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Vasopressin and oxytocin neurons mapping in cleared brain 

using digital light sheet microscopy 

Jana Cimická[1], Barbora Radochová[1] 

1. Institue of Physiology of the Czech Academy of Science 

E-mail of the presenting author: Jana.Cimicka@fgu.cas.cz 

Vasopressin and oxytocin neurons produce related peptide hormones with broad implications 

for general health, adaptation, development, reproduction and social behaviour. Examination 

of these neurons will provide structural evidence for a better understanding of the psychiatric 

disorders associated with oxytocin and vasopressin, such as depression and autism. Results 

should show spatial distribution of vasopressin and oxytocin neurones, their connections, 

quantity and size. However, standard imaging technology cannot be used because histological 

techniques produce cutting artefacts and confocal microscopy is limited by sample size and 

imaging depth. Digital light sheet (DLS) microscopy technique enables visualization of larger 

samples at reasonable resolution, thus in combination with tissue clearing techniques, the 

visualization of defined neurons in intact samples will be possible without performing the 

multi-step microtome section preparation and creating resulting artefacts. 
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Heat stress impairs centromere structure and segregation of 

meiotic chromosomes in Arabidopsis 

Lucie Crhak Khaitova[1], Pavlina Mikulkova[1], Jana Pecinkova[1], Manikandan Kalidass[2], 

Inna Lermontova[2], Karel Riha[1] 

1. CEITEC-Masaryk university, Department of plant molecular biology, Kamenice 753/5, 

Brno, 625 00, Czech Republic 

2. Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben, germany 

E-mail of the presenting author: lucie.khaitova@ceitec.muni.cz 

Temperature stress causes severe effects on plant growth, physiology and reproduction. High 

temperature reduces fertility due to decreased pollen viability, accompanied by altered 

chromosome segregation. However, molecular causes underlying this phenomenon are not 

well understood. 

We have identified Arabidopsis mutant with reduced level of centromeric histone (cehh3-4) 

that formed smaller centromeres and kinetochores. While cenh3-4 plants are viable and 

fertile under standard conditions, we noticed reduced fertility at moderately increased 

temperature. Live imaging of meiosis showed that at 26°C cenh3-4 exhibit chromosome mis-

segregation, formation of micronuclei and altered dynamic of meiotic progression compared 

to wild-type, indicating that impaired centromere structure sensitizes plants to higher 

temperature.       

To assess whether high temperature affects centromeres, we studied chromosome 

segregation and centromere structure in wild-type plants exposed to heat stress. Plants 

grown at 30°C had reduced amount of centromeric histone and the kinetochore protein BMF1 

at meiotic and mitotic chromosomes. Whereas progression through mitosis was not affected, 

we observed prolonged spindle assembly checkpoint and chromosome mis-segregation in 

meiosis I, accompanied by lower yield of viable pollen and reduced fertility. Our work suggests 

that centromeres and kinetochores may represent Achilles’ heel of plants in adaptation to 

increasing temperature and further elucidation of this phenomenon may unravel strategies 

for breeding heat-resilient crops. 

Acknowledment:  

This work was supported from the European Regional Development Fund-Project ‘REMAP’ 

(No. CZ.02.1.01/0.0/0.0/15_003/0000479). 
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Looking into the phenotype and migratory variability of B-

cell malignancies 

Štěpán Čada[1], Vítězslav Bryja[1,2] 

1. Department of Experimental Biology, Faculty of Science, Masaryk University, 62500 

Brno, Czech Republic 

2. Department of Cytokinetics, Institute of Biophysics, Academy of Sciences of the Czech 

Republic, 61265 Brno, Czech Republic 

E-mail of the presenting author: cada@sci.muni.cz 

B-cell malignancies such as Non-Hodgkin lymphoma are among the most abundant in adult 

population. Aggressivity of the disease is often associated with increased migratory 

properties of the leukemic cells, accumulating in lymph nodes, bone marrow and spleen. 

Apart from other cell models, there is still very limited knowledge about the mechanisms and 

phenotype driving migration of both leukemic and healthy B-cell cells, partly due to their low 

abundancy in peripheral blood and dependence on environmental cues. For many years, 

endpoint assays such as Boyden chamber (transwell) have been the standard to quantify the 

migration of these cells. To get better insight, we have used a modified under-agarose assay 

in combination with open-source image analysis software to directly and automatically 

quantify migration of these cells and tested it using cell lines originating from chronic 

lymphocytic leukaemia and mantle cell lymphoma. Apart from that, we have used 

commercially available live imaging stains in combination with TIRF imaging to observe some 

of the yet undescribed phenotype properties of these cells. 
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Coordination of photosynthesis and N2 fixation in 

Trichodesmium: Insights from Fluorescence Lifetime Imaging 

Microscopy 

Anezka  Miskova[1], David Bina[2], Davide  Basello[3], Daniel Hadraba[3], Ondrej Prasil[1], Meri 

Eichner[1] 

1. Centre Algatech, Institute of Microbiology CAS 

2. Biology Centre CAS 

3. Institute of Physiology CAS 

E-mail of the presenting author: eichner@alga.cz 

N2-fixing cyanobacteria face the challenge of protecting the N2-fixing enzyme nitrogenase 

from photosynthetically evolved O2, which is usually achieved by separation of these two 

incompatible processes in time (day vs night) or in space (heterocysts). The globally important 

filamentous N2 fixer Trichodesmium is unique in that it is able to fix N2 during day-time 

although it does not have heterocysts, apparently through subtle coordination of 

photosynthesis and N2 fixation at small scales of time and space. Here, we analyzed the 

lifetime of chlorophyll and phycobiliprotein fluorescence in N2-fixing and NO3-using 

Trichodesmium at bulk level and single-cell resolution. Combination of Fluorescence Lifetime 

Imaging Microscopy (FLIM) with Lugol’s stain allowed us to directly relate fluorescence 

lifetime to staining patterns of a commonly used marker for N2-fixing cells. We observed 

distinct stretches of cells within filaments displaying either longer or shorter than average 

fluorescence lifetime, which occurred at different frequency depending on the nitrogen 

treatment. Morphological patterns, responses to high light as well as comparison to Lugol 

staining patterns indicate that elevated fluorescence lifetime can reflect either a N2-fixing 

state or a more general stress response. We discuss these findings in the context of the 

expression and localization patterns of key proteins in photosynthesis and N2 fixation based 

on mRNA FISH and immunolocalization. In summary, the combination of fluorescence lifetime 

imaging with a range of other microscopy-based methods revealed an intricate interplay of 

photosynthetic electron flow and N2 fixation at single-cell level.  
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Visualizing ICF syndrome-associated structural chromatin 

alterations by STORM super-resolution imaging 

Trevor Epp[1], Kallayanee Chawengsaksophak[1], Maja Vukic[2], Petr Bartunek[1], Lucia 

Daxinger[2] 

1. Laboratory of Cell Differentiation, Institute of Molecular Genetics of the Czech Academy 

of Sciences, Prague, Czech Republic 

2. Department of Human Genetics, Leiden University Medical Center, Leiden, The 

Netherlands 

E-mail of the presenting author: trevor.epp@img.cas.cz 

From a chemical mutagenesis screen in the mouse, we have identified the CXXC-zinc finger 

protein Cdca7 and the de novo methyltransferase Dnmt3b as modifiers of murine metastable 

epialleles, dominant (MommeD), where their mutation correlates with hypomethylation and 

increased expression of a multicopy reporter transgene. Both genes are linked to the rare 

monogenic disease Immunodeficiency, Centromeric instability and Facial anomalies (ICF) 

syndrome, which is characterized by hypomethylation of repetitive DNA sequences. Analysis 

of genome-wide DNA methylation (whole genome bisulfite sequencing) and histone 

modification profiles (ChIP-seq) identified broad domains of hypomethylation correlating 

with re-distribution of repressive histone modifications. In the current study we are adopting 

dSTORM superresolution imaging to examine the effect of ICF-associated mutations on 

higher-order chromatin structure.  

 
dSTORM imaging of genomic DNA in a primary mouse embryonic fibroblast (Click-iT EdU 

reagent, Alexa Fluor 488) 
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Lightsheet microscopy: Development of the pancreas and 

inner ear 

Valéria Fabriciová[1], Romana Bohuslavová[1], Gabriela Pavlínková[1] 

1. Institute of Biotechnology of the Czech Academy of Sciences 

E-mail of the presenting author: Valeria.Fabriciova@ibt.cas.cz 

Transcription factor ISL1 is playing important role in the development of endocrine cells in 

the pancreas and auditory neurons in the inner ear. Using Cre/loxP system for the conditional 

knockout mouse model is allowing us to see the detrimental effect of the elimination of this 

gene in these tissues. The mice are diabetic, suffer from hearing impairment and 

abnormalities in sound processing in the brain, which is manifested as aberrant auditory 

behavior. Phenotype differences between mutant and control are shown using confocal 

microscopy and Light-sheet fluorescent microscopy (LSFM). LSFM is allowing us to create 

better 3D images. For efficient imaging we used an advanced CUBIC protocol for tissue 

clearing. Our mutants display loss of glucagon producing α cells in pancreas, which leads to 

the destruction of the architecture of the islets of Langerhans. Insulin producing β cells 

proliferate less and their maturation is slowed down. In the inner ear the migration and 

proliferation of neurons is decreased, their pathfinding abilities are disrupted and the 

cochlear wiring is significantly reduced. Our findings show that ISL1 contributes toward 

tonotopic organization. 
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The Centre for Cellular Imaging – a Research Infrastructure 

for Correlated Multimodal Imaging 

Julia Fernandez-Rodriguez[1] 

1. Centre for Cellular Imaging, Shalgrenska Academy, University of Gothenburg, Sweden 

E-mail of the presenting author: juliafer@cci.sahlgrenska.gu.se 

The future of bioimaging is in the synergy between modalities, in the hard-to-navigate waters 

of the interdisciplinary divide. While ‘omics’ communities attempt to reduce complexity 

through advances in single-cell technologies, imaging communities are attempting to broaden 

their existing single-cell technologies to tackle the complex spatial systems biology of three-

dimension (3D) models or entire organs (e.g., the brain), and pathological tissues such as 

tumors. Given the age-old trade-off between sample size and resolution, and between 

structure and function, these challenges will only be met by designing new and more 

automated Correlative Multimodal Imaging (CMI) workflows that daisy-chain microscopes 

together to capture images of nanoscale biological processes across scales within a single 

organism. 

