
Vranovská Ves, 

May 19-21 2019

xxvi cytoskeletal club



1 
 

Department of Experimental Plant Biology and Department of Cell Biology, 
Faculty of Science, Charles University 

 

Česko-slovenská biologická společnost 

 

 

 

 

XXIV. CYTOSKELETAL CLUB 
Vranovská Ves, May 19-21, 2019 

 

 

 

 

Sponsors: 

 

 

 

 
 

 
 
 
 

   

 



2 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3 
 

26th Cytoskeletal Club Program 
 

Sunday, May 19, 2019 

16:00 – 18:30 Registration  
18:30 – 20:00 Dinner  
20:00 – 21:00 Controlling SCAR/WAVE! 

Robert Insall (Beatson Institute, Glasgow, United Kingdom) 
p. 7 

21:00 Welcome wine tasting  
 
 
 

Monday, May 20, 2019 

7:30 – 9:00 Breakfast 
9:00 – 9:25 WASH complex attachment to the endosomal membrane 

Tereza Humhalová (Faculty of Science, Charles University, Prague, Czech 
Republic) 

p. 8 

9:25 – 9:50 Characterization of lysosomal trafficking defects in WASH complex-deficient 
cells 
Vojtěch Dostál (Faculty of Science, Charles University, Prague, Czech 
Republic) 

p. 9 

9:50 – 10:15 Actin cytoskeleton and Myo2 affect the cellular distribution of reversible 
assemblies of the translation initiation factor eIF3a in Saccharomyces 
cerevisiae 
Ivana Malcová (Institute of Microbiology of the CAS, Prague, Czech 
Republic) 

p. 10 

10:15 – 10:30 Poster flash talks  
10:30 – 11:00 Coffee break  
11:00 – 11:25 γ-tubulin ability to form filaments and its functions in nuclear processes 

Jana Chumová (Institute of Microbiology of the CAS, Prague, Czech 
Republic) 

p. 11 

11:25 – 11:50 Protein tyrosine phosphatase SHP-1 regulates microtubule nucleation in mouse 
bone marrow-derived mast cells 
Vadym Sulimenko (Institute of Molecular Genetics of the ASCR, Prague, 
Czech Republic) 

p. 12 

11:50 – 12:05 Company presentation 
Merck 

 

12:30 – 14:00 Lunch  
14:00 – 14:25 Role of RanGTP-importin beta pathway in spindle formation during 

mammalian oocyte meiosis  
David Drutovic (Institute of Animal Physiology and Genetics CAS, Libechov, 
Czech Republic) 

p. 13 

14:25 – 14:50 Tyrosine 90 within SH3 domain - a novel site of Src kinase regulation affecting 
transforming potential and invasiveness 
Lenka Koudelková (Faculty of Science, Charles University, Prague, Czech 
Republic) 

p. 14 

14:50 – 15:15 Src and p130Cas-based biosensors to study focal adhesions mechanics 
Daniel Rösel (Faculty of Science, Charles University, Prague, Czech Republic)

p. 15 

15:15 – 15:30 Company presentation 
MGP 

 

15:30 – 16:00 Coffee break  
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16:00 – 16:25 Intense nanosecond-scale electric field effect on kinesin: molecular dynamics 
study 
Michal Cifra (Institute of Photonics and Electronics, Czech Academy of 
Sciences, Prague, Czech Republic) 

p. 16 

16:25 – 16:50 Computational modeling of mechanical behavior of endothelial cells 
Jakka V. V. S. Varaprasad (Brno University of Technology, Brno, Czech 
Republic) 

p. 17 

16:50 – 17:15 Plectin deficiency weakens mechanical integrity of simple epithelium 
Magdalena Přechová (Institute of Molecular Genetics of the ASCR, Prague, 
Czech Republic) 

p. 18 

17:15 – 17:30 Company presentation 
Sipoch s.r.o. 

 

17:15 – 18:30 Poster session  
18:30 – 20:00 Dinner  
20:00 – 21:00 Guided wine tasting  
21:00 Discussion with refreshment and a glass of wine  

 
Tuesday, May 21, 2019 

7:30 – 9:00 Breakfast  
9:00 – 9:25 Plant transmembrane formins in endomembrane dynamics and intercellular 

communication 
Fatima Cvrčková (Faculty of Science, Charles University, Prague, Czech 
Republic) 

p. 19 

9:25 – 9:50 Division of labor between actin nucleators – formins and the ARP2/3 complex 
in Arabidopsis epidermal cell morphogenesis 
Petra Cifrová (Faculty of Science, Charles University, Prague, Czech 
Republic) 

p. 20 

9:50 – 10:15 The role of AtFH13 formin of class II in Arabidopsis thaliana plant 
Eva Kollárová (Faculty of Science, Charles University, Prague, Czech 
Republic) 

p. 21 

10:15 – 10:40 Three new lines of Arabidopsis thaliana Arp2/3 mutants 
Erica Bellinvia (Faculty of Science, Charles University, Prague, Czech 
Republic) 

p. 22 

10:40 – 11:10 Coffee break  
11:10 – 11:35 ARP2/3 complex in association with plant peroxisomes 

