotic maghemite; Bottom: EDX-mappings 

To quantify the influence of MIC on the corrosion rate and separate the corrosion products of regular 
corrosion and MIC, a reference measurement with equal samples is necessary. This was done by 
removing the bacteria strain by a filter method from the water. The water from the Koralmtunnel 
without the bacteria strain was then filled in a reactor, which was positioned in the tunnel as well to 
ensure comparable environmental conditions, and the flow rate was simulated by means of a magnetic 
stirrer [9]. Both, the original samples and the reference samples (Figure 3) were weighed before the 
experiment and placed in the appropriate experimental setup for 3 weeks. Thereafter, the corroded 
material was removed by etching according to standard G1-03 [8] and the material loss of the samples 
was compared. 
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Figure 3: Left: Experimental setup for reference measurement. The flow rate was simulated by means of a 

magnetic stirrer, with a rotation speed of 800 revolutions per minute. Right: Equal steel with equal 
roughness. MIC: Sample after MIC; Ref: Reference sample after Corrosion without MIC; MIC (etched): 

MIC-Sample after etching; Ref (etched): Reference-sample after etching; 

 

In this contribution both the influence of MIC on the corrosion rates and the microscopic 
composition of the corrosion products as measured by correlative SEM-EDX-Raman will be 
discussed. A special focus will be on the specific benefits of the correlative SEM-EDX-Raman 
approach for the analysis of corrosion. 
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Alpha-synnuclein affects differently the  internal and external leaflet of the lipid 
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Abstract 
Peptides and proteins possess an inherent tendency to convert from their native functional states 
into intractable amyloid aggregates. This phenomenon is associated with a range of increasingly 
common human disorders, including Alzheimer and Parkinson’s diseases, type II diabetes, and a 
number of systemic amyloidosis . Amyloid toxicity is associated to the interaction between 
aggregates of protein and cell membrane in particular with the lipid part of the cell membrane. By 
simplifying the system, it is possible to systematically study the interaction of such protein 
aggregates with lipid membranes.   
Atomic Force Microscopy (AFM) is an approach to study topographical changes at the nanoscale 
including local biomechanical properties. As well, AFM is powerful biophysical approach for the 
study of planar supported lipid bilayers (SLB) of variable composition as membrane model 
systems . In the current work we used a protocol that has been developed for preparing defect-
free planar bilayers with the coexistence of both fluid and gel lipid phases [3]. In particular, we 
employed two different lipid mixtures, mimicking the composition of both the external and internal 
leaflet of the neuronal cell membranes. The main difference between the two mixtures is the 
localization of the lipid head-group negative charge, confined in the gel phase and in the fluid phase 
for external and internal membrane, respectively. Among all the possible amyloidosis, here we 
focus on Parkinson’s disease (PD). We found that the interaction with α-synuclein, the main peptide 
involved in PD, induced significant damages in SLBs with different extent in the two investigated 
lipid mixtures. These results highlighted the fine interplay between protein aggregates characteristic 
and membrane composition and organization as a key factor in the cytotoxicity of amyloid 
aggregates.  
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In the last decays, new approaches pave the way to super-resolution (SR) microscopy. SR 
microscopy goes beyond the diffraction limit [1], providing spatial resolution in the order of the 
nanometer scale. The use of SR offers new insights into biological processes at the, hitherto 
inaccessible, molecular scale [2]. Since almost all the SR techniques are based on fluorescence [3-
4], it is clear the great role played by the fluorophore and by the labeling technique. An optimal 
molecular dye must provide high brightness, stability, and specificity. While the first two properties 
are associated with the molecular structure of the fluorochrome itself, the former depends on the 
approach that is exploited for the recognition and binding of a molecular target. Moreover, the dye 
must not influence the biological processes under investigation. Different labeling approaches are 
available and are nowadays very standard procedures. On the other hand, a direct assessment of the 
efficiency and homogeneity of the labeling, as well as of the influence that the fluorescent tag has 
on the molecular activity, is not readily achievable. We investigated the formation process of 
amyloid aggregates, from monomeric insulin, Aβ1-42 and Aβ1-40 by using AFM-STED correlative 
nanoscopy.  
We induced the in-vitro aggregation of insulin and Aβ1-42, and we used standard and well-
consolidated methods for protein labeling. We demonstrated that the aggregation process of all the 
peptides depends on the presence of the fluorescent dye. In particular, the labeled peptides are not 
stochastically contributing to the formation of the amyloid fibrils, but they tend to assemble only in 
a fraction of aggregates, while a significant group of fibrils is completely unlabeled.  This result 
suggests the coexistence of two simultaneous aggregation processes, producing well distinct 
aggregates. These new findings generate a warning: only a fraction of the products derived from in 
vitro aggregation can be imaged by fluorescence techniques [5].  
AFM-STED correlative nanoscopy is a unique instrument that can provide direct control of the 
fluorophore distribution within the sample, working at the molecular scale. Furthermore, it can 
detect the presence of unpredictable effects induced by the dye molecules on intermolecular 
processes. 
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In all in situ heating experiments, an accurate reading of the applied temperature as driving force for 
phase transitions and other effects is the basis for retrieving interpretable and reliable results. For the 
MEMS heater chip manufactured by DENSsolutions, a four-point probe resistive measurement of the 
heating spiral tunes the temperature with an accuracy of more than 95 % [1]. However, as the thermal 
contact between heater chip and specimen is usually not well defined, methods to measure the actual 
sample temperature locally in a TEM are the focal point of ongoing research. These include recording 
alterations in parallel beam electron diffraction patterns of Au nanoparticles [2], plasmon peak shifts 
in EELS for Aluminium nanoparticles [3] or applying Raman spectroscopy to Silicon particles [1]. 
 
Unlike distinct particles adhering to an electron transparent SiNx membrane, a mounted FIB lamella 
is in better thermal contact with bulkier parts of the heater chip membrane. With this study, we take 
an approach towards measuring the temperature distribution across such a lamella via recording the 
shift of the Raman-active LO mode in Silicon. We carried out the measurements using a Zeiss Sigma 
300 VP (variable pressure) SEM with an integrated WITec Raman confocal microscope to simulate 
vacuum conditions inside a TEM (figure 1). The spectrometer laser features a wavelength of 532 nm 
and adjustable output power settings, which we set to 0.11 mW to obtain a reasonable signal while 
not excessively contributing to the heating of the chip (as seen with 1.0 mW). A DENSsolutions 
WildfireTM heater chip in combination with a custom-built holder (figure 1) for contacting the former 
in SEM, FIB and AFM applications provided the primary temperature stimulus. 
 

  
 
Figure 1. Left: Specimen chamber of the Zeiss Sigma 300 VP SEM installed at FELMI-ZFE, which features 

a WITec Raman confocal microscope alongside other detectors. Right: Custom-built holder to use TEM 
heater chips in (Raman-)SEM, FEBID, and AFM applications and for correlative microscopy, here combined 

with a DENSsolutions WildfireTM S3 used in our experiments. 
 
We recorded the Raman peak shift over a temperature series from 25 °C to 800 °C at 0.11 mW laser 
power and up to 1000 °C at 1.0 mW respectively, and fitted the data using the theoretical model 
suggested by Balkanski et al. [4] for calibration (figure 2). The stability of the spectrometer, the qual-
ity of the fit and the small standard deviation obtained from time series measurements result in a 
statistical uncertainty of ΔT = ±2 °C. Possible systematic errors arise due to parameters which shift 
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Raman peaks but are challenging to control during a heating experiment (mechanical stress within 
the lamella [5]) or during the manufacturing of the specimen (nanocrystallinity of the sample [6]). 
Figure 3 therefore depicts the relative temperature homogeneity at a nominal temperature set point of 
800 °C across a 6.2 µm long scan line in Si on a FIB lamella instead of an absolute temperature value. 
Clearly, temperatures in the centre of the lamella are homogeneous with respect to statistical uncer-
tainty, but 10 K to 20 K lower than close to the fixation points on the heater chip. 
 

 
 

Figure 2. a) Measured shift of the Raman active LO mode in Si between heater set points of 25 °C and 
725 °C. b) Calibration measurements for different laser powers. The dashed line shows reference data using 

the model from [4] for three-phonon scattering. 
 

 
 
Figure 3. a) FIB lamella (Si, oxide layer, Pt) on a DENSsolutions WildfireTM S3 heater chip (tilted view) af-
ter measurements. Raman line scan in Si along the indicated distance. b) Temperature homogeneity across 
the FIB lamella based on the calibration model and the Raman mode shift at a nominal set point of 800 °C. 
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In-situ/ex-situ atomic-resolution study on metallic and oxide nanocrystalline 
materials  

 
Zaoli Zhang1, Jinming Guo1 and Yonhui Zheng1 

1Erich Schmid Institute, Austrian Academy of Sciences, 8700 Leoben, Austria 
 
 
Recent development in in-situ experimental methods such as heating, biasing and straining has 
largely advanced our understanding about the materials interior structure and property relationship, 
and also enabled us to gain insights into such correlation at the atomic scale [1]. In this talk, two 
examples of our recent studies using the in-situ heating and biasing will be presented.   
 
First example will be metallic nanocrystalline materials, which obtained via severe plastic 
deformation. Nanostructure materials have received unprecedented attention since they exhibit 
extremely high strength compared to coarse-grain bulk materials. The main issue on the 
nanocrystalline materials is its thermal stability [2]. In-situ experiments on the thermal stability of 
nanocrystalline materials not only help clarifying the structural evolution in details, but also can be 
used to correlate the structure changes with the macroscopic property. Here, Cu-based alloys, i.e. 
Cu-Cr [3] and Cu-Fe [4] are investigated by in-situ HRTEM experiments. 
 
The evolution of structural and chemical composition in nanostructured materials with temperature 
was tracked in real-time. The results showed that: (i) it showed that the nanostructured materials are 
not only subjected to a structural change but also to chemical composition fluctuations upon 
annealing. This destabilization process in the nanostructured materials can initiate at a very low 
temperature while the grain sizes remain unaltered. (ii) The real-time chemical composition 
measurement exhibits the elemental concentration variation with annealing temperature (as seen in 
Figure1). This allows further analyzing the dynamic behavior in nanocrystalline materials in details, 
i.e. deducing the instantaneous diffusion coefficients and studying the interface sharpening 
phenomenon. The availability of in-situ composition profiles enables us to directly evaluate the 
excess vacancy concentration in nanocrystalline materials created by severely plastic deformation.  

Furthermore, (iii) it is found that the thermal stability of nanocrystalline materials changes with the 
impurity level (i.e. oxygen) in nanostructured materials. Single-phase Cu-Fe supersaturated solid 
solution using powders precursors which contain a different amount of oxygen is given to 
demonstrate a total different behavior upon annealing. Firstly, nanometer-scale oxides form, and 
then upon heating a decomposition of supersaturated solid solution is observed [3]. It displays a 
dissimilar behavior compared to Cu-Cr during in-situ heating. Figure2 shows the atomic-resolution 
structural evolution by in-situ HRTEM imaging.   

The second example is regarding a prototype correlated electron material, vanadium oxide (VO2), 
which is a potential candidate for optical, electrical and multi-responsive sensor applications. It 
shows a distinct reversible structural phase transition, namely metal-insulator transition at around 
room temperature (343 K). A Ti-doped VO2 film on TiO2 substrate annealed is used in the present 
study. Apart from ex-situ experiments and atomic resolution spectroscopy analysis, in-situ heating 
and biasing experiments were carried out to reveal the structural change characteristics in details as 
well as associating them with the electrical properties. It is noted that the structural anisotropy and 
structural defects induced by the cationic diffusion is relevant to the measured property [5, 6].       
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Figure1. (a) (b) and (c): HAADF STEM image demonstrating the nanocrystalline structural evolution 
process; (a) 25°C, (b) 212°C, (c) 414 °C. Particular locations labeled by arrows. (d) Elemental profile 
crossing one typical Cr-Cu interface.    

  

 
Figure2. Upper: In-situ HRTEM observations on the oxidation and decomposition of Cu-Fe supersaturated 
solid solution after severe deformation. Heating from 20°C, 100°C to 260°C, the oxidation starts at 60°C 
while the decomposition occurs at 260°C. The scale bar is 2 nm.  Lower: FFT from 20°C, 60°C, 100°C to 
260°C. The red, green and blue spots in FFTs correspond to Cu oxide, Fe oxides and pure Fe, respectively.  
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In situ TEM of electron beam induced nanocrystallization of WC and W 
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Nanocrystals of WC are receiving scientific attention since they are considered for potential 
applications as supporting material for platinum catalysts. Usually WC is prepared by solid state 
reaction of W with graphitic C at temperatures above 1000 °C or by gas solid reactions.     
In this study we co-evaporate W and C on a thin film of amorphous C or SiN (about 2 or 5 nm 
thick, respectively). Electron beam physical vapor deposition was used to make an amorphous layer 
of W and C with a thickness of about 6 nm. For the electron irradiation, in situ observation and 
structural characterization two instruments were used: a dedicated STEM (probe corrected) and a 
(S)TEM (image corrected) operating in TEM or STEM mode. 
The intermixing of W and C in the deposited amorphous layer was confirmed by EDX analysis and 
its amorphous structure by FFT of high resolution transmission electron microscope images 
(HRTEM) and diffraction patterns. A limited specimen area (between 25 and 2500 nm²) was 
exposed to an intense electron irradiation using different electron dose rates (between 10 and 
10 electrons per nm² and second). The crystallization of the irradiated area starts after a few 
minutes and is completed after 5 to 20 minutes depending on the dose rate (cf. the HRTEM image 
in fig.1). For the structural analysis of the WC crystals in addition the method of high angle annular 
dark field (HAADF) imaging was used revealing the presence of different WC phases with WC0.82 
and W2C dominating (cf. fig.2). A conformation of the WC phases was confirmed by matching the 
HAADF images with simulated images. 
 
 

 
 

 
Figure 1. HRTEM image of nanocrystalline WC 
that was achieved by intense in situ electron 
irradiation of an amorphous layer (about 6 nm 
thick) of intermixed W and C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Structural analysis of the WC 
nanocrystals (cf. fig.1) by HAADF images. The 
inset shows an image simulation indicating that 
the structure is W2C. 
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When the intense irradiation of the nanocrystals is continued it is quite remarkable that we observed 
a second phase transformation: As confirmed by in situ observations, WC nanocrystals convert to 
pure W also being nanocrystalline (cf. fig.3).  
 

 
 
Figure 3. HRTEM image of metallic W nanocrystals. The second phase transformation from WC to pure W 
was again carried out in situ with intense electron irradiation. This transition is rather suprizing, since the 
binding energy of WC is quite high (about 10 eV). The FFT (cf. inset) shows the rings of bcc W; they are 
labeled 1, 2, 3 and 4 corresponding to the planes (110), (200), (211) and (220), respectively. 
 
 
When explaining our findings one has to consider that the binding energy of WC is quite high 
(about 10 eV) [1]. This makes the probability of direct radiation displacement at 60 kV rather low. 
To investi-gate the influence of chemical etching we carried out in situ experiments at different 
pressures (at 10-10 and 10-7 mbar, respectively) by leaking in oxygen. It was found that the influence 
of the different pressures on phase transformations of the WC layer is but little. This is quite in 
contrast to our findings using a foil of pure amorphous carbon and applying the same pressures; in 
this case chemical etching is increased at the higher oxygen pressure. Therefore, it seems that other 
surface effects could be the cause for the observed phase transformation from nanocrystalline WC 
to pure W [2]. 
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Nanopatterning silver: targeted oxidation with an electron beam 
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Nanostructure fabrication allowing precise control over dimension and location is of fundamental 
interest because of its potential utilization as a next-generation manufacture method for functional 
devices, such as quantum devices, light emitting devices, and nano-sensors. In general, possible 
nano-fabrication techniques can be classified into two categories: “top-down” approaches using 
nanolithography and etching techniques, and “bottom-up” approaches using chemical synthesis, 
self-assembly or targeted nano-deposition. However, neither of those techniques can fully control 
chemical reactions at the nanometer scale: “top-down” approaches provide good control over the 
location but do not allow for chemical reactions; “bottom-up” approaches can realize either 
chemical reactions or location precision, but not both simultaneously. Therefore, it is of great 
importance to develop an approach for the direct control of chemical reactions at nanoscale. 
 
Ag has been proved subject to oxidation very easily when exposed to atomic O, while remaining 
stable in molecular O. A recent study by Sun et al. shows that the oxidation of Ag can be induced 
by ionizing O2 using electron beam irradiation in an environmental gas cell, and elemental Ag will 
nucleate under intense electron-beam irradiation above a limit [1]. However, the precise control of 
the location and dimension is yet to be achieved for the oxidation reaction, which greatly limits the 
practical significance of this technique. 
 
Inspired by the electron-beam-induced deposition (EBID), a “bottom-up” technique using a focused 
beam to decompose (metal-)organic gases, we combined the electron beam irradiation with 
chemical reactions to develop a new nanofabrication approach. Using this approach, we 
successfully fabricated patterned metal-oxide heterostructures on a Ag substrate [2].  
 
In this abstract, we report recent progress in the nano-patterning of Ag2O crystals in a Ag matrix. 
Through electron beam irradiation, Ag2O crystals nucleate and grow from metallic Ag (Figure 1a). 
By making the electron-beam into a spindle shape and irradiating the Ag substrate for 40 minutes 
(Figure 1b), nanoscale Ag2O phase was fabricated within the irradiated area showing exactly the 
same shape and size as the electron-beam (Figure 1c-d). X-ray energy dispersive spectroscopic 
(EDS) mapping results indicate the accumulation of additional Ag and O compared to the un-
irradiated region (Figure 1e-f), which proves the surface diffusion of Ag atoms from adjacent areas 
and the occurrence of oxidation reactions. Taking another step further, DigitalMicrograph scripting 
was used for the precise control of a focused electron beam, thus enabling to irradiate several spots 
for a constant amount of time (Figure 1g). Figure 1h-j shows one of our preliminary results, where 
three spots have been irradiated. It can be seen that two Ag2O nanodots with sizes down to 3 nm 
were fabricated in the Ag matrix, together with a hole. Therefore, the technique has the potential for 
controllable formation of arbitrary arrays of nanodots or nanorods. 
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Figure 1. (a) Schematic illustration of the patterning experiments in Ag. (b-j) Preliminary results 
demonstrating the controlled formation of nanostructures. 
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A rare blend of combination of in-situ scanning electron microcopy (SEM) during deformation with 
simultaneous acoustic emission (AE) technique has been employed for study the deformation 
behavior of Mg micropillars. Unique in-situ micro-indentor which holds the sensitive accustic 
emmision sensor was developed. The combination of these two techniques enables to study the 
underlying physical processes with exceptional spatiotemporal resolution. It is shown that the stress 
drops on the deformation curves caused by size-effect are in perfect correlation with the acoustic 
emission events. AE and subsequent EBSD analysis alow us to distinguished between twinning and 
dislocation slip. The internal dynamics of the twinning and dislocation slip is discussed in detail 
using statistical analysis of the data. 
 
 

 
 

Figure 1. The style to be used for graphs. 
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Temperature-induced cationic diffusion to regulate the phase transition in VO2 
film 
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As a prototype correlated electron material (CEM), vanadium oxide (VO2) is a fascinating 
functional potential candidate for strain-dominant, optical, electrical and multi-responsive sensor 
applications. This is mainly ascribed to its distinct reversible structural phase transition (SPT) 
between monoclinic (M, P21/c) and tetragonal phase (rutile structure, R, P4/mnm) around room 
temperature (343 K), accompanied with a metal-insulator transition (MIT)[1]. Generally, to fulfill 
specific smart devices, transition parameters of VO2 material, e.g., transition temperature (Tc), 
hysteresis loop width (ΔT) need to be adjusted. Researchers have proposed several strategies to 
regulate the transition property of VO2, such as elemental doping, stoichiometry engineering, strain 
field, and domain engineering. In addition to the above methods, it’s found that there is a bit 
diffusion phenomenon between VO2 film and TiO2 substrate around several nanometers, and post 
thermal annealing in the solid solution (SS) of V1-xTixO2 could drive a significantly cationic 
diffusion, resulting in spinodal decomposition (SD) alloy with recovery of MIT property[2,3]. 
Therefore, cationic diffusion under thermal annealing seems to be an alternative choice to modify 
the transition behavior of VO2. 
In this report, we found that cationic Ti diffusion induced by thermal annealing from the TiO2 
substrate could effectively regulate the Tc of VO2 (~10K decreased) as shown in Figure 1. Dark-
field (DF) transmission electron microscopy (TEM) images confirm confined M domains in the 
film after annealing via in-situ TEM, resulting in a higher domain boundary density. By using 
energy dispersive X-ray spectroscopy (EDS) technique, it reveals that the sharp Ti/V distribution 
plane on the interface of VO2 film and TiO2 substrate has disappeared after thermal annealing, and a 
high percentage of Ti atoms from TiO2 substrate could diffuse into VO2 film, which is characterized 
of a gradually decreasing Ti concentration gradient from substrate to the surface (around 100 nm) as 
shown in Figure 2. Advanced atomic EDS mapping results confirm that these diffusion Ti atoms 
still occupy the cationic site of VO2. Furtherly, scanning transmission electron microscopy high-
angle annular dark-field (STEM-HAADF) image was utilized to investigate the possible Ti 
migration pathway. Due to the strain stress[4] caused by the huge non-uniform Ti distribution inside 
the film, not only the formation of smaller M domains can be observed, but also the stacking fault 
lines (length can reach to 50 nm) along the low surface energy lattice plane will appear. Specifically, 
cationic atoms would occupy the interstitial sites of the VO2 phase in these areas, and bond with the 
nearest oxygen atoms to form VO6 octahedron, suggesting that the interstitial sites could act as the 
intermediate site during the cationic migration process [5]. 
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Figure 1 Thermal annealing regulates the structure transition behavior of VO2. a cross-section bright field 

(BF) image, and the atomic model shows the orientation relationship between VO2 film and the TiO2 

substrate. b sheet resistance versus temperature curves for VO2 and annealed VO2. 
 
 

 
Figure 2 Nanostructure and nanoscale elemental distribution before and after thermal annealing. a, b STEM-
BF image of VO2 and the corresponding Ti/V elemental distribution in the VO2 film and TiO2 substrate. c, d 

STEM-BF image of annealed VO2 and the corresponding Ti/V elemental distribution in the VO2 film and 
TiO2 substrate. 
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Light alloys based on aluminum are used in a wide range of industries, from aerospace, building 
and construction to transportation systems. Their distinguishing quality is the combination of low 
weight, corrosion resistance and their property to alter hardness through temperature treatment.  
An alloy formed from aluminum and copper can be strenghtend by age- or precipitation hardening. 
A widely used example is the Duralumin or 2000 series, which contains about 4% of copper in 
combination with additional dopants like manganese, silicon or magnesium. By a careful series of 
temperature treatments, the properties of such an alloy can be adjusted by the deliberate formation 
of a certain type of precipitate. [1] 
Due to the importance of the exact nature of the dominant type of preciptiate, the comprehension of 
the processes occurring in these materials under temperature stress is of interest for the 
advancement and optimization of light alloys and the products formed from them. Initiation and 
progress of phase separation during the early stages of solid solution decomposition are still 
important questions in metallurgy. [2] 
In order to describe transformations like these in detail, in situ transmission electron microscopy has 
become a widely used tool for the investigation of dynamic processes occuring on the micro- and 
nanoscale. Especially when combined with analytical methods like EDS or EELS, novel insights 
into precipitation can be gained by thorough interpretation of the observed events in the sample. 
The material discussed in this study is an alloy formed from aluminum and 4% copper, with a small 
amount of Si and Mn. FIB lamellae were extracted from alloys with two distinct pre-treatments 
during fabrication and mounted on MEMS chips for a DENSsolutions Wildfire heating system. 
During the investigation in the TEM these samples were subjected to temperatures ranging from 
room temperature to 300°C. The system used for the experiments was a probe corrected FEI Titan³ 
G2 60-300 featuring a SuperX EDS system. Since the monitored processes are at least partially 
reversible, all investigations during the heating experiment have to be performed at the indicated 
temperature to ensure that no additional transformations occur during temperature fluctuations. As 
presented recently, EDS measurements with a SuperX can be performed at these temperatures with 
a Wildfire system without corrupting the EDS results. [3] 
Figure 1 shows an overview tableau of HAADF images of a lamella from the AlCu4 F alloy at 
different temperatures: during the first heating steps, the Al2Cu precipitates visibly grow (blue 
arrows), gathering the necessary Cu by diffusion from the matrix material. At 275°C they start to 
dissolve, as seen by the retreat of the grain boundary and by a total decomposition of parts or even 
whole precipitates. In parallel, a single Mn-rich grain starts to form from the matrix. The 
temperature ramp was stopped at 300°C due to the gradual decay of the bulk material of the 
lamella. During the subsequent cool down to 200°C, a slight growth can be seen in the large 
preciptiate at the left side (green arrows). The overall duration of the heating experiment was 390 
min.  
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Figure 1. HAAFD images illustrating growth and decomposition of Al2Cu precipitates in an AlCu4 alloy (Al 
with 4% Cu) during temperature treatment from room temperature up to 300°C, and from 300°C down to 

200°C 
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Figure 2 presents a more detailed view of the two precipitates in the central area (indicated by the 
blue box): Precipitates grow and reshape during the first steps of the heating process; the obvious 
conversion from an agglomeration of smaller grains to a larger and more rounded shape is 
presumably driven by Ostwald ripening. [4] At 275°C, the precipitates start to dissolve in the 
surrounding matrix. 

     

     
 

Figure 2. Growth and decomposition of the two precipitates shown in the center of the HAADF images in 
Figure 1 

 
The “F” state of this type of alloy denotes the “as fabricated condition”. This indicates that the 
material was cooled down slowly during fabrication, predominatly triggering the formation of 
Al2Cu precipitates (θ-phase) distributed in the α-Al phase. Since different heat treatments during 
the fabrication process can lead to various other precipitate types, comparative TEM in situ study 
with several differently hardened  AlCu alloys can provide novel insight into this widely used class 
of materials. 
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Nanoscale strain mapping in metallic glasses during in situ deformation 
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Metallic glasses (MGs) are an exciting new class of materials due to their unique mechanical 
properties, such as high strength and good wear resistance [1]. However, potential applications are 
hindered by their low ductility caused by the formation of shear bands causing catastrophic failure. 
While progress in the understanding of deformation localization was made using colloidal solids or 
molecular dynamics simulations [2], an experimental understanding of the fundamental deformation 
mechanisms in glasses is still lacking due to their disordered nature inhibiting direct imaging. 
Therefore, to study the deformation of metallic glasses at the nanoscale, in situ deformation is 
carried out inside a transmission electron microscope (TEM) using a Hysitron PI-95 Picoindenter. 
Samples for in situ deformation are made from bulk CuZr-based MG rods produced by suction-
casting using focused ion beam machining.  
 
Figure 1 shows the result from an in situ tensile test acquired in TEM bright-field mode. The sample 
is 200 nm thick. The corresponding load displacement curve shows elastic deformation followed by 
abrupt fracture with no indication of tensile plasticity. To obtain further information on the 
deformation behavior of the MG sample, we use scanning nanobeam electron diffraction to measure 
the local elastic strain during in situ deformation with nanometer resolution [3,4]. Figure 2 (left) 
shows the experimental procedure. An electron beam scans over the sample and for every probe 
position a full diffraction pattern is recorded using a fast electron detector. By fitting an ellipse to 
the first order diffraction ring a strain map can be determined. Figure 2 (right) shows the resulting 
strain maps obtained during continous loading. The strain in tensile direction and normal to it and 
the shear strain (εxx, εxx, εxy) are shown. During loading the strain in tensile direction as well as the 
compressive strain normal to it increase, while the shear strain reamains close to zero. In addition, 
the strain maps reveal significant inhomogeneities, showing the importance of measuring the local 
transient strain field [3]. 
 
In conclusion, we show an experimental setup capable of recording time-resolved strain maps with 
a spatial resolution down to 1 nm. The experimental measurement of local quantitative strain 
enables greater insight into the deformation processes in MGs on the nanoscale and yields the 
potential for direct comparison with atomistic simulations on similar size scales. 
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Figure 1. The stress-strain curve recorded during in situ TEM deformation of a metallic glass shows linear 
elastic elongation of the tensile specimen followed by fracture. Two frames corresponding to the initial state 
and the elongated state are shown in (a) and (b). After elongation the sample frac-tures abruptly and shows 
no ductility (c). 
 

  
Figure 2. Experimental setup (left): A dog-bone shaped metallic glass sample is deformed in situ in the 
scanning transmission electron microscope (STEM) using a slightly converged electron beam. During 
scanning, a full diffraction pattern (DP), showing a characteristic amorphous ring, is acquired at every probe 
position. A best fit ellipse is computed for every DP and used to determine the local strain. 
Result from the nanodiffraction maps recorded during in situ deformation (right): For visualization of the 
elliptic distortions, the mean DP is shown along with the best fit ellipse. The small distortion caused by the 
tensile strain can be seen when comparing the elipse detemined for the unstrained and strained cases. Full 
strain maps are computed by fitting the elliptic distortion for each individual DP and converting it to a strain 
tensor. 
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Advanced techniques for low- and very-low energy SEM using reflected and 
transmitted signals 

Ilona Müllerová, Benjamin Daniel, Ivo Konvalina, Lud k Frank and Eliška Materna Mikmeková
Institute of Scientific Instruments CAS, Královopolská 147, 612 64 Brno, Czech Republic

There is a need for new diagnostic techniques to be developed for the study of new materials. The 
scanning low-energy electron microscope (SLEEM) equipped with a cathode lens in a specimen 
region [1] offers an innovative tool that enables samples at nanometre lateral resolution in both 
reflected (RE) and transmitted electrons (TE) to be seen. This diagnostics can be helpful for the 
study of freestanding graphene samples as well as other 2D materials. Interest in thin- and most 
notably 2D-materials is due to their unique physical properties that manifest when heat transport 
and charge is confined to a plane. Furthermore, layered 2D materials exhibit a combination of 
excellent electronic, mechanical, optical and thermal properties, which may substitute the 
commonly used materials in electronics, photonics, catalysis, biosensors, etc. and offer many 
innovative applications. 2D materials appear the most suitable candidates for the creation of a new 
generation of electronic devices, many examples of which have already been practically realized.

Figure 1 shows micrographs of commercial graphene (http://www.tedpella.com) prepared on a 
copper film using CVD technology, released and deposited on lacey carbon with eyes from the 
hundreds of nm up to a maximum of 2 μm in size, lying on a 300 mesh copper grid. A sample 
declared as 1LG, 2LG, and 3–5LG was used for the imaging in reflected as well as transmitted 
electron modes, at several primary beam energies of electrons. The RE signal was composed of 
both secondary and backscattered electron emission, accelerated in the cathode lens field toward the 
detector. In the RE frames, the maximum contrast between graphene layers and lacey carbon 
appears at 1 keV and decreases toward higher and lower energies due to extending and shortening 
information depth, respectively. While these images identify empty holes, they do not reveal thicker 
islands of graphene. In the TE mode, multilayer graphene islands are not visible above 100 eV. This 
fact underlines the suitability of very-low energy electron microscopy for the examination of 2D 
crystals. Challenges with regards to interpretation are presented by some details that invert their 
contrast more than once, see the arrow in the figure below. These probably arise from 
contaminations that become charged. The typically used counting of graphene layers with Raman 
spectroscopy confronts the issue of light optical imaging’s low lateral resolution of. As SLEEM 
provides a much higher resolution, it is worth checking its selectivity for the same purpose. 

Figure 1. Freestanding graphene sample of 3 to 5 layers imaged in reflected and transmitted electrons at 
various low-energy landing electrons imaged in the SEM Magellan 400.
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A Magellan 400 scanning electron microscope with standard vacuum condition (5x10-4 Pa) in the 
specimen region was used for the contrast observation of individual atomic layers. A special
procedure was developed to clean the specimen. The equilibrium between desorption and 
absorption on the specimen surface was ascertained before the imaging [3].

Two ultrahigh vacuum (1x10-8 Pa) experimental set ups of SLEEM with a field emission gun are 
also used for the experiments, see Figure 2.

Figure 2. Experimental ultrahigh SLEEM vacuum (left) and SLEEM equipped with time-of- flight 
spectrometer (right).

The ultrahigh SLEEM vacuum is equipped with a detector for reflected, transmitted and Auger 
electrons. The ion cleaning and heating of the specimen are also available. The SLEEM with time-
of- flight (TOF) spectrometer operating at energies below 100 eV was designed [4] to understand 
contrast formations at very low energies. The inelastic mean free path can be calculated from the 
measured transmitted signal to evaluate the thickness of very thin films of modern structures. 

We found that the transmissivity of graphene layers for very slow electrons decreases, although an 
increase would be expected with respect to the IMFP “universal curve” [5]. Similarly, the IMFPs of 
Fe film on W (110) are much smaller in this energy range [6]. It can be assumed that the IMFP 
depends much less on energy than given by the “universal curve” and theoretical calculations. [7].
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Improvements in Environmental Scanning Electron Microscopy - Universal 
Pressure Scanning Electron Microscopy (UPSEM) 
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The Environmental Scanning Electron Microscope (ESEM) enables the opportunity to investigate 
electrically insulating, biological and even wet samples without extensive sample preparation [1]. 
The imaging gas inside the sample chamber suppresses negative charging and prevents outgassing 
of the sample. This microscope technique opens new possibilities for electron microscopy. Wetting 
experiments can be performed by using water vapor as imaging gas and a cooling stage for the 
sample and catalytic processes can be investigated in situ by using a specific gas and a heating stage 
[2]. The negative side effect is the decreasing signal to noise ratio (SNR) with increasing chamber 
pressure. As a result, experiments must be done at lowest possible pressure (far away from reality), 
high electron energies (large interaction volume), long dwell times (poor time resolution for in situ 
experiments) and large electron beam currents (problematic for radiation sensitive samples). 
 
However, research activities in the last few years have shown that state of the art microscopes are 
working far away from physical limits. The key to high image quality at high pressures is to reduce 
primary beam scattering as far as possible while maintaining ideal operation conditions for the 
secondary electron detector [3, 4]. 
In the Thermo Fisher Scientific (FEI) Quanta series ESEMs the gaseous environment in the sample 
chamber is separated by two Pressure Limiting Apertures (PLA) and a differential pumping system 
from the high vacuum inside the electron column. Nevertheless, Monte Carlo simulations and 
experimental results have shown that a lot of gas streams through the PLA upwards and a 
significant amount of electrons are lost for imaging even before the beam is entering the sample 
chamber [5]. The most straightforward way to improve image quality is to decrease the PLA 
diameter, which unfortunately also reduces the maximum available field of view. 
 
In this work, a new pressure limiting aperture holder, based on Monte Carlo simualtions and 
experimental results, is presented which improves the high pressure performance of the microscope 
even at the same field of view. The direction of the upstreaming gas flow is redirected in a way to 
minimize the interaction with the primary electron beam. In figure 1 the additional stagnation gas 
thickness (aSGT), which represents the effective distance the electron beam must overcome inside 
the gaseous environment above the first PLA, can be seen for the original design (GSED) and 
different PLA diameters using the optimized aperture holder. It can be seen that the aSGT is about 1 
mm shorter be using the optimized system even at the same PLA diameter of 500µm. 
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Figure 1. Additional Stagnation gas thickness as a function of chamber pressure for the original design 

(GSED) and different PLA diameter using the optimized aperture holder 
 

Usually the secondary electron detector in ESEMs is a flat positively biased electrode positioned 
sideways or directly at the end of the pole piece. Secondary electrons are attracted and accelerated 
towards the detector and on their way collision ionization amplifies the signal. With increasing 
pressure, the amplification efficiency decreases because electrons do not gain enough energy 
between collisions to ionize the gas. However, nearby a needle detector with very small tip radius 
(R < 10 µm) the electric field is strong enough for amplification and by positioning the needle on 
the sample table it operates at ideal conditions regardless of pressure and working distance. A by-
product of this design is that the conventional position of the backscatter electron detector at the end 
of the column is no longer blocked by the SE detector. In figure 2 the optimized design can be seen 
in comparison to the design of the Quanta series microscopes. 
 

 
 

Figure 2. Comparison of the different designs (left: Quanta Series, right: ZFE [patent pending [6]]) (ED: 
environmental distance, WD: working distance, SGT: stagnation gas thickness, ED-SGT = aSGT additional 

stagnation gas thickness) 
 
With this optimized high pressure design the limits of conventional ESEM technology can be 
crossed. Imaging at higher chamber pressures up to one atmosphere (see figure 3), investigations of 
pollen germination in water (wetting experiment at 16°C, Japanese sugi pine, Cryptomeria japonica, 
see figure 4) and much more is possible. 
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Figure 3. left: Overall performance comparison (5kV, 1500 Pa H2O, 30 µs dwell time, 0.4 nA);  
right: Copper wire imaged at atmospheric pressure (30 µm PLA diameter, 30 kV) 

 

 
 

Figure 4. Pollen germination in water (Japanese sugi pine, 10keV, ~1800 Pa H2O, 16°C) 
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Assessing the thickness error rate of quantitative STEM measurements 
 

Radim Skoupy1 and Vladislav Krzyzanek1 
1Institute of Scientific Instruments of the CAS, Brno, Czech Republic 

 
Quantitative scanning transmission electron microscopy (qSTEM) analysis is one of the few 
methods which provide determination of sample thickness in an electron microscope. We focus in 
more detail on the accuracy of such type of thickness determination. To compare individual detector 
segments and their accuracy we used – analogically to our previous work with a BSE signal [1] – a 
sample with a thickness known in each point – a latex nanosphere with a nominal diameter of 
616 nm (S130-6, Agar Scientific, United Kingdom). We measured the diameter of 575 nm in the 
case of the shown particle (Fig. 1). The accurate diameter was assessed for each particle during the 
image processing.  

 

Figure 1. The latex nanosphere images captured simultaneously in BF and HAADF. 

The Monte Carlo simulation, which plays a crucial role in assigning the correct sample thickness to 
the captured and normalized STEM signal intensity, was performed in Casino software [2] with 
appropriate settings (energy 30 keV, 200,000 e- per point, total and partial cross section taken from 
Elsepa database [3], supporting thin carbon layer was taken into account). The simulated sample 
had a wedge shape with a maximum thickness of 800 nm and an angle of 5 °.  
The influence of random shape changes and deformations can be suppressed by rotary averaging of 
individual particles (Fig. 2 left). In this step, a distance of each individual pixel from the center of 
the sphere is calculated. Then the pixels with distances in the chosen range are averaged. The 
advantage of this method is the absence of an interpolation error. However, a small amount of 
pixels in the middle of the particle causes a significantly higher noise in this area.  
We found the highest accuracy in the case of the mean of both captured segments, where the 
estimated thickness corresponds with the theoretical one in the whole measured thickness range. 
Individual segments overestimate (BF) and underestimate (HAADF) the thickness in the high 
thickness region (Fig. 2 right).  

 
 
 
 

Assessing the thickness error rate of quantitative STEM 
measurements

RADIM SKOUPY AND VLADISLAV KRZYZANEK
Institute of Scientifi c Instruments of the CAS, Brno, Czech Republic



ADVANCES IN INSTRUMENTATION AND TECHNIQUES INSTRUMENTATION AND TECHNIQUES 108

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

 

Figure 2. Captured data after rotationally averaging and signal normalization (left). Thickness of the sample 
estimated by quantitative STEM imaging in two different detector segments together with their mean and 

geometry (right). 

We demonstrated the ability of quantitative low voltage STEM imaging to determine precisely the 
local thickness within a wide range of thicknesses up to approximately 600 nm in the case of a latex 
(polystyrene) sample. The proof was done at the sample of latex spherical nanoparticles that have 
relatively low density (composed of light elements – carbon and hydrogen). In the case of samples 
containing higher atomic elements, the penetration depth of the electron beam is much lower. 
Unfortunately, not all used segments gave us the same results. Both BF and HAADF segments 
brought results which corresponded with the reality of the sample – with a maximum error around 
10 % (Fig. 3). 

 

Figure 3. qSTEM thickness error dependency on the local geometrical thickness of the nanosphere. The error 
is determined absolutely in nanometers (left) and relatively in percent (right). 
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BF showed higher and HAADF brought lower thicknesses than those given by the geometry of the 
sample. However, it is possible to improve the accuracy of the method by simply averaging those 
curves. In the case of the "mean" curve the accuracy is better than 5 % in nearly all examined 
ranges of thicknesses. High errors in the range of thicknesses under 100 nm are caused by 
inaccurate detection of a nanosphere diameter, imperfect spherical shape and wedge shape of MC 
simulation body. 
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An electrolyte based on gold complex with mercaptotriazole was synthesized in a wide pH range 
from acid to alkaline (pH=2-12). After synthesis of the electrolyte, detailed characterization of the 
complex in liquid and solid state in the whole range of its stability was performed. Synthesized 
solutions of gold complex based on mercaptotriazole are vaporized at room temperature to dry in order to 
obtain and characterize Au-MT in the crystalline form. Optical microscopy showed that the crystals obtained 
from solutions of different pH values are different in color, size and homogeneity. The most homogeneous 
(according to size and color) and the smallest crystals were obtained from the electrolyte with pH=9. 
Scanning electron microscopy (SEM) with energy-dispersive spectrometry (EDS) crystals of the complex of 
gold with mercaptotriazole has shown that the crystals obtained at different pH values differ in shape, size 
and homogeneity. The most homogeneous and at the same time the smallest crystals are obtained from 
electrolytes at pH = 9. 

 
Figure 1. Au-MT crystals obtained from electrolytes at pH = 2, 4, 7 9 and 12 

 

SEM-EDS analysis of gold mercaptotriazole crystals (Au-MT)
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Advanced approach to Scanning-transmission tomography in the SEM  
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The implementation of electron tomography in the SEM operated in the scanning-transmission 
imaging mode (T-SEM) is here described and its application in both physical and materials sciences 
is presented to demonstrate the potential of the proposed approach. In the playground of three-
dimensional reconstruction methods operated in the SEM platform, this approach complements the 
largely adopted serial-sectioning and slice-and-view reconstructions through imaging in the 
transmission mode and acquiring a series of projective images used to calculate the mass-
distribution in space for the sample under investigation.  
According to the complete workflow developed in TEM tomography, the acquisition scheme starts 
from a specific Si-based detection system for transmitted electrons that was fabricated and 
integrated with a sample rotating holder with the purpose to record a series of projection images 
taken at different tilt angles. The adaptation of the imaging strategy (beam energy, geometry, and 
combinations of sectors in the detector) fulfills the basic requirement of a monotonic variation of 
image contrast upon increase of the projected thickness and atomic number in the specimen. This 
allowed to retrieve the three-dimensional arrangement of the constituents by calculation of the 
tomogram and to perform an iterative refining of the reconstruction by exploiting the a-priori 
knowledge according to a compressive sensing approach [1]. 
The performance of the detector allowed to record the image series at suitable speed and limited 
dose, making the technique feasible and offering an effective complement to the FIB slice-and-view 
methods presently implemented in the SEM platform [2]. In particular, the materials science 
community presently addresses the characterization of nanosized heterostructures, basically formed 
by low-Z elements, which needs to be characterized in their spatial arrangement but are not suitable 
for embedding in hard media before serial sectioning by microtomy or FIB-sectioning. One 
example is given by the investigation of nanosized heterostructures formed by a combination of a 
graphene flakes which support the nanosized seeds for the growth of ZnO crystals. 
 
We report on the image acquisition and tomographic reconstruction of graphene-ZnO nanorods 
hybrid structure. Such a sample is readily transparent to the electron beam for the T-SEM imaging 
(Fig. 1, left). The projection images have been recorded in dark-field (DF) imaging mode, attaining 
the highest STEM signal and visibility for the details at 27 keV beam energy. 
The 3D reconstruction of the sample, clearly presenting the arrangement of ZnO nanorods in Fig. 1- 
right has been achieved from 50 projections obtained through single-axis rotation with with 2° 
steps. 
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Figure 1. Left: secondary electrons SEM image of the graphene-ZnO hybrid structure.  

Right: 3D reconstruction of the graphene-ZnO hybrid structure. 
 
Compressed Sensing refinement was used as a complement of the reconstruction workflow; this 
proved effective in reducing the number of projections required to reconstruct the tomogram with 
adequate resolution. The utility was demonstrated in the reconstruction of bundles of collagen 
fibrils in a sample of biological tissue. The adopted imaging conditions were completely different 
and the refinement of the reconstruction was achieved by adapting the coefficents in the 
minimization of the residual function according to the compressed sensing approach. The details of 
the collagen fibrils, namely its periodical striation, was used to verify the capability of the algorithm 
to retrieve the finest details in the picture.  
Also the experimental set up could benefit from the indications provided by the reconstruction and 
refinement algorithm, as a modification was exploited in order to improve acquisition strategy. The 
scheme of conical tilting has been exploited of an alternative projection scheme [4]. Departing from 
the conventional single axis tilting scheme, a conical tilt scheme was implemented in order to 
acquire a sequence of projection images through tilt-rotation of the sample under the electron beam. 
In this way, the Fourier space percentage covered in conical tilt is higher than in single-axis tilt 
geometry and the signal on the detector could be more rapidly optimized. 
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Investigation in the Effects of Exercise on the Testicular Morphology, Cell 
Proliferation and Blood Testis Barrier in the High Fat Diet-Induced Obesity 
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Background and Aim 
Obese male population has been increased up 3 times in the last thirty years. The latest studies show 
that the obesity has negative affects on male fertility not only sperm quality but also physical and 
molecular structural defects in testis germ cells. Because of high fat diet consumption 
spermatogenic cycle in seminiferous epithelium is damaged by disruption of blood testis barrier 
integrity and which would be cause abnormal sperm production. Exercise could be defined as a 
rapid increase in energy consumption. The studies showed that exercise has a positive effect on 
sperm morphology, motility and function. However, the effects on blood testis barrier integrity, 
which played an important role in spermatogenesis, were not investigated. The aim of this study 
was to investigate the effects of execise on spermatogenic cell proliferation, blood testis barrier, 
inflammatory and oxidative markers and hormone levels in testes of high fat diet (HFD) induced 
obese rats. 

 
Materials and Methods 
Sprague Dawley male rats were fed with standard (STD group; 6% calories as fat) or HFD (HFD 
group; 45% calories as fat) for 18 weeks. Half of these animals were trained swimming exercise 
(STD+EXC and HFD+EXC groups; 1 hour a day, 5 days a week) for the last 6 weeks (Fig 1). Testis 
samples were evaluated by histological and ultrastructural methods. Cell proliferation, apoptosis 
and blood testis barrier was examined by histochemical methods. Lipid and hormone levels in blood 
serum and oxidative stress markers in tissue were examined by biochemically. All data were 
analyzed by statistically.  
 

 
 
 
 
 
 
 

 
 
 

Figure 1. Experimental design 
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Results 
Sertoli cells are affected by testosterone and FSH changes in HFD induced obesity. So 
Hypothalamus-pituitary-testis (HPT) axis could be unregulated and this situation which causes a 
change in signaling pathways that regulate the metabolism of Sertoli cells.              A decrease in 
FSH and testosterone levels were observed in the HFD group while these hormone levels were 
increased in HFD+EXC group.  Damaged tubules and apoptotic cells were increased and dilated 
intercellular areas were seen in HFD group. The number of proliferative cells and Sertoli cell tight 
junction protein immunoreactivity (ir) of ZO-1, Occludin and gap junction protein ir of Cx 43 were 
decreased in the HFD group. In this group, serum total cholesterol and triglyceride level, tissue 
MDA level and MPO activity increased, GSH level and SOD activity were decreased. All these 
histological and biochemical findings were ameliorated in HFD+EXC group. It was observed that 
high fat diet caused degeneration of testis morphology, altered blood testis barrier integrity and 
increased oxidative damage.  
 
Conclusion 
It is thought that exercise prevented testicular damage by regulating hormonal balance and testicular 
functions, reducing inflammation, regulating oxidant/antioxidant and cell proliferation/apoptotic 
balance, and also preserving blood-testicular barrier integrity. 
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Dust is a complex mixture of organic and inorganic particles. Depending on the origin, these particles 
vary in size, shape and composition. Furthermore, they can cause respiratory irritation and allergies 
in humans. Thus for indoor air, dust has a great relevance to human health [1]. Due to its complex 
composition, analysis of dusts is done in this project by several institutes with methodical 
specializations. 
Here the IBO (Österreichisches Institut für Baubiologie und Bauökologie) is dealing with the 
relationship between dust concentration and physiological parameters and the affection of various 
heating systems on the formation of dust. KOV´s (Österreichischer Kachelofenverband) task is the 
simulation of dust movement. The focus of HFA (Holzforschung Austia) is the development of both 
a representative discontinuous sampling method and an analysis routine of dust in indoor air. HFA 
and ZFE (Graz Centre for Electron Microscopy) are working closely together on the analysis of dust 
particles. 
To obtain information about the different components of indoor dust, different techniques are used. 
At the HFA the combination of scanning electron microscopy (SEM) and energy dispersive X-ray 
spectroscopy (EDXS) is used to identify the elemental composition of the sampled dust. Figure 1 
shows that a phase separation and the elemental composition of the different phases is easily 
accessible with this method. 
 

 
 

Figure 1. a) Secondary electron (SE) SEM image; b) different phases identified by EDXS; c) detailed 
elemental composition of phase2. 
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To reveal an even deeper insight into its components, correlative microscopy is performed at the ZFE. 
Here the so-called RISE (Raman imaging and scanning electron microscopy) is used [2]. Therewith 
the correlation of SEM, EDXS and Raman spectroscopy applied to the same particle or area under 
investigation is easily accessible. First investigations of sampled indoor dust already show the 
complexity of dust. Figure 2 shows that the EDXS result of the bright particle in the BSE 
(backscattered electron) SEM image center seems to reveal a quite homogeneous composition. 
However, correlative Raman spot-measurements demonstrate that this one particle has three different 
chemical components. 
 

 
 
Figure 2. BSE SEM image shows a typical dust specimen after sampling. The EDXS results on the right side 

reveal an apparently homogeneous particle while the three Raman spot-measurements R 1) to R 3) reveal 
that it is composed of three different chemical compounds. 

 
With the RISE system, the initially investigated center particle at Figure 1 was examined in more 
detail. Because of the surface roughness, two Raman spot-measurements of the iron rich particle were 
performed. Both Raman spectra were able to be identified as magnetite (Fe3O4), see Figure 3. 
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Figure 3. Two Raman spot-measurements of the same particle as in Figure 1 revealed the distinct 
identification of magnetite. 

 
The goal of the overall project is to obtain a detailed understanding into indoor dust. With the 
comprehensive investigations reaching from determine physiological parameters, dust movement 
simulation to the detailed analysis with SEM, EDXS and Raman a deep insight into indoor dust 
composition and its impact on human wellbeing will be gained. 
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Chromatin modifications, such as DNA methylation (5mC), are epigenetic pathways which can 
mediate the long-term suppression of gene expression and as such is essential for embryonic 
development. The Ten-eleven translocation (TET) family of dioxygenases erase DNA methylation 
via the generation of oxidized cytosine derivatives such as hydroxymethylcytosine (hmC). TET1 
has a dual role regulating gene expression in embryonic stem cells, where it acts as both a 
transcriptional activator and repressor.  
 
The transcriptional and epigenetic functions depend on the mobility of TETs and their ability to find 
their targets in the nucleus. Here we use single-molecule tracking and raster image correlation 
spectroscopy with genome engineered embryonic stem cells to study the spatio-temporal 
organisation of Tet1 and Tet2 in the nuclei of live ESCs.  
 
We show that Tet1 and Tet2 have markedly different kinetics which likely drive their contrasting 
functions. In naive and primed ESCs, Tet1 is mostly bound, and forms multivalent hubs which 
associate at euchromatin loci. In contrast, Tet2, while also localizing to euchromatin loci, is largely 
diffusive and less likely to form stable interactions in the nucleus.  
 
Remarkably, these binding and diffusion behaviours appear to be independent of the methylation 
state of the genome, suggesting that the oxidative activity of TET proteins are transient events 
which are tightly regulated by their N-terminal domains. Taken together, we propose that Tet1 is 
targeted to promoters, tightly restricting its activity to these loci, whereas Tet2 more globally 
diffuses through the nucleus. We thus show for the first time physical evidence of distinct 
subnuclear kinetics of Tet1 and Tet2 in living ESCs and EpiLCs, at the single-cell and single-
molecule level, which likely underlie the distinct roles of Tet1 and Tet2.  
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The immobile movement 
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The possibility of looking at a biological phenomenon in vivo has been exploited for several 
decades, starting with the first short movie in phase contrast of dividing cells. Nowadays, new 
cameras and super resolution techniques have approached the level of the single molecule 
visualization. It is indeed importat to follow a biological process during its development; however, 
there are some techniques, electron microscopy en vedette, in which this approach is impossible. 
Therefore, it is mandatory to study a complex process, developing in time, via a series of snapshots 
which can then be added in a logical succession. This long and complex process has been utilized 
for many years and complemented by autoradiography, immunocytochemistry and other 
techniques, finally creating a sort of virtual movie from a series of still-life pictures. 

 
 

Figure 1. A perichromatin granule (PG) approaching a nuclear pore. N, nucleus; C, cytoplasm 

 

We have made use of this method since the high resolution of EM is still unsurpassed. One exaple 
concerns the recuitment of S6 ribosomal protein to the nucleus, the assembly to rRNA into 
ribosomes and finally the export of the subunit to the cytoplasm [1]. We are currently studying the 
movement of mRNP particles along the perichromatin region [2] till their exit from the nucleus. 
In this context, we are also trying to pinpoint the timing of 5MeC production on RNA in relation 
to mRNA elongation and processing. Finally, we would like to improve this methodology by using 
electron tomography in order to have snapshot of time in a 3D space. We believe that no other 
technique could ensure  such high resolution and we aim at providing a standard method to follow 
different processes inside the nucleus in an in vivo-like manner.  
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Label-free two photon nonlinear microscopy is well established as a powerful tool for monitoring 
metabolic state of the various cell types due to its non-perturbative nature and fairly low phototoxicity, 
while application of third harmonic generation (THG) for three-dimensional (3D) cell and tissue 
microscopy was enabled more recently. THG occurs at structural interfaces, such as local transitions 
of the refractive index, most generally speaking at interfaces that are formed between aqueous 
interstitial fluids and lipid-rich structures. Here we present preliminary data obtained by capturing 
both THG and optical redox ratio signal from the same regions of the hyphae of Phycomyces 
blakesleeanus.   
 
Label- free metabolic intravital microscopy through application of both THG and NAD(P)H+/FAD+ 
autofluorescence ratio was used in alternating sequence on the same field of view on a fungal cells of 
a model filamentous fungus Phycomyces blakesleeanus. The glass coverslip with collagen coating 
bearing unstained hyphae was mounted on custom built microscope. Laser beams for both imaging 
modalities were focused with the same objective lens, Zeiss Plan Neofluar 40x1.3. The 
autofluorescence of NAD(P)H was excited by Ti:Sa laser pulses at 730 nm, 160 fs duration and signal 
was collected through 479/40  filter, while for autofluorescence of FAD we used excitation by the 
same laser pulses at 860 nm, 160 fs duration and 530/43 filter.  
 
For THG, we used 1040 nm, 200 fs pulses from Yb KGW laser, and detection was performed by 
PMT through Hoya glass UV filter with peak transmission at 340nm. As a control for perturbation of 
optical redox ratio, rothenone (complex I inhibitor) was applied in some experiments. Nile red 
staining was used to confirm that the brightest structures of round shape in THG images consist of 
lipids and probably represent lipid droplets that serve as energy deposits in hyphea.  
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Holotomographic Microscopy (HT) represents a new approach to study cell behavior in different 
culture conditions.    
HT, through optical diffraction tomography which reconstructs the 3D refractive index distribution 
of live cells, is able to investigate biological sistems by  measuring in real time the volume of cells 
and subcellular components. In particular, structural and chemical informations, including dry 
mass, morphology, and dynamics of the cellular membrane, can be obtained. In this study,  U937 
monocytic cell lineage treated with apoptotic triggers [1] has been analysed in vivo with HT. 
Apoptosis represents indeed a cell model in which characteristic and reproducible cell changes 
have long been described by transmission electron microscopy (TEM, Figure 1A, B) 
3D holotomographic images show the three-dimensional distribution of cell components, where 
the preservation of cytoplasm and nuclear structure in control condition (Figure 1C, E) appears 
clearly detectable. In treated cells (Figure 1 D-F), apoptotic features such as the modifications of 
plasma membrane, blebbing formation and  the localisation of condensed chromatin,  can be 
observed [2].  
In addition, HT has permitted to monitor a chemical apoptotic compound inside of the cells, by 
identifying its site of action (observation in progress).   
Therefore, HT, if compared to other conventional microscopical techniques, which present some  
limits and  disadvantages, can be considered suitable to analyze cell biological processes without 
the need of  cell markers, staining or the use high-intensity laser light. In conclusion, HT represents 
a noninvasive label-free light microscopy technology for investigating in vivo and in real time cell 
response against various stimuli. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A new holotomographic microscope for monitoring apoptotic 
cell behavior in vivo: a preliminary study

SARA SALUCCI1, MICHELA BATTISTELLI1, FRANCESCA SBRANA2, DEBORA BURINI1, 
SABRINA BURATTINI1, PAOLO GIOVANNINETTI2, ELISABETTA FALCIERI1

1 Department of Biomolecular Sciences, Urbino University, Urbino; 2 IBF-CNR Genova Italy, Schaefer 
South-East Europe Srl



LIVE CELL IMAGING, AND INTRACELLULAR DYNAMICSLIFE SCIENCES 124

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

 

 
Figure 1. Control (A, C, E) and apoptotic (B, D, F) haemopoietic cells observed at  TEM (A, B) and HT 

(C-F)  in holographic (C, E) and 3D (D, F) modality. Bars: 2µm 
 
 
References 
[1] S. Salucci et al.,  Eur J Histochem, 12 (2018) 915–920 
 
[2] S. Salucci et al., Int J Mol Sci,  15(2014) 6625-40



LIVE CELL IMAGING, AND INTRACELLULAR DYNAMICSLIFE SCIENCES 125

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

Fixation-induced cell blebbing: 
how to minimize a loss of soluble proteins from cells?  
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In the course of the preparation of biological samples for various microscopy techniques, the first 
essential step is a fixation. Its efficiency is estimated by two main factors: the preservation of the 
cellular constituents and the suitability for further treatments like immunolabelling. However, till 
now the detailed mechanisms of the cell fixation are not fully understood and we rely mostly on 
empirical experiences. We concentrated here on the fixation-induced cell blebbing which is uselly 
missed, and searched for the way to minimize this deteriorating effect.  
By means of different microscopy methods, we quantitatively assessed the loss of cytoplasmic 
content during the rupture of blebs. With holography microscopy time-lapse experiments, we found 
that the key points are the formation and rupture of blebs, and we discuss the possible mechanism of 
blebs appearance. Importantly, it was shown that up to 30% of soluble proteins can be lost from 
cytoplasm after the blebs rupture. Based on these data, we tested a wide range of fixation mixtures 
applied during different time intervals to minimize the loss of cytoplasmic proteins. Taking into 
account different quantitative parameters, we determined the optimal procedures to fix the cells. 
Finally, we provide some recommendations on the fixation protocols which are suitable for future 
experiments. 
 
Keywords: formaldehyde fixation, blebbing, fixation artefacts, microscopy 
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1. Introduction 
In the last decades, the medical use of gaseous ozone (O3) has been progressively increasing as an 
alternative/adjuvant treatment for several diseases. In particular, low O3 concentrations proved to 
induce the so-called eustress [1] by activating anti-oxidative response pathways [2] and stimulating 
cellular metabolism. In order to explore the potential of mild ozonisation in tissue regeneration 
and differentiation, we investigated the effects of low O3 concentrations on lipid droplets (LDs) 
dynamics in human adipose-derived adult stem (hADAS) cells obtained from the stromal-vascular 
fraction of subcutaneous adipose tissue: the adipogenic process was monitored at early, 
intermediate and late differentiation steps in culture. Based on the obtained findings, we also 
investigated the effect of low O3 concentrations on the LDs of mature adipocytes in the whole 
adipose tissue by treating murine fat explants maintained under in vitro conditions.  

2. Materials and Methods 
hADAS cells were isolated from the subcutaneous adipose tissue harvested by liposuction, and 
grown in adipogenic medium [3]. The cells were exposed to air (control), O2 or to 5, 10 or 20 μg 
O3/mL O2 at early (6 days), intermediate (16 days) and late (20 days) differentiation steps, and the 
effects were evaluated 2 h and 24 h after gas exposure. After 6 days in differentiation medium, cell 
viability was estimated by the Trypan blue exclusion test 2 h and 24 h after gas treatment. 20 μg 
O3/mL was found to significantly increase cell death, suggesting that excessive concentrations of 
O3 induce the formation of high levels of reactive oxygen species: this concentration was therefore 
excluded from the subsequent experiments. Oil Red O staining was used to visualize LDs at light 
microscopy (LM). 2 h and 24 h after gas treatment, randomly selected cells grown in adipogenic 
medium were measured to evaluate the percentage of cytoplasmic area covered by LDs, the mean 
LD areas, and LD size distribution. 24 h after treatment, hADAS cells were processed for 
conventional morphology at transmission electron microscopy (TEM). 
Mice were killed by over-anaesthesia, and the visceral adipose tissue was excised, cut in small (1-
2 mm3) pieces and placed in culture medium [4]. After 2 days, the samples were exposed to air, 
O2, 10, 20 and 100 (as highly oxidizing condition) μg O3/mL. The effects were evaluated 2 h and 
24 h after gas exposure, processing the samples for the spectrophotometric evaluation of lactate 
dehydrogenase (LDH), or for scanning EM (SEM) and TEM. 
3. Results and conclusions 
In hADAS cells, exposure to 5 and 10 μg O3 /mL proved to be safe at both short and long term 
post treatment. At day 6, hADAS cells contained a few small LDs, but cells exposed to 10 μg 
O3/mL showed the highest values of mean LD area and lipid percentage. At day 16, hADAS cells 
contained numerous LDs (Figure 1a); in cells treated with O2, 5μg or 10 μg O3/mL, a decreased 
mean LD area was observed, while cells treated with 10 μg O3/mL showed an increase in lipid 
percentage. At day 20, hADAS cells contained a large number of LDs; treatment with 10 μg O3/mL 
significantly increased both the LD area and lipid percentage. No ultrastructural alterations were 
found in hADAS cells following ozonization, but LDs fusion was frequently observed (Figure 1b). 
In conclusion, the treatment with low O3 concentrations proved to stimulate lipid accumulation 

Effects of mild ozonisation on the dynamics of lipid droplets in 
adipose-derived stem cells and mature adipocytes

MANUELA COSTANZO1, BARBARA CISTERNA1, FLAVIA CARTON1, VIVIANA COVI2, 
GABRIELE TABARACCI2 AND MANUELA MALATESTA1

1 Department of Neurosciences, Biomedicine and Movement Sciences, Anatomy and Histology Section, 
University of Verona, Italy; 2 San Rocco Clinic, Montichiari (BS), Italy



LIVE CELL IMAGING, AND INTRACELLULAR DYNAMICSLIFE SCIENCES 127

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

during the adipogenic differentiation in vitro of hADAS cells, without altering their differentiation 
process or ultrastructural cytoarchitecture. 
In explanted adipose tissue, LDH evaluation revealed that both 10 and 20 μg O3/mL induced a low 
cytotoxicity (below 3%) at 2 h in comparison to the control, while at 24 h no cytotoxic effect was 
observed as LDH did not increase. On the contrary, 100 μg O3/mL treatment was expectedly very 
toxic at all time points. SEM revealed that control samples were always well preserved showing 
roundish adipocytes with smooth surfaces, while 10 and 20 μg O3/mL induced a slight adipocyte 
wrinkling after 2 h from gas exposure. Accordingly, TEM showed small LDs budding from the 
large unilocular LD of mature adipocytes (Figure 1c), suggesting a delipidation process; however, 
no organelle damage was observed. In conclusion, the treatment with low O3 concentrations 
probably induced a mild oxidative stress responsible for rapid LDH release and slight delipidation, 
but after 24 h from the gas exposure most alterations disappeared. 
The results of these pilot experiments pave the way to further studies aimed at elucidating the 
effect of mild ozonisation on adipose tissue, in the attempt to design novel strategies for tissue 
regeneration/activation in reconstructive surgery and tissue engineering.  

 

 
 

Figure 1. a,b) Differentiating hADAS cells at LM and TEM: a) LDs are stained with Oil Red O; b) LDs 
are fusing (modified from [3]). c) Mature murine adipocytes at TEM: small LDs occur in the cytoplasm as 

a result of the delipidation process. Bars: 20 µm (a), 2 µm (b,c). 
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Background and Aim 
Endothelial lipase (EL) is an established determinant of structural and functional properties of  
HDL, a modulator of endothelial nitric oxide synthase (eNOS) trafficking and activity. We 
examined the impact of EL-modified HDL (EL-HDL) on eNOS. 
 
Methods and Results 
EL-HDL was isolated by ultracentrifugation from human serum incubated with EL-overexpressing 
HepG2 cells. Compared to control HDL, EL-HDL was smaller in size (NMR-spectroscopy) and 
exhibited altered lipid composition (mass spectrometry). Experiments in Ea.hy926 cells revealed 
a slower endocytosis rate of the ATTO-labelled EL-HDL and no colocalization of labelled EL-
HDL or control HDL with eNOS-GFP. Cell membrane cholesterol content of Ea.hy926 cells 
(filipin staining and intensiometric widefield measurements) and cholesterol efflux from 3H-
cholesterol labelled Ea.hy926 cells exposed to EL-HDL were lower compared to control HDL. As 
revealed by confocal spinning disk and structured illumination microscopy, incubation of cells 
with EL-HDL resulted in a lower translocation of eNOS-GFP to the perinuclear region, a lower 
colocalization of eNOS-GFP with mitochondria and Golgi apparatus and a higher colocalization 
of eNOS-GFP with plasma membrane when compared to control HDL. Importantly, incubation of 
cells with EL-HDL resulted in a higher eNOS activity (conversion of L-[3H]arginine into L-
[3H]citrulline), accompanied by increased Ser-1177 and decreased Thr-495 eNOS-
phosphorylation. Myography measurements using mouse aortic rings revealed augmented eNOS-
dependent vasorelaxing capacity of EL-HDL compared to control HDL.   
 