The Centre for cellular Imaging (CCI) has been in operation since 2003 and is one of the 

advanced technology platforms at the University of Gothenburg. It is also part of the Swedish 

National Microscopy Infrastructure since 2016, Euro-Bioimaging-ERIC in 2019 and the 

SciLifeLab in 2021. This multimodal advanced microscopy facility provides technical and 

scientific excellence by the integration of multiple imaging technologies, which currently 

totals 16 microscopy-based imaging systems, together with image processing and analysis 

tools in open-access single core multi-user facility. The CCI specializes in 3D correlative 

multimodal imaging (CMI). CMI gathers information from a specimen with two or more 

imaging modalities that – when combined –create a highly informative, composite view of 

the sample. It is a holistic approach that spans the entire resolution range from nano- to 

millimeters, and provides complementary information about structure, function, dynamics 

and molecular composition of the sample. CMI is of strategic importance to a large and wide 

group of national and international life scientists, supporting many research activities, such 

as, to characterise synaptic changes and pathological protein aggregation underlying 

neurological diseases. In this context. CMI integrates the best features of the combined 

imaging techniques and overcomes limitations that would be faced when applying single 

modalities independently. Any single microscopy modality is not sufficient to 

comprehensively illustrate the inner working of a cell, cellular network and organisms. 

Consequently, four innovative imaging technologies are today provided by the CCI: 

correlative light and electron microscopy (CLEM), Correlative Array Tomography (CAT), 

Super-resolution microscopy (structured Illumination and single molecular localization) and 

functional microscopy for quantitative studies of molecular mobility and interaction in live 

cells: providing researchers with consultation and training on experimental design from 

sample preparation to image acquisition and data analysis. Our mission is to ensure that every 

scientist visit the CCI is provided with expert imaging services and state-of-the-art equipment 
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to answer any research question; from in vitro to in vivo, from mm to nm, from morphology 

to mechanism. This includes not only analysis of 3D structures, but also the development of 

new methods, sample preparations and image analysis for CMI to make imaging studies 

across scales routine, and to facilitate the use of resources by biomedical researchers. 
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Correlative super-resolution and electron microscopy in 

plant sections 

Michal Franek[1], Lenka Koptašíková[2], Marie Olšinová[2], Jíří Mikšátko[2], David Liebl[2], Aleš 

Benda[2], Martina Dvořáčková[1], Jakub Pospíšil[3], Milan Ešner[3], Jíří Fajkus[1] 

1. Mendel Center for Plant Genomics and Proteomics, Central European Institute of 

Technology (CEITEC), Masaryk University, Kamenice 5, CZ-62500, Brno, Czech Republic 

2. Charles University, Faculty of Science, Biology Section, Imaging methods core facility at 

BIOCEV, Prumyslova 595, 252 50 Vestec, Czech Republic 

3. CELLIM, Central European Institute of Technology (CEITEC), Kamenice 5, CZ-62500, Brno, 

Czech Republic 

E-mail of the presenting author: 357550@mail.muni.cz 

Super-resolution microscopy was experimentally established over 15 years ago (Gustafsson, 

2000; Hell and Wichmann, 1994; Betzig et al., 2006) and soon found its way into the basic 

research of cellular structures in mammalian systems. Plant sciences are lagging behind in the 

application of these techniques for several reasons. First of all, sample preparation is more 

complicated and applying super-resolution microscopy in complex tissues such as roots or 

leaves is problematic due to high sample background fluorescence. Our work highlights 

common problems encountered during sample preparation (either isolated nuclei or whole-

mount detection) for super-resolution microscopy. Moreover, we establish new approaches 

to facilitate the application of super-resolution microscopy in plant samples and test the uses 

of correlative light-electron microscopy in studying nuclear structures and genome 

replication. Taking advantage of replication tagging using the ethynyl deoxy-uridine 

(EdU)/Click-IT detection system, we optimized a protocol for the simultaneous detection of 

cell-cycle progression and ultrastructural analysis of plant nucleoli. Importantly, we 

demonstrate that Lowicryl embedding of EdU-tagged plant roots permits in-situ labeling of 

replication on semi-thick (500 nm) sections, which allows us to correlate spinning-disk images 

of replication profiles with thin sections for electron microscopy in the same root. Crucially, 

we show that dSTORM super-resolution imaging can be performed in Lowicryl-embedded 

sections with a high number of localizations and low background. Overall, we show that 

physical sectioning of plant tissues dramatically improves dSTORM performance and Lowicryl 

embedding is compatible with subsequent dSTORM imaging. It remains to be seen whether 

alternative labeling protocols, such as Halo-Tag or SNAP-tag protein labelling, can be used in 

the same setup. Using the protocols mentioned above, we were able to observe replication 

foci in S-phase colocalizing in low-contrast nucleolar regions, termed fibrillar centers and 

detect changes in nuclear / nucleolar volume related to cell-cycle progression. 

References: 

1. Gustafsson MGL, 2000. Surpassing the lateral resolution limit by a factor of two using 

structured illumination microscopy. J. Microsc. 198:82-87. doi.org/10.1046/j.1365-

2818.2000.00710.x 

https://doi.org/10.1046/j.1365-2818.2000.00710.x
https://doi.org/10.1046/j.1365-2818.2000.00710.x
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2.  Hell SW, Wichmann I, 1994. Breaking the diffraction resolution limit by stimulated 

emission: stimulated-emission-depletion fluorescence microscopy. Optics Lett. 19: 780-

782. doi: 10.1364/OL.19.000780. 

3.  Betzig et al., 2006. Imaging intracellular fluorescent proteins at nanometer resolution. 

Science 313:1642-1645. 

Acknowledgment: 

We acknowledge support from CSF project 19-11880Y, project INTER-COST LTC18048 and 

LTC20003, ERDF - Project “SINGING PLANT“ and the Czech Bioimaging initiative. 
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Spatial organization of the gene expression compartments in 

human cells and tissues revealed by super-resolution 

imaging 

Peter Hoboth[1,2], Martin  Sztacho[1], Martin  Schätz[2], Ondřej  Šebesta[2], Baki Akgül[3], Pavel 

Hozák[1,4] 

1. Department of Biology of the Cell Nucleus, Institute of Molecular Genetics, Czech 

Academy of Sciences, Vídeňská 1083, 14220 Prague, Czech Republic 

2. Open Access Microscopy Centre Vinicna 7, Faculty of Science, Section of Biology, Charles 

University, Albertov 6, 12800 Prague, Czech Republic 

3. Institut für Virologie, Universitätsklinikum Köln, Nationales Referenzzentrum für 

Papillom- und Polyomaviren, Fürst-Pückler-Str. 56 50935 Köln Germany 

4. Microscopy Centre, Institute of Molecular Genetics of the Czech Academy of Sciences, 

Vídeňská 1083, 14220 Prague, Czechia 

E-mail of the presenting author: hoboth@img.cas.cz 

Detection and precise localization of specific molecules in cellular context, their spatial 

patterns and mutual co-distributions is key for understanding of crucial biological processes, 

such as gene expression but also viral infection. Classical models of gene expression had very 

limited consideration of the spatial organization of the process within the functional context 

of the cell nucleus. Therefore, current models of gene expression are built using super-

resolution microscopy of cells in culture. Although these models acknowledge the formation 

of protein and nucleic acid condensates as a driving force of gene expression, they largely 

omit nuclear lipids and nuclear phosphatidylinositol phosphates (nPIPs) in particular. 

Nevertheless, accumulating evidence suggests the involvement of nPIPs in the regulation of 

gene expression. However, the precise sub-nuclear distribution of nPIPs and their 

relationships with the gene expression machinery remains unclear. Moreover, the models 

built based on cultured cells has to be verified in the broader context, e.g. tissues. Therefore, 

we exteded our previous analyses of human cultured cell lines [1, 2] and used sections of 

human formalin-fixed paraffin-embedded skin biopsies [3]. We optimized in these samples 

quantitative multi-color stimulated emission depletion (STED), as well as the direct stochastic 

optical reconstruction microscopy (dSTORM) and quantitativelly evaluated the spatial 

characteristics of the gene expression compartments. Our data reveal for the first time with 

super-resolution the sub-nuclear organization of the gene expression compartments in the 

sections of human tissue and quantitativelly demonstrate the different characteristics of cell 

lines and tissues. These approaches open new avenues for the quantitative investigation of 

the broad range of human and other tissues and will be relevant for basic biomedical as well 

as applied research. 

References: 

1. Hoboth et al., 2021a 

2. Hoboth et al., 2021b 
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3. Marx et al., 2018 

Acknowledgement:  

CAS JSPS-20-06; IRC IMG RVO 68378050; MEYS CR COST Inter-excellence LTC19048 

LTC20024. IMCF Vinicna - KONFMI, Faculty of Science, Charles Uni. Prague ERDF Czech 

Republic CZ.1.05/4.1.00/16.0347 and CZ.2.16/3.1.00/21515, CzBI LM2018129; COST Action 

CA19105 EpiLipidNeT. 

 
The dSTORM of RNA polymerase II initiation marker P-S5 (A-C) or elongation marker P-S2 in 

human formaline-fixed paraffin-embeded biopsies (A, D). Wide-field (WF) overview of larger 

area co-stained with DAPI (cyan), (B, E) WF P-S5/2 signal in single nucleus (C, F) super-resolved 

image. 
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Novel methods for correlational bioimaging by Bruker 

Jakub Horák[1] 

1. Měřicí technika Morava s. r. o. 

E-mail of the presenting author: jakub.horak@mt-m.eu 

This talk will focus on the presentation of advances and new knowledge in the field of 

correlational microscopic techniques for bioimaging developed by company Bruker. Main 

topics will be atomic force microscopy and nanoindentation correlation with inverted optical 

and electron microscopes as well as possibility to combine atomic force microscopy with 

infrared spectroscopy to overcome the physics and get chemical information with spatial 

resolution <10 nm. 
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Collaboration of the Department of Supramolecular Polymer 

Systems at the IMC with the First Medical Faculty, CUNI, on 

the Development of Polymers for Medicine 

Martin Hrubý[1] 

1. Institute of Macromolecular Chemistry CAS, Heyrovského náměstí 1888/2, 16206 

Prague 6, Czech Republic 

E-mail of the presenting author: mhruby@centrum.cz 

The development of new polymeric materials for medicine requires close cooperation of 

chemists, physical chemists, biologists and physicians. Department of Supramolecular 

Polymer Systems at the Institute of Macromolecular Chemistry, Czech Academy of Sciences 

(IMC) has been cooperating for over 10 years with the 1st Medical Faculty of the Charles 

University (1MFCUNI) on the development of polymers for medicine. Chemical and physical-

chemical development takes place at the IMC. Biological testing in vitro on cell cultures and 

in vivo on animal models is then carried out at the 1MFUK. 