Jan Martinek (Faculty of Science, Charles University, Prague, Czech 
Republic) 

p. 23 

11:35 – 12:00 Flagellar microtubule doublet assembly in vitro reveals a regulatory role of 
tubulin C-terminal tails 
Markéta Černohorská (Institute of Molecular Genetics of the ASCR, Prague, 
Czech Republic) 

p. 24 

12:00 – 12:25 The unexpected aspects of the Euglenozoa flagella 
Galina Prokopchuk (Institute of Parasitology, Biology Centre CAS, Ceske 
Budejovice, Czech Republic) 

p. 25 

12:25 – 12:30 Closing remarks  
12:30 – 14:00 Lunch  
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SCAR/WAVE AND WASP - WHO REALLY CONTROLS THEM? 
 

Robert INSALL 
 

Beatson Institute for Cancer Research, Glasgow, United Kingdom 
 
 

The standard view of the Arp2/3 regulators Scar/WAVE and WASP is that they’re 
fairly simply regulated by kinases and Rac and Cdc42, respectively.  We query both 
narratives.  Scar/WAVE is clearly controlled by Rac, but the mechanism is opaque.  The 
role of small GTPases in WASP’s activity is even less clear. I’ll also talk about the 
Scar/WAVE competitior CYRI. 
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WASH COMPLEX ATTACHMENT TO THE ENDOSOMAL MEMBRANE 
 

Tereza HUMHALOVÁ, Vojtěch DOSTÁL, Ondřej Pácalt, Lenka LIBUSOVÁ 
 

Department of Cell Biology, Faculty of Science, Charles University, Prague, Czech 
Republic 

 
 
 

 One of the less well-known roles of the actin cytoskeleton is its contribution to 
endosomal protein sorting. This process ensures that transmembrane proteins, either 
endocytosed from the plasma membrane or delivered from the Golgi apparatus, are sorted 
and transported from endosomes to their proper destination within the cell. On the 
endosomal membrane, small patches of branched actin delineate distinct microdomains to 
which transmembrane proteins (often referred to as cargo) are sorted. Actin thus restricts 
the lateral movement of sorted proteins in the endosomal membrane and also facilitates 
fission of small vesicles from the endosome. 

The main regulator of actin polymerization on endosomes is pentameric WASH 
complex, consisting of WASH1, FAM21, SWIP, Strumpellin, and CCDC53. WASH 
activates the Arp2/3 complex, leading to the formation of branched actin filaments. The 
WASH complex is linked to the protein sorting machinery not only by promoting actin 
polymerization but also by its interaction with the main cargo sorting complex - Retromer. 
This interaction is considered to be responsible for WASH complex recruitment to the 
endosomal membrane. 

However, we show that WASH complex localizes onto endosomes to some extent even 
in cells depleted of Retromer. Thus, Retromer is not the only membrane anchor of the 
WASH complex. To better understand the mechanism of WASH complex recruitment to 
the endosomal membrane, we generated cell lines depleted of the WASH complex subunits 
which may participate in this process. We evaluated the effect of the depletion of these 
proteins on the localization of remaining WASH complex subunits. Based on this analysis 
we propose, that WASH complex is attached to the endosomal membrane through its 
subunits FAM21 and SWIP. While FAM21 contributes to the recruitment through its 
interaction with Retromer, the mechanism of SWIP mediated attachment needs to be 
clarified. 
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CHARACTERIZATION OF LYSOSOMAL TRAFFICKING DEFECTS IN WASH 
COMPLEX-DEFICIENT CELLS 

 
Vojtěch DOSTÁL & Tereza HUMHALOVÁ, Pavla BERÁNKOVÁ, Ondřej PÁCALT, 

Lenka LIBUSOVÁ 
 

Department of Cell Biology, Faculty of Science, Charles University, Prague, Czech 
Republic 

 
 
 

WASH complex is a pentameric protein complex composed of WASH1, Strumpellin, 
SWIP, FAM21 and CCDC53. It localizes to endosomes and is required for the 
Arp2/3-dependent formation of F-actin patches at endosomal tubules which transport cargo 
back to the plasma membrane. 