Conclusion 
EL-modification of HDL decreases HDL endocytosis accompanied by a decreased cell membrane 
cholesterol content and altered eNOS trafficking as well as increased eNOS activity and HDL 
vasorelaxing capacity.  
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TOPIC 

The microscopic imaging of cellular and subcellular structures is at utmost 
importance for understanding the scientific facts related to biological phenomena. As 
biological structures range from micron to nano scales, it is not always easy to 
identify each of them solely and separately. Advances in microscopy enables 
scientists to detect the intra and extra cellular biological structures more precisely and 
to visualize the dynamic processes on a time based manner. The focus of this 
presentation is to reveal the benefits of using advanced microscopy techniques, while 
demonstrating the possible disadvantages. 
 
THE OBJECTIVES 

Although electron microscopy has the highest resolving power for biological 
samples, use of fluorescence based system has the advantage of labeling of multiple 
structures at a time to enable the visualization of interactions between cellular 
structures. Live-cell imaging is another important advantage of fluorescence based 
systems.  In order to reveal the advantages and limitations of microscopic imaging 
human mesenchymal stem cells, mouse blastocysts,  human cell spheroids, 
spermatozoa, thick sections of brain tissue, cleared brain, zebrafish were labeled by 
multiple fluorochromes and/or fluorescent proteins to be visualized as fresh or fixed 
under conventional confocal, lightsheet, multiphoton and super-resolution (STED) 
microscopes.  The thickness of the samples at z-axis varied from from 2000 to 2 
micrometers and the samples were marked for structures at different sizes ranging 
from  a couple of millimeters to 20-40 nm.  Time-lapse imagings focused on 
visualization of fluorescent protein labeled structures in cells, organs and organisms 
for hours to days. To achieve a satisfactory result that produces the reliable and 
relevant information related to biology, experimental set up for imaging should be 
designed carefully to avoid the pitfalls of imaging. 
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Surface protein layers (S-layers) often form the only structural component of the archaeal cell wall 
and are therefore important for cell survival. S-layers have a plethora of cellular functions including 
maintenance of cell shape, osmotic and mechanical stability, the formation of a semi-permeable 
protective barrier around the cell, cell-cell interaction, as well as surface adhesion. Despite the central 
importance of the S-layer for archaeal life, their three-dimensional architecture is still poorly 
understood. Here we present the first detailed 3D electron cryo-microscopy maps of archaeal S-layers 
from three different Sulfolobus species. We were able to pinpoint the positions and determine the 
structure of the two subunits SlaA and SlaB. We also present a model describing the assembly of the 
mature S-layer.
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With increasing antimicrobial resistance worldwide discovering of novel drugs against multi-drug 
resistant (pathogenic) bacteria gained enormous research interest. Compounds that kill bacteria within 
minutes based on non-receptor-mediated mechanism like membrane perturbation as described for 
antimicrobial peptides are considered as promising candidates in preventing resistance development. 
In our studies we used such compounds to identify and characterize their membrane activity in order 
to design compounds with improved activity and specificity. Besides of their rapid killing of a wide 
variety of bacteria, they induce severe changes affecting membrane integrity of Escherichia coli, used 
in our studies as a model system for Gram-negative bacteria. E. coli is surrounded by two distinct 
membranes: The inner membrane is primarily composed of phospholipids (PL), whereas the outer 
membrane is characterized by a bilayer build up by PLs in the inner and lipopolysaccharides (LPS) 
in the outer leaflet. The effects observed with our compounds primarily include interaction with the 
inner membrane PLs inducing membrane permeabilization in model systems mimicking bacterial 
inner membranes. In agreement with the model systems, increased permeability and depolarization 
of the bacterial inner membrane and changes in membrane fluidity were observed using spectroscopic 
and microscopic techniques on life bacteria. Using ELMI we detected also alterations of cell 
morphology affecting E. coli inner but also outer membrane as well as the cytosolic compartment. In 
addition, neutralization of surface charge and antimicrobial susceptibility assay of mutants defective 
in production of full-length LPS confirmed multi-step interactions of such compounds.  

 

 
 

 
 
 
 
 
 
 

 
Figure 1. Membrane active compounds showing alterations of cellular morphology (left panels) and 

membrane fluidity using Nile Red (right panels) of Escherichia coli. 
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Early stage cadherin-containing cell-cell adhesion sites were studied in germ layer progenitor cells 
from Zebrafish after epoxy resin embedding. Such adhesion sites represent adherens junctions of 
different strength and size depending on cell type and cortical tension. Previous studies on cultured 
cells provided evidence that tension at adherens junctions promote cadherin clustering [1]. Here, 
we aimed to reveal the ultrastructural arrangement and quantity of cadherin molecules at cell-cell 
adhesion sites. We showed that changes in cortex tension affect the packing and topology of 
cadherin molecules at the junction sites interfaces, and that these clusters fuse upon myosin-II-
dependent tension increase induced by lysophosphatidic acid treatment. 
 
Progenitor cells from freshly dissociated dome-stage Zebrafish embryos were first allowed to form 
spontaneous contacts and adhere to carbon-coated sapphire disks. Samples were high-pressure 
frozen in the HPM-010 machine and freeze-substituted in the AFS1 device, both from Leica 
Microsystems. Samples were then Epon embedded, sliced at 70-250 nm thickness and mounted 
on formvar coated 200-line bar grids. They were observed under a JEM 2800 STEM (Jeol) 
operated at 200 kV in STEM bright-field and TEM mode, respectively. For recording of image tilt 
series in STEM mode, V3 Recorder and Magica Controller were employed (both System in 
Frontier Inc.). For TEM image recording, TVIPS TemCam XF416 and EMMENU software 5.0.10 
were used (TVIPS GmbH). In either case, images were collected at 2° intervals between +/-74° of 
actual single tilt axis. Images were aligned by cross-correlation and 3D structure computed by 
weighted back-projection. 
 
In order to extract the electron density maps of adherens junctions (Fig. 1A and B), progenitor cell 
plasma membranes were segmented using a U-Net architecture [2], a fully convolutional neural 
network (FCNN). A training set of 32x32px patches (n=852) of plasma membrane bilayer and 
background structures was manually annotated, and the FCNN was optimized with stochastic 
gradient descent. The trained network was used to predict the location of cell plasma membranes 
in the entire stack. A three-dimensional quadratic surface was fitted to each of the cell’s plasma 
membranes and the density maps of enclosed regions were extracted, narrowed by the size of the 
protoplasmic membrane leaflet. Raw electron tomography stacks were denoised by 3D Gaussian 
filtering and rotated for rough horizontal junction alignment (Fig. 1C). Resulting density maps 
were segmented using the “segment map” feature available in the UCSF Chimera software to 
extract density segments corresponding to assemblies of cadherins. Quantitative content of 
cadherin dimers for each assembly was then assessed using macromolecular modeling software 
PyRy3D (www.genesilico.pl/pyry3d). Atomic structure of the protein was fitted to the density 
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segments in different number of copies in order to find a quality of fit threshold that could help 
estimate the content of cadherin dimers corresponding to each assembly (Fig. 1D). 
 

 
 
Figure 1A: Overview STEM image of an adhesion site between two progenitor cells. B: Cell-cell contact 

at higher magnification revealing the architecture of adherens junctions. C: Section through the 
tomographic reconstruction after post-processing indicating the predicted location of cell plasma 

membranes (red overlay) and enclosed region (extracellular space; green overlay). D: Synthetic density 
map of a predicted cadherin cluster derived from tomographic data with fitted cadherin atomic structure. 

 
References 
[1] W. Engl, B. Arasi, L. L. Yap, J. P. Thiery, V. Viasnoff. Nat Cell Biol, 16 (2014) 587-594 
[2] T. Falk, D. Mai, R. Bensch, Ö. Çiçek, A. Abdulkadir, Y. Marrakchi, A. Böhm, J. Deubner, Z. 
Jäckel, K. Seiwald, A. Dovzhenko, O. Tietz, C. Dal Bosco, S. Walsh, D. Saltukoglu, T.L. Tay, 
M. Prinz, K. Palme, M. Simons, I. Diester, T. Brox, O. Ronneberger. Nat Methods, 16 (2019) 
67-70 



STRUCTURE AND IMAGING OF BIOMOLECULESLIFE SCIENCES 135

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA
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The utilization of CO2 as carbon source for organic syntheses meets the urgent demand of more 
sustainability in chemical production. Here we report on the enzyme-catalyzed para-carboxylation 
of catechols, employing 3,4-dihydroxybenzoic acid decarboxylases (AroY). The 4.6 Å cryo-EM 
and X-ray structures confirm AroY utilizes the recently discovered prenylated FMN cofactor 
(prFMN), and requires oxidative maturation to form the catalytically competent prFMNiminium 
species. The enzymes form hexameric assemblies, arranged as a trimer of dimers. Structural 
overlays between apo- and holo-AroY structures reveal two mobile loops and an open 
conformation for this group of enzymes. Combined with mutational studies and quantum chemical 
calculations, a reaction mechanism for the reversible decarboxylation involving a quinoid 
intermediate is proposed. 
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1. Introduction 
Autophagy plays an important role in the responses of tumor cells to stress. Cells contribute to the 
survival of the cancer cell and its resistance to chemotherapy by disrupting cytoplasmic proteins to 
save energy and remove dangerous substances through autophagy [1]. The mTOR kinase pathway 
must be activated in order for the autophagy to be effective. The autofagosome is then formed by a 
series of molecular events involving MAP LC3 β lipid conjugation. The autophagosome matures by 
fusing with lysosomes to create autophagolysosomes where its selected cargo is degraded. The 
lysosome-associated membrane protein (LAMP) is essential for the fusion of autophagosomal-
lysosome during autophagy [1,2]. In this study, we aimed to investigate the lysosomal pathway of 
autophagy of Wortmannin, which is a PI3K inhibitor in 4T1 mouse breast cancer cell line. 
 
2. Material and Methods 
4T1 mouse breast cancer cells were purchased from the American Type Culture Collection (ATCC) 
(Manassas, VA, USA) and cultured in Dulbecco's Modified Eagle Medium: Ham's F-12 medium 
(1:1) containing 10% fetal bovine serum (FBS), 1% penicillin-streptomycin, 0.5% Non-essential 
amino acids (NEAA), 1% L-glutamine at 37°C in a humidified incubator containing 5% CO2. 
 
Cytotoxicity of Wortmannin on 4T1 breast cancer cells was measured by the MTT assay. The assay 
was done in triplicate and the cytotoxicity effect and IC50 value of Wortmannin was analyzed. After 
the 4T1 breast cancer cells were plated into the 24-well cell culture plate, the IC50-determined 
Wortmannin dose (10nM) was added to each well. After 24 hours of incubation, cells were fixed with 
4% paraformaldehyde. Cells were maintained for 15 minutes on ice in triton X-100 solution after 
washing with PBS and then they were treated with 3% H2O2 for 5 min to inhibit endogenous 
peroxidase activity. After washing with PBS, the cells were treated with 1 hour blocking solution. 
Cells were incubated overnight with the primary antibodies LAMP1 and MAP LC3 β. Then cells 
were incubated with anti-mouse biotin-streptavidin hydrogen peroxidase secondary antibody for 30 
minutes. The cells were stained with DAB for 5 min to determine the visibility of the 
immunocytochemical reaction. After counterstaining with Mayer’s hematoxylin, the cells were 
coated with the mounting medium.  
 
In addition to determine cell death, terminal deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) assay was used to evaluate apoptosis in 4T1 breast cancer cells.  Cells were fixed with 4% 
paraformaldehyde for 30 min. Next, they were permeabilized with 0.1% Triton-X-100 for 2 min on 
ice. TUNEL staining was performed according to the manufacturer's instructions of ApopTag® 
Peroxidase In Situ Apoptosis Detection Kit (Millipore, Massachusetts, USA). Then the results were 
analyzed under a light microscope (OLYMPUS BX43, Tokyo, Japan) and the apoptotic cell number 
was determined per square millimeter. The results were evaluated statistically.  
 
 

Wortmannin induced apoptosis via autophagy inhibition in 4T1 
breast cancer cell line

ELGIN TURKOZ ULUER1, PINAR KILICASLAN SONMEZ1, DAMLA AKOGULLARI1 AND 
SEVINC INAN2

1 Manisa Celal Bayar University, Faculty of Medicine, Department of Histology and Embryology, Manisa, 
Turkey; 2 Izmir University of Economics, Faculty of Medicine, Department of Histology and Embryology, 

Izmir, Turkey



STRUCTURE AND IMAGING OF BIOMOLECULESLIFE SCIENCES 137

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

 
3. Results 
In the immunocytochemical analysis of Wortmannin-treated 4T1 breast cancer cells, LAMP1 and 
MAP LC3 β immunostanings decreased significantly compared to the control group. As seen in these 
results, the decrease in the expression level of MAP LC3 β and LAMP1, which play a role in 
autophagosome formation, supports the inhibition of autophagy in Wortmannin on 4T1 breast cancer 
cells (Figure 1). According to TUNEL assay results the number of TUNEL positive cells was greater 
in the Wortmannin-treated group compared to the control group (Figure 1).  
 

 LAMP1 MAP LC3 Β TUNEL 

Control 

   

Wortmannin 

   
Figure 1. The immunocytochemistry stainings of LAMP1, MAP LC3 β and TUNEL assay of       

4T1 mouse breast cancer cells. 
 

4. Conclusion 
Autophagy is the main mechanism for cell protein degradation. In cancer cells, autophagy has dual 
roles, both acting as a tumor suppressor and as a cell survival mechanism capable of promoting the 
growth of established tumors, avoiding the accumulation of damaged proteins and excess organelles 
[3]. In a study conducted with an early autophagy inhibitor effective on breast cancer cells, it was 
shown that LC3-II levels decreased in breast cancer cells in early autophagy inhibition [4]. In 
accordance with this, in our study, it was shown that MAP LC3 β expression levels were significantly 
reduced compared to the control group, supporting the inhibition of autophagy in 4T1 cells treated 
with Wortmannin. 
 
The maturation of the autophagosome occurs by the fusion of the autophagolysosome with 
lysosomes, in which the selected cargo is degraded. In this process the lysosome-associated 
membrane protein (LAMP) is essential for the autophagosome lysosome fusion during autophagy [2]. 
In a study to investigate the effects of β-cypermethrin known to be a late-stage inhibitor of autophagy 
exposure to mouse macrophages, a reduction in LAMP1 expression was shown due to the late 
inhibition of autophagy [5]. In our study, a decrease in the level of LAMP1 expression in the 
Wortmannin-treated group was considered to be an indication of the late inhibition of autophagy. 
 
Together, these findings suggest that Wortmannin, a PI3K inhibitor, affect the lysosomal pathway of 
autophagy and induce apoptotic cell death of breast cancer cells.   
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Therefore, further research is needed to elucidate the effect of Wortmannin on molecular signaling 
mechanisms involved in apoptotic cell death pathways and autophagy in cancer cell lines. 
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1. Background and Objective: It is known that obesity negatively affects male fertility [1]. There 
are many publications showing that melatonin supplementation, which play a role in the regulation 
of internal biological clock and energy metabolism and acts as an antioxidant agent, has beneficial 
effects on obesity and obesity-related complications [2]. The aim of this study is to investigate the 
effect of melatonin, a strong antioxidant, on the morphology and oxidative stress markers of testicular 
tissue of high fat diet induced obese rats, by histochemical, immunohistochemical and biochemical 
methods. 
 
2. Materials and Methods: 32 Wistar albino male rats were fed with standard (STD group; 6% fat 
containing feed) or high fat diet (HFD group; 45% fat containing feed) for 13 weeks. Half of these 
animals were given melatonin (25 µg/ml) in drinking water. At the end of the experiments, testis 
tissues taken under deep anesthesia were prepared for routine light and electron microscopic 
examinations and biochemical analysis, blood samples taken from heart were prepared for 
biochemical analysis. Following hematoxylin-eosin (H&E) and periodic acid-Schiff (PAS) stainings, 
seminiferous tubules were scored as normal, regressive, degenerative and atrophic. ZO-1 and TUNEL 
immunohistochemistry were also applied to the tissue samples. Malondialdehyde, glutathione, IL-6 
and TNF-α and SOD, testosterone, glucose, triglyceride, FSH, LH, and leptin levels were determined 
in tissue and blood serum samples. Animals were weighed regularly during the experiment and all 
data were analyzed statistically.  
 
3. Results: Based on the histopathological scoring, regular seminiferous tubule morphology was 
observed in STD and STD+MEL groups. Increased number of regressive and degenerative tubules, 
impairment of basement membrane, and significant cell debris in the lumen of the seminiferous tubule 
were among the important morphological findings in HFD group. Seminiferous tubule reflected  
normal tubular morphology in HFD+MEL group. While ZO-1 immunoreactivity was higher in STD, 
STD+MEL and HFD+MEL groups, HFD group showed a weak ZO-1 immunoreactivity. TUNEL 
positive cells were  few in STD, STD+MEL, HFD+MEL compared to HFD group.  In HFD group, a 
prominent increase in glucose, triglyceride, MDA, leptin levels and significant decrease in GSH, 
FSH, LH and testosterone levels including SOD activity, were observed. In HFD+MEL group, all 
these histological and biochemical findings seemed to be ameliorated compared to the HFD group.   
 
4.Conclusion: In conclusion, this study shows that obesity deteriorated seminiferous tubule structure 
by causing an oxidant effect and melatonin administration   prevented testis tissue degeneration by 
reducing reactive oxygen species. 
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Palynology is an interdisciplinary scientific discipline related to the study of palynomorphs – 
microscopic structures between 5 and 500 micrometres in size. Palynology sensu stricto is a study 
of plants pollen and spores. However, its objects of interests are also fungal spores, algal cysts, and 
zoological remains – all microscopic organic structures which can be observed and analysed on 
'pollen' slides [1, 2]. The role of a microscope in palynology is more than obvious – microscopic 
structures can be determined (or better said, interpreted) and counted only by the use of a light 
and/or electronic microscope. An electron microscope is significantly important in phylogenetic 
questions – e.g. the explanation of pollen/spores morphology and taxonomical level/relationships 
between plants [3]. However, in a paleoenvironmental analysis and reconstruction, a light 
microscope is routinely used. The focus of this lecture is on pollen, spores and non-pollen 
palynomorphs (fungal, algal and zoological micro remains), which are usually used to interpret the 
vegetation history and local changes in hydrological and trophic levels on a certain researched area. 
The sediment from the biggest mire in Croatia – Blatuša (central continental Croatia), which was 
cored during the year 2015 served as a case study. Namely, the peat is a very good palynomorphs 
trap, because its low pH values and reductive conditions allowed good preservation of 
palynomorphs. Except palynomorphs, in the 210 cm long core sediment of the Blatuša mire, 
charcoal particles were also detected and analysed, as evidence of fire activities. As the final result, 
the interpretation of vegetation dynamics and environmental changes during the Holocene period in 
the narrow area of Central Croatia was based on the analysis of 31.036 pollen palynomorphs (76 
palynological taxa), 1.318 non-pollen palynomorphs and 13.970 charcoal particles [4]. According to 
the age-depth model, the environmental history of the researched area can be traced back to ~9800 
cal yrs. before present. On the regional level, during the first thousand years pine (Pinus) dominated 
in the woodlands, later on succeeded by beech-alder (Fagus-Alnus) forests, which dominated most 
of the time, and only in the Modern Period was succeeded by hornbeam (Carpinus). Furthermore, 
on the local level the next transition was observed: from the sedge dominated mire, through the 
alder carr with peatland dominated vegetation, and again the sedge dominated mire. Primary 
anthropogenic indicators, like Cereal pollen, were for the first time observed quite late, in the 15th 
century. However, one century earlier secondary anthropogenic indicators have been frequent and 
continuously present in the pollen diagrams. To conclude, even though the high share of non-
arboreal pollen type was observed from the 6th century AD (Migration Period), direct human 
impact on vegetation can only be traced from the Late Middle Ages to the middle of the 20th 
century.  
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Microbial growth and proliferation are one of the principal causes of cultural heritage objects 
deterioration. Investigation of structural and aesthetic alterations of artworks frequently entrenches 
micromycetes as the main culprits, making mycological investigations mandatory in conservation 
science. Since initial biodeterioration assessments include the study of structural change and 
identification of potential biodeteriogens, the application of adequate microscopic techniques is 
the first step in the complex study of degradation mechanisms. In recent years, development and 
application of in situ optical microscopy provides scientists with the opportunity to study the 
cultural heritage artifact at the site, which is especially important concerning masonry and 
monuments. Therefore, it represents a practical contemporary method for rapid detection of 
biological deteriogens present in both natural environment and on cultural heritage objects. 
Application of non-invasive adhesive tapes, sterile swabs and contact dip-slides allows further 
assessments via the usage of stereomicroscopy and standard optical microscopy which are 
essential for the accurate characterization of micromorphology of the isolated species. Finally, 
scanning electron microscopy coupled with energy dispersive spectrometer (SEM-EDS) provides 
a very detailed insight not only into morphological features of microorganisms and the colonized 
substrata but also gives information about chemical composition of the designated area. Hence, 
utilization of diverse microscopic techniques is indispensable in cultural heritage artworks survey, 
and its role cannot be disregarded in any trendsetting scientific research in this field. 
 
References:  
[1] N. Unković, M.L. Grbić, M. Stupar, Ž. Savković, A. Jelikić, D. Stanojević, J. Vukojević, 
Microsc. microanal., 22(2)(2016) 410-421. 
[2] Ž. Savković, N. Unković, M. Stupar, M. Franković, M. Jovanović, S. Erić, K. Šarić, S. 
Stanković, I. Dimkić, J. Vukojević, M. Ljaljević Grbić, Int. Biodeter. Biodegr., 115 (2016) 212-
223. 

INVITED LECTURE

Microscopic techniques as an expedient tool for binding science 
and art

ŽELJKO SAVKOVIĆ, NIKOLA UNKOVIĆ, MILOŠ STUPAR, JELENA VUKOJEVIĆ, MILICA 
LJALJEVIĆ GRBIĆ

Institute of Botany and Botanical Garden „Jevremovac“, Faculty of Biology, University of Belgrade, 
Belgrade, Serbia



MICROSCOPIC APPLICATIONS IN SYMBIOTIC INTERACTIONSLIFE SCIENCES 144

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

A first proof of an early mechanical coupling and biofilm formation in dilute 
bacterial suspensions 

 
Kostanjšek Rok1, Sretenovič Simon1, Stojković Biljana2, Dogša Iztok1, Poberaj Igor3,4, Stopar 

David1 
1Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101, Ljubljana, Slovenia 

2Medical Faculty, University of Ljubljana, Vrazov trg 2, Ljubljana, Slovenia 
3Faculty of Mathematics and Physics, University of Ljubljana, Jadranska 19, Ljubljana, Slovenia 

4Aresis d.o.o., Ulica Franca Mlakarja 1A, Ljubljana, Slovenija 
  

Introduction: It is a general perception that microbes can grow either in a planktonic form, or in 
a form of biofilm. The former occurs at lower cell densities and is characterized by an absence of 
mechanical interconnections between cells. Cells are therefore allowed to move independently and 
act as a dilute suspension. Biofilms on the other hand, are characterized by higher cell densities 
and intercellular mechanical interconnections enabled by a self-produced matrix of extracellular 
polymeric substances. Being most common form of bacterial communities, biofilms are capable 
of colonizing most of natural and artificial materials. As such, biofilms commonly interfere with 
biomedical and technological processes by changing the mechanical and chemical properties of 
the overgrown surfaces. To improve our understanding of the process of biofilm formation, we 
analyzed the possibility of a mechanical coupling of bacteria in dilute suspensions, much before 
cells become fully entrapped in the extracellular matrix of newly formed biofilm. 
 
Materials and methods: We analyzed the presence of intracellular connections and 
microrheological parameters of bacteria in dilute suspension by optical tweezers Tweez 250si 
(Aresis) and CMOS camera UI-3370CP-M-GL (IDS Gmbh) mounted on invert light microscope 
Eclipse-Ti (Nikon). Presence, dynamics and composition of mechanical connections between cells 
were analyzed by FE-SEM JSM-7500F (Jeol), negatively contrasted samples examined by TEM 
CM-100 (Philips) and invert light microscope Observer Z1 (Zeiss) upgraded with a confocal 
system LSM 800 (Zeiss). The experiments were performed on several bacterial species 
(Escherichia coli, Pseudomonas aeruginosa, Pseudomonas fluorescens, Pseudomonas stutzeri, 
Staphylococcus aureus, Vibrio ruber and Bacillus subtilis) sampled at different time points after 
inoculation into a liquid growth medium. Biological origin of intracellular connections was 
examined on a set of mutated bacterial strains with knocked-out genes for individual components 
of extracellular matrix. 
 
Results: By using optical tweezers, we detected long-range coordinated motion and mechanical 
coupling of bacterial pairs in dilute bacterial suspensions (Figure 1). TEM (Figure 2) and FE-SEM 
(Figure 3) analysis showed a gradual formation of extracellular matrix around bacterial cells, 
leading to their entrapment in the extracellular matrix. Although full entrapment of cells in the 
extracellular matrix and formation of biofilm occurs approximately 8 hours after inoculation, we 
observed the mechanical coupling between cells as soon as one hour after inoculation. The 
components connecting the cells much before the full formation of extracellular matrix comprise 
secreted bacterial polymers and cytoplasmic substances released from lysed cells. [1] 

Discussion and conclusions: Our findings point to mechanical connections between bacteria in 
dilute bacterial suspensions, which is  By fundamentally 
changing the view on bacterial interactions in dilute suspensions, our results shed a new light 
into understanding of biological processes related to biofilms, like their formation, diffusion of 
signal molecules and nutrients in them, origin of multicellularity and microbial physiology, with 
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a wide array of implications, including increased efficacy of antibiotic treatments, as well as 
reducing the formation of unwanted microbial aggregates in industry and natural environments. 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The principle of movement (arrows) of a single B. subtilis cell entrapped by optical 
tweezers (circle). Scale bar represents 15 μm. 

 

a                  b                   c                   d 
Figure 2. Gradual formation of the extracellular network in B. subtilis culture. TEM micrographs 

depicting inoculated growth medium (t0) (a) and B. subtilis cells (asterisks) after 2.5 (b), 5 h (c), and 8 h 
(d) of incubation. Scale bars represent 3 μm. 

 
 

 
 
  
 
 
 
 
 
 
 
 

Figure 3. Extracellular matrix surrounding a single B. subtilis cell. Scale bar represents 3 μm. 
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In these days, opportunistic pathogenic microorganisms represent a serious medical problem due 
to the growing number of immunocompromised patients. Fast and non-invasive diagnostics can 
decide on the survival of these patients. One of the dreaded bacteria is Pseudomonas 
aeruginosa. This Gram-negative bacterium is well known for being the causative agent 
of nosocomial infections and for its multidrug resistance. P. aeruginosa mainly attacks soft 
tissues, where it causes acute or chronic infections. In both cases, they may endanger life [1].

P. aeruginosa, like some other bacteria or fungi, produces siderophores, small iron-binding 
compounds that contribute to virulence. These molecules are species-specific and are detectable 
in vitro and in vivo in infected animals by mass spectrometry methods [2, 3]. The aim of our 
work is detection of P. aeruginosa by multimodal imaging. Using scanning electron microscopy 
(SEM), it is possible to characterize morphology of the bacteria in different growth phases 
in vitro (Figure 1.). SEM is also useful for detecting bacteria in infected lung tissue (Figure 2.). 
Pyoverdin, the main siderophore produced by P. aeruginosa, is detectable in the lungs using 
MALDI imaging mass spectrometry (MALDI-IMS).

Therefore we started to develop a methodological approach to combine these hard-to-combine 
methods – high resolution SEM and MALDI-IMS with resolution in the range tens of microns. 
However, tissue handling and sample preparation is problematic with respect to both analyses. 
While chemical fixation is generally required to preserve tissue structure for high resolution 
imaging, it can interfere with the signal of measured spectra by MALDI-IMS. A possible 
solution is to prepare consecutive sections of the non-fixed tissues to be used separately 
for multiple analyses [4]. Additional fixation of the tissue sections for SEM is then required. 
Gram staining is used to localize bacteria easily in the lung tissue sections. However, due to the 
light microscopy resolution limit, it is not possible to observe all morphological changes 
in the infected tissue. The bacterial biofilm formed in the lungs during infection is also hardly 
observable in histological samples.

We demonstrate a methodological approach for sample preparation, which is suitable 
for analyses of infected tissues in more modalities. Thereafter, data are correlated by analytical 
software [5]. By combining SEM and MALDI-IMS, it is possible to obtain complex information 
on the presence of bacteria and their metabolites in the infected tissue as well 
as the inflammatory response of the host in the infected rat model. Moreover, this approach can 
confirm the use of other mass spectrometry methods as fast and non-invasive diagnostic tools 
in the future [3].
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Figures

Figure 1. Different growth phases of P. aeruginosa in SEM. From 2 to 9 hours after inoculation, bacteria are 
motile with high doubling time. At the transition to the stationary phase (24 h), bacteria produce 

polysaccharides and associate into biofilm-like structure. After 30 h, bacterial cells are smaller and some 
of them are dead.

Figure 2. Post-fixed cryosections of infected lung tissue section in SEM. (A, B) P. aeruginosa (arrows) grows 
in biofilm-like structures. (C) Due to the additional fixation, it is possible to distinguish the morphological 

structures. (D) Tissue damage caused by inflammation, collagen fibers (arrow) are observable.
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The seeds of white (Sinapis alba L.), brown (Brassica juncea L.) and black mustard (Brassica nigra
L.) are part of the Brassicaceae family known for the presence of glucosinolates (GSLs). In the plant, 
they coexist with an enzyme myrosinase, though separately stored in vacuoles of so-called S-cells. 
GSLs that are characteristic for these plants include sinalbin, gluconapin and sinigrin. When plant 
tissue is damaged, GSLs and enzyme myrosinase come into contact releasing unstable aglycones 
which spontaneously rearrange into a variety of reactive compounds, mainly isothiocyanates -
responsible for the mustard flavour [1]. Sinalbin degrades and releases 4-hydroxybenzyl 
isothiocyanate, gluconapin releases but-3-enyl isothiocyanate, while sinigrin releases allyl 
isothiocyanate [2]. As a part of the mustard oils composition, the high content of lipid components is 
also present (20 – 30%).  
 The present study was designed to examine pore microstructure of mustard seeds (white, 
brown and black mustard) by optical (ZEISS AXIO Imager.A2m) and scanning electron microscopy 
(SEM) before and after using different extraction techniques. The SEM analysis of the mustard seeds 
was performed by JEOL JSM-5200 scanning electron microscope. The mustard seeds were examined 
at an accelerating voltage of 15 kV.
The techniques used for isolation were: conventional (Clevenger hydrodistillation and extraction with 
organic solvent after autolysis) and modern microwaves extraction techniques (Figure 1). The 
qualitative and quantitative composition of the main compounds were analysed using gas 
chromatography.  

Figure 1. Scheme of microwave-assisted extraction system.

The seed coat is the interface between the embryo and the exterior environment, and it is a 
multifunctional organ that plays important role in embryo nutrition during seed development and in 
protection against pests and pathogens from the external environment afterwards [3].
Seed of brown mustard is spherical and coat captured with an optical microscope as viewed from the 
outer surface reminiscent of a golf ball (Figure 2). The surface contained a semiregular array of ridges 
with compartmented the seed coat to form a network that gave an almost honeycomb pattern [4].
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Figure 2. A 50x magnification images of brown mustard seed (untreated sample) taken trough an optical 
microscope. 

Surface morphology scanned by SEM showed that the pores of white mustard seeds are significantly 
smaller than pores of brown and black mustard seeds (Figure 3).

Figure 3. SEM image of white mustard seed (untreated sample). 

Surface morphology also showed that tested sample has a compact pores microstructure throughout 
the whole sample (Figure 4). 

Figure 4.  SEM images of brown and black mustard seed (untreated sample). 

GC–MS results showed that allyl isothiocyanate was predominant compound in brown mustard seeds 
oil in MW distillate and Clevenger hydrodistillate (94.37% and 95.94%) and MW extract (95.20%), 
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while its concentration was lower in black mustard seeds oil (15.39% in Clevenger hydrodistillate) 
and in white mustard seeds oil (12.68% in MW extract).  
But-3-enyl isothiocyanate was predominant compound in black mustard seeds oil (80.58% in 
Clevenger hydrodistillate), while its content was the lowest in CH2Cl2 extract after autolysis (0.82%). 
The yields of essential oils after different extraction techniques are shown in the Table 1. 

Table 1.  The yields of essential oils after different extraction techniques 
Clevenger hydrodistillate     0.003 - 0.07% 
MW distillate  0.0001 - 0.002% 
MW extract              0.003 - 0.013% 
CH2Cl2 extract after autolysis  0.001 - 0.024% 

It can be suggested that the amount of isothiocyanates released from the mustard seeds depended on 
different conditions applied (water content, microwaves, temperature), as well as a particle size of the 
mustard seed.
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1. Introduction 
Microalgae are exposed to ionizing radiation from natural (e.g. radionuclides from soil and rocks) 
and anthropogenic sources (radioactive waste, nuclear power accidents, etc). However, there is a 
very limited amount of data on the mechanisms that microalgae employ in response/adaptation to 
radiation [1]. The aim of our study was to determine the effects of X-ray irradiation on the cell 
wall of Chlorella sorokiniana. Microalgal cell wall represents a dynamic multi-layer structure, 
which is both a barrier and the line of contact between unicellular algae and the surroundings [2]. 
 
2. Details of experiments 
C. sorokiniana (CCAP 211/8K) culture was grown in 3N-BBM+V medium, at 22°C with a 
continuous photon flux of 120 μmol m-2 s-1 for 20 days, reaching stationary phase. Cultures were 
then exposed to X-rays at doses of 1, 2 and 5 Gy, left under the same conditions for additional 24 
h, C. sorokiniana cells were collected by centrifugation (500 x g for 5 min) and fixed overnight at 
4°C in 0.1M phosphate buffer (PB) (pH 7,2) containing 3% glutaraldehyde (SERVA, Germany) 
and 1% paraformalaldehyde (pH 6,9). Postfixation was performed with 1% osmium tetroxide 
(SERVA, Germany) in 0.1M PB (pH 7,2) for 2 h at room temperature. Samples were dehydrated 
in a graded acetone series and then embedded in resin for soft blocks (AGR1031, Agar Scientific, 
UK). Thin sections (0.07 mm), obtained with Leica UC7 ultramicrotome (Leica Microsystems, 
Germany), were stained with uranyl acetate and lead acetate and observed at 60 kV in a JEOL 
JEM-1010 TEM (JEOL, Japan). Characterisation of cell wall thickness was performed on TEM 
photographs using ImageJ (NIH). At least 25 cells with the nuclear mid-section for control and 
each examined dose were analysed on low (x7500) magnification. Thickness of the cell wall was 
measured at four points, (on x and y axis of the micrograph with 0 point at the cell’s center), 
corresponding  to  the position of the small hand on the clock when it is set at 12h, 3h, 6h, 9h. In 
addition, gravimetry of isolated cell wall was performed. Isolation was conducted according to the 
previously described protocol that was slightly modified (starch was removed by amylase 
treatment of isolates) [3].  
 
3. Results and discussion 
TEM showed that cell wall of C. sorokiniana is composed of trilaminar sheath (TLS electron 
translucent line inserted between two electron dense lines; the outermost layer is a mature mother 
wall, while the thin inner layer is a daughter wall), and fibrilar cell wall. It is noteworthy that the 
obtained diameters for untreated microalgae were in accordance with available data [4]. The 
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analysis of TEM micrographs showed that there were no significant changes in the thickness of 
TLS for any of the used doses. However, the diameter of fibrillar wall was increased in response 
to irradiation for microalgae exposed to 1 Gy and 2 Gy. The thickness of cell wall in microalgae 
exposed to 5 Gy was not significantly different than in controls (Figure 1). A similar trend was 
observed by gravimetry of dry cell wall isolates normalized to biomass. It is important to note that 
no effects of radiation on biomass, at doses applied here, could be observed.  
 

 
 
Figure 1. Representative TEM micrographs of C.sorokiniana cells and the analysis of cell wall parameters 
presented in graphs. Full and dashed lines in the graphs represent control (untreated microalgae) values ± 

standard error. * - statistically significant compare to controls (p < 0.05).  
 
It appears that Chlorella sorokiniana responds promptly to ionizing radiation by fortifying its ‘first 
line of defence’. The observed changes may be of particular interest for bioremediation, taking 
into account the capacity of cell wall to bind water-soluble metals, including radionuclides. In 
addition, cell wall may buffer the influx of reactive oxygen species that are generated in aqueous 
environment by ionizing radiation. 
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1. Introduction 
 
Plants of the genus Micromeria Benth. (Lamiaceae) are perennial herbs, subshrubs and shrubs 
distributed throughout the temperate belt [1]. Micromeria species are generally aromatic due to the 
presence of external glandular structures that produce essential oils, which serve to protect plants 
against herbivores and pathogens. This natural product isolated from a variety of Micromeria 
species was shown to exhibit antimicrobial, antifungal and antioxidant activities. Due to the socio-
economic importance of the essential oil production, glandular trichomes of Lamiaceae species are 
among the most investigated secretory structures concerning their microporphology, ultrastructure, 
type and mode of secretion.  

M. graeca (L.) Benth. ex Rchb. subsp. graeca is a perennial subshrub widely distributed in the 
Mediterranean area. The plant is pubescent, stout, 10-50 cm in height, has ovate to linear-lanceolate 
leaves with revolute margins, and flowers in spring. It is used in folk medicine in the Tyrrhenian 
part of the Basilicata region of southern Italy. This study aimed to record micromorphology and 
secretion of leaf glandular trichomes of M. graeca plants cultured under in vitro environmental 
conditions.  
 
2. Experiment 
 
Plant material – Shoots of wild-growing M. graeca plants, dissected into one-node stem segments, 
were used to establish in vitro cultures. Surface sterilized nodal segments were transferred to 
Murashige and Skoog (MS) culture medium [2] supplemented with 3% (w/v) sucrose, 0.7% (w/v) 
agar (Torlak, Belgrade) and 0.1% activated charcoal. Shoot multiplication was carried out on the 
same medium, by routine subculture performed in 5-week intervals. 

Scanning electron microscopy (SEM) – For SEM analyses fresh leaves isolated from shoots 
cultured on MS medium were used. Leaf samples were coated with a thin layer of gold and 
palladium in a BAL-TEC SCD 005 sputter coater. Samples were examined with a JEOL JSM-6390 
LV (JEOL, Tokyo, Japan) SEM operated at 15 kV. 

Light microscopy (LM) – Micromorphological and histochemical analyses were performed on 
hand-sections of fresh leaves. Histochemical test using Sudan IV dye was applied for in situ 
detection of total lipids [3]. Sections were examined and photographed using a Zeiss Axiovert light 
microscope (Carl Zeiss GmbH, Göttingen, Germany). 
 
3. Results and Discussion 
 
Nodal segments of M. graeca cultured on MS medium developed non-branched axillary shoots 
(Fig. 1). SEM and LM investigations of regenerated plantlets indicated that two types of glandular 
trichomes, peltate and capitate, were present on their leaf surfaces (Figs. 2-10).   
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Figure 1. In vitro plantlets cultured on MS medium for 5 weeks, used for trichome characterization. Figure 2. 
Sparsely pubescent young lanceolate leaf with revolute margins. Figure 3. Micromorphology of the abaxial 

leaf surface of in vitro plantlets. Note sharply pointed non-glandular (ng) trichomes and two types of 
glandular trichomes, peltate (p) and capitate (c1, c2). Figure 4. Glandular head of developing peltate 

trichome on mature in vitro leaf, with its cuticle firmly attached to the secretory cell walls. Figure 5. Upper 
view of mature peltate trichome, with secretory cells arranged in two circles: peripheral, consisting of 16 
cells, and central, composed of four cells. Note cuticular cap (arrows) detached from the head cell lateral 

walls. Figure 6. Mature peltate trichome with subcuticular storage cavity (asterisk), formed by detachment of 
the cuticle from the upper cell walls. Figure 7. Upper view of type I capitate trichome clinging to the leaf 

surface. Figure 8. Type I capitate trichome, with basal epidermal cell (b) and short unicellular stalk (s) 
subtending an oblong unicellular secretory head (h). Note lipophilic droplets within the stalk cell, after 

staining with Sudan IV. Figure 9. Type II capitate trichome, with conical basal cell (b), elongated stalk (s) 
and cylindrical unicellular secretory head (h). Note well-developed round subcuticular storage cavity 

(asterisk) atop the secretory cell. Figure 10. Type II capitate trichome with broken cuticle of the secretory 
cell. Note remnants of broken cuticle (arrow) attached to the secretory cell. 
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Peltate trichomes (Figs. 4-6) were more frequent on the abaxial leaf surface. They consisted of a 
broad basal cell, one wide stalk cell, and a glandular head comprising 12-16 peripheral and 4 
centrally located secretory cells. On leaves of in vitro plantlets, mostly immature peltate trichomes, 
with cuticle firmly attached to the secretory cell walls, were observed (Fig. 4). During maturation, a 
storage cavity was formed by the separation of the cuticle from the secretory upper cell walls, 
rendering these trichomes spherical shape, characteristic of a peltate gland (Figs. 5, 6). 

Two types of capitate trichomes could be distinguished on M. graeca leaves. Type I capitate 
trichomes were found on both adaxial and abaxial leaf side, positioned at an angle to the leaf 
surface (Figs. 7, 8). They were composed of one large basal epidermal cell, cutinized unicellular 
stalk and unicellular ellipsoidal head (Fig. 8). Cutinization of the stalk cell walls is presumed to 
prevent apoplastic backflow of trichome-produced compounds, which can be autotoxic to other 
parts of the plant. 

Type II capitate trichomes (Figs. 9, 10) were observed on both adaxial and abaxial leaf surface, 
but appeared to be less frequent comparing to peltate and type I capitate trichomes. Type II capitate 
trichomes were composed of one conical basal cell, a stalk comprising two cells, and unicellular 
secretory head. In young trichomes small subcuticular storage cavity was present (Fig. 9). On 
mature leaves, their glands commonly had ruptured cuticle (Fig. 10).   

Histochemical analysis revealed scarce lipophilic secretion of both peltate and capitate 
trichomes under in vitro conditions. Further optimization of in vitro culture conditions is needed in 
order to increase the production of secondary metabolites in M. graeca plantlets.    
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Prunus spinosa L. (Rosaceae) is a medicinal plant which contains a combination of bioactive 
phytochemicals and nutrients and is supposed to play very important biological activities [1,2]. 
Trichoplax adhaerens Schulze, 1883 (Placozoa), a non-bilaterian marine species, has the simplest 
body plan among metazoans. Only seven somatic cell types are organized into two pseudo-
epithelial layers, a marginal cell cord, and an inner tridimensional network of star-shaped fiber cells 
[3,4,5,6]. Placozoa reproduce by binary fission with budding occurring only in unfavourable 
conditions [7]. Available data also show that sexual reproduction may take place in nature [8] and 
oocytes production is often observed, especially under stressful conditions [9]. In a recent study the 
possible effects of the treatment of T. adhaerens with P. spinosa ethanol extract or with only 
ethanol were investigated using Placozoa in vivo as a biological model to assess the natural extract 
bioactivity. Results highlighted clear differences in cell morphology between the untreated and the 
treated animals [10]. On this basis, the aim of this study was to further investigate the phenotypic 
cell plasticity of T. adhaerens in different experimental conditions [untreated (CTRLs), treated with 
ethanol (EtOH), treated with Prunus spinosa ethanol extract (P+EtOH)] through microscopical and 
ultrastructural TEM observations.  
We found that untreated animals maintained a large and flattened body with irregular shape, 
whereas specimens treated with ethanol showed a much smaller body with rounded shape. Under 
TEM, we were able to deeply investigate the cell phenotypes and observed that the animals treated 
with ethanol showed a marginal cell cord much thicker than that of untreated ones, as composed of 
a higher number of cells (Fig. 1A-C). Moreover, beneath the cells of the marginal cord, we 
identified some peculiar cells looking different from any other placozoan cell type described so far. 
These cells are characterized by a well developed Golgi apparatus, numerous vesicles moderately 
electron-dense, and a basal body from which a flagellum arises (Fig. 1D-F). This finding supports a 
great phenotypic cell plasticity of T. adhaerens and emphasizes the need to further investigate the 
abundance of such cells in EtOH treated animals as well as to focus their ultrastructural details in 
order to confirm our present observations. Furthermore, since we noticed a high growth rate in 
EtOH group, in which reproduction by budding also took place thus confirming the existence of a 
stressful situation, the finding of these peculiar cells may suggest they originate as a response to 
sexual signals induced by unfavorable (i.e.EtOH treatment) experimental conditions. Indeed, the 
appearance of sexual reproduction in unfavourable life conditions is already known for a number of 
animals that usually reproduce by asexual modalities. Moreover, the observed growth rate in the 
EtOH group (higher than in P+EtOH group), seems to indicate that Prunus spinosa ethanol extract 
may exert a protective activity against ethanol effects.  
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Figure 1. A,B: optical section and body cross-section of CTRLs showing the marginal zone formed by 
ovoidal, remarkably small cells. C,D: optical and electron body cross-section of EtOH  treated animals 

showing the thick marginal cell cord (mc) and the peculiar cells (arrows) underneath. E,F: magnification of 
two peculiar cells in which are well visible the numerous vesicles (v) and the flagellum basal body (arrow). 
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1. Introduction 
Plant cell walls (CW) are the most abundant, renewable and biodegradable composite on Earth. Cell 
wall can also be considered as a nano-composite in which cellulose, lignin and hemicelluloses are 
interconnected in a specific manner. Biopolymers such as cellulose, hemicellulose and lignin, have 
wide applications in different industries, especially for biofuels and biomaterials [1,2]. By using 
imaging FTIR microscopy, run in transmission mode and at different polarisation modes (from 0° to 
90°), it is possible to follow chemical variability and orientation of cell wall polymers [3]. The 
orientation of cellulose, xylan and lignin, as essential components of plants, were analysed by iFTIR 
with regard to the sample axis. 

2. Materials and Methods 
The purified isolated cell wall material was obtained from maple leaves (A. platanoides) by methanol 
extraction and subsequent purification using a series of solvents (1% Triton X-100, 1M sodium 
chloride, distilled water, methanol, acetone) [4].  
FTIR microscopy measurements were carried out using a Spectrum Spotlight 400 FTIR Imaging 
System (Perkin Elmer Inc, Shelton, CT, USA). The area of interest was first displayed, using a visible 
CCD camera to locate the cell wall area, which was then irradiated using mid-IR light (Figure 1). The 
scanning was carried out in imaging mode using an array detector, providing a pixel resolution of 
6.25 µm x 6.25 µm, a spectral resolution of 4 cm-1 and a spectral range from 1,800 to 720 cm-1. IR 
scanning with a polarisation, where the incident IR radiation is polarised by a gold wire grid polariser, 
in our case, from 0° to 90° polarisation and in relation to the fibre orientation with intervals of 5° 
were carried out also. In this way, it is possible to investigate, for example, orientations of different 
polymers in a wood fibre. The IR spectra were processed by the software Spotlight 1.5.1, HyperView 
3.2 and Spectrum 6.2.0 (Perkin Elmer Inc., Shelton, CT, USA) [3].  

 
 

 

Imaging FTIR microscopy – technique for rapid screening of 
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                  (b)             (c)    
Figure 1. (a) shematic image of the linear array detector containing 16 MCT detectors, also showing one 
magnified pixel of a 6.25 µm x 6.25 µm, (b) visible image of a part of maple leaves cell wall, (c) IR full-
spectral image of the sam part of maple leaves cell wall. 

3. Results and Disscusion 
From the in-depth study of polymer orientation, three areas from the sample (maple leaf) were 
selected. The transmission spectra were recorded from 0° to 90° polarisation modes. Figure 1 shows 
FTIR spectum of cell walls of maple leaves in the region 800–1800 cm-1. Spectral signals related to 
absorptions from cellulose, xylan and lignin can be identified.  

 
 

Figure 2.  Average absorbance spectrum of maple leaves cell wall. 
 

The relative absorbance spectra are presented (Figure 2) as specific absorption peaks (RA = (Ip – Imin) 
/ (Imax – Imin) ) where RA is relative absorbance, Ip is intensity of the absorbed IR 
radiation at a given angle of the polarisation, Imax is maximal intensity observed for a given vibration 
and Imin is minimal intensity observed for a given vibration. These relative absorbance values were 
presented in relation to the angle of the incident IR polarisation (from 0° to 90°).  
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Figure 3. The relative absorbance of IR specific absorption wavenumbers plotted against the 
polarisation angle for the different polymers (cellulose - left, xylan & lignin – right) for maple 

leaves. 
 
It is evident (Figure 3 left) that the three cellulose peaks (1160 cm-1,1375 cm-1 and 1424 cm-1) [3–5] 
had high absorption levels at low polarisation angles, which is a consequence of a more parallel 
orientation of the corresponding groups to the CW longitudinal axis. The fourth cellulose peak (the 
perpendicular signal at 1316 cm-1) had the greatest intensity at a high polarisation angle, due to the 
perpendicular orientation of the corresponding group (Figure 3 left). For the xylan, the characteristic 
band signals (1244 cm-1, 1736 cm-1) [5–7] increased with an increase in the polarisation angle. Due 
to the parallel orientation of these side groups in xylan, an orientation parallel to the longitudinal CW 
axis is indicated (Figure 3 right). For the lignin, the characteristic band signal (1517 cm-1) [8,9] 
decreased with an increase in the polarisation angle (Figure 3 right), indicating that lignin is organised 
in parallel with the longitudinal CW axis. 

4. Conclusion 
It has been shown that xylan is oriented in parallel to the cellulose and more or less parallel to the 
axis of a cell wall, in isolated CW fragments from maize leaves. There was also a clear indication of 
lignin orientation parallel to the longitudinal CW axis. This means that all of these components show 
strong anisotropic behaviour and organisation. 
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1. Introduction 
In systematic approach, Prunus domestica L. (European plum) belongs to the family Rosaceae 
L. and it is an important fruit species, interesting for various forms of industrial and domestic 
processing, and for fresh consumption [1]. Examination of the pollen morphological structure 
is of great significance in taxonomy, phylogeny due to the fact that the pollen grains have a 
definitive size, structure and shape for each species, genus and family. Pollen grain at the time 
of its maturity has a three-layer coating: an exine, an intina and a pollen coat [2] According to 
the Hebda and Chinnappa [3], in most of the genera in the subfamilies of Prunoideae, 
Maloideae and Spiroideae, pollen grains are tricolpate, with large perforations in the furrow 
between the ridge. Major plant breeding programme in the Fruit Research Institute, Čačak, was 
to breeding new cultivars of European plum using autochthonous and introduced genotypes as 
the parental combinations within the planned hybridization. This program produced ‘Čačanska 
Najbolja’ (1975) and ‘Pozna Plava’ (1980). ‘Hanita’ and ‘Presenta’ were cultivars, introduced 
at the University of Hohenheim, Germany.  
2. Material and methods 
The study was conducted on four plum genotypes (‘Čačanska Najbolja’, ‘Čačanska Lepotica’, 
‘Hanita’ and ‘Presenta’) growing in the experimental plum orchard near Čačak, Serbia. For the 
SEM study, samples were mounted directly on metallic stubs using double-sided adhesive tape 
and coated with gold in a sputtering chamber (BAL-TEC SCD 005 Sputter Coater). Observation 
of the prepared samples was carried out with a scanning electron microscope (SEM) JEOL 
JSM-7100F (Tokyo, Japan) at 15 kV.  
3. Results 
Based on the analysis conducted by SEM, all pollen grains can be characterized as isopolar, 
radially symmetric with three colpate apertures (Table 1). In equatorial view pollen grains are 
eliptical and in polar view are round (Figure 1). The pattern of the exine of the investigated 
plum cultivars was striate, with longitudinal ridges (Figure 2). Apart from the width, the other 
morphological characteristics of the pollen had the highest values in the ‘Pozna Plava’. ‘Hanita’ 
had the smallest value of all the examined morphological characteristics of pollen grain. Also, 
when examining the parameters of the exine ornamentation, except for the number of ridges 
per 100 μm2 of the equatorial regions, the highest values were observed in the ‘Pozna Plava’. 
Pollen grains in ‘Hanita’ showed the highest number of ridges in 100 μm2 of exine.  
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Table 1. Morphological characteristics of pollen grains in plum (Prunus domestica L.) cultivars. 
Cultivar Pollen lengh

(μm) 
Pollen width

(μm) 
Lenght/width

ratio  
Colpus lengh

(μm) 
Colpus width

(μm) 
Mesocolpium
width (μm) 

57 66±0 38 b 29 84±0 38 a 1 92±0 020 b 48 54±0 50 b 2 42±0 12 n 16 82±0 75b

 

  

Figure1. Pollen grain (equatorial and polar view) 
in plum (Prunus domestica L.) cultivars:  a–c) 
‘Pozna Plava’;d–f) ‘Čačanska Najbolja’; g–i) 

‘Hanita’; j–l) ‘Presenta’. 

gure 2. Pollen exine in plum (Prunus domesti
L.) cultivars: a) ‘Pozna Plava’; b) ‘Čačanska

Najbolja’; c) ‘Hanita’; d) ‘Presenta’. 
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morphological and chemical data 
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Limoncella is the common name of a fruit tree of Rutaceae family, a rare and ancient 
Mediterranean variety of Citrus genus. The fruit is composed of flavedo (10 – 20%) and pulp (35 
– 40%). Albedo is the spongy white layer underlying flavedo, a source of flavonoids (1,2) and 
usually food waste for the industries. Albedo, together with septum and core, constitutes 30-40% 
of the fruit weight.  
In this study, albedo, particularly thick and sweet, and flavedo, were morphologically and 
chemically characterized. 
Preliminary observations of fresh, dry and fixed albedo and flavedo samples, were carried out by 
means of a variety of microscopy approaches: light, fluorescence, transmission, scanning and 
environmental scanning electron microscopy (3). Semi-thin sections were stained with safranin, 
methylene blue, Azur II and basic fuchsin, to highlight and compare characteristic elements of the 
albedo and flavedo of this ancient fruit.  
All morphological approaches allowed us to observe parenchymal cells with a considerable central 
vacuole. Elements of secondary lignified wall characteristic of the xylem were observed such us 
spiral tracheid, with regular pitting walls. Micro-analytical analyses showed that carbon, oxygen, 
chloride, potassium and calcium were associated to albedo and flavedo structures. 
Further studies are necessary for a better biodiversity and eco-sustainability valorisation of the 
Limoncella biovar. In particular, its albedo, useful for recycling of organic waste in agriculture and 
food industries, and important source of flavonoids, deserves a new attention and highlighting. 

 

Albedo and Flavedo from “Limoncella of Mattinata”: 
morphological and chemical data
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Figure 1 Light microscopy (A,D), SEM (B,E) and TEM (C,F) of albedo (A-C) and flavedo (D-F). 
Fibers and vessels in cross sections are visible (A-C). C, plasmodesmata structure (*). Oil glands 
(og) in flavedo area are present (D,E). In F, some plastids ( ) in vessel cytoplasm are 
evident. 
Bars: A, B = 50 µm; C,F = 0.25 µm; D, E = 100 µm. 
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Freshwater sponges belong to macrozoobenthic organisms with a worldwide distribution. 
European rivers and lakes, most generally, have been well analyzed for the presence of Porifera 
[1]-[5]. Some geographical areas, however, remain largely unexplored. Among these are West 
Balkan countries. The aim of the present study was to determine sponge species collected in 
Macedonia and Serbia based on the specific morphology of their mineral skeleton, using light 
and scanning electron microscopy (SEM).  In total 122 specimens were collected and spicules 
were prepared by nitric acid technique [6]. Determination was mainly performed by observing 
sponge structures under light microscope. For fine analysis of sponge skeleton elements, in 
some cases, SEM was applied allowing measurements of these elements to be done for an 
accurate species determination (Figure 1.).  
 

 
 

Figure 1. SEM image of spicules (megascleres) of E. fragilis with measured lengths and widths 
 

As revealed by the length and width of sponge spicules, as well as their shape, among the 
collected specimens the following species have been identified: in Serbia- Spongilla lacustris 
Linnaeus, 1758, Eunapius fragilis (Leidy, 1851), Ephydatia fluviatilis (Linnaeus, 1759), 
Ephydatia muelleri (Lieberkühn, 1856), and Trochospongilla horrida Weltner, 1893; in 
Macedonia S. lacustris, E. fluviatilis, S stankovici Arndt 1937, Spongilla carteri Bowerbank, 
1863 and Ochridaspongia rotunda (Arndt 1937). In conclusion, SEM made possible an 
efficient assessment of fine sponge skeletal structure needed for species identification. 
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Introduction. 
Grapevine Pinot Gris (GPG) disease is associated to grapevine Pinot gris virus (GPGV), a positive-
sense single-stranded RNA [(+)ssRNA] virus observed inside membrane-bound structures in the 
bundle sheath cells (BSCs) of the infected grapevines [1].  
Usually, (+)ssRNA viruses modify host-cell membranes, to form inclusion bodies used as 
scaffolds for the assembly of viral replication complexes (VRCs). VCRs create an optimal 
environment for viral RNA synthesis and genome encapsidation, facilitating viral access to 
essential host resources and sheltering viral genome replication from host antiviral defences [2]. 
VRCs can derive from a variety of membranous organelles, but most of (+) ssRNA viruses studied 
to date usurped the endoplasmic reticulum (ER) [3].  
Membrane-bound structures observed in BSCs of GPGV-infected grapevines [1] show a similar 
organization to those described in other virus-plant host interactions and assumed as deformed ER 
[4]. The association of the replicase protein with the host-cell ER reported for grapevine rupestris 
stem pitting-associated virus (GRSPaV), a virus belonging to the Betaflexiviridae family as GPGV 
[3], supports the hypothesis of a possible ER targeting by GPGV. In the present study, we 
investigated the identity of the GPGV-induced membranous structures. The combination of 
different microscopy techniques with molecular analysis provided functional information about 
the still poor investigated GPGV-grapevine interaction at ultrastructural level.  
To understand if GPGV infection could interfere with ER-related pathways, the expression of 
CALRETICULIN 3 (CRT3α, XM_010652325.2, and CRT3β XM_010650921.2), CALNEXIN 
(CNXα, XM_002273672.4, and CNXβ, XM_002277630.4) and LUMINAL BINDING PROTEIN 5 
(BIP5α, XM_002263287.3, and BIPβ, XM_010664593.2) was analysed (Fig. 1). Since the 
expression of these genes is known to be induced by ER stress [5], they were used as marker of 
GPGV-ER interaction. Following GPGV infection, the above cited genes underwent to a 
significant upregulation by a factor varying from 2 to 3, with the sole exception of the gene CRT3α, 
whose transcription level was not altered (Fig. 1).  

 
Figure 1. GPGV alters the expression of ER stress related genes. 
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TEM observations of epoxy resin-embedded samples confirmed the presence of membrane-bound 
structures in GPGV-infected BSCs, as previously reported ([1] and [6]). In London Resin White-
embedded samples, anti luminal-binding protein (anti Bip) antibody localized the target protein in 
correspondence to ER in BSCs of healthy plants (Fig. 2A) and to the membrane-bound structures 
in BSCs of GPGV-infected samples (Fig. 2B). Anti- double-stranded RNA (anti dsRNA) antibody 
localized the intermediate of the viral replication only in correspondence to the putative deformed 
ER (Fig. 2D), failing to mark ER in healthy plants (Fig. 2C) or other cell compartements in infected 
BSC (Fig 2D). Considering ion beam scanning electron microscopy (FIB-SEM) analysis, 3D 
datasets were acquired (Fig. 2G-J): segmentation and 3D reconstruction are in progress (Fig. 2K). 
 

 
Figure 2. GPGV replicates in ER-derived membrane bound structures. A-B: Bip 

immunolocalization. C-D: dsRNA immunolocalization. E-F: individuation of the region of 
interest for FIB-SEM observations. G-H: individuation fo the membrane bound structures. K: 3D 

reconstruction. 

 
Conclusions 
In this study, we investigated on the identity of the GPGV-related membranous structures reported 
in GPGV-infected grapevine tissues ([1] and [6]). The specific localization of the ER-associated 
BiP identified the membranous structures as ER. The ER involvement in grapevine-GPGV 
interaction was confirmed by the change in the expression of different ER-stress related genes, as 
evidenced by RT-qPCR. FIB-SEM investigation will reveal the 3D organization of the ER-derived 
structures and their connections with the cytoplasmic environment. Finally, the association of the 
viral replication intermediate ds-RNA with the ER-derived structures indicated them as VRCs 
where GPGV replication occurs. Besides providing functional information about the still poor 
investigated GPGV-grapevine interaction, our results aim to help to achieve a better understanding 
of the microenvironment organization of grapevine viral replication complexes in their natural 
host. 
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The use of fluorescence microscopy for classification of pollen grains 
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1. Introduction 
 
A large number of people suffer from a pollen allergy in all regions of the world [1]. In general, 
pollen allergens are considered a major risk factor for both seasonal allergic rhinitis and asthma [2]. 
Pollen grains show strong autofluorescence [3]. Fluorescence is non-destructive, sensitive, simple 
and fast method for analysis of fluorescent compounds contained in very low amounts in the 
samples [4]. The fluorescence microscopy and fluorescence spectroscopy, in combination with 
appropriate statistical methods, may provide useful fingerprints in pollen analysis [5].  
 
2. Details of experiment  
 
2.1. Pollen samples  
 
Pollen samples were harvested from Serbian agricultural estate Radmilovac in the early spring 
2018. The samples were packed in bags and stored in a freezer at -80 °C until analysis. We 
analyzed pollen samples of four different botanical species (Amorpha fruticosa, Robinia 
pseudoacacia, Rhamnaceae and Rubus L.). 
2.2. Microscopic fluorescence image analysis 
Fluorescent microscopic images were obtained by using Axio Observer Z1 Mikroskop, with 
AxioCamMR3 camera (8 bit per channel). Pollen samples were deposited on glass plates for the 
measurements. The same optics was used for all recordered pictures, in order to avoid chromatic 
aberations. The excitation/emission wavelengths were: 358/461 nm (49-DAPI), 488/510 nm (38 
GFP), and 558/580 nm (DsRED), in the following text referred to as blue, green (38 GFP) and 
yellow, respectively. Series of images were captured for each sample, in order to create its 
representative image with a 10× objective lens. Each image was considered a matrix, where each 
element represents one pixel. The captured images (Figure 1) were analyzed using ImageJ program 
to provide the average red, green, and blue pixel values for the fluorescence intensity of each pollen 
grain selected in an image. Image analysis methods are quantitative tools for analyzing fluorescence 
and bright-field microscopy data.  

a)     b)    c)   

 
Figure 1. Microscopic fluorescence image for Rhamnaceae pollen grains through a) blue (49-DAPI), b) 

green (38 GFP), c) red color (DsRED) filters 
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2.3. Measurement of the fluorescence spectrum 
Fluorescence spectra were collected using a Fl3-221 P Fluorolog spectrofluorimeter (Jobin-Yvon 
Horiba, Paris, France) equipped with a 450 W xenon lamp and a photomultiplier tube. All pollen 
samples were measured in a front-face configuration of the measuring cell. The illumination's 
incident angle was set to 22.5 °C, to minimize light reflections, scattered radiation and 
depolarization phenomena. The Reyleigh masking was applied in order to reduce Rayleigh 
scattering from the solid sample which limits the sensitivity and accuracy of the measurement. The 
fluorescence emission spectra in range from 350 to 600 nm, were recorded with excitation 
wavelengths of 330 to 430 nm. The integration time was 0.1 s, and the wavelength increment in 
excitation measurements was 5 nm, and emission increment was 1 nm. A spectral band width of 2 
nm was employed for both the excitation and emission slits. The average of the 21 emission spectra 
recorded for various excitation wavelengths, for various pollen samples, are shown in the Figure 2. 
 

 
 

Figure 2. The average fluorescence emission spectra for different pollen samples 
 
2.4. Statistical analysis 
Principal Component Analysis (PCA) is a statistical method used to reduce the dimensionality of a 
data set whilst retaining the information content [6]. Principal Component Analysis (PCA) was 
performed using the CAMO Software AS  package for The Unscrambler X 10.4. All data were 
group-scaled prior to PCA. The singular value decomposition algorithm (SVD) and a 0.95 
confidence level for Q and Hotelling T2 limits for outliers were chosen. 

For each sample the brightness results microscopic fluorescence image or average of the 21 
emission spectra recorded for various excitation wavelengths were used as input values in PCA, in 
order to take into account contribution of all fluorophores present in the sample. The results of PCA 
analysis are shown in the Figure 3. 
 