The topics of cooperation can be divided into several medical areas: 

1. Injectable brachytherapy, where a radiolabeled thermoresponsive polymer can be injected 

instead of implantation and subsequent removal of the radioemitter [1]. If an 

immunomodulatingly active beta-glucan is incorporated into the thermoresponsive polymer 

carrier, efficient antitumor immunoradiotherapy can be performed [2]. 

2. Iron and copper are essential micronutrients, but their increased levels in 

hemochromatosis or Wilson's disease lead to oxidative damage to the organism. For the 

therapy of these diseases, we have developed selective chelating agents for iron and copper 

bound to modified biopolymers. This system specifically reduces the absorption of iron and 

copper from the GIT, with minimal side effects [3,4]. 

3. Another topic is targeted polymer "drug delivery" systems for antitumor drugs with 

controlled chemodynamic release of the bioactive component in the tumor 

microenvironment triggered by reactive oxygen species and a drop in pH [5]. 

References: 

1. HRUBÝ, M. et al. Eur. J. Pharm. Sci. 2011, 42(5), 484-488. 

2. LOUKOTOVÁ, L. et al. J. Controlled Release 2017, 268, 78-91. 

3. VETRÍK, M. et al. J. Controlled Release 2018, 273, 131-138. 

4. GROBORZ, O. et al. Macromol. Biosci 2020, 20(12), Article # 2000254. 

5. JAGER, E. at al. Adv. Healthcare Mater. 2021, 10(13), Article # 2100304. 
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Insight into the root inside 

Adriana Jelínková[1] 

1. Institute of Experimental Botany of the Czech Academy of Sciences, Prague, Czech 

Republic 

E-mail of the presenting author: cernaa@ueb.cas.cz 

Plants developed phloem, a network of semi-living tubes distributing sugars and signalling 

molecules from photosynthetic parts to the non-photosynthetic ones.  In the root tip of 

Arabidopsis thaliana (A.t.) protophloem sieve element (PSE) development goes through 

spatio-temporal trajectory of only about 19 cells from the quiescent centre [1]. It is the first 

tissue to be developed, buried deep among still meristematic tissues. In my study I combine 

confocal fluorescence microscopy at the super-resolution level, vertical microscope set-up to 

ensue gravity vector and Math-lab programme-based root tracking to follow the root 

constant growth for several hours. I will demonstrate peculiar “donut” patterning and 

dynamics of PIN1 auxin efflux carrier within PSE [2], long-term (up to 20h) in vivo imaging of 

two auxin flux carriers simultaneously within developing protophloem, where several 

divisions occur. Moreover, there will be presented so far unreported phenomena of actin 

localization foci and rapid passage (“hopping”) of actin cytoskeletal elements, Ca 2+ signal 

(followed by R-GECO sensor) and markers of final PSE differentiation [3] from developed PSE 

to neighbouring supporting cells [4]. My presentation promises high resolution live cell 

imaging of proteins and markers defining PSE development and differentiation within growing 

A.t. root tip. 

References: 

1. Roszak et al., Science 374, 6575 (2021) 
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Chasing the intruder: imaging plant interactions with 
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Studying plant interactions with other organisms, the researchers face twice as much of 

methodic challenges. Are the experimental conditions optimal for all players? Is it possible to 

measure and visualize the contribution of each player reliably? How to make the output 

reproducible, and how much the sampling biases the result? Indeed different pathosystems 

call for particular approaches, being limited by the model organism’s features (i.e. size, optical 

properties, possibility for the modification). A lot of knowledge about the infection processes 

is based on molecular biology methods and biochemistry. However, these approaches often 

lack spatial resolution, which is particularly important for the multicellular pathogens like 

fungi or insects. 

We focus on interactions between oilseed rape Brassica napus and pathogenic fungus 

Leptosphaeria maculans, a major cause of a blackleg disease. We combined in vivo and in situ 

visualization to see the dynamics of the mycelium growth in plant tissues and correlated it 

with the activation of plant defense responses on transcriptional level. We were able to show 

the switch between biotrophic phase of asymptomatic growth of the fungus to the toxin 

production, which is associated with the necrotic lesions. This approach revealed a novel 

function a fungal hexose transporter LmHxt1 in spore germination and fungal pathogenicity. 

The communication of plants with herbivorous insects brings another level of practical 

challenges. Unlike bacteria or fungi which spread more less radially from the inoculation site, 

insects can actively move, probing plant tissues by stylet in several places before settling 

down for actual feeding. Probing itself triggers a first wave of plant responses. In such 

pathosystem material sampling becomes critical, as the initial response starts from only few 

cells around the puncture site, and wrong location may easily lead to false negative results. 

We used a set of genetically encoded fluorescent transcriptional reporters in Arabidopsis 

thaliana to detect the local responses to feeding of a specialist aphid Brevicorine brassicae. 

We developed a method of imaging and quantification, that allowed us to see the early 

activation of both salicylic acid and jasmonic acid signaling in the cells surrounding the 

puncture site.   
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Specialist aphid Brevicorine brassicae feeding on the leaves of pPR1::NLS3xVenus and 

pJAZ10::NLS3xVenus 48 hpi; scale bar=500 µm; stereomicroscope Leica M205FA, objective 

Plan-Apochromat 2.0x, Filter set ET GFP Ex470/40x Em525/50. 
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Microtubule doublets, consisting of an incomplete B-microtubule on the surface of a 

complete A-microtubule, are cylindrically arranged to form the essential and conserved 

framework of cilia and flagella. The carboxyl-terminal tails of tubulin of the complete A-

microtubule play crucial role in the assembly of the B-microtubule. The junction between A-

microtubule and B-microtubule is formed by microtubule-inner proteins PACRG and FAP20, 

which play a role in stabilizing the doublet microtubule architecture. The molecular 

mechanism of how these proteins carry out this stabilizing role is unknown. Here, we used a 

cell free assay and TIRF- and electron-microscopy to demonstrate that PACRG or FAP20 

increase B-microtubule nucleation on A-microtubules with removed carboxyl-tails. We 

furthermore show that the combined action of both PACRG and FAP20 is needed to enable 

the nucleation of B-microtubules on an A-microtubule, composed of tubulin having carboxyl-

tails. Our results show how an interplay between tubulin carboxyl-termini and microtubule-

inner proteins PACRG and FAP20 facilitates the formation of microtubule doublets.  

The presentation is supported by HPST, s.r.o. 
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electron tomography with Leica STELLARIS 
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We are introducing The world’s first Microhub called - Leica MICA. 

A single button remains on The Microhub – the open button. Everything else is swiftly woven 

into the workflow of the software. Intelligent imaging 

With one touch of the OneTouch, all settings are automatically optimized to match the 

applicative demands and the current sample. Pick from a scale of “Sample protection” to 

“Image quality” and all illumination and detection parameters are readily adjusted 

accordingly. Eliminate 85% of of tedious setup steps that require special expertise and get 4x 

more date with 100% correlation. AI based training of mitochondrial segmentation using your 

scientific expertise. Enable 100% reproducibility and repeatability. Mica allows you to image 

4 labels simultaneously, with 100% spatiotemporal correlation 

Our cryo-electron tomography workflow solutions: Our dedicated Coral Cryo 3D cryo-

electron tomography workflow solutions ensure sample viability, quality checks and most of 

all, a precise and reliable 3D targeting mechanism. The STELLARIS 5 or 8 Cryo, including 

cryostage and shuttle, is designed to be used in conjunction with state-of-the-art CryoET 

targeting software (LAS X Coral Cryo), as well as a variety of seamless integration and transfer 

options to cryo FIB or VCT stages. Boost your productivity with a seamless sample preparation 

workflow. The precision to target reliably. For correlative workflows, it is crucial to retrieve 

the exact target coordinates identified in the cryo light microscope because fluorescence 

signals are not visible in subsequent electron microscope steps. Within the STELLARIS 5 Cryo, 

our unique TauSense technology allows you to extract an extra layer of information from 

every sample and increase the scientific impact of your research. TauSense allows you to 

separate overlapping fluorophores due to their different average photon arrival times. 
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ZEISS Research Microscopy Solutions 

The best microscopes for your work. 

X-ray Microscopes 

SEM 

FIB-SEM 

MultiSEM 

Stereo and Zoom Microscopes 

Widefield Microscopes 

Confocal Microscopes 

Light Sheet Microscopes 

Lattice Lightsheet Microscopes 

Automated Slide Scanners, Microscopes 

Cameras 

Software 

Since 1846. 

Buy one and you will see the difference. 

 

 
ZEISS - X-ray, Electron, Light Microscopy and Much More  
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Unraveling the functions of the human brain and how it controls our thoughts, feelings and 

behaviors remains one of the greatest challenges of science. In order to make progress, multi-

level interdisciplinary efforts are necessary. In my keynote talk, I will outline some of the 

recent developments in the fields of social, cognitive and affective neuroscience, and how 

they have helped us gain a better understanding of the neural mechanisms of social cognition 

and behavior. I will focus on the use of functional and structural magnetic resonance imaging, 

in humans and non-human animals and with a specific focus on dogs, and the use of causal 

manipulations of brain activity by means of psychopharmacological, brain stimulation, and 

cognitive-psychological interventions.  
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The talk describes neuroimaging activities of the Department of Psychiatry, University 

Hospital Brno and Faculty of Medicine, Masaryk University carried out at Central European 

Institut of Technology, Masaryk University in Brno. Specifically, we will focus on the research 

and treatment use of neuroimaging in patients with psychiatric disorders. In the research 

area, our department focuses on functional magnetic resonance imaging (fMRI) for assessing 

neural correlates of different mental and behavioral functions which are often disturbed 

across multiple psychiatric disorders (such as impulsivity or emotion regulation). Typical 

functional tasks and their use will be presented. In the innovative treatments area, we focus 

on using individually neuronavigated repetitive transcranial magnetic stimulation (rTMS), 

which can be used, e.g., for impulsivity and emotional dysregulation reduction or mood 

improvement, and real-time fMRI neurofeedback. fMRI neurofeedback is an innovative 

method during which we can present the current levels of BOLD activation in a selected brain 

area that corresponds with the presence of symptoms or a function disruption. This method 

can then be used for patients' training in brain self-regulation to improve their mental state 

or skills. Examples of the results from our Department will be presented. 