To improve our understanding of WASH complex function, we created WASH knock-
out cell lines using CRISPR/Cas9 mutagenesis targeted against subunits Strumpellin, SWIP 
and FAM21 in human osteosarcoma cell line U-2 OS. While these individual deletions 
show some differential effects on subcellular localization of WASH, the common 
morphological hallmark of all these knock-out cell lines is the emergence of large vacuole-
like vesicles (one per cell). Interestingly, this phenotype is not observed in a similar cell 
line deficient in a related endosomal recycling complex retromer, suggesting that the 
phenotype is specific to the function of WASH complex itself. However, simultaneous 
knock-down of retromer in WASH KO cell lines further amplifies the knock-out 
phenotype. 

We show that these vacuoles represent an enlarged acidic compartment positive for 
markers of late endosome, lysosome and autophagosome. Glucose transporter GLUT1, 
which is a known WASH-dependent cargo protein, is relocated from the cell surface into 
these intracellular vacuoles in WASH knock-out cell lines. These results suggest that 
WASH KO cell lines are defective in endosomal recycling of cargo towards the cell surface. 

Furthermore, our results indicate that the phenotype can surprisingly be rescued by 
bafilomycin, leading to inhibition of V-ATPase and increased lysosomal pH. It is also 
effectively rescued by growth factor withdrawal and treatment with rapamycin, suggesting 
that the formation of vacuoles lies downstream of the mTOR pathway. 

Our results thus offer a new perspective on the function of WASH complex in cells, 
offering fresh evidence that WASH drives cargo recycling from late endosomal and 
lysosomal compartments. 
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ACTIN CYTOSKELETON AND MYO2 AFFECT THE CELLULAR 
DISTRIBUTION OF REVERSIBLE ASSEMBLIES OF THE TRANSLATION 

INITIATION FACTOR EIF3A IN SACCHAROMYCES CEREVISIAE 
 

Ivana MALCOVÁ, Lenka SENOHRÁBKOVÁ, Jiří HAŠEK 
 

Laboratory of Cell Reproduction, Institute of Microbiology of the CAS, Prague, 
Czech Republic 

 
 
 

Actin cytoskeleton regulates many cellular processes not only in yeast but also in cells 
of higher eukaryotes including the establishment of cell polarity, endo-and exocytosis, 
organelle positioning and transmission to daughter cell. In yeast cells, actin and associated 
molecular motors are involved in trafficking of mRNA and in the asymmetrical inheritance 
of misfolded proteins. The asymmetric distribution of protein aggregates is also conserved 
in higher eukaryotes where it is also called rejuvenation since during cell division 
potentially harmful protein aggregates are retained within the mother cells and pristine 
daughter cells thus have the full replicative potential. Asymmetric segregation is ensured 
by an intricate system called spatial protein quality control (SQC) that encompasses 
molecular chaperones, degradation pathways, and specific deposition sites or inclusion 
bodies to ensure proper protein folding, refolding or disaggregation of protein aggregates, 
and degradation or sequestration of misfolded proteins. 

Here we present an analysis of the spatial distribution of reversible accumulations of 
an eIF3a/Rpg1-3 variant that arise under physiological conditions without any applied 
stress and that do not follow the rules of asymmetric segregation. There are two types of 
Rpg1-3 accumulations, smaller dynamic and larger, immobile ones. Immobile Rpg1-3-GFP 
foci are tethered to ER and mitochondria and dynamic ones actively move with a high 
velocity not only within the mother and daughter cell area but are able to pass through the 
bud neck from the mother to the daughter cell by an active bud-directed movement (BDM). 
Energy, intact actin cytoskeleton and the molecular motor Myo2 appeared to be important 
for BDM as well as for the directionality of the foci movement within the mother and 
daughter cells. Interestingly, the ability to form assemblies is transmissible since all cells 
in the progeny of a single cell with Rpg1-3-GFP foci do contain these foci. Despite this, 
Rpg1-3-GFP assemblies do not have an amyloid nature and their formation and spreading 
do not depend on the Hsp104 chaperone. Moreover, Rpg1-3-GFP foci are not decorated by 
any of the typical markers of deposition sites for misfolded and aggregated proteins in yeast 
cells. Presence of other members of the eIF3 core complex in Rpg1-3-GFP assemblies 
suggests that Rpg1-3 foci might be in fact localized mRNAs with associated translation 
initiation factors and this is the reason why yeast cells do not recognize them as misfolded 
protein aggregates and let them be transferred into daughter cells. 
 