3. Discussion 
The PCA was used to classify pollen samples according to the differences in microscopic 
fluorescence and characteristic emission spectra. The scores and loadings plots obtained for pollen 
samples are shown in Figure 3. The PCA resulted in a two-component model which explains 98 %  
(microscopic fluorescence) and 99% (fluorescence emission spectra) of total variance. Based on 
brigtness data, Amorpha fruticosa was separated from the other investigated pollen samples along 
positive PC1, while Robinia pseudoacacia was separated along negative PC1. The discrimination of 
Rubus L. sample was along positive PC2, and of Rhamnaceae sample along negative PC2. PCA 
results for fluorescence emission spectra confirm separation of the pollen samples based on their 
characteristic emission maxima: Amorpha fruticosa at 480-520 nm, Robinia pseudoacacia and 
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Rubus L. at 420-470 nm, and Rhamnaceae at 350-420nm and 570-590nm (Figure 3B, Figure 2). 
The separation of the pollen samples was most probably due to their specific phenolic composition. 
                                    A                                                                               B 

 
 

 
Figure 3. Principal component analysis of : (A) microscopic fluorescence and (B) the fluorescence emission 

spectra 

 
4. Conclusions 
In this pilot research, we showed that pollen autofluorescence varied between the pollen of the 
different botanical species. Our findings suggest that classification of pollen grains may be obtained 
based on their fluorescence images. 
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Salt and drought stress represent increasingly threatening global problems for agriculture and food 
security. They strongly impact ion and water homeostasis of plants and plant metabolism, including 
the development and activity of the photosynthetic apparatus. Disturbances in plastid metabolism 
and photosynthesis strongly affect plant productivity and yield. In spite of this evident relationship, 
data about the effect of salt and osmotic (drought) stress on plastid structure and function are scarce. 
In addition, ultrastructural reports are also controversial, some of them show the swelling of the 
intrathylakoidal space in salt stressed plants, while others do not observe similar strong alterations 
in plastid structure. The molecular background of the observed swelling is also unclear – in case of 
drought or salt stress one would rather expect the shrinking of the water-containing lumen. In 
addition, salt stress affects plants in a complex way: its impact can be partly related to direct ion 
toxicity or to indirect effects related to salt-induced osmotic stress. Since several crops are sowed 
deep in the soil, it is evident that during the early phases of their germination their leaves are 
developing in the soil, deprived from light, and will get exposed to light only after they reached the 
surface. 
Therefore, in this work we compared the effect of salt stress to isoosmotic (drought) stress induced 
by polyethylene glycol (PEG) on the etioplasts of wheat (Triticum aestivum). For this purpose we 
used excised leaf pieces obtained from the first leaves of 8-11-day-old wheat plants grown in 
complete darkness. Leaf pieces were floated on Hoagland solution (control), salt solution (600 mM 
NaCl:KCl 1:1 in Hoagland) or on PEG solution (isoosmotic amount of PEG dissolved in Hoagland) 
for 4-4,5 h in the dark, or in a second type of experiments were floated for 1.5 h in the dark and then 
illuminated with 50 μmol photons m-2 s-1 white light for 16 h. 
Salt stress induced distinct and specific alterations in the organization of the pigment-protein 
complexes of etioplasts and of the etioplast inner membrane structure (as also revealed by 
stereographic analyses) in the dark. Similarly, salt stress treatment fully inhibited the etioplast-to-
chloroplast transformation and chlorophyll biosynthesis. Granum development was only slightly 
delayed in the PEG treated plants, while it was almost completely inhibited under salt stress. Our 
data thus outline that the direct ionic component of the salt stress is more important than its osmotic 
component. Further investigations are necessary to elucidate more the molecular background of 
these processes. 
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Regulation of Ca2+ uptake is a crucial process for activation of mitochondria. Recently, core proteins 
(MICU1, MCU and EMRE ) comprising the mitochondrial Ca2+ uniporter complex (MCUC) were 
identified, and this propelled investigations into its physiological workings. The current 
understanding of the MCUC complex is that the pore-forming proteins MCU and EMRE create a 
selective Ca2+ channel in the inner mitochondrial membrane (IMM), which is regulated by calcium-
triggering mediated through the gatekeeping component MICU1. We present a new paradigm 
concerning the dynamics and spatial organization of these mitochondrial Ca2+ uptake components. 
By applying super-resolution structured illumination microscopy (SIM) to living cells, we were able 
to visualize MICU1, MCU, and EMRE spatial responses to Ca2+ mobilization at a sub-organellar 
level. We demonstrate that MICU1 is absent from cristae membranes owing to its quaternary structure 
and poly-lysine domain. Moreover, this exclusive localization of MICU1 is important for the stability 
of cristae junctions (CJ), cytochrome c release and the mitochondrial membrane potential. In contrast 
to MICU1, MCU and EMRE are homogeneously distributed at the inner mitochondrial membrane 
under resting conditions. However, upon cytoplasmic Ca2+ elevation MCU and EMRE dynamically 
accumulate at the IBM in a MICU1-dependent manner. Eventually, our findings unveil a so far 
unknown essential function of MICU1 in CJ stabilization and provide novel mechanistic insights of 
how sophistically MICU1 controls the MCU-Complex while maintaining the structural mitochondrial 
membrane framework. 
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Introduction 
The role of inflammation in common neurological disorders is increasingly recognised. Brain 
pathologies are associated with alterations in glial responses, BBB function and cerebral blood flow, 
which are markedly influenced by central and systemic inflammatory actions. Glial cells, particularly 
microglia emerge as major regulators of neuroinflammation with several currently unexplored roles 
in cerebrovascular responses, BBB function and leukocyte recruitment, which processes are shaped 
by both central inflammatory stimuli and circulating immune mediators. Understanding the molecular 
mechanisms underlying these interactions could pave the way for novel therapeutic approaches in 
brain diseases [1,2]. However, studying microglial actions is highly challenging due to their 
immediate reaction to even minor tissue disturbances, and the lack of microglia-specific manipulation 
approaches until recently. The rapidly growing body of tools to image or influence microglia greatly 
facilitates the understanding of microglial contribution to physiological and pathological processes in 
the brain. 
 
Methods 
Using selective microglia manipulation approaches, imaging, transgenic models and advanced 
microscopy, actions through which microglia shape neuronal activity and injury can be investigated. 
To this end, microglia-neuron interactions, neuronal calcium responses, blood brain barrier (BBB) 
injury and cerebral perfusion have been investigated in real time with two-photon-, widefield- and 
laser speckle contrast imaging after cerebral ischemia, infection and in other models of 
neuroinflammation. In line with this, high resolution anatomy with confocal laser scanning 
microscopy, STORM superresolution microscopy and transmission electron microscopy combined 
with electron tomography enabled us to investigate interactions between microglial processes and 
neurons, microvessels, or other elements of the neurovascular unit. 
 
Results 
Microglia react rapidly to neuronal injury following neurotropic virus infection or cerebral ischemia. 
Elimination of microglial cells, or blocking specific signalling pathways results in worse functional 
outcome and increased neuronal injury in mice (Fig. 1.) [3,4]. 
 

 
Figure 1. Microglial processes surround virus infected neurons. 
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We also show that in the neurovascular unit microglial processes establish direct contacts with 
different cell types and microglia play a previously unrecognised role in regulating cerebral blood 
flow under both physiological and pathological conditions. Real-time chemogenetic manipulation of 
microglia also shapes cerebral perfusion. In addition, microglia establish direct contacts with neuronal 
cell bodies termed as somatic junctions, which possess a unique ultrastructure [5]. Wide-range 
imaging data underpins the importance of these somatic junctions in both physiological and 
pathological processes (Fig. 2.) 
 

 
Figure 2. Microglial processes form somatic junctions with specialized areas of neuronal cell bodies 

 
Discussion 
Understanding the physiological role of microglia and their contribution to neuronal injury or cerebral 
blood flow is essential for the development of novel diagnostic and therapeutic tools in brain diseases. 
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1. Introduction  
Neuroblastoma represent a type of the most frequently diagnosed solid, extracranial tumors in 
paediatric patients [1]. A correlation between the aggressiveness of these tumors and their clinical 
prognosis has been discovered [2]. In cells of peripheral neuroblastic tumors, there are 
neurosecretory granules (NSG), same in nature as those observed in neuronal processes [3].  
 
2. Aim 
The aim of this study was to determine the presence of neurosecretory granules in neuroblastoma 
cells and to compare the number of neurosecretory granules found in cells of tumors with a 
favourable prognosis to the corresponding number in cells of tumors with an unfavourable one 
with the use of transmission electron microscopy (TEM).  
 
3. Material and methods 
Tumor samples were acquired through biopsies of peripheral neuroblastic tumor tissue from 10 
newly diagnosed, previously untreated paediatric patients (ranging in age between 3 months and 
15 years and 11 months, with an average age of 48.7 months at the time of diagnosis). Six of the 
patients were male, whereas the remaining four were female. The tumor samples were first frozen, 
then fixed in glutaraldehyde, and then processed for electron microscopy. Ultrastructural 
morphometry was performed on TEM ultra-thin sections in 60 cells per sample of tumor tissue. 
The structural hallmarks of the cells were observed and the number of NSGs in them counted. The 
analysis was done at a magnification that allowed maximum certainty whilst identifying the 
granules (28000x – 56000x). 
 
4. Results 
The neurosecretory granules were distinguished from the rest of the cytosol in photomicrographs 
as round structures with an electron dense center, surrounded with an electron lucent, peripheral 
halo (Figure 1). In numerous tumor cells, NSGs were found in close proximity to the nucleus. It 
was found that the cells of tumors with an unfavorable prognosis have more neurosecretory 
granules (141.2 ± 89.18) in their cytoplasm than the cells of tumors with a favorable one (37.2 ± 
41.17) (p 
< 0.05) (Graph 1). 
 
5. Conclusion 
An increase in the number of neurosecretory granules in cells of tumors with an unfavorable 
prognosis, as established in this research, could partially shed light on the role these structures play 
in tumorigenesis. 
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Figure 1. Electron photomicrograph of a favorable prognosis tumor cell (left, magnification 28000x) and 

unfavorable prognosis tumor cell (right, magnification 18000x). Red arrow showing neurosecretory 
granules. 

 
 
 

 
Graph 1. An average number of NSGs per tumor sample with a favorable versus corresponding average in 

sample with an unfavorable prognosis (asterisk shows statistical significance at p < 0.05). 
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Introduction The concept of developmental programming implies a linkage between adverse 
environmental signals during prenatal development and low birth weight as a marker, along with 
a greater incidence of pathophysiological conditions in postnatal life [1]. Overexposure to 
glucocorticoids during critical times in fetal development leads to major phenotypic outcomes 
associated with low birth weight, such as cardiovascular, metabolic and neuroendocrine disorders 
[2], [3]. The synthetic glucocorticoid dexamethasone (Dx) is often used in obstetrical practice to 
treat a wide variety of inflammatory conditions or when the risk of preterm delivery exists. 
Glucocorticoids are also used in numerous experimental protocols to induce developmental 
programming [2], [4], [5], [6]. Reproductive system is recognized as an important target for 
developmental programming. Fetal period is critical for pituitary development. Exposure to a 
compound that affects pituitary cell proliferation and differentiation, such Dx, may alter 
developmetal trajectory of pituitary gland. The aim of this study was to investigate the effects of 
prenatal exposure to Dx on gonadotropic cells during the fetal, neonatal, infantile and peripubertal 
period. 
Details of experiment The gravid females were randomized into a control and an experimental 
group, each consisting of 10 animals. On day 16, 17 and 18 of pregnancy, experimental dams 
received 0.5 mg Dx s.c. /kg body weight. The control gravid females received the same volume of 
saline. Female offspring from control and experimental dams were sacrificed under ether narcosis 
on fetal day 19 and 21 and postnatally, on day 5 (neonatal period), day 16 (infantile period) and 
day 38 (peripubertal period). Randomization obviated any potential litter bias. The pituitary glands 
were excised and fixed in Bouin’s solution for 48 h. After embedding in Histowax, each tissue 
block was serially sectioned at 3-μm thickness on a rotary microtome. Blood was collected from 
individual pups and sera were stored at –70 ° C until folliclestimulating hormone (FSH) and 
luteinizing hormone (LH) determination. Immunohistochemical, immunofluorescence (IFC), 
histological and stereological analysis were used in the study of gonadotrophic cells.  
Results In 19-day old fetuses the pituitary gland already had definite histological organization. 
FSH and LH cells were strongly immunohistochemically stained and widespread throughout the 
pars distalis in small groups or as single cells. Histological characteristics of gonadotropic cells 
are preserved from fetal to peripubertal period of life. They were polygonal, oval or polyhedral in 
shape, with large, prominent often eccentrically located nuclei and a thin layer of surrounding 
cytoplasm. FSH and LH cells were in close contact with blood vessels. With maturation, from fetal 
to peripubertal period the number of gonadotrophic cells in the pituitary gland increased. Exposure 
to Dx during critical period in pituitary development decreased the number of gonadotrophic cells 
in fetuses. Since the number of gonadotrophic cells is mostly set during fetal life, reduction in 
number was longlasting and persists throughout neonatal, infant and peripubertal period (Fig. 1). 
Stereological analysis confirmed our histological observation (Fig. 2). Reduced serum 
concentrations of FSH and LH are likely due to the reduced number of gonadotrophic cells, as the 
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lack of a change in intensity of FSH and LH IFC signals suggests that the remaining gonadotropic 
cells were functional.

 

 
19. fetal day                                   21. fetal day

Figure 1. Gonadotropic cells in control and Dx exposed female offspring 
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Figure 2.Total numbers of FSH and LH cells per pituitary gland in19- and 21-day old control and Dx 
exposed female fetuses and 5-16- and 38-day-old control and female offspring prenatally exposed to Dx. 
Results are given as means ± SD (n = 6)  
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Introduction: Sepsis is characterized by systemic inflammation which develops in response to 

infection (1). Various pro-and anti-inflammatory cytokines are documented to play multi-

faceted roles in the regulation of ovarian folliculogenesis (2, 3, 4). This study was aimed to 

evaluate the effects of the sepsis conditions created with cecal ligation and perforation (CLP) 

method on the process of ovary folliculogenesis from morphological, ultrastructural and 

immunohistochemical aspects. 

Materials and Methods: 28 day old immature Wistar Albino female rats were treated with 

pregnant mare serum gonadotrophin (PMSG; 15 IU, i.p) to develop the first generation of 

preovulatory follicles. Sepsis was induced by cecal ligation and puncture (CLP). Following in 

vivo 5-bromo-2-deoxyuridine (BrdU) labeling, animals were sacrificed and ovaries were 

embedded in paraffin and Epon. Sections were stained for BrdU, caspase-3 and p27 using 

immunohistochemistry and TUNEL labeling was performed. The alterations in 

immunoreactivities were analyzed by a semi-quantitative scoring system (HSCORE). 

Results: In CLP operated animals, caspase-3 immunoreactivity was significantly increased in 

antral follicles compared to sham-operated animals. A slight increase was also noted in TUNEL 

labeling in the antral follicles of septic rats compared to controls. BrdU labeling in the ovarian 

follicles did not significantly differ between CLP and sham operated rats. In septic animals, p27 

immunoreactivity increased significantly in the nuclei of oocytes and decreased in the 

cytoplasm of granulosa and theca cells in multilaminar primary follicles compared to sham 

operated rats. In electron microscopic evaluation, fragmentation was observed in the oocytes of 

early and advanced period follicles of the rats to which CLP operation was applied.  Moreover, 

it was seen that, by being more significant in advanced period follicles, progressing to apoptosis 
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in granulosa cells increased and degenerations had emerged at the level of organelle in 

granulosa and theca interna cells.   

Conclusion: In conclusion, experimentally-induced sepsis led to exacerbation of apoptotic 

process in ovarian follicles at advanced stages of development while no alteration was observed 

in cell proliferation. Our data suggest that although sepsis may not pose a potential threat on 

developing follicles at least in short term, a severe damage may occur during advanced stages 

of follicle development.  
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1. Introduction  
Diabetes Mellitus type 2 (DM type 2) is a metabolic disorder caracterized with insulin resistance 
and hyperglycaemia.[1] Recent investigations indicate that there is an activation of the cells of 
immune system, like lymphocytes in chronic metabolic diseases such as DM type 2.[2] Alterations 
in mitochondria, that are main source of energy in cells, were noticed in activated lymphocytes 
and in diseases with disfunction of immune system, like DM type 2.[2]  
 
2. Aim 
The aim of this study was to determine the ultrastructural characteristics of mitochondria as well 
as the number and volume of mitochondria in lymphocytes of patients with DM type 2.  
 
3. Material and methods 
Mononuclear cells were isolated from peripheral blood of patients wih DM type 2 and healthy 
individuals, and processed for electron microscopic analysis. Cells were fixed in 2.5% glutaraldehyde, 
postfixed in osmium tetroxide, and embedded in Epoxy resins. Ultrathin sections were contrasted with lead 
citrate and uranyl acetate and examined on a transmission electron microscope. The number and 
volume of mitochondria in the cytoplasm of lymphocytes was determined with the use of “coherent 
point” grid. [3] 
 
4. Results 
Number of mitochondria was significantly higher in cells isolated from the blood of patients with 
DM type 2 (Graph 1). No difference was found in the fraction volume analysis of mitochondria 
between patients with DM type 2 and healthy individuals (Graph 2), indicating that in DM type 2 
there is an increase in number of mitochondria which are less voluminous then in healthy persons. 
Electron microscopic analysis of mitochondria in lymphocytes of patients with DM type 2 revealed 
that they were frequently spherical and small (Figure 1). 
 
5. Conclusion 
Higher number of mitochondria with the same volume in patients with DM type 2 comparing to 
healthy persons indicates that in this disease there is most likely an increase in mitochondrial 
fission. 
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Graph 1. Average number of mitochondria in lymphocytes of DM type 2 patients and healthy individuals. 

(**p < 0.01) 
 

 
 

 
Graph 2. Fraction volume of mitochondria in patients with DM type 2 and healthy individuals. 
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Figure 1. Electron microscopic appearance of mitochondria in lymphocytes of healty individuals (left 

picture) and patients with DM type 2 (right picture). (Magnification 8900x) 
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Abstract 

Objectives: Adipokinetic hormones (AKHs) are small stress peptides found in insects that 
regulate metabolic responses to stress (1). Insect anti-stress responses, including those induced 
by insecticides, are controlled by adipokinetic hormones. AKHs are synthesized by 
neurosecretory cells of the corpora cardiaca of insects. However, presence of AKHs had also 
been reported the cells within the brain, although their roles are not clear (2). 

Astrocytes have been shown to play crucial roles in regulating both normal and disease states. 
Astrocyte dysfunction has been related to neuroautoimmune diseases, neoplasms and epilepsy 
(3-5). Brain-derived neurotrophic factor (BDNF) is one of the major neurotrophic factors 
produced by astrocytes to maintain the development and survival of neurons in the brain, and 
have recently been shown to modulate homeostasis of neuroinflammation. BDNF plays vitally 
important roles in neural development and plasticity in both health and disease. Glial cells are 
able to store and release BDNF (6) and it has been suggested that glial dysfunction may 
contribute to the patho-physiology of schizophrenia (7-9). The aim of this study was to 
investigate the effects of Anax imperator AKH (Ani-AKH) on the astrocyte-like model C6 rat 
glioma cell line, using BDNF immunohistochemistry stainings. 
 
Methods: 
The C6 rat glioma cell line was cultured in Dulbecco's modified Eagle's medium-F12 cell  
culture medium supplemented with 10% heat-inactivated fetal calf serum. Ani-AKH was 
applied to the cultured cells at the concentrations of 5, 10 and 50 µg/ml for 24 hours and 
evaluated the BDNF staining density. 

Results: BDNF staining density was significantly increased in the Anax imperator AKH (Ani-
AKH) 5, 10 and 50 µg/ml groups than the control group. BDNF staining density was higher in 
the 50 µg/ml Ani-AKH group than in the 5 and 10- µg/ml Ani-AKH groups. 

Discussion: Our findings suggest that Ani-AKH has a potential increased the expression of 
BDNF on C6 rat glioma cell line. The further studies will be required working with additional 
cell lines, different doses and experimental design. 
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1. Introduction: in an successful IVF laboratory one of the most important factor is the cleanness 
of the air in the laboratory. The presence of materials such as Volatile Organic Compounds (VOCs), 
microbes, and perfumes are extremely dangerous during in-vitro embryo development. 
Consequently systems such as HEPA filters and Coda Air Filtration System (CODA) are 
preeminently used to keep the air of the room clean.  
 
Taking consideration of the critical air cleanness of the room so much, are we sure about the purity 
of the CO2 that we are using in our applications of embryo cultures? If not, how are these impurities 
influence the embryo quality? 
 
Our hypothesis is that, the gas filters of the horizontal incubators are inadequate to filter the harmful 
toxic molecules of the CO2 for the embryo cultures. In case of adding extra filters to these 
incubators, will there be an increase in the embryo quality that can be the result of a decrease in 
unfolded proteins? 
 
2. Materials and methods: We analyzed the purity of the CO2. To figure out its effect on the 
quality of the embryos. First; we made two groups of <35 years old couples who had 
Intracytoplasmic sperm injection (ICSI). Among the embryos that showed 2PN of the same couple 
(siblings), half of them processed in horizontal incubators supplied with extra filters (IEF) and the 
other half processed in the ones that did not have any extra filters (INEF). As far as the filters are 
concerned, we use 3 different brands (CODA® XTRA INLINE® FILTERS – BLUE; ORIGIO® 
Gas Line Filter; REPROCARE GLF30 VOC Holder Filter) and we checked the quality of 3- and 5-
days old embryos.  
Second; 10 months old female BALB/C mice are stimulated with (n=10) FSH+hCG (5 IU, i.p.) and 
brought close together with mature male mice. We sacrificed the female mice that showed vaginal 
plate after 24 h and collected the embryos that showed one blastomere. Embryos are incubated in 
(IEF) and (INEF). We analyzed GRP78 levels by Western blot technique and referred to Student’s 
t-test and ANOVA for statistics. p<0,05 value considered as significant.  
3. Findings: There was; Ethyl methylketane, Tetrahydrofuran, Phenol, 2-heptenol and 
Formaldehyde (impurity percentages 0.000271, 0.001316, 0.001638, 0.000012, 0.001162) in the 
analyzed CO2. These unusual impurities decreased in (IEF) (p<0.05). When we analyzed the 3 days 
old embryo qualities and blastocyte ratios in each 3 (IEF) there was a significant increase compared 
to (INEF) (p<0.001). There was no significant difference among the (IEF) groups (p>0.05).  
We researched whether this increase in embryo quality and the blastocyte ratio related with 
Unfolded Protein Response (UPR) pathway by detecting the GRP78 protein levels. We found in 
INEF group (%61) GRP78 levels were higher than the IEF group (%37).  
4. Conclusion: This research pointed out that the CO2 used in IVF laboratories is not as clean as 
suggested. This favorableness can be compensated by attaching extra filters to the horizontal 
incubators. This reduced the cellular ER stress and increased the embryo quality. 
 
Key words: CO2 Impurities, Embryo Quality, ER Stress 
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1. Introduction  
Autophagy is a highly conserved process for degradation of the intracellular components, which 
is activated in numerous situations that can be features of both physiological and pathological 
conditions of the tissue and the organism [1]. Type 2 Diabetes Mellitus (T2DM) is global disorder 
linked to obesity and high levels of glucose in blood which appears as a consequence of the insulin 
resistance [2]. Beside hyperglycemia, one of the characteristics of this disease is also high levels 
of lipids in blood (hyperlipidemia) [3]. It was shown that there is correlation between autophagy 
and T2DM, some studies have shown increased [4] while others decreased level of autophagic 
processes [5]. 
 
2. Aim 
The aim of this study was to determine the number of autophagic vesicles in the lymphocytes of 
patients with T2DM and hyperlipidemia and healthy individuals. 
 
3. Material and methods 
Mononuclear cells were isolated from peripheral blood obtained from patients with T2DM and 
hyperlipidemia and healthy individuals. After fixation in glutaraldehyde cells were postfixed in 
osmium tetroxide and uranyl acetate. Cells were dehydrated in alcohol and propylene oxide and 
later embedded in Epoxy resin. Embedded samples were then cut on ultramicrotome, contrasted 
with lead citrate and uranyl acetate and analyzed using transmission electron microscope. 
Quantification of number of the autofagic vesicles in lymphocytes was done during analysis on 
transmission electron microscope. 
 
4. Results 
Electron microscopic analysis of lymphocytes of both T2DM patients with hyperlipidemia and 
healthy individuals revealed the presence of autophagic vesicles in cytoplasm of these cells (Graph 
1). Autophagic vesicles were seen as autolysosomes, autophagosomes and phagophores. Number 
of the autofagic vesicles in lymphocytes was higher in patients with T2DM and hyperlipidemia 
then in healthy individuals (p< 0.05) (Figure 1). 
 
5. Conclusion 
Presence of higher number of the autofagic vesicles in lymphocytes of patients with T2DM and 
hyperlipidemia compared to the  healthy individuals indicates that the there is an alteration in the 
proces of autophagy in cells of these patients. 
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Graph 1.  Average number of autophagic vesicles in lymphocytes of patients with T2DM and 

hyperlipidemia and healthy individuals (* p < 0.05) 
 
 
 

 

 
Figure 1. Ultrastructural apprearance of healthy lymphocyte (left picture) and lymphocyte of patients with 

T2DM and hyperlipidemia (right picture, red arrow showing autolysosome). Magnification x8900 
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Introduction 
Microglia are the main immunocompetent cells of the nervous system and their role in brain 
development and maintenance of proper neuronal function is now widely recognized [1]. Microglia 
interact with most cell types via dynamic surveillance of the microenvironment by motile microglial 
processes [2]. Since changes in microglial activity are linked with major human diseases including 
stroke, epilepsy and neurodegeneration, microglia-neuron interactions have been attracting a great 
deal of interest recently. To date, the majority of studies have focused on the interactions between 
microglial processes and synapses [3]. However, there are several actions occurring at single-
neuron level, which seem unlikely to be regulated merely by interactions between microglia and 
synaptic terminals [4]. We hypothesized that specific sites on neuronal somata may also exist, 
allowing the dynamic monitoring and assistance of neuronal function by microglia. 
 
Methods 
We used in vivo two-photon imaging of CAG-TdTomato-electroporated CX3CR1GFP/+ mice, confocal 
laser-scanning-, STORM superresolution- and electron microscopy combined with electron 
tomography and advanced 3D-analysis to examine the communication interfaces between microglia 
and neurons in the mouse and the human brain. Chemogenetic neuronal activation was induced by 
injecting hm3Dq-DREADD into the somatosensory cortex of mice, followed by intraperitoneal 
CNO administration to study microglia-neuron interactions in response to increased neuronal 
activity. The role of P2Y12 receptors was investigated using a P2Y12R-/- strain, or by injecting the 
selective P2Y12 receptor inhibitor PSB-0739 into the cisterna magna of wild-type mice. 
 
Results 
Here we identify a novel site of communication between microglial processes and neuronal cell 
bodies, termed somatic junctions [5]. In anaesthetized mice we could observe that microglia 
frequently contact neuronal cell bodies and the lifetime of somatic junctions is significantly longer 
than microglial contacts established on neuronal dendrites (Fig. 1.). 

 
Figure 1. In vivo two-photon microscopy reveals  

the dynamics of microglia-neuron contacts. 
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We were able to confirm that a direct membrane-to-membrane contact exists at somatic junctions 
with electron microscopy both in mice and in post mortem human brain tissue. Extensive analysis 
of electron tomographic recordings showed a contact-dependent enrichment of P2Y12 receptors 
along microglial membranes, and a specific ultrastructure on the neuronal side of somatic junctions 
consisting of mitochondria, tubular as well as vesicular organelles (Fig. 2.). 

 
Figure 2. Transmission electron microscopy and electron tomography  

were used to analyze the ultrastructure. 

Immunofluorescence revealed subcellular hallmarks of somatic junctions: mitochondria, vesicular 
nucleotid transporter (vNUT) containing vesicles and Kv2.1 clusters are present on the neuronal 
side, the latter perfectly opposite of microglial P2Y12 receptor clusters, as shown on 
superresolution images (Fig.3.). 

 
Figure 3. Confocal laser-scanning and superresolution images show somatic junctions. 

The selective enrichment of P2Y12 receptors at somatic junctions suggests essential role for these 
receptors in the communication between microglia and neurons. Indeed, blockade of these receptors 
shortens the lifetime of somatic junctions, inhibits microglial response to neuronal hyperactivity and 
also affects the motility of surveilling microglial processes (Fig.4.) 

 
Figure 4. In vivo two-photon microscopic recordings reveal  

the dynamics of surveilling microglial processes under different circumstances. 

Conclusions 
In this study we show a novel site of communication between microglia and neurons and identify 
numerous elements of these junctions. Collectively, our results suggest that microglial processes 
recruited to these newly identified morpho-functional communication hotspots are in ideal position 
to readily monitor and dynamically influence neuronal functions via mitochondrion- and P2Y12R-
dependent signalling pathways. Bidirectional communication between microglia and neurons via 
this interface is likely to be important in the healthy brain as well as in a number of neurological 
conditions, even as a possible future therapeutic target. 
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1. Introduction 
Fibular Hemimelia is a congenital long bone deficiency in which fibular bone is either absent or 
deficient. In such patients tibial bone has shortening and an anteromedial bowing, apex of which lies 
a skin dimple [1]. The depth of the skin dimple is not known to be related to the degree of the bowing 
or amount of shortening. The histological analysis of this pathological structure has not been 
investigated before. 
 

2. Methods: 
After the IRB approval, the patients with fibular hemimelia who are operated by superankle procedure 
to realign the ankle and the tibia were included. The osteotomy of the tibia was performed through 
an anterior approach, after excision of the skin dimple together with the periosteum underneath. The 
specimen was placed in formaldehyde solution and transferred to the Histology Department. For light 
microscopic evaluation, the skin tissues taken from patients were fixed in 10% neutral buffered 
formalin and embedded into the paraffin blocks after dehydration steps. Paraffin blocks were cut as 
5 μ sections and stained with hematoxylin and eosin (H&E). The sections were analyzed and 
photographed by Olympus: BX61. 
 

3. Results: 
There were 11 specimens of 10 patients. All of them were classified as Paley type 3 equinovalgus 
type fibular hemimelia. One patient was bilateral fibular hemimelia. Histological examinations 
showed that 2 of the specimens had deep, 1 had middle, and 8 of them had less skin dimple. In all 
sections, the epidermis of the skin dimple areas was looking thin than the other sides of the epidermis 
areas. The numbers and the depth of the dermal papillae were less than the other sides of the epidermis 
areas. The stratum corneum at the dimple area was thin, the cells of the stratum spinosum were small 
and the squamous than the other side of the epidermises. Dermis at the skin dimple areas had no 
papillary dermis and the arrangement of the collagen fibers of the reticular dermis were dense and 
parallel to the skin dimple. 
 

4. Conclusion: 
This study analyzed the histology of the skin dimple in fibular hemimelia. There was no correlation 
between the amount of shortening or degree of deformity and the depth of the skin dimple. 
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1. Introduction 
Apoptosis is a type of programmed cell death which is initiated by the activation of caspases 
cascade by intrinsic or extrinsic signals [1]. Microtubular poisons as agents for chemotheapie 
are widely used for treatment of malignances. Paclitaxel stabilizes  microtubules and disrupt 
normal microtubular function and dynamics [2]. This process leads to arrest of cell division 
what result in mitotic blockade, multinucleated cells and cell death [3]. 
 

2. Material and methods 
In this study we have analysed by immunofluoroscent staining the type of cell death in C6 
glioma cell lines treated 24-72 hours by microtubular poison paclitaxel (2 μM). Cells were fixed 
and permeabilized for immunofluoroscent staining of microtubules. We used primary 
antibodies for α-tubulin and fluorescent stained secondary antibodies (Alexa 488) to examine 
paclitaxel influence on microtubules. Also, we used propidium iodide to show changes of nuclei 
and examined samples on confocal microscopy. 
 

3. Results and discussion 
In control samples analysis of C6 glioma cells on confocal microscopy showed normal 
morphological structures of cells with microtubules in cytoplasm and processes (stained green) 
and nuclei (stained red with propidium iodide) (Figure 1a). We also noticed cells in different 
stages of mitosis with microtubules of mitotic spindle and also cytoplasm microtubules of cells 
in interphase, specially around cytocenter (Figure 1b). Treatment with 24 hours of paclitaxel 
resulted in diminished cell growth, mitotic blockade and formation of characteristic bundles of 
microtubules in C6 glioma cells (Figure 2a). Prolonged incubation showed that in addition to 
mitotic blockade and cell death, paclitaxel induced appearance of multinucleated cells (red 
stained), but bundles of microtubules are still observed (green stained) (Figure 2b). 
 

4. Conclusion 
Our results showed that paclitaxel have a influence on C6 glioma cell lines and cells escape 
mitotic blockade what results in formation of multinucleated cells. 
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Fig.1 Immunofluoroscent staining of microtubules. a. control C6 glioma cells displayed well 

developed microtubular network; b. C6 glioma cells in stage of mitosis with microtubules of mitotic 
spindle 

 

 
Fig. 2 Immunofluoroscent staining of microtubules. a. bundles of microtubules presented in C6 glioma 

cells after 24 h treatment by paclitaxel; b. appearance of multinucleated cells, but bundles of 
microtubules are still observed after prolonger incubation 
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Over the past few decades, epidemiological studies have demonstrated a strong correlation between 
high fructose diet (HFD) and obesity, type 2 diabetes, non-alcoholic fatty liver disease, and 
cardiovascular diseases (1). Overall, HFD is implicated in the pathogenesis of the metabolic 
syndrome, which is a result of interrelated abnormalities including obesity, dyslipidaemia, 
hyperglycaemia, and hypertension (2). Fructose is a natural monosaccharide, which is absorbed via 
facilitated Na+ independent transport by glucose transporter glucose transporter GLUT5 across the 
brush border of small intestine into enterocytes and then transported by GLUT2 out of enterocytes 
into blood from the basolateral side (3). High fructose and its metabolites directly and/or indirectly 
cause oxidative stress, inflammation and autophagy, resulting in tissue and organ dysfunctions (4).  
High fructose intake and its association with dysfunctions of the intestinal system are not clearly 
known (5). Plant-derived cannabinoids and its synthetic analogs are used in the medically, Δ-9 
tetrahydrocannabinol (THC) is mediated primarily by cannabinoid (CB) receptors. At least two types 
of them are demonstrated in mammalian tissues and are also represented in the gastrointestinal tract. 
These are CB1 and CB2 receptors and both are members of the G protein coupled receptors (6). 
Beneficial and modulatory effects of CB1 and CB2 receptors are suggested in intestinal inflammation 
(7). In this study, we aimed to research the potentially proctective effect of Δ9-THC on inflammatory 
and histological alterations of the small intestine induced by HFD with light and transmission electron 
microscopes.  
 
Sprague-Dawley rats were allotted into the control, high fructose (HFD), THC, and HFD + THC 
groups (6 rats in each group). The control and HFD groups received tap water and 10% fructose in 
drinking water, respectively, for 12 weeks. The other groups were administered THC (1.5 mg/kg/day) 
for the last 4 weeks of the experiment. The jejunum segments were collected from the rats under 
anaesthesia. Light microscopic examination was performed on paraffin-embedded sections with 
Periodic Acid Schiff reaction & Haematoxylin (PAS&H). Immunohistochemical analysis of 
interleukin-6 (IL-6), c-Jun N-terminal kinase (JNK) and CB2 receptor antibodies were applied on 
paraffin sections by the streptavidin-biotin-peroxidase technique. In order to evaluate the 
transmission electron microscopy (TEM) examination, tissues were fixed with glutaraldehyde and 
were embedded in araldite after routine tissue processing.

In light microscopic examination, increased PAS positive mucus secretion was remarkable in the 
HFD and THC groups. Cellular junctions, which establish the intestinal barrier on lateral sides of 
enterocytes, have minimal changing in the HFD group.  Number of mitochondria extremely elevated 
in the HFD+THC group. The quantity and intensity of immunoreactive cells for IL-6 and JNK 
increased significantly in the HFD group in comparison to the control group. The same correlation 
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was observed during the comparison between HFD and HFD+THC groups, indicating a convergence 
to data of the control group in the HFD+THC group. However, there was no significant difference in 
the number and intensity of CB2 immunoreactive cells in any group. 
 
To conclude increased expression of IL-6 and JNK are marks of inflammation indicating the effect 
of HFD on the small intestine, which is seen to be reduced in the group treated by THC. Microscopic 
examinations also point out a regulator role of THC on enterocytes of the small intestine exposed to 
high fructose.  
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Introduction: The adverse effects of alkylating chemotherapeutic agent cyclophosphamide 

(CYP) on folliculogenesis in ovary are well-known (1, 2, 3). There is a great clinical need to 

develop pharmacological strategies to prevent ovarian failure caused by chemotherapeutic 

agents. Magnesium has a variety of effects in organism owing to its catalytic function on the 

activation and inhibition of many enzymes with its regulatory function on cell proliferation, cell 

cycle and differentiation (4). This study aimed to evaluate the effects of magnesium sulfate 

(MgSO4) on CYP induced ovarian damage. 

 

Materials and Methods: 28 day old immature Wistar-Albino female rats were treated with 

pregnant mare serum gonadotrophin (PMSG; 15 IU, i.p) to develop the first generation of 

preovulatory follicles. All drug treatments to animals were applied i.p. 6 hours after PMSG 

injection. 1. Control group, only PMSG injection was applied. 2. CYP group was received a 

single dose of CYP (100 mg/kg). 3. MgSO4 group was given MgSO4 (initially 270 mg/kgx1 

loading dose, then  27 mg/kgx12 maintenance dose as 30 min intervals for 6 hours (Kaya et al., 

2004). 4. MgSO4+CYP group was received MgSO4 (initially 270 mg/kgx1 loading dose, then 

27 mg/kgx12 maintenance doses as 30 min intervals for 6 hours). Additionally, 20 minutes after 

the loading dose of the MgSO4, 100 mg/kg CYP was received. Following in vivo 5-bromo-2-

deoxyuridine (BrdU) labeling, animals were sacrificed and ovaries were embedded in paraffin 

and Epon. The effects of MgSO4 treatment on CYP induced gonadal damage were investigated 

morphologically, immunohistochemically (BrdU, cleaved-caspase 3, p27, TUNEL-labeling) 

and ultrastructurally on the follicular development process in the ovary.  

 

Results: Decreased BrdU labeling, increased caspase 3 immunoreactivity and TUNEL labeling 

were observed in CYP treated rats. In these animals, while MgSO4 did not alter BrdU labeling 

and caspase 3 immunoreactivity, it significantly reduced the increased TUNEL labeling. 
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Moreover, in CYP group p27 immunoreactivity significantly increased in the nuclei of 

granulosa and theca cells and these immunoreactivities are reduced after MgSO4 treatment. 

Ultrastructurally, frequent apoptotic profiles were observed in granulosa and theca cells in early 

and advanced stage of follicles in CYP group and MgSO4 treatment led to ultrastructural 

alleviation of apoptotic process. 

 

Conclusion: In conclusion, our data suggest that MgSO4 may represent an option of 

pharmacologic treatment for preserving fertility owing to its beneficial effects on 

chemotherapy-induced aggravation of follicular apoptotic process.  
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1. Introduction: Tunneling membrane nanotubes (TnTs) are intercellular connections with 
the role in cell-to-cell communication in vitro and in vivo. They serve as mediators for 
transfer of membrane and cytoplasmic molecules, implicated in spreading of diseases and 
maintenance of normal cell physiology. TnTs can extend up to several cell diameters and 
allow long-range contacts between cells, which requires stable and strong TnT structure to 
fulfil cell-to-cell bridging and transfer of molecules. The main mechanical supporters of the 
TnT structure are cytoskeletal elements. TnTs were primarily demonstrated as actin-based 
structures [1,2]. In this work, we were focused on other two indispensable cytoskeletal 
elements in TnT, namely on the co-occurrence and spatial organization of microtubules (MTs) 
and intermediate filaments (IFs).  
 
2. Methods: We used double immunolabelling of MTs (α-tubulin) and IFs (cytokeratin 7) in 
normal and cancer urothelial cells and their TnTs. We analysed the samples with the wide-
field fluorescence microscopy supplemented with deconvolution, confocal microscopy, and 
super-resolution, structured illumination microscopy (3D-SIM). 

3. Results: Double immunolabelling revealed evident co-occurrence of MTs and IFs in 
urothelial cell TnTs. The proportion of TnTs that were double-labelled for MTs and IFs was 
77% in TnTs of cancer urothelial cells and 90% in TnTs of normal urothelial cells. Close 
inspection with SIM revealed that MTs helically twist around IFs. Image analysis and 3D 
reconstructions showed that helical organization of MT could be found in 4% of normal and 
in 11% of cancer urothelial TnTs [3]. 

4. Discussion: The phenomenon of helical MT organisation in urothelial TnTs have been 
elucidated in greater detail due to advances in microscopy techniques. In addition, we 
demonstrated for the first time urothelial TnTs as MT- and IF-abundant structures. Our work 
paved the way to reveal cell-biological and physiological relevance for the helical MT 
organisation and MTs-IFs crosstalk.  
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Transcriptional activity of ribosomal genes depends on the metabolic demands of a cell. Only 
a fraction of the many ribosomal gene repeats is engaged in transcription. It is thought that part 
of the transcriptionally inactive genes are present in a particular chromatin state (poised state) 
that allows rapid recruitment of genes upon metabolic demands. Molecular studies previously 
identified a population of inactive rDNA genes carrying signatures of active (H3K4me3) and 
inactive (H3K9me3, H3K27me3) chromatin and it was shown that these genes engage in 
transcription upon increased metabolic demands [1]. While the presence of these poised genes 
was confirmed their distribution in the nucleus and their spatial dynamics during transcriptional 
modulation remained unknown. We addressed this question by combining immunofluorescence 
(H3K4me3 plus H3K27me3) and FISH (rDNA) approaches in cells of differing state of activity 
of ribosomal gene transcription. In Hela cells, we found loci positive for both chromatin marks 
and rDNA at the periphery of nucleoli. Inside nucleoli, rDNA signal never correlated with either 
of the two chromatin marks. In order to see if this difference is due to chromatin remodelling 
or histone depletion, we expressed the two canonical histone H3 variants (H3.1 and H3.2) in 
Hela cells and correlated these with rDNA. This approach confirmed presence of the histones 
at the nucleolar periphery while the nucleolar interior is largely free of histones. In conclusion, 
we found that poised genes predominantly localize to the nucleolar periphery where they reside 
amongst permanent inactive rDNA genes. We propose that both stably inactivated and poised 
genes are exposed to the silencing influence of the nucleolar periphery as part of the nucleolar-
associated chromatin domain (NAD). Upon transcriptional recruitment, poised genes lose their 
signature of poised state along with their histone equipment and are then found in the interior 
of nucleoli. 
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Lyme disease (LD), also known as Lyme borreliosis, is the most prevalent vector-borne disease in 
the Northern hemisphere and, as such, one of the major public health concerns in Europe and North 
America. LD is caused by certain species of spirochetes of the Borrelia burgdorferi sensu lato  
complex. The adherence of Borrelia to cells or to the extracellular matrix (ECM) of tissues is a key 
step to promote colonization and further development of disease. Borrelia is known to produce a 
number of „sticky“ surface molecules (adhesins) that recognize diverse host ECM components and 
enable to interact with them.  
 
Borrelia differ from most other motile bacteria in that the spirochete misses external appendages 
that are commonly required for bacterial motility. Nevertheless, Borrelia are able to reach speeds 
two orders of magnitude above the speed of the fastest cells in the body, and evade the clearance by 
the human immune system. Given the fact that the cellular morphology is exceptionally well-
adapted to the motile nature of Borrelia, we aimed to study how the adhesins affect the motility of 
Borrelia during its infectious cycle. 
 
In the preliminary studies, we designed a new in-vitro feeding setup mimicking the natural tick 
feeding on an infected host by using natural ECM analog. This system allows us to imitate the 
migration of Borrelia in a host at the time of spirochete acquisition by a tick and reliably assess and 
quantify the effects of adhesin expression on borrelial motility. Intriguingly, we observed that some 
of the studied borrelial adhesins (mainly DbpA/B) increase the motility of the bacteria and therefore 
acquisition of the spirochetes by ticks.  
 
Using immuno-scanning electron microscopy, we determined the surface distribution of the surface 
adhesins and, using atomic force microscopy, we measured the specific binding interactions 
between borrelial adhesins and various ECM compoments. We characterized the dynamic, nano-
mechanical molecular properties of borrelial surface proteins with ECM proteins, aiming to 
understand the underlying physical processes that govern the motility/adhesion of this malicous 
agent. 
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1. Introduction 

The integrity and mechanical properties of epithelia depend in a great deal on cytoskeleton 
organization, cell-cell adhesions and architecture of the surrounding extracellular matrix. These 
components connect cells and provide scaffolding for the whole tissue, and in addition actively 
participate in tissue dynamics accompanying physiological processes such as tissue morphogenesis 
and renewal [1, 2]. Interactions between these components during morphogenesis play an essential 
role in the establishment of epithelial polarity and specific morphological and functional 
characteristics of different epithelia.  
The ectodermally derived epithelia in arthropods, including epidermis, hindgut and foregut, produce 
a chitinous apical matrix - cuticle, which is involved in diverse functions, e.g. body protection and 
support, animal locomotion and feeding. In crustaceans the cuticle is formed by differentiating 
epithelial cells during morphogenesis in embryonic and postembryonic stages [3, 4, 5, 6] and during 
cuticle replacement in molting adults [7]. Reorganization of cytoskeleton and junction complexes is 
an important aspect of epithelial morphogenesis, especially in the context of cell polarity. In 
polarized epithelial cells microtubules are generally oriented along the apico-basal axis. The 
subapical junction complex comprises adherens junction providing mechanical connections 
between cells, and occluding junction, in invertebrates present as septate junction [8]. 
Here we aim to elucidate formation and reorganization of cuticle matrix, cytoskeleton and 
junctional complexes in epidermis and hindgut of invertebrate Porcellio scaber (Crustacea: 
Isopoda) during development. The emphasis is given on the characterization of these tissue 
elements in the context of whole organism and its development. We have used complementary 
microscopic techniques of light microscopy, fluorescent labelling and ultrastructural analysis of the 
selected areas. 

2. Details of experiments 
Epidermis and hindgut epithelium were analysed in sequential developmental stages in comparison 
to adults in the invertebrate organism Porcellio scaber. The specific stages selected for the 
investigation range from mid-stage to late and prehatching embryos and from early to late 
postembryonic stages. Early postembryonic stages (marsupial mancae) develop in the marsupium, a 
female brood pouch and late postembryonic stages (postmarsupial mancae) are released from the 
marsupium and develop further in the external environment. The samples were prepared for 
fluorescence microscopy and for transmission electron microscopy.  
Cuticle matrix of epidermis and hindgut was analysed by ultrastructural imaging, by chitin labelling 
with a chitin-binding protein (CBP) – fluorescein (FITC) conjugates and by labelling of N-acetyl-
glucosamine containing molecules, including chitin, with a WGA lectin–gold conjugates. The 
samples were fixed in aldehydes and embedded in resin or in paraffin. After fixation, the samples of 
exoskeletal cuticle of adults were additionally decalcified using EDTA. Labelling with CBP–FITC 
was performed on semithin and on histological sections. Ultrathin sections of aldehyde-fixed 
specimens were labelled with WGA lectin–gold conjugates.  
Next, the overview of microtubules arrangement was determined by immunofluorescence labelling 
on cryostat, paraffin and resin sections of aldehyde-fixed specimens. Primary mouse antibodies 
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against α-tubulin and secondary goat antibodies against mouse IgG conjugated with Alexa Fluor 
488 were used. Sections were covered with mounting medium Fluoroshield with DAPI and imaged 
with a Zeiss AxioImager Z.1 light microscope. In addition, microtubules organization and the 
ultrastructure of cell junctions were inspected by transmission electron microscopy, and imaged 
with a Philips CM100 transmission electron microscope. 

3. Results and discussion 
The early stages of cuticle morphogenesis in P. scaber are similar in epidermis and hindgut and 
include formation of the precuticular matrices in mid-stage and late embryos (Fig. 1A). The first 
cuticle is formed in prehatching embryo and is replaced during postembryonic development. 
Thickening and structural elaboration of specific cuticular layers are accompanied by variation in 
organic matrix composition and calcification process in epidermis [5, 6]. As revealed by 
ultrastructure and WGA labelling the cuticle in epidermis and hindgut becomes in general similar to 
that in the adults in the period of early postembryonic development (Fig. 1B). The exoskeletal 
cuticle of adults displays spatially inhomogeneous organization of organic scaffold shown by 
ultrastructure, CBP-FITC labelling and WGA-gold labelling. In the transversally cut exoskeletal 
procuticle, comprising exo- and endocuticle, a clear chitin labelling was evident, showing 
localization pattern in horizontal lines of alternating intensity in the endocuticle (Fig. 1C). 
Interestingly, the pattern is similar to the pattern of helicoidally arranged chitin-protein fibers shown 
by ultrastructure and to the organic signal in Raman imaging shown by Hild et al. [9]. 
Ultrastructural appearance indicating helicoidal arrangement of chitin-protein fibers is evident also 
in the anterior hindgut procuticle of adults, while in the posterior hindgut the cuticle matrix appears 
more homogenous. 
Within epidermis, microtubules are especially pronounced in tendon cells, specialized epidermal 
cells that mechanically connect muscles with exoskeleton. This structural framework of 
musculoskeletal linkage is clearly distinguished in the prehatching embryo and postembryonic 
stages, as evidenced by immunofluorescence labelling of α-tubulin and ultrastructure (Fig. 2). 
Microtubules are intensely labelled throughout the cytoplasm of tendon cell (Fig. 2B). Structural 
analysis shows the parallel arrays of microtubules extending from apical to basal surface of tendon 
cell (Fig. 2A), where they are positioned close to the junctions with cuticle (Fig. 2C) and to the 
myotendinous junctions, respectively. 
Junctional complexes differentiation in epidermis and hindgut epithelium comprises first 
elaboration of adherens junctions and later septate junctions (Fig. 3A). Septate junctions are 
gradually formed, starting with the formation of individual sets of septa in late embryogenesis (Fig. 
3A) and expanding considerably during postembryonic development. Septate junctions in the 
hindgut epithelium of adults are especially convoluted and numerous microtubules are evident in 
their close proximity (Fig. 3B). 
 

 
Figure 1. Cuticle matrix differentiation. A: Ultrastructure of epidermal precuticular matrix in late embryo. B: 

WGA-gold labelling of exoskeletal cuticle in postembryonic development. C: CBP-FITC labelling of 
exoskeletal cuticle of adult (merged image of fluorescence and differential interference contrast). 
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Figure 2. Organization of microtubules in tendon cells (tc). A: Semithin section of marsupial manca, 

showing the tendon cell that connects cuticle and muscle. B: Labelling of microtubules in the tendon cell of 
marsupial manca (image merged with DIC image). C: Ultrastructural imaging of apical connection of tendon 

cell with the cuticle, showing a high density of apico-basally oriented parallel arrays of microtubules 
(arrows) in postmarsupial manca. 

 

  
Figure 3. Cell junctions formation. A: In epidermis of late embryo adherens junction is evident subapically 
and septate junction septa are present below in the curved intercellular space. B: Septate junction in hindgut 
epithelium of adults is intensely convoluted and occupies a considerable portion of the lateral membranes. 

Microtubules (arrows) are concentrated in this cell area. 
 

Imaging of extracellular matrix, cytoskeleton and junctional complexes at different scale levels in 
the same life stage provides a more complete insight in the epithelia scaffolding during 
morphogenesis. The major advances in cuticle and intercellular junction differentiation coincide 
with crucial events during animal development that are accompanied by the progress in animal 
motility and feeding, i.e. the transition from embryonic to postembryonic development. In this 
period muscoskeletal linkage is basically established via microtubules-rich tendon cells. Future 
research of epithelial morphogenesis is directed towards further studies of the interrelated 
modifications of cells and extracellular matrices during animal development to elucidate the 
differentiation at the tissue level.    
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The tick utilize its mouthparts to penetrate the host skin and remain attached firmly in this place for 
about several days. The mouthpart comprise of a hypostome, armed ventrally with recurved 
denticles and dorsally acts as a channel for blood and saliva. Furthermore, retractable chelicerae 
armed with hook-like barbs [1]. Inside the mouthparts is located the food canal, that leads to the 
suction pump in the foregut, and the salivary canal connected with the salivary duct. 
We used serial-section scanning electron microscopy and performed 3D reconstruction of these 
structures of an unfed nymph I. ricinus. Specifically, the whole reconstructed area was 156 µm x 
136,5 µm and 455 µm in depth. The data were aligned and processed using both  IMOD and 
AMIRA software. The nymphs were fixed in 2.5% glutaraldehyde, postfixed using 2% OsO4, 1% 
thiocarbohydrazide, 2% OsO4, en bloc stained in uranyl acetate, dehydrated in acetone and 
embedded into Hard Plus 812 resin. For reconstruction,500 nm serial thin sections were cut and 
stained in uranyl acetate, carbon coated and finally  observed by scanning electron microscope 
JEOL 7401 F, at 4 kV, using the Autrata modified YAG BSE detector.  
The 3D models enables us to visualized shapes and volumes of both the salivarium and pharynx and 
precise positions of associated muscles. Using the 3D model and based on previous observations, 
we animated each phase of the feeding process and tried to answer several unresolved questions 
about the exact mechanism of the blood feeding, eg. detailed function of pharyngeal valve, 
separation of blood and saliva; function of muscles attached to the salivarium and their possibility 
of open/close the salivarium, plausible explanation of movement of saliva within salivarium or 
massive outpouring of saliva. 
Acknowledgement: This study was supported by the Technology Agency of the Czech Republic 
(TE01020118) and by the MEYS CR (LM2015062 Czech-BioImaging and 
Z.02.1.01/0.0/0.0/16_013/0001775). 
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1. Introduction 
Flaviviruses are a large group of arthropod-borne viruses that can infect humans. West Nile virus 
(WNV) is mosquito transmitted flavivirus with worldwide distribution that can cause neurological 
disease and death. Genus Flavivirus includes also viruses which have been detected only in insects, 
without known vertebrate reservoir. The flaviviruses with close nucleic acid similarity associated 
exclusively with mosquitoes are named mosquito-only flaviviruses (MOFs) [1]. 
 
2. Materials and Methods 
Human neuroblastoma cell line SK-N-SH (ATCC; HTB-11) were grown on translucent PET 
(polyethylene terephthalate) membranes in DMEM GlutaMAX supplemented with 10% fetal 
bovine serum at 37 °C in 5% CO2. Cells were inoculated with WNV and MOF at MOI 1. At 72 h 
post infection, cells were fixed in modified Karnovsky fixative in 0.1M cacodylate buffer. 
Membranes were cut using razor blade into smaller pieces. Osmium tetroxide post fixation, 
washing, ethanol dehydration and epon embedding was done using automatic tissue processor 
(Leica EM TP). The ultrathin sections were contrasted with uranyl acetate and lead citrate using 
automatic contrasting system (Leica EM20) and examined by Jeol JEM-1400 Plus transmission 
electron microscope (TEM). 
 
3. Results 
After 72 h p.i. intensive cytopathic effect was observed in neuroblastoma cells infected with WNV, 
which resulted in only few cells still attached to PET membrane. In neuroblastoma cells infected 
with MOF no cytopathic effect was seen under light microscope. With TEM virus like particles 
were found in cells infected with WNV and in those infected with MOF. Both viruses were detected 
only in cellular processes, but not in vicinity of nucleus, in endoplasmic reticulum (ER) or Golgi 
apparatus (GA). In cells infected with WNV replication vesicles were found. But, in cells infected 
with MOF autophagosome like structures were observed. No budding through cell membranes and 
no extracellular flaviviruses were found (Figure 1). 
 
4. Conclusion 
Presence of replication vesicles and viral particles in cells infected with WNV shows that virus is 
successfully replicating in human neuroblastoma cells. Besides that, we have observed virus like 
particles also in cellular processes of cells infected with MOF, which suggests that MOFs can also 
infect human neuroblastoma cells. But successful replication inside these cells is yet to be 
determined. This is a preliminary study of flavivirus neurotropism.  
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Figure 1. TEM micrographs of WNV (A, B) and MOF infected neuroblastoma cells (C, D). Arrowheads 
show replication vesicles in WNV infected cell (A). Arrows point to representative viral particles in cell 
processes of both WNV (B) and MOF (C, D) infected cells. *, autofagosome – like structure; GA, Golgi 

complex; ER, endoplasmatic reticulum; NU, nucleus.
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Myotonic dystrophy type 1 (DM1) and type 2 (DM2) are genetic disorders caused by a CTG repeat 
expansion in the 3' UTR region of the DMPK gene and a CCTG repeat in the first intron of the CNBP 
gene, respectively. Mutations in these two unrelated genes cause similar phenotypes characterized by a 
variety of pathological features especially concerning skeletal muscle functions (weakness, dystrophy/ 
atrophy and myotonia), with disabling effects and possibly premature death. DMs fit into the category 
of dominant toxic RNA diseases; in fact, the most accepted pathogenic hypothesis for both DMs is 
an RNA gain-of-function due to expanded RNAs that accumulate in nuclear foci and sequester RNA-
binding splicing regulators, thus causing a general splicing deregulation in multiple tissues [1, 2].  
Currently, no therapy is available for DMs. To date, two main experimental therapies have been 
described to target expanded RNA repeats: antisense oligomer-induced degradation of toxic RNA 
(e.g. [3]), and inhibition of the pathogenic interaction of mutant RNAs with nuclear proteins by small 
compounds (such as pentamidine or actinomycin D) or antisense oligomers (e.g. [4, 5]). Although 
promising results have been obtained in experimental models in vivo and in vitro, at present all these 
molecules have scarce therapeutic applicability in humans because of their low bioavailability due to 
enzymatic degradation or high systemic toxicity. 
Nanocarriers are able to protect encapsulated molecules from enzymatic degradation, and allow drug 
delivery and sustained release inside the cells [6]; they could therefore be suitable tools to improve 
the administration of therapeutic agents and decrease their adverse systemic side effects. These 
nanocarriers must obviously be biocompatible and biodegradable to play their therapeutic action 
without damaging patient’s organism. 
In this view, our research group has been working for long time to design a novel therapeutic strategy 
based on biocompatible nanoparticles (NPs) suitable for administering drugs or oligonucleotides able 
to counteract RNA toxicity in DMs, with special reference to skeletal muscle. We have developed 
different biocompatible nanocarriers (polymeric NPs, liposomes, mesoporous silica NPs, 
nanohydrogels, hyaluronic acid-based NPs) and we have analysed their interaction with muscle cells 
in in vitro systems. We elucidated the mechanisms of their uptake, distribution and degradation in 
cultured murine and human myoblasts and myotubes by fluorescence and transmission electron 
microscopy [7, 8]. As for myoblasts, all nanocarriers proved to be safe and efficiently internalised 
(Figure 1a), then undergoing degradation following physiological pathways (although with some 
peculiarities, depending on the nanocarrier type). On the other hand, myotubes showed a highest 
sensitivity to nanocarrier treatment, frequently undergoing structural alterations at long incubation 
times; moreover, their uptake capability was remarkably lower than in myoblasts for all nanocarriers 
tested (Figure 1b). These differences may probably be due to the fact that myoblasts are actively 
cycling cells whereas myotubes are terminally differentiated syncytia formed by myoblasts fusion; in 
addition, during the differentiation process the cell membrane undergoes important changes in protein 
and lipid composition, thus affecting the interactions with the nanoparticulates. 
Among the different NPs tested, poly(lactide-co-glycolide) (PLGA) NPs and hyaluronic acid-based 
NPs were found to be especially suitable for both myoblasts and myotubes. Moreover, both PLGA 
and hyaluronic acid-based NPs efficiently load pentamidine, which is one of the promising 
therapeutic agents: preliminary results on cultured myoblasts from a DM1 patient demonstrated that 
pentamidine delivered by PLGA NPs reduced the pathological accumulation of nuclear foci while 
limiting drug cytotoxic effects.  
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Based on these encouraging results, PLGA NPs and hyaluronic acid-based NPs were submitted to 
further studies in order to investigate their distribution in the whole skeletal muscle. To this aim, 
explanted mouse soleus muscles were maintained in an innovative in vitro fluid dynamic system that 
demonstrated to significantly improve tissue preservation [9]. Fluorescent NPs were injected into the 
muscle, which was then incubated in the bioreactor. The muscle was finally cryofixed and cut with a 
cryostat. Observation at fluorescence microscopy demonstrated that many NPs remained confined in 
the connective tissue (Figure 1c), underlying the gap between single cell and whole organ as 
experimental systems to test nanocarriers. We are currently using explanted muscles to evaluate the 
efficacy of NP surface modifications aimed at improving targeting to the muscle fibres. 

 

 
 

Figure 1. Confocal (a, b) and conventional (c) fluorescence microscopy. PLGA NPs (red) in mouse 
myoblasts (a), myotubes (b) and skeletal muscle tissue (c). Green: cytoplasm; Blue: nucleus. Bars: 25 µm. 
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Recently, targeted therapies are becoming more attractive since they do not harm healthy cells 
and have high selectivity. Gene therapy is a targeted therapy which can be used in the treatment 
of various acquired and inherited diseases. Inhabitation of a gene function, restoring or 
improving a gene, or gaining a new function can be achieved by gene therapy strategies. The 
most crucial step in this therapy is delivering the therapeutic material to the target. The carrier 
used for loading the therapeutic material is called “a vector”, while the vectors recently have 
been used for gene therapy are roughly sorted as viral vectors and non-viral vectors. As the use 
of nanoparticles has been a remarkable methodology in the solution of a variety of problems, 
they can be employed as non-viral delivery vehicles for oligonucleotides in molecular biology 
and medicine. Nano-sized calcium phosphates (CaPs) have been considered as promising 
carriers due to their excellent biocompatibility. In this study, the delivery of DNA, siRNA, and 
miRNA by using CaP nanocarriers were compiled in detail and the main parameters which can 
affect the carrier properties and thus the gene transfer efficiency were also discussed. 
 

Keywords: Calcium phosphate nanoparticles, non-viral vector, hydroxyapatite, gene therapy, 
gene silencing. 
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Bacterial surface-layer proteins and their secrets 
 

Markus Eder1, Andela Dordic1, Theo Sagmeister1, Elisabeth Damisch1, Djenana Vejzovic1, Lavinia 
Gambelli2, Walter Keller1, Janet Vonck4, Bertram Daum2, A. Palva3 and T. Pavkov-Keller1 
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3Faculty of Veterinary Medicine, University of Helsinki, Helsinki, Finland 
4Institute of Biophysics, Max-Planck Institute, Frankfurt, Germany 

 
Surface layers (S-layers) are 2D crystalline arrays of proteins which cover the whole surface of 
many archaeal and bacterial cells. Since these proteins are in close contact with the environment 
they fulfil many essential tasks to the cell like bacterial adherence to other cells, protection against 
life-threatening conditions, maintenance of the cell shape and, auto- coaggregation. Interaction with 
the cell wall of the bacteria occurs by binding to secondary cell wall polymers like lipoteichoic 
acids in the case of lactobacilli. Only little is known about S-layers in consequence of a lack of 
structural knowledge [1]–[4]. 
In our work we focus on the structural characterization of the bacterial surface-layer proteins SbsC 
from Geobacillus stearothermophilus and SlpA from Lactobacillus acidophilus. Especially in  
Lactobacilli S-layers are of high biological and medical relevance because they are supposed to 
mediate their probiotic properties. S-layer proteins are the key players for understanding the role of 
lactobacilli for the microbiome of the gut. Lactobacilli S-Layers harbor outstanding therapeutic 
potential, especially for vaccines. It was shown that binding of the Lactobacillus vaccine vector, 
mediated by the S-layer protein, to the mucosal membrane of the host may be an advantage when a 
mucosal delivery route of the vaccine is considered [5]. In the case of SbsC it was reported that it is 
possible to functionalize this protein by inserting the sequence of the allergen Bet v 1 and could be 
therefore an ideal candidate for allergen specific immunotherapy [6]. 
To reach our goal to structuraly characterize these proteins we produced several soluble fragments 
as well as the full-length protein assembling into 2D-crystals. To find out more about the structure 
of self-assembled surface layers we are following an integrativ structural biology approach where 
we combined X-ray crystallography, mass spectrometry and electron microscopy. We elucidated 
the 3D atomic structures of several of these soluble fragments by X-ray crystallography. The 
structures of individual domains were then fitted into the 3D-Volume obtained by cryo-electron 
tomography sub-tomogram averaging of 2D-crystals. 
The obtained results allow us to learn more about the self-assembly formation, cell wall binding and 
surface exposed areas available for the interactions with gut and dendritic cells. 
Acknowledgments: This work has been supported by the Austrian Science Fund (FWF, project 
P29432). 
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Low energy STEM: new tool for visualization of nanoparticles conjugated 
with biomolecules.

Nebesarova Jana1,2, Frank Luděk3, Patak Aleš3, Ďurinová Eva 1,2, Vancova Marie1,2 

In this study, we used low energy STEM for visualization of nanoparticles conjugated to 
biomolecules which are standardly used as primary or secondary antibodies in immunolabeling 
procedures. Scanning transmission electron microscopy (STEM) represents the technique 
allowing the use of low energy primary electrons, in particular when implemented in a scanning 
electron microscope (SEM). The landing energy of electrons can be further drastically lowered 
by using the cathode lens with negatively biased sample [1]. In this configuration the resolving 
power is well preserved down to lowest landing energies. Insertion of the biased sample 
between two grounded detectors enables to detect all transmitted electrons (TE) in channels 
corresponding to the STEM detector rings (bright and dark field or even high-angle annular 
dark field) simultaneously with the backscattered electron signal (BSE).  

We used the suspension of conjugated nanoparticles dripped on the copper grids covered with 
carbon supporting layers. Grids were treated by the glow discharge method to make them 
hydrophilic 2h prior to use. Part of the samples was negatively stained using 2% aqueous 
solution of uranyl acetate.  