  



29 
 

Imaging membrane tension 
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Tension loaded on cell membranes was proposed to regulate number of cellular processes, 

such as endo/exocytosis or actin polymerization. However, direct assessment of membrane 

tension by imaging is possible only recently. 

Here we use a newly developed fluorescent probe Flipper TR, which incorporates in the 

membrane and changes its fluorescent lifetime depending on the lateral tension of 

membrane lipids. Thus, the mechanical load on the membrane can be read by Fluorescent 

Lifetime Imaging (FLIM). Our results show that membrane tension can be divided in two 

components. First, we see large local differences on a small scale. Second, migrating cells with 

established front-rear polarity show small but robust difference in membrane tension on a 

large scale, represented as a gradient with higher tension at the cell front. 

Imaging the membrane tension can thus elucidate the local vs. global roles of numerous 

cellular processes in cell mechanics. 
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Hyperthermia represents an intriguing therapeutic modality which is usually combined with 

radiation or classical chemotherapy to increase the effectiveness of cancer treatment. 

Moreover, elevated temperatures are often used in experimental studies focused on cellular 

heat-shock response or other proteostasis mechanisms relevant to cancer and 

neurodegenerative diseases. Yet, methodological approaches for detailed and controllable 

studies of heat shock are somewhat limited, especially in the case of live-cell microscopy. 

Recently, Interherence company introduced VAHEAT, a device for precise temperature 

control and manipulation compatible with confocal live-cell microscopy. We demonstrated 

excellent applicability of VAHEAT for heat shock-related studies. At even slightly elevated 

temperatures, we confirmed the aggregation of thermosensitive reporter proteins and 

followed the fate of such aggregates in recovered cells. Moreover, we monitored the 

activation of heat shock transcription factor 1 (HSF1) in an unprecedented time-resolution 

manner. We also detected rapid translocation of the main chaperone HSP70 to nuclear 

aggregates and nucleolus at 42°C. Altogether, these data confirm the applicability and 

usefulness of VAHEAT for live-cell microscopic analyses of heat shock cellular effects. 
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Tomography, live-cell CLEM and for Array Tomography 

sample preparation 

Andreas Nowak[1] 

1. Leica Mikrosysteme Austria 
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Sample preparation for life science application is the most critical step prior to image in the 

electron microscope. Accordingly, sample preparation as close to the living state and as target 

oriented as possible, are todays researches requests. In my talk today I will cover Live-

cell CLEM – the Coral Life workflow. 

A proven solution, combining live-cell correlative light and electron microscopy (CLEM) with 

time-specific fixation by high-pressure freezing, which enables the investigation of dynamic 

events with nanometer resolution. 
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three-generation study of Holocaust survivors 
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We investigated the lifelong impact of extreme stress on Holocaust survivors (PH) and their 

offspring. Research has focused on the psychological and neurobiological impact of extreme 

trauma in childhood or young adulthood on current life more than 70 years later. 

A total of 378 individuals were examined (S - stress group, C - control group): 1st G: 75 (S - 44, 

C - 31); 2nd G: 148 (S - 86, C - 62); 3rd G: 152 (S - 88, C - 64). 

1.Forty-four PH (age 71-95; median 81.5 years; 29 women, 15 men) and 31 matched control 

subjects (age 73-90; median 80 years; 17 women, 14 men) with no personal or family history 

of the Holocaust underwent psychological testing. Holocaust survivors had significantly higher 

levels of chronic stress and posttraumatic stress disorder symptoms (TSC-40 and PCL-C tests) 

and more frequent depressive symptoms (GDS test) than the control group. The SOS-10 test 

indicated a lower level of sense of well-being in PH. PH had a significantly higher 

posttraumatic growth test, and PH showed a surprisingly good ability to adapt after the war. 

2 Structural and functional MRI scans were performed on a Siemens Prisma 3T scanner in 26 

PH (median age 81; range 74-95 years; 16 women, 10 men) and 21 control subjects (median 

age 80; range 73-86 years; 11 women, 10 men).  MR voxel-based morphometry showed 

reduced cerebral gray matter volume in PH in areas functionally associated with emotion 

regulation, stress, fear and mood disorders, autobiographical memory, self-awareness, social 

cognition, and behavior (dorsal and ventral insula, ventral and rostral anterior cingulate 

cortex, ventromedial prefrontal cortex including subgenual cingulate and orbitofrontal 

cortex, temporal pole, dorsolateral prefrontal and medial precentral cortex, angular gyrus and 

superior frontal gyrus). Similar results, including thinning of the cerebral cortex in MRI, were 

observed in PHs who experienced the Holocaust as children and were mostly unaware of the 

immediate threat to their lives. 

3. We continue our research by analyzing data obtained in second and third generation 

descendants of Holocaust survivors. Preliminary results show higher levels of stress and post-

stress disorder in the descendants of both 2nd and 3rd generation survivors and changes in 

connectivity in fMRI.   Analysis of so-called prenatal stress, i.e. the impact of stress of pregnant 

mothers on their offspring - we examined a total of 11 individuals born between 1940-1945 - 

showed that the lifetime impact of prenatal stress is significant even 70-75 years after the 

war. The stress level in some tests is higher than in Holocaust survivors born before 1939, also 

the structures of the so-called limbic system in the brain (hippocampus, amygdala) are more 

significantly reduced in persons with prenatal stress than in PH born before 1939. 
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Neuronal growth cones are cellular structures responsible for neuronal guidance in response 

to the cues presented to the cell from its surrounding. The function of the growth cones is 

heavily dependent on the cytoskeleton. Actin filaments in the form of networks and bundles 

are present at the periphery of the growth cone. Microtubule bundles are located in the 

central domain from which individual exploratory microtubules grow out towards the cell 

periphery. Recently, CKAP5 (in human, or its xenopus and drosophila equivalent, XMAP215 

and MSMP, respectively) has been reported to play a role in mediating cross-talk between 

microtubules and actin filaments in growth cones. However, the molecular mechanism of this 

process is unknown. Here, we found in a reconstituted system that CKAP5 enables seeding of 

prevailing actin bundles by dynamic microtubules. We observed CKAP5 binding to 

microtubules with higher affinity than to single actin filaments. CKAP5 bound to the 

microtubule lattice can recruit actin filaments, which form bundles around the microtubules 

at concentrations insufficient for microtubule-independent actin bundle formation. When the 

microtubules depolymerize the actin bundles prevail at the positions and orientations 

predetermined by the microtubules. This readily suggests a mechanism explaining how 

exploratory microtubules in filo- and lamellipodia set the positions of actin bundles, for 

example in neuronal growth cones. 
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Research on the pharmaceutical applications of DNA origami nanostructures (DONs) is rapidly 

growing. They are mainly explored as drug carriers due to their biocompatible and 

functionalizable nature [1]. Made by folding a long single-stranded DNA scaffold using 

hundreds of strategically designed short complementary strands (staples) to fix the scaffold 

into the desired shape, DONs offer unique, addressable sites for binding drugs and probes [2]. 

The technology began with 2D designs of ~100 nm which makes them easily characterized by 

conventional AFM; however, for drug delivery applications, the move to even smaller 

dimensions and complex 3D designs require more powerful imaging tools. In our work, we 

utilize electron microscopy through the Czech-BioImaging facility in IMG Prague to image 

triangular DONs loaded with chemotherapeutic drugs like cisplatin while attempting to map 

Pt atoms using STEM-EDS [3]. We also imaged DNA nanoblocks through negative staining in 

TEM to determine whether the nanostructures are folded correctly and in cryo-TEM to 

capture their native configuration in an aqueous solution. Furthermore, electron microscopy 

methods are not only necessary to verify the synthesis of DONs and their modifications but 

also, they can serve as tools to study beam damage on such nanostructures. Observing 

mechanisms of radiation damage to drug-loaded DONs could offer insights into tailoring their 

response to ionizing radiation for a more efficient targeting/dose delivery in cancer 

radiotherapy [4]. 
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A scheme of a DNA nanoblock (left), each rod representing a double helix; and the 

corresponding cryo-TEM image (right).  
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Cilia (also known as flagella) are evolutionarily conserved organelles found on the surface of 

many eukaryotic cells, including the majority of cells in the human body. The cilia have critical 

motility, signaling and sensory functions. The cytoskeletal backbone of the cilia, called the 

axoneme, is formed by a bundle of microtubule doublets. While motile cilia contain the 

canonical axoneme with nine doublets extending up to the distal tip, the internal structure of 

the non-motile primary cilia is more flexible, with a majority of microtubules ending along the 

axoneme and with only several reaching the very tip. Here we interrogate the significance of 

this arrangement for the intraflagellar transport (IFT). IFT is a transport machinery, which 

moves cargo along the axoneme and is required for ciliary assembly, maintenance, and for 

ciliary signaling. Anterograde IFT trains deliver cargo to the ciliary tip, where they rearrange 

into retrograde trains in order to return to the base of the cilium. It is unclear how this process 

is affected by a majority of the microtubules terminating before reaching the tip of the 

primary cilium. Our light microscopy studies show that some IFT trains switch their direction 

along the axoneme, suggesting that the ends of short microtubules become new turning 

points for IFT. However, to determine if the location of these events correspond to the 

microtubule ends, the resolving power of electron microscopy is needed. Here we present 

the development of a correlative light and electron microscopy to address this question. Total 

internal reflection fluorescence (TIRF) microscopy is used to image live cells and to localize 

the IFT turning points. After fixation, transmission electron tomography and scanning 

transmission electron tomography are used to reveal the detailed axonemal structure at 

these points. 