This work was supported by the grants from the Czech Science Foundation CSF16-05497S 
and the Grant Agency of the Charles University GACU1180213. 
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γ-TUBULIN ABILITY TO FORM FILAMENTS AND ITS FUNCTIONS IN 
NUCLEAR PROCESSES 

 
Hana KOUROVÁ1, Jana CHUMOVÁ1, Lucie TRÖGELOVÁ1, Csaba PAPDI2, Brigitta 

KÁLLAI3, Zoltán MAGYAR4, Geoffrey DANIEL5, Pavla BINAROVÁ1 
 

1Laboratory of Cell Reproduction, Institute of Microbiology of the Czech Academy of 
Sciences, Prague, Czech Republic 

2School of Biological Sciences, Centre for Systems and Synthetic Biology, Royal 
Holloway, University of London, Egham, UK 

3Department of Medical Chemistry, Molecular Biology and Pathobiochemistry, 
Semmelweis 

University, Budapest, Hungary 
4Institute of Plant Biology, Biological Research Centre, Szeged, Hungary 

5Department of Forest Biomaterials Technology, Swedish University of Agricultural 
Sciences, Uppsala, Sweden 

 
 
 

γ-Tubulin is a key player in microtubule nucleation and also plays roles in microtubule-
independent processes. Large γ-tubulin forms of heterogeneous molecular size are reported 
in plant and animal cells. High abundance of γ-tubulin in acentrosomal Arabidopsis cells 
facilitated its purification and we developed a procedure to obtain γ-tubulin high molecular 
forms without associated proteins.  

Fluorescence and transmission electron microscopy studies of highly purified human 
and plant γ-tubulin gave evidence to its intrinsic ability to form linear filaments, bundles, 
and aggregates. Super-resolution STED microscopy revealed γ-tubulin fibrillar structures 
forming fine networks with mitotic microtubules, in cortical areas, surrounding nuclei, and 
within nuclei of Arabidopsis cells. There is a growing number of evidence on γ-tubulin 
nuclear functions in transcription, DNA damage response, chromatin remodelling, and on 
its interactions with tumor suppressors but molecular mechanisms behind are not well 
understood.  

We found that γ-tubulin interacts with E2F transcription factors in Arabidopsis 
thaliana. As γ-tubulin binds to promoters of E2F-regulated cell cycle genes, expression 
levels of the E2F targets were determined under γ-tubulin silencing by RNAi. Repressive 
function of γ-tubulin at G1/S and G2/M regulation and in entry into endocycles was 
suggested. Consistently, an excess of cell division in the stomata lineage, ectopic cell 
divisions, as well as enhanced endoreduplication levels were observed in plants with 
reduced levels of γ-tubulin. 

This work was supported by grant P501 15-11657S from Grant Agency of the Czech 
Republic to Pavla Binarová and partially by the Programme for research and mobility 
support of young researchers MSM200201901 from Czech Academy of Sciences to Hana 
Kourová. 
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PROTEIN TYROSINE PHOSPHATASE SHP-1 REGULATES MICROTUBULE 
NUCLEATION IN MOUSE BONE MARROW-DERIVED MAST CELLS 

 
Vadym SULIMENKO, Anastasiya KLEBANOVYCH, Vladimíra SLÁDKOVÁ, Tetyana 
SULIMENKO, Věra VOSECKÁ, Zuzana RUBÍKOVÁ, Eduarda DRÁBEROVÁ, Pavel 

DRÁBER 
 

Department of Biology of Cytoskeleton, Institute of Molecular Genetics, Czech Academy 
of Sciences, Prague, Czech Republic 

 
 
 

Antigen-mediated activation of mast cells initiates signaling events leading to 
degranulation and release of inflammatory mediators. Although rapid and transient 
microtubule reorganization during activation has been described, the molecular 
mechanisms that control their rearrangement are largely unknown. Microtubule nucleation 
is mediated by γ-tubulin complexes. Here, we report on the regulation of microtubule 
nucleation in bone marrow-derived mast cells (BMMCs) by Src homology 2 (SH2) 
domain-containing protein tyrosine phosphatase 1 (SHP-1; Ptpn6). Reciprocal 
immunoprecipitation experiments and pull-down assays revealed that SHP-1 is present in 
complexes containing γ-tubulin complex proteins and protein tyrosine kinase Syk. 
Microtubule regrowth experiments in cells with deleted SHP-1 showed stimulation of 
microtubule nucleation, and phenotypic rescue experiments confirmed that SHP-1 
represents a negative regulator of microtubule nucleation in BMMCs. Moreover, inhibition 
of the SHP-1 activity by inhibitors TPI-1 and NSC87877 also augmented microtubule 
nucleation. The regulation was due to changes of γ-tubulin accumulation in microtubule-
organizing centers. Further experiments with antigen-activated cells showed that deletion 
of SHP-1 stimulated generation of microtubule protrusions, activity of Syk kinase and 
degranulation. Our data suggest a novel mechanism for suppression of microtubule 
formation in later stages of mast cell activation. 
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THE ROLE OF RAN GTP-IMPORTIN ΒETA PATHWAY IN SPINDLE 
FORMATION DURING MAMMALIAN OOCYTE MEIOSIS 