The microscopic examination was performed in the standard vacuum SEM Magellan 400L 
(FEI) equipped with a cathode lens and detectors of TE and BSE. We tested different values of 
the landing energy of electrons in the range from 1 to 30 keV, while we recorded simultaneously 
images in bright (BF) and dark (DF) field STEM and in backscattered electrons. Fig. 1 shows 
images of conjugated QDs recorded at 5 and 30/29 keV on stained/unstained specimens. It is 
clear that the decrease of the landing energy led to the image contrast grow, however only in 
the bright field STEM imaging. Let us note that the cathode lens field collimates a significant 
part of TE to the bright field detector. Nevertheless, the staining procedure was inevitable for 
the visualization of biomolecules bound to metal nanoparticles at higher electron energies. The 
combination of the image signals of transmitted and reflected electrons proved to be 
advantageous because it facilitates the interpretation of images. 
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Fig.1. Comparison of Carboxyl Quantum Dot images (QdotTM 605 ITKTM) recorded on the unstained 
sample (the first row) and on the negatively stained sample (the second row) at 30/29 keV respectively, 
without any sample potential. 
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Nanomaterials exhibit unique properties that make them potentially usable in biomedical 
applications, as effective therapeutic and diagnostic tools. An increasing number materials as gold 
and silver nanoparticles (NPs), magnetic metal oxides, carbon nanotubes, quantum dots, natural 
and polymeric NPs have gained considerable attention to diagnose and treat  diseases like cancer, 
cardiovascular diseases, microbial infection, neurodegenerative and autoimmune diseases [1]. 
Many researches on the  nanomaterials and the  biological system interaction have been started to 
prove their role  in biomedicine and to exclude any toxic effects [2]. Several biological 
mechanisms, as cellular uptake, lipid peroxidation, mitochondrial dysfunction, oxidative stress, 
inflammation and genotoxicity are widely investigated. In addition to the known involvement of 
apoptosis, autophagy also could represent an interesting candidate as a potential contributor of 
nanomaterials toxicity. Autophagy is an evolutionarily conserved cellular process in which cellular 
components, including organelles and macromolecules, are delivered to the lysosomes for 
degradation. Autophagy has been shown to play a key role in different pathologies, such as cancer, 
neurodegenerative, inflammatory and pulmonary diseases [3]. Many nanoparticles, as metal oxide, 
graphene nanosheets or silver nanowires, can modify autophagic pathway, leading to blockade of 
autophagic flux and accumulation of autophagosomes, lysosomes and autolysosomes. Thus, 
accumulation of nanomaterials in the endo-lysosomal system might have widespread 
consequences, may be explained by a net inhibition of autophagic degradation capacity, such as  
induction of oxidative stress and inflammation. Detailed knowledge on how nanomaterials affect 
autophagy is important both for predicting toxic effects of nanomaterials in different cell types and 
organs, and also to harness the potential of nanomaterials in biomedicine, for instance in drug 
delivery. 
Transmission electron microscopy (TEM) provides a significant contribution to the understanding 
of the NPs internalization mechanism, of the transport through the endo-lysosomal system and 
modification of the autophagic flow. As shown in figure 1, TEM observations showed that AuNPs 
are internalized by Balb 3T3 cells and they confined mainly in autophagosomes. 
Understanding these mechanisms that may be considered risk factors for diseases such as cancer, 
chronic inflammatory diseases and neurodegeneration can be important to avoid potentially 
harmful consequences for human health. 
 

 
Figure 1. TEM images of  Balb 3T3 cells exposed to 5 nm AuNPs (A); cells with hug vacuoles with 

AuNPs and digested materials (B); Balb 3T3 cells exposed to 15 nm AuNPs (C). 
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1. Introduction 
Myotonic dystrophies (DMs) are the most common adult neuromuscular diseases of genetic origin 
that involve multiple organs and tissues, especially the skeletal muscles [1]. The molecular causes 
are linked to the pathological expansion of repeated nucleotide sequences in specific genes: these 
mutant sequences are transcribed into expanded RNAs that sequester splicing factors, with 
consequent alterations in the RNA and protein metabolism. Currently, no therapy is available for 
DMs, and treatments are only aimed at managing symptoms. Some molecules (e.g., pentamidine or 
morpholino oligonucleotides) proved to be efficient in binding expanded RNA thus mitigating the 
pathological signs of DMs in experimental models. Actually, the therapeutic applications of these 
compounds is impaired by their low bioavailability or high systemic toxicity. Nanoparticles (NPs) 
could be an innovative solution to face these problems thanks to their ability to protect drugs from 
enzimatic degradation and to target specific cells or tissues. The aim of the present investigation 
was to assess the biocompatibility of novel hyaluronic acid (HA)-based NPs, and prove their ability 
of delivering pentamidine isothionate (PTM) to skeletal muscle cells in vitro.  
 
2. Materials and Methods 
HA-NPs and HA-NPs loaded with PTM (Loaded-NPs) were manufactured by ionic gelation 
technique (Carton et al., Submitted). Fluorescent HA-NPs (Fluo-NPs) were obtained by using HA 
labelled with fluorescein isothionate. The size and polydispersity index (PdI) were assessed by 
Dynamic Light Scattering. Murine C2C12 myoblasts were grown in Dulbecco’s modified Eagle 
medium at 37°C in a 5% CO2 humidified  atmosphere. For cytotoxicity assays, cells were seeded in 
96-multiwell plates while for fluorescence and transmission electron microscopy (TEM) they were 
planted onto glass coverslips in 24-multiwell plates. After 24h, cells were treated with the NPs. 
Untreated cells were used as absolute control. MTT viability assay was performed following the 
administration of blank HA-NPs, free PTM or Loaded-NPs at different concentrations for 2, 24 and 
48 h. For fluorescence microscopy, the cells were incubated with Fluo-NPs for 2 and 24 h, fixed 
with 4% paraformaldehyde, and stained with Phalloidin-Atto 594; nuclei were counterstained with 
Hoechst 33342. For TEM, cells were fixed with 2.5% glutaraldehyde/2% paraformaldehyde, post-
fixed with OsO4 and potassium ferrocyanide, dehydrated and embedded in Epon resin.  
 
3. Results and conclusions 
NPs ranged 250 to 300 nm in size, with PdI <0.1, and PTM encapsulation efficency of 80%. 
Viability assays showed that blank HA-NPs induce an increase of cell death only at the highest 
concentration tested for long incubation times (48 h), thus demonstrating their good 
biocompatibility; actually, no cytological alterations were ever observed at TEM following 
administration of blank HA-NPs.  As expected, free PMT induced concentration-dependent cell 
death; similar evidence was obtained after PMT administration via HA-NP, when cell mortality was 
sometimes even higher. Fluorescence microscopy (Figure 1) showed that Fluo-NPs are rapidly 
(<30min) and efficiently internalized by the cells in a time-dependent manner. TEM (Figure 2) 
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revealed that HA-NPs are internalized individually via endocytosis and localize throughout the 
cytoplasm, being never observed inside the cell nuclei. HA-NPs rapidly escape endosomes occuring 
free in the cytosol and, after 24 h, they may form large clusters (Figure 2b). 
 

 
 

Figure 1. Confocal fluorescence micrographs of C2C12 cells treated with Fluo-NPs (green) for 30 min (a) 
and 24 h (b). Actin cytoskeleton in red (Phalloidin-Atto 594), nucleus in blue (Hoechst 33342). Bars: 50 µm. 
 

 
 
  Figure 2. TEM micrographs of C2C12 cells treated with HA-NPs (arrow) for 2 h (a) and 24 h (b). Note the 

huge accumulation of NPs (asterisks) in the cytoplasm after 24 h. N: nucleus. Bars: 500 nm (a), 1 µm (b). 
 
We may conclude that, due to the good encapsulation efficiency and the excellent capability to enter 
and accumulate inside C2C12 cells, Loaded-NPs cause a rapid and massive intracellular release of 
PMT which can account for the high cell mortality observed. We may hypothesize that HA-NPs 
loaded with very low PMT concentrations would be able to induce therapeutic effects on DM 
muscle cells with reduced cytotoxicity. Studies are presently in progress to verify this hypothesis. 
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Myotonic dystrophy (DM) is an autosomal dominant disorder and represents the most common 
form of muscular dystrophy in the adults. DM is characterized by a variety of multisystemic 
features including myotonia, muscular dystrophy, dilated cardiomyopathy [1], and, at present, no 
therapies are available. In fact, small compounds that were successfully tested in experimental 
models in vivo and in vitro have scarce therapeutic applicability in humans because of their low 
bioavailability, due to enzymatic degradation or high systemic toxicity. 
Nanocarriers have been attracting increasing interest because of their ability to protect the 
encapsulated molecules from enzymatic degradation and of their potential as drug-delivery systems 
for controlled and targeted drug release inside the cells [2]. To be used in therapy, nanocarriers must 
be biocompatible and biodegradable; therefore, their behaviour should be tested in a biological 
environment mimicking the functional and structural complexity of the living organism. Actually, 
conventional cell cultures are widely used to this purpose as they provide simple and controlled 
experimental conditions, though they barely reproduce the systemic milieu. 
In this work, we investigated the interactions of some nanocarriers with skeletal muscle cells using 
two different experimental murine models in vitro: C2C12 cells and explanted soleus muscles. 
C2C12 cells are immortalized murine myoblasts that spontaneously differentiate into myotubes 
after serum reduction, thus providing an in vitro model of both proliferating and terminally 
differentiated non-cycling muscle cells. Microscopy techniques were used to study the uptake and 
intracellular fate of liposomes (LPs) and Poly Lactic-co-Glycolic Acid nanoparticles (PLGA NPs). 
The nanocarriers were labelled with either fluorescein isothiocyanate (LPs) or Nile red (PLGA NPs) 
to make them detectable at confocal fluorescence microscopy (Figure 1a,b and 2a,b). Transmission 
electron microscopy was used to investigate the interaction of nanocarriers with organelles as well 
as the possible occurrence of cell damage. LPs enter the cells by a direct translocation through the 
plasmalemma, possibly due to the fusion with the cell membrane (Figure 1d); in the cytoplasm, LPs 
rapidly decompose and migrate through the cytosol toward lipid droplets. PLGA NPs are 
internalized by endocytosis and occur free in the cytosol for their capability to escape endosomes; 
however, they rapidly re-enter the lytic pathway via autophagy (Figure 2d). Both nanocarriers 
proved to be biocompatible to C2C12 cycling myoblast and non-cycling myotubes, even if their 
internalization in myotubes was lower than in myoblasts. Moreover, LPs were less efficiently 
internalized than PLGA NPs, in both myoblast and myotubes [3]. 
As a second step, we investigated the biodistribution of LPs and PLGA NPs in explanted mouse 
skeletal muscles maintained in a bioreactor, under fluid dynamic conditions [4]. Fluorescent 
nanocarriers were injected into the muscle and their biodistribution was observed in cryosections by 
confocal fluorescent microscopy. The results revealed that PLGA NPs were unable to enter muscle 
fibres, mostly accumulating in the perimysium and endomysium (Figure 2c). On the contrary, LPs 
showed higher capability to enter myofibres, although being partially entrapped in the connective 
tissue (Figure 1c). We are currently performing studies of nanocarrier functionalization to improve 
myofibre targeting in explanted muscle tissue. 
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The discrepancy between the results obtained in the two different in vitro models underlines the 
limitation of conventional cell cultures for testing the suitability of nanocarriers designed for 
biomedical use. In fact, it is worth considering that in organs/organisms various tissue surrounds the 
cells, above all the connective tissue that mediates cell interactions with the nanoparticulates. 
Tests on cultured cells undoubtedly are very useful in the early research phase, to elucidate the 
uptake mechanisms, intracellular fate and degradation of NPs, but it should be more appropriate that 
the in vitro studies also include tissues and organs from biopsies or surgical material. In addition, 
this approach would potentially reduce the number of animals for the in vivo experimentation. 
 

 
 

Figure 1. Confocal (a, b) and conventional (c) fluorescence microscopy. Liposomes (green) in mouse 
myoblasts (a), myotubes (b) and skeletal muscle tissue (c). Red: cytoplasm; Blue: nucleus. Bars: 25 µm. 

Transmission electron micrograph of C2C12 myoblast, aldehyde and osmium fixation, Epon embedding (d). 
A detail of a LP internalization (arrow). Bar: 250 nm. 

 

 
 

Figure 2. Confocal (a, b) and conventional (c) fluorescence microscopy. PLGA nanoparticles (red) in mouse 
myoblasts (a), myotubes (b) and skeletal muscle tissue (arrows in c). Green: cytoplasm; Blue: nucleus. Bars: 

25 µm. Transmission electron micrograph of C2C12 myoblast, aldehyde and osmium fixation, Epon 
embedding (d). A PLGA NP (asterisk) enclosed in an endosome. Bar: 250 nm. 
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In the last years, our group focused on magnetic nanoparticles (MNPs), which are able to induce 
hyperthermia, as potential biomedical tools. Magnetic hyperthermia is a term used to denote the 
generation of heat by MNPs in response to the application of an external alternating magnetic 
field. We applied hyperthermia in vitro with different aims, and the effects on cells were analyzed 
by applying viability test (MTT assay), and light and transmission electron microscopy (TEM) 
techniques.  
We used superparamagnetic iron oxide NPs (SPIONs) to induce delipidation in 3T3 adipocytes and 
human adipose-derived adult stem cells. Immediately after hyperthermia, we observed a drastic 
lipid loss that persisted for at least 24 h in the absence of cell death, damage or dedifferentiation, as 
demonstrated by TEM (figure 1). These results open interesting perspectives for the application of 
hyperthermia to treat obesity [1]. 
 

 
Figure 1. TEM micrograph of a 3T3 cell. SPIONs occur both at the cell surface (arrow) and inside vacuoles. 

Bar: 1 μm 
 
We applied hyperthermic treatment also to cancer cells, known to be more sensitive to heat shock 
than healthy cells, in order to induce apoptosis [2]. A glioblastoma cell line (U87MG) was treated 
with either S1 NPs or biomimetic magnetic NPs (BMNPs). S1 are amphiphilic polymer, dodecyl 
grafted poly(isobutylene-alt-maleic anhydride) coated zinc-doped iron oxide (Fe3O4) NPs of  15 ± 2 
nm size, and show a high thermal capacity. These NPs proved to be efficient in increasing both 
culture medium temperature and cell death rate as demonstrated by light microscopy analysis 
(figure 2). BMNPs, synthetized with the protein MamC from magnetotactic bacteria, may act as 
both drug carriers and hyperthermic agents, being promising tools for the treatment of many types 
of tumor [3].  
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Figure 2. Light microscopy micrographs of U87MG cells incubated with S1 NPs (A, B). In B the cells were 
also submitted to hyperthermia. Note the high number of dead cells (arrows) in B in comparison to A.  

Bars: 50 µm. 
 
BMNPs were also tested in a human hepatocyte carcinoma cell line (Hep-G2) after 
functionalization with a Choline Kinase inhibitor in order to obtain a nanocarrier potentially 
suitable for targeted chemotherapy. In fact, Choline Kinase is considered as a biomarker of tumor 
progression and carcinogenesis, and a target for cancer therapy [4]. Therefore, our nanocarriers 
would allow a local treatment of cancer thus avoiding/reducing possible systemic side effects. The 
internalization of BMNPs was evaluated using TEM (figure 3).  
 

Figure 3 TEM micrograph of Hep-G2 cells treated with non-functionalized (A) and functionalized (B) 
BMNPs. Note the mitochondrial swelling (arrows) induced by functionalized BMNPs. Bars: 1 μm. 

 
Taken together, our results prove the efficacy of MNPs in inducing hyperthermia in cultured cells.  
Although these basic data have been obtained in in vitro models, they suggest the suitability of these 
NPs as therapeutic tools and encourage further studies for their application in the biomedical field.  
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1. Introduction 
Transmission electron microscopy (TEM) is the technique of choice to investigate the distribution 
of nanoparticles (NPs) inside cells and tissues, providing essential information on their actual 
spatial relationships with biological structural components. In order to track NPs in the biological 
environment, they must be unequivocally visualised. This is easily obtained for NPs containing 
electron dense components such as metal ions, but it may be difficult for NPs made of organic 
components such as polymers or lipids: in fact, their moderate electron density makes them hardly 
detectable in the inter- and intracellular space. In previous studies, we solved this problem by 
labelling chitosan-based and phospholipidic NPs with fluorochromes, and subsequently applying 
the diaminobenzidine photo-oxidation technique. This method gives rise to a finely granular 
electron dense product thanks to the reactive oxygen species originating upon fluorochrome 
irradiation, thus allowing a very precise labelling of NPs at the ultrastructural level [1, 2]. However, 
in the absence of appropriate fluorochrome labelling or in the presence of a marked background, 
diaminobenzidine photo-oxidation cannot be applied. We recently faced this problem with 
hyaluronic acid-based (HA) NPs. As an alternative approach, we set up a novel application of a 
long-established histochemical technique suitable for revealing glycosaminoglycans, i.e., the critical 
electrolyte concentration method of Alcian Blue (AB) staining [3].  
 
2. Materials and Methods 
NPs made of HA and polyarginine were obtained by ionic gelation technique (Carton et al., 
Submitted). NPs were characterized in term of size and polydispersity index (PdI) using Dynamic 
Light Scattering. C2C12 mouse myoblasts were grown in 75 cm2 plastic flasks using Dulbecco’s 
modified Eagle medium, at 37°C in a 5% CO2 humidified atmosphere. When subconfluent, the cells 
were trypisinized and seeded onto slides in 24-multiwell plates; 24 h later, the cells were treated 
with NPs for 2 h and 24 h. Untreated cells were used as control. In order to visualise HA NPs at 
light microscopy, C2C12 cells were fixed with 4% paraformaldehyde,  and the AB staining was 
performed under acid conditions [3]; the nuclei were counterstained with nuclear fast red that also 
makes the cytoplasm pale pink. Some HA NPs were submitted to the AB staining in suspension in 
culture medium. For TEM, we applied the protocol propopsed by Schofield and coworkers [4], who 
modified the original AB method intended for light microscopy to discriminate cartilage 
mucopolysaccharides at the ultrastructural level. Briefly, cells were fixed with 3% glutaraldehayde, 
stained with AB, post-fixed with OsO4 and potassium ferrocyanide, dehydrated and embedded in 
Epon resin. Ultrathin sections were observed without lead staining with a Philips Morgagni TEM 
equipped with a MegaView II digital camera for image acquisition. 
 
3. Results and Conclusions 
HA NPs were about 300 nm in diameter, with a PdI of 0.04. After AB staining, HA NPs were 
visualized at light microscopy as blue dots both as free NPs in suspension (Figure 1a) and after their 
internalization in C2C12 cells (Figure 1b). At TEM, AB-stained NPs were easily detectable due to 
the presence of a granular electron dense product (Figure 2). No reaction product was found on any 
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cell structural components; moreover, in control cells no staining was observed. Thanks to the AB 
ultrastructural staining, we were able to describe the very early uptake steps as well as the 
intracellular fate of HA NPs in C2C12 cells. This result demonstrates that, in the nanomics era, the 
proper application of traditional histochemical techniques can be crucial to get direct evidence of 
the nanoparticle-cell interactions. 
 

 
 
Figure 1. Light microscopy. AB-stained HA NPs suspended in medium (a) and inside a C2C12 myoblast (b). 

Bars: 20 µm. 
 

 
 

Figure 2. Transmission electron microscopy. AB-labelled HA NPs (arrows) occurring at the cell surface (a) 
and free in the cytosol (b). Bars: 200 nm. 
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Tissue engineering is an emerging multidisciplinary field that aims at reproducing in vitro and/or in 
vivo tissues with morphological and functional features similar to the biological tissue of the human 
body [1]. In the attempt to construct suitable tissue models, a critical step is the setting of 3Dscaffolds 
that mimic the supportive structures of a natural extracellular matrix microenvironment into which 
cells are normally embedded. In this context, the generation of 3D cultures of brain cells is of 
particular interest. For instance, the poly L lactic acid (PLLA) polymer is wildly used because of its 
biocompatible and biodegradable potential; the PLLA scaffold topography simulates the natural 
extracellular matrix (ECM) and can make it a good candidate for neural tissue engineering [2]. 
 
To achieve this goal, in this study, PLLA scaffold with characteristics of bioactivity was prepared via 
thermally-induced phase separation (TIPS) [3], and utilized as substrate for primary rat astrocytes 3D 
growth. To assess the cells spatial distribution and morphology within the scaffolds, the structures 
were characterized by scanning electron microscopy. For comparison, astrocytes were also cultured 
in the traditional 2D culture system that we have been using since 2003. Different scaffold 
morphologies and coatings such as collagen I and IV, and fibronectin were tested in order to evaluate 
their influence on astrocyte growth, morphology and EV production. To evaluate these effects on 
astrocyte morphology on the PLLA scaffolds, TEM preparation was also performed. 
 
Cells were present in all regions of the scaffold, they were observed to adhere, grow and penetrating 
into the interior region of the scaffold, acquiring their typical morphology. In addition, they also 
secrete EVs as in vivo [4]. Their ability to produce EVs was demonstrated by both TEM and SEM 
analyses, which revealed intracellular MVBs and EVs compatible in size with exosomes. 
 
The results revealed that the porous sheath of PLLA allowed cell migration inside the scaffold and 
that the one coated with collagen IV, served as very good matrices for astrocytes, suggesting that 
the chosen conditions could be a good starting point for the preparation of 3D brain cell coculture 
systems useful for clinical applications. 
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1. Introduction 
 
Lipases are enzymes which find increasing biotechnological applications because of their ability to 
catalyze regio- and enantioselective hydrolysis of many esters. In order to simplify separation of the 
enzymes from the reaction medium and enhance their stability under storage and operational 
conditions, enzymes can be used in an immobilized form [1]. The characteristics of the support, 
reactive groups and immobilization conditions have an enormous influence on the success of 
immobilization, so they must be carefully selected. Numerous materials with core/shell structure 
can be used for enzyme immobilisation. Although core/shell particles are typically spherical, they 
can be synthesized in various other forms such as  nanotubes, nanowires, nanorods, nanorings and 
nanostars. 
 
Multilayered core/shell silica is widely used support material for enzyme immobilization due to its 
high specific surface area and large porous volume, which enable high enzyme loading, prevent 
enzyme leakage and provide a protective barrier for the immobilized enzyme[2]. During fabrication 
of silica core/shell particles, silica core particles are usually synthesized by Stöber process, while 
the formation of mesoporous silica layers around silica cores is mainly based on the use of 
surfactants that are aggregated on the surface of the silica cores, after which the condensation of 
tetraethylortosilicate is carried out on the surface of modified cores. These materials should have an 
appropriate average pore size, uniform pore-size distribution, high total pore volume and high 
specific surface area [3]. In order to optimize structural development of these materials, in this 
study microstructure analysis of porous multilayered core/shell silica particles for immobilization of 
lipase has been performed.  
 
 
2. Experimental procedure and discussion 
 
Mesoporous silica particles for immobilization of lipase from Candida rugosa were prepared using 
precipitation and aggregation by hydrolysis and condensation of tetraethylortosilicate (TEOS). 
Fe2O3 nanoparticles were deposited on the surface of silica core particles in four successive stages. 
To allow electrostatic deposition of Fe2O3 nanoparticles on the previously deposited Fe2O3 layer, it 
was functionalized with silica nanoparticles generated by hydrolysis and condensation of TEOS at 
pH 7. 
  
Microstructure analysis of multilayered core/shell structures has been performed by using 
transmission electron microscope (TEM, JEM-1400) and scanning electron microscope (JEOL JSM 
6460 LV, Tokyo, Japan) coupled with energy dispersive spectrometer (EDS Oxford Instruments    
X-MaxN) (Figure 1). Prior to SEM imaging, the samples were sputtered with gold by using 
BALTEC SCD 005 sputter coater. 
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Fig. 1  Core/shell microstructure analysis: (a) SEM; (b) TEM; (c) EDS; (d) mapping of elements 

 
Mesoporous silicates are attractive materials for use as supports for the immobilisation of enzymes, 
since their synthesis is relatively straight forward and produces materials with well defined and 
ordered pore structures, high surface areas and good mechanical and chemical stability. It has been 
found that silica core/shell particles are composed of microporous core and relatively uniform 
mesoporous shell. TEM micrographs also revealed that the silica particles used in this work have 
pores which are large enough so that lipase can penetrate and interact with surfaces inside the pores. 
This should result in a high adsorption capacity of the silica support. It should be emphasized that 
the successful immobilisation of an enzyme on a support requires that the structure of the enzyme 
should not be perturbed in a manner which significantly reduces the activity of the enzyme while 
diffusion of substrate/product to and from the active site should not be hindered. It should be 
noticed that accuracy of pore diameter determination by TEM can be limited by the number of pore 
observations. Therefore, nitrogen adsorption analysis should provide more accurate estimation of 
the pore diameter of the sample. Further microstructure analysis included chemical mapping of the 
surface of the Fe2O3 layer. The analysis revealed that the surface was functionalized with Si atoms. 
It has been noticed that external mesoporous silica layer on the previously obtained particles with 
silica core and four-layered Fe2O3 shell was formed by deposition of silica nanoparticles generated 
from the silicate solution. The thickness of the four-layered Fe2O3 shell and external silica shell was 
~ 70 and 50 nm, respectively. 
 
 Although this study has established that the functionalization of the core-particles can 
improve the microstructure of the obtained materials, in order to further optimize properties of 
multilayered core/shell silica particles, future studies will concentrate more on improvement of the 
activity of the immobilized enzyme. 
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 Cancer is one a main health problem, although chemotherapy, targeted therapy, radiation, 
immunotherapy and surgery are the main strategies for the treatment of disease, a major problem 
limiting their success is resistance to the drug treatments (1). When antineoplastic drugs are 
extruded from the cells, and their intracellular concentration drops below the cytotoxic threshold, 
multidrug resistance (MDR) phenotype arises.  MDR may be intrinsic or innate, if the tumor cells 
are naturally resistant to the drug, or acquired if it arises after the pharmacological treatment.  
MDR is due to several mechanisms including: 
(a) The overexpression of ATP-binding cassette (ABC) transporters that pump out the 
chemotherapeutics (2); 
(b) The mutation of oncogenes that become resistant to former treatments (3); 
(c) The adaptation of cancer cells to the microenvironment (4); 
(d) The presence of survived cancer stem cells (CSCs) that escape from conventional therapies (5); 
(e) The activation of pro-survival mechanisms (6, 7). 
(a) ABC transporters are 49 subfamilies of proteins classified from ABCA to ABCG that are in the 
cell membrane with different functions. A higher cell membrane expression of ABCB1 (P-
glycoprotein, P-gp) or ABCG2 (breast cancer resistant protein, BCRP) or ABCC1 (multidrug 
resistance -associated protein 1, MRPR1) may lead to the resistance for the conventional 
chemotherapeutics, such as doxorubicin (Dox), paclitaxel, 5-fluorouracil (5-FU), colchicine etc. 
(b) Cancer cells growing rapidly need more oxygen supply for signal transmission. Tissue hypoxia 
can occur for re-programming to cancer cell metabolism, so cancer cells adapt to less oxygen by up-
regulating several key proteins, including hypoxia-inducible factor-1a (HIF-1a), HIF-2a. 
 Hypoxia can trigger MDR by decreasing the efficacy of anticancer drugs (24). Hypoxia may also 
promote the overexpression of ABCB1 and ABCG2 and inducing MDR.  
(c) Cancer cells reorganize it to adapt to the change of the microenvironment. In the initial phase of 
the disease, the production of reactive oxygen species (ROS) can favour the onset of MDR. 
Moderate level of ROS can help to tumor development by promoting tumor cell proliferation and 
DNA mutations, while high ROS level may be lethal factor that finally induces cell death. A 
promising strategy to overcome MDR in cancer may be the targeting of oxidative stress.  
(d) CSCs are a subset of cells in the niche of the tumor, composed of fibroblasts and endothelial, 
mesenchymal and immune cells.  CSCs possess the potential of self-renewal, differentiation and 
tumorigenicity, are thought to be the major problem of cancer therapy failure. The elimination of 
CSCs represents one promising strategy to overcome MDR.  
 (e) Autophagy, a self-degradative system in which cells undergo degradation of intracellular 
components, is important for the cell energy balance in response to nutrient stress (36, 37). During 
chemotherapy, autophagy works as a prosurvival and resistance mechanism; therefore, the 
inhibition of autophagy can re-sensitize MDR cells and enhance the cytotoxicity of 
chemotherapeutic agents.  
Studies have shown that some phases of the cell cycle exhibit resistance to chemotherapeutics, and 
the cancer cells that over-express cyclin dependent kinases (CDKs) and cyclins show resistance to 
conventional chemotherapeutics.  
Various MDR reversal agents have been developed and some of them have entered into clinical 
trials, however, most of them failed due to severely adverse effects or because they suffered 
resistance in a short time. 
Effective novel agents that surmount MDR remain an unmet clinical need. 

MULTIDISCIPLINARY APPROACHES FOR MEDICAL AND.. .

INVITED LECTURE

Drug resistance in cancer and its overcoming

MARIA CONDELLO, EVELIN PELLEGRINI, STEFANIA MESCHINI
National Center for Drug Research and Evaluation, National Institute of Health,Rome, Italy



LIFE SCIENCES 243

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

References 

[1] X. Wang, H. Zhang, X. Chen Cancer Drug Resist. 2 (2019) 141-60.  
[2] W. Li, H. Zhang, Y.G. Assaraf, K. Zhao, X. Xu, J. Xie, et al. Drug Resist Updat. 27 (2016) 14 -
29. 
[3] M. Xue, J. Cheng, J. Zhao, S. Zhang, J. Jian, Y. Qiao, et al. Int. J. Lab. Hematol. 41 (2019) 94 -
101. 
[4] G. Yeldag, A. Rice, R. H. A. Del Cancers. 10:E471 (2018).  
[5] M. Prieto-Vila, R.U Takahashi., W. Usuba, I. Kohama, T. Ochiya Int. J. Mol. Sci. 18: E2574 
(2017). 
[6] A.G. Smith, K.F. Macleod J. Pathol. 247 (2019) 708-718. 
[7] M. Condello, E. Pellegrini, M. Caraglia. S. Meschini Int. J. Mol. Sci. 20 (3) (2019).  
 

MULTIDISCIPLINARY APPROACHES FOR MEDICAL AND.. .



LIFE SCIENCES 244

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

MCM2019 14th Multinational Congress on Microscopy, September 15-20, 2019  Belgrade, Serbia 

Centriolar satellites are required for the biogenesis and function of the 
centrosome/cilium complex 

 
Elif N. Firat-Karalar1 

1Department of Molecular Biology and Genetics, Koç University, Istanbul, TURKEY 34450 
 
The centrosome/cilium complex is required for key functions ranging from cell division to 
cellular signaling and its deregulation causes various human diseases including cancer and 
ciliopathies. To elucidate disease mechanisms, it is essential to determine how centrosomes and 
cilia assemble and function in time and in space. To this end, we have focused on studying the 
vertebrate-specific components of the centrosome cilium complex, centriolar satellites, which are 
an array of membrane-less granules that localize around the centrosome/cilium complex. 
Although mutations affecting centriolar satellites were linked to ciliopathies, their precise 
functions, mechanisms and the functional significance of their typical clustering around the 
centrosomes remain poorly understood. To determine their cellular functions as discrete protein 
complexes, we generated satellite-less retinal pigmental and kidney epithelial cells and 
investigated the cellular and molecular consequence of satellite-loss. While satellites were 
essential for cilium assembly in retinal epithelial cells, satellite-less kidney epithelial cells still 
formed full-length cilia but at significantly lower levels, with changes in the centrosomal and 
cellular levels of key ciliogenesis factors. Using the kidney epithelial cells that ciliated, we 
identified the first satellite-specific functions at cilia, specifically in regulating ciliary content, 
Hedgehog signalling, and epithelial cell organization. Next, we investigated the functional 
significance of why satellites cluster around the centrosomes in most cell types. To this end, we 
employed a chemically inducible trafficking approach to restrict satellite localization at the cell 
periphery or the centrosome. Using these cells, we determined which proteins redistribute along 
with satellites and thereby are regulated by them. By studying the phenotypic consequences of 
satellite redistribution, we identified functions for centriolar satellites in cilium assembly and cell 
division. Together, our findings reveal that satellites regulate show that the satellites are required 
for efficient centrosome and cilium assembly and function and provide insight into disease 
mechanisms of ciliopathies.   
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1.Introduction. 
Mechanical forces play a key role in tissue growth and maintenance, deeply influencing human 
physiology. Similarly, in pathological conditions, cell and tissue mechanics undergo deep changes, 
which contribute to disease progression. Such alterations can be investigated using Atomic Force 
Microscopy (AFM), with the aim to search for novel mechanical biomarkers of pathologies. Here 
we present some AFM application to cell and tissue biomechanics in several human diseases, 
including brain and colorectal cancer, Alzheimer’s Disease (AD) and ocular pathologies. AFM 
application to forensic science is also discussed.  

 
2.Methods. 
Cell and tissue elasticity were investigated through the acquisition of force-distance and creep-
relaxation curves. The former were analyzed with the Sneddon model to retrieve Young’s modulus 
and hysteresis. The latter were analyzed with the Standard Linear Solid model, in term of 
relaxation times and viscosity. Nanoscale mapping of the fitted parameters was performed, with 
the aim to generate functional images of the mechanical properties of the investigated samples.  
AFM data were compared with other imaging techniques including histology, confocal 
microscopy, US-Elastography, and computational techniques.  

 
3.Results. 
Our data show that AFM is able to detect and image mechanical alterations associated with the 
development of many pathologies. In detail:  
i) we demonstrated that the biomechanical response of erythrocytes of AD patients is altered with 
respect to control subjects and correlates with the neurological examination;  
ii) we unveiled the mechanical fingerprint of two frequently-occurring brain cancers (meningioma 
and glioblastoma), contributing to the development of novel AFM-based diagnostic methods to 
assess the tumor grade (figure 1).  
iii) we studied the mechanical basis underlying subtle differences occurring into two ocular 
pathologies of surgical interest, Macular hole, and Pucker.  
iv) we showed that AFM hysteresis has potential application in forensic science with particular 
regard to the estimation of the time-since-death as it allowed us to monitor the time behavior of 
rigor mortis  
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4.Conclusions. 
Taken together, our results confirm that AFM has the potential to positively impact on the 
development of novel diagnostic and monitoring tools. 
 

 

 
 
Figure 1. Mechanical fingerprint of brain cancer tissues. Young’s modulus maps and frequency histogram 
of brain tissues obtained from patients diagnosed with Glioblastoma: Necrotic tissues (left), non-necrotic 

cancer tissues (center) and healthy tissues (right), together with histological sections  
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1. Introduction. Extracellular vesicles (EVs) are membrane-bound vesicles, which are secreted by 
eukaryotic cells (donor cells) into their surroundings, e.g. into growth media in vitro or into body 
liquids in vivo [1]. Since EVs contain biologically active molecules (proteins, lipids, nucleic acids) 
and can be transported to the distant tissues and influence there the physiology of the target cells, they 
are considered as a novel type of cell-to-cell communication [2]. Molecular composition of EVs 
resembles donor cell type and its physiological condition. That would make EVs very useful and 
convenient diagnostic markers for clinical use. As an example, EVs originating from tumour cells 
contain molecules characteristic for particular tumour type, i.e. carry tumour’s molecular fingerprint 
[3]. Therefore, by analysis EVs from the patient blood or other body fluids, clinicians could diagnose 
potential presence of the tumour as well as its type. Moreover, biologically active molecules in 
tumour-originating EVs may have a role in progression of the disease; they can influence healthy 
target cells to start expressing tumour-characteristic genes (e.g. a cell with E-cadherin starts to 
produce N-cadherin), what makes target cells prone to tumour transformation and increases chances 
for survival of malignant cells [4, 5]. By elimination of such EVs, tumour progression could be 
supressed. Due to their potential as diagnostic markers and as targets to prevent tumourigenesis, EVs 
are currently in the centre of intensive biomedical research. 
EVs are produced by  investigations because of their putative diagnostic potential [7]. Aside from 
EVs isolated from body fluids in vivo, which present highly complex systems, many EVs studies are 
performed in vitro, which presents simpler systems that are easier to control. 
After isolation of EVs from body fluids in vivo or from growth media in vitro, it is essential to make 
qualitative and quantitative analyses of the samples with biochemical and microscopy methods. It is 
crucial to check the purity of the sample for potential contaminations with cell debris and various 
components of body fluids or growth media. Next, one has to define the size of EVs in order to 
determine the type of EVs and molecular composition in order to define their origin and the role in 
cell communication. To achieve all these requirements, only biochemical analyses and light 
microscopy are not suficient. Since only electron microscopy has the resolution for direct 
visualization of EVs, we have checked and compared different transmission (TEM) and scanning 
(SEM) electron microscopy methods for ultrastructural and immunocytochemical analyses of EVs. 
2. Methods. For characterization of EVs we used methods of TEM, i.e. negative staining, classical 
ultrathin sectioning and immunolabelling of cryo-ultrathin sections, and method of classical SEM. 
EVs were obtained from mammalian (urothelial cells, cells of Langerhans islets) and yeast cell 
cultures in vitro, and from human blood serum in vivo. Raw samples were first ultracentrifuged in 
sucrose gradient, currently widely used for separation of different types of EVs. To check the purity 
of EVs, we used negative staining or epon-embedded classical ultrathin sections. For negative 
staining samples were put on glow-discharged carbon-coated EM grid for 5 min, washed in de-ionized 
water, 1 min and stained with 1% uranyl acetate, 1 min. For Epon-embedding, samples were fixed 
with 2,5% glutaraldehyde in 0.1M cacodylate buffer, 2 h 45 min at +4˚C, post-fixed with 1% OsO4 
for 2h, dehydrated in series of ethanol (30, 50, 70, 90, 2×100%, 20 min each) and embedded in epon. 
After Epon polymerization, ultrathin section (thickness 60 nm) were cut with ultramicrotome UC6 
(Leica), and stained with uranyl acetate and led citrate.  
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For detection of membrane proteins or cytosolic proteins in the lumen of EVs, we used 
immunolabelling of cryo-ultrathin sections. After centrifugation, pellets were fixed with 2% 
formaldehyde, 1 h at room T, embedded into 12% gelatine, cut into 1×1×1 mm cubes, cryoprotected 
by incubation in 2.3M sucrose 24h at +4˚C and stored in liquid nitrogen. Subsequently, samples were 
cut with cryo-ultramicrotome FCS (Leica) at -120˚C (thickness 70 nm) and processed for 
immnolabelling. Nonspecific labelling was blocked by 0.8% BSA, 0.1% fish gelatine and 5% fetal 
calf serum in PBS at room temperature for 30 min. Various mono- and polyclonal primary antibodies 
were incubated overnight at +4˚C, washed in PBS, and then incubated with secondary antibodies 
conjugated with colloidal gold, 1.5 h at room temperature. All TEM samples were examined with 
CM100 (Philips), running at 80kV. 
For SEM, samples were fixed with 4% formaldehyde + 2% glutaraldehyde in 0.1M cacodylate buffer, 
2 h 45 min at +4˚C, post-fixed with 1% OsO4 for 2h, dehydrated in series of ethanol (30, 50, 70, 90, 
2×x100%, 20 min each), and dried with HMDS. Samples were examined with Vega3 (Tescan) SEM, 
running at 20kV. 
 

 
 
Figure 1. Extracellular vesicles (EVs) from in vitro and in vivo origins visualized with electron microscopy. 

A) EVs from human blood, negative staining. White arrow – EVs, black arrow – protein aggregates, 
arrowhead – lipoprotein particles. B) EVs from human embryonic kidney HEK293 cell line, Epon-embedded 

ultrathin section. C) EVs from yeast cell culture, negative staining. Asterisk – cup-shaped deformation of 
EV. D) EVs from human blood, immunolabelling of cryo-ultrathin section. Arrow – electron-dense gold 

particles marking position of membrane protein DGCR2. E) EVs from human blood on microbeads column, 
SEM. Arrows – position of EVs on 1 µm microbeads. F) EVs on supperficial cell of mouse urinary bladder 

epithelium in vivo. Arrows – budding of EVs from the plasma membrane. 

 
3. Results. TEM analysis showed that EVs samples contained exosomes and frequently protein 
aggregates and lipoprotein particles (Fig.1A). Regardless of the isolation protocol being used the 
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diameter of EVs was ranging from 30 nm to several 100 nm (Fig.1B). EVs prepared with the method 
of negative staining were seen as cup-shaped spheres (Fig. 1C); cup-shaped deformation was more 
evident on larger EVs. Using cryo-methods, the expected spherical shape of EVs was better preserved 
(Fig. 1D). Immunolabelling of cryo-ultrathin sections by modified Tokuyasu method verified to be 
appropriate method to label cytosol proteins in the lumen of EVs (e.g. signal protein of immune 
response, MyD88) and EVs’ membrane proteins (e.g. exosomal marker CD63) [8, 9]. Method of SEM 
enabled visualization of EVs being entrapped and purified by microbeads columns (Fig. 1E). SEM 
also enabled detection of EVs budding from plasma membranes of epithelial tissues in vivo (Fig. 1F). 
4. Discussion and conclusions. For characterization of EVs it is crucial to complementary combine 
biochemical and electron microscopy methods. Our work shows that established protocols of 
selective EVs isolation have their weaknesses, in particular in the purity and heterogeneity of the 
samples. Without methods of electron microscopy, important conclusions on EVs could be 
misleadingly attributed to the wrong type- or mixture of different EVs. Additionally, classical and 
advanced methods of electron microscopy can be adapted to control the quality of EVs isolation steps 
and further characterize ultrastructure and molecular characteristics of EVs. We strongly agree with 
the recommendation of International society for EVs, that electron microscopy should be a method 
of choice when working with these clinically perspective vesicles [10]. 
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1. Introduction 
Porcine reproductive and respiratory syndrome (PRRS), a huge economic concern to the global 
pig industry, continues to be one of the most devastating diseases of swine throughout the world. 
The disease is caused by an enveloped RNA-virus, the PRRS virus (PRRSV), which is classified 
as Arterivirus, family Arteriviridae, order Nidovirales, genus Proarterivirus. The virus is macro-
phage-tropic in vivo, and replicates in MARC-145 cells, a PRRSV-permissive monkey kidney cell 
line in vitro. PRRSV causes widespread infections which until now are largely uncontrolled. 
Vaccination against PRRSV still remains unsatisfactory regarding efficacy and safety.  
Inactivated vaccines offer some advantages compared to other types of vaccines (e.g. live-
attenuated, vectored vaccines), including lack of ability to revert to a virulent state. Several 
methods exist for producing inactivated vaccines, e.g. a) virus inactivation with formaldehyde, a 
chemical that affects protein structures or b) the application of irradiation, which is said to have 
less effects on protein structures compared to formaldehyde, and instead alter nucleic acids in the 
virion. The effect of two different types of irradiation on virus structure of a highly pathogenic 
PRRSV2 (HP PRRSV2) field strain was examined by electron microscopy. In-vitro antigenicity 
and inactivation of the virus have also been proven. 
 

2. Material and Methods 
An HP PRRSV2 field strain, cultured in MARC 145 cells and concentrated by ultracentrifugation, 
was treated with low energy electron irradiation (LEEI) or ɣ-irradiation (with and without trehalose 
as stabilizer) at a dosage of 30kGry. Virus inactivation and virus antigenicity was tested before 
electron microscopic analysis of virus structure. Innocuity testing by three passages in cell culture 
demonstrated the successful inactivation of the virus. The viral load of both control and irradiated 
virus suspensions was determined by PCR. The in-vitro antigenicity was measured by an in-house 
ELISA by coating wells of a microtiter plate with live and the irradiated viruses, respectively and 
testing them with known antibody positive serum samples and known negative samples.  
For electron microscopy the ultracentrifuged virus suspensions of PRRSV2 - a) a sample irradiated 
by LEEI, b)  a sample irradiated by ɣ-irradiation as well as c) the control sample - were fixed in 
Karnovsky solution (2,5% FA & 2,5% GA). The preparation method of “negative staining” was 
performed to carry out quantitative and qualitative analysis of virus particles. For analyses, the 
grids were examined in a transmission electron microscope (Zeiss 906) operated at 80kV. Images 
were recorded at a resolution of 60 000x. Pictures from virus particles were selected using a 
systematic sample strategy in which 30 grid hexagons of each suspension sample were chosen 
randomly by lining up intact hexagons of the two grids from left downwards to right upwards.  
One square picture (689,2nm x 517,8nm) per grid hexagon was selected to be examined; in total 
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30 pictures per virus suspension samples were used for analysis. Analysis was performed with an 
automatic image analyses software (ITEM, Olympus). The mean diameter of undestroyed virus 
particles of each virus suspension was estimated for confirmation that intact virus particles were 
not damaged by irradiation. Virus particles on each sample picture were counted and classified in 
three groups: Group I intact, undestroyed  virus particles with round morphology, intact lipid 
envelope; Group II deformed virus particles with intact lipid envelope; Group III partial ruptured 
virus particles with destroyed lipid envelope or particle remnants. The stereological counting rules 
were respected [1]. 

 
3. Results 
After ultracentrifugation, the TCID50 of the live HP PRRSV2 was 1E-6.75. A viral load of 6.6E+10 
was measured. After irradiation, the viral load was 1.4E+10 and 1.1E+10 in ɣ-irradiated virus (+
trehalose) and 8.8E+9 in LEEI virus. In the ELISA, OD values in positive pig samples were above 
1.5 and did not differ substantially between non-irradiated and irradiated virus wells. In negative 
serum samples, OD values stayed beneath 0.3. 
By negative staining, purified, aldehyde-fixed intact virus particles of irradiated and non-irradiated 
virus suspensions appear as roughly spherical to somewhat oval particles with a mean diameter of 
about 54nm (Figure 2).  

 

 
Figure 1. HP PRRSV2: a-b) intact virus – control group, c) virus - LEEI, d) virus – Ƴ-irradiated 

 
The mean diameter of intact virus particles of control and irradiated virus suspension samples 
concurs with the published data of negative stained PRRSV-particles [2]. The particles display a 
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mostly featureless surface, but sometimes a few protrusions can be observed (Figure 1). No 
internal structures are discernible in intact undestroyed particles because of the inability of the 
stain to penetrate through the lipid envelope. However, in partially ruptured, destroyed particles, 
the lipid bilayer and the core inside is discernible. The amount of ruptured virus particles or virus 
remnants is higher in irradiated  PRRSV-samples; in the control sample there are twice as many 
intact particles (63%) as in the irradiated samples (38-29%); the amount of intact particles in the 
e-beam irradiate and ɣ-irradiated samples differs only slightly (Table 1). Intact virions of irradiated 
suspensions had a uniform viral envelope; neither damaged nor intact particles clumped together. 

 

 
Figure 2. Nominal distribution of undestroyed particle diameters in irradiated and non-irradiated 

virus suspensions 
 
Table 1. Group I virus particles: intact, undestroyed virus particles with round morphology, intact lipid envelope; 

Group II virus particles: deformed virus particles with intact lipid envelope; Group III virus particles: 
particle remnants or partial ruptured virus particles with destroyed lipid envelope 

 

PRRSV2 sample Virus particles 
counted 

Group I 
particles 

Group II 
particles 

Group III 
particles 

Non-irradiated (control) 915 63.5% 15.8% 20.7% 
LEEI irradiated, 30 kGry 860 38.6% 19.1% 42.3% 
ɣ-irradiated, 30kGry 1108 29.2% 18.5% 51.3% 

 
4. Discussion and Conclusion 
Radiation sterilisation has been used to develop a variety of vaccine types, because it can eradicate 
chemical contaminants and penetrate pathogens to destroy nucleic acids conserving most of the 
antigenic structures. In particular, the inactivation of virus with low energy electron irradiation 
(LEEI) for vaccine production is considered to be fast, safe and effective - with 80% conservation 
of antigens [3,4]. Both ɣ-irradiation as well as LEEI, were able to safely inactivate the tested HP 
PRRSV2 strain. The in-vitro antigenicity, the virus structure as well as the viral load of the 
irradiated viruses were comparable to the intact control virus. As shown by Feng et al. 2011 [5], 
the number of intact virus particles in irradiated virus suspensions was significantly reduced. 
Contrary to the study with vesicular stomatitis virus and murine norovirus, intact particles of 
irradiated virus suspensions retained their virus structure but not their RNA structure. In this study 
the inactivation of the PRRS virus resulted in no damage to the whole virus structure. 
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Resveratrol recovers beta cell mass, islet morphology and apoptosis in fructose-
fed streptozotocin induced rodent diabetes 
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Diabetes Mellitus (DM) is a metabolic disease characterized by chronic hyperglycemia associated 
with impaired carbohydrate, lipid and protein metabolism. There are several experimental animal 
models in the investigation of diabetic complications and the development of a new treatment 
strategy. We used our modified version of a new model of Type 2 diabetes (T2DM) [1] induced by                 
high fructose diet and low-dose streptozotocin (STZ) to rats. In our modified model, single dose of 
40 mg / kg STZ injected after 10% fructose diet for 2 weeks, then continued the 10% fructose diet 
for 3 weeks. At the end of the 5th week, we started treatment. The aim of our model is search for 
the damages caused by fructose-rich diet continued after the development of diabetes and the 
possible recovery with treatment. Resveratrol is a natural, biologically active polyphenol with anti-
diabetic and anti-inflammatory properties that maintain blood homeostasis and protects pancreatic β 
cells by reducing blood glucose levels [2]. In this study, we researched that effect of resveratrol 
treatment on pancreatic cell mass, islets organization and apoptosis in the fructose-fed STZ induced 
T2DM model. 
 
In this study, 8-week-old male Sprague-Dawley rats were randomly subdivided into 4 groups of 7 
animals in each group. The first group was diabetic group. Second group consisted of diabetic rats 
treated with 1 mg/kg/day resveratrol (i.p.) for 4 weeks.  Third group consisted of nondiabetic rats 
treated with 1 mg/kg/day resveratrol for 4 weeks. The fourth group was control rats. At the end of 9 
weeks rats were sacrificed and pancreas tissues were taken with ketamin/ksilazin anesthesia. Body 
weight and blood glucose levels of all rats were measured. The pancreatic tissue sections were 
immunostained with insulin, glucagon, somatostatin, and active caspase-3 antibodies. TUNEL assay 
was used for detection of apoptosis. All values were analyzed with statistical methods. 
 
Blood glucose levels were significantly increased in untreated diabetic group compared with the 
other group. Blood glucose levels of resveratrol treated diabetic group were significantly lower than 
the diabetic group at the end of the experiment. When the islets in the diabetic group were 
compared with other groups, we found islets were small and number of the insulin positive cells 
were low (p < 0.001). In the resveratrol treated diabetic group, some islets were filled with beta 
cells, while some islets contained fewer beta cells as such in the diabetic group (Figure 1). 
Glucagon and somatostatin cells, which are cells placed in the islet periphery under normal 
conditions, spread towards the islet center in diabetic group (Figure 1), also somatostatin producing 
cells are found to be hypertrophic.  
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Figure 1: Immunolocalization of insulin, glucagon somatostatin in the pancreas of the control, 
diabetic and diabetic +resveratrol groups. Immunostaining: Streptavidin-biotin peroxidase method. 

Magnifications: 200x. 
 

 
Figure 2: Immunolocalization of active caspase-3 and TUNEL in the pancreas for (A, B, D) 

Diabetic and (C) Diabetic+Resveratrol groups. Immunostaining: Streptavidin-biotin peroxidase (A, 
B, C) and TUNEL method. Magnifications: 200x. 

 
 
In addition, both glucagon and somatostatin cell numbers were found to be increased in the diabetic 
group compared to other groups. In the islets, we found that the active caspase-3 positive and 
TUNEL-labeled apoptotic cells were also increased in the diabetic group (Figure 2). While there 
were only a few weak active caspase-3 positive cells in the islets of resveratrol treated diabetic 
group, no apoptic cells were detected. However, in the diabetic group, we found that there are a 
number of labelled apoptotic cells both in the exogenous tissue and islets. 
 
As a result, this modified diabetes model and fructose diet after diabetes have caused beta cell loss 
and apoptosis of both endocrine and exocrine pancreatic cells. We suggest that resveratrol treatment 
improves glucose homeostasis, stimulates the increase of beta cell mass and inhibits apoptotic cell 
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death, and that it will bring a new perspective to treatment because of this positive effect in 
excessive degenerations caused by fructose in diabetics. 
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Mouse tumor models are widely used to elucidate mechanisms of tumor development and 
explore new therapeutic approaches for bladder cancer [1, 2]. We established an orthotopic 
mouse bladder tumor model to study early stages of implantation of cancerous urothelial MB49 
cells in vivo, which have been overlooked until now. To explore initial interactions between 
cancerous and normal urothelial cells in vivo, the characteristics of both cell types should be 
recognized and a reliable method for discrimination of both cell types is required. Despite the 
frequent use of MB49 cells in establishing orthotopic bladder tumors, these cells have been 
poorly characterized at the molecular level until now [3].  
 
Our main challenge was how to trace injected MB49 cells in the mouse urinary bladder and 
how to distinguish them from normal urothelial cells. We thus performed extensive molecular 
characterization of MB49 cells in vitro before experiments in vivo. To solve the problem of 
unequivocal discrimination of cancer cells from normal urothelial cells in vivo, we used various 
labeling and microscopic techniques (Figure 1). Furthermore, internalized cobalt ferrite 
(CoFe2O4) nanoparticles in cancer cells enabled us to find and identify them by different types 
of electron microscopy such as back-scattered electron microscopy (BS-SEM) and Focused Ion 
Beam Scanning Electron Microscopy (FIB-SEM) with energy-dispersive X-ray (EDX) detector 
to confirm the presence of Co and Fe in cancer cells. 
 
With new approach by using endocytosed metal nanoparticles as a marker of cancer cells, we 
were able to trace them in vivo. We found that cancer cells attach to the urothelium or exposed 
basal lamina within just one hour of intravesical injection, whereas small tumors and localized 
hyperplastic urothelial regions develop already within two days. We also showed that cancer 
cells initially adhere to normal urothelial cells through filopodia and by focal contacts with 
exposed basal lamina.  
 
Orthotopic mouse bladder model is as an appropriate model for the examination of the very 
first events of cancer cell attachment, which are the most crucial stages of tumor development. 
By combination of in vitro and in vivo studies, various types of electron microscopy and 
interdisciplinary approaches we obtained new data about the fate of injected cancer cells and 
poorly known early events of tumorigenesis in the urinary bladder. 
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Figure 1. Adhered MB49 cells on the epithelium of the mouse urinary bladder within 2 days of 
intravesical injection. (a) Fluorescence micrograph of DiI-labeled and vimentin-positive cancer 

urothelial cells (orange fluorescence due to merged red fluorescence of DiI and green fluorescence of 
vimentin). Nuclei are stained with DAPI (blue fluorescence). (b) TEM micrograph of MB49 cell with 
endocytosed CoFe2O4 nanoparticles (arrows) in close contact with urothelial cell (UC). n-nucleus, L-
lumen of the urinary bladder. (c) SEM micrograph of the region with numerous cells attached to the 

urothelium. Scale bars: 20 µm (a), 2 µm (b), 10 µm (c). 
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Obesity is a worldwide epidemic status deeply associated to cardiovascular diseases [1]. 
Mitochondria provide most of the energy to terminally differentiated cardiomyocytes, so heart 
failure is considered a “bioenergetic affair” [2]. Silent information regulator 1 (SIRT1), the most 
studied isoform of NAD+-dependent histone deacetylase enzymes, plays a crucial role to modulate 
energy metabolism in aging and diseases [3]. Melatonin, the nighttime pineal indole, is a strong 
anti-oxidant able to ameliorate mitochondrial shape and function in the heart of leptin-deficient 
genetically obese mice  [4].  
Male C57BL6/J mice (WT) and SIRT1 heterozygous (HET) mice were placed on a standard 
maintenance rodent diet (STD-8.4%  kcal from lipids) or a high fat diet (HFD- 58.4% kcal from 
lard) for 16 weeks starting from 12 to 28 weeks of age, drinking or not melatonin (10 mg/kg). Light 
microscopy and transmission electron microscopy on cardiomyocytes and inter-myofibrillar and 
sub-sarcolemmal mitochondria have been carried out.  
The present study aims to demonstrate (i) if oral melatonin in the diet improves adverse cardiac 
mitochondrial changes triggered by an obesogenic high-fat diet in mice and  (ii) if reduced  SIRT1 
availability in heterozygous mice (HET) influences melatonin efficacy under the same dietary 
regimen. 
No differences were observed in  the heart of  WT STD and HET STD mice drinking or nor 
melatonin. Conversely, in WT HFD mice heart, sustained lipid peroxidation and mitochondrial 
adaptation markers, like 4HNE, mitofusin 2 and HSP60  were significantly reduced by melatonin 
(Figure 1 A). Interestingly, melatonin was ineffective in HET HFD heart that presented focal 
HSP60 positivity (Figure 1B). Furthermore, to investigate whether the mechanism of action of 
melatonin might involve ER stress and autophagy in our model, we analyse the distribution of 
GRP78, the master ER chaperone, CHOP, a proapoptotic index  regulated by energy status and 
p62/SQSTM1, a marker of impaired autophagy flux.  
ER stress response and CHOP nuclear immunostaining have been observed in  cardiomyocytes in 
WT HFD mice and was alleviated by melatonin (Figure 1C). Interestingly, CHOP signal persisted 
in HET HFD heart despite melatonin (Figure 1D). Remarkably, p62/SQSTM1 signal intense in 
cardiomyocytes in WT HFD mice, decreased in WT HFD mice drinking melatonin, but was barely 
expressed in HET mice.  
All these data suggest that melatonin improves cardiac mitochondria in anabolic conditions 
triggered by high calorie lard-based diet in mice but only in presence of full availability of sirtuin 1. 
Nevertheless, further biochemical and molecular studies are needed to best clarify their strict 
interdependence, so opening new avenues to melatonin supplementation in clinical trials. 
Thanks to FLAMMA S.p.A., Chignolo d’Isola, BG, Italy (http://www.flammagroup.com) for 
courteously providing melatonin (MelaPure™). 
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Figure 1. HSP60 immunostaining developed by ABC-peroxidase in the heart. A) WT mice placed on HFD 

presented reduced brown signal by drinking melatonin and B) HET mice fed an obesogenic diet were 
unresponsive to oral melatonin for 16 weeks. CHOP immunostaining in obesogenic diet challenged mice 
heart. C) WT HFD mice showed nuclear positivity in cardiomyocytes that disappeared drinking melatonin 

and D) HET HFD mice showed brown nuclei in cardiomyocytes despite melatonin. Arrow-Nuclear 
positivity. Bar= 5µm. 
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Introduction: Fertility preservation in male children who will have cancer treatment is important in 
improving the quality of life after treatment. Cryopreservation is the only known option for long-
term storage of these tissues. However, there is no standardized cryopreservation method yet for 
immature testicular tissue. In this study, the effect of seeding was investigated in the programmed 
slow freezing method to develop the most appropriate method for cryopreservation of testicular 
tissues. Thus, it was aimed to control the formation of ice crystals which can cause cell damage.  
Materials and methods: Two groups were planned of the testicular tissues of 7 to 8-day-old male 
Wistar rats (n = 5) with and without seeding. Tissues were frozen with programmed slow freezing. 
High security straw was used as the carrier. Seeding was applied at the time of freezing with the 
help of a forceps cooled at -7°C. The freeze-thaw effects were quantitatively evaluated in light and 
transmission electron microscopy. Viability test was applied. 
Results: The results were in the group with seeding and in the group without seeding: intratubular 
nucleus discrimination (%58.8+/-14.4), (%47.2+/-11.5); pyknotic nucleus ratio (%29.6+/-13.5), 
(%40.8+/-9.9); basal membrane decomposition (%13.0+/-9.1), (%14.6+/-13.0); tubuli without 
cytoplasmic degeneration (%10.4+/-8.0), (%5.2+/-4.3) and vitality rate (%46.8+/-15.3), (%30.2+/-
7.7); respectively. There was no statistically significant difference between the groups but there was 
a tendency of decreasing in cell damage in the seeding group observed by light and by transmission 
electron microscopy (figures 1 and 2). The application of seeding can be preferred for freezing of 
immature testicular tissue with slow freezing because of the diminished ice crystal formation and 
therefore reduced cell damage. 
 

 
 

Figure 1. TEM micrograph of 8 days old control testicular tissue. Spermatogonium (arrow). Sertoli cells 
(asterisks) X5000 magnification. 
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Figure 2.  TEM micrograph of testicular tissue with seeding. Spermatogonium (arrow), Sertoli sells 
(asterisks)  X5000 magnification. 

 
 

MULTIDISCIPLINARY APPROACHES FOR MEDICAL AND.. .



LIFE SCIENCES 263

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

The effects of Trifolium pratense L. on the expression of leukemia 
inhibitory factor in the Ishikawa cell line 

Emel Usta1, Sibel Doğan1, Havva Atar2 , Hatice Çölgeçen2, Gamze Tanrıverdi3, Feride 
Özdemir1, Sibel Köktürk1 

1Department of Histology and Embryology, Istanbul University, Istanbul Medical Faculty, 
Istanbul, Turkey 2Department of Biology, Zonguldak Karaelmas University, Faculty of Arts 

and Science, Zonguldak,Turkey 3Department of Histology and Embriology, Cerrahpasa 
Medical Faculty, Istanbul University-Cerrahpasa, Istanbul, Turkey 

 
 
Abstract 
 
Introduction and Aims: Leukemia inhibitory factor (LIF), a major cytokine regulating 
endometrial receptivity (1). The LIF plays an important role in reproduction by regulating 
immune response, decidualization, and implantation (2). In humans, maximal LIF secretion by 
the endometrium coincides with the window of implantation (3). The LIF expression deficiency 
has been shown to be involved in multiple implantations failures in patients with female 
infertility (4). Therefore, research has focused on developing novel candidates that stimulate 
embryo implantation rates by enhancing LIF expression, especially by using natural herbal 
medicines. To solve the problem of embryo implantation, it is crucial to enhance endometrial 
receptivity toward a properly developed embryo (5).

The isoflavones in Trifolium pratense L. has been reported to display estrogenic as well as 
cancer chemopreventive properties (6).  Trifolium pratense contains the estrogenic isoflavones, 
daidzein, formononetin, biochanin A, and genistein (7). The Ishikawa endometrial cancer cell 
line widely used in reproductive biology research (8). We investigated Trifolium pratense L.-
induced effects on the expression of LIF in human endometrial cell line (Ishikawa cells). 

Methods: The regeneration of natural tetraploid Trifolium pratense L., originated from 
Erzurum-Turkey, is used in this study (9). The endometrial epithelial cell lines were cultured 
for 24 hours in a Dulbecco's modified Eagle's medium-F12 with 10% FBS cell culture medium 
containing Trifolium pratense L. extracts (Elçi red clover) (20, 30, 40 µM/ml).  

Results: The LIF staining density was significantly increased by Trifolium pratense L. 
treatment in the Ishikawa cell line. In the Ishikawa cell line treatment the Trifolium pratense L. 
showed cell morphology including a large nucleus and vacuoles in the cytoplasm, indicating 
great metabolic activity. 

Conclusions: We found that Trifolium pratense L. increases LIF level in cultured Ishikawa cell 
line. Thus, Trifolium pratense L. could include the regulation of LIF to be fundamental to 
endometrial receptivity during implantation. We will be also investigated whether Trifolium 
pratense L. is effects to leukemia inhibitory factor receptor (LIF-R). In view of the presented 
data and the reported studies design experimental research and clinical trials are required.  
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1. Introduction 
Skin is one of the major ways of communication between organism and environment and, as such, a 
possible route of administration for topical or transdermal drugs. Thanks to its organization in 
different layers, skin constitutes an excellent physical, immunological and sensory barrier, playing 
an important protective role against microbial attack, UV irradiation and chemicals of different 
types. It follows a crossing difficulty even for active compounds designed for therapeutic purpose. 
The currently available in vitro systems that try to mimic the cutaneous barrier are cell cultures, 
from conventional mono-layer cell cultures to more advanced three-dimensional co-cultures. They 
are widely accepted but certainly simplistic models compared to the real physiological structure and 
dynamic behavior of a living organism [1, 2]. The information gathered by tests on these in vitro 
models is therefore insufficient and in vivo experimentation still remains largely used, despite the 
3Rs principles encourages a reduction and rationalization in the use of laboratory animals. The key 
challenge is therefore the development of an in vitro model able to be more predictive mimicking 
better the skin barrier, in order to fill the huge gap between in vitro and in vivo research. In this 
perspective, an innovative in vitro system for explanted skin testing has been developed by 
modifying a bioreactor for cell culture and has been evaluated for its ability to preserve skin 
samples in a fluid dynamic environment closer to the in vivo conditions.  
 
2. Materials and methods  
Skin samples explanted from the abdominal region of rats were immediately mounted in cell culture 
chambers of a bioreactor (IV-Tech S.r.l.), suitably modified to hold skin sample in tension to form 
an upper side (in contact with air) and a lower side (in contact with medium) (Figure 1). Culture 
medium, composed according to [3], was placed into a mixing chamber connected to a pump and to 
the lower chambers, joined in series, and a flow rate of 500 uL/min was applied. Skin samples were 
maintained under these conditions into the bioreactor, inside the cell incubator, for 3, 6, 12, and 24 
hours. At the end of the incubation time, samples were processed to allow light and transmission 
electron microscopy. Sample sections for histological analysis were fixed with paraformaldehyde, 
embedded in paraffin wax, stained with Mayer’s hematoxylin and eosin solution and observed with 
an Olympus BX51 microscope. Ultrathin sections of aldehyde-fixed, Epon embedded samples were 
stained with lead citrate and observed with a Philips Morgagni transmission electron microscope.  
 
3. Results and discussion 
At light microscopy no histological alterations were observed in the skin: the layers of the barrier 
are compact and sweat glands and hair bulbs appear well preserved up to 24 hours (Figure 2a). 
Ultrastructural observation confirmed the good preservation of cellular and extracellular 
components. The skin maintains its barrier features up to 24 hours, as demonstrated by the presence 
of numerous desmosomes between the plasma membranes of keratinocytes (Figure 2b). In the 
connective tissue collagen bundles are well organised (Figure 2c). These results prove that our fluid 
dynamic in vitro model can preserve skin samples for long time, getting closer to the physiological 
conditions compared to conventional cell cultures. Dynamic environment is fundamental not only 
for structural but also for functional preservation [4, 5]; in fact, it stimulates cell activity, ensuring 
intake of nutrients and removal of waste products along the entire thickness of the tissue. Another 
aspect to consider is the ethical value of this new in vitro system, that could contribute to the 
reduction in the use of experimental animals. In fact, from a single animal it is possible to obtain 
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various samples to test different drugs at different time-points. Furthermore, by mimicking better 
the physiological situation, our in vitro system is able to provide more predictive information 
essential for focused in vivo experimentation, thus resulting as an intermediate step between in vitro 
and in vivo research. Finally, our system can also be used on biopsies or surgical material from 
patients, reducing further, and maybe avoiding, tests on animals. 
 

 
Figure 1. Explanatory scheme of the bioreactor. 