 

 
3D model of an axoneme and ciliary membrane showing different ending sites of microtubule 

doublets.  
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As opposed to pathogens passively circulating in the body fluids of their host, 

pathogenic species within the Spirochetes phylum are able to actively coordinate their 

movement in the host to cause systemic infections. The studies were conducted with the 

intention to bring together cutting-edge imaging methods and applications in order to 

illustrate how imaging can answer pathogenesis-related questions in Lyme disease at various 

resolution scale. Correlative light and electron microscopy, atomic force microscopy-based 

single-molecule force spectroscopy and solution nuclear magnetic resonance have been used 

to shed light on the underlying mechanisms associated with Lyme disease Borrelia infection. 

Specifically, the key molecular players (decorin binding proteins) and interactions responsible 

for the variance in the pathogenicity and disease outcome of Borrelia species have been 

studied. The results show that spirochetes are able to leverage a wide variety of adhesion 

strategies through force-tuning transient molecular binding to extracellular matrix 

components, which concertedly enhance spirochetal dissemination through the host. 
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Epithelial branching morphogenesis is an esential process of life through which epithelial 

sheets are organized into complex branched structures, whose proper architecture is crucial 

for function of many organs, inlcuding lung, kidney or mammary gland. Branching 

morphogenesis is tightly regulated by local paracrine signals, however, it remains poorly 

understood how numerous microenvironmental signals are integrated in the epithelium to 

result in specific epitheial patterns. Here, we have used primary mammary organoid system, 

coupled with quantitative time-lapse imaging and pharmacological inhibitors, confocal 

imaging and integrative computational modeling in 3D vertex model with a coupled activator-

inhibitor system to untangle the roles of two major intracellular signaling pathways of 

developing epithelium – ERK and AKT. We found two distinct roles for ERK and AKT. While 

ERK is a branching promoting pathway that operates in defined spatial self-driving domains, 

AKT induces overall growth and epithelial stratification and is more dependent on stable 

extrinsic signals. Moreover, our findings from organoids were corroborated by in vivo 

pharmacological inhibition of ERK and AKT, demonstrating the importance of these two 

pathways for mammary branching morphogenesis in the mouse. 
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Extracellular matrix (ECM) is a network of macromolecules, glycosaminoglycans, 

proteoglycans and glycoproteins, secreted by neurons and glia. Using real-time tetramethyl 

ammonium iontophoretic method or diffusion-weighted magnetic resonance imaging (DW-

MRI) we found that changes of the ECM influence extracellular space (ECS) diffusion 

parameters (ECS volume and geometry) during various brain pathologies or in ECM knock-out 

animals (Sykova and Nicholson, 2008). Disruption of ECM was found after an oral treatment 

of rats with 4-methylumbelliferone (4-MU), inhibitor of hyaluronan synthesis. The changes in 

extracellular matrix composition were measured as the level of hyaluronan (using hyaluronan 

binding protein) and chondroitin sulfates (using CS56 antibody) using densitometry 

measurement on brain sections. Two months of 4-MU diet have led to significant reduction 

of HA and CSs. There was also a down-regulation of PNN on neuronal surface, labelled by 

lectin Wisteria floribunda agglutinin. Exposure to 4-MU diet resulted in somatosensory and 

auditory cortex, thalamus, hippocampus, pallidum and spinal cord gray and white matter in a 

significant decrease of the apparent diffusion coefficient of water (ADCw), the fractional 

anisotropy (FA) and perfusion detected by arterial spin labelling (ASL). We have not found 

changes in the metabolites (choline, N-acetylaspartate, glutamine/glutamate, taurine) as 

measured by MR proton spectroscopy. After the animals were fed again with a standard diet, 

the parameters returned to control values. We suggest that DW-MRI can be used for a non-

invasive detection of the dynamic changes in molecules of ECM. Oral treatment with 4-MU 

results in ECM remodeling which can affect extrasynaptic transmission, synaptic plasticity, 

neurodegeneration, neural regeneration and may explain some observed functional effects 

of the 4-MU. 
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Spinal cord injury (SCI) is damage to the spinal cord that causes a partial or complete loss of 

control of locomotor and sensory functions. The chronic phase is characterized by stabilizing 

the lesion including glial scar formation accompanied by alterations in neural circuitries. The 

axon regeneration is thus blocked mainly by an inhibitory environment consisting of the 

chondroitin sulfate proteoglycans (CSPGs). Therefore, 4-methylumbelliferone (4MU), CSPG, 

and hyaluronan synthesis inhibitor might be an effective approach in down-regulating the 

inhibiting ECM in the glial scar after SCI. Our recent experiments have demonstrated that 

long-term 4MU treatment at a 2.5% dose downregulated hyaluronan (HA) and, 

glycosaminoglycans (GAGs) synthesis in uninjured animals and reduced glial scar, and 

promoted the sprouting of serotonergic fibers in animals with chronic SCI. However, orally 

administered 4MU did not lead to functional recovery in chronic SCI suggesting that 2.5% is 

not sufficient to fully suppress upregulated CSPGs after SCI. We, therefore, increased the 

orally administered dose of 4MU to 5% and fed the rats with SCI for 8 weeks starting 6 weeks 

after SCI. The treatment was combined with daily rehabilitative treadmill training. We 

observed significant locomotor improvement in 4MU treated rats with SCI assessed by BBB, 

Ladder Rung walking, and Max Speed test compared to placebo fed controls. To characterize 

the axons below and above the lesion, we used coherent anti-Stokes Raman scattering (CARS) 

imaging of myelinated axons and second harmonic generation (SHG) imaging of the 

surrounding collagen fibers without the need for axonal labeling or tissue sectioning. For 

axonal sprouting tracing, we used DiD applied post-mortem to the tissue. Our results indicate 

that 5% 4MU reopened a window of plasticity in chronic SCI, allowing rehabilitation to 

promote functional recovery. 
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Development of a procedure for drug testing in a 3D collagen matrix. Initially, cells 

are cultured in ibidi VI, and collagen and putative migrastatics will be added. Once the 

cells invade the collagen matrix, Holographic Incoherent Quantitative Phase Imaging 

(hiQPI) provides a detailed analysis of their behavior. The hiQPI has a unique capability, due 

to the incoherent holographic gate effect, for measuring the 3D migration of cells in turbid 

media, such as collagen gel. This methodological development will utilize hiQPI to address 

the differences in cancer cell migration on 2D surfaces compared to more complex 

3D environments. Our final procedure will allow detailed dynamic measurements with hiQPI 

on individual cells in collagen gel. 

Many recent studies have highlighted the importance of the differences between 2D and 

3D cell migration and morphological changes. The aim of a methodology that addresses 

this issue directly by detailed and highly precise hiQPI of the Coherence-Controlled 

Holographic Microscope (CCHM by Telight, Czech Republic) is to compare these two 

environments for cultivating cells. The methodology is tested with live human cells line 

HT1080 of fibrosarcoma, responding to putative anti-metastasis drugs interfering with cell 

invasion.  

Their responses to 3 putative anti-metastasis drugs (vincristine – positive 

control, niclosamide, and midostaurin) are measured using time-lapse recording with 20x 

NA0.5 objective lens and 5-min lapse-interval within 20 h periods for 3D collagen 

matrix. The responses are compared to 2D migration with identical putative drugs. 

This approach allows for the most reliable and accurate automatic cell segmentation 

and monitors cell migration and morphological changes over time in 2D (only medium) or 

3D collagen matrices. Analysis of the migration rate of individual cells and evaluation of 

their migratory behavior is a key aspect of building a better-personalized medicine because 

current anticancer therapy does not include a specific category of anti-invasive and 

antimetastatic drugs. 
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Figure 1: Time sequence of hiQPI images of HT1080 cells in control in a 2D environment (A) 

and a 3D collagen matrix (B). Objective lens 20x0.5. 

 
Figure 2: View of the movement trajectory of an HT1080 cell on hiQPI for 6 hours and 5 

minutes in a control image in a 2D environment and in a 3D collagen matrix on the right. 

Trajectories are plotted using SophiQ software by Telight. Objective lens 20x0.5.  
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STED microscopy is a well-established method to improve the resolution of fluorescence 

microscopes. Nevertheless, improving resolution implies a reduction of the volume of the 

effective point-spread-function and thus images may appear dimmer, because the signal from 

fewer dye molecules is integrated at any scan position Since STED mostly acts in or close to 

the focal plane, the signal seemingly decreases there, while background signal throughout the 

rest of the sample is mostly unchanged. In other words, the signal-to-background ratio often 

decreases when doing STED on samples that are thicker than a few microns. This holds true 

especially for areas of the sample which are densely packed, i.e. areas of high protein and 

label concentration.  The result is that often  the interesting parts of the sample are drowned 

in  fluorescent background . 

Here, we present a method to sense and subtract background using an array-based detector 

in connection with deformable mirror based adaptive optics.  We show that such a detector 

can be harnessed to discriminate in-focus signal from out-of-focus background using only a 

single 2D (xy) image from the sample. This significantly increases optical sectioning and signal-

to-background ratio and enables high-resolution 2D and 3D STED microscopy on thick samples 

and densely labeled structures. To demonstrate the advantages offered by MATRIX STED and 

adaptive optics, we present super-resolution STED images of several biologically relevant 

samples such as cilia in cultured mammalian cells (Fig. 1) or the visualization of crowded and 

overlapping structures like brain slice tissue. The presented results highlight the superior 

signal-to-background ratio over conventional STED microscopy with the potential to gain 

more insights about the structure and biology of studied specimen. 
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Introduction 

Changes in intracellular calcium concentration (calcium transients) facilitate contraction and 

relaxation of cardiomyocytes (CM) during excitation contraction coupling (ECC). Parameters 

of calcium transients are descriptive of CM function during health and disease.  

Mechano-transducer Yes-Associated Protein 1 (YAP1) improves outcome of myocardial 

infarction through promotion of CM survival. Its role in regulation of calcium transients is 

unexplored.  

Combining calcium sensitive fluorescent dyes together with fast optical cameras enable high 

throughput recording of calcium transients and require automated analysis. 

Objective 

To determine the effect of YAP1 protein on CM function we set out to measure calcium 

transients in normal and YAP1 deficient CMs. To achieve this goal we sought to develop an 

automated procedure of acquisition and processing of sequential titration dose response 

experiments. 