 
David DRUTOVIC1, Xing DUAN3, Rong LI2,3, Petr KALAB2, Petr SOLC1 

 
1Institute of Animal Physiology and Genetics of the Czech Academy of Sciences, 

Libechov, Czech Republic 
2Department of Chemical and Biomolecular Engineering, The Johns Hopkins University, 

Baltimore MD, USA 

3Department of Cell Biology, The Johns Hopkins University, Baltimore MD, USA 
 
 
 

Proper segregation of chromosomes is critically dependent on the assembly and 
stability of the bipolar microtubule spindle. The formation of the acentrosomal meiosis I 
(MI) spindles in mammalian oocytes are supported by parallel mechanisms, including the 
chromosome-dependent pathway via Ran GTPase. Ran functions by modulating the 
interaction between transport receptors importins and the spindle assembly factors that 
control microtubule nucleation and stabilization. Here we combine advanced live cell 
imaging, fluorescence lifetime imaging microscopy (FLIM) and Förster resonance energy 
transfer (FRET) biosensors to reveal the mechanisms of Ran function in mouse MI spindle 
assembly. We showed that importazole, specific small molecule inhibitor of the RanGTP 
and importin beta interaction, prevented MI spindle assembly, induced its disassembly and 
inhibited the coalescence of pericentrin-containing microtubule organizing centres. These 
effects on meiotic spindles were rescued by the GTP hydrolysis-defective constitutively 
active RanQ69L and mimicked by the RanGTP-resistant importin β(71-876). Importantly, 
FLIM/FRET imaging showed that RanT24N did not act as a dominant negative mutant of 
RanGTP, consistent with its previously reported limited effects on the mouse oocyte MI 
spindle assembly. These results indicate that, through importin β, RanGTP regulates 
microtubule formation and the bipolar MI spindle assembly and maintaining in mouse 
oocytes. 
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TYROSINE 90 WITHIN SH3 DOMAIN - A NOVEL SITE OF SRC KINASE 
REGULATION AFFECTING TRANSFORMING POTENTIAL AND 

INVASIVENESS 
 

Lenka KOUDELKOVÁ, Zuzana BRŮHOVÁ, Martin SZTACHO, Vojtěch PAVLÍK, 
Csilla PATAKI, Daniel RÖSEL, Jan BRÁBEK 

 
Department of Cell Biology, Faculty of Science, Charles University, Prague, Czech 

Republic 
 
 
 

Src kinase is involved in signalling pathways that participate in the control of cell 
proliferation, differentiation or motility. Src activity is therefore maintained under strict 
and complex regulation. Kinase conformation and thus activation state is determined by 
ability of SH2 and SH3 domains to form inhibitory interactions with intramolecular ligands 
and by phosphorylation status of key tyrosines 416 and 527. 

Phosphoproteomic analysis revealed tyrosine 90 as a new Src residue which can be 
phosphorylated in vivo. It is localised on the binding surface of SH3 domain, where it forms 
one of the hydrophobic pockets. Based on the expression of phosphomimic and non-
phosphorylable variants (SrcY90E, SrcY90F) in mouse fibroblasts, we observed that Y90 
phosphorylation elevates Src kinase activity and alters binding of SH3 domain ligands. 
Moreover cells bearing SrcY90E mutant exhibit increased invasiveness and transformed 
phenotype. 

We suggest that the phosphate group brings a negative charge into the hydrophobic 
binding surface of SH3 domain, which causes a decrease in the affinity to CD linker and 
partial activation of Src. Using intramolecular FRET-based Src biosensor, we have 
developed, we were able to detect corresponding “opening” of the kinase structure after 
introducing of Y90E mutation. We propose Y90 as a new additional regulator of Src 
activity. 
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SRC AND P130CAS-BASED BIOSENSORS TO STUDY FOCAL ADHESIONS 
MECHANICS 

 
Lenka KOUDELKOVÁ1, Andreea Csilla PATAKI1, Ondřej TOLDE1, Veronika 

KOLOMAZNÍKOVÁ1, Vojtech PAVLIK1, Kurt ANDERSON2, Jan