 

 
 

Figure 2. Skin samples after 24 hours in the bioreactor. Light microscopy of hematoxylin-eosin stained skin 
section (a). TEM micrographs of epidermis (b) and dermis (c). Note the numerous desmosomes (arrows) 

between plasma membranes of keratinocytes. SC, stratum corneum; asterisks, collagen bundles.  
Bars: 200 µm (a); 1 µm (b, c). 
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1. Background and Aim: Obese male population has been increased up 3 times in the last thirty 
years. The latest studies show that the obesity has negative affects on male fertility not only 
sperm quality but also physical and molecular structural defects in testis germ cells. Because 
of high fat diet consumption spermatogenic cycle in seminiferous epithelium is damaged by 
disruption of blood testis barrier integrity and which would be cause abnormal sperm 
production. Exercise could be defined as a rapid increase in energy consumption. The studies 
showed that exercise has a positive effect on sperm morphology, motility and function. 
However, the effects on blood testis barrier integrity, which played an important role in 
spermatogenesis, were not investigated. The aim of this study was to investigate the effects 
of execise on spermatogenic cell proliferation, blood testis barrier, inflammatory and 
oxidative markers and hormone levels in testes of high fat diet (HFD) induced obese rats. 
 

2.  Materials and Methods: Sprague Dawley male rats were fed with standard (STD group; 6% 
calories as fat) or HFD (HFD group; 45% calories as fat) for 18 weeks. Half of these animals 
were trained swimming exercise (STD+EXC and HFD+EXC groups; 1 hour a day, 5 days a 
week) for the last 6 weeks (Fig 1). Testis samples were evaluated by histological and 
ultrastructural methods. Cell proliferation, apoptosis and blood testis barrier was examined by 
histochemical methods. Lipid and hormone levels in blood serum and oxidative stress markers 
in tissue were examined by biochemically. All data were analyzed by statistically.  
 
 
 
 
 
 
 
 

 
 
 

Figure 1. Experimental design 
 
 

3. Results: Sertoli cells are affected by testosterone and FSH changes in HFD induced obesity. 
So Hypothalamus-pituitary-testis (HPT) axis could be unregulated and this situation which 
causes a change in signaling pathways that regulate the metabolism of Sertoli cells. A decrease 
in FSH and testosterone levels were observed in the HFD group while these hormone levels 
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were increased in HFD+EXC group.  Damaged tubules and apoptotic cells were increased 
and dilated intercellular areas were seen in HFD group. The number of proliferative cells and 
Sertoli cell tight junction protein immunoreactivity (ir) of ZO-1, Occludin and gap junction 
protein ir of Cx 43 were decreased in the HFD group. In this group, serum total cholesterol 
and triglyceride level, tissue MDA level and MPO activity increased, GSH level and SOD 
activity were decreased. All these histological and biochemical findings were ameliorated in 
HFD+EXC group. It was observed that high fat diet caused degeneration of testis morphology, 
altered blood testis barrier integrity and increased oxidative damage.  

 
4. Conclusion: It is thought that exercise prevented testicular damage by regulating hormonal 

balance and testicular functions, reducing inflammation, regulating oxidant/antioxidant and 
cell proliferation/apoptotic balance, and also preserving blood-testicular barrier integrity. 
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Prenatal dexamethasone treatment affects gonadotropic cells in adult male and 
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Developmental responses to environmental challenges during pregnancy may permanently alter 
fetal structure, physiology and/or metabolism. The responses to environmental challenges usually 
assist immediate fetal survival, but later in life these developmental changes are often shown to be 
disadvantageous. Link between adverse environmental signals during prenatal development and 
greater incidence of pathophysiological conditions in postnatal life, such as cardiovascular, 
metabolic and neuroendocrine disorders, is implied by concept of developmental programming. 
Adverse environmental conditions are usually signalled by increase of glucocorticoid levels, which 
results in fetal glucocorticoid overexpression. Hence, synthetic glucocorticoids such as 
dexamethasone (Dx), are used in numerous experimental protocols to induce developmental 
programming. Development of reproductive axis can also be affected by prenatal glucocorticoids, 
which may be associated with impaired reproductive function. Undisturbed functioning of pituitary 
gonadotropic cells that produce follicle-stimulating (FSH) and luteinizing hormone (LH), are 
essential for healthy reproduction. We have previously shown that prenatal Dx treatment evokes 
developmental programming of pitutary gonadotropic cells, which is apparent in neonatal, infantile 
and peripubertal females [1]. Wheather the changes of gonadotropic cells, caused by glucocorticoid 
overexposure in fetal period life, will persist till adulthood in female and male rats, is the aim of 
present study. To that end, relative intensity of fluorescence (RIF), as a measure of intracellular 
FSH and LH content, and the number of gonadotropic cells per mm2 were determined. 
 
Pregnant female Wistar rats subcutaneously received 0.5 mg Dx per kg/b.w. on 16th, 17th and 18th 
day of pregnancy. Control gravid females received the same volume of saline vehicle. Upon 
weaning, female and male offsprings were divided into four groups: control females (CF, n=6), 
control males (CM, n=6), and females (DxF, n=6) and males (DxM, n=6) prenatally exposed to Dx. 
Animals were sacrificed in adult period of life. Pituitary sections from dorsal, middle and ventral 
portion of pars distalis, were double immohistochemically stained using guinea pig anti-rat βFSH 
and rabbit anti-rat βLH primary antibodies. For visualization, Alexa-488 and -555 secondary 
antibodies were used, respectively. Images were obtained using a confocal laser scanning 
microscope (Leica TCS SP5 II Basic; Leica Microsystems CMS GmbH, Mannheim, Germany). An 
Ar-488 nm and HeNe-543 nm lasers were used for excitation of fluorescence. RIF in the cytoplasm 
of pituitary gonadotropic cells was evaluated according to previously described procedures [2]. 
Additionally, the number of gonadotropic cells per unit area was determined. 
 
Gonadotropic cells in pituitaries of control animals were almost all bihomonal, i.e. both βFSH and 
βLH were present in most of the analysed cells. RIF of βFSH was not different between the sexes. 
However, in gonadotropic cells of CM rats, RIF of βLH was higher comparing to CF rats (Fig. 1a 
and 1b), by 32.9% (p<0.05). This is probably caused by the low content of LH in the female 
pituitaries during diestrus, when all females were sacrificed. After prenatal Dx exposure, the most 
prominent fluorescence was that of βLH, giving impression that only LH is present in gonadotropic 
cells. However, after quantification of the intensity of fluorescence signal, it was observed that 
βFSH intracellular content was dramatically decreased in both sexes, but still present (Fig. 1a). In 
DxF group, content of βFSH in gonadotropic cells was decreased by 69.7% (p<0.05) comparing to 
the control females. In males the same parameter was lowered by 58.4% (p<0.05) (Fig. 1a and 1b). 
Interestingly, the number of gonadotropic cells was changed only in females. Namely, comparing to 
corresponding controls, in pituitaries of females prenatally exposed to Dx, gonadotropic cells were 
decreased by 35.3% (p<0.05)(Fig. 1c). 
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Figure 1. Immunofluorescence of pituitary gonadotropic cells. a) Representative micrographs of double 
immonostained gonadotropic cells; immunofluorescence for βFSH-green and βLH-red, bar-20µm; b) The 
relative intensity of fluorescence (RIF) of βFSH- and βLH- labeled cells; c) Number of gonadotropic cells 

per unit area (No/mm2) in the pituitary pars distalis of control females (CF), control males (CM) and females 
(DxF) and males (DxM) prenatally exposed to Dx. All values are provided as the mean±SD; n=6. ap<0.05 

CM vs. CF, bp<0.05 Dx vs. C. 
 
On the basis of result presented, it can be concluded that prenatal dexamethasone exposure affects 
gonadotropic cells in females and males and that changes originated in fetal life persist till 
adulthood. The most prominent change observed is diminution of intracellular FSH content. 
Additionally, it appears that females are more affected, having in mind that the number of 
gonadotrops per unit area is decreased, while in males reduction in number did not occur. 
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1.Introduction 

Clomiphene Citrate (CC) is a nonsteroidal estrogen receptor modulator that widely used in the 
treatment of infertility, especially polycystic ovary syndrome (PCOS) and unexplained 
infertility. Due to its anti-estrogenic effect on cervix, vagina and endometrial tissue, it can cause 
implantation failure and early pregnancy losses [1-3]. Structurally very similar to estrogen,CC 
binds to estrogen receptors in the hypothalamus and causes suppression of the hypothalamic 
gonadal axis via a negative feedback mechanism. Resveratrol is a natural polyphenol and 
phytoestrogen, found in grapes, red wine, peanuts, blueberry and several medicinal plants [4]. 
This agent may have antioxidant, anti-inflammatory and anti-apoptotic effects [5,6]. In this 
study, we aimed to reduce the adverse endometrial effects of CC in infertile women having a 
treatment with CC by taking advantage of these effects of resveratrol. 

2. Material and Methods 

Balb-C female mice were randomly divided into four groups (n = 6). Group Control, Group CC: 
CC injection (10 mg/kg), Group CC+LR: CC + low-dose resveratrol (5 mg/kg) and Group 
CC+HR: CC + high-dose resveratrol (50 mg/kg). Five days after drug administration, the mice 
were decapitated and uterine tissues were removed. For histological evaluations, sections of 
uterine tissue were stained with H&E for measuring thickness of endometrium and 
myometrium, TUNEL method for number of apoptotic cells, PCNA immunohistochemistry for 
number of proliferative cells and Glycodelin A (GdA) immunohistochemistry as a implantation 
marker for intensity of GdA positive cells. All data were evaluated statistically. 
 
3. Results and Conclusion 
 
Epithelial length and endometrial thickness were significantly increased in all groups compared 
with the control group. Although myometrial thickness increased in all groups compared with 
control group, no significant difference was observed. In the CC group, number of TUNEL 
positive cells were significantly increased in epithelial tissue and endometrium. Number of 
TUNEL positive cells were significantly decreased in CC + high-dose resveratrol group. 
Number of PCNA positive cells were significantly decreased in all groups compared with the 
control group. GdA staining intensity was significantly decreased in CC and CC + low dose 
resveratrol groups, whereas CC + high dose resveratrol group significantly increased (Figure 1, 
table 1). 
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Although CC has no adverse effect on endometrial thickness, it has an adverse effect on 
endometrium both increasing apoptotic cell number and decreasing proliferative cell number. 
However, it causes a significant decrease in expression of glycodelin A that demonstrates the 
success of implantation. As a conclusion, resveratrol is thought to increase the implantation 
success by reducing the negative effect of CC on the endometrium. 

 

 

Figure 1: Analysis of uterine sections with stained TUNEL method, PCNA and GdA 
immunohistochemistry in all groups. 
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Table 1: The evaluation of length of endometrial epithelium, thickness of endometrium and 
myometrium, number of PCNA and TUNEL positive cells and intensity of GdA immunoreactivity in 

uterus. 

All values are expressed as mean ± SD 
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, as compared with Control group. 
+p < 0.05, ++p < 0.01, +++p < 0.001, ++++p < 0.0001, as compared with CC group. 
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Alteration in buccal mucosal cells due to the effect of smoking cigarette and 

periodontitis by assessing genetic and histopathologic damage 
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Among the factors that cause changes in oral mucosa are bacterial, fungal, viral infections, 
physical, thermal factors, immune system changes, systemic diseases such as diabetes, neoplasms, 
radiotherapy, chemotherapy, some drugs and chemicals [1]. It is also known that chronic habits 
such as alcohol and smoking cause precancerous and cancerous lesions [2]. Cigarette that causes 
DNA damage and increases the risk of oral cancer is an important risk factor for oral diseases such 
as periodontal disease [3]. The aim of the study is to evaluate histological changes such as to the 
frequency of micronucleus, nuclear buds, binucleated, pycnotic and karyolytic cells in buccal 
swabs of the individuals that smoking cigarettes at different time/amounts and periodontitis. In 
this study, adult patients who had no systemic diseases who were admitted to Istanbul Medipol 
University Faculty of Dentistry, Department of Esenler Hospital were included. Our study was 
divided into five groups (n:10). Group 1. Non-smoker+healthy gingiva, group 2. Severe 
smoker+periodontitis, group 3. Non-smoker+ periodontitis, group 4. Heavy smoker+non-
periodontitis, group 5. Mild smoker+non-periodontitis. Exfoliative cytology was performed with 
the aid of cytobrush to collect the material from either the lateral side of the tongue or mouth floor.
After the cytological smears, the samples were immediately fixed with methanol fixative. For 
cytogenetic analysis, Feulgen reaction was applied to all oral smear samples. Quantitative 
determination of micronucleus index and analysis of cytogenetic damage were scored [4]. All tests 
were performed using SPSS and p <0.05 was considered statistically significant. The highest 
histopathological damage score was observed in group 2. Overall, genetic damage frequency was 
significantly greater in grup 2 than other groups. In the literature, there is a large gap about the 
time and amount of cigarette consumption and histological damage. This study, filling this gap in 
the literature, evaluated the histological changes of smoking cigarette and periodontitis on oral 
smear samples. The results of our study showed that premalignant and malignant lesions were seen 
in oral smear obtained from individuals with heavy smoking and periodontitis. This study, thus, 
shows that smoking and periodontitis may cause alterations in the oral mucosal cells, their 
synergistic effect cause even more severe mutagenic changes at cellular levels, which may increase 
frequency of chromosomal damage. 
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Electronic cigarette (e-cig) use has exponentially grown and has been introduced as a  nicotine 
replacement therapy, obtaining increasing attention and popularity. However, several studies 
report that e-cig generates many hazardous chemical compounds (particularly carbonyl 
compounds, such as formaldehyde, acetaldehyde and acrolein) and free radicals, especially 
reactive oxygen species (ROS) (1,2).  
Male Sprague Dawley rats were exsposed to e-cig aerosol composed of a 2.5 mL liquid tank in 
Pyrex glass and a rechargeable lithium battery (3.7 Volt EH IMR 18650; 2000 mAh), coupled with 
a dual coil atomizer (2 Ohm stainless steel resistance). Animals were submitted to 11 cycles/day 
for 5 consecutive days/week, and for 4 consecutive weeks.  
Lung and tracheal morphological analyses were conducted by scanning (SEM) and transmission 
(TEM) electron microscopy (3). ROS levels and inflammatory process on the hematological 
parameter were investigated. 
Observations by SEM and TEM showed a marked disorganization of alveolar and bronchial 
epithelium in  0.25 Ω group compared to 1.5 Ω ones. In 0.25 Ω trachea, apoptotic and necrotic 
cells were present (Figure 1). The pulmonary antioxidant and detoxifying impairment was 
demonstrated by the perturbation of the antioxidant and phase I and II enzymatic activities, 
probably related to the increased ROS levels (p<0.01) due to the enhanced activity of xanthine 
oxidase (XO) (p<0.01). 
In this study, we demonstrate how several morphological and toxicological aspects, widely 
recognized as smoke-related injuries, can potentially occur in e-cig consumers who use low-
voltage and resistance device coupled with nicotine-free liquid. 
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Figure 1. Morphologic alterations of lung tissue in rats exposed to the vapors generated by e-cig 
equipped with 1.5 Ω or 0.25 Ω coils at SEM (A-F) and TEM (G). 

Control (A), 1.5 Ω (B), and 0.25 Ω (C) lung group are shown. * represents areas of alveoli collapse. 
Trachea control (D) in which both ciliated cells (cc) and globet cells (gc) are appreciable. In 1.5 Ω (E), 
and 0.25 Ω (F) trachea groups, large areas of tissue disruption are visible. Necrotic cells are evident in 

G. Bars: A,B,C = 50 µm; D,E,F = 10 µm; G = 2µm. 
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1. Introduction 
 
Polycystic ovarian disease (PCOS), the most common cause of the anovulatory 
infertility. It is characterized by abnormal gonadotropin synthesis affecting fertility and 
metabolism, finally arrest in ovarian follicle development. Folicle development 
comprises increase in granulosa cell layer, antrum formation and eventually expansion 
of follicle diameter. In PCOS; follicle development arrests and cystic follicles appear 
with decrease in granulosa cell layer & the appearance of polycystic formation (1). 
Various metabolic disorders; such as impaired steroid synthesis, insulin resistance and 
insulin metabolism disorders are the respondent factors for these ovarian changes. 
 
The cellular differentiation is associated with the main architect of the 
microenvironment particularly extracellular matrix (ECM). The extracellular matrix 
provides physical and chemical support to the epithelial cells in organs. It has a 
fundamental role in pathological or physiological signal transduction and development. 
The basal membrane (BM) is a special form of ECM, which is a layer of basal 
compartment that cells located on and provides polarity to epithelial cells. The various 
properties of BM including thickness, rigidity, amount and biochemical content, can 
affect the behavior of the cell. All major BM components interact with growth factors 
and receptors in order to control and regulate the signaling molecules such as FGF, 
BMP, PDGF, VGEF, TGFß, EGF, HGF, IGF. Thus, they affect the function and 
differentiation potentiality of the epithelial cells. 
 
In our study, the role of basement membrane thickness evaluated in PCOS 
pathogenesis. The various thickness of follicular basement membrane may suggest the 
quality of communication between the granulosa cells and follicular theca cells.  
 
2. Materials And Methods 
 
PCOS model was performed by using 1mg/kg Letrazole for 3 weeks to 6-8 weeks old 
Sprague-Dawley rats. LH/FSH measurements were done by ELISA for the 
determination of PCOS in serum samples of the all subjects. 
 
The paraffin embedded ovaries, were sectioned after the routine procedure. Sections 
were stained with hematoxylin-eosin and PAS. Microscopic imaging and analysis were 
performed by Leica DM6B microscope and Leica DFC7000T camera. Follicle 
basement membrane thicknesses were measured between the granulosa cell and 
neighbouring theca cell by using FIJI (v2.35 for win10 64bit ImageJ version) software. 
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In the control and PCOS groups, randomly selected follicle basement membrane 
thickness were compared. At least 10 follicles were evaluated in each group. 
Measurements were made on 5 different regions of each follicle. Normality test was 
performed Shapiro-Wilk, according to independent sample t-test, P<0.05 was 
considered statistically significant. 
 
3. Results 
 
Ovaries exhibit many cystic follicles especially at the cortical regions in PCOS group. 
These cystic follicles composed of thinner luminal granulosa cell layer and increased 
antral space (Figure1).  Many inflammatory cells were observed in interstitial regions 
between the follicles. The median of the total values were compared as control: 0.6245 
⎧m and PCOS: 1.177⎧m. The difference between control and PCOS groups was 
statistically significant  (p<0.001) in Table 1. 
 
    

 
Figure 1: A: Control group, B: PCOS group, Graphic shows the difference between the 
thickness of the basement membranes 
 
Table 1. Independent Samples T-Test 

   W  p  
Length (µm)   73.00  < .001  
 
Note.  Mann-Whitney U test.  
 
 
4. Discussion 
 
Basal membrane is an essential prerequisite for cells to form epithelial tissue and 
perform their functions. The properties of the BM, control the biological activities of 
cells such as development, growth, differentiation, proliferation and migration. It also 
regulates the cell behavior and physiology of them by controlling the concentration and 
transport of growth factors and cytokines (2).  
 
Basal membrane related with its components; laminin, collagen type IV, perlecan and 
nidogen are state of interest in recent clinical studies. Nidogen has a important role in 
embryonic development as well as laminin that has high affinity and responsibility for 
the formation of basal membrane. They have a major contribution to anionic load in the 
basement membranes such as renal glomerular basement membrane (3). 
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The basal membrane is responsible for size and charge selectivity to the molecules and 
hormones that provide cross-talk between cell and ECM. The thickness of the basement 
membrane which is related with the amount of molecules laminin, nidogen, perlecan, 
collagen type III and IV, suggests its anionic property that enables FSH passaging to 
the granulosa cells.  
 
In our study we examined the amount of basement membrane by measuring their 
thickness as well. We observed an increase within the thickness in the basement 
membrane which may cause alteration in effectivity of FSH and other cytokines. This 
inefficacy of the essential effect of the hormones and other cytokines on granulosa cells 
might suggest the impairment of the proliferation and follicular development upon their 
direct or indirect interactivity in PCOS. 
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Vitamin D is a secosteroid with multiple actions throughout the body, usually obtained from 
diet, dietary supplements and exposure to sun lights. Its actions are mediated via its nuclear 
receptor, the vitamin D receptor (VDR). There are hard evidences that correlate vitamin D 
deficiency with liver lipid metabolism disturbances, but the mechanism of this action is still 
unknown.  In our previous work, we localized the accumulation of VDR in membrane of the 
lipid droplets (LDs) in hepatocytes. In this study, we applied the transmission electron 
microscopy (TEM) by using a long-term (6 months) high sucrose intake rat model for 
research of the hepatic lipid accumulation. In addition to the VDR, vitamin D metabolizing 
enzymes 1α-hydroxylase and CYP 24 were found to be associated with the membrane of the 
LDs. A light-microscopy data revealed significant increase in expression of VDR and CYP 
24 in liver of high-sucrose treated rats in comparison to controls. These results provide a new 
insight in the possible relation of vitamin D signalling system with LD morphology and 
function and with the lipid metabolism in general. 

 

 

Figure 1. Immunogold labelling of VDR in lipid droplet membrane. Scale bar 3µm. 
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Figure 2. DAB (3,3 diamonobenzidine) staining of VDR in the rough endoplasmic reticulum 
of hepatocytes. Scale bar 1 µm. 
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Some skeletal muscle disorders are frequently correlated to excessive oxidative stress, which 
increases mitochondrial damage [1]. It may depend on prolonged anti-inflammatory drug 
treatment [2], whose effects could be limited by some natural antioxidants. 
In this study, C2C12 myotubes were treated with a virgin oil flavonoid before a common 
glucocorticoid drug administration, which was used to mimic muscle atrophy in vitro. For the 
analysis we made use of inverted microscopy (IM), transmission electron microscopy (TEM), 
environmental scanning electron microscopy (ESEM) and confocal laser scanning microscopy 
(CLSM). A preserved myonuclei and mitochondria ultrastructure can be observed in control cells, 
which appear elongated and aligned (Figures 1A, 2A, 2B). On the contrary, glucocorticoid 
treatment induces a diffuse damage (Figures 1B, 2C, 2D), such as myotubes shrinkage, chromatin 
condensation, membrane blebs, altered or empty mitochondria and smaller fibers. Myotubes 
treated with antioxidant before drug administration, instead, show preserved mitochondria and 
fibers (Figures 1C, 2E, 2F), becoming comparable to the control ones. Taken together, these 
preliminary data evidence a probable role of this natural antioxidant in counteracting muscle 
atrophy, thus preventing or limiting muscle mass reduction and damage. 
 
 
 

 
 

Figure 1. Control (A), glucocorticoid-treated (B) and previously antioxidant-treated (C) myotubes 
observed at CLSM. Bars: 10 μm. 
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Figure 2. Control (A, B), glucocorticoid-treated (C, D) and previously antioxidant-treated (E, F) myotubes 
observed at ESEM (A, C, E) and IM (B, D, F). Bars: 50 µm for A, C, E; 20 µm for B, D, F. 
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1. Introduction 
 
We investigated the anticancer effect of an standard antihyperglycaemic drug metformin on an in 
vivo solid tumor model of fibrosarcoma in hamsters. Metformin reduces cellular energy production 
and inhibits growth of various cultured cancer cell lines [1-3]. 
 
2. Materials and methods 
 
40 Syrian golden hamsters of both sexes (20 males and 20 females), weighing approximately 60 g, 
were randomly allocated to 3 experimental and 1 control groups (10 hamsters/group). 2 x 106 BHK-
21/C13 cells in 1 ml were injected subcutaneously into the animals’ back in all 4 groups. The first 
experimental group started peroral treatment with metformin 750 mg/kg daily via a gastric probe 7 
days before tumor inoculation, the second 3 days before inoculation and the third immediately after 
inoculation. After 17 days, when the tumors were approximately 2-3 cm in the control group, all 
animals were sacrificed. The blood was collected for glucose and other analyses. The tumors were 
excised and weighed and their volume (by water displacement method) and diameters were 
measured. The tumor samples were histologically and immunohistologically assessed (Figure 1.) 
and the main organs toxicologically analyzed. Tumor volume was also determined using the 
formula LxS2/2, where L was the longest and S the shortest diameter. Ki-67-positive cells in the 
tumor samples were quantified; images were taken and processed by software UTHSCSA Image 
Tools for Windows Version 3.00. Statistical significances of differences in tumor weight, volume, 
number of Ki-67-positive cells and other parameters were determined by the one way ANOVA.  
 
3. Results 
 
Metformin inhibited fibrosarcoma growth in seven-day pretreated hamsters without toxicity and 
without influence on blood analyses. The seven-day pretreatment was important for the statistically 
significant effect.   
 
4. Conclusions 
 
Inhibition of cellular energy production as an anti-tumor strategy might be an effective and safe 
therapeutic approach in novel nontoxic therapies and relapse prevention for human cancers.    
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Figure 1. Immunohistochemical evaluation of tumor slices 
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1. Introduction 
 
We investigated the effect of metformin and nitroglycerin on fibrosarcoma in hamsters. 
Nitroglycerin is converted to nitric oxide (NO) in the body, a small highly diffusible gas and 
ubiquitous bioactive signal molecule. NO has vasodilatator, antimicrobial, antimalarial 
(plasmodium infections) and tumorocide actions. It contributes to the pathogenesis and control of 
malarial megaloblastic anaemia, infectious diseases, autoimmune processes and chronic 
degenerative diseases. NO has a wide and complex role in the immune system [1-3]. 
 
2. Materials and methods 
 
The 40 Syrian golden hamsters of approximately 100 g, both sexes, were randomly allocated in 3 
experimental and 1 control groups of minimally 10 animals in each. 2 x 106 BHK-21/C13 cells in 
1 ml were injected subcutaneously on the back of animals in 4 groups. The first experimental group 
started peroral treatment with metformin 500 mg/kg daily, second with nitroglycerin 50 mg/kg daily 
and third with combination of metformin 500 mg/kg and nitroglycerin 50 mg/kg daily, via gastric 
probe 3 days before tumor inoculation. After 18 days, when tumors were approximately 2-3 cm in 
control group, all animals were sacrificed, blood collected for glucose and other analyses, tumors 
excised, weighed, diameters measured, tumor samples pathohistologically (HE) and 
immunohistochemically (Ki-67, CD 31, COX IV, GLUT-1, i NOS) assessed (Figure 1.) and main 
organs toxicologically analyzed, including control animals receiving metformin and caffeine. 
Tumor volume was determined using the water displacement method and formula L x S 2 / 2, L - 
the longest, S - the shortest diameter. Ki-67-positive cells in the tumor samples were quantified, 
images were taken and processed by software UTHSCSA Image Tools for Windows Version 3.00. 
Statistical significances were determined by the one way ANOVA. 
 
3. Results 
 
The combination of metformin and nitroglycerin inhibited fibrosarcoma growth in hamsters without 
toxicity.   
 
4. Conclusions 
 
Administration of metformin with nitroglycerin might be an effective and safe approach in novel 
nontoxic adjuvant anticancer treatment and relapse prevention antitumor therapy.    
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Ki-67 400x BHK TU+Met CD31 200x Tu 

  
COX IV 100x TU COX IV 400x TU 

  
GLUT-1 200x TU GLUT-1 200x TU+Met 

  
iNOS 200x TU+M iNOS 200x TU+MET 

 
Figure 1. Immunohistochemical methodology (TU - tumor, M – metformin + nitroglycerin, MET – 

metformin) 
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Both our Light-and Electron Microscopy Facility (CIUS) and the Large Instrument Facility for 
Advanced Isotope Research in the Life Sciences, with its centrepiece - the mass spectrometer 
NanoSIMS 50L (Cameca), are part of the „Vienna Life-Science Instruments“ (VLSI) initiative and 
an example of lively collaboration for the benefit of our users. Our work is focused on correlation of 
data obtained by laterally resolved isotope analysis with the underlying ultrastructure of cells and 
tissues revealed in the light- or electron microscope. By doing this we have to pay attention to sample 
preparation techniques that suit microscopy as well as NanoSIMS. 
 
The requirements for NanoSIMS samples, in many aspects, are met by state-of-the-art TEM sample 
preparation. They both aim on rapid fixation of the living state and prevention of excessive wash-out 
of soluble components. This includes the isotopic labelling itself during sample dehydration by 
organic solvents, and embedding in epoxy resin. Studies of resin sections allow the semi-correlative 
exploration of the isotope distribution in the context of the cellular ultrastructure. For this, thin 
consecutive sections have to be mounted on TEM grids and on Sb-doped silicon wafers for 
NanoSIMS, respectively. The plane nature of the thin sections mounted on the wafers ensures that 
NanoSIMS analysis is undistorted by sample topography.  
 
In practice, the diversity of research topics (reaching from intracellular localization of anti-cancer 
drugs [1,2] to symbiosis research [3] in animal and plant sciences), poses a challenge for TEM sample 
preparation; we meet it increasingly by inclusion of cryopreparation techniques such as plunge 
freezing, high-pressure freezing (HPF) and rapid low-temperature fixation and -dehydration in 
automated freeze substitution systems (AFSs). The latter we achieve by using patented agitation 
modules (Figure 1a) fitting in the cryochambers of AFS(1) and AFS2 (LEICA Microsystems) [4,5]. 
Freeze substitution (FS) under agitation in an AFS might be applied either to native or chemically 
fixed samples; both options take advantage of the fact that the wash-out of biological material is 
reduced at low temperatures if compared with processing at room temperature. 
 
For samples collected in the field and infectious samples, cryofixation is not always an option. In 
such cases the aldehyde-fixed samples might still benefit from subsequent FS. The usefulness of such 
a cryo-hybrid approach for TEM/NanoSIMS was demonstrated by Volland et al. [3], who plunge-
froze aldehyde-fixed ciliates Zoothamnium niveum harbouring bacterial endosymbionts and freeze-
substituted them by using an agitation module for the AFS2 (LEICA Microsystems) (Figure 1a). 
Consecutive sections of the resin-embedded samples were used for correlating TEM studies with the 
localization of 13C and 32S isotopes by NanoSIMS. Consequently, thiotrophic symbiont bacteria were 
clearly identified as the site of 13C incorporation (Figures 1b,c). 
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Figure 1. Freeze substitution under agitation – an effective way for semi-correlative TEM-and NanoSIMS 
studies. a) Patented agitation module for FS, manufactured by Cryomodultech, e. U. (holder: H. Goldammer) 
inserted in an AFS2 [5] b) 13C localisation by NanoSIMS in a part of a microzooid of the ciliate Zoothamnium 

niveum. c) The 13C signal correlates with the bacterial symbionts observed in the TEM image [3]. 
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Abstract
A time-resolved (21 μs/frame) confocal fluorescence microscopy imaging technique without 
scanning is developed for quantitative characterization of fast reaction-transport processes in 
solution and in live cells. The method is based on massively parallel Fluorescence Correlation 
Spectroscopy (FCS). To achieve simultaneous excitation of fluorescent molecules in multiple spots 
in the focal plane, a Diffractive Optical Element (DOE) is being used. Fluorescence from the DOE-
generated 1024 illuminated spots is detected in a confocal arrangement by a matching matrix 
detector comprising 32 32 single-photon avalanche photodiodes (SPADs). Software for data 
acquisition and fast auto- and cross-correlation analysis by parallel signal processing using a 
Graphic Processing Unit (GPU) allows temporal autocorrelation across all pixels in the image frame 
in 4 s and cross-correlation between first and second order neighbour pixels in 45 s. We present 
here this quantitative, time-resolved imaging method with single-molecule sensitivity and 
demonstrate its usefulness for mapping in live cells location-specific differences in the 
concentration and translational diffusion of molecules. 
 
Instrumental design 
The instrumental design and the software for signal acquisition, processing and image rendering are 
described in detail in Krmpot et al. 2019 [1]. Key elements of the instrumental setup shown in Fig. 
1 a), outline the working principle. Briefly, the light beam generated by the continuous wave (CW) 
488 nm frequency-doubled diode laser is guided through a neutral density filter wheel (NDFW) for 
intensity regulation in discrete steps (OD 0.2-8.0). The laser beam is expanded using lenses L1 and 
L2 arranged in a Keplerian telescope configuration, and the beam path is deflected by two steering 
mirrors in periscope assembly (PA) in order to match the height and lateral position of the back port 
of the microscope. The expanded beam is focused by the plano-convex lens L3 through the 
diffractive optical element (DOE), designed to split the single laser beam into 32 32 beams, thus 
forming a 32 32 foci illumination matrix at the rear port image plane of the microscope. The relay 
optics (RO) of the rear port of the microscope, the longpass dichroic mirror (LPDM/EF; a high 
efficiency filter set (Filter Set 38 HE) for enhanced Green Fluorescent Protein (eGFP) consisting of 
an excitation bandpass filter EX BP 470/40 nm (central wavelength/bandwidth), longpass dichroic 
mirror with a cut-off wavelength of 495 nm, and an emission band pas filter EM BP 525/50) and the 
objective lens (OBJ; C-Apochromat 63 /1.2 W Corr objective), project the illumination matrix 
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from the rear port into the focal plane of the objective. After passing through the LPDM/EF, the 
spot-wise fluorescence matrix is imaged by the objective and the tube lenses onto an 18.0 
megapixel digital single-lens reflex (DSLR) camera (Navigation camera; for quick sample 
localization) and then on a Single Photon Counting Camera that enables parallel single photon 
counting by means of a monolithic 32 32 array (SPAD camera). The photo sensitive area of the 
chip consists of 32 32 circular SPADs that are 20 m in diameter. The shortest distance between 
adjacent diodes is 100 m. Further details on the SPAD camera design and performance can be 
found in [2] and references therein. Since the aperture of every SPAD in the camera acts as a 
pinhole positioned in a conjugate focal plane with respect to the illumination matrix, confocal 
configuration is achieved for all 32 32 foci. 
  
 

 
Figure 1. a) Schematic presentation of the optical arrangement. NDFW – Neutral Density Filter Wheel; 
L1-3 – Lenses;  PA – Periscope Assembly; DOE – Diffractive Optical Element; RO – Relay Optics; 
LPDM – Longpass Dichroic Mirror; OBJ – Objective; EF – Emission Filter  b) Image of the 
illumination matrix generated in the focal plane of the microscope objective. A thin layer formed by 
drying of a concentrated Rhodamine 6G (Rh6G) solution was used as a sample and the image was 
acquired by the 18.0 megapixel digital single-lens reflex (DSLR) camera. The 0th-order diffraction peak 
is readily visible when using the pixel-dense DSLR camera. c) Fluorescence image acquired using spot-
wise illumination and the DSLR camera, showing in a live U-2 OS cell the nuclear localization of the 
period circadian protein homolog 2 genetically fused with the enhanced Green Fluorescent Protein 
(PER2-eGFP). d) PER2-eGFP concentration map. e) PER2-eGFP diffusion time map.  

 
To visualize the illumination matrix, a uniform thin layer of dried Rhodamine 6G (Rh6G) was used. 
The image acquired using the pixel-dense DSLR camera shows that the sample is illuminated in a 
distinct spot-wise array of 32 32 well-separated points of similar intensity, except for the zero-
order diffraction spot visible in the center (Fig. 1 b). The nuclear localization of the period circadian 
protein homolog 2 genetically fused with the enhanced Green Fluorescent Protein (PER2-eGFP) in 
live U-2 OS cells visualized using spot-wise illumination and the DSLR camera. Quantitative 
imaging of PER2-eGFP concentration (Fig. 1d) and diffusion time (Fig. 1 e) reveal local differences 
in PER2-eGFP association with other molecules implicated in the regulation of circadian clock. 
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Conclusion    
The quantitative, time-resolved (here 21 μs/frame), scanning-free confocal fluorescence microscopy 
imaging approach presented here retains the capacity to perform optical sectioning and is 
empowered by the abolishment of scanning, thus allowing simultaneous data acquisition in all 
points in an image frame. It provides, with diffraction limited spatial resolution, quantitative 
information about location-specific differences in the concentration and mobility of molecules, 
which cannot be deduced otherwise [3]. The possibility to quantitatively, nondestructively, with the 
ultimate sensitivity and unprecedented temporal resolution characterize the fast cellular dynamics of 
molecules enables us to examine how biomolecules are integrated via chemical reactions and 
transport processes into dynamical self-regulated networks through which emergent properties, such 
as gene transcription and signal transduction arise at the higher level of organization and at longer 
spatio-temporal scales.  
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Several microscopic organisms, including bacteria and yeasts investigated in this study (Candida 
parapsilosis, Candida albicans and Staphylococcus epidermidis), are able to adhere to surfaces or 
interfaces and to form organized communities – biofilms – embedded in the matrix of extracellular 
polymeric substances (EPS). In medicine, biofilm formation allows microorganisms to colonize the 
surface of implants, and also protects the microbial cells from attacks by the immune system and from 
the effects of antibiotics. Therefore, biofilms are considered to be an important virulence factor in 
these microorganisms [1]. Understanding the biofilm structure can contribute to understanding 
biofilm formation and the basic biochemical mechanisms underlying this process and thus it might 
aid in the development of more efficient treatment strategies for biofilm infections. Microbial 
biofilms and the matrix components are typically investigated and imaged by various microscopy 
techniques. The scanning electron microscopy (SEM) has the power to resolve the spatial distribution 
of individual biofilm-forming bacteria and yeast and their interaction in the biofilm. High 
magnification images are important for understanding the physiology of biofilms. However, 
conventional SEM is limited by the requirement of dehydration and drying of the samples during 
preparation, which can cause substantial changes in the microbial cell ultrastructure. The EPS in the 
biofilm, which contains approximately 95% of water, explored with  SEM  looks more like fibers 
than like a thick gelatinous matrix surrounding the cells. In the case of cryo-fixation, the biofilm is 
kept frozen to obtain high-resolution images closer to the native state of the sample. In this study we 
demonstrated that the most effective freezing with reduced ice crystal formation can be achieved by 
the high-pressure freezing (HPF) technique [2]. 
 

    
 

Figure 1. (A) A holder for perpendicular freeze-fracturing of the 1.4mm sapphire disc; (B) Freeze-fracture of 
C. parapsilosis grown on a sapphire disc and fixed by HPF and (C) C. parapsilosis grown on a glass 

substrate and fixed by plunging in nitrogen slush. 

A B C 
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Main aim of this study was to employ high resolution SEM, which allowed one to visualize the 
biofilm structure, including the distribution of cells inside the extracellular matrix and the areas of 
surface adhesion (Figure 1). We compared various sample preparation protocols for SEM including 
cryogenic methods based on plunging the sample into various liquid cryogens, as well HPF. For 
imaging the biofilm interior, the freeze-fracture technique was applied. We showed that the different 
means of sample preparation have a fundamental influence on the observed biofilm structure. In 
addition, the SEM observations were complemented with Raman spectroscopic analysis, which 
allowed one to assess the time-dependent chemical composition changes of the biofilm in vivo [3]. 
We identified the individual spectral peaks of the biomolecules present in the biofilm and 
consequently, we employed principal component analysis (PCA) to follow the temporal development 
of the chemical composition of the selected samples (Figure 2) [2] (Table 1).  
 

 
 

Figure 2. Raman spectra of biofilms: (A) Candida parapsilosis; (B) Staphylococcus epidermidis. 
Comparison of the freshly inoculated substrates containing no EPS with 6 hours old biofilm, showing the 

start of the EPS production. The Raman peaks associated with biomolecules are numbered, see Table 1 for 
the assignments. The spectra were averaged from 6 separate measurements. 

 
Table 1 The assignments for Raman measurements.  

 
Number  Wavenumber [cm-1] Peaks assignment 

1 1002 Symmetric-ring breathing of Phe 
2 1033 C-H in-plane stretch of Phe 
3 1065 C-C stretch of lipids 
4 1125 C-N stretch of proteins 
5 1205 C-N stretch of proteins 
6 1267 Proteins 
7 1340-1360 Lipids, Amide III 
8 1456 Proteins, Carbohydrates 
9 1660 Amide I, Lipids 
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We showed that a combination of Raman spectroscopy with selected SEM techniques can provide a 
deeper insight into the chemistry and composition of biofilms. Such studies involving the influence 
of variations in the amount of extracellular material during the different stages of biofilm growth are 
currently under way in our laboratories, making use of a combination of SEM and Raman 
spectroscopy. 
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1. Introduction 
Changes in morphology and organization of collagen fibers contribute to the formation of a 
microenvironment which facilitate tumor progression through the impact on migration and 
polarization of the cells [1]. Changes in morphology and organization of collagen fibers in cancer, 
itself, are the subject of numerous studies, while it is far less known about the changes in collagen 
fibers in the uninvolved mucosa away from cancer. 
The main histochemical staining for detection of collagen fibers under light micrsocpy is Masson 
trichrome staining. Recently, second harmonic generation (SHG) imaging of collagen fibers using 
nonlinear laser scanning micrscopy emerged as a poweful tool enabeling imaging of collagen 
fibers in unstained and unfixed tissue [2].  
Due to growing interest in role of collagen fibers in cancer progression, the number of methods 
for quantification of different parameters of collagen fibers is increasing. Currently available 
methods are based on the intensity derivates, intensity variation, Fourier transform, Hough 
transform, directional filters and fiber tracking algorithm [3]. 
The aim of our study was to analyse changes in morphology and organization of collagen fibers in 
the uninvolved colonic mucosa 10 cm and 20 cm away from the cancer, in comparison with healthy 
subjects, using Masson trichrome staining, SHG imaging and multiple complementary methods 
for quantification. 

2. Matherials and Methods 
Tissue samples 
Tissue samples were obtained during colonoscopy at the Department of gastrointestinal endoscopy, 
University Hospital Center "Dr Dragiša Mišovic-Dedinje", Belgrade, Serbia, from patients suspected 
to suffer from colon cancer based on clinical symptoms. The samples of colon mucosa were taken 
10 cm and 20 cm away in caudal direction from the suspected lesion. The samples of unaffected 
colon mucosa were obtained from 15 patients older than 60 years. Only tissue samples for which 
pathologist confirmed that the suspected lesion was colorectal adenocarcinoma, were included in 
the study. As a control, 20 samples of colon mucosa were collected in the same institution, from 
patients of corresponding age, who were indicated colonoscopy and were without any pathological 
finding or diagnosed only with uncomplicated haemorrhoids (Haemorrhoides non specificatae 
sine complicationibus). Patients with inflammatory bowel disease, infectious colitis or diverticular 
disease of colon were excluded from the study. Our study was approved by ethical committee. 
Histochemical staining 
The biopsies of the colon mucosa were fixed in 10% neutral buffered formalin, processed to 
paraplast and stained with Masson's trichrome staining for demonstration of collagen fibers. 
Second harmonic generation imaging of colon tissue samples 
An original lab frame nonlinear laser-scanning microscope (NLM) was used for identification of 
collagen fibers in label-free colon tissue samples [4]. For second harmonic generation (SHG) 
imaging of collagen fibers following experimental setup for NLM was used: The incoming infrared 
femtosecond pulses from the tunable mode-locked Ti:sapphire laser (Coherent, Mira 900) were 
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directed onto the sample by a dichroic mirror through the Zeiss EC Plan-Neofluar 40×/1.3 NA Oil 
objective. The laser wavelength was 840 nm. The SHG was selected by narrow bandpass filter at 
420 nm (Thorlabs FB420-10, FWHM 10 nm). The average laser power on the sample was 30mW 
and the peak laser power was 2.5 kW. 
Quantitative analysis of collagen fibers in colon lamina propria 
To quantify representation and alignment of collagen fibers in colon lamina propria different 
approaches were used: Colour Picker Threshold Plugin within Icy software on Masson's trichrome 
staining images, computational method based on curvalet transform (CT-FIRE and CurveAlign 
software) on SHG images and method based on SHG polarization anisotropy [3]. 
Quantifying representation of collagen fibers 
Masson's trichrome staining identified collagen fibers, which were green. A random selection of 
15 fields per slide was assessed with Colour Picker Threshold Plugin Icy. For each slide, 10 
positive and 10 negative colours were selected as recognition patterns of stained and unstained 
tissue elements. The presence of collagen fibers in colon lamina propria was expressed as the 
relative percentage of the area occupied by the collagen fibers divided by the area of the lamina 
propra selected with and imaging processor [5]. 
Computational Collagen Fiber Segmentation and Quantification  
Using CT-FIRE, an open-source software package, we assessed individual collagen fibers and 
calculated important parameters as length, straightness, and width. CT-FIRE is developed to 
automatically extract and quantify individual collagen fibers from second harmonic generation 
images. CT-FIRE could calculate overall alignment of collagen fibers as well as individual length, 
straightness, and width. Fiber length and width are calculated as pixel values. Alignment represents 
the overall directionality of fibers within the image on a scale from 0–1, where 1 indicates all fibers 
are orientated at the same angle. Straightness is calculated by dividing the distance between each 
fiber end point by the distance along the path of the fiber and is also on a scale from 0–1, where 1 
indicates a perfectly straight fiber. Besides analysing individual collagen fibers on whole SHG 
images, we choose 3 regions of interest per image, in the close vicinity to crypths, where the fiber 
remodeling happens first, and conduct analyses within them [3].  
SHG polarization anisotropy 
The anisotropy of SHG images can be used to quantify allignment of collagen molecules inside 
fibers. The anisotropy parameter was calculated by:  
β = (Ipar-Iorth)/(Ipar+2Iorth) 
where Ipar and Iorth represented SHG intensity detected when the analyzing polarizer is oriented 
parallel and perpendicular/orthogonal to the laser polarization. Values of β range from 0 to 1, 
where 0 represents completely random and 1 completely aligned collagene molecules 
organization. From each tissue sample 3 randomly chosen regions were measured [3]. 
Statistical analysis 
The means and standard deviations were calcualted and the Student's t-test or ANOVA were used 
to indicate significant differences. 
3. Results 
On Masson trichrome staining and SHG images, collagen fibers in healthy colon lamina propria 
were orderly organized: the wavy bundles of collagen fibers extended around the crypts and in all 
directions throughout the lamina propra. At the distance of 10 cm and 20 cm away from the tumor, 
their proper arrangment is partially lost. Different patterns of collagen fibers are noticable: regions 
with parallel collagen fibers, thick collagen fibers, regions with edema of lamina propra where the 
prominent spaces between fibers could be seen and regions with collagen fibers organization 
resembling one in healthy subjects (Figure 1). Thus, the morphology and organization of collagen 
fibers are very heterogeneous, both between differenet groups and within each group between 
individual subjects. 
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We revealed that the representation of collagen fibers (%) in the lamina propria in the remote colon 
mucosa 10 and 20 cm away from the cancer was significantly lower (26.43±6.22 and 35.15±8.34, 
respectively) in comparison with the control, healthy individuals (48.05±8.92). Notably, the 
representation of collagen fibers was significantly lower in the lamina propria at the distance of 10 
cm away from the tumor compared with that at the distance of 20 cm.  
Using CT-FIRE and CurveAlign softwares, on whole SHG images,  we showed that the width and 
lenght of collagen fibers are statistically higher 10 cm and 20 cm away from cancer (5±0.7, 
5.32±0.58 and 55.12±2.73, 56.28±5.12), compared with healthy subjects (4.49±0.43 and 
52.12±2.98). When we analyzed 3 regions of interest, in close proximity to crypts, per each photo, 
detected changes were even more obvious. Also, the collagen fibers 10 cm and 20 cm away from 
the cancer were significantly more orderly allign (0.47±0.19 and 0.59±0.19), compared with 
healthy lamina propra (0.36±0.20).  
Anisotropy parameter β is significantly lower 10 cm and 20 cm away from the cancer (0.26±0.05, 
0.34±0.09), compared with healthy lamina propria (0.39±0.09), indicating changes in organisation 
of collagen moleculer within fibers. 
4. Conclusion 
Using different, complementary approaches we detected changes in representation, morphology 
and organization of collagen fibers 10 cm and 20 cm away from colon cancer, compared with 
healthy subjects. 

 

 
Figure 1. SHG images of collagen fibers in the colon lamina propria. A. Lamina propria of 

healthy subject; B.Lamina propria 20 cm away from cancer; arrows are showing regions with 
highly alligned collagen fibers; C. Lamina propria 10 cm away from cancer; arrow is showing 

region with dense collagen fibers; D. Lamina propria 10 cm away from cancer; arrow is showing 
enlarged spaces between collagen fibers; 
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1. Introduction 

The attention of both consumers and scientists to food quality has greatly grown in recent years as 
demonstrated by the increasing number of articles dedicated to this topic in scientific journals 
worldwide. To meet this interest, studies on food have widened the array of investigation 
approaches by combining microscopy evaluations to more traditional chemical or physical 
analyses. Two case studies are here presented explaining how microscopy was helpful in 
addressing quality issues that currently represent big challenges to manufacturers of dairy foods: 
the late blowing defect affecting extra-hard cheeses and the instability of UHT milk during the 
shelf life.  
 

2. Case study 1 
Italian cow’s milk is mostly processed into traditional Protected Designation of Origin (PDO) 
cheeses, namely Grana Padano and Parmigiano-Reggiano. The consolidated cheese-making of 
these cheeses begins with the natural creaming of raw milk that stays at 8-20 °C for ~10 hours. 
During this step, fat globules rise toward the surface of milk together with bacteria cells, spores 
and somatic cells [1]. Thus, besides lowering its fat content, this process allows a profound 
cleaning of milk once the cream layer is removed [2]. The spores remaining in the milk, principally 
those of Clostridium tyrobutyricum, can germinate in cheese during the ripening, causing the so 
called late-blowing defect that is responsible for important economic losses. The defect is 
characterized by cracks and holes within the cheese loaf accompanied by an undesirable flavour. 
In fact, outgrowth of clostridia spores leads to butyric acid fermentation producing carbon dioxide 
and hydrogen [3]. Although the late blowing defect is a long-standing issue, it still represents a 
problem for these cheeses, because tools proposed so far to prevent it (addition of nitrate, milk 
bactofugation or microfiltration, etc.) are not allowed in PDO cheese manufacturing. Previous 
studies indicated milk immunoglobulins (Igs) to be one of the factors necessary for the removal of 
bacteria spore from milk by natural creaming but their specific role was not clarified [4]. We have 
therefore undertaken an ultrastructural study to investigate the behaviour of fat globules during 
raw milk creaming and the associated phenomena leading to the stable interactions between fat 
globules and bacteria or spores.  
By CLSM of raw milk submitted to lab-scale natural creaming at selected temperatures we 
evidenced that fat globules (1014/mL) go through interaction and coalescence phenomena as soon 
as the milk reaches a temperature of 8 °C or higher. These phenomena were attributed to the 
formation of triglyceride crystals likely impacting integrity of fat globule membrane. In contrast, 
interactions established between fat globules and spores were best investigated by transmission 
electron microscopy (TEM) with prior inclusion in resin. Lab-scale creaming trials were carried 
out using cast (microfiltered) milk added with a washed suspension of Clostridium tyrobutyricum 
spores and native Igs purified from cow’s colostrum. Increasing amounts of added Igs significantly 
(p < 0.05) increased the number of interactions between fat globules and spores, demonstrating 
their specific role in anchoring spores to milk fat globule membrane. TEM observations of 
naturally separated cream showed that spores adhered to fat globules membrane by an electron-
opaque material where presence of individual Igs classes (IgA, IgM, IgG) was identified by means 
of post immunogold labelling on ultrathin sections of resin-embedded cream (Fig. 1). IgA was the 
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prevailing Ig class. Our study supported the importance of keeping high levels of native Igs in milk 
to achieve an effective removal of cells and spores of Clostridia.   
 

 
 

Figure 1. Transmission electron micrograph of an ultrathin section of raw milk cream separated by natural 
creaming. The electron-dense material present between the fat globule (FG) and the cell of Clostridium 

tyrobutyricum (C), containing its endospore (ES), was responsible for the interaction and was labelled by 
20-nm gold-labelled IgA antibodies (black dots). 

 
3. Case study 2 

The second case study deals with the storage stability of UHT milk. This milk type is largely 
preferred by consumers in many countries because, in contrast to pasteurized milk, it can be stored 
at non-refrigerated condition for 3-4 months. At present, to successfully widen their market area 
and be competitive in very far regions, manufacturers should provide UHT milk that remains stable 
longer, likely up to 12 months. Fat separation and gelation represent the most characteristic signs 
of spoilage of UHT milk [5], both usually disregarded in the past because of the very low incidence 
in a short-term storage. Fat separation occurs when, although homogenized, fat globules rise to the 
top of the milk forming a cream layer in the package. Gelation instead involves the protein 
component and it is caused by residual activity of proteolytic enzymes on casein micelles causing 
their destabilization [6]. Although both phenomena are phenotypically well described in the 
literature, understanding both promoting conditions and initiating mechanisms were necessary to 
find out suitable strategies for prevention. An investigation at ultrastructure level seemed to be the 
best tool, although two independent studies were developed with respect to fat or protein instability 
since the subsequent technological interventions were expected to be different as well.   
High-pressure double homogenization of UHT milk successfully prolonged the stability of fat 
globules up to 12 months of storage at 22 °C. Both CLSM and TEM analyses revealed that this 
new process not only decreased fat globule size, compared with the conventional single process, 
but also promoted interactions between fat globule membrane and protein micelles thus leading to 
formation of high-density aggregates (Fig. 2). 
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Figure 2. Transmission electron micrographs of ultrathin sections of UHT milk undergone to single 
homogenization (a), or double homogenization process (b). Aggregates of fat globules (f) and casein 

micelles (c) showed a lower proportion of fat globules respect to casein micelles in double homogenised 
sample. 

 
Gelation of UHT milk was experimentally replicated by adding two proteolytic strains of 
Pseudomonas spp. to milk. Inoculated samples were stored at 25 or 40 °C up to 90 days. Changes 
in the microstructure of these samples were monitored by CLSM of milk stained by Fast green 
(protein) and Nile red (fat). In parallel to structural evaluation, proteolysis progress was monitored 
by capillary zone electrophoresis (CZE) and HPLC-MS. Caseinomacropeptides (CMPs), resulting 
from the specific activity of heat-resistant peptidases, were detected before gelation onset and 
accumulated during UHT milk storage. Thus, CMPs were proposed as marker for an early 
detection of UHT milk gelation. CLSM analysis showed to be an equally valid and faster approach 
for the early evaluation of UHT milk gelation since changes in protein microstructure of milk were 
observed while increasing the marker content of the milk (Fig. 3).    
 

 
 

Figure 3. CLSM images of UHT milk with increasing level of protein destabilization up to complete 
gelation. Stable UHT milk (a) shows the typical microstructure with protein (green) occupying the whole 
milk volume; (b) early destabilization corresponding to initial protein networking and appearance of black 
areas of serum phase (arrows); (c) progress of protein destabilization with further release of serum (head 

arrows); (d) gelled milk. Bars are 10 µm in size. 
 

4. Conclusion 
The described case studies both refer to real issues of food spoilage sometimes causing consumer 
complaint and product recall with high economic loss. Furthermore, manufacturing wholesome 
and shelf-stable food has the side beneficial effect of limiting food waste. Microscopy proved to 
be of decisive importance for understanding the effects of process technologies on food matrix and 
their structural components. A multidisciplinary approach that combines chemical, biochemical, 
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microbiological and structural investigations is the successful strategy to have a complete 
characterization of complex samples like foods and to support the industry in their difficult task. 
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1. Introduction 
Epithelial cells display an intrinsic polarity that is critical for their normal function and is disrupted 
during the cancer transformation. The targeting of membrane proteins to different membrane 
subdomains such as apical and basolateral surface of epithelial cells, is a fundamentally important 
cellular function and has been studied extensively. Nevertheless, there is little data about altered 
trafficking during cancer [1]. The highly differentiated superficial umbrella cells of the multi-
layered urinary bladder urothelium provide an excellent model system for the study of apical 
targeting. This is because they synthesize a large amount of four major types of apically targeted 
integral membrane proteins named uroplakins [2]. Uroplakins form two-dimensional crystalline 
urothelial plaques that cover almost the entire urothelial apical surface of normal urothelium and 
contribute to blood-urine barrier [3]. During urothelial carcinogenesis, the expression of uroplakins 
is dysregulated [4], the structure of apical surface is altered and blood-urine barrier is disrupted [1, 
5]. It is well known that in umbrella cells of normal urothelium, uroplakins are delivered to the 
apical plasma membrane via fusiform vesicles (FVs), which are transported along microtubules 
and actin filaments by the help of motor proteins. The mechanisms that regulate this pathway have 
only recently been elucidated [6]. It was shown that uroplakin delivering FVs contain Rab27b, 
which mediate apical transport via actin filaments [6]. Subsequently, apical fusion occurs via 
MAL-facilitated process [7]. Moreover, intermediate filaments keratin 20 (Krt20) trajectorial 
network, which lies approximately 200 nm below the apical plasma membrane of umbrella cells, 
has holes just the right sizes to allow FVs passage [8]. This Krt20 subapical network keeps a pool 
of primed and strategically located FVs waiting for fusion and probably plays a key role in 
regulating vesicular trafficking [6]. Here we studied the alterations of vesicular traffic machinery 
that may contribute to disrupted polarity of superficial urothelial cells in the animal model of N-
butyl-N-(4-hydroxybutyl)nitrosamine (BBN)-induced urinary bladder cancer [9, 10, 11]. 

 
2. Material and methods 
Twelve adult male Wistar rats were used in this study in accordance with European guidelines and 
Slovenian legislation. The experiments were approved by the Veterinary Administration of the 
Slovenian Ministry of Agriculture and Forestry (permit no. 34401-29/2007/3) in compliance with 
the Animal Health Protection Act and the Instructions for Granting Permits for Animal 
Experimentation for Scientific Purposes. Rats were divided into one experimental group of 8 and 
one control group of 4 rats by simple random sampling. All animals were housed in plastic cages 
at 23 ± 2°C and 50-60% relative humidity. Basal diet was available ad libitum. The BBN was 
obtained from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan) and diluted to 0.05% with tap 
water. This mixture was then given ad libitum to the experimental group for 10 weeks (BBN 10w). 
Control group (normal) of animals had tap water available ad libitum. The rats were euthanized by 
CO2 inhalation. Urinary bladders were cut into pieces, designated for ultrastructural analyses 
(scanning electron microscopy, transmission electron microscopy) and for immunolabelling 
(immunofluorescence on semi-thin cryosections and immuno-gold labelling on ultra-thin 
cryosections). For scanning electron microscopy samples were fixed, critical point dried and 
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coated with gold. For transmission electron microscopy standard fixation and embedding in Epon 
was performed. Cryosections were prepared by modified Tokuyasu method and labelled with 
phalloidin conjugated to FITC or AF350 for labelling of actin filaments and with the following 
primary antibodies: anti-Krt20 (mouse monoclonal; Dako), anti-tubulin (rabbit polyclonal; 
Abcam), anti-uroplakins (rabbit polyclonal; a kind gift from Prof. T.-T. Sun, University of New 
York, USA), anti-MAL (mouse monoclonal; a kind gift from Prof. M.A. Alonso, University of 
Madrid, Spain), anti-Rab27b (rabbit polyclonal; SySy). The binding of primary antibodies was 
detected by appropriate secondary IgGs conjugated to either fluorescent label or to colloidal gold. 
To show co-localizations of various vesicular traffic related proteins, double and triple 
immunolabelling was performed. 
 

 
Figure 1. Superficial urothelial cells of control animals (normal) and animals treated with BBN for 10 

weeks (BBN 10w). a, b - apical plasma membrane appearance as observed by scanning electron 
microscopy (urothelial plaques – thin arrows; microvilli – arrowheads, ropy ridges – thick arrows). c,d - 
Immunolabelling of uroplakins (red) and MAL (green). e, f – Immunolabelling of cytoskeletal proteins 

(Krt20 - green, tubulin - red and actin - blue). g, h – Immunolabelling of Rab27b (red) and actin (green). 
L – lumen of the urinary bladder. White line depicts basal lamina. Scale bars: a,b – 1 µm; c-h – 20 µm. 
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3. Results and discussion 
In the normal urothelium the apical plasma membrane of umbrella cells contained urothelial 
plaques, separated by elevated interplaque regions, while in BBN 10w group the urothelial surface 
was covered by ropy ridges or microvilli (Fig.1a,b). Uroplakins were detected on the apical plasma 
membrane and on the FVs in the cytoplasm of umbrella cells (Fig.1c). After BBN treatment 
uroplakins were localised mainly in the apical plasma membrane of superficial cancer urothelial 
cells (Fig.1d). This results confirmed that normal polarity of superficial urothelial cells is altered 
in superficial cancer urothelial cells. Therefore, we analysed the distribution of cytoskeletal 
elements participating in uroplakins trafficking. Trajectorial organisation of Krt20 was present in 
subapical region of umbrella cells of normal urothelium, while no Krt 20 expression was detected 
in superficial cancer urothelial cells after BBN treatment (Fig.1e,f). Actin filaments were mostly 
absent from subapical region in umbrella cells, while they showed more pronounced presence in 
the subapical cytoplasm of superficial cells in BBN 10w group (Fig.1e-h). Tubulin forming 
microtubules were distributed throughout the cytoplasm of superficial cells reaching subapical 
trajectorial network of Krt20 in umbrella cells and reaching the subapical actin network in 
superficial cells of BBN 10w group (not shown). It seems that the major change in the organisation 
of the cytoskeleton during cancer transformation of superficial urothelial cells is loss of Krt20 and 
more pronounced actin filaments in subapical region, which might allow easier vesicular 
trafficking of uroplakins. Since Rab27b mediates apical transport of uroplakin delivering FVs, we 
further investigated the distribution of Rab27b in normal and cancer superficial urothelial cells. In 
normal cells Rab27b immunolabelling signal was strong in the cytoplasm with strongest labelling 
in the subapical regions (Fig.1g). Interestingly, two subpopulations of superficial cancer urothelial 
cells were observed after BBN treatment: i) cells with strong immunolabelling of Rab27b 
throughout their cytoplasm and ii) cells with weak or no labelling (Fig.1h). Since apical plasma 
membrane of superficial cells was uroplakin positive, we assume that in cells with weak or no 
Rab27b labelling uroplakin transport is facilitated via some other proteins. Similar as 
immunolabelling of Rab27b immunolabelling of MAL revealed two subpopulations of cancer 
urothelial cells: i) cells with strong MAL labelling and ii) cells with weak or no MAL labelling 
(Fig.1d). Double immunolabelling of MAL and uroplakins revealed that in the normal superficial 
urothelial cells they were co-localized (Fig.1c), while in the superficial cancer urothelial cells no 
co-localisation was observed (Fig.1d). We therefore suppose that MAL does not facilitate the 
fusion of uroplakin delivering vesicles with the plasma membrane in superficial cancer urothelial 
cells. To sum up, our study shows that the profound reorganization of vesicular traffic related 
proteins in superficial urothelial cells of urinary bladder cancer cause polarity disruption, changed 
apical plasma membrane structure and compromised barrier function. 
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Cupressus sempervirens L. (cypress), belongs to family Pinaceae and represents an important tree for 
the typical tuscan and eastern-mediterranean landscape. In the last years this tree is frequently affected 
by fungal attack by the fungus Seiridium cardinale (Wag.) Sutton & Gibson, the cause of the so called 
cypress canker. 
The main mechanism of defense of cypress from the pathogen is the post-infectional development of 
a well-structured necrophylactic periderm (NP) [1], the increase in polyphenol cells and the ex-novo 
formation of traumatic resin ducts. 
This investigation deals with the microscopical analysis of the development of the traumatic resin 
ducts and the ultrastructure of the activity of the epithelial cells of the duct itself. 
The samples were fixed in 1.25 % glutaraldehyde at 4°C in 0.1 M phosphate buffer (pH 6.8), then 
post-fixed in 1% OsO4 in 0.1 M phosphate buffer (pH 6.8) for 1 hr. After ethanol series dehydration 
and a final propylene oxide step, the samples were embedded in Spurr’s epoxy resin.The 80nm thick 
sections were stained with uranyl acetate and lead citrate. The observations were done with a Philips 
EM201 TEM. 
The formation of the traumatic resin duct starts in the secondary phloem around a layer of sclerenchyma 
fibers (Fig. 1) as a result of degeneration (PCD) of sieve cells and the reprogramming of albuminous 
cells into epithelial cells that produce terpens that will enter into the duct to form the resin. 
The epithelial cells show plastids specialized in the production of terpens. The plastids are surrounded 
by ER elements (Fig. 2) and fill themselves with a granular material that eventually will cross the 
plasmamembrane and enter into the resin duct. 
 

 

Figure 1. Traumatic resin duct. Light microscope. Toluidine blue staining. The lumen is indicated by an 
asterisk. EP = epithelial cell. SF = Sclerenchyma fiber. Bar = 25 µm. Bar = 1µm
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Figure 2. Traumatic resin duct. Transmission Electron Microscope. Detail of an epithelial cell. ER elements 
(arrows) are surrounding the plastids. W = cell wall; V = vacuole; L = lumen. Bar = 1µm.

 
 
 
 
References 
[1] Danti R, Rotordam MG, Emiliani G, Giovannelli A, Papini A, Tani C, Barberini S, Della Rocca 
G (2018) Different clonal responses to cypress canker disease based on transcription of suberin-
related genes and bark carbohydrates’ content. Trees 32(6): 1707–1722



EMERGING AND MISCELLANEOUS TOPICS IN LIFE SCIENCESLIFE SCIENCES 312

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

 

Aslı Erdoğan1, Hasan Serdar Mutlu1, Sibel Doğan1 and Tuğba Kotil1 

1İstanbul University, İstanbul Faculty of Medicine, Histology and Embryology Department, 

İstanbul, Türkiye  

 

1. Introduction: Monobenzyl ether of hydroquinone (MBEH) is an FDA (Food and Drug 
Administration) approved topical agent with permanent effect which is used by vitiligo patients 
whose pigment loss scattered more than 50% of their skin with the aim to even skin tone by 
depigmenting melanocytes in unaffected areas (1, 2, 3). Different concentrations of MBEH 
application to melanocyte, keratinocyte and fibroblast cell cultures showed that keratinocytes 
are stronger but fibroblasts are sensitive like melanocytes to MBEH (3). Although there are 
many publications about effects of MBEH on melanocytes, studies related to its effect on 
fibroblasts remain limited. The aim of this study was to investigate potential effects of MBEH 
on 3T3 mouse fibroblast cell viability and ultrastructure. 