Methods 

CMs were differentiated from H9 WT and H9 YAP1 deficient human embryonic stem cell lines 

using sequential inhibition of GSK3 and WNT pathway. Calcium transients were visualised 

using calcium sensitive dye Ef-514 with a line scanning mode at 500 fps. Data was processed 

using an automated script with a command line interface combining R and ImageJ in a single 

pipeline. 

Results: 

1. New semi-automated method to analyse calcium transients of in vitro derived CMs was 

developed. Script interface enables grouping of the samples and batch processing to 

reduce analysis time, eliminate post-processing errors, and produce automated reports.  

2. YAP1 deficient CMs beat at a lower frequency and exhibit different calcium transient 

parameters both in normal conditions and during dose-response experiments 

targeting  calcium regulators. 

Conclusion 
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YAP1 as a novel calcium metabolism regulator. Targeting effects of YAP1 activity as a calcium 

metabolism regulator could translate to better therapy of heart failure. 
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The accurate and consistent identification of pollen is essential to allow robust inferences to 

be drawn with regard to climate, vegetation change and pollination studies. Palynologists use 

compound light microscopy (LM) for pollen identification and interpretation and scanning 

electron microscopy (SEM) for morphological comparisons and taxonomy. However, there 

were significantly more taxa found with SEM than with LM. Standard palynological extraction 

techniques were used in our study like acetolysis method in combination with staining by 

safranin. Identifications are best achieved through the direct inspection of reference material. 

Most substantial reference collections are held at prestigious universities in Europe or the 

United States of America, which can restrict access for researchers trying to advance 

palynology in other countries. Digital imaging and fast spreading access to the internet means 

that it is now possible to produce and disseminate high quality images from pollen reference 

collections. In this work, we contribute to this growing body of work of global pollen collection 

by presenting images of 100 pollen taxa from the East Bohemian Region of the Czech Republic 

by Light and scanning electron microscope. 
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Neurons are the basic computational units of the brain. Their number is, therefore, a much 

better approximation of the brain's computational capacity than brain size. (Dicke & 

Roth,2016; Herculano-Houzel, 2017) Cell types and their connections determine the 

properties of local circuits that serve area-specific brain functions. However, neuronal counts 

are available only for birds and mammals, and knowledge of cell-type-specific anatomy is only 

for the mouse brain. There are virtually no data on quantitative, brain-wide cell-type 

distribution in any other vertebrates. Using the isotropic fractionator, we have estimated 

neuronal populations in more than 200 species representing diverse vertebrates. But the 

technique is based on tissue homogenization and will not allow an understanding of the 

arrangement of neuronal cell types across brain regions. The next frontier is, therefore, 

quantitative mapping of specific cell-type distributions across the brain. In this project, we 

have optimized a novel method of whole-brain clearing called the U-clear protocol. It is in 

combination with light-sheet fluorescence microscopy to assess the total numbers and map 

the distribution of specific neuronal cell types in the brains of selected model species 

representing major avian and reptilian clades. A pipeline for automated analysis of whole-

brain 3D datasets compatible with free software is on the verge of development. The next 

step is to search for neuroanatomical correlates of cognitive performance in the avian brain. 

It is by accessing the number of neurons in nidopallium caudolaterale (NCL, analog to the 

prefrontal cortex in mammals). Immunolabeling whole-brain hemispheres with antibody 

markers against tyrosine hydroxylase and dopamine beta-hydroxylase (molecular markers for 

dopaminergic innervation) and NeuN (neuronal marker) to quantify the number of neurons 

within the NCL will address this objective. 

References: 
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Sci 2016, 371.–7260. 
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Beautiful images are the spice of microscopy analysis of biological specimen, but the artistic 

impression hardly ever answers the real biological questions with sufficient statistical 

significance. Therefore providing our users only with gigabytes of image data does not help 

them in efficient progressing of their research. To fully exploit the richness of information 

hidden in microscopy images, IMCF has extended its range of services by image data analysis 

services. 

IMCF currently offers open-access to computer workstations equipped with large memory, 

fast hard drives, powerful CPUs and new generation GPUs. The hardware supports multiple 

commercial and free software packages, including Huygens, Imaris, NIS-Elements, Amira, FIJI, 

and others. 

The key element is the knowledge and expertise of our staff. We offer custom solutions for 

complex image data analysis tasks, starting from image denoising and deconvolution, through 

semi-automated and AI added image segmentation, statistical evaluation, 3D visualization 

and many more, as will be demonstrated on selected examples from our users’ projects. 
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Photosynthetic bacterium Sediminicoccus Rosea, formerly identified by Qu et al. (Qu et al., 

2013, J Gen Appl Microbiol. 59(6):463-8.), was isolated from a creek in northwest Iceland near 

Raufarhöfn. This bacterium is able to adapt to half a year of constant daylight compared to 

typical phototrophs, which would be devoid of all bacteriochlorophylls or photosynthetic 

reaction centres in just a few tens of hours. 

Electron tomography (ET) with subnanometer resolution allowed us to observe the 

ultrastructure of oval-shaped bacteria with a length of 1.7 µm and a width of 700 nm, whose 

polar regions are filled with numerous spherical vesicles probably composed of 

chromatophores and a dense central region rich in ribosomes and chromosomal DNA. 

Array tomography (AT) in SEM at resolutions of 4 nm lateral and 70 nm in the Z-direction has 

been utilised for statistics for volume analysis of cells. This method allowed us to analyse the 

complete volume of several hundreds of cells and analyse volumes of single cells, cell before 

dividing and dividing cell. 

Methods: Cell culture was prepared chemically and embedded into a resin block. From the 

block were cut 120 nm thick sections, poststained by uranyl acetate and lead citrate and 

analysed by electron tomography. For the array, tomography were cut 70 nm thick sections, 

placed on a negatively charged wafer, poststained by uranyl acetate and lead citrate, and 

carbon coated. ET was done in the range ± 60˚ with tilt step 1˚ by JEOL 2100 F, and AT was 

acquired by Apreo. 
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Focused Ion Beam milling combined with Scanning Electron Microscopy (FIB-SEM) is a 

powerful technique providing 3D-ultrastructure of resin-embedded cells and tissue samples 

with isotropic resolution down to 4 nm. Imaging Methods Core Facility at BIOCEV operates a 

Dual Beam (FIB-SEM) microscope FEI (ThermoFisher) Helios Nanolab 660 G3 UC since 2016. 

Apart from conventional high-resolution scanning electron microscopy, the system can also 

be used for FIB-SEM or for cryo-SEM and cryo-FIB-SEM milling of frozen samples. We 

demonstrate modalities of the microscope on selected samples from our users that include 

2D-SEM imaging, 3D-acquisition of cellular ultrastructure in various biological samples plus 

application of 3D-correlative light and electron microscopy (CLEM) approach. The IMCF 

provides an extensive array of sample preparation protocols and workflows suited to a broad 

range of samples, often customized to accommodate project-specific needs. We use Critical 

point drying (Leica EM CPD300 A) for conventional SEM and high-pressure freezing technique 

(Leica EM HPM 100) coupled with freeze substitution (Leica EM AFS2) and/or chemical 

fixation with sample-tailored staining optimization for FIB-SEM. The final step of our FIB-SEM 

workflow is data analysis. These include 3D-stack alignment (Amira) and denoising (NIS 

elements), followed by object segmentation (Amira, NIS elements), 3D-rendering and 

volumetric analysis (Amira, Imaris). Manual or semi-automated image segmentation, often 

challenging and time consuming, is facilitated by use artificial intelligence (AI) modules in NIS 

elements. Being an open-access core facility, our infrastructure, instrumentation and expert 

support in technically challenging projects are available for users from both, Academia and 

industry either as a service or on collaboration basis. 
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Hexameric protein P4 (one subunit ~ 35 kDa) of bacteriophages (Cystoviridae) has multiple 

roles – it simultaneously acts as a channel and a translocating motor with RNA helicase 

activity. P4 with RNA interaction also has an ATPase activity and is important in packaging the 

genomic precursors and in the regulation of their replication1,2. The structure of P4 was 

solved to 2.79 Å resolution by X-ray crystallography3. However, structural and dynamical 

details of the RNA binding mechanism remain elusive due to the lack of P4-RNA complex 

structures. Cryo-EM is a method of choice for this project with its ability to reconstruct 

different conformers from one sample. 

The purified and concentration-adjusted samples were prepared by plunge freezing on glow-

discharged holey carbon grids. Our initial studies were performed using a JEOL 2100F 

transmission electron microscope (TEM) operating at 200 kV and equipped with a Gatan K2 

Summit direct electron detector (DED). To obtain a higher-resolution map of P4 protein we 

used a ThermoFisher Krios TEM equipped with a K3 DED and a Bioquantum K3 imaging filter 

at CEITEC, Brno. Cryo-EM data were processed using cryoSPARC or RELION. We obtained 

electron density maps of at least two conformers. Based on them, the structural models of 

P4-RNA complex are being built using manual or automated modelling tools and also 

molecular dynamics flexible fitting. 
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The methodology and process of migrastatic discovery can be effectively supported by 

dynamic time-lapse analysis of living human cancer cells using Holographic Incoherent 

Quantitative Phase Imaging (hiQPI). This approach allows for the most reliable and accurate 

automatic cell segmentation and monitors morphological and positional changes over time. 

Analysis of the rate of migration of individual cells and evaluation of their migratory behavior 

is a key aspect of building a better-personalized medicine because current anticancer therapy 

does not include a specific category of anti-invasive and antimetastatic drugs. 

We present a methodology that can quickly evaluate the viability of tumor cells and evaluate 

morphological and dynamic changes in tumor cell behavior in migrastatic treatment with 

hiQPI. 

Live cancer cell line HT1080 was exposed to selected drugs with a presumed antimigration 

activity that implies antimetastatic potential. Four such migrastatic - niclosamide (NICL, 1 

μM), belumosudil (BEL, 1 μM), midostaurin (MID, 1 μM) and vincristine (VIN, 100 nM) as the 

positive control were tested. 