 

2. Materials and Methods: 3T3 mouse fibroblast cell line was used in this study. Cells were 
incubated at 37°C and 5% CO2 conditions in DMEM-F12 medium. Cells were treated with 
250µM, 500 µM and 750 µM MBEH and vehicle (EtOH:DMSO) for 24 hours. Cells were 
counted with haemocytometer. Statistical analysis of the data was performed using the IBM 
SPSS 22 for Windows One-way ANOVA analysis using the Tukey test. For evaluation of 
apoptosis, cells were fixed with 70% ethanol and TUNEL assay was applied. For TEM analysis, 
cells were fixed with 2.5% gluteraldehyde. After routine tissue processing steps, thin sections 
were evaluated by Jem Jeol 1011 transmission electron microscope. 

 

3. Results: When compared to the control group, a significant decrease was observed in the 
number of cells in the 250 µM, µ500 µM and 750 µM MBEH treated groups (p<0.05) (Figure 
1). TUNEL positive cell rate was 2% in control group and 6% in vehicle group. In experimental 
groups, TUNEL positivity was increased in a dose dependent manner (7% in 250 µM MBEH 
treated group, 52% in 500 µM MBEH treated group and 67% in 750 µM MBEH treated group) 
(Figure 2). Under TEM, untreated cells exhibited active cells’ characteristics with euchromatic 
genetic material, open nuclear pores, well developed rough endoplasmic reticulum (rER), 
abundant mitochondria and prominent Golgi apparatus. In 250 µM MBEH treated group, there 
was a slight dilation in perinuclear space. In some mitochondria, swelling and loss of cristae 
were observed. There were dilation in rER cisternae. Multilamellar bodies, abundant lysosomes 
and multivesicular bodies were seen. In 500 µM MBEH treated group, loss of cell volume was 
observed. Nucleus and cytoplasm were more electron dense than other groups and organelles 
were not prominent. There were abundant multivesicular bodies and autophagic vacuoles in 
cytoplasm. In 750 µM MBEH treated group, cells were completely degenerated (Figure 3).  
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4. Discussion: Results of this study suggest that melanocyte depigmenting agent MBEH may 
also negatively affect fibroblast cell number and ultrastructure and may trigger fibroblast cell 
death via different pathways. 

 

Figure 1: Cell number counts of control, vehicle and MBEH treated (250µM, 500 µM and 750 µM) 
groups 

Figure 2: TUNEL staining of control (a), vehicle (a-inset), 250 µM MBEH treated (b), 500 µM MBEH 
treated (c), 750 µM MBEH treated (d) groups. 
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Figure 3: Control group (a,b): Intact morphology of cells were seen; 250 µM MBEH treated group 
(c,d): multilamellary and multivesicular bodies, swollen mitochondria and many lysosomes contact 

with mlv were seen; 500 µM MBEH treated group (e,f): many autophagic vocuoles were seen in 
cytoplasm of shrunken cells; 750 µM MBEH treated group (g): degenerated cells with ruptured 

plasma membrane and disrupted organelles; Vehicle group (h): intact morphology similar to control 
group were seen. N: nucleus, m: mitochondria, rer: roug endoplasmic reticulum, g: Golgi apparatus, 

mlb: multilamellary body, mvb: multivesicular body, l:lysosome, a.v: autophagic vocuole. 
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Phytoestrogens are naturally occurring plant compounds, basically similar to mammalian 
oestrogens and their active metabolites. They can bind to the estrogen receptors (ER), and mimic 
the action of estrogens on target organs, thereby exerting many health benefits when used in some 
hormone-dependent diseases 1 . On the contrary, phytoestrogens are also considered as endocrine 
disruptors, substance capable to shift the function of the endocrine system 2 . The study reported 
here was designed to determine whether a phytoestrogen-containing soy extract could affect the 
morph-functional features of pituitary somatotrophs (GH cells) in rats. 

 

To analyze the effect of soy extracts (soy-extract contained 40% of isoflavones: genistein ≥10%, 
daidzein ≥15%, genistin ≥3%, daidzin ≥5%, glicitin ≥1% and glicitein ≥0.5%) on morph-
functional parameters of GH cell we used adult orchidectomized rats. The orchidectomized rats 
were subcutaneously injected: with soy extract ( 30 mg/kg w.w; S group) dissolved in a minimal 
volume of absolute ethanol in sterile olive oil, or with same volume of absolute ethanol in sterile 
olive oil (C group) for 3 weeks. Changes in the pituitary GH cells were evaluated using 
stereologicall system, controlled by newCAST stereological software package. Pituitary and 
adenohypophysis volume; and volume density of GH cells were estimated using Cavalieri's 
principle [3].  A fractionator/physical dissector design with two levels of sampling was used to 
estimate the total number of GH cells from all examined groups [4]. As the mean volume of a 
single GH cell is equivalent to the total volume occupied by GH cells divided by their number [5], 
the cell volume is calculated. Serum GH concentration was determined by Rat/Mouse Growth 
hormone ELISA test.  

 

Тhe GH cells in both experimental groups were frequently clustered together, but also appeared as 
single cells in the adenohypophysis. There were more GH imunoreactivity following soy extract 
treatment vs. control (Figure 1). The volume density of GH cells increased (p≤0,05) by 40% 
following soy extract treatment vs. control. The total number of GH cells in the S group decreased  
(p≤0,05) by 15%, while GH cells volume increased 1-fold, compared to the C group. Serum growth 
hormone concentrations were higher (p≤0,05) in the S group 2-fold when compared to the C group. 
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Figure 1. Immunoreactive GH cells in the pituitary in control (1, 1a) and soy extract (2, 2a) treated 

ratsscale bar 55 m (1,2), insets scale bar 20 m (1a, 1b) 

 

 
Figure 2. Stereological and hormonal parameters for pituitary GH cells in control (C) and soy extract 
treated rats: pituitary volume (1), adenohypophysis volume (2), volume density of GH cells (3), total 
number of GH cells (4), volume of GH cells (5) and serum level of GH (6). The values are means ± 

standard deviation, n = 6 animals per group * p<0.05 vs. C. 
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Following soy extract treatment, the increase of GH cell volume density was observed. Since, the 
pituitary as well as adenohypophysis volume were unchanged the enhancement was consequence 
of the altered percentage ratio of pituitary-producing cells affter soy extract treatment. Also, the 
observed increase may be result of phytoestrogen's indirect action via growth hormone releasing 
hormone (GHRH) and direct via ER, expressed in GH cells [6]. In contrast, the total number of 
GH cells decreased, probably as a result of the transdifferentiation of the plurihormonal cells [7].  
Finally GH level were increased, so we could conclude that changes of stereological  parameters 
following soy extract treatment provoked the increase of GH cells action.  
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of Peritoneal Fluid  
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Introduction: Endometriosis is the growth of endometrial glands and stroma outside the uterine 

cavity (1). Accumulation of unfolded proteins in the lumen of the endoplasmic reticulum (ER) 

cause ER stress and induce the unfolded protein response (UPR) (2). Peritoneal fluid (PF) is a 

cell and protein rich liquid and plays an important role in the pathogenesis of endometriosis (3). 

The aim of this study was to demonstrate the role of p-IRE1, one of the UPR signal protein, in 

the pathogenesis of endometriosis in vivo and the activation of p-IRE1 under the influence of 

PF in human endometrial stromal cells (ESCs) in vitro. 

Materials and Methods: Normal, eutopic and ectopic endometrium tissues were divided into 

menstrual cycle phases (early and late proliferative, early and late secretory) and cyclic changes 

of p-IRE1 immunoreactivities were evaluated immunohistochemically in these tissues. On the 

other hand ESCs were treated with 10%-20% concentration of control PF (N-PF) and PF taken 

from patient with endometriosis (E-PF) for 10-30-60 min and 24-48 hr and p-IRE1 

immunoreactivity were evaluated immunocytochemically in these cells. Both in vivo and in 

vitro p-IRE1 immunoreactivities were analyzed by H-Score method. The data were compared 

statistically and p<0.05 was considered to be significant.  

Results: In normal endometrial glandular epithelium and stromal cells, p-IRE1 expression in 

late proliferative phase was lower compared to all other phases (p<0.05; p<0.001; p<0.001; 

respectively). p-IRE1 expression in late secretory phase was higher compared to early 

proliferative and early secretory phases (p <0.05). In eutopic endometrium, p-IRE1 expression 

in late proliferative phase was lower compared to late secretory phase in glandular epithelium 
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Contrubition of Peritoneal Fluid 
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and stromal cells (p<0.05). In ectopic endometrial glandular epithelium, p-IRE1 expression in 

late proliferative phase was lower than to all other phases. (p<0.05; p<0.001; p<0.05, 

respectively). In ectopic endometrial stromal cells, p-IRE1 expression in late proliferative phase 

was lower compared to only late secretory phase (p<0,05). 

When normal, eutopic and ectopic endometrium samples were compared; in early proliferative 

phase, p-IRE1expression was higher in both endometrial glandular epithelium and stromal cells 

of ectopic endometrium compared to the eutopic and normal endometrium (p<0,001, p<0,05; 

p<0,05 respectively). In late proliferative phase, there was no statistical difference between p-

IRE1 expressions in normal, eutopic and ectopic endometrial glandular epithelium and stromal 

cells. In early secretory phase, while p-IRE1 expression was higher in ectopic endometrial 

glandular epithelium than eutopic endometrium (p<0,05), it was not statistically different in 

stromal cells. In late secretory phase, p-IRE1 expression was higher in eutopic endometrium 

than normal endometrium in glandular epithelium (p<0,05) and there was no statistical 

differences in stromal cells. 

When the in vitro findings were evaluated, p-IRE1 expression in ESCs treated by low 

concentration of E-PF was not statistically different compared to ESCs treated by N-PF at 10-

30-60 min. p-IRE1 expression was significantly increased in high concentration of E-PF treated 

ESCs at 10-30-60 min compared to N-PF (p<0,05). In addition, in E-PF treated ESCs, p-IRE1 

expression decreased at 24 and 48 hr compared to 10, 30 and 60 min both in low concentration 

(p<0,05, p<0,001, respectively) and high concentration (p<0,001). 

Conclusion: It was shown that p-IRE1 pathway activated in endometriotic tissue and p-IRE1 

expression were increased as a result of high concentration exposure to E-PF in ESCs. Thus, 

this signal protein may be used as a potential biomarker both for the diagnosis of endometriosis 

and the development of therapeutic tools. 
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adhesive vesicles in the flatworm Minona ileanae 
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Adhesive organs are common among free-living Platyhelminthes. They are used for temporary 
adhesion, i.e to attach to and release from the substrate. Frequently, they are concentrated at the 
tail, or tail plate of the animals. One single organ consists of three different cell types. One 
modified epithelial cell, called anchor cell, one adhesive gland cell and one releasing gland cell. 
Here we describe the adhesive system of Minona ileanae. The cell bodies of the gland cells are 
located within the tail and long gland cell necks proceed towards the tail plate, branch and lead 
into adhesive pads formed by the anchor cells. The adhesive vesicles of chemically fixed 
animals are ellipsoid and show a length of 456±72 nm and a width of 214±26 nm (n = 60). The 
releasing vesicles are spherical with a diameter of 99±8 nm (n = 75). Adhesive vesicles showed 
ring like substructures if cross sectioned and appeared as stripes if longitudinally cut, a 
morphological feature not found in other flatworms so far. Five adhesive proteins were 
identified with differential transcriptome analysis and subsequent in situ hybridisation screen. 
They were named Mile-ap 1-5 (Minona ileanae adhesive protein 1-5). Knockdown of these 
proteins with RNA interference (RNAi) revealed a less adhesive phenotype. RNAi of Mile-
ap1showed spherical adhesive vesicles with a pronounced dark centre and an electron-lucent 
periphery. RNAi of Mile-ap2 showed an ellipsoid dense adhesive vesicle similar to the wildtype 
but no lucent periphery. In RNAi Mile-ap3 adhesive vesicles were missing the electron dense 
core. RNAi of Mile-ap3 and Mile-ap4 showed the same results. RNAi of Mile-ap5 led to a 
concentric zonation of the vesicle with a lack of electron dense material in the vesicle centre. 
Adhesive vesicles of a Luciferase RNAi negative controls did not show differences to the 
wildtype animals. Luciferase is a gene which is not present in flatworms and thus was taken as 
a negative control. RNAi of an intermediate filament (Mile-if1) showed collapsed adhesive 
organs and was used as a positive control. The investigation of the molecular mechanisms of 
bioadhesion in flatworms can lead into a development of non-toxic biomimetic glues with 
reversible properties. 

This project was funded by the Austrian Science Fund (FWF) P 30347, the Tyrolean Science 
Fund and COST Actions TD0906 and CA15216. 
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Fig.1: Results of RNAi knock down of different adhesion proteins in Minona ileanae. 

(A) Luciferase control with normal adhesion vesicles. (B) RNAi of Mile-ap1 with spherical 
vesicles with prominent dark centre and bright periphery. (C) RNAi of Mile-ap2 with dark 
ellipsoid adhesion vesicles. Please note the absence of the bright periphery. (D) RNAi of Mile-
ap3 with lacks the dense core. Mile-ap4 showed the same results as Mile-ap3. (E) RNAi of 
Mile-ap5 led to a concentric zonation of the vesicle with a lack of electron dense material in the 
vesicle centre. (F) RNAi of Mile-if1 positive control showed a collapsed adhesive organ but 
regular adhesive vesicles. Scale bars: (A-F) 2 µm; (Insets) 100 nm. 
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Electroporation: new strategy to improve the drug uptake and overcome the 
tumor resistance  
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Electrochemoterapy (ECT) is an increasingly common and innovative therapeutic strategy to 
overcome the multidrug resistance (MDR) phenomenon of several neoplasms [1]. The anticancer 
treatment combines the administration of a chemotherapeutic agent with the application of electric 
pulses having appropriate waveforms to increase drug uptake [2]. The main goal of our project is 
to increase the effectiveness of the chemotherapy drugs used in human medicine by means of a 
non-toxic and well tolerated mechanical system. Its efficacy, as adjuvant therapy, has been already 
demonstrated in veterinary patients, in combination with several anticancer agents resulting in 
enhanced cytotoxicity [3]. Initial studies focused on the effects of doxorubicin (DOX) on MDR 
human colon adenocarcinoma cell line LoVo DX confirmed the chemosensitizing effect of the 
ECT by using trains of biphasic pulses. The in vitro experiments of the combinatorial treatment 
(DOX + ECT) gave the following results: 

 1) Enhancement of DOX accumulation in cell suspension after the electroporation evaluated by 
flow cytometry 

2) Increase of the drug intranuclear localisation through observations made under confocal 
microscopy (Figure 1) 

3) Evident morphological changes through the observation by scanning electron microscopy 

4) Tumour destruction and replacement by scar tissue underlined by histopathological analysis.   

To validate the action mechanism of the combined therapy, we tested two squamous carcinoma 
cell lines, tongue (CAL27) and pharynx (FaDu), using mitomycin C (MMC). We performed the 
cytotoxic test (MTT) measuring mitochondrial enzymatic activity, to analyse the cell viability of 
both lines after single electrochemotherapy, MMC and combined treatment (E + MMC). Our 
results showed a 20% reduction in cell viability after the combined E + MMC treatment. Samples 
treated with electroporation alone had the same cellular viability as the control. Further studies 
will be carried out to confirm the cytotoxic damage and assess the role of electrochemotherapy in 
the pharmacological resistance phenomenon. 

Electroporation: new strategy to improve the drug uptake and 
overcome the tumor resistance 
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Figure 1. Laser scanning confocal microscopy (LSCM) images showing the intracellular localization of 
doxorubicin (DOX) in living LoVo DX cells after 3h of incubation. The nuclei of the cells treated with 

DOX (1 µg/ml) alone were negative while the cytoplasm showed a weak fluorescent signal (A).  The cells 
exposed to the combined treatment (electroporation with DOX) displayed an increase of the intracellular 

drug uptake, preferentially in the nucleus (B).  
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Analysis of inclusions in steels: a correlatve approach  
 

Barbara Šetina Batič, Jaka Burja and Matjaž Godec 
Institute of Metals and Technology, Lepi pot 11, 1000 Ljubljana, Slovenia  

 
 
Steels are still an important material in today's society. While the first metallurgists had only a limited 
number of tools to control their steelmaking process, and most of the discoveries were made by the 
trial and error method, nowadays the possibilities for a better insight into the process are made 
available with modern tools and techniques.  
 
Today's steelmakers are striving to control non-metallic inclusions in the steel, in an ordeal to achieve 
a steel with high cleanliness. Even though non-metallic inclusions cannot be completely avoided, the 
trend is to make them smaller and as evenly as possible dispersed in the matrix phase. First studies of 
inclusions were made by utilizing an optical microscope, and a lot of work is still performed in this 
way. The presence of scanning electron microscopes, equipped with an EDS analyser, in many 
steelmaking plants have shown the benefits of additionaly determining the composition of the 
inclusions, which is not possible by optical microscope. Additionally, electron backscatter diffraction 
studies of the inclusions can give and additional insight into the formation and crystallographic type 
of the formed inclusions.  
 
Microalloying of steels is an important way to control inclusion size, type and density in the final 
product. This contribution will present a complete study of microalloying, from preparation of the 
material to the characterization of microstructure and inclusion content, in various steel grades with 
different alloying elements.  
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Single step preparation of the mixed-metal oxides from the versatile oxalate 
precursors – characterization and properties 

 
Marijana Jurić1, Lidij Androš Dubraja1, Jasminka Popović1 and Lidija Kanižaj1 

1Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia 

Mixed-metal oxides are an important class of advanced materials due to their chemical stability, low 
cost, low toxicity, large scale of useful photophysical properties and wide range of technological 
applications. It is known that the microstructure of oxide materials can be tuned in part by changing 
the synthesis methods. Full control over particles dimensions and morphology is also prerequisite for 
the photocatalytic applications of oxide materials where large surface area promoting substrate 
adsorption at the surface and increasing the number of active sites, is considered to be an imperative. 
However, in general, synthesis approaches for obtaining highly crystalline materials utilize high 
temperature treatments, which often lead to the increase of particle size and consequently the decrease 
of the surface area. Thus, it is still challenging to attain both high crystallinity and high surface area 
in the same synthesis. Due to these limitations, in recent times, heteropolynuclear systems have been 
used as molecular precursors for the preparation of the mixed-metal oxides by their thermal 
decomposition. It has been observed that the use of a well-defined precursor can produce crystalline 
oxide materials under conditions that are significantly milder than those applied in traditional solid-
state synthesis. Also, the single-source precursors provide better control over the stoichiometry of the 
metal ions in the final products as well as the homogeneity of the materials due to the mixing of the 
metals at the molecular level, and offer kinetically attractive low temperature decomposition. An 
effective molecular precursor-to-material conversion requires a reasonable choice of ligands. The 
nature of the ligand employed endows the precursor with a clean, low-temperature thermolysis 
leading to the phase-pure target material. Importantly, low cost of the ligand makes heterometallic 
precursor highly attractive to industrial applications. One of the suitable ligands for the synthesis of 
molecular precursors for oxides is the oxalate dianion, C2O42-, due to its easily decomposition on 
gaseous CO2 and CO at low temperatures. Another advantage of this ligand is low cost. However, 
heterometallic complexes do not always contain the appropriate stoichiometry for the formation of 
the desired single phase oxide by thermal degradation in one step. Also, it is not easy to prepare 
coordination compound with three or more different metals (in an appropriate ratio), having also 
suitable coordinated ligand. So, sometimes multimetallic oxides could be prepared by mixing two or 
more agreeable precursors in appropriate ratio prior to thermal decomposition.  
 
In our group we explore the ability of the heterometallic oxalate based complexes to act as the single-
source precursors for the formation of the mixed metal oxides by heat treatment. We focused on the 
structural, optical, photocatalytic, and magnetic properties of the (nano)crystalline oxides prepared 
for the first time by facile molecular precursor to material route, investigated by electron 
microscopy, UV vis diffuse reflectance spectroscopy and magnetization measurements, where long
term heating at high temperatures and repeated grinding procedures are successfully bypassed [1, 2]. 
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Microstructure and properties of Al-Fe-Mm-Mg-Si alloy prepared by powder 
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Aluminium alloys are widely used materials due to their strength to weight ratio. Industially 
produced alloys has already reached their performance limits. It means that it is not possible to 
increase their mechanical properties by further alloying. It is necessary to introduce 
nonconventional methods, e.g. powder metallurgy. Melt spinning can completly change phase 
composition of the alloy, introduce new phases and incerase solutibily of alloying elements in the 
Al matrix. The second step in milling of rapidly solidified ribbons followd by powder compaction. 
Spark plasma sintering is progresive compaction method with limited thermal influence to the 
material.  
In this work, the Al-Fe-Mm-Mg-Si alloy was prepared by melt spinning and subsequently 
compacted by spark plasma sintering (SPS). Microstructure of bulk material was observed by 
optical microscope (Olympus PME 3), scanning electrone microscope (TESCAN VEGA 3 LMU) 
and transmission electron microscope (Jeol 2200 FS). 
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strengthened (ODS) steel using classical and frontier microscopy methods 
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Oxide dispersion strengthened (ODS) steels exhibit superior mechanical properties and irradiation 
resistance due to the nano-sized oxides, highly dispersed in metallic matrix [1, for example]. These 
properties change as a function of the structure, composition, size and density of the nano-sized 
oxides. Thus, characterization of these oxides is crucial. Despite the numerous reports on this 
subject, ambiguity remains. In the present study, characterization of the crystallographic structure 
of oxide particles existing in 14%Cr ODS steel was performed using classical and novel 
transmission electron microscopy (TEM) methods. 3D dispersion, density and composition of 
these oxides were evaluated by atom probe tomography (APT).  
 
Nano-sized particles observed in the studied ODS steel varied greatly in size. It was possible to 
classify them into several populations. The largest particles in this steel were characterized using 
classical TEM methods as TiC (FCC) with a typical size of 100-150 nm. An example of such 
particle is shown in fig 1 (bottom right). This type of particles was the least frequent in the studied 
steel. Other large oxide particles with sizes of 50-150 nm belong to the second population, see fig 
1 (bottom left). Energy Dispersive Spectroscopy (EDS) analysis preformed on these particles 
found that they are composed mainly of Y, Ti and O. The distribution of this type of particles was 
significantly higher than of TiC. In addition, dense distribution of nano-sized particles, varying 
from several to 20 nm, was observed in this steel. Due to their nanometric size, they were hard to 
detect on bright field (BF) TEM images. However, dark field (DF) images obtained from an extra 
(e.g. in addition to the Fe matrix`) reflections in the electron diffraction (ED) pattern enabled to 
observe them very clearly, see fig 1 (upper panel). These nano-particles were sometimes observed 
at the grain boundaries, and sometimes in the grains’ interior, respectively. APT results allowed 
concluding that the nanosized oxides are composed of O, Fe, Ti, Cr and a negligible amount of Y. 
  
Characterization of the relatively large oxide particles was performed using Electron Diffraction 
Tomography (EDT) method [2], since indexing of conventional ED patterns taken in the selected 
area (SAED) mode were ambiguous. For the EDT analysis, extraction replica TEM sample was 
prepared to eliminate the contribution of the matrix to the ED patterns and EDS measurements. 
Following manual data collection, the frames were merged using the EDT-process software which 
enables to reconstruct a 3D projection of the reciprocal space. Following a successful 
reconstruction, a list of dhkl and intensities was extracted. The projections of the highest symmetry, 
i.e. [100], [010] and [001] are shown fig 1, bottom row. Their net symmetry was evaluated as 2mm. 
Thus, the crystal system was classified as orthorhombic and unit cell parameters were obtained. 
Analysis of the dataset intensities allowed deducing the following reflection conditions: h00 h=2n; 
0k0 k=2n; 00l l=2n; hk0 h+k=2n; 0kl k+l=2n. These conditions belong to the Pn_n extinction 
(diffraction) symbol, i.e. Pn2n (34) or Pnmn (58) space groups. According to the PDF4+ (2018) 
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database, the YTiO3 with a distorted perovskite structure exists with close to the obtained here 
lattice parameters and Pnmn space group. Thus, studied particles were attributed to this structure. 
In order to prove that the particles in the matrix had the same structure as those in the replica, ED 
patterns of the particles embedded in the matrix (e.g. original bulk TEM sample) were analyzed 
and successfully indexed in terms of the YTiO3 structure. It should be noted that these patterns 
could not been indexed in terms of any other Y-Ti-O or Ti-O known structures. Moreover, the 
lattice parameters determined by EDT were somewhat different from the JCPDF card of the YTiO3 
structure. The new lattice parameters allowed immediate indexing of all patterns. In vast majority 
of the reports on ternary oxides in these steels other Y-Ti-O structures were noted, but the 
characterization was always ambiguous (e.g. one orientation ED and/or Fast Fourier Transform 
(FFT) of High resolution TEM). Here, the results were verified by two independent methods - zone 
axis ED patterns, taken from the bulk specimens and EDT data from the replica. 
 

Smallest oxide particles were very difficult to characterize due to the fact that Fe matrix also 
contributed to the ED patterns and, furthermore, there exist distinct orientation relationship (OR) 
between the oxides and the matrix. Their crystallographic structure was determined here using the 
superimposed matrix/oxide ED patterns. ED patterns taken from [100] and [110] orientations of 
the matrix contained diffused scattering and some extra spots originated by these nanoparticles. In 
the [111] orientation, however, no additional spots had appeared. These Fe ED patterns were found 
to be identical to the reported in literature superimposed ED patters of Fe and its native oxide films 
[3, for example]. In order to verify that in our case these oxides are not native, the samples were 
cleaned using precision ion polishing system (PIPS) before each TEM session. We have 
successfully indexed these patterns in terms of Fe,Cr,Ti-O oxides with MgAl2O4-type spinel 
structure having Bain and Kurdjumov-Sachs ORs for the [100]Fe and [110]Fe orientations, 
respectively. Spinel structure is rarely reported in the literature regarding ODS steels. In fact, we 
have found only one article [4], which had reported  existence of spinel TiCr2O4 in ODS. Our case 
is different, since measured by APT composition is not TiCr2O4 and our particles exhibit unique 
nano-size and uniform distribution. Correct and unambiguous characterization of nano-sized 
particles, attributing the strength to this ODS steel (which is potential candidate to be used as 
structural material in the IV generation nuclear reactors) – is a major breakthrough allowing full 
understanding of this steel`s properties. 
 

Figure 1: Upper panel: characterization of majority of particles. DF TEM images illustrate distribution of 
these particles in different grains. APT image shows their size and composition. Bottom panel: 

characterization of other particles as perovskite YTiO3 (with three major orientations taken from EDT 
data) and TiC. 
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Intermetallic TiAl alloys are applied as structural materials in aero engines and in the automotive 
sector for the production of turbine blades, valves and turbocharger wheels [1]. These alloys allow 
the substitution of Ni-base alloys in these applications due to their lower density of about 
4.2 g/cm3

2 o) and the precipitation of γ phase occur [6]. At room 
temperature (RT) the ordered hexagonal α2-Ti3Al, the ordered bcc βo-TiAl and the ordered face-
centered tetragonal distorted (c/a~1.02) γ-TiAl constitute the main phases [2,7].  
In order to further improve the mechanical properties at high temperature, different alloying 
elements were evaluated. For example, C addition strongly influences the phase diagram of the Ti-
Al system, raises the tensile strength and improves the creep properties [6,8,9]. Due to the modified 
phase diagram, special heat treatments to adjust a fully lamellar (FL) microstructure are possible 
[10,11]. This microstructure is favorable during creep and also resistant against cellular reactions 
in the aspect of long term high-temperature exposure. Furthermore, the addition of Si leads to the 
presence of ξ-Ti5Si3 silicides within the βo and α2 phase at RT [10,12]. These precipitations are 
capable to improve strength and long term stability of the microstructure.  
In this work, the focus is on the appearance of different precipitations within a FL microstructure 
of a C and Si containing TNM alloy variant. Therefore, the alloy was heat treated within the single 
α phase field region and afterwards annealed to stabilize the formed α2/γ-colonies. A backscatter 
electron (BSE) image of the FL microstructure is shown in Figure 1 a). Here, the α2/γ-colonies 
exhibit a size of up to 100 μm and contain a small amount of globular γ phase at the colony 
boundaries  [11,13]. Within the colonies bright and dark dots are marked by arrows, whereby, the 
dark dots represent holes within the sample originating from etched and removed precipitates and 
the white ones are retained ones.  
To distinguish between the different kinds of precipitations, TEM investigations were conducted 
using a CM12 transmission electron microscope. Here, an acceleration voltage of 120 kV and an 
analytical holder from GATAN were used to take images in bright (BF) as well as in dark-field 
(DF) mode. To analyze single precipitates, an EDS system from EDAX applying a Si-detector was 
used. To achieve an acceptable accuracy, the spot size was decreased to <1 nm and focused in the 
center of the precipitate during the measurement. Therefore, different sized ζ-Ti5Si3 silicides could 
be identified within the α2/γ colonies. Their morphology and chemical composition varies slightly 
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due to the forming mechanism. Silicides, exhibiting a quasi stoichiometric composition and a size 
of more than 1 μm were formed during the melting process. Smaller ones, with a maximum length 
of about 100 nm, precipitate during the cooling step after the heat treatment within the single α 
phase field region. The smallest silicides form during aging, where the alloy system converges to 
thermodynamic equilibrium. Hence, γ lamellae grow on the extent of α2 lamellae, where Si is 
enriched and ζ -Ti5Si3 silicides precipitate. It is assumed that the precipitation of ζ -Ti5Si3 silicides 
retards the speed of the moving α2/γ interfaces and, therefore, has a positive effect on the creep 
properties  [10]. In Figure 1 b) a ζ -Ti5Si3 silicide is positioned near a vanishing α2 lamella. Due to 
the appearing length and chemical composition, the silicide was formed during the cooling step 
after the heat treatment within the single α phase field region. Another effect, based on the system’s 
aim to reach thermodynamic equilibrium, is the α2 2 + βo transformation  [8,10]. During the 
heat treatment a small amount of βo platelets are stabilized within the α2 lamellae by diffusional 
processes [10]. Additional DF-TEM images of selected diffraction spots were conducted to prove 
the existence of βo phase within the α2 lamellae. In Figure 2 a) a BF and the corresponding DF 
image (Figure 2 b)  of such βo phases are shown. A βo diffraction spot was used to identify the βo 
particles within the α2 lamellae. Dark arrows highlight ζ-Ti5Si3 silicides allocated at a former 
α2 lamella, which was identified by EDS.  
 

  
Figure 1. In a) an SEM image in BSE-mode of a FL microstructure of the investigated TiAl specimen is 

shown. Due to the heat treatment, precipitates (white arrows) are visible within the α2/γ-colonies; b) 
depicts a BF-TEM image of α2 and γ lamellae within an α2/γ-colony. In the α2 lamella a ζ -Ti5Si3 
precipitate is  highlighted. In the upper left, an ordinary dislocation is visible within a γ lamella. 
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Figure 2. In a) the BF-TEM image of an α2/γ-colony is shown. Here different plate-like precipitations can 
be seen within the α2 lamellae. By the use of a βo diffraction spot and recording a DF-TEM image b) these 

particles could be identified as ordered βo-phase (white arrows).    
 
In summary, in the framework of this study different electron microscopy techniques were used to 
identify precipitations within the FL microstructure of a C and Si containing TNM alloy variant. 
Hence, the presence of different composed ζ-Ti5Si3 silicides were determined. They were formed 
during production and different heat treatment steps. Furthermore, the precipitation of βo phase 
due to saturation effects within the FL microstructure was proven by DF technique. In future, these 
precipitates might serve to further improve the high temperature strength and creep properties of 
the alloying system and this will extend the range of applications [6,8].  
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1. Introduction 
 
The development of the auto industry showed the continuous need for improving the strength of 
ductile irons. The preferable method is heat-treatment (austempering), in order to obtain ausferrite 
microstructures, and thus increase the mechanical properties. The ausferrite is a mixture of 
ausferritic ferrite and carbon enriched retained austenite [1], and the new material is known as the 
Austempered Ductile Iron (ADI). The ADI has a remarkable combination of high strength, 
toughness, and ductility, as well as good fatigue resistance and wear [2-5]. By further advancement 
of ADI materials, a Dual Phase Austempered Ductile Iron (DP-ADI) was created [6-8]. The dual 
phase microstructure is obtained by intercritical annealing (partial austenitization) in the 
(α+γ+graphite) region, whereby colonies of free (proeutectoid) ferrite are introduced into fully 
ausferrite microstructure. The final properties of DP-ADI depend on the volume amount of free 
ferrite (FF), which provides ductility and machinability, and the amount and morphology of 
ausferrite (AF), which grants strength and ductility [6]. Therefore, the DP-ADI has improved 
ductility and machinability, when compared to conventional ADI [6-8].  
The aim of this study was to evaluate the influence of different intercritical austenitization 
temperatures on the volume amount of microconstituents (FF and AF) in the microstructure, and 
mechanical properties, i.e. hardness, as a measure of strength and ductility of the produced DP-ADI. 
 
2. Experimental work 
 
Unalloyed ductile irons with a chemical composition in wt.%: 3.53C; 2.53Si; 0.347Mn; 0.055Mg; 
0.031P; 0.015S; were differently heat-treated, and 12 different DP-ADI specimens were obtained. 
Heat treatment consisted of austenitization within the intercritical interval at 6 temperatures from 
880 to 780°C for 2 hours, and austempering at 400°C or 300°C for 1 hour. Standard metallographic 
preparation techniques (mechanical grinding and polishing, followed by etching in Nital) were 
applied prior to light microscopy (LM) examinations on a ‘‘Leitz-Orthoplan’’ microscope. The 
relationship between the amount (% in volume) of free ferrite (FF), ausferrite (AF), and graphite 
(Gr) in DP-ADI microstructures was quantified by JMicroVision software. The reported values are 
the average of at least five fields of view on each sample. The Vickers hardness HV10 (ISO 6507) 
was determined with a test load of 98.07 N (10 kg) and a dwell time of 15 s.  
 
3. Results 
 
Figures 1 and 2 illustrate the microstructures obtained for all samples, while the hardness values are 
given in Figure 3. The different austenitization temperatures allowed the attainment of 
microstructures composed of different percentages of ausferrite (AF) and free ferrite (FF) in both 
sample groups. At higher austenitization temperatures, there is a higher percentage of AF, which is 
decreased as the austenitization temperature decreases. At the same time, the amount of FF 
increases with the lowering of the austenitization temperature. The change is not linear, as can be 
seen from diagram in Figure 3. 
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Tγ= 880˚C; 88%AF+12%Gr Tγ= 860˚C; 89.2AF+10.8%Gr Tγ= 840˚C; 71.2AF 
+18.4%FF+10.4%Gr 

   
Tγ= 820˚C; 61.6%AF+26.4FF 

+12%Gr  
Tγ= 800˚C; 39.2%AF+50.8FF 

+10%Gr 
Tγ= 780˚C; 9.2AF 
+78.8%FF+12%Gr 

 

Figure 1. Microstructure for samples austenitized at different austenitization temperatures Tγ; austempering 
temperature is 400˚C/1h. 

 

   

Tγ= 880˚C; 88%AF+12%Gr Tγ= 860˚C; 91.2AF+8.8%Gr Tγ= 840˚C; 75.6AF 
+14%FF+10.4%Gr 

   
Tγ= 820˚C; 53.6%AF+35.6FF 

+10.8%Gr 
Tγ= 800˚C; 32.4%AF+58.4%FF 

+9.2%Gr 
Tγ= 780˚C; 12.4AF 

+76.8%FF+10.8%Gr 
 

Figure 2. Microstructure for samples austenitized at different austenitization temperatures Tγ; austempering 
temperature is 300˚C/1h. 
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Figure 3. Effect of microconstituents percentages on the hardness values of Dual Phase  
Austempered Ductile Iron 

 
Moreover, when the amount of FF is less than ~50%, the samples that were heat treated at a lower 
austempering temperature (300°C) have a higher level of hardness than samples heat treated at 
400°C. In this case, different morphology of AF primarily influences the hardness. The acicular 
appearance of AF at 300°C yields higher hardness values, while more plate like morphology of AF 
at 400°C gives lower hardness values. When the amount of the soft phases (FF and Gr) is more than 
~65%, the morphology of AF does not have any more primarily influence, and both groups of 
samples have similar, low hardness values.  
 
3. Concluding remark 
 
Finally, it could be concluded that amount of microconstituents, and their morphology have a 
profound influence on the mechanical properties of DP-ADI materials. It is shown that DP-ADI 
could provide a wide range of mechanical properties as a function of the relative proportion of free 
ferrite and ausferrite constituents. 
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Ti-Al-Si intermetallic alloys are very promising materials with high oxidation resistance, creep 
resistance and low density for applications where low density and structural stability at high 
temperatures are essential - in automotive, aviation and space applications. These materials are 
considered as substitutes of widely used heat resistant steels and nickel superalloys, which have 
excellent mechanical properties and structural stability at high temperatures, but very high density 
[1, 2]. A big problem is the brittleness of silicides, so they need to be very fine or fibrous so that 
the fracture toughness of the material will be increased [3]. The principle of improving low 
ductility at room temperature, strength and toughness at high temperatures is to control the 
microstructure by microalloying [4] or thermo-mechanical processing [5] or by chemical 
composition [6, 7]. It is necessary to design a material, which has the composition as close as 
possible to the eutectic - that the eutectic phases are very fine. 
Ti-Al-Si alloys can be prepared by conventional casting techniques. The use of these methods 
causes serious obstacles because of high melting points of intermediary phases, exothermic 
reactions during their formation and high reactivity of the melt with the melting crucibles [8, 9]. 
Sharp-edged coarse silicides of Ti5Si3 phases are formed by melting metallurgy of Ti-Al-Si alloys. 
Coarse oriented sharp-edged silicides have a negative effect on mechanical properties because they 
decrease the fracture toughness of the resulting material [9]. Powder metallurgy is a promising 
method for preparation intermetallic alloys based on Ti-Al-Si system, it allows to produce 
components of very complicated shapes without the additional machining. Powder metallurgy 
enables to combine the elements with different melting points, different solubility or different 
density [10, 11]. The possibility to prepare these alloys with fine grains and more homogeneous 
structure is mechanical alloying - a very energy-intensive process but effective in obtaining 
sufficiently fine grains [1]. Mechanical alloying produces powders with nanometer-scale grain size 
and homogeneous dispersion of individual phases. The achieving of the compact sample with 
nearly-full density from powder can be by Spark Plasma Sintering method (SPS). The main 
advantage of SPS is a short time of sintering and the use of lower sintering temperatures compared 
with conventional sintering methods (e.g. hot isostatic pressing). A pulsed high electric current is 
forming spark discharges between powder particles, and they generate plasma. Spark discharges 
remove the oxide films and impurities on the particle surface. Joule heating also contributes to the 
densifications of powders [12-14]. 
In this work, the microstructure of Ti-Al-Si intermetallic alloys prepared by mechanical alloying 
and Spark Plasma Sintering will be described. The TiAl15Si15 (wt. %) alloy with the most 
homogeneous structure was chosen from previous research at UCT Prague. The effect of alloying 
elements (cobalt, chromium, iron, molybdenum, niobium and nickel) on the microstructure of 
TiAl15Si15 alloy will be studied. The result of Ti-Al-Si-X (X = Co, Cr, Fe, Mo, Nb, Ni) alloys 
will be compared with the same alloy prepared without alloying elements. 
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Achieving high fracture toughness and maintaining high strength at the same time are main goals in 
materials science. In this work, scale-bridging fracture experiments on ultrafine-grained chromium 
(UFG, Cr) are performed at different length scales, starting from the macroscale (conventionl thre 
point bending tests) over the microscale (in situ SEM) down to the nanoscale (in situ TEM).  
 

This UFG Cr structure is produced with one highlighted severe plastic deformation method, 
namely high pressure torsion (HPT). Wedge-shaped samples were prepared by conventional wire 
cutting, gentle grinding, and subsequent electrochemical etching to remove any deformation layer. 
Fabrication of miniaturized bending beams along this sample is conducted using a focused ion 
beam (FIB). A single notch cantilever bending test geometry is chosen for SEM and TEM 
specimens. The bending beams are clamped from one side to reflect the most common fracture 
experiment geometry used at small scales. Annealing treatments in the TEM are performed prior 
to in situ TEM tests. This process allows to eliminate defects and pre-existing dislcoations 
introduced during HPT or FIB preparation. Very sharp notches, arround 2 nm tip radius maximum, 
are introduced in the TEM by converging the electron beam at high magnification and scanning 
the area to be notched for few minutes.  
 

A quantitative assessment of the fracture toughness yields values of 3 MPa.m1/2 , at the three 
different tested scales, within the frame of linear elastic fracture mechanics. In situ TEM tests 
reveal explicitly the occurrence of dislocation emission processes involved in energy dissipation 
and crack tip blunting serving as toughening mechanisms before intercrystalline fracture in UFG 
bcc metals. 
Diffraction patterns of the grains arround the notchs collected prior to tests, see Figure 1(a) , 
revealed their crystallographic orientations. This allows the characterisation of emitted 
dislocations from the notch and grain boundaries arround the noth. The dislcoations characters and 
their Burgers vector explain the specific direction of the notch opening, as shown in Figure 1(b-f). 
  

Two groups of specimens are tested: one with notches along grain boundaries (see Figure1 (a)) 
and another with notches within a single grain (see Figure2 (a)). Specimens notched along a grain 
boundary show further dislocation emission and ductility prior to crack propagation. However, the 
specimens notched within a single grain exhibit fewer dislcoation emission events  from the notch, 
followed by a fracture along the neareast grain boundary (see Figure 2(b). Quantifying the bending 
stress measured at fracture, as shown in Figure 2(c), shows that the stress needed to allow a crack 
to propagate along GBs is higher than that required to emit dislocations from them, as represented 
in the scheme of Figure 2(d). This underlines that dislocation emission occurs before 
intercrystalline brittle fracture. Thanks to these in situ TEM tests, one can conclude that a 
promising strategy to promote ductility and induce additional toughness in UFG bcc materials is 
by strengthening GBs [1]. 
 

Increasing grain boundaries cohesion (or strength) is possible by locally adding adhesion 
improving impurities such as Carbon or Boron to the grain boundary sites. The amount of local 
segregation and thus modification in GBs cohesion will also depend on the atomistic grain 
boundary configuration in front of the notch and the grain-boundary character. Progress towards 
this intentional GB modification to imcrease toughness will finally be addressed.  

In Situ TEM Fracture Experiments on Ultrafi ne Grain Chromium 
at RT: Dislcoations Processes and Toughnening Mechanisms

INAS ISSA1, ANTON HOHENWARTER1, REINHARD FRITZ1,2, DANIEL KIENER1

1 Department Materials Science, Chair of Materials Physics, Montanuniversität Leoben, Austria; 2 now at 
Voestalpine Tubulars GmbH & Co KG, Austria



METALS,  ALLOYS AND INTERMETALLICSMATERIAL SCIENCES 341

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

Figure 1: a) TEM image of a notched specimen with the notch along a GB. Inset: SAD pattern of the 
selected grain. b) Schematic representation of the two possible slip systems likely to be activated in the 

corresponding configuration of the crystal in the specific grain near the notch. c) Same slip systems viewed 
along the zone axis [110], in correspondence to the TEM images. d-f) Consecutive TEM images extracted 
from the in situ TEM test with dislocation emission and glide along the direction presented by the arrow. 

Figure 2: (a) TEM image of a notched cantilever with the notch situated within a grain, at an early stage of 
dislocations emission. (b) TEM image showing the fracture occurring along a GB. (c) Nominal uniaxial 
bending stress at ligament of a specimen notched along the GB (red curve) with two cycles of loading–

unloading and other notched in a grain (blue dotted curve), as a function of the bending displacement. Inset: 
TEM images after tests of (from top to down) the specimen with the notch situated in the grain and below 

the two specimens notched along GBs. The bottom TEM image corresponds to the red curve. (d) Schematic 
detailing the stress required to allow a crack to propagate along a GB being higher than that required to 

nucleate dislocations. However, both are well below the theoretical shear strength of Cr. 
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The appearance of inhomogenous deformations, i.e. Lüders bands today is considered as 
significant problem in forming of different types of metals during cold deformation [1]. This is a 
significant problem because final products where surface roughness remains can be obatined and 
can affect the final product quality. 
 
Therefore, very intensive research of the mechanism of formation and propagation of the Lüders 
bands in different metal materials is carried out [2]. Niobium microalloyed steels are one of the 
steels that show the appearance of inhomogeneous deformations during cold deformation and 
because of that, intensive research is carried out on these steels [3].  
 
The steel behavior during cold deformation can be monitored very well using methods 
thermography [4] and digital image correlation [5]. Thermography allows to follow temperature 
changes, i.e. stress changes during the Lüders bands propagation while the digital image 
correlation allows to measure the strain amounts at any time during cold deformation in the 
deformation zone. 
 
Today, the results of steel behavior during cold deformation are often associated with the 
microstructure of steel [6]. Some authors are used metallography to observe how the 
microstructure influences the appearance of the Lüders bands [7] and found that heterogeneous 
microstructures can affect the occurrence or reduction of yield point elongation. Singh et al are 
used scanning electron microscopy [8] for detection of different types of precipitates present in 
steel during the Lüders band formation. Recently, transmission electron microscopy has also been 
used to gain the clearest role of dislocation and precipitates at the start of plastic material flow, 
primarily in the mechanism of propagation of the Lüders bands.  
 
However, determination of the influence of dislocations and precipitates present in the 
microstructure of steel has not been investigated. 
 
The aim of this paper is to determine the distribution of dislocations and precipitates on the Lüders 
band front during propagation of the Lüders band through the deformation zone. 
 
The chemical composition of niobium microalloyed steel is shown in Table 1.  
 

Table 1. Chemical composition of niobium microalloyed steel (wt%) 
 

Element C Mn Si P S Al Nb N Fe 
Microalloyed 

steel 0.12 0.78 0.18 0.011 0.018 0.020 0.048 0.008 Bal. 
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In this research thermography and digital image correlation are used simultaneously with static 
tensile testing. Thermography is used for determine temperature changes, i.e. stress distribution 
and digital image correlation for strain distribution during the Lüders bands propagation on the 
Lüders band front. Testing area researched with transmission electron microscope is marked with 
black rectangle on the Lüders band front, Figure 1.  
 

  
Figure 1. Studied Lüders band front marked with a black rectangle on: a) thermography and b) digital 

image correlation (DIC) 
 

Distribution of dislocations on the Lüders band front determined with transmission electron 
microscope is shown in Figure 2. 
 

 
 

Figure 2. Direction of dislocations on the Lüders band front at magnification 85 000x 
 
Dislocations on the Lüders fronts are partially directed in the direction of the Lüders band front 
and partially of the dislocations is directed vertically on the Lüders band front. Dislocations 
directed vertically on the Lüders band front have tendency to go in the direction along the Lüders 
band front as the propagation of the Lüders band proceeds. 
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Interaction between dislocations and small precipitates is noted at the Lüders band front. 
  
Further detailed research on particular areas of the Lüders bands will show dislocations distribution 
and precipitates distribution in various areas of the Lüders band. 
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Tungsten (W) and tungsten-based materials are recognised as leading candidates for divertor and 
plasma facing components (PFC) of future nuclear fusion devices [1]. The unique suitability of these 
materials for the very challenging fusion reactor application is due to their excellent high temperature 
properties. However, a significant drawback for the structural application of tungsten is its poor 
fracture toughness and low ductility at room temperature (RT), coupled with a high ductile-to-brittle 
transition temperature (DBTT) [2]. These properties cause serious restrictions on both, its 
performance in demanding applications, as well as its workability. Therefore, progress and success 
of using tungsten for structural components are strongly dependent on the introduction of toughening 
mechanisms, making tungsten in such a way a more fracture resistant material.  
 
Among several ductilization strategies, one of the promising options is the development of W-fibre 
reinforced W-composite materials (Wf/W) [3]. This composite structure is obtained by embedding 
commercially available drawn tungsten wires in a tungsten matrix, which is produced either by 
powder metallurgy or by a chemical deposition process. The advantage of Wf/W is its pseudo ductile 
behaviour and thereby increased toughness as a consequence of extrinsic toughening mechanisms 
such as crack bridging by intact fibres, fibre pull-out, crack deflection and ductile deformation of 
fibres [4]. In such a way, the brittleness of W can be mitigated, making Wf/W composites a feasible 
PFC alternative. The drawn tungsten wires used as reinforcements are the key components which 
determine the structural integrity of the Wf/W composite. This sets the requirement of exceptional 
properties and brings an interest in studying them. Fracture properties of the wires at moderate 
temperatures and a complete understanding of the underlying micromechanisms controlling the 
fracture process is of fundamental importance for the composite development.  
 
This contribution is oriented towards the investigation of the fracture behaviour of heavily deformed 
150µm pure and K-doped W wires with the main focus on the effect of heat treatments and their 
microstructrual stability upon annealing. A scanning electron microscope equipped with an electron 
backscattered diffraction detector was used to perform detailed analyses of the evolution of different 
aspects of the microstructure (nature of grain boundaries, grain shape and size, texture). Vacuum 
annealing in the temperature range from 900-1600°C enables the investigation of the microstructural 
stability of the two materials and arising annealing phenomena - recovery, recrystallization and grain 
growth. The results demonstrate that pure tungsten wires fully recrystallize in the temperature range 
between 1300-1500°C accompanied with tremendous coarsening and a complete loss of the initial 
fibrous, elongated grain structure (Figure 1). In contrast to this, potassium doped wires show superior 
high temperature properties, where the performed heat treatments cause less pronounced 
microstructural changes, consequently suppressing recrystallization and grain growth to temperatures 
well above the highest one investigated.  
 
Room temperature fracture experiments of the wires were conducted with the emphasis on the 
evolution of the fracture micromechanisms in respect to annealing treatments. Single-edge-notched 
specimens were used, with the crack growth direction perpendicular to the drawing axis of the wire. 
The occurrence of either a brittle or a ductile response in the as-received state of both materials is a 
strong indication that the DBTT is around RT. Pure, annealed tungsten wires experience a tremendous 
drop in fracture toughness of about 70% after the heat treatments, followed by a prominent transition 
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of the failure mode. The observed embrittlement by annealing can be related to the loss of the fibrous, 
elongated microstructure. In contrast to this, the results of the annealed, doped wires demonstrate that 
the microstructural stability and preservation of the initial, beneficial grain structure is directly 
reflected in the crack resistance of the material. Predominately ductile behaviour, with characteristic 
knife-edge necking, is seen even after annealing at 1600°C (Figure 2). In addition, in order to 
investigate the anisotropy of the fracture properties and evaluate the crack growth resistance along 
the elongated microstructure, in-situ experiments were conducted with the crack propagation 
direction parallel to the principal drawing direction. Femtosecond laser processing was used to 
fabricate micro single leg bending specimens. The obtained fracture toughness values are 
significantly lower in comparison to the other orientation. The fracture initiation toughness and R-
curve behaviour are mainly controlled by the morphology of the fracture surface and roughness of 
the evolving crack paths.   
  

 
Figure 1. Scanning electron micrographs, taken with backscatter electron detector, of pure and K-doped 

tungsten wires in the as-received and annealed states (1300 °C and 1600 °C). The images are taken in the 
center of longitudinal sections. The schematic drawing shows the principle direction of deformation, as well 

as the position of the typical scanning area with respect to the drawing direction. 
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Figure 2. Fractographs of tungsten wires annealed at 1300°C for 1h. A comparison is made between a pure 
W wire having mixed, brittle failure mode that consists of both, cleavage and intergranular fracture and a K-

doped W wire having predominately a typical ductile, knife-edge necking dominated fracture behaviour. 
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There are numerous open questions regarding the origin of the universe and the European 
Organization for Nuclear Research (CERN) keeps on looking for new routes to find the answers: to
that end, a conceptual design for a proposed next-generation high-energy hadron-hadron collider 
(CERN Future Circular Collider, FCC-hh) was published. The new machine would be located in a 
100 km circumference ring close to Geneva (Switzerland) and its target centre-of-mass energy is
100 TeV, assuming a nominal magnetic dipole field of 16 T, produced by superconducting coils at 
an operating temperature of 4.2 K. The best candidate for such magnets is Nb3Sn, a low temperature 
superconductor (critical temperature Tc up to 18.3 K) which is in principle able to reach the related
requirements for the construction of such a particle accelerator: a critical current density Jc of 
1.5 kA/mm2 at 16 T and 4.2 K.
As the chemical composition has a great influence on the performance of Nb3Sn, energy dispersive 
X-ray (EDX) spectroscopy was employed with both scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) to analyze the elemental distributions over the cross-
sections of prototype internal tin Nb3Sn wires manufactured with different designs and heat 
treatments. Figure 1 shows pictures produced by back-scattered electrons representing two different 
investigated wires.

Figure 1. Examples of wire sub-elements with different designs. The pictures represent a Nb3Sn wire with (a) 
“standard” sub-elements and (b) sub-elements showing “clusters” (labeled 1,2,3). The different colours
indicate regions with different elements or phases.
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In particular, EDX line scans were performed along the radial direction in wire sub-elements, from 
the Nb barrier in the peripheral region to the Cu-Sn core (as shown in Figure 2). During the analysis 
the main focus was set on Sn concentration and its homogeneous distribution, which has a great 
impact on the wires superconducting properties.

The connections between the elemental distribution analyses and the wires magnetic and 
superconducting properties measured by SQUID magnetometry and scanning Hall probe microscopy
will be discussed as well.
This study will help to better understand which directions should be followed in the manufacturing 
process in order to obtain wires with improved microstructural and superconducting attributes.

This work is part of the Marie Skłodowska-Curie Action EASITrain (European Advanced 
Superconductivity Innovation and Training), funded by the European Union’s H2020 Framework 
Programme under grant agreement no. 764879. The development of wires by the Bochvar Institute 
(addenda KE2968 and KE4037) and their characterisation at TU Wien (addendum KE3194) was 
supported by CERN in the context of the FCC Study.

Figure 2. Left: example of the path used for EDX line scans of sub-elements in the radial direction 
from the Nb barrier to the Cu-Sn core. Right: Sn concentation along the measured path with a 
line fit showing a small but relevant gradient.
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1. Introduction 
Bulk metallic glasses (BMGs) are amorphous materials showing attractive physical and mechanical 
properties like high yield strength and a high elastic limit due to their unique atomic structures. 
Despite the lack of a long-range order, still topological and chemical short-range and medium-range 
order are expected to occur. Although being amongst the strongest engineering materials known, 
they exhibit a disappointingly low plastic deformability. 
 
2. Objectives 
To circumvent this limited ductility the concept of heterogeneous microstructure e.g. by the 
formation of composites has recently been used [1]. One way to achieve such a structure is thermal 
treatment of the BMG. Here we present the analysis of flash-annealed CuZr based BMGs. 
 
3. Materials and Methods 
During the flash-annealing process the atomic structure of Cu44Zr44Al8Hf2Co2 BMGs is modified by 
rapid heating to different target temperatures above glass transition temperature (712 K) and the 
subsequent cooling in a water bath. The samples were heated to 817 K, 898 K and 916 K with a 
mean rate of 67 K/s and studied in a Zeiss Supra 55VP scanning electron microscope (SEM) at 20 
kV as well as a Philips CM200 transmission electron microscope (TEM) operating at 200 kV using 
tilted dark-field (DF) fluctuation electron microscopy (FEM). 
 
4. Results 
Using back-scattered electrons the SEM observation of the sample heated to 916 K reveals both an 
amorphous and a crystalline part each taking up about half of the sample with spherical crystallites 
of different size in between (Figure 1a). Figure 1b illustrates a TEM image of a FIB lamella taken 
from one of the crystallites embedded in the amorphous structure. The corresponding diffraction 
pattern (DP) contains superlattice reflections indicating the presence of the B2 ordered structure. 
This is interesting as in crystalline CuZr based materials, devitrified from the amorphous structure, 
Cu10Zr7 and CuZr2 structures are expected to occur. 
 

 
 

Figure 1. (a) SEM image of the transition area from fully amorphous to fully crystalline structure in 
the sample heated to 916 K showing micrometer-sized crystallites. (b) TEM bright-field image and 

DP of a spherical crystallite embedded in the amorphous matrix revealing defective B2 ordered 
crystal structure. 
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In order to analyse and compare the structures of the fully amorphous samples flash-annealed to 
817 K and 898 K as well as the amorphous part of the sample heated to 916 K, variable resolution 
DF FEM was applied. Figure 2a shows a DP with integrated intensity using the software PASAD 
[2] indicating the amorphous structure. Figure 2b illustrates a tilted DF image taken with a given 
scattering vector k showing intensity variations in the form of speckles due to local structural 
correlations. 
 

 
 

Figure 2. (a) Characteristic DP and (b) tilted DF image of the amorphous structure. 
 

Fluctuations of DF image intensity reveal structural ordering at the medium range. Acquiring a 
series of DF images at different vectors k and azimuthal angles φ provides the mean intensity and 
normalized variance as a function of k. The normalized variance is defined as 
 
V(k) = (<I(k,r)²>/<I(k,r)>²) – 1 
 
with I being the image intensity and <> meaning averaging over sample position r. Figure 3 
illustrates the mean intensity and normalized variance curves of the differently treated samples, 
calculated from 320 images each, using an aperture size of 10 µm. It is interesting to compare the 
profile of the normalized variance to the 4 most intense peaks in the X-ray diffractogram of B2 
structured CuZr, as they show remarkable similarities. 
 

 
 
Figure 3. Mean intensity and normalized variance curve of the different samples as a function of the 

scattering vector k used for the tilted dark-field images. 
 

By changing the aperture size and thus varying the spatial resolution the correlation length, a length 
scale for medium-range order, can be derived from the pair persistence model [3]. Figure 4 
compares the correlation lengths of the flash annealed amorphous samples to the as-cast state 
showing a continuous increase in medium-range order with increasing target temperatures. 
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Figure 4. Calculated correlation length in the amorphous phases 
of the as cast and flash-annealed samples. 

 
5. Conclusion 
Based on our results, flash-annealing of CuZr based BMGs facilitates the modification of the 
amorphous phase and the formation of crystalline spheres with B2 ordered structure. The 
modification of the amorphous structure could be monitored by tilted dark-field fluctuation electron 
microscopy. The profile of the normalized variance as a function of the scattering vector indicates 
structural similarity of the amorphous phase to B2 structured atomic clusters since the profile 
resembles the X-Ray diffractogram of the B2 structure when the most intense peaks are considered. 
The correlation length, here as a measure for B2 like medium-range order, which can be derived 
from the pair persistence model, is consistent with typical correlation lengths for amorphous CuZr 
reported in literature and increases continuously with the target temperature for flash-annealing. 
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1. Introduction 

Titanium and titanium alloys are most commonly used as hard tissue implants. In order to avoid 
implant failure due to defective osseointegration, laser surface modification is used to improve 
implant biocompatibility and osseointegration. The aim of the presented study was to 
investigate the influence of the laser irradiation parameters on the titanium-based alloy surface 
morphology and damage characteristics which directly influence the implant alloy 
biointegration properties.  

2. Experimental details 

The Ti-13Nb-13Zr (mass%) alloy, produced in the Institute of Nuclear Sciences „Vinča“ [1], 
was subjected to the laser surface modification treatment. Before irradiation, Ti-13Nb-13Zr 
alloy surface was prepared by the standard metallographic procedure (grinding, polishing and 
cleaning). Laser irradiation was carried out using Nd:YAG laser operating at 1064 nm 
wavelength and pulse duration of 150 ps in air and argon atmosphere under laser output energy 
of 5 and 30 mJ and irradiation time of 5 and 100 s. The laser was operated with a repetition rate 
of 10 Hz. Field emission - scanning electron microscopy (FE-SEM) and profilometry were used 
to analyze the surface morphology and surface damage characteristics after laser irradiation. 

3. Results and discussion 

During laser irradiation, laser energy was partly reflected and partly absorbed by implant 
material surface [2]. Absorbed laser irradiation caused various macroscopic and microscopic 
changes in the surface morphology. Morphological changes of the target surface for a pulse 
energy of 5 and 30 mJ after irradiation in the air for 5 s are presented in Figure 1. Short-term 
alloy irradiation with lower laser pulse energy resulted in the appearance of the superficial 
craters (Figures 1a and 1b). Increased laser pulse energy caused melting of the target material 
and formation of the hydrodynamic effects in the form of wave-like structures (Figure 1c). 
Presence of the microcracks in the damaged area is more pronounced when the alloy surface 
was irradiated with higher laser energy. Increase in the irradiation time and energy led to the 
formation of deeper surface craters (Figure 1d). 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 1. (a),(c) FE-SEM micrographs and (b),(d) 2D profilometric analysis showing the surface 
damage of the Ti-13Nb-13Zr alloy target during the irradiation time of 5 s in air under laser pulse 

energy of (a),(b) 5 mJ and (c),(d) 30 mJ  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 2. (a),(c) FE-SEM micrographs and (b),(d) 2D profilometric analysis showing the surface 
damage of the Ti-13Nb-13Zr alloy target during the irradiation time of 100 s in air under laser pulse 

energy of (a),(b) 5 mJ and (c),(d) 30 mJ 

After increasing the irradiation time, the formation of more pronounced craters with 
microcracks and hydrodynamic effects in the form of solidified droplets can be observed 
(Figures 2a and 2c). Prolonged irradiation in the air also resulted in an increase of the crater 
depth (Figure 2b). Impact of the high laser energy and long-term irradiation can be seen in 
Figure 2c where clearly visible crater with rapidly melted and solidified surrounding area is 
presented. Increase of the irradiation time and laser pulse energy led to the formation of deeper 
craters on the alloy surface (Figure 2d).  
Laser surface irradiation in argon also resulted in the formation of microcracks, craters and 
hydrodynamic effects in the form of solidified droplets and wave-like structures (Figures 3 and 
4). Comparing the surface modifications achieved during the laser irradiation in air and argon 
atmosphere under the same irradiation conditions, it was found that the higher damage degree 
along the target depth was achieved in the argon atmosphere. 
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(a) 
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Figure 3. (a),(c) FE-SEM micrographs and (b),(d) 2D profilometric analysis showing the surface 
damage of the Ti-13Nb-13Zr alloy target during the irradiation time of 5 s in argon under laser pulse 

energy of (a),(b) 5 mJ and (c),(d) 30 mJ  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 4. (a),(c) FE-SEM micrographs and (b),(d) 2D profilometric analysis showing the surface 
damage of the Ti-13Nb-13Zr alloy target during the irradiation time of 100 s in argon under laser 

pulse energy of (a),(b) 5 mJ and (c),(d) 30 mJ 
4. Conclusion 

Laser irradiation parameters significantly affect the morphology of the modified titanium alloy 
surface. The interaction of laser irradiation with Ti-13Nb-13Zr alloy led to the formation of 
surface craters and microcracks accompanied by hydrodynamic effects in the form of wave-
like structures and solidified droplets. Laser irradiation in argon atmosphere resulted in the 
formation of the deeper craters with more pronounced hydrodynamic effects. 

Acknowledgments  
This work was financially supported by the Ministry of Education, Science and Technological 
Development of the Republic of Serbia through Projects No. ON174004 and ON172019. 

References 
[1] I. Cvijović-Alagić, Doctoral Thesis (in Serbian), Faculty of Technology and Metallurgy, 
University of Belgrade, Belgrade, Serbia (2013) 
[2] M. Trtica, B. Gaković, D. Batani, T. Desai, P. Panjan, B. Radak, Applied Surface Science, 
253 (2006) 2551-2556 



METALS,  ALLOYS AND INTERMETALLICSMATERIAL SCIENCES 357

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

Microstructure and fracture analysis of T6 treated hypereutectic Al-13.5Si alloy 
for IC engine components  

 
Darko Vuksanovic1, Vanja Asanovic1, Zorica Cvijovic2, Jelena Scepanovic1 and Dragan Radonjic1 

1University of Montenegro, Faculty of Metallurgy and Technology, Podgorica, Montenegro 
2University of Belgrade, Faculty of Technology and Metallurgy, Belgrade, Serbia 

 
1. Introduction 

Aluminum-silicon alloys have been applied significantly in the automotive, transportation, and 
several other industries due to their good strength, lightweight, castability, corrosion resistance, and 
excellent thermal conductivity [1-3]. Silicon as a major alloying element is added to aluminum 
alloys to improve their castability and fluidity as well as reduce shrinkage during solidification [4]. 
The mechanical properties of aluminum-silicon alloys depend on the morphology of eutectic silicon 
and intermetallic phases [5]. Magnesium, nickel, copper, and zinc having strengthening effects are 
added to aluminum-silicon alloys in order to improve their mechanical, physical, and service 
characteristics [4]. On the other hand, iron is a common impurity in aluminum and its alloys [4, 6]. 
Depending on chemical composition and production procedures various intermetallic phases such 
as Al2Cu, Mg2Si, Al2CuMg [7], and Al(Fe,M)Si, where M denotes manganese, vanadium, 
chromium, molybdenum or copper could be expected in the microstructure of aluminum-silicon 
alloys [8]. Besides, the addition of magnesium may lead to precipitation of insoluble Al5Cu2Mg8Si6 
phase with a low melting point [5]. Strength improvement of aluminum-silicon alloys at elevated 
temperatures is mainly caused by the precipitation of intermetallic Al3Ni phase [6]. Since the 
solubility of iron in liquid aluminum and its alloys is high but very little in the solid, it forms 
different intermetallic phases with other elements such as α-Al8Fe2Si, β-Al5FeSi, π-Al8FeMg3Si6, 
and α-Al15(Fe,Mn)3Si2 [6, 9]. The present work was undertaken to study the influence of T6 
treatment on microstructure, mechanical properties, and tensile fracture of hypereutectic Al-13.5Si 
alloy. Our previous investigation has revealed that as-cast samples of Al-13.5Si alloy have 
exhibited properties which are in line with commercially available materials for manufacturing of 
internal combustion engine parts [10]. 
 

2. Experimental procedure 
The hypereutectic Al-13.5Si alloy with the composition shown in Table 1. was made by melting 
AlSi10Mg master alloy, Al-based pre-alloys (Al-33%Cu, Al-60%Mn and Al-75%Fe) as well as 
technically pure silicon, nickel, and molybdenum in an electric resistance furnace. The Al-10% Sr 
master alloy was added to the melt for modification of eutectic silicon. Details of the casting and 
poring procedures have already been published [10]. In order to provide a better combination of 
tensile strength and elongation compared to cast condition [11], the T6 treatment was performed. 
The solution treatment carried out at 520 oC ± 5 oC for 6 hours was followed by quenching in water 
(at 70oC). The subsequent artificial aging treatment was performed at 205 oC ± 5 oC for 7 hours 
while specimens were finally cooled in ambient air. The tensile strength and relative elongation of 
the T6 treated specimens were determined at room temperature using the machine 1195 Instron, 
whereas the hardness was determined as Brinell hardness HB 5/250/30 by testing machine produced 
by Karl Frank Gmbh, type 38532. An optical microscope and scanning electron microscope JEOL 
JSM-6460 LV examined the microstructures of T6 treated samples. The characterization of fracture 
morphology of the samples after tensile testing was carried out with JEOL JSM-6460 LV in 
secondary electron mode. 
 