The 20 hours - timelapse method with an objective lens of 10x 0.3 was chosen for a gradual 

regeneration test 3-times after gaps w/o treatment achieving thus the long-term monitoring 

of tumor cell activity. The dynamic of migratory behavior of the whole cell population after 

medicaments application was evaluated by motility rose graphs and time graphs, which allow 

us to monitor parameters such as circularity, dry mass, and area over time. 
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The Electron Microscopy (EM) department of Imaging Methods Core Facility (IMCF) at BIOCEV 

offers an expertise in a spectrum of EM methods and supports diverse needs of users and 

Life-sciences projects. Here, we present data from a portfolio of the state‑ of‑ art sample 

preparation and imaging techniques for Transmission Electron Microscopy (TEM) we provide 

to our users with custom-optimization suited for each project. The IMCF operates 200kV TEM 

(JEOL JEM-2100Plus) equipped with LaB6 cathode, cryo-pole piece, highly sensitive 

TemCam‑ XF416 camera (TVIPS), SerialEM software for automated acquisitions with 

advanced sample mapping and a set of sample holders dedicated for routine and advanced 

(cryo-)TEM. We offer a wide range of techniques including negative staining (for 

macromolecules, viruses, liposomes, etc.), 2D-analysis of microbes, cells, tissues on ultrathin 

sections, 3D-analysis of subcellular volumes by electron tomography and cryo-EM analysis of 

macromolecular structures including sample screening for Single Particle Analysis and 3D-

reconstruction. In order to achieve superior quality of sample preparation for these imaging 

techniques, we use of a complete set of (cryo-)processing devices from Leica Microsystems 

and develop fully-customized protocols and workflows. Recently, we have installed a new 

cryo‑ stage on Leica SP8 upright fluorescence confocal microscope that allows for pre-

screening and ROI-indexing of cryo-immobilized cells growing on EM grids or sapphire discs 

for their subsequent analysis by cryo-TEM in Cryo-Correlative Light-Electron Microscopy 

workflow. Being an open-access core facility, our instrumentation and services, including 

project discussion, optimization of sample processing, user training, data collection and 

processing, are provided to users from both, academia and industry, either as a service or on 

collaboration basis. 
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Microtubule associated protein 9 (MAP9) is involved in various essential cell processes e.g., 

organization of the bipolar mitotic spindle, mitotic cytokinesis and progression or stabilization 

of microtubules in interphase. Recent in vitro studies have shown that MAP9 enables kinesin-

3 motor (KIF1A) progression on the microtubule lattice, which might assist the anterograde 

transport of presynaptic vesicles inside neurons. However, how other Kinesin-3 family 

members, which are involved in transport of other vesicular cargos, walk on MAP9 covered 

MT lattice is not known. Therefore, we reconstituted in vitro single molecule stepping motility 

assay on MAP9 covered microtubule lattice to characterize their motion along microtubules. 

We quantified the landing rate, run-length and velocity of motors. We found that the 

fluorescent labeling of MAP9 at N-terminal effects it’s interaction with microtubule, however 

the unlabeled MAP9 effected the Kinesin-3 motility on microtubule. 
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Although advanced methods usually do not constitute most measurement hours in a 

microscopic facility, they provide opportunity for the staff to learn and develop and to gain 

their facility renown and prestige. They are the reason why a facility is sought-after by users 

from outside the home institute or even from abroad. 

In our poster, we present an overview of advanced optical imaging methods that are well 

established in our Imaging Methods Core Facility at BIOCEV and that we consider our flagship 

methods as evidenced by both our and our users' publications. In particular, we offer our 

long-lasting expertise with fluorescence lifetime imaging, fluorescence correlation 

spectroscopy and related methods based on time-tagged time-resolved fluorescence data 

acquisition. We extended the capabilities of three laser scanning confocal microscopes to 

enable time-resolved measurements and we provide in-house-developed software allowing 

analysis beyond commercially available solutions. We also adapted one of the systems for 

coherent anti-Stokes Raman scattering (CARS) imaging, a convenient label-free method to 

image lipid-rich structures in vivo. Further, we gathered substantial experience with super-

resolution microscopy, namely stimulated emission depletion microscopy and two-color 

single-molecule localization microscopy based on spectral unmixing. Finally, our facility offers 

instruments and experience with in vitro studies of molecular interactions at single molecule 

level. 
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Mechanical properties of tissue influence cell growth, differentiation, and other cellular 

functions via mechano-signalling pathways. The signalling originates at the cell-ECM interface 

- focal adhesion and propagates through cytoskeletal changes to cellular response such as cell 

spreading. In vitro, the formation of focal adhesions and subsequent signalling depends on 

surface coating, cultivation substrate stiffness, and cell density.  To attain physiological 

stiffness of cultivation substrate in vitro polyacrylamide gels have been used since the 2010s, 

but they suffer from short shell life and inability to be embedded in microfluidic devices. 

To prepare surfaces of physiological stiffness with the benefit of stable physical and chemical 

properties which can be surface modified and embedded into microfluidic devices, we turned 

to silicon polymer based material polydimethylsiloxane (PDMS). 

We tested cell spreading as a readout of cellular response of normal human dermal fibroblasts 

(NHDF) to surface stiffness and fibronectin coating concentration. Using CellProfiler image 

analysis software we analysed projected cell area and found significant dependence of cell 

size on fibronectin coating concentration. However we observed no connection between 

PDMS stiffness and cell area. Further experiments will be carried out to ascertain reasons for 

this different response. 
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On-section immunolabelling in EM, while sharing labeling principles with 

immunofluorescence, provides precise localization of selected antigens within the context of 

cellular ultrastructure provided by electron microscopy. However, evaluation of such images 

often lacks unbiased quantitative approach and relies on subjective impressions. We have 

developed 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], C. Schofer et al. [2] and V. Philimonenko et al. [3]. The tool detects 

basic particles (“big” and “small” spheres) automatically and enables use of custom particles 

of different shapes; results of detection and identification can be manually reviewed and 

edited. 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 visualized via mapping and their spatial relations to other structures or particles 

are further evaluated. Apart from usual planar 2D evaluation, the tool can also evaluate 

spatial relations in volume and along linear structures. Statistical significance of detected 

patterns is 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 compared to new 

datasets. Projects can be shared with colleagues. For routine analysis, useful results can be 

available in just a few clicks. 

The tool is provided to the broad scientific community in open access mode by the Institute 

of Molecular Genetics of the Czech Academy of Sciences within the Czech-BioImaging 

research infrastructure on https://pattern.img.cas.cz/. The tool emphasizes convenience and 

understandability of the interface. The platform is modular and can be expanded with more 

capabilities in the future. 
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The Electron Microscopy Core Facility provides expertise and cutting-edge equipment for a 

broad range of biological sample preparation and ultrastructural imaging techniques. The 

core facility deals with various biological samples: human and animal cell cultures, plant and 

animal tissues, worms, microorganisms, lipid micelles, isolated DNA, or purified proteins. The 

sample preparation techniques include both standard and advanced techniques, such as 

routine chemical fixation and resin embedding, negative staining, cryofixation using plunge-

freezing or high-pressure freezing, freeze-substitution, cryosectioning, freeze fracture replica 

labeling, pre- and post-embedding immunolabeling, the list being lately extended by 

cryoCLEM using specialized microscope. Transmission electron microscopes (TEM) installed 

at the core facility include a standard 120 kV instrument for routine observation and an 

advanced 200 kV S/TEM providing the possibility of high-resolution TEM, 3D analysis by TEM- 

or STEM tomography, cryo-electron microscopy and STEM-EDS elemental analysis. High-

pressure freezer with light stimulation module, two automatic freeze-substitution machines, 

cryo-ultramicrotomes, automated plunge-freezer, freeze-fracture replica making device, 

cryoCLEM microscope, as well as additional wet lab equipment are available. The team has a 

long expertise in the development and optimization of sample preparation techniques, 

including fruitful collaborations with companies providing equipment for electron 

microscopy. The Electron Microscopy Core Facility is part of the IMG Czech-BioImaging node 

and Prague Euro-BioImaging node. We provide open access to our technologies and expertise 

and are ready to welcome users from all fields. 
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Introduction: A relatively new and promising agent in wound healing are non-planar dressing 

structures, which are based on synthetic material and have possibility of binding and 

rebinding of some specific therapeutic micro-cargo, especially nanoparticles, liposomes or 

clusters of living cells. These nanoparticles or liposomes should be prevented against very fast 

debinding. Similarly, the living cells should have well adhesive properties, which should be 

determined by physical environment of “friendly or non-friendly“ wound fluid. In our 

experiments, we have prepared in vitro test of initial prototypes of two 3D dressinf structure, 

the first of them was PLC mesh, the second was parylene stubble field. Both of them were 

donated by MSC cells clusters or lispomes clusters and the binding stability in time was tested 

in water fluid or fluid with pH shifted to typical parameters of wound fluid. 

Methods: We fabricated an array PLC mesh (width of fibers 20 micrometers) and the sample 

(5x5 mm) were covered by solution of DMEM medium with MSC cells or with cationic 

liposomes containing extract from MSC cells. Paralelly, the bandage 5x5 mm with parylene 

stubble field were prepared (ortogonal micro fibers produced by molding method from 

parylene-C). Parylene stubble field were also covered by solution of DMEM medium with MSC 

cells or with cationic liposomes (incubating period 24 hour). All types of 5x5 mm platform was 

analysed by 3D laser microscope (Olympus Lext – OLS54100, Fig. 1-A) and after that by 

confocal microscope (Leica PS8) 

Results: 3D laser microscopy showed periodical structure of PLC and both parylene sample. 

Microscope visualised primary structure of samples (PLC mesh were containing almost regular 

20x20 um, parylene samples was visualised as stuble field with 8 um high cone-shape ribs, Fig 

1-B). The adhered liposomes were detected on bothe types of samples, also binded MSC cell 

slusters were detected on sample surface (final 3D map showed 10 – 500 clusters per square 

milimeters, Fig 1-C). Confocal fluorescence time-lapse analysis give quantitative overview to 

leakage kinetics of liposomes and cells clusters to typical wound fludic environment. 
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Conclusion: Our original combination of two high resolution visualisation modes gives chance 

to complex 3D overview specific wound dressing material, and evaluation of topology of the 

drug delivery entities binded to the cover structure and/or kientic of the drug delivery entities 

releasing from cover structure into the specific wound fluidic space. 