Table 1. Chemical composition of Al-13.5Si alloy (wt%). 
Si Cu Mg Ni Co Fe Mo Mn Sr Al 

13.50 1.47 1.30 0.36 0.35 0.33 0.20 0.07 0.048 Bal. 
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3. Results and discussion 
The microstructure of as-cast samples consists of the fine dendrites of α-Al phase, 31.11 vol.% of 
disperse eutectic silicon, about 10 vol.% of intermetallic phases based on iron, manganese, copper, 
nickel, cobalt, silicon and magnesium, as well as a small amount of a brittle β-Al5FeSi(Mn) phase 
[10]. Considering that hypereutectic Al-13.5Si multicomponent alloy has hypoeutectic morphology, it 
is evident that the addition of strontium has caused the decreasing of Al-Si eutectic temperature and 
shift of the eutectic composition away from 12 % of silicon [10]. Besides α-Al phase, the rounded 
eutectic silicon (24.72 vol.%) and several intermetallic phases (6.67 vol.%) were revealed in T6 
treated specimens. About 0.16 vol.% of β-Al5FeSi(Mn) phase were found, especially in the central part 
of T6 treated specimens (Fig. 1 a-c). The fine and rounded particles of Al3Ni phase in the quantity of 
5.02 vol.% (Fig. 1.d), traces of Al3(Fe,Mn,Cu,Co,Ni) and only 0.09 vol.% of α-Al15(Fe,Mn,Cu)3Si2 
with a Chinese script morphology were recognized in T6 treated samples (Fig. 1.c). Insoluble 
Al5Cu2Mg8Si6 phase was observed in the quantity of 1.4 vol.%, while only traces of Mg2Si phase 
are found after T6 treatment. Other phases based on copper and magnesium were mostly dissolved. 
 

                             
a)                                                            b) 

                                
      c)                                                              d) 

Figure 1. The microstructure of T6 treated Al-13.5Si alloy. 
 
The values of the mechanical properties of as-cast alloy are explained in our previous work [10]. 
Compared to cast samples, T6 treated specimens have exhibited a better tensile strength and 
elongation, but the lower hardness (Table 2.). A wide dispersion of eutectic silicon particles after T6 
treatment may cause a decrease in hardness [12]. Although the tensile strength of T6 treated 
samples of Al-13.5Si alloy are comparable with results obtained for hypoeutectic Al-Si alloys [12, 
13], the elongation could be better. Furthermore, a slight increase in the tensile strength due to T6 
treatment suggests a further investigation of solution treatment parameters for achieving the best 
combination of mechanical properties of Al-13.5Si alloy. 
 

Table 2. Mechanical properties of as-cast [10] and T6 treated samples of Al-13.5Si alloy. 
Specimen Rm [MPa] Hardness [HB] Elongation [%] 
As-cast 254.8 1.4 138.0 

T6 treated 269.7 2.1 102.0 
 
Fracture analysis of samples after T6 treatment has revealed a plane surface indicating a brittle 
fracture (Fig. 2.a). Higher magnification has discovered the predominantly intercrystalline fracture 
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with features of ductile failure (Fig. 2.b-f). Rounded eutectic silicon and low quantity of 
intermetallic phases contribute to the ductile fracture nature. Nevertheless, β-Al5FeSi(Mn) and 
small intermetallic particles with smooth surfaces have caused a brittle fracture. 
 

     
a)                                                   b)                                                        c) 

      
                        d)                                                     e)                                                        f) 

Figure 2. Fracture surface morphologies of T6 treated specimes of Al-13.5Si alloy. 
 

4. Conclusions 
The microstructure of T6 treated Al-13.5Si alloy consists of α-Al phase, the rounded eutectic silicon 
(24.72 vol.%) and several intermetallic phases (6.67 vol.%). T6 treated specimens have exhibited a 
better tensile strength and elongation, but the lower hardness compared to as-cast samples. 
Although the mechanical properties are in line with other available hypoeutectic alloys, the next 
study will be focused on solution treatment parameters for achieving the best combination of 
strength and ductility.  
The predominantly intercrystalline fracture with features of ductile failure was observed. While 
rounded eutectic silicon and low quantity of intermetallic phases contribute to the ductile fracture 
nature, β-Al5FeSi(Mn) phase and small intermetallic particles with smooth surfaces have caused a 
brittle fracture. 
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Using in-situ tensile stage placed in SEM provides good insight to observation of microstructure 
deformation. Deformation can be visible both in SE or EBSD mode. Various steel (e.g. TRIP steel, 
maraging steel prepared by additive manufacturing, tool steel) specimen were used for tensile 
testing. Experiments cover whole area of stress-strain curve and are performed until complete 
break of the specimen. The progress of sample deformation and the development of the crack is 
strongly affected by the quality of the material. Also any eventual presence of a defect in the 
structure (such as inclusions, pores, microcracks, unmelted metal powder particle, AM laser trace 
residuum) can cause changes not only in microstucture deformation process but can lead to 
changes in results of tensile testing. Different shape of the stress-strain curve was observed 
comparing defect and defect-free sample of the same steel. 
These areas of inhomogeneity may also act as crack initiators or, if in large number or suitable 
distance, determine the direction of the crack propagation. However, it was found (Fig. 1a,b) that 
such defect (inclusion in a low alloyed bainitic steel) act as a point where tensile stress was 
released, propagation of the crack stopped and new branch of the crack started to propagate in an 
opposite direction to the original crack. 
 

 

 
But mostly, inclusions are of course the weak points of the material and irreversible break or 
separation from the matrix occurs while the material is still in the elastic deformation (Fig. 2,3). 
The structure deformation takes place afterward. 
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Figure 2 Cracking of chromium carbides in tool 

steel. 
Figure 3 Interface decohesion of Al particle in a 

TRIP steel matrix. 
 
Acknowledgement 
This contribution has been prepared under project LO1502 ‘Development of the Regional 
Technological Institute‘ under the auspices of the National Sustainability Programme I of the 
Ministry of Education of the Czech Republic aimed at supporting research, experimental 
development and innovation. 



METALS,  ALLOYS AND INTERMETALLICSMATERIAL SCIENCES 362

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

Effect of particle size TiO2 Flux in A-TIG welding  
 

Miroslav Dramicanin1, Sebastian Balos1, Petar Janjatovic1 Dragan Rajnovic1, Savka Adamovic1 
 

1University of Novi Sad, Faculty of Technical Sciences,  
Trg Dositeja Obradovica 6, 21000 Novi Sad, Serbia  

 
In this paper, the influence of submicron and nanoparticle sized TiO2 particles in Activated TIG (A-
TIG) welding was studied. Penetration depths and microstructures after welding were the bases for 
creating the material flow model, to prove the main mechanism of increasing penetration in A-TIG 
welding compared to TIG welding.  
Tungsten Inert Gas (TIG) welding is a well-known welding process which can produce high-quality 
welds on various materials, including different stainless steels and numerous non-ferrous. However, 
it has a low deposition rate and also low penetration which results in relatively low productivity, 
that is, the application is limited to thin sections [1, 2]. To solve this problem, the flux for increasing 
the penetration depth was developed and this welding process was called Activated TIG (A-TIG). 
In this welding process, flux is sprayed or applied with a brush over the cleaned and prepared 
surface to be welded. Fluxes were fabricated by mixing, usually metallic oxide powders with 
solvents, most frequently acetone and ethanol [3, 4].  
Six different flux mixtures were prepared using 20 nm nanoparticle TiO2 (N) and 0.3 µm submicron 
particle TiO2 (M), containing 5 wt. % of particles in acetone. After that, welding - remelting was 
done on a stainless steel plate (AISI 304) having the dimensions of 50x50x10 mm. One pass was 
without flux as a control sample (0). The coating was applied to a base material about 20 mm wide 
with a 10 mm brush. Welding - remelting was done with 2.4 mm tungsten - 2% thorium electrode 
with a conical shape angle 90° with 0.5 mm frustum at the tip. Arc length was 2 mm, welding speed 
was 100 mm/min, the protective gas argon flow rate was 12 l/min, while welding current was 200 
A. After welding, the plates are cut in half at the crossbar to the metal seam, then standardly 
metallographic prepared, and finally etch by aqua regia. Macro and microstructure examination 
were done on a Leitz Orthoplan light microscope which was used for weld dimension 
measurements, also. 
Macro images of welds obtained without and with flux, with indicated depths, widths, and depth to 
width ratios and weld surfaces are shown in Figure 1. Penetration depths of specimens welded with 
flux are higher than in the control specimen. Also, the flux containing submicron particles had a 
lower penetration depth than the flux containing nanoparticles. The highest penetration was with a 
mixture of micro and nano particles (3M2N). Figure 2 shows the weld metal of the selected 
samples, where the usual dendritic structure for metal can be observed. Microstructure near fusion 
line under the surface is shown in Figure 2, while microstructure near fusion line under weld metal 
is shown in Figure 3. It can be seen that in specimen welded without flux (0-F) austenite grain 
coarsening has been noticed near the surface, while in specimen 3M2N-F and 5N-F it was in the 
bottom, under the weld metal. The growing of austenite grains occurs due to high temperature in the 
certain area, caused by the direction of melt flow, as shown in the material flow model, Figure 5 [5]. 
This type of changing material flow using activated flux called reversed Marangoni effect and has a 
significant impact on increased penetration.  
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Figure 1. Macro images of specimens welded without and with flux, with indicated depths, widths, depth to 

width ratios and weld surfaces 
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Figure 2. Weld metal microstructure: a) specimen 0-F; b) specimen 3M2N-F; c) specimen 5N-F 

 

Figure 3. Microstructures near fusion line under the surface: a) specimen 0-F; b) specimen 3M2N-F; 
c) specimen 5N-F 
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Figure 4. Microstructure near fusion line at the bottom of the weld: a) specimen 0-F; b) specimen 3M2N-F; 
c) specimen 5M-F 

 

 

Figure 5. TIG and A-TIG metal flows: a) without the flux; b) with the flux 
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The Fe-Al-Si-based alloys belong to a recently developed group of materials which might replace 
the nickel-based superalloys, heat-resistant steels or cobalt alloys. Their main advantage is the 
combination of relatively low density with excellent mechanical properties and corrosion resistance 
while maintaining low production costs. However, the production of these alloys using conventional 
casting metallurgy is often highly problematic. Thus, the powder metallurgy processes, represented 
by mechanical alloying, are high of interest for the preparation of these alloys. The process itself 
allows preparing the intended alloys with ultrafine-grained or even nanocrystalline microstructure 
while simultaneously increasing their mechanical properties via intensive plastic deformation. 
The FeAl20Si20-MoX (X=5, 10, 15, 20 wt.%) alloys were prepared by a combination of 
mechanical alloying and spark plasma sintering. The compact samples were investigated for 
microstructure, and the mechanical properties, including the Vickers hardness. Besides, the 
compressive stress-strain test done at laboratory temperature either on the as-compacted samples 
and the samples annealed up to 100 h at 800 °C were done. The compressive tests were also done 
on the compact samples at a temperature of 800 °C. Samples were also investigated for thermal 
stability by measuring the Vickers hardness change as well for the high-temperature oxidation 
resistance.  
All of the prepared samples showed ultrafine-grained microstructure with grains dimensions around 
or below 200 nm. The present phases were mainly identified as FeSi, Fe3Si and MoSi2. It was found 
that the increasing content of Mo improves the hardness and the ultimate compressive strengths of 
prepared alloys reaching its maxima for the FeAl20Si20Mo20 alloy. All of the tested alloys also 
showed excellent oxidation resistance due to the formation of a protective layer of Al2O3. 
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The Fe-Al-Si alloys belong to advanced materials for high-temperature applications in the 
automotive industry. These alloys excel in ultra-high hardness, strength, oxidation resistance, 
excellent strength at elevated temperatures and resistance against high-temperature reactions with 
gases, promising magnetic properties and many others. Moreover, these alloys could be an 
alternative to the materials containing, for example, Cr which belongs to the critical raw elements in 
the past. Possible production routes of Fe-Al-Si alloys concern casting technology which is 
considerably inconvenient (cost, impurities, high melting point, inhomogeneity) or powder 
metallurgy processes. 
The Fe-Al-Si-X-Y (X, Y = Mo, Ni) alloys were prepared by a combination of mechanical alloying 
and compaction via spark plasma sintering. Chemical composition of studied alloys corresponded to 
FeAl20Si20Ni5Mo15, FeAl20Si20Ni10Mo10, FeAl20Si20Ni15Mo5 (wt.%). The microstructure, 
thermal stability, oxidation resistance and mechanical properties were observed and compared with 
FeAl20Si20 alloy. Based on the results, it could be concluded that the addition of Ni and Mo has a 
positive effect on the overall mechanical properties. The hardness and compressive strength of 
obtained alloys were higher than in the case of FeAl20Si20 alloy due to the presence of mainly 
MoSi2 phase. Furthermore, the Fe3Si phase was supersaturated by aluminium. On the other hand, 
alloys were very brittle and exhibited worser thermal stability compared the the reference 
FeAl20Si20 alloy.     
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1. Introduction  

Nowadays, the use of light alloys in automotive and aerospace industries is increased, due to the 
higher demand for weight reduction. Substitution of copper by aluminium is widely persuaded in 
order to save weight and material costs, for battery components and wire connectors. The decreasing 
in the energy requirements of the manufacturing processes is also desirable, as well as the stability of 
material cost on the market. Therefore, the development of joining technologies of aluminium and its 
alloys, with acceptable weld characteristics and minimal energy consumption is demanded [1–3]. 
Friction stir welding (FSW) is the technique which was developed at The Welding Institute (TWI)  
UK in 1991 [3–8]. It offers various advantages such as small or no distortion, high mechanical 
properties, low energy consumption, no consumable material or shielding gas are needed, it offers 
convenient microstructure and is especially well suited to the welding of aluminium alloys [7]. The 
basic concept is relatively simple. A rotating tool with a special designed pin and shoulder penetrates 
the upper side of the sheet in the overlapping area until a certain plunge depth is reached. The process 
lasts until the sheets are joined. Then the rotational tool retracts, and a keyhole is formed. The keyhole 
affects surface quality and mechanical properties of the joints, especially on thin aluminium sheets. 
In this paper, the convex pin-less tool is used to overcome this disadvantage.  
The aim of this study is to evaluate influence of rotational speed on the microstructure of four-layer 
lap-joint from ultrathin aluminium-magnesium sheets during friction stir spot welding (FSSW). 

 
2. Experimental work  
 
Specimens used for FSSW were cut from thin sheets of rolled commercial aluminium alloy 5754 to 
dimensions of 44 × 90 × 0.3 mm. Experiments were carried out on force controlled EJOWELD C50R 
FSSW machine with maximal rotational speed 9000 RPM, with maximum force 8 kN and maximum 
time 5 s. The convex pin-less tool made from H13 (X40CrMoV51) hot-work tool steel was originally 
designed and used for experiments. The force and plunge depth were 2.2 kN and 0.25 mm, 
respectively, while the rotational speed was varied (1750, 2750 and 3750 RPM). After the FSSW, the 
standard metallographic preparation (grinding and polishing) followed with electrolytical etching 
with Barkers regent was performed. The cross-section morphology of the joints was analysed by light 
microscope Zeiss AxioScope.A, for etched samples and Zeiss Axio Vert.A1 MAT, for polished 
samples with crossed polarised light and sensitive tint. Further characterisation of samples was carried 
out using the Field Emission Scanning Electron Microscope (FE-SEM) Hitachi S-4800.  
 
3. Results 
 
The top view and cross-section morphology (polished and etched) of the samples welded with 2.2 kN 
force, 0.25 mm plunge depth and rotational speeds 1750, 2750 and 3750 RPM are shown in Figure 2. 
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In all samples top surfaces have two different zones. The smooth zone marked with a red arrow is the 
zone that corresponds to the welding area, while the rough zone marked with a white arrow is a zone 
where presence of edge chipping is observed. The upper sheet has no flashes and from Figure 1(a,b) 
it is clear that no welding defects such as porosity, wormhole, partially bonded area or hook defects 
in the cross section were observed. However, in the sample in Figure 1(c) the last two sheets are only 
partially bonded.  
The difference in grain size in base material and in samples with different rotational speeds taken 
from areas in white squares marked in Figure 1 are shown in Figure 2. The grain size intensively 
decreases with decreasing of rotational speed.  
In Figure 3, the difference between the well bonded (Fig 1(c) – white square) and partially bonded 
area (Fig 1(c) – red square) can be observed. In figure 3(a), a fully bonded region did not show any 
obvious boundary at the interfacing surfaces, whereas in some other regions, as shown in figure 3(b), 
there were some partially bonded regions characterised by intermittent welded areas and 
intermittently present interfacial boundaries were noticed especially pronounced at higher rotation 
speeds
 
 

 
Figure 1. Macrographs and cross-section view of the welded joints at different RPM 

 
 
 

 
Figure 2. Cross-section light microscopy images (white squares in Figure 2 showing grain microstructure of: 

a) 1750 RPM; b) 2750 RPM; c) with 3750 RPM; d) base material 
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Figure 3. SEM images of welded sheets joined at a rotational speed of 3750 RPM showing (a) interface 

between first and second sheet and (b) second and third sheet interface sheets highlighting fully bonded and 
partially bonded regions 

 
4. Concluding remarks 

 
By designing pin-less convex shaped tool, the paper reports achieving successful defect-less joining 
of four overlapped aluminium-magnesium sheets. Presented results show that rotational speed is 
responsible for the alteration of the microstructure. Significant drop of grain size with drop of 
rotational speed can be observed, while samples welded with higher rotational speed have grain size 
approximately to the base material. With higher rotational speed there is a higher possibility of defects 
to occur (as partially bonded area). 
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Heusler alloys are characterized by formula X2YZ, where X and Y are transition metals (e.g. Fe, 
Co, Mn) and Z is an element from group III, IV, or V. They form a broad and heterogeneous class 
of alloys, many of them still attracting remarkable attention regarding their physical properties and 
subsequent applications [1]. The Co-based Heusler compounds are of particular interest being 
good ferromagnetic materials, showing comparatively high Curie temperatures and having 
relatively low degrees of atomic disordering. They are used e.g. for magnetic data storage 
applications and as ferromagnetic materials in spintronic devices. 
 

Here we focus on a Co2FeSi Heusler alloy prepared by arc melting. The nominal composition was 
close to the stoichiometric one, hence the microstructure was formed primarily by equiaxed coarse 
grains of Co2FeSi phase (Fm-3m cubic crystal lattice with a = 0.5658 nm [2]). The details of 
sample preparation, basic microstructure characterization and a thorough measurement of 
magnetic properties can be found in [3]. An interesting feature of forming a continuous layer of 
another phase along grain boundaries (GBs) was observed and it is studied here in detail. EDX 
maps reveal an increase of Co and Si at the expense of Fe in an interfacial (IF) layer about 2–3 µm 
thick (Fig. 1). Searching the ICSD [2] offers two candidate phases consistent with the results of 
quantitative EDX analyses, namely (Co,Fe)2Si and Co3(Fe,Si)2. 
 

 
 
Figure 1. A SEM micrograph of grains with a continuous layer of IF phase along boundaries documented 

also on EDX maps (a), and a TEM image showing the twinned IF layer (b). 
 
A focussed ion beam was used to prepare several thin lamellae from the GB region and study 
details of IF phase structure by means of electron diffraction and HRTEM imaging using a Philips 
CM12 STEM and a Thermo Scientific Titan Themis 60-300 cubed microscopes. The work was 
supported by the Ministry of Education, Youth and Sports of the Czech Republic under the project 
CEITEC 2020 (LQ1601) and used facilities of the CEITEC Nano research infrastructure. 
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Low-energy electron microscopy (LEEM) is a surface-sensitive experimental technique which 
provides many possibilities for the investigation of morphology, crystallography, and electronic 
structure of interfaces, thin films and 2D materials. In this talk, LEEM study of the atomically-thin 
lateral heterostructures of hexagonal boron nitride (hBN) and graphene on Ir(111) will be presented. 
The heterostructures have been synthesized by sequential chemical vapor deposition (CVD) in ultra-
high vacuum [1]. Firstly, well-defined hBN islands were grown by CVD from borazine, and real-time 
LEEM imaging of the synthesis enabled identification of substrate steps as decisive factor governing 
the shape of hBN islands. In the next stage, graphene was grown by CVD from ethylene and has 
formed exclusively at the edges of the preexisting hBN islands, thus constituting 2D lateral 
heterostructures (see Figure 1). However, in addition to the graphene and hBN regions, the 
heterostructures contain alloyed material composed of B, C and N atoms arranged in a 2D hexagonal 
lattice. It was found that the alloying originates from intermixing of the precursor fragments that are 
involved in the sequential CVD synthesis, and that the alloy characteristics can be modified by 
controlling the parameters of the synthesis. 
 

 
 
Figure 1. LEEM image of hBN-graphene heterostructures on Ir(111) synthesized by sequential CVD process. 

HBN cores (dark contrast) are surrounded by B-C-N alloy and graphene. 
 
In addition, a new method for in situ fabrication of graphene and B-C-N microstructures is introduced, 
which relies on the decomposition of hBN on Ir(111) at elevated temperatures [1,2]. This method 
enables fabrication of atomically thin conducting and semiconducting micro-elements, which could 
be utilized in future for the construction of more complex (opto)electronic devices based on 2D 
materials. 
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nanowire quantum dots
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Single-photon sources are key elements for applications in quantum photonics. Among various non-
classical light sources available, quantum dots (QDs) outdo with their integrability into existing 
semiconductor-based on-chip solutions. Future quantum communication and information processing, 
however, requires controllable quantum light sources that can be operated on-demand and with the 
possibility of in situ control of the photon emission wavelength and its polarization state. Here, we 
report on the first proof-of-principle demonstration of the dynamic real-time control using radio 
frequency surface acoustic waves (SAWs) of the optical emission from QDs embedded in epitaxially
grown core-shell GaN/InGaN nanowire (NW) heterostructures [1]. The SAWs are excited on the 
surface of a piezoelectric LiNbO3 crystal equipped with an acoustic delay line onto which the NWs 
were mechanically transferred [2,3]. Luminescent QD-like exciton localization centers, induced by 
indium content fluctuations within the InGaN nanoshell, are identified using spatially, polarization-
and time-resolved stroboscopic micro-photoluminescence (μ-PL) spectroscopy. They exhibit narrow 
and highly linearly polarized emission lines in the μ-PL spectra and a pronounced antibunching 
signature of single-photon emission in the photon correlation experiments [2,3]. Depending on their 
location within the InGaN nanoshell, nonpolar (m-), semipolar (r-) or polar (c-facet) QDs are 
discerned, thereby making these NWs the first single nanostructures able to host non-classical light 
emitters with both high- as well as low-polarity crystallographic orientations [1]. Owing to their 
shorter radiative lifetimes resulting from weak built-in electric field values along the growth axis, the 
III-nitride QDs grown on alternative low-polarity crystallographic planes are greatly advantageous 
for future high-speed quantum information technologies. When such NWs are perturbed by the 
propagating SAW, the embedded QDs are periodically strained and their excitonic transitions are 
modulated by the acousto-mechanical coupling, giving rise to a spectral fine-tuning within a ~2 meV 
bandwidth at the acoustic frequency of ~330 MHz [2,3]. This outcome is further combined with 
spectral detection filtering for temporal control of the emitted photons [2]. In this way, both spectral 
tunability and on-demand emission of single photons is achieved simultaneously. Moreover, the 
acousto-electric effect inflicts changes in the QD charge population [3] and its optical polarization. 
Reduction (up to 30%) in the initially high linear polarization degree is observed. This is an important 
advance since, to date, the photon polarization state of III-nitride QDs has been either probabilistic 
or pre-determined by electronic properties of the system. Altogether, this study opens the door to the 
use of sound for scalable integration of III-nitride-based quantum emitters in nanophotonic and 
quantum information technologies. The advantage of the acousto-optoelectric over other control 
schemes is that it allows in-situ manipulation of the optical emission properties over a wide frequency 
range (up to GHz frequencies).
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Nanoporous metals possess a number of positive attributes such as light weight, large surface area 
and energy absorption capability, making them a good candidate as future radiation shielding 
materials [1]. Tungsten (W) seems to be ideally suited as the base material for such a foam, as it is 
commonly used in nuclear facilities, medical diagnosis systems and a number of other 
circumstances in order to protect personnel and sensitive equipment from radiation [2]. Therefore, it 
is of great value and interest to tailor such novel nanoporous tungsten, in order to combine the 
beneficial properties of tungsten with the positive attributes of nanoporous foams.  

In this work, nanoporous tungsten foams with 35 % porosity were created on a bulk scale through a 
unique route involving severe plastic deformation of a coarse-grained tungsten-copper (W-Cu) 
composite, followed by the selective dissolution of the nobler copper phase [3]. The mechanical 
properties, which are an important consideration in many thermal shielding applications, were 
investigated by employing depth-sensing nanoindentation. To characterize the microstructural 
evolution during reverse phase dissolution and analyse the way the etching solutions affect the 
resulting nanoporous structures, a series of electron and ion microscopy techniques were employed: 
(i) A field emission transmission electron microscope (TEM) was used for acquiring bright field 
(BF), high-resolution (HR) and scanning (S) TEM images as well as selected area electron 
diffraction (SAED) patterns (Fig. 1). From SAED patterns (Fig. 1d and 1h), the phase constitution 
and crystalline nature (single crystalline or polycrystalline) were determined. BF-TEM (Fig. 1b, 1c, 
1d and 1g) and HR-TEM analyses were utilized to document the microstructure on a nanometer 
scale. From HR-TEM images and the corresponding Fast Fourier Transform (FFT) patterns, lattice 
features of the nanomaterial structure within the area of interest are clearly seen, thus further 
discerning the crystalline nature and obtaining information on lattice defects. EDX mapping in 
STEM using a high-angle annular dark field (HAADF) mode was used to acquire the compositional 
information at the nanoscale, especially at the interfaces; (ii) A dual beam FIB/SEM workstation, 
containing an integrated femtosecond laser  [ 4 ], was used to produce large scale cross-section 
specimens (see Fig. 2) for observing depth-depended evolution of porosity by scanning electron 
microscopy (SEM); 

The results show that in the used etching solution Cu can be efficiently removed while the less 
noble W stays unattacked. Moreover, the W grain structure of the nanocrystalline W-Cu precursor 
is well retained during the etching process (Fig. 1), indicating that the used solution has little 
influence on the surface diffusion of W atoms. Nevertheless, owing to the creation of mobile W 
atoms at the interfaces after the removal of Cu atoms, surface diffusion over a short range occurs to 
form low-defective W grain boundaries. As a result, strong-bonded and interconnected W ligaments 
consisting of one to three W nanocrystals (Fig. 1) are formed in the tailored porous structure. Using 
nanoindentation we demonstrate that, due to the nanoscale microstructure, the created nanoporous 
tungsten possesses outstanding strength, making it an attractive material for applications in 
radiation shielding fields. 
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This work for the first time provides an innovative and adaptive approach to create nanoporous 
tungsten on a bulk scale. The developed reverse phase dissolution method is generally applicable 
and can be transferred to other attractive active metals in the future. The detailed characterization of 
microstructure evolution for tungsten nanofoams and their promising mechanical results will serve 
as foundation for forthcoming related scientific studies and engineering applications. 

 

Figure 1. Cross-sections of nanocrystalline W-Cu precursor after etching. (a): Femtosecond laser processed 
cross-section. (b): FIB reworked cross-section. The etching front is marked by a yellow dashed line. (c): 
Schematic drawing showing the location of the observed cross-section in the specimen. Details see [3]. 

 

Figure 2. Nanocrystalline W-Cu precursor (a-d) and nanoporous W (e-h). (a) and (e): STEM-HAADF 
images, (b) and (f): BF-TEM images, (c) and (g): higher magnified BF-TEM images, (d) and (h): SAED 
patterns. Note the dark contrast phases in (a) and (e) are Cu and pores, respectively. Details see [3]. 

References 

 

[1] S. Xu. M. Bourham, A. Rabiei. Mater. Des. 31 (2010) 2140-2146. 

[2] S. Kobayashi, N. Hosoda, R. Takashima. Nucl. Instrum. Methods A 390 (1997) 426–430. 

[3] M. Zhao, I. Issa, M.J. Pfeifenberger, M. Wurmshuber, D. Kiener. Acta Mater. (2019) under 
review. 

[4] M.J. Pfeifenberger, M. Mangang, S. Wurster, J. Reiser, A. Hohenwarter, W. Pfleging, D. Kiener, 
R. Pippan. Mater. Des. 121 (2017) 109-118. 



NANOSCALE,  NANOSTRUCTURED, AND CARBON BASED MATERIAL SCIENCES 377

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

Microstructural Characterization of Zinc Tin Oxide (Zn2SnO4) Particles 
Synthesized Via Hydrothermal Synthesis to be Used in Sputter Target  

 
Umut Savacı 1, Cem Aciksari 1,2 and Emel Ozel 1, Ender Suvacı 1, Servet Turan 1  

 

1Dep of Mat Sci & Eng, Eskisehir Technical University, Eskisehir/Turkey 
2TUPRAS R&D Center, Kocaeli/Turkey  

 

Metal oxide based materials are widely used in numerous electronic applications such as data 
storage, digital screens, solar panels, transparent thin film transistors and transparent conductive 
electrodes due to their exceptional physical, chemical, electrical and optical properties. In the high 
quality display technology, amorphous indium galium zinc oxide (IGZO), which is an amorphous 
oxide semiconductor (AOS), has been commercially used in thin film transistors due to its high 
electrical conductivity, electron mobility and optical transparency since 2012. However, due to 
limited reserves and expensive raw materials of In and Ga elements, researches have been focussed 
on an alternative AOS materials to IGZO. According to the literature; the possible systems are 
binary, ternary and quaternary compositions of ZnO, SnO2 and CdO. Due to the toxic nature of 
CdO, zinc tin oxide (ZTO-Zn2SnO4) ternary system becomes one of the best cadidate. ZTO is an 
n-type semiconductor having; high electron mobility and electrical conductivity, relatively lower 
production costs and environmental stability. Transparent thin film transistors and conductive 
oxides are generally produced by using RF and DC sputtering of target material onto glass or 
plastic substrate. For the oxide TFT production with sputtering method, ceramic targets having 
high density and small grain size are preferred to obtain uniform and homogeneous thin films. 
Sputtering targets are produced with sintering of corresponding powder particles, therefore in order 
to control the microstructural requirements of ceramic targets, particle characteristics such as 
purity, homogeneity, size and morphology needs to be controlled during powder synthesis. In 
literature there are various different synthesis methods are used for inorganic powder synthesis 
however, in this study hydrothermal synthesis methods are used for the production of ZTO 
particles. Solid state synthesis is one of the commerically avaliable powder synthesis method. This 
technique is relatively cheap and easy to process compared to other chemical synthesis techniques. 
In solid state reaction, basically, two or more oxide powders are mixed within a liquid media and 
then dried prior to heat treatment at higher temperatures, 1000°C i.e. However, this method has 
several disadvantages. Firstly, aforementioned particle characteristics can not be controlled during 
heat treatment process. Secondly during mixing of raw materials, impurity phases, that can affect 
the chemical and electrical properties, can be incorporated into the mixture from ground mixing 
balls. Third one is requirement of extra milling process to obtain powder with smaller particle size. 
Hydrothermal synthesis is a popular and alternative method for the powder synthesis and can 
overcome disadvantages of solid state synthesis. Hydrothermal process can be defined as 
dissolution and recrystallization by chemical reactions of starting raw materials which dissolved 
in liquid media, with an application of pressure and relatively lower temperature, 200°C i.e. With 
this method, homogeneous inorganic powders are synthesized with high purity with controlled 
particle size and morphology by changing the process parameters such as precursor solution pH, 
cation concentration and ratio, process temperature, time and pressure. Particle sizes and 
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morphologies have significant effects on sintering parameters and process, therefore particle 
characteristics needs to be characterized to obtain dense ceramic sputtering targets at low 
temperatures. In this study, ZTO powders synthesized via hydrothermal method are characterized 
with both imaging and spectroscopic techniques by using (scanning) transmission electron 
microscopy in order to understand the effects of process parameters, such as solution pH after 
precipitation, cation concentration (Zn2+/Sn4+) ratio, sythesis temperature and time on the particle 
size, morphology as well as phase and chemical purity of the produced materials. Additionally, X-
ray diffraction and scanning electron microscopy methods are also utilized for supporting 
information. These analyses clearly showed that the solution pH of mixed precursors before 
loading hydrothermal vessels affect the phase purity of Zn2SnO4 particles. When the solution pH 
increased from 6 to 10, excess SnOx phase with different particle size and morphology precipitated 
because of the different solubility rate of Zn2+ and Sn4+ in the solution. The amount of SnOx phase 
being covered Zn2SnO4 crystals with cubic morphology and seperately precipitated SnOx increased 
with altering solution pH. When the hydrothermal synthesis temperature increased from 160 to 
240°C, cubic Zn2SnO4 particles began to grow ranging from 20 to 50 nm. Zn2SnO4 nano sized 
particles (<100nm) having narrow particle size distribution were succesfully synthesis via 
hydrothermal method at 220°C for 24 h for utilising as a ceramic oxide sputter target to make thin 
film transistors in electronic devices.  
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Scattering-type Scanning Near-field Optical Microscopy (s-SNOM) is an optical microscopy and 
spectroscopy approach based on scanning probe technology, bypassing the ubiquitous diffraction 
limit of light to achieve a spatial resolution below 20 nanometers. s-SNOM employs the strong 
confinement of light at the apex of a sharp metallic AFM tip to create a nanoscale optical hot-spot. 
Analyzing the scattered light from the tip enables the extraction of the optical properties 
absorption, reflectivity) of the sample directly below the tip and yields nanoscale resolved images 
and nanoscale spectroscopy (hyperspectral nano-FTIR) information simultaneous to topography. 
This presentation we will introduce the basic principle of near-field microscopy and hyperspectral 
nano-FTIR for imaging and spectroscopy with 10 nanometer spatial resolution. In addition we will 
summarize the latest achievements in the field of near-field microscopy and spectroscopy on 
polymers, biomaterials and 2D materials and will focus on applications in chemical analysis and 
material identification at the nanoscale. 
 
References 
[1] F. Huth, et al., Nano Lett. 12, 3973 (2012). 
[2] C. Westermeier et al., Nat Commun. 5, 4101 (2014). 
[3] I. Amenabar, et al., Nature Commun. 8, 14402 (2017).

Scattering-Type Scanning Near-fi eld Optical Microscopy and 
Spectroscopy for Nanoscale Chemical Analysis

ADRIAN CERNESCU, SERGIU AMARIE AND JAN VÁVRA
Neaspec GmbH, Eglfi nger Weg2, Haar



NANOSCALE,  NANOSTRUCTURED, AND CARBON BASED MATERIAL SCIENCES 380

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

The structure analysis methods for synthetized diamonds consolidation and 
fractals characterization 

 
Sandra Veljkovic1, Vojislav V. Mitic1,2, Goran Lazovic3, Vesna Paunovic1, Markus Mohr4, 

Hans Fecht4 

1University of Nis, Faculty of Electronic Engineering, Nis, Serbia; 
2Institute of Technical Sciences of SASA, Belgrade, Serbia; 

3University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia 
4Institute of Functional Nanosystems FNS, Ulm University   

 
Synthetized diamonds have application in many areas, especially for electronic devices and 
components or mechanisms in watches, and medicine where they can be used for surgery knifes. 
Considering that for small grains is commonly known that atomic structure of grain size has strong 
impact on structural characteristics of synthetized diamonds, research of fractal nature of 
microstructure of diamond films can have very important role in optimization of properties of these 
films. Regarding these processes, it was applied several characterization methods like SEM, EDS. 
These data were prepared and used as a source for fractal analysis application. Fractal theory can help 
in explanation of systems in which, at first sight, roles chaos. For that reason, fractal analysis can be 
applied on surface topology of synthesized diamonds and during the process of characterization of 
grains morphology. Thin films of diamonds, which are examined, are formed in chemical vapor 
deposition or CVD process. Aldo in some implementations is desirable to reduce the grain size, it can 
bring to the reducing the hardness of ultra-nanocrystalline or UNCD thin films. Because of that, it is 
very important to find the optimum between smooth surfaces from one side and hardness from the 
other side in order to create contact which is resistant to wear. Diameter of grain and their fractal 
geometry are very important microstructural characteristics. which have strong influence on all 
physical and chemical characteristics. In this paper, the goal is development of more accurate models 
which describe transportation and mechanical properties of polycrystalline diamonds. 
 
Key words: fractals, synthetized diamonds, characterization, microstructures 
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Bacterial infection-associated diseases are nowadays one of the major public health concerns. In the 
present study, we will demonstrate a simple and efficient method for bacteria capture and 
elimination through photothermal ablation. The developed material consists of a flexible Kapton 
substrate, coated with reduced graphene oxide-chitosan (rGO-CS) thin films. Reduced graphene 
oxide has strong absorption in the near-infrared (NIR) region, while chitosan has the ability to bind 
bacteria through electrostatic interactions. The K/rGO-CS device proved to capture and efficiently 
eradicate both planktonic Gram-positive Staphylococcus aureus (S. aureus) and Gram-negative 
Escherichia coli (E. coli) bacteria after 10 min of NIR (980 nm) irradiation.
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In order to modify both chemical and electrical properties of graphene-based nanomaterials, we 
conducted the chemical modification of graphene oxide (GO) and graphene quantum dots (GQDs). 
The reaction of the reduction with nascent hydrogen was conducted on both materials. The structure 
and morphology of produced chemically reduced GO and GQDs were analyzed. While the chemical 
composition of both GQD and GO changed significantly, GO showed also significant changes in 
morphology as opposite to GQDs where were morphological changes were not observed. 
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Perovskites are mineral materials which contain titanium, oxygen and at least one additional metal 
such as: Sr, Ba, Ca. Because of their good ferroelectric and piezoelectric properties, perovskites 
have found their use in electronics (capacitors, microphones, devices for digital data storage). 
Barium titanate (BaTiO3) is a ceramic perovskite oxide that besides having ferroelectric has good 
optical properties. That alone makes it an interesting material for photovoltaics. Recently BaTiO3 
was used in thin film form (pure or as a composit material with TiO2) as a electrode in dye 
sensitized solar cells (DSSC). It was also shown that an addition of a BaTiO3 thin film can improve 
overall performance in gas sensors based on CuO. 
BaTiO3 can be prepared by chemical (hydrolysis, hydrothermal synthesis, sol-gel method) and 
physical methods (such as laser ablation, spray pyrolysis and magnetron sputtering).  Magnetron 
sputtering is a widely used method for thin film  preparation. The method is based on the process in 
which plasma is created and positively charged ions from the plasma are accelerated by an electrical 
field and strike the negative electrode with sufficient force to eject atoms from the target. Atoms 
ejected from the target are then depositioned on the substrate placed in proximity to the target, 
producing a thin film. Choosing different target materials there can be prepared various thin films, 
comprised of metals, oxydes, semiconductors or ceramics. 
In this paper, using RF magnetron sputtering, there were produced BaTiO3 thin films. Deposition 
parameters were optimised for producing thin films with the most favorable optical and electrical 
properties, keeping in mind the application for photovoltaic cells and sensors. 
Structural propertis of the obtained BaTiO3 thin films (examined by Raman spectroscopy, GIXRD 
and Scanning Electron Microscopy) were correlated to optical properties (examinde by UV-VIS 
spectroscopy). 
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1. Introduction 
 

In previous studies the mechanisms underlying the kinetics of spinel (MgAl2O4) reaction layer 
growth have been investigated experimentally using single-crystal corundum (Al2O3) and periclase 
(MgO) as reactant phases. Different temperatures, uniaxial load conditions and run durations were 
applied [1-5]. It was found that the spinel grain boundary characteristics are sensitive to deviatoric 
stress and that the grain boundary character influences the reaction kinetics during the advanced reaction 
stages where the reaction rate is primarily controlled by diffusion across the growing layer. In 
addition, remarkable differences in the dislocation structures of the two reaction interfaces bounding 
the spinel layer towards corundum and periclase, respectively, were identified, and interface 
processes were shown to influence reaction kinetics especially during early growth stages [3-5].  
Whereas in experiment only one particular reaction interface orientation with planar geometry was 
applied, a natural spinel layer that had formed by reaction of a centimeter-sized corundum 
xenocrystal with the hosting basalt melt allowed to investigate the influence of reaction interface 
orientation on the internal microstructure and texture of the spinel layer. The c. 150 micrometer 
thick concentric spinel reaction layer formed along different crystal facets of the corundum 
precursor. Owing to the magmatic environment, layer growth occurred under hydrostatic stress. 
Several spinel layer segments associated with different reaction interface orientations were 
investigated regarding the internal microstructure and the crystallographic texture. Comparison of 
the observations from the rock sample with those from the experimental samples revealed 
similarities and remarkable differences between different spinel layer segments and between natural 
and synthetic spinel layers. Therefrom we infer the primary controls on microstructure and texture 
evolution during layer growth. 
 
2. Analytical methods 
 

We used a multi-methodological analytical approach to characterize spinel reaction layer segments 
associated with reaction interfaces showing particular orientations with respect to the corundum 
lattice. At millimeter scale the spinel layer segments appear straight, and associated with particular 
facets of corundum. The 3D geometry of the natural spinel layer was determined by micro-
computed tomography (micro-CT) using a SkyScan/Bruker 1173 instrument at the Department of 
Palaeontology, University of Vienna (Austria). Micrometer-scale characterization employed various 
electron beam microanalytical methods using an FEI Quanta3D field-emission scanning electron 
microscope with integrated focused ion beam (FIB-FEG-SEM), and a Cameca SXFive field 
emission electron microprobe (FE-EPMA) at the Department of Lithospheric Research, University 
of Vienna (Austria). EPMA analyses yielded the major and minor element chemical composition, 
and compositional variations across the spinel layer and along the reactive interface between 
corundum and spinel. Furthermore, secondary electron (SE)-, back scattered electron (BSE)- and 
foreward scattered electron (FSE)-imaging was applied to characterize the micrometer scale internal 
microstructure of spinel, and the bounding reaction interfaces. Electron back scatter diffraction 
(EBSD) data were collected with an EDAX Digiview 4 EBSD camera and OIM 7.3 software and 
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yielded crystal orientation maps (COMs) of selected reaction layer segments. The EBSD datasets 
were evaluated for the nature and quality of the crystallographic orientation relationships between 
reactant and product phases, and for the geometry, density and preferred orientation of general grain 
and twin boundaries of spinel. EBSD COMs from both the natural and experimental samples 
represented the basis for identifying reaction interface segments for dedicated focused ion beam 
(FIB) preparation of orientation- and site specific specimens for aberration corrected scanning 
transmission electron microscopy (STEM) [6]. STEM analysis was performed using a NION 
UltraSTEM fifth-order aberration corrected STEM at the Faculty of Physics, University of Vienna 
(Austria).  
 
3. Results 
 
In all studied samples, the spinel reaction layers have a polycrystalline appearance in orientation 
contrast FSE-images, which –in the absence of externally applied deviatoric stress- is due to the 
presence of low angle grain boundaries, spinel twin boundaries, and particular high angle grain 
boundaries showing only small deviations from spinel twin misorientations. These boundaries 
separate homogeneously oriented spinel domains. Only in some experiments, where moderate 
uniaxial load was applied perpendicular to the reaction interface, a significant fraction of general 
high angle boundaries formed. 
In all samples the initial reaction interface between corundum and the second reactant phase,  
basaltic melt in the natural sample and single crystal periclase in the experimental samples, is 
reflected by a very fine-grained zone within the spinel layer. The initial growth stage is associated 
with progressively increasing spinel grain size due to selective growth, which is less pronounced at 
more advanced stages.  
For most spinel layer segments that grew under hydrostatic stress conditions, more than 90 
volume% of the spinel with growth direction towards corundum is constituted by grains with less 
than 15° misorientation relative to the usual specific topotaxy with corundum, as defined by one 
Spl<111> // Crn[0001] and three of the Spl<101> // Crn<10-10>. Two spinel twin orientations –
twin individuals mutually rotated 60° about the Spl 111  // Crn[0001]– comply with this specific 
crystallographic orientation relationship. Also, large parts of the experimentally grown reaction 
layers that grew towards periclase show topotaxy with the specific cube-to-cube orientation 
relationship. Despite of this strong crystallographic preferred orientation of spinel, remarkable 
orientation deviations from perfect topotactic match with corundum or periclase, respectively, were 
observed. Contrasting with the experimental samples, the quality of topotactic match between spinel 
and corundum in the rock sample does not improve during progressive layer growth. Instead, 
systematic deviations from perfect topotaxy are characteristic for certain portions of the concentric 
spinel layer. In the natural sample, the density of spinel grain boundaries within a certain boundary 
misorientation range, and the characteristics of the orientation distribution of general grain 
boundaries depend on the orientation of the reaction interface relative to the corundum lattice. 
Three types of layer segments are distinguished based on their spinel boundary trace orientation 
distribution in the 2D section. The mode indicates one of the following preferred orientations: i) 
parallel to the trace of the corundum basal plane and perpendicular to the trace of the reaction 
interface, when the reaction interface corresponds to a prismatic corundum facet, ii) intermediate 
between normal to the trace of the reaction interface and the trace of the corundum basal plane, or 
iii) perpendicular to the trace of the reaction interface independent of the corundum lattice. The 
grain boundary orientation distribution curve is symmetric in case iii) or asymmetric otherwise. 
Only in two exceptional cases there is no clear maximum developed.  
The Σ3 spinel twin boundaries of most segments of the concentric layer in basalt are straight and 
strictly parallel to the Spl(111) plane that is (sub)parallel to the Crn basal plane. Contrastingly, the 
experimentally grown reaction layers show highly curved, serrated Σ3 boundaries at the micrometer 
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scale, which is consistent with the unique naturally grown layer segment that has a reaction 
interface orientation parallel to the corundum basal plane. For experimental samples, STEM 
analyses at atomic scale resolution have shown that the spinel boundaries with twin misorientation 
consist of alternating nanometer scale segments of straight spinel twin boundaries strictly parallel to 
Spl (111) and stepped/curved Σ3 boundaries. Also, the corundum/spinel interface was found to 
propagate by the glide of partial dislocations with Burgers vector parallel to the Crn (0001) and Spl 
(111) planes, which are also parallel to the reaction interface [3]. From comparing data from the 
studied rock and experimental samples we suppose that spinel boundaries with twin misorientation 
preferably take an orientation strictly parallel to Spl (111) whenever the reaction interface is 
inclined with respect to the corundum basal plane. Only when the reaction interface is orientated 
parallel to Crn (0001), the formation of true spinel twin boundaries is impeded, and Σ3 boundaries 
with highly irregular boundary geometry form.  
Contrasting to the reaction interface orientation, the presence and frequency of Ti-oxide nano-
inclusions in corundum in the basaltic rock does not seem to influence the nature of the spinel layer 
microstructure and texture. These inclusions are either dissolved or recrystallize during the 
corundum to spinel transformation.  
 
4. Conclusions 
 
Various criteria for characterizing the nature of a concentric spinel reaction layer that had formed 
by diffusive phase transformation of a corundum single crystal yield complementary but consistent 
information on how the variation of the reaction interface orientation effects the 2D microstructure 
and the crystallographic texture of the spinel layer. The orientation of the reaction interface with 
respect to the corundum lattice clearly affects the preferred orientation of general grain boundaries, 
the area density of particular boundary types, and the geometry of Σ3 boundaries. The observed 
polycrystalline appearance of the natural spinel layer is caused by deviations from perfect topotactic 
match between spinel and corundum. Spinel mean orientations from different oppositely positioned 
segments along the concentric layer show systematic, oppositely directed rotation out of perfect 
topotactic match. As the quality in topotactic match does not improve with progressive layer 
growth, the spinel orientation variations supposedly are inherent to the reaction process.  
Correlating data from analytical methods that operate at different spatial scales yielded different 
information content. Especially the grain and phase boundary geometries in 2D sections show 
different characteristics when observed at millimeter, micrometer and nanometer scale. Supposedly, 
different processes govern the structural evolution at different scales.  
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Materials tetrahedron is a conceptual tetrahedron and it has been used to guide research and 
development studies in materials science and engineering. In this tetrahedron each corner is filled 
with the key elements of materials science: structure, property, process and performance. These 
elements and relationships between them are used to understand and design new materials. 
Performance is the most important aspect of the final product and it is determined by the structure 
of material. Therefore it is very important to understand the relation between structure and property 
to develop new materials. Properties of the materials are controlled with various microstructural 
features such as distribution of phases, grain boundary angles, crystal orientations and texture. For 
example, mechanical and electrical properties may change depending on the characteristic grain 
boundary angles between grains [1]. Material properties can be also modified with processing 
routes, such as pressureless or pressure assisted sintering that result in different material's properties 
due to the texture formation as a result of the applied pressure. Microstructural texture formation 
into preferred orientation may result in enhanced properties such as toughness, electrical/thermal 
conductivity and piezoelectricity. Because of these reasons, understanding the relationship between 
structure and property becomes a key factor for material's research and development.  
 
In order to understand this relationship, various methods are used to characterize microstructural 
features. Electron back scatter diffraction (EBSD) technique with scanning electron microscopy is 
widely used to obtain local orientation relationships within a given microstructure; however, this 
method has limited resolution down to 50-100 nm [2]. In order to characterize local misorientations 
and phases smaller than 100 nm, transmission electron microscopy (TEM) based methods need to 
be used. The precession electron diffraction (PED) technique is the only automated TEM method 
used for orientation imaging microscopy (OIM) down to 1 nm resolution. The aim of this study is 
application of PED method to obtain phase and orientation maps of different ceramic composites 
and characterize any possible orientation relations between matrix and in-situ formed phases as well 
as phase identifications. For these purposes; SiAlON-hBN, SiC-hBN, B4C-TiB2 ceramic composites 
produced with pressure assisted hot pressing and spark plasma sintering methods were studied. 
Further, orientation relation between Pb(Mg1/3Nb2/3)O3-PbTiO3 matrix and BaTiO3 seed particles 
within textured piezoelectric composite produced with templated grain growth methodology was 
also studied with PED method in TEM. Characterization of the samples were carried out using 
JEOL JEM2100F field emission transmission electron microscope equipped with STEM high angle 
annular dark field (HAADF) detector, and JEOL JED2300T energy dispersive X-ray spectrometer 
with GATAN GIF Tridiem electron energy loss spectrometer. Phase and orientation maps were 
collected by scanning of nano sized probe, having 0.7˚ precession angle, over the user specified 
region of interest. The obtained results as well as challenges and advantages of this method during 
its application to ceramic composites will be given and discussed in this presentation.   
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1. Introduction 
A swift heavy ion (SHI, Е >1 MeV/amu) loses the largest part of its energy (>95%, 5–50 keV/nm 
along the ion trajectory) through excitation of the electronic subsystem of the target material [1,2]. 
Subsequent relaxation of the excited volume occurs at ulrashort spatial (nanometers) and temporal 
(femto- to pico-second) scales and cannot be described in the framework of usual macroscopic 
models [3,4] and is impossible to follow experimentally. As a result, unusual kinetics often produce 
unusual structure and phase transformations which constitute a latent ion track: structure modified 
material with a diameter of ~1–10 nm and a length of ~10–100 μm along the trajectory of the 
projectile. The identification of mechanisms governing these kinetics forms a fundamental field of 
interest in SHI track effects. SHI penetration trough different insulators have shown quite different 
manifestations of structure transformations [1]: amorphous tracks (e.g. Y3Fe5O12, α-quartz), 
defected crystalline tracks (e.g. Mg2AlO4, Al2O3, ZrO2, TiO2) or production of isolated point defects 
and color centers (e.g. MgO, alkali halides). This motivates research aimed at the understanding of 
mechanisms of track (and surface hillock) formation in these materials. As with most multiscale 
physics problems, track formation cannot be traced accurately within a single model posing 
formidable challenges for the theoretical description and understanding of the underlying physical 
mechanisms. In order to determine which of the above-mentioned process is the main governing 
mechanism of track formation, we have chosen three dielectric materials (Al2O3, MgO and 
Y3Al5O12) with different lattice structures but comparable energy deposited into the lattice. It has 
been shown that SHI irradiation of these targets leads to quite different damage structures, despite 
the fact that the initial damaged regions have similar sizes and structures.  

2. Experimental 
We compared the responses of single crystalline α-Al2O3, MgO and Y3Al5O12 (YAG) specimens to 
irradiation with 167 MeV Xe ions at 300 K. The irradiations were performed at fluences ranging 
from 1010 to 1012 cm−2 at the IC-100 cyclotron at FLNR JINR (Dubna, Russia). In order to avoid 
track overlap, the average ion flux was limited to ~109 cm−2s−1. Ion beam homogeneity better than 
5% at the surface of the irradiated specimen was achieved using beam scanning in horizontal and 
vertical directions. High resolution transmission electron microscopy (HRTEM) studies were 
carried out at the Centre for HRTEM at Nelson Mandela University (Port Elizabeth, South Africa). 
TEM lamellae were extracted using an FEI Helios Nanolab 650 FIB. Samples were imaged using a 
JEOL ARM-200F TEM operating at 200 kV. 

3. Theoretical 
A hybrid approach used in this work consists of two models: Monte Carlo simulation (MC code 
TREKIS [5, 6] of the electron kinetics, and Molecular Dynamics (MD) model of atomic dynamics. 
TREKIS describes the temporal evolution of excited electrons generated by a SHI as well as the 
interaction of primary and secondary electrons with the target lattice in an ion track. The resulting 
distribution of energy transferred to the ionic subsystem of the target is inserted into classical MD 
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code LAMMPS [19] which is used to simulate lattice energy relaxation and further structure 
transformations in the vicinity of the ion trajectory. No a-posteriori fitting parameters are used in 
the model. 

4. Results 
Despite comparable energy deposition into the lattice (especially for radii >1 nm), the passage of 
167 MeV Xe produced notably different damaged structures in the investigated oxides. Figure 1 
shows the simulation results for track formation in MgO, Al2O3 and YAG with experimental TEM 
insets for Al2O3 and YAG (MgO showed no experimentally observable track which is consistent 
with simulation results of scattered point defects only). Good agreement was found between 
simulation and experiment for both bulk track structure as well as surface hillocks. TEM image 
simulation of the MD simulation cell produced images consistent with experiment. These results 
suggest that the employed inteatomic potentials as well as initial energy distribution due to SHI 
passage reasonably accurately reproduce the relaxed structures observable by TEM. Based on this 
observation, it is reasonable to considder the relaxation kinetics within the MD simulation as 
representative of the actual system. 
 

 
 

Figure 1. Snapshots of modeled 167 MeV Xe tracks in three materials at 100 fs after ion passage with the 
experimental latent tracks as insets. The scales of MD images and TEM insets are the same. 

 
It was found that initial excitation of the target produced a dissordered volume in all materials. The 
major contributing factor leading to differences in the final relaxed state seems to be the ability of 
the material to recrystalize within the short cooling period as well as the viscosity of the molten 
state. 
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Two complementary techniques – polarized transmitted light microscopy (PTLM) and scanning 
electron microscopy coupled with energy- or wave-length dispersive spectrometry (SEM-
EDS/WDS) are among the basic methods in mineralogical-petrological investigations of geological 
material (minerals and rocks) and various artificial items (ceramics, mortar, pigments). The PTLM 
characterizes the studied material by analyzing the rays of transmitted polarized light taking into 
consideration that different substances transmit polarized light in different way. On the other hand, 
the SEM-EDS/WDS method provides both morphological and chemical analyses of samples by 
scanning their surface based on bombing with an electron beam a sample with electrons and 
analyzing the response which depends on the energy emitted from the studied sample. 
Plenty of objects of tangible cultural heritage, both movable (various archaeological artifacts, 
sculptures) and immovable (various architectural and civil engineering objects), are made of stone. 
Therefore, in most up to date multidisciplinary investigations of cultural heritage objects, a 
mineralogical-petrological study represents one of the main steps. The mineralogical-petrological 
characteristics provide constraints on many important issues, such as: a) determination of primary 
features of the material used for objects (mineral composition, fabric, porosity etc), b) the origin of 
stone (solid stone, clays, sand) used as raw material in the production of stone tools, ceramics, 
sculptures, as well as buildings, c) specification of different processes that might have occurred 
during the interaction between cultural heritage objects and the environment, d) behavior of stone 
material against the substances used for its protection from decay, e) estimating the compatibility 
between the original stone material and potential material used for reparation and/or protection, f) 
providing recommendations for monument protection, restoration etc (Figure 1). In the following 
text we illustrate four examples of the application of PTLM and SEM-EDS methods in studying 
Serbian cultural heritage objects: from Prehistoric tools to medieval monuments. 
In investigating abrasive and polished stone tools from the Eneolithic site of Masinske Njive 
(Šumadija, Serbia) the main task was to define the provenance of used raw material in order to help 
the archaeologists to define the area of everyday activities of tribes and to derive conclusions on 
possible communications among communities, economics (trade), way of life etc. As Šarić et al. [1] 
reported, the PTLM revealed the presence of hydrothermally altered volcaniclastics, coherent 
quartzlatites with sieved plagioclases and one metamorphic rock - sericite-muscovite-quartz schist, 
but it was not sufficient to establish the provenance of this raw material. However, SEM-EDS 
analyses provided evidence that in the studied quartzlatites processes of phlogopitization of biotites 
had occurred. Such mineralogical and textural features are typical for Cenozoic volcanic complexes 
of Serbia, such as Rudnik, Rogozna or Kopaonik [2], [3], [4], among others. Although none of the 
Cenozoic complexes could be excluded as a potential source of the raw material, the authors 
regarded Rudnik as the most suitable candidate, because this area is closest to Masinske Njive. The 
provenance of a single sample of sericite-muscovite-quartz schist is not possible to determine until 
more data are available. 
An example of the application of PTLM and SEM-EDS technique (in combination with X-ray 
powder diffraction - XRPD) in studying ancient ceramics is the analyses of 63 samples of ceramic 
shards (cooking and table ware) and three samples of pristine clay regarded as possible raw material 
from the Serbian Medieval monastery Studenica (UNESCO world heritage site). The study was 
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performed by Šarić et al. [5] who concluded that: a) the mode of matrix crystallinity (PTLM), the 
morphology of fracture surfaces of the shards (SEM) and chemical reactions between the clasts and 
the matrix (SEM-EDS) indicate different temperatures of firing: samples displaying an anisotropic 
matrix, rough fracture surfaces and lacking reactions between the clasts and the matrix were fired at 
lower temperatures (600-700 oC), whereas those having an isotropic matrix, smooth fracture 
surfaces and exhibiting reactions between the quartz clasts and the matrix indicate firing 
temperatures of minimum 800-900 oC; b) the characterization of clasts (PTLM + SEM-EDS), and 
matrix and the clay compositions (SEM-EDS + XRPD) imply that most shards originated from 
local production, whereas four wares could have been imported from Peloponnese; c) illitic type of 
possible raw material was also determined (SEM-EDS + XRPD). 
 

 
 
Figure 1. Application of PTLM and SEM-EDS/WDS methods in mineralogical-petrological investigations of 

cultural heritage objects. 
 
Two complex studies done for the Manasija Monastery from the XV century [6] and the Gradac 
Monastery from the XIII century [7] involve: a) determining the composition, fabric and 
microstructures of primary stone material, b) the characterization of secondary crusts and products 
of efflorescence formed over the stone, and c) the identification of processes which may have 
caused the formation of the crusts and stone degradation. The PTLM investigations show that 
primary blocks of the stone in the walls of the Manasija complex are represented by two varieties of 
limestone and sandstone, whereas the church of Gradac was built of tufa. Various types of 
aggressive salts, identified by SEM-EDS on the surfaces of the primary stone material, are: Na-
sulfates and carbonates (thenardite, mirabilite thermonatrite, trona – mostly in Manasija), Ca- and 
Mg sulfates (gypsum, epsomite, hexahydrate – mostly in Gradac) and other complex salts 
(eugsterite, darapskite, aphthitalite, blodeite, syngenite – developed on both objects). The formation 
of the salts is explained as follows: Na- and Na-Ca salts from the walls of Manasija generated from 
cement mortar used for repairs. The lithological type and chemical composition of the substrate had 
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also an influence on the development of these salts, because Ca partly derived from different types 
of limestone. On the other hand, it is found that the efflorescence marked by Mg-phases (epsomite 
and hexahydrate) on the tufa walls of Gradac originated from several sources: the original lime 
mortar which contains Mg-rich aggregates, the lime cement mortar used for repairing, the dolostone 
of the rubber core, and Mg-rich rocks of the monastery basement. The acquired data underline the 
complexity of research of the cultural heritage objects, emphasizing the importance of recognition 
of both natural factors and damages caused by inadequate material for reparation.  
The last example (walls and gates of the Belgrade’s fortress) is dedicated to the problem of the 
recovery of stone monuments and the replacement of damaged stone blocks or their parts by new 
material – natural and the same if possible. The PTLM indicates that the majority of the blocks of 
the walls and gates of the Belgrade’s fortress are made of Middle Miocene limestones from the 
vicinity of Belgrade. However, all known quarries from this area have been abandoned since more 
than 100 years. The PTML reveals petrological (structural characteristics, mineral composition, 
type of porosity) and geochronological (determination of the Badenian Lower Sarmatian fauna) 
similarities of the original stone and the stone from quarries at the Fruška Gora Mts, especially from 
the open pit Mutalj. This led to successful substitution of the damaged stone blocks (Matović, 
unpubl). 
According to the given examples it could be concluded that the application of PTLM and SEM-
EDS/WDS methods in unraveling mineralogical-petrological characteristics has a significant role in 
the investigation of cultural heritage in all stages of examination: from the characterization of 
primary material to the determination of secondary products and the estimation of potential material 
used for restoration etc. 
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Scanning Electron Microscopy with Energy Dispersive Spectroscopy (SEM-EDS) and Optical 
Microscopy with Polarised Light (OM) are often irreplaceable techniques for the analysis of 
complex works of art. The stratigraphic investigation provides important information about the 
structure, morphology, painting technique and composition of layers, which is crucial for making 
decisions about future conservation approaches and techniques. This paper presents investigation of 
samples from fresco painting from the Serbian Orthodox Church of the Nativity of the Blessed 
Virgin Mary in Sremska Kamenica, Serbia, a baroque building built in 1758. 
The analysis presented combined use of OM, SEM and EDS analysis on one of the samples from 
the Orthodox Church fresco painting. The OM was employed for detecting paint layers, while the 
immersion oil technique improved the numerical aperture (resolution) of the optical system. In total, 
5 layers were identified (Fig. 1).  
 

 
a) 

 
b) 

Figure 1. Serbian Orthodox Church fresco painting sample: a) Optical Microscopy image without 
immersing oil, x100; b) Optical Microscopy image with immersing oil, x100 

 
The thickness of each layer was identified using SEM - BEI (Backscattered Electron Image) 
analysis, while the chemical composition was detected based on EDS (Table 1.), which was later 
coupled with the results of FTIR and XRF analyses. The main identified historical paint layers are 
the top layer – no. 1 (Ultramarine based) and layer no. 4 (Vermilion based). They form a so-called 
“double sample”, with the paint layers separated from each other by a well-defined “new” ground 
layer (layers no. 2 and 3). The OM and SEM images of the sample showed the heterogeneity and 
fragility of the layer no. 3 (Spectra 2, 3 and 5 in Fig. 2b) which should be taken into account in 
future conservation works.  
 
The presented results confirmed that the combination of different microscopy and spectroscopy 
techniques are crucial for deeper understanding of painting composition which is more often than 
not a lot more complex than the eye sees. The obtained microscopy and spectroscopy results were 
further enlarged with FTIR and XRF investigation and together they provide invaluable inputs for 
future conservation of fresco paintings, based on modern principles of collaboration between 
science and conservators. 
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a) 
 

b) 
Figure 2. Serbian Orthodox Church fresco painting sample: a) SEM - BEI image, x200, with marked 

thickness of each paint layer; b) SEM image, x200 with marked positions of EDS analyses 
 

 
Table 1. Results of EDS analyses in correlation with painted layers identified by OM and SEM  
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Over the years, microscopy has become an integral part of programs for the preservation of Cultural 
Heritage, because it provides information on specimen ultrastructural morphology and degradation 
phenomena. 
SEM study, through the rapidity of sample preparation, the high resolution, and 3D-analysis, gives 
us information on the nature and surface properties, on the modifications induced both by 
technological treatments and accidental causes as well as by the action of chemical, physical, 
mechanical or natural agents. 
In the case of wooden and textile finds of historical-artistic interest, SEM can be used for 
conservation interventions, such as the identification of sample nature through the study of surface 
and of their alterations. Furthermore, it is possible to carry out the characterization of the 
degradation state, the evaluation of the conservative intervention and the study of the restored 
substrate in order to verify the state of conservation (1). On the other hand, TEM observation, after 
an appropriate sample preparation and thanks to the high resolving power, allows the ultrastructural 
analysis of the internal structures of cells and / or tissues, correlated to the qualitative investigation 
of sample structure conservation status.  
Moreover, it represents a particularly useful tool in identifying the biotic agents of degradation, 
allowing to understand / reconstruct the history of the artifacts and helping to set a correct 
restoration  
project. 
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Figure 1. Light microscopy (A), SEM (B-D, G-I) and TEM (E, F, J) of wood (A-F) and yarns (G-J). 

Fibers and vessels in tangential section are visible (A, B). C, wood in cross section. Tyloses formation 
are present. Ray cells, plasmodesmata structures and bordered pits are shown in C-F, respectively. Linen 

(G; *, knots) and cotton (H; , twisted ribbon) fibers are displayed. In I, contaminated hemp fiber are 
present. J, cotton fibers in longitudinal section. Bars: A,B,E,I = 0.5 µm; C = 20µm; D,H = 10 µm; F = 

0,2µm; G=1µm; J=0.1µm. 
 

 



CERAMICS,  COMPOSITES,  CULTURAL HERITAGE MATERIALSMATERIAL SCIENCES 418

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

The nanoscale origin of chatoyancy in chrysoberyl from Pratinhas, Brazil  
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Chrysoberyl (BeAl2O4) from Rio das Pratinhas near Arataca in the Bahia state of Brazil displays the 
optical effect of chatoyancy (Figure 1), commonly ascribed to oriented inclusions of other minerals, 
such as rutile. To identify the origin of this effect we studied the chrysoberyl crystals using powder 
x ray diffraction and electron microscopy and spectroscopy methods. The chrysoberyl structure was 
first determined by Bragg and Brown (1926). It crystallizes in an olivine-type structure, a hexagonal 
close-packed (hcp) analogue of cubic (ccp) spinel (MgAl2O4) structure. It has a slightly distorted 
hcp O-sublattice with Al3+ and Be2+ ions partially occupying octahedral and tetrahedral interstices. 
The structure has been often revisited and reports do not differ that much in cell parameters as they 
do in the orthorhombic unit cell settings leading to space groups variants: Pnma, Pbnm, Pmnb, etc. 
Our choice is based in accordance to the spinel archetype structures. hcp planes of the O-sublattice 
were oriented normal to the crystallographic c-axis so that (001) planes of chrysoberyl correspond 
to (111) planes of spinel, with the a-axis aligned parallel to the (110) axis of spinel, allowing direct 
comparison between the spinel, taaffeite and chrysoberyl [1]. Experimental diffraction pattern was 
best matched with the crystal structure of chrysoberyl at the atmospheric pressure (Hazen 1987; 
JCPDS 01-078-0956), with minor reflections belonging to rutile (Figure 2). The chrysoberyl 
structure was refined by Rietveld analysis (Topas-Academic V4) in the orthorhombic Pmnb (62) 
space group, using starting structural model from Hazen [2]. In the final stage, nanocrystalline rutile 
was included as a minor secondary phase. The refinement of rutile included in chrysoberyl was less 
reliable due to broad and weak reflections of rutile, which can be attributed to relatively low 
concentration of rutile, its small crystal size, and possible structural anisotropy. Quantitative 
analysis including refined chrysoberyl and rutile structures resulted in 98.0(9) mol% of chrysoberyl 
and 2.0(9) mol% of nanocrystalline rutile with an average particle size of ~50 nm. Refined unit-cell 
parameters of chrysoberyl crystals from Pratinhas are: a = 5.4825(1), b = 9.4163(2), c = 4.4308(1) 
Å (space group Pmnb, no.62), whereas those of rutile converged to a = 4.7331(4), c = 2.880(2) Å 
(space group P42/mnm, no.136). The Rietveld refinement was stopped with Rwp of 7.8 %.  
The samples were further studied in [001] orientation by transmission electron microscopy (TEM). 
Figure 3 shows a thin crystal foil of chrysoberyl with numerous precipitates in oriented fashion, 
suggesting that some exsolution process took place after the formation of chrysoberyl crystals. They 
are oriented in two specific orientations with respect to chrysoberyl lattice, occasionally coinciding 
to form obtuse L-shaped or acute V-shaped pairs, enclosing 98.7° or 81.3°. These angles correspond 
to {120} planes of chrysoberyl lattice, suggesting that the precipitates exsolved along these specific 
planes. No additional reflections could be seen in selected area electron diffraction patterns due to 
relatively low concentration of precipitates and their small size, even when using the smallest 
selected area apertures. Energy dispersive x ray spectroscopy (EDS) showed that the precipitates 
are Ti rich. They are only few nanometers thick, and up to 50 nm long on average. To determine the 
orientation of a and c-axes, distances along the three pseudo-hexagonal directions of the rutile 
lattice were measured over several tens of lattice planes to ensure higher accuracy (Figure 4). The 
resulting interplanar distances were d101 = 2.456 and d001 = 2.875 Å, and the lattice parameters of 
rutile were calculated: a = 4.725 and c = 2.875 Å [3]. The result surprisingly matches the lattice 
parameters determined by Rietveld refinement and implies large deformations of rutile imposed by 
the host chrysoberyl lattice after precipitation. This was explained that during phase separation 
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process the morphology of precipitates is dictated by the lowest energy interfaces between the two 
structures, where the longest dimensions of precipitates commonly correspond to the best matching 
directions that exist between the two phases. Orientation relationship determined from HRTEM 
images of chrysoberyl rutile interfaces such as shown in Figure 4 is: [001]Ch{120}Ch||[010]R{103}R. 
Precipitation of rutile probably occurred on cooling of Ti4+-rich chrysoberyl solid solution when 
supersaturation conditions were reached and separation process took place. Determined orientation 
relationship has interesting implications for determination of rutile exsolution temperature, helping 
to disclose the dynamics of geochemical processes during crystallization of chrysoberyl. 
 
Acknowledgements: This work is a part of the Ph.D. thesis of S. Drev financed by the Slovenian 
Research Agency. The TEM work was performed at the Centre of Electron Microscopy at JSI. 
 

 
 

Figure 1: Uncut chrysoberyl crystal from Pratinhas, 
Brazil and cabochon showing chatoyancy effect due 
to nanosized rutile precipitates. 

Figure 2: X-ray diffraction analysis of chrysoberyl 
crystal from Pratinhas. (a) Experimental pattern with 

red arrows indicating positions of rutile reflections.  

 

(b) Simulated pattern of chrysoberyl after Rietveld 
analysis. (c) Simulated pattern of rutile. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: TEM and electron diffraction study of 
chrysoberyl from Pratinhas. EDS analysis from the 
precipitate shows enrichment with Ti.  
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Figure 4. TEM study of rutile precipitates in chrysoberyl from Pratinhas. (a) Two orientations are observed 
(R1 and R2). (b) L shaped cluster composed of two impinging rutile precipitates enclosing an angle of 98.7°. 
(c) Isolated rutile precipitate. In addition, small xenomorphic grains of faulted rutile are present (see the 
inset). The magnification in all three images is identical. (d) Structural analysis of chrysoberyl-rutile (Ch|R1) 
interface. Real space 4×4 unit-cells are outlined in yellow. (e) Fast Fourier transform (FFT) of the HRTEM 
image from (b) displaying additional reflections from rutile R1 and R2 precipitates (indicated by arrows). (f) 
Reconstructed EDP of chrysoberyl and rutile precipitates calculated with lattice parameters of deformed 
rutile from the HRTEM analysis (d), with (120)Ch || (103)R1 and (120)Ch || (103)R2. Reciprocal 2×2 unit-cells 
are outlined (chrysoberyl = grey, R1 = red, R2 = blue). Ref. Drev et al (2015). 
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Piezoelectric ceramics, which convert mechanical energy into electrical energy or vice versa, have 
been used in various applications such as transducers, actuators and piezo generators. Lead based 
piezoelectric ceramics have been widely used due to their excellent performance; however, due to 
the toxic nature of the lead element, researches have focussed on finding alternative lead-free 
piezoelectric ceramics, having high piezoelectric performance. Lead-free sodium bismuth titanate 
(NBT) ceramic composition is an important alternative to lead based ceramics due to its high 
piezoelectric performance. Properties of piezoelectric ceramics can be improved with different 
approaches like compositional modifications and microstructure engineering. In the first method, 
the performance of NBT ceramics can be improved by addition of potassium bismuth titanate 
(KBT) and barium titanate (BT) modifiers and these modifiers also increase the phase 
transformation temperature of NBT. The second method is tailoring of the microstructure with 
texturing due to anisotropic nature of piezoelectric properties. Texturing of the microstructure can 
be done with various methods. Among those methods, templated grain growth (TGG) method is the 
most widely used one. In TGG method, anisotropically shaped templates are used for producing 
ceramics with oriented grains via a proper heat treatment process. During heat treatment, 
densification and grain orientation occur due to Ostwald ripening. In this study, textured NBT-
KBT-BT ceramics were produced by using BT, KBT and BiT template particles and microstructural 
characterizations of produced samples were carried out by x-ray diffraction (XRD), scanning 
electron and transmission electron microscopes (SEM and TEM) to evaluate effects of time, 
temperature and template type on the texture formation. Orientation relations between matrix and 
template particles were characterized by using novel precession electron diffraction in TEM. In this 
presentation, the results of these analyses will be discussed in detail.
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Regard to Resistance to Permanent Deformation 
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This paper presents the results of the development of asphalt Nano composites containing carbon 
nanotubes (CNTs) with high resistance to permanent deformation, aiming to increase the 
performance of asphalt surfaces in relation to the rutting problem. Asphalt Nano composites were 
prepared with the addition of different proportions of CNTs (1%, 2% and 3%) in relation to the 
weight of asphalt binder. The base binder used was a conventional binder (50-70 penetration) 
classified as PG 58-22. The optimum percentage of CNT addition in the asphalt binder (base) was 
determined through the evaluation of the rheological and empirical characteristics of the Nano 
composites produced. In order to evaluate the contribution and the effects of the Nano composite 
(optimized) in relation to the rutting, the conventional and Nano modified asphalt mixtures were 
tested in a French traffic simulator (Orniéreur). The results obtained demonstrate the efficient 
contribution of the asphalt Nano composite containing CNTs to the resistance to permanent 
deformation of the asphalt mixture. 

ONE of the structural defects most commonly encountered in asphalt pavements is permanent 
deformation. This can be defined as a depression in the wheel track with the possible occurrence of 
an elevation along the edges of this depression. Permanent deformation mainly originates from the 
instability of the asphalt concrete due to the excessive fluency of the mixture, aggravated by high 
temperatures, heavy traffic and the relief conditions [1]. In this context, this phenomenon is one of 
the main problems in developing countries with a tropical climate, where an increase in the volume 
and aggressiveness of the traffic has been recorded and also better quality asphalt pavements and 
coatings are required [2]. This defect leads to the formation of an uneven pavement surface, 
increasing the irregularity, the discomfort to road users and in some cases a loss of drivability. On 
rainy days the accumulation of water in the wheel tracks can cause accidents due to the 
phenomenon of aquaplaning, which occurs when vehicles lose the tire/pavement adherence required 
to maintain In this study, the following materials were used: conventional asphalt binder (asphalt 
matrix) and CNTs (reinforcing load) for the preparation of asphalt Nano composites, and aggregate 
minerals and hydrated lime for the production of the asphalt mixtures.  The base asphalt binder used 
in the study is classified according to the penetration as being within a range of 50-70 tenths of a 
millimeter and as PG 58-22 according to the Super pave classification.  The CNTs are comprised of 
multiple layers and have the characteristics shown in Table I, where the micrographic details of this 
nanomaterial can be observed.   
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                              Fig. 1 Micrograph of a CNT: magnification 30,000 times 

             Table 1. Characteristics of CNTS  

Properties  Results  
External diameter  50-80 nm  
Internal diameter  5-15 nm  
Length  10-20 µm  
Density  2.1 g/cm3   
Specific surface area  60-80 m2/g  
Carbon*  97.37%  
Nickel*  1.86%  
Iron*  0.55%  
Chlorine*  0.20%  
Sulfur*  0.02%  

*Results obtained in the analysis by energy dispersive X-ray fluorescence (Shimadzu EDX-700).  
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Collagen type I scaffold coated with nature inspired polymer 
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Nanoscale characterization in a multiphasic polymeric system - 
morphology@mechanical property@chemical composition 

complementary studies.
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Figure 1. STEM EDS mapping with an inset TEM image in the overlay STEM map and STEM image with a 

line profile of one example of the debris particles obtained from the tissue around the damaged COC 
artificial hip part. The bottom-left inset image in the overlay STEM map shows parts of the COC bearing. 

 

TEM STEM 
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Polyesteramide nanofibers for skin tissue engineering 
 

Věra Sovková1,2,3, Karolína Vocetková1,2, Radek Divín2,3, Karolína Řeháková4, Jiří Brožek4, Eva 
Filová1, Evžen Amler2,3 
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Prague, Třinecká 1024, 273 43 Buštěhrad, Czech Republic 
3Second Faculty of Medicine, Charles University in Prague, V Úvalu 84, 150 06 Prague 5, Czech 

Republic 
4University of Chemistry and Technology, Technická 5, Prague, 166 28, Czech Republic 

 

Tissue engineering is a multidisciplinary area based on repairing damaged tissues.The aim is to 
create a scaffold that simply mimics the natural microenviroment of  an existing tissue and serves as 
a physical support for cell adhesion and growth. Cells then contribute to the degradation of the 
scaffolds and instead produce an extracellular matrix in which they further proliferate and 
cooperate. In tissue engineering, poly (-ε-caprolactone) (PCLO), a biocompatible and biodegradable 
polymer approved by the American FDA for clinical use, is used in preference to prepare 
nanofibrous scaffolds. Its disadvantage is the relatively long degradation. Polyesteramide (PEA) - 
poly [(ε-caprolactam) -stat- (ε-caprolactone)] was prepared by copolymerization of ε-caprolactone 
(CLO) with ε-caprolactam (CLA). The composition of the copolymer influences the speed of 
degradation and therefore, the use of nanofibrous layers. 
The aim of this study was to prepare nanofibrous scaffolds from copolymers containing different 
ratios of ε-caprolactone and ε-caprolactam units. The prepared nanofibrous scaffolds were tested in 
vitro using dermal cells. 
Nanofiber layers were prepared by electrospinning from two types of PEA dissolved in a mixture of 
acetic acid and formic acid (molar ratio of CLO: CLA 80:20 and CLO: CLA 70:30). The polymers 
were spun from a mixture of formic acid and acetic acid. As a control, fibers containing only ε-
caprolactone units were used. The prepared layers were characterized by scanning electron 
microscopy. Sterile scaffolds were seeded with keratinocytes and fibroblasts and their metabolic 
activity and proliferation were determined on days 1, 7, 10, and 14 of the experiment. The 
morphology of adherent cells was visualized by confocal microscopy. 
Characterization of the scaffolds by SEM showed a morphology typical of nanofibers. The control 
fibers contained a larger number of spherical defects. In vitro testing of the prepared scaffolds 
showed that all prepared layers are biocompatible and noncytotoxic. On a PEA sample (CLO: CLA 
80:20), a statistically significant higher metabolic activity and keratinocyte proliferation was 
detected throughout the experiment, compared to the PEA (CLO: CLA 70:30) and the PCLO 
control samples. Furthermore  a statistically significant higher metabolic activity of fibroblasts was 
detected on all copolymers, compared to the control; there were no statistically significant 
differences between the PEA CLO: CLA samples. The confocal microscopy was consistent with 
other methods used. 
It was confirmed that the prepared nanofibrous scaffolds are biocomatible and noncytotoxic. 
Keratinocytes preferred copolymer which contained 80% CLO units and 20% CLA units. In the 
case of fibroblasts, there was no difference between the copolymer samples, but both promoted 
better fibroblast viability than the control sample.  
This study has been supported by the Research Program NPU I:LO1508, Prague Competitiveness 
CZ.2.16/3.1.00/21528, Internal Grant Agency of the Ministry of Health of the Czech Republic 
No 17-32285A.  
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Confinement effects in semiconducting nanostructures revealed with STEM-
EELS 
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Valeria Nicolosi4, Luca De Trizio2, Javad Shamsi2, Stefano Toso2, Dmitry Baranov2 and Liberato 
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1CNR - Istituto Nanoscienze, Modena, Italy 2Istituto Italiano di Tecnologia, Genova, Italy 

3SuperSTEM, SciTech Daresbury Science and Innovation Campus, Daresbury, UK 4Trinity College 
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1. Introduction. The combination of high spatial resolution and high energy resolution achievable 
with last generation transmission electron microscopes allows investigating confinement effects in 
nanostructures. Well-known examples are the localized plasmon resonance in metallic nanoparticles 
(Ag, Au, …). However, interesting effects can be revealed in semiconductors. In this contribution, 
we present two examples of semiconducting nanostructures obtained by chemical synthesis: copper 
phosphide hexagonal nanoplates (Cu3-xP), and thin cesium lead bromide perovskite (PV) nanosheets 
(CsPbBr3). These systems have absorption or photoluminescence in the infrared (IR) in copper 
phosphide or the visible/near-UV for the PV. 
In the case of copper phosphide, localized surface plasmons resonances (LSPR) may be generated 
due to the presence of holes in the Cu3-xP structure arising from Cu vacancies, as found in other Cu 
semiconductors [1].  Recently, we have found a broad peak in the absorption spectrum at around 
1500 nm for this system, which should indeed correspond to a plasmon excitation [2]. 
In the case of lead halide bromide CsPbBr3, electronic confinement in the z-direction due to the 
small thickness results in the widening of the optical band-gap and blue-shift of the 
photoluminescence maximum [3]. 
2. Details of experiments. Electron energy loss spectra (EELS) were acquired in STEM mode on a 
Nion UltraSTEM (Daresbury, UK) operated at 60 kV and equipped with a probe corrector and a 
monochromator (Wien filter), resulting in a spatial resolution <100 pm and an energy resolution 
(FWHM of the Zero-Loss peak) of 20 meV. Dual eels acquisition assures the almost simultaneous 
acquisition of the 0 energy reference in the spectra to minimize the energy drift between the spectra 
at each pixel. The spectra were aligned in energy according to the position of the zero-loss peak and 
background subtracted or smoothed if needed. HAADF images were acquired at 60 kV (Daresbury, 
UK) or 200 kV (Dublin, Ireland). 

3. Results. 
3.1 Cu3-xP hexagonal nanoplates. Figure 1a shows the HAADF image from a single hexagonal 
crystal. The structure matches very well with ICSD #15056 with trigonal symmetry (Figure 1b). 
The Cu columns are surrounded by mixed P and Cu columns. The shift of the Cu atoms orthogonal 
to the z-direction gives the elongated spots in the image.  
Most interesting, the energy loss spectra shows a broad peak below 1 eV, which matches the peak at 
1500 nm found in optical absorption. The SI obtained across the edge of a 50 nm hexagon reveal 
two modes: one localized at the edge of the crystal at 0.6 eV and one localized at the center of the 
crystal at 0.8 eV (Figure 1c). These can be predicted within a simple Drude model with a bulk hole 
carrier concentration nh ~ 2*1021 cm-3. 
3.2 CsPbBr3 PV nanosheets. The high-resolution image from a [001] projection of a defect-free 
CsPbBr3 nanoplatelet is presented Figure 2a. The columns corresponding to Pb, Cs, and Br atoms 
are easily recognizable. The Br octahedra around Pb are tilted due to the Ian-Teller distortion as 
expected in the orthorhombic structure (ICSD #97851).  
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The band-gap position was inferred from the maximum in the first derivative of the EEL spectrum, 
after smoothing was applied to reduce fluctuations due to noise, following a similar procedure as in 
ref. [4]. The results as a function of thickness are presented in Figure 2b. The thickness of the 
nanoplatelets was measured from the t/λ ratio obtained with lower dispersion. The experimentally 
measured band-gap points were fitted with a power function according to the equation of 
confinement of a particle of mass m* in a crystal by impenetrable barriers in the z-direction. 
Extrapolation to lower thickness values (Figure 2c) gives a good prediction of the values found in 
the literature [5]. 

Figure 1. (a) HAADF image of a hexagonal Cu3-xP nanoplate. (b) Detail of the structure, that matches well 
with P63mc symmetry. (c) Extracted intensities from the EEL spectrum images taken across an edge of the 

nanoplate. Two LSPR modes are evident: one at the edge at 0.6 eV and one localized at the center of the 
nanoplate at 0.8 eV. 

Figure 2. (a) HAADF image of a CsPbBr3 nanosheet with orthorhombic structure (Pbnm). (b) Band-gap 
fitting from the EEL spectra in the thickness region of weak confinement. (c) Extrapolation of the fit at ultra-

low thickness and comparison with data from the literature. 
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5. Conclusion. Scanning spectroscopic images (STEM-EELS) permits to measure the effect of 
electronic confinement also on individual semiconduction crystals, e.g. to visualize LSPR on Cu3-xP 
or to measure the band-gap widening in thin CsPbBr3, with the advantage to avoid the effect of size 
average arising by collecting the signal from multiple crystals as in conventional spectroscopies 
(such as light absorption). 
The authors thank the financial support from the European Union Seventh Framework Programme 
under grant agreement No. 614897 (ERC Consolidator Grant “TRANS-NANO”). G.B. thank the 
support from the European Union Horizon 2020 Research and Innovation Program under grant 
agreement No. 766970 Q-SORT (H2020-FETOPEN-1-2016-2017). 
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Analysis of extended defects in high dose proton bombarded GaAs using Cs-
corrected STEM  

 
Johannes Neethling1, Jaco Olivier1 and Arno Janse van Vuuren1 

1Centre for HRTEM, Nelson Mandela University, Port Elizabeth, South Africa  

1. Introduction 
Proton bombardment of GaAs using doses in the range 1014 - 1015 H+ cm-2, has been used to create 
high-resistivity regions in GaAs device technologies [1]. The remnant damage after annealing at 
about 500 °C consists mainly of dislocation loops which appear to have only a minor effect on the 
electrical properties of the implanted layer [1]. Although the first author of this paper (JN) has 
investigated radiation damage and the formation and growth of dislocation loops in n-type GaAs 
since the 1980s [2,3,4], the earlier transmission electron microscopy (TEM) studies of radiation 
damage in proton bombarded GaAs [2,3,4] were  carried out long before probe-Cs-corrected high 
angle annular dark field (HAADF) scanning transmission electron microscopy (STEM) imaging 
became available and hence it was challenging to distinguish between interstitial dislocation loops 
and hydrogen platelets. Since HRTEM image characteristics are influenced by the foil thickness and 
defocus value, the interpretation of HRTEM images of lattice defects is problematic. Cs-corrected 
STEM with the HAADF imaging mode is a powerful technique for the determination of structural 
and chemical information at atomic resolution since the image characteristics do not depend on foil 
thickness and defocus value. In earlier papers, the first author (JN) and co-workers concluded that 
the loop-like defects on {110} planes in 300 keV proton bombarded (1015 to 1016 H+ cm-2) n-type 
Si-doped GaAs annealed in the range 500 °C to 900 °C were hydrogen filled vacancy loops (called 
hydrogen platelets) [2,3,4] which, due to the gas pressure inside the loops, would appear to be of 
interstitial nature [3]. However, in a recent paper we compared earlier TEM results of dislocation 
loops generated in n-type GaAs by 1 MeV electron and fast neutron irradiation with recent Cs-
corrected HAADF STEM images of {110} and {111} dislocation loops in neutron irradiated and 
annealed n-type GaAs [5]. The new data enabled us to reinterpret the older defect models [2,3,4] in 
proton bombarded n-type GaAs, i.e. the {110} loops in proton bombarded and annealed GaAs are 
now considered to be interstitial dislocation loops while hydrogen platelets form on {111} planes in 
high-dose proton bombarded GaAs (5 ×1016 – 1017 H+ cm-2) [5]. Cs-corrected HAADF STEM 
imaging of {110} and {111} dislocation loops in neutron irradiated and annealed (600°C for 20 
minutes) n-type GaAs revealed that the plane of the {110} loop consists of two layers of GaAs 
atoms, which is consistent with the model for a {110} pure-edge interstitial dislocation loop in 
GaAs. The plane of the {111} interstitial loop consists of one layer of GaAs atoms while the 
stacking sequence across the loop is consistent with that of an extrinsic stacking fault [5]. In this 
paper, probe-Cs-corrected HAADF STEM is used to image  loop-like defects on {111} planes in 
high-dose proton bombarded (1017 H+ cm-2)  n-type GaAs. The defects in the bombarded samples 
before and after annealing (500 °C) are also compared.   
 
2. Experimental 
The n-type Si doped (1018 carriers cm-3) GaAs samples were bombarded with 300 keV protons at 7° 
off the [001] to total doses in the range 1015 to 1017 H+ cm-2. Post-implantation annealing was 
carried out in a tube furnace under flowing argon. HRSTEM specimens were prepared by using a 
Helios Nanolab 650 focused ion beam (FIB) SEM. HAADF STEM imaging was carried out using a 
double Cs-corrected JEOL ARM 200F operated at 200 kV. 

 
3. Results  
Fig. 1 (a) and (b) show cross-sectional bright field TEM micrographs of the defect structure in n-
type GaAs bombarded with 300 keV protons to a dose of 1017 cm-2. The <001> direction of 
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implantation is indicated by H+. Loop-like defects on {111} planes at a depth of about 2.7 μm from 
the surface, are indicated by L and E. Loop E in (a) is viewed edge-on while loop L lies on an 
inclined {111} plane and show inside and outside contrast in (a) and (b) respectively. Fig. 1 (c) is a 
typical HAADF STEM lattice image of the loop-like defect E in (a). This type of {111} loop-like 
defect present at the peak of the H+ projected range in the 300 keV proton bombarded GaAs was 
found to consist of a single {111} GaAs layer (indicated by the arrow in (c)) with adjacent areas of 
lower crystal density (dark regions) which are suggested to be small hydrogen bubbles formed by 
H2 molecules trapped at tetrahedral sites [6] adjacent to the {111} plane of the interstitial loop.  

  

 
 

Figure 1. (a,b) Cross-sectional bright field TEM micrographs of the defect structure in n-type GaAs 
bombarded with 300 keV protons to a dose of 10

17
 cm

-2
. The <001> direction of implantation is indicated by 

H+. Loop-like defects on {111} planes at a depth of about 2.7 μm from the surface, are indicated by L and E. 
Loop E in (a) is viewed edge-on and loop L lying on an inclined {111} plane show inside and outside 
contrast in (a) and (b) respectively. The g vectors are g =  in (a) and g =  in (b) with s positive. (c) 
Typical HAADF STEM lattice image of the loop-like defect E in (a). The single {111} GaAs layer of the 
interstitial loop forming the core of the hydrogen platelet is indicated by the arrow in (c). The electron beam 
direction is <110>.  
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Fig. 2 (a) shows a HAADF STEM image of bubbles (voids) in n-type GaAs bombarded with 
protons to a dose of 1017 cm-2 and annealed at 500 °C for 15 min. Void formation is most likely 
assisted by the presence of hydrogen. The hydrogen platelet defects observed in the unannealed 
samples (Fig. 1) were absent after annealing at 500 °C. Fig. 2 (b) is a HAADF STEM lattice image 
of a typical planar defect present in the middle (R) of the bubble (void) distribution shown in (a). 
This defect consists of a nano size stacking fault on a {111} plane with a modified layer created by 
a 180 ° rotation of the tetrahedral unit as indicated by the arrow in (b).   
 
 

 

Figure 2. (a) HAADF STEM image of bubbles (voids) in n-type GaAs bombarded with 300 keV protons to a 
dose of 10

17
 cm

-2 
and annealed at 500 °C for 15 min. The <001> direction of implantation is indicated by H+.  

(b) HAADF STEM lattice image of a typical planar defect present in the middle of the bubble (void) 
distribution. The defect consists of a nano size stacking fault on {111} plane with a modified layer created by a 180 ° 
rotation of the tetrahedral unit. The electron beam direction is <110>.  

4. Conclusions 
GaAs interstitials seem to agglomerate in a number of different configurations: interstitial edge 
dislocation loops on {110}planes, extrinsic Frank loops on {111} planes [5] and a type of hydrogen 
platelet proposed to be an interstitial loop on a {111} plane with hydrogen molecules in small 
bubbles adjacent to the {111} loop plane. No vacancy loops have been observed in irradiated and 
annealed n-type GaAs by the authors of this paper [2 -5]; evidence for vacancy condensation was 
only produced by the presence of three-dimensional bubbles (voids) in proton bombarded GaAs. 
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1. Introduction and Motivation 
The perovskite Bismuth Ferrite (BiFeO3) is one of the few single phase multiferroic materials with 
coupling of its ferroelectric and antiferromagnetic moments far above room temeperature with a 
Néel temperature of 370°C and a Curie temperature of 830°C and has therefore attracted much 
scientific interest [1][2]. The antiferromagnetic domains were electerically controled [2] and 
therefore have great potential for various applications such as new types of memory devices with 
superior speed and storage density [3], spin valves, spintronic devices,and sensors[4].  
Doping of BiFeO3 with various elements has been done with the intention to purposely design new 
properties or improve existing ones like to raise a ferromagnetic behaviour in BiFeO3 instead of the 
antiferromagnetic one[5]. However, segregation and diffusion processes of the dopants severly 
dammage the functionality of devices using this effects. While there are many studies about the 
segregation towards surfaces, thanks to a variety of surface sensitive but also surface limited 
analysis methods, segregation processes towards non-surface interfaces are barely studied [6][7].  
2. Experiments and Results 
A Ca and Mn co-doped BiFeO3 (BFO) film was grown by pulsed laser deposition (PLD) on a (100) 
SrTiO3 (STO) substrate with a substrate temperature of 700°C. For comparision a film containing 
only Mn was grown on the same substrate. For transmission electron microscopy (TEM) studies 
cross-sections have been prepared by mechanical grinding and polishing and subsequent ion 
milling. Scanning transmission electron microscopy (STEM) has been performed and high-angle 
annular dark field (HAADF), electron energy loss spectroscopy (EELS) and energy dispersive X-
ray (EDX) at atomic resolution were simultaneously acuired to analyze the structural and chemical 
film composition. The HAADF image in Fig. 1a shows the epitaxial film-substrate interface. The 
EELS atomic resolution elemental map from this area in Fig. 1b shows that the Ca, which is 
displayed in red, is not uniformly distributed within the film but agglomerated at the interface of the 
film and the substrate (Fe and Ti are displayed in green and blue, respectively). Since it is known 
from X-ray photon spectroscopy (XPS) that the Ca concentration in the target during the deposition 
was uniform, the Ca segregation must have happened in the thin film during and shortly after the 
deposition, while the whole system was still at high temperatures.  
High-resolution transmission electron microscopy (HRTEM) of the interfaces of the film with the 
Ca agglomeration at the interface (Fig. 1c) and without Ca doping (Fig. 1d) were done and the 
strain states of the films were analyzed. The in-plane strain (εxx, blue curve) in both films is as 
expected around 0%, since both films are grown epitaxially. For the out-of-plane strain (εyy, pink 
curve) of the films, a positive strain value is expected. However, while the out-of-plane strain 
increases immediately at the interface for the film without Ca doping (Fig. 1d), the increase of the 
out-of-plane strain for film with the Ca agglomeration at the interface (Fig. 1c) is delayed within the 
green area and sets in afterwards.  
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Fig. 1 a, HAADF image of a substrate-film interface b, PCA filtered elemental map for Ti, Ca and Fe gained 
from the EELS data show Ca agglomeration at the interface. HRTEM images and in-plane (εxx) and out-of-

plane (eyy) for c, a film with Ca agglomeration at the interface and d, a film without Ca. 
 
Analyzing the intensity of the HAADF image in Fig. 2a (the intensity map in Fig. 2b) shows that 
the A-site intensities of the film are reduced until the 5th to 6th layer due to the Ca content in this 
layers. In this area also the out-of-plane strain is reduced as can be seen in Fig. 2c (marked by the 
green rectangle). This means that the strain reduction at the interface and the Ca content are directly 
connected. 
 

Fig. 2 a, HAADF image of film with Ca agglomeration at the interface. b, Intensity map of the HAADF 
image c, Out-of-plane strain (eyy) in the area of the HAADF image. d, Lattice spacing from the HAADF 

image compared with the values from the DFT simulations with 1 ML of Ca at the interface. 



SEMICONDUCTORS, DEVICES,  AND MAGNETIC MATERIALSMATERIAL SCIENCES 458

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

Furthermore, the DFT calculations were conducted and confirmed that Ca agglomeration at the 
interface is energetically more favourable. Additionally the distances between two adjectent A-sites 
received from the DFT calculations were compared with those received from the HAADF images. 
As can be seen in Fig. 2d, the calculated distances from the DFT calculations for 1ML of Ca 
directly at the interface displayed by the red curve fit very well with the distances from the HAADF 
image displayed by the blue curve.  
3. Conclusion 
The experiments showed that under a compressive strain from the substrate, the Ca dopant of a 
Bismuth ferrite thin film can segregate to the film-substrate interface. This leads to a strain 
reduction at the interface and DFT calculations showed that it is energetically more favorable. For 
device applications making use of the, with the dopants, purposely designed properties, such as 
ferromagnetic behavior for Bismuth ferrite, dopants segregation lead to device failure. The results 
presented here contribute to a better understanding of the processes behind dopant segregation and 
may pave the way for a better controllability of these unwanted effects.  
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Significant advancement in the semiconductor technology has led to the use of phase change 
memory (PCRAM) in commercial product to perfect the storage system. As the most important key 
material of PCRAM, Ge2Sb2Te5 (GST) alloy, is proved to have long cyclability, high density and 
nanosecond switching speed characteristics[1, 2]. Induced by thermal annealing, amorphous (a-) 
GST material will crystallize into a metastable face-centered-cubic (f-) structure ( , a=6.02 Å) 
at ~150 °C with a cationic Ge/Sb/vac f-sublattice and an anionic Te f-sublattice. If f-phase material 
was overheated, for example, 320~350 °C, it will transform into stable hexagonal (h-) phase 
(a=4.20 Å, c=16.96 Å), which is not favorable during the PCRAM application. Directly resolved 
the local atomic arrangement of Ge2Sb2Te5 alloy during intermediate steps is an effective method to 
understand its transition mechanism from face-centered-cubic to hexagonal phases.  
In this study, we provide insights into the atomic arrangement variation during face-centered-cubic 
to hexagonal transition process in Ge2Sb2Te5 alloy by using advanced atomic resolution energy 
dispersive X-ray spectroscopy[3,4]. Induced by thermal annealing, randomly distributed Ge and Sb 
atoms would migrate to the specific (111) layer in different behaviors, and Sb atoms migrate earlier 
than Ge atoms during the phase transition process, gradually forming intermediate structures similar 
to h-lattice. With the migration completed, the obtained stable h-structure has a partially ordered 
stacking sequence described as below: -Te-Sbx/Gey-Te-Gex/Sby-Te-Gex/Sby-Te-Sbx/Gey-Te- (x>y), 
which is directly related to the migration process. The current visual fragments suggest a gradual 
transition mechanism, acting as a solid experiment basis for understanding the microscopic 
properties in GST alloy and pave the way of further application of phase change memory. 
 
References 
[1] Salinga, M. & Wuttig, M. Phase-change memories on a diet. Science 332  (2011) 543-544. 
[2] Wong, H.-S. P. & Salahuddin, S. Memory leads the way to better computing. Nat. Nanotechnol. 10 

(2015) 191-194. 
[3] Y. Zheng, Y. Cheng, R. Huang et al. Surface energy driven cubic-to-hexagonal grain growth of 

Ge2Sb2Te5 thin film. Sci. Rep. 7 (2017) 5915. 
[4] Y. Zheng, Y. Wang, T. Xin et al.  Direct atomic identification of cation migration induced gradual cubic-

to-hexagonal phase transition in Ge2Sb2Te5. Commun. Chem. 2 (2019) 13. 
 
 
 
 

Direct atomic identifi cation of cation migration induced gradual 
cubic-to-hexagonal phase transition in Ge2Sb2Te5

YONGHUI ZHENG1, YONG WANG1, TIANJIAO XIN1, YAN CHENG1,2, RONG HUANG2, PAN 
LIU3, MIN LUO4, ZAOLI ZHANG5, SHILONG LV1, ZHITANG SONG1, SONGLIN FENG1

1 State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and 
Information Technology, Chinese Academy of Sciences, Shanghai, China; 2 Key Laboratory of Polar 

Materials and Devices (MOE), Department of Optoelectronics, East China Normal University, Shanghai, 
China; 3 State Key Laboratory of Metal Matrix Composites, School of Materials Science and Engineering, 
Shanghai Jiao Tong University, Shanghai, China; 4 Department of Physics, Shanghai Second Polytechnic 
University, Shanghai, China; 5 Erich Schmid Institute of Materials Science, Austrian Academy of Science, 

Leoben, Austria



SEMICONDUCTORS, DEVICES,  AND MAGNETIC MATERIALSMATERIAL SCIENCES 460

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

 
Figure 1. Atomic resolution elemental map of i-phase GST at initial stage. (a) The HAADF 
image of i-phase GST alloy projected along  orientation, the dashed white line along anionic 
atoms shows f-phase stacking feature. The atomic model is shown in the center area, and line 1 to 6 
denotes the cationic layer, respectively. (b) HAADF image extracted from the yellow rectangle in 
(a), and the intensity profile is calculated from the dark columns exhibiting a decreasing intensity 
trend. (c-e) and (f-h) are the atomic mapping resolutions of Ge, Sb and Te atoms taken from area 2 
and 3, respectively. Scale bar, (a-h) 1 nm. 
 

 
Figure 2. A schematic scenario of the f-to-h phase transition. (a) The initial f-phase projected 
along [111] direction, in which cationic sites are randomly occupied by Ge, Sb and vacancy. (b) 
The atomic configuration of i-phase after the migration process described in (a). (c) The atomic 
configuration of a deeper migration extent i-phase after the majority of Ge and Sb atoms in layer I 
have migrated, h-lattice like atom arrangement makes the stacking block easily to slip to transition 
into h-phase. (d) The atomic configuration for the stable h-phase projected along [0001] direction, 
where Ge element prefers the inner cationic layers and Sb element likes the outer cationic layers in 
the blocks. 
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Role of Dy diffusion in sintered Nd-Fe-B hard magnets 
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High coercivity Nd-Fe-B permanent magnets play an important role in rapidly-growing renewable 
energy sector (electric vehicles or wind turbines). To retain the coercivity at high operating 
temperature, heavy-rare-earth elements (HRE), such as Dy and Tb, are added using grain-boundary 
diffusion (GBD) process. The addition of HRE results in a significant improvement of the 
coercivity due to the increase of the intrinsic resistance to demagnetization. 
In the present study, we report on the correlation between magnetic properties and the distribution 
of the DyF3 in the melt-spun Nd2Fe14B ribbons that were coated with 2 wt.% Dy, spark-plasma 
sintered (SPS) and annealed at 600°C for 30 h [1]. During SPS and annealing process Dy diffused 
along grain boundaries (GB) into the outer parts of Nd-Fe-B grains, thus forming core-shell grains 
with Dy-rich shell and Nd-Fe-B core. The magnetometry measurements showed that the addition 
of Dy increased the coercivity in heat-treated samples by 25 %. For the structural and 
compositional studies, we used a Cs-corrected scanning transmission electron microscope (FEI 
Titan 80-200) equipped with SuperX electron dispersive X-ray (EDX) spectrometer and electron 
energy-loss (EEL) spectrometer (Gatan Enfinium ER model 977). 
The analyses were carried out in the so-called wheel side region of the annealed sample where the 
size of the Dy-treated Nd-Fe-B grains varies between 50-100 nm. The EDX maps confirmed the 
core-shell-like structure. However, the reliability of the EDX analysis is compromised by 
overlapping of the Fe-K, Dy-L and Co-K lines. Therefore, to separate the contribution of these 
elements and provide more reliable compositional maps, EEL spectra of the same grains were 
recorded. Direct integration of the power law background-subtracted spectra does not allow to 
fully separate the different contributions as the Fe-L edge overlaps with the F-K edge tail 
overestimating the Fe contribution. An overlap of the Nd-M3 and Dy- M4,5 edges is also present at 
higher energies and prevent an accurate determination of the Dy concentration. To unwrap the 
spectra the vertex component algorithm (VCA) was applied and thus we were able to determine 
the local repartition of the present elements and extract Fe-L2,3/Co L2,3, Nd-M4,5, Dy-M4,5, F-K and 
O-K maps. The results confirmed the Dy,Nd-Fe phase formation at the shell around the pure Nd-
Fe-B core grains. Further studies will focus on quantitative analysis of the as SPS sample which 
will at the end pave the way to observe the diffusion of DyF3 as a function of heat-treatment process 
and correlate it with the magnetic properties of the magnet. 
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Analytical electron microscopy of Half-Heusler thermoelectric alloys 
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Novel material concepts and nanotechnology have recently resulted in a great increase of the 
conversion efficiency of thermoelectric (TE) materials [1]. Among the broad range of materials, 
half-Heusler (HH) compounds continuously attract high attention due to their promising TE 
properties and thermal stability at service temperatures [2]. In general, good thermoelectrics have a 
high Seebeck coefficient, a high electrical conductivity, and a low thermal conductivity at the same 
time. HH compounds have elemental formula XYZ and consist of three interlaced face-centered 
cubic sub-lattices. A great advantage is the possibility to dope each of the three sublattices 
individually in order to optimize the thermoelectric properties. Besides doping, another means of 
improving TE properties is decreasing thermal conductivity by nanostructuring [3]. 
 
In this work, we characterize the microstructure of p-type Ti0.15Nb0.85FeSb HH TE samples in 
various stages of preparation: (i) after the initial ball milling and hot pressing (BM+HP), (ii) after 
additional high pressure torsion (HPT) and (iii) after additional annealing. Fracture surfaces of the 
processed samples were studied in a Tescan LYRA 3XMU SEM×FIB scanning electron 
microscope (SEM). Thin cross sectional lamellae were prepared by FIB (focused ion beam) in 
SEM. A Philips CM12 STEM transmission electron microscope (TEM) operating at 120kV, a 
JEOL JEM 2100F high resolution TEM operating at 200kV with an X-Max80 Oxford Instruments 
energy dispersive X-ray (EDX) analytical system and a Thermo Scientific Titan Themis 60-300 
cubed image corrected high resolution TEM were then used to study the microstructure (Fig. 1). 
 

 
 

Figure 1. SEM micrograph of fracture surface (image of backscattered electrons) and TEM micrograph of 
sample after BM+HP (a) and after BM+HP+HPT (b). 
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3. Results and Discussion 
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4. Conclusions 
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Introduction. The photoacoustic effect is a physical phenomenon involving the generation of sound 
waves following light absorption in a material sample. Sound waves are generated by irradiating light 
absorbing systems: photon absorption and subsequent non-radiative relaxation of the chromophores 
induces a rapid rise in temperature within the sample. When a pulsed laser has a pulse duration shorter 
than the sample thermal and stress confinement times, then there is not any thermal energy exchanged 
with the surroundings. The energy deposition occurs on timescales shorter than those needed for 
mechanical displacements causing strain within the sample to occur. This isochoric heating raises the 
pressure within the sample by Δp = Γμa F, where Γ is the Grüneisen parameter, μa is the optical 
absorption coefficient, and F is the incident laser fluence. This pressure rise induces a thermoelastic 
expansion, and the emission of a pressure wave called a photoacoustic wave[1]. Nowadays, the PA 
effect has been implemented in several techniques, that have completely improved our way of 
obtaining in vivo images. Among them, one of the most promising is the Photoacoustic Tomography 
(PAT). PAT is a technique based on a three-dimensional Photoacoustic Imaging (PAI). PAT can 
image multi-scale living biological structures, ranging from organelles to organs. Depending on 
application fields and achievable spatial resolution, PAT is divided into optical-resolution 
photoacoustic microscopy (OR-PAM), acoustic-resolution microscopy (AR-PAM), photoacoustic 
computed tomography (PACT) and photoacoustic endoscopy (PAE) [2]. PAI is an innovative 
imaging approach that overcomes the penetration depth limit of optical imaging methods by 
acoustically detecting light absorption [3]. 
Contrast and contrast agent. The contrast in optoacoustic imaging is based on the different 
absorption coefficients of tissue components like blood, melanin, and lipids or suitable transgene 
labels in the sample. The method allows high-resolution imaging of tissue to depths of several 
centimeters [4], [5],  and has already proved effective at imaging brain activity, [6], precise cancer 
localization, [7], cell fate and migration of macrophage [8] or stem cells and it also allows label-free 
analysis by using endogenous chromophores as contrast agents, which include: hemoglobin in red 
blood cells (RBC) [9], cytochromes in mitochondria, melanin in melanosomes, and DNA and RNA 
within the cell nucleus. However, longitudinal, non-invasive studies of live animals, one of the unique 
capabilities of optoacoustic imaging, are limited by the low number of transgene labels for 
optoacoustic and their poor signal generation efficiency, which complicates imaging of specific 
processes at the cellular and subcellular levels. The relatively weak optoacoustic signals generated 
by illuminating transgene labels at single wavelengths results in weak contrast compared to other 
strong absorbers like hemoglobin or melanin. Reversibly switchable fluorescent proteins (rsFPs) 
have had a revolutionizing effect on life science imaging due to their contribution to sub-diffraction-
resolution optical microscopy (nanoscopy) as agents able to improve contrast-to-noise ratio and 
spatial resolution. [10] However, rsFPs show different photophysical behavior in optoacoustics than 
in optical microscopy because optoacoustics requires pulsed illumination and depends on signal 
generation via nonradiative energy decay channels. This implies that rsFPs optimized for 
fluorescence imaging may not be ideal for optoacoustics since light emission and heating are 
competitive processes in depleting excited states energy [11]. The main aim of this project is the 
development and study of novel photochromic proteins for photoacoustic microscopy characterized 
by a lowering of the fluorescence quantum yield.  In particular,  two different families of 
photochromic proteins have been considered: GAF3 [12], and two novel mutants of GFPs obtained 

Photocromic molecular probes for photoacoustic microscopy

FRANCESCO GARZELLA1,2, PAOLO BIANCHINI1, ALBERTO DIASPRO1,3, RANIERI 
BIZZARRI4, BARBARA STORTI4 AND CRISTIANO VIAPPIANI2

1 Istituto Italiano di Tecnologia (Genova, Italy); 2 University of Parma (Parma, Italy); 3 University of 
Genova (Genova, Italy); 4 NEST, Scuola Normale Superiore and NANO-CNR (Pisa, Italy)



EMERGING AND MISCELLANEOUS TOPICS IN MATERIAL SCIENCESMATERIAL SCIENCES 489

MCM2019
14th MULTINATIONAL CONGRESS ON MICROSCOPY
SEPTEMBER 15–20,  2019  IN  BELGRADE,  SERBIA

adding a fluorescence-decreasing mutation to wildQ and wildQT proteins [13]. 
Experimental work and preliminary results. GAF3 is the third domain of the protein encoded by 
the gene slr1393 from the cyanobacterium Synechocystis sp. PCC6803 (Slr1393) and the sole domain 
showing photochromism, by switching between a red-absorbing parental state (GAF3R, λmax = 649 
nm) and a green-absorbing photoproduct state (GAF3G, λmax = 536 nm) upon appropriate irradiation 
(figure 1A). The protein has been tested in a pump and probe system showing a good difference 
between the peaks height of two forms at 532 nm pulse excitation wavelength which, due to the strong 
absorption of the red form in the region of the spectrum of the green form, is the one showing lower 
contrast (figure 1B). 

 

Figure 1. Absorption (A), fluorescence (A) and photoacoustic (B) spectra of the green and red absorbing 
forms of GAF3. 

WildQ and wildQT, respectively E222Q wtGFP and E222Q EGFP, have been used as a starting point 
for rational mutagenesis involving the addition of Y145W which is supposed to substantially decrease 
fluorescence quantum yield. The proteins display the predicted behavior with a fluorescence quantum 
yield which respectively for low-wildQ and low low-wildQT the 20% and 10% of the original wildQ 
protein (figure 2). 

 

Figure 2. Absorption spectra of wildQ, low-wildQ and low-wildQT. 

Further improvements. The next steps of this project will involve the development of a novel 
photoacoustic selective plane illumination microscope (paSPIM) and the imaging of HEK-spheroids 
expressing the gene codifying for the proteins.  
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1. Introduction 
Black-fruited (Aronia melanocarpa [Michx.] Elliot) chokeberry belongs to family Rosaceae, 
subfamily Maloidae and has origins in eastern North America and East Canada. In the 1900s, 
chokeberry was transferred to Russian botanic gardens. From there, it spread in the European 
part of the country [1]. The name chokeberry comes from the astringency of the fruits, and 
because of that, they are not favoured as ‘table fruits’. Black chokeberry is among the richest 
sources of polyphenols in the plant kingdom and has relatively high values of antioxidant 
capacity [2]. Experiments so far have shown that Aronia species are self-compatible, and may 
therefore have a mixed breeding system where both outbreeding and self occurs [3]. Some 
cultivars are bread of true black chokeberry while some are hibrid cultivars (e.g. Aronia × 
Sorbus). Little is known, however, about pollen performance in vitro of black chokeberry.  
The objective of the present investigation was to determine viability, germination and pollen 
morphology of black chokeberry cultivar ‘Nero’ (Aronia melanocarpa (Michx.) Elliot.). 
2. Material and methods 
The study was conducted on the black chokeberry cultivar ‘Nero’ growing at the site of Fruit 
Research Institute, Čačak. Flowers were picked randomly in late balloon phase. Anthers were 
separated from flowers in laboratory, placed into paper boxes and dried at 20ºC for 24–28 h 
until bursting. For the pollen grain germination test, pollen was grown in medium with three 
different concentration of sucrose (13, 15, and 17%) and 1% agar. Pollen germination was 
recorded after 1h, 3h and 24 h incubation period. Methods with fluorescin-diacetate [4] and 
2,3,5-triphenyl tetrasolium chloride (TTC) [5] were used to determine pollen viability. 
Observation and photography was performed under an Olympus BX61. For the SEM study, 
thirty randomly selected pollen grains were used to measure the polar diameter, equatorial 
diameter and exine sculpturing. Samples were mounted directly on metallic stubs using double-
sided adhesive tape and coated with gold in a sputtering chamber (BAL-TEC SCD 005 Sputter 
Coater). Observation of the prepared samples was carried out with a scanning electron 
microscope (SEM) JEOL JSM-7100F (Tokyo, Japan) at 15 kV. 
3. Results 
The results of pollen germination are shown in Table 1. Pollen germination rates were increased 
with incubation time. The highest germination rates were obtained in medium containing 13% 
sucrose (Figure 1). 
In about 1300 pollen grains viability test was determined by FDA and TTC. Almost two times 
better pollen viability was obtained by fluorescing diacetate than with TTC (35,70% and 
18,22%, respectively) (Figure 2). 
Pollen grains of the black chokeberry cultivar ‘Nero’ can be characterised as isopolar, radially 
symmetric and tricolporate. Polar view (length) is 44,37 µm, while equatorial diameter (width) 
is 23,03 µm (Table 2). Germinal furrows (colpus) extended the length of the grain (40,82). The 
pattern of the exine of the investigated black chokeberry cultivar is striate, perforate and tectate 
(Table 3; Figure 3).  
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Table 1 Effect of sucrose medium on agar plate on pollen germination (%) of black chokeberry 
cultivar ‘Nero’. 

Sucrose (%) 
After 1h 

incubation 
time 

After 3h 
incubation 

time 

After 24h 
incubation 

time 
13 34,55±1,03 a 41,03±1,52 a 41,80±0,21 a 
15 32,67±1,65 a 33,94±2,31 b 37,13±2,22 b 
17 33,29±1,60 a 33,80±0,83 b 40,57±1,74 a 

 

Figure 1. Pollen germination on medium with 13% sucrose after 1h (A); 3h (B) and 24h (C) incubation 
time. 

 

Figure 2. Pollen grain staining with fluorescin-diacetate (A) and (TTC); white arrows= viable pollen 
grain, black arrows= non viable pollen grain. 

 

 

Table 2. Morphological characteristic of pollen grains of black chokeberry cultivar ‘Nero’. 

Cultivar  Pollen 
length (μm) 

Pollen 
width (μm) 

Colpus 
length (μm) 

Colpus 
width (μm) 

Mesocolpium  
width (μm) 

 ‘Nero’ 44,37±1,21 23,031±0,93 40,82±0,80 1,51±0,19 11,64±0,57 
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Figure 3. Pollen grain of black chokeberry of the cultivar ‘Nero’; A- ×2500; B - × 3500. 
 

Table 3. Exine pattern in black chokeberry of the cultivar ‘Nero’. 

Cultivar Ridge width 
(µm) 

Ridge height 
(µm) 

No. of ridges per 100 
µm2 of exine area 

‘Nero’ 0,23±0,007 0,32±0,016 10,33±0,38 
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Pesticides are known as highly toxic chemicals and they are used towards a wide range of 
organisms has led to its extensively use against pests in a large variety of crops such as bulbs, 
cereals, fruits, coffee or potato. Determination of pesticides in environmental samples is of great 
interest due to their toxicity, carcinogenicity and endocrine disrupting effects. Carbendazim (methyl 
1H-benzo [d] imidazol-2-yl carbamate) is a benzamidazole fungicide that pays an important role in 
plant disease control and to prevent some illnesses on bananas, apple, tomatoes, cereals, honey, nuts 
[1,2]. Carbon paste electrode (CPE) are widely used electrodes in the fields of electrochemistry, due 
to their attractive advantages, such as low-cost implementation, simple preparation, low background 
current, wide potential window and these electrode are applicable in the large scale monitoring of 
electrochemically active environmental pollutants and organic constituents. 
Phirophilite carbon paste electrode based on tricresyl phosphate as a binding liquid has been applied 
as working electrode for the voltammetric characterization and determination of the carbendazim 
fungicide. To the best of our knowledge, there is no publication with the application CPE based on 
phyrophilite carbon paste electrode in the field of electroanalytical chemistry. In this work  we have 
tested the use of composite based on phyrophikute on sorption properties of carbendazim. 
Carbendazim (99% purity) was obtained from Fitofarmacija a.d. (Zemun, Serbia). The stock 
solution was made 1000 ppm in concentration by dissolving this pesticide in methanol and kept in 
dark at -18 0C. Britton-Robinson buffer solutions were prepared mixing solutions of 0.04 mol L-1 
H3PO4, 0.04 mol L-1 H3BO3 and 0.04 mol L-1 CH3COOH adjusting pH by 0.02 mol L-1 NaOH. 
Methanol, potassium ferrocyanide, sulfuric acid, paraffin oil, tricresyl phosphate, all acids, 
potassium chloride and NaOH were purchased from Sigma-Aldrich (St. Louise, MO, USA). 
Deionized water was supplied from Millipore purification system (Bedford, MA, USA). A 797 VA 
Computrace analyzer (Methrom) controlled by 797 VA Computrace software version 1.2 was 
applied for all voltammetric measurements. A three-electrode system include Ag/AgCl electrode 
(saturated with KCl) as a reference electrode, platinum wire as a auxiliary electrode and different 
types of CPE based on phirophilite carbon paste electrodes with paraffin oil and tricresyl-phosphate 
as the working electrode. All electrochemical experiments were carried out in conventional 
voltammetric cell (with operating volume of 10 ml)  temperature (23±1 0C). Before starting the new 
set of measurements a supporting electrolyte were deaerated by suprapure nitrogen for 5 min. 
Carbon paste was made by hand mixing of phirophilite carbon paste electrodes with paraffin oil or 
tricresyl-phosphate as a liquid binder. All pastes homogenized manually using pestle and mortar at 
the same ratio of 0.25 g of phirophilite, 0.25 g of graphite and 0.11 g of binder and were packed into 
the Teflon holder (2 mm diameter). Usually before starting a new set of experiments about 0.5 mm 
carbon paste was mechanically renewed out of electrode holder and polished on a wet filter paper. 
Morphology and microstructure of phyrophilite has been  study by SEM analysis. 
Phirophilite carbon paste electrodes have been investigated by cyclic voltammetry measurement in 
0.5 M H2SO4 as acidic supporting electrolyte, with potential range from -0.5 V to +1.1 V vs 
Ag/AgCl (saturated KCl) reference electrode. İn addition, 1 mM K4Fe(CN)6 in 0.1 M KCl was used 
as redox model compound. Parallel examinations were conducted with carbon paste electrode 
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(CPE), containing only graphite and liquid binder (paraffin oil (P) and tricresyl phosphate (TCP)). 
The parameters for CV measurement were as follows: initial potential -0.5 V, end potential 0.8 V, 
sweep rate 0.1 V/ s, initial purge time 60 s and scan rate 50 mV/s.  
Two supporting electrolytes, the acetate-based and 0.1 M phosphate buffer solution were tested as a 
media of choice for determination of carbendazim. The results have indicated that better shape and 
higher peak maxima could be obtained in the Briton-Robinson buffer. DPSV was used for 
quantitative determination of carbendazim in Britton-Robinson buffer pH 4 as supporting 
electrolyte. The parameters for DPSV measurement were as follows: start potential +0.2 V, end 
potential +1.2 V, accumulation potential -0.15 V, accumulation time 60 s and scan rate 50 mV/s. 
Before adding carbendazim, the blank was recorded (supporting electrolyte) under the same 
conditions. The quantitative DPSV determination of carbendazim at PGTCP is based on the linear 
relationship between the peak current intensity at +0.9 V in Britton-Robinson buffer solutions pH 4 
and carbendazim concentration. As can be seen, carbendazim could be determined by DPSV in the 
concentration range of 3.2 to 29.2 ng cm-3, with r = 0.999 (Figure 1.) and the limit of detection 
(LOD) of 1.9 ng cm-3, while the RSD did not exceed 2.3%. The RSD value indicates a relatively 
good precision of the developed method. The detection limit (LOD) were determined using the 
3σ/S, where σ is the estimated standard deviation of the peak height intensity for the lowest 
measured concentration (6 measurements) and S is the slope of the calibration curve.  
 

 

 

 

Fig 1. DPSV determination of carbendazim at 
pyrophilite carbon paste electrode at Britton-
Robinson buffer pH = 4 in concentration range 
from 3.2 to 29.2 ng cm-3 and the corresponding 
calibration plot using the phirophilite carbon 
paste electrode based on tricresyl phosphate 
(PGTCP).  
Accumulation potential -0.15 V, accumulation 
time 60 s and scan rate 50 mV/s.  
 

Fig. 2. SEM micrograph of phyrophiilte 

 
Due to enhanced surface properties pyrophilite based electrode  can be used as electrochemically 
active component for application of this material as a carbon paste electrode.  The obtained results 
open a new field for further investigations which concern pyrophilite as a sensor for the detection of 
water pollutants. An electroanalytical method has been developed for the detection and 
determination of pesticide carbendazim by DPSV at electrochemically conditioned pyrophilite 
carbon paste electrode in Britton-Robinson buffer pH = 4 as supporting electrolyte in the 
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concentration range of 3.2 to 29.2 ng cm-3 with LOD of 1.9 ng cm-3. Based on presented results, it 
can be concluded that the pyrophilite carbon paste electrode can serve as a sensor for the 
determination of carbendazim in model solution.  
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Thermo Fisher Scientifi c is the world leader in serving science. Our mission is to enable our customers to 
make the world healthier, cleaner and safer. We help our customers accelerate life sciences research, solve 
complex analytical challenges, improve patient diagnostics, deliver medicines to market and increase lab-
oratory productivity. No matter the research fi eld, we supply innovative solutions to take customers from 
questions to usable data, across scales and modes—through the broadest sample types. Our workfl ows for 
3D electron microscopy imaging and analysis help materials science researchers advance their sample char-
acterization to gain deeper insight into material samples using the latest advances in analytical instruments. 
Our best-in-class Phenom Desktop SEMs make imaging and analysis at the nanoscale available to every sci-
entist in every lab. 
We serve both academic and industrial life sciences researchers, providing an unmatched combination of 
complete workfl ow solutions ranging from cryo-EM structural determination of macromolecular complex-
es and protein sociology, in the native state, to reconstruction of 3D architecture of tissues and cells. Our 
solutions help researchers unlock the mysteries of underlying protein function and cellular process and 
bridge the gap between basic science and translational therapeutics.
Our multiscale, multimodal solutions provide the additive manufacturing industry with imaging and char-
acteriza¬tion of powders and parts at nano- to atomic-level resolution. These are supported by helical mi-
croCT, plasma FIB/SEM, STEM, 3D visualization software and automated SEMs that simultaneously charac-
terize size, shape and chemistry of powders or surface porosity and inclusions of parts. Our wide range of 
processing and analytical instruments makes us the only company that can both produce and verify the 
quality of 3D fi laments. Co-rotating twin-screw extruders produce fi lament for 3D printers with a wide 
range of raw materials. In-line and off-line IR, Raman and XR instrumentation validates fi lament uniformi-
ty and analyzes fi nal printed parts for potential failure.
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Diatome Ltd, founded 1970, manufactures diamond knives for ultramicrotomy.
In Biology Ultramicrotomy is the recognized technique for achieving ultrathin sections for Transmission 
Electron Microscopy (TEM), semithin sections for Optical Microscopy, serial sections for Array Tomography, 
cryo sectioning for immunocytochemistry (Tokuyasu technique), frozen hydrated samples (CEMOVIS). In 
Materials Research sections of all kinds of polymers and metals, but also brittle materials such as ceramics, 
semiconductors, crystals, etc, are generated by Ultramicrotomy. Besides the making of ultrathin sections 
of high quality, Ultramicrotomy also serves for preparing extremely smooth surfaces of a great variety of 
biological and Materials Research samples.
At the MCM 2019 conference exhibition Diatome displays the entire diamond knife range: 
ultra, histo, cryo, semi, ultra sonic, etc. Kindly visit our booth at MCM 2019 and discuss your Ultramicroto-
my applications. Our ultramicrotomy specialists are at disposal for any information you might require.

TESCAN is one of the global suppliers of scientifi c instruments. The company is building its reputation and 
brand name in the fi eld of designing and manufacturing scanning electron microscopes and system solu-
tions for different applications. The company is focused on research, development and manufacturing of 
high level SEM, Field Free HR SEM, world–class quality FIB, X-ray micro-CT systems, special vacuum cham-
bers and custom tailor systems, accessories supplementary for SEMs, light optical microscopy and image 
processing, detection systems, scientifi c hardware and software development. TESCAN&#39;s instrumen-
tation and innovative solutions have won a leading position in the world of nano- and microtechnology. Al-
most 3,000 SEM installations in more than 80 countries prove the highest technical solution of TESCAN 
products. Mikrolux is TESCAN representative for the territory of Bosnia and Herzegovina, Bulgaria, Croatia, 
Kosovo, Macedonia, Monte Negro, Slovenia and Serbia. For more information visit the website: https://
www.tescan.com/en-us/ or https://www.mikrolux.hr/

Founded in 1949, JEOL aims the development anmanufacture of high-tech scientifi c equipment. These fa-
cilities are essential to the laboratories for research, development and quality control of new products. Its 
fi elds of investigation are multiple: sample preparation (cross polisher, ion slicer), nanotechnology (SEM, 
TEM, Auger, FIB...), the environment, medicine, the life sciences (NMR, EPR, mass spectrometry…). With 3000 
employees in more than 80 countries JEOL is the world leader in electron microscopy. This position leads us 
to constantly innovate in bringing us closer to our customers through dynamic partnerships to meet the up-
coming challenges. For more information please visit our web site: www.jeol.fr or http://www.jeol.co.jp/en/
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www.tescan.com 
www.mikrolux.hr

It is our pleasure to invite you to come and visit us at the 14th Multinational Congress 
on Microscopy in Belgrade, Serbia.

Check out for the latest news at our booth  TESCAN CLARA is one of them... 

 The new TESCAN CLARA ultra-high-resolution scanning electron microscope 
(UHR-SEM), based on TESCAN’s BrightBeamTM technology,  takes materials 
characterization to the next level 

MCM 2019 
14th Multinational Congress on 

Microscopy 

September 15-20, 2019 
BELGRADE, SERBIA 

Key Benefits 
• Unique In-Beam BSE detector designs allow

filtering of signal based on energy and take
off angle

• Excellent for imaging of beam-sensitive and
non-conductive samples
• Fast setup of electron beam – optimal imaging
and analytical conditions guaranteed
• Intuitive and precise live SEM navigation on the
sample at low magnification without the need of
optical navigation camera
• UHR Field-free characterization of materials at
low beam energies for maximum topography
• Intuitive Essence™ software modular platform
designed for effortless operation regardless of the
user's skill level
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Headquartered at Bruker Nano GmbH in Berlin, Bruker Nano Analytics offers solutions for all your nano-
science needs. We develop, manufacture and market systems for the investigation of the composition and 
structure of materials on the micro and nano scale. This includes a unique range of analysis systems for 
materials characterization on electron microscopes. Our electron microscope analyzers QUANTAX EDS, 
QUANTAX WDS, QUANTAX EBSD and QUANTAX Micro-XRF on SEM provide unmatched comprehensive 
compositional and structural materials analysis. The M-series for mobile and benchtop micro X-ray fl uores-
cence spectrometry, including the M4 TORNADO Micro-XRF spectrometer, adds to our range of nano anal-
ysis solutions.

NanoMEGAS (www.nanomegas.com) founded in Brussels in 2004, is a world leader SME in the develop-
ment and commercialization of unique transmission electron microscopy (TEM) accessories for several sci-
entifi c / industrial applications based on precession electron diffraction. NanoMEGAS was the fi rst compa-
ny to develop and commercialize Precession Electron Diffraction (PED) equipment that is compatible for 
almost all type of commercial TEM and has been installed in more than 150 laboratories all over the world. 
Based on PED method that consist a breakthrough in electron diffraction, various applications have been 
developed the last years. Electron crystallography has been considered as an alternative powerful tool for 
the structure analysis of crystals of few nm size and many important materials and compounds have been 
analyzed by TEM. In 2008 in collaboration (common Patent) with CNRS-INP Grenoble-France the Automat-
ed Phase-Orientation Mapping application, called “ASTAR”, has been launched which allows 1-5 nm resolu-
tion maps (EBSD like) for any material (for FEG-TEM). ASTAR received the “Microscopy Today 2011 Innova-
tion Award” during M&M 2011 Congress in USA. NanoMEGAS has also lately developed, in collaboration with 
NanoMEGAS USA, a Strain Analysis method using TEM that provides results with high strain sensitivity (up 
to 0.02% of strain) and spatial resolution (up to 1-5 nm when FEG-TEM is used). In September 2015 Nano-
MEGAS was proudly announced a novel solution in collaboration with Columbia University, for the analysis 
of amorphous materials using the electron Pair Distribution Function (ePDF) algorithm specifi cally prepared 
for data obtained by TEM, reducing dramatically the acquisition time compared to conventional x-ray tech-
niques.
Due to the large number of NanoMEGAS devices and applications installed worldwide, the scientifi c pro-
duction on Electron Diffraction applications has been exponentially increased since 2004 with high lever 
peer reviewed published articles. 
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