Supported by: 

Technology Agency of Czech Republic – project FW01010106 and FV30393; by Specific 

Graduate Research BUT FEKT-S-20-6206.  

 

 
Fig. 1 Ilustration of laser microscopy scans. 
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The Czech Centre for Phenogenomics can offer broad portfolio of standardized assays useful 

for preclinical studies on rodents. Our experiences enable us to run very comprehensive 

experiment and thus answer key questions for drug development. Furthermore, participating 

in the services of the Centre for Preclinical Testing we can offer usual preclinical tests in GLP 

mode. 

Although we offer several modalities for observation of animals’ condition from 

metabolomics to electrophysiology and from behavior to histology, in-vivo imaging of an 

animal or its part is at different level, as we can visualize the structure of our interest directly 

and observe changes in it over time. There are four main areas, where we can offer our 

expertise in this matter: vision, heart function, skeletal development, and cancerogenesis. 

For vision, optical coherence tomography is used to examine retina and its blood vessels. 

AngioTool software is used to quantify variety of blood vessels parameters. The observations 

can be completed with echocardiography below. 

Vevo2100 High-Frequency Ultrasound Imaging System (Fujifilm) is used for 

echocardiography. With its help, we are able to observe wall thickness, visualize vessel wall 

movement and vascular pathologies including atherosclerosis, assess blood flow through 

vessels and valves in heart as well as other organs. We are able to apply these techniques also 

on mice fetuses in-situ. 

Whole body fluorescence and bioluminescence detection compared with 2D X-ray images of 

mice are the main tool for observation of tumor progression and invasivity. With sensitive 

detectors of Lago X (Spectral Instruments Imaging) small metastasis can be detected and 

measured exactly. The system can be used also for detection of inflammation e.g. in arthrosis 

models. 

The main focus of our two microCT systems (SkyScan 1176 and 1278, Bruker) is to detect 

changes in skeletal development and mineralization of the whole body or its selected parts in 

high resolution (up to 9 µm/vx), which is suitable e.g. for arthrosis progression. However, 

microCT can be used as additional modality e.g. for metabolomics, where it can localize fat 

deposition. We are testing other usage of the devices e.g. in cancerogenesis by usage and 

testing contrast agents implied to the mice’s blood stream or in measurement of lung fibrosis 

model. 
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Examples of in-vivo modalities: (A) Optical section through eye retina by OCT. (B) Color 

Doppler ultrasound image of renal arteries and veins. (C) Signal from RFP expressing cells in a 

tumor. (D) Visualization of mature (yellow) and newly formed (blue) bone of arthritic paw, 

microCT reconstruction. 
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COVID-19 pandemic holds the world down already for almost three years and has resulted in 

over 7 million deaths worldwide, according to WHO. The amount of information available 

about the virus and the disease is growing. Using a unique humanized mouse model (Gasparo, 

2021) allows us to follow the disease progression over time in a controlled way. This is virtually 

impossible in human patients or in vitro studies. Lungs infected with the SARS-CoV-2 virus at 

2 and 5 days post-infection were checked. Using serial block-face scanning electron 

microscopy (SBEM) to visualise and decipher the pathophysiology of COVID19. Lungs are a 

challenging sample for 3D SEM because of charging in empty resin-filled places. Empty spaces 

and charging artefacts also make difficulties during data processing (e.g. stitching). Chemically 

fixed mouse lungs were stained following the “OTO“ protocol. Stacks of Images were acquired 

by Apreo SEM equipped with VolumeScope (Thermofisher Scientific) in low vacuum mode. 

SBEM approach visualizes regions of interest up to several hundreds of µm. Thanks to the fine 

resolution of 7 nm (in X, and Y axes) and 50-200 nm (Z) it was possible to distinguish fine 

ultrastructural features within the cells, including viral particles. 3D imaging also proved to be 

better for the identification of the cell types as there was more information. Stereology, using 

Microscopy Image Browser software, was used for quantification. Stereology provided 

quantifiable estimations, saved time, and increased the throughput of the analysis (Ferguson 

2017). We observed an increase in immune cells especially alveolar macrophages at the sites 

of infection. Congestions of blood vessels were common as well as, necrosis of endothelial 

and pneumocyte cells. Our study provides additional insight into the changes within the lung 

tissue after the SARS-CoV-2 infection. 
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The wound healing assay is one of the most widely used methods for measuring cell 

migration, proliferation and motility in vitro. This method can characterize and quantify the 

dynamic behaviour of cells under laboratory conditions and, with modern automated 

equipment designed for time-lapse microscopy of living cells, it also allows more accurate 

recording of cell migration dynamics. We have designed a simple procedure that allows cell 

migration during 2D wound healing assay to be analyzed and quantified, and which is suitable 

for monitoring the dynamics of this process.  The basic principle of the 2D wound healing 

assay is the creation of a gap (wound, scratch) in a compact cell monolayer and subsequent 

observation of cell migration into the wound, which is recorded at the beginning of the 

migration and subsequently at specific time intervals, allowing calculation of the wound 

closure rate. This procedure is particularly suitable for studying the effect of cell-matrix and 

cell-cell interactions on cell migration.   

The most common method of evaluating wound healing assays after scratching is to plot the 

temporal evolution of wound area reduction. This approach is based on the change in the 

position of the leading edge, from which the average rate of wound closure can be calculated. 

The algorithm we developed uses a different approach to evaluation, which is based on 

counting the density of cells populating the wound area over time and requires labeling of 

individual cells.   

To test our algorithm, we used images taken every 20 minutes during wound healing of 

synovial sarcoma cell line SW982 with a Cytation 5 Cell Imaging Multimode Reader (BioTek 

Instruments). The labeling of individual cells was performed in two ways. For bright field 

detection, we used the Weka Trainable Segmentation tool with a random forest classifier 

resulting in binary pixel classification. For better recognition of single cells, nuclei were 

stained with Hoechst 33342 fluorescent dye (Sigma-Aldrich) just before the experiment and 

the two methods were compared. We also evaluated the effect of Hoechst 33342 on the 

motility of the human synovial sarcoma cell line.  
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Continual advancement in a broad range of interconnected cryo-electron microscopy 

pipelines has made the preservation and subsequent visualization of sensitive biological 

samples in close-to-native state more reliable and convenient than ever before. Cryo-

electron microscopy has therefore become the new standard for dependable analysis of 

biological objects. Our facility has been continually updating the cryo-workflows to stay up-

to-date with these advancements and to provide professional solutions for current scientific 

demands. 

A 200 kV Jeol JEM-F200 transmission electron microscope with cryo polepiece, cold field 

emission electron gun, sensitive 4k CMOS camera TVIPS TemCam XF-416, and phase plate 

provides optimal configuration for a broad range of cryoTEM applications. The latter include 

observation of morphology of small objects sensitive to dehydration, such as e.g. small 

organisms or DNA origami, quality check of purified protein samples prior to SPA analysis, 

collection of diffraction patterns of frozen protein crystals, and cryo-electron tomography of 

subcellular structures. 

The whole workflow of cryo-TEM tomography of frozen hydrated lamellae is currently 

available at the core facility due to the running collaborative project with TESCAN Company. 

The optimized on-grid workflow includes plunge freezing with Leica EM GP2, quality check 

in Leica THUNDER cryo-CLEM, mounting and transfer of sample to TESCAN Amber Cryo FIB-

SEM for lamella fabrication, and final transfer of lamella into cryoTEM for tilt series 

acquisition. Successful observations and volume reconstructions of subcellular structures of 

C. elegans, S. cerevisiae, Chlamydomonas, Chlorella, and HeLa cells were performed using 

the workflow. 

Several other skill-demanding workflows utilizing sample vitrification, such as freeze-

fracture replica immunolabeling using multi-purpose sputter coater Leica EM ACE900, cryo-

CLEM imaging with reliable correlation of images from both modalities, or cryo-sectioning 

followed by immunolabeling after Tokuyasu are established at the core facility. Samples 

vitrified by high-pressure freezing in Leica EM ICE HPF machine with light-stimulation 
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module can be alternatively processed to resin blocks upon freeze-substitution in Leica EM 

AFS2 machines. 

The EM CF, being a part of large imaging infrastructures Czech-BioImaging and Euro-

BioImaging, provides open access to all described technologies with professional support on 

all steps of the user project. 
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Recently neuromelanin-sensitive MRI (NM-MRI) has emerged as a neuroimaging tool, 

particularly for imaging potential neurodegenerative biomarkers. This method uses the 

compound neuromelanin to visualize the structure of the Locus Coeruleus (LC). In our study, 

we focused on the analysis of the signal from the LC and its relation to the prodromal state of 

Lewy body diseases (LBDs). We used a T1-weighted fast spin-echo sequence, which allows 

visualization of neuromelanin-containing structures as high-intensity regions while the signal 

from surrounding brain tissue is suppressed. The experimental group included 49 patients 

(68.893 ± 6.572 years) of whom 42 were classified as having prodromal stage of dementia 

with Lewy bodies and 7 as at risk of Parkinson's disease dementia. The control group consisted 

of 26 age-matched healthy subjects (67.268 ± 7.292 years). A statistically significant difference 

between the groups was found for the right LC (p = 0.013). Contrast-to-noise ratio (CNR) 

results showed higher values for the control group (0.238 ± 0.054) compared to the 

experimental group (0.209 ± 0.051). The CNR values of the left LC were not statistically 

significantly different in the healthy group (mean 0.250 ± 0.044) compared to the 

experimental group (mean 0.252 ± 0.063). In the experimental group, we observed a 

statistically significant correlation between CNR values of the left LC and length of education 

(rho = 0.272; p = 0.031), memory (rho = 0.262; p = 0.038), and visuospatial functions (rho = 

0.376; p = 0.004). In LBDs with dementia, there is a change in LC integrity due to neuronal 

loss. In our study, we detected a statistically significant signal loss in the experimental group 

in the right LC compared to the control group, suggesting the possibility to identify these 

changes using NM-MRI even at the early stages. This could contribute to the understanding 

of the properties of the LC at the onset of pathological states, when early intervention is 

crucial, and also to monitoring the process of phenoconversion. Consistent with the literature 

and knowledge of LC functions, we also observed a positive correlation of CNR values of the 

left LC with cognitive abilities such as memory, visuospatial functions and also a positive 

correlation with the length of education. 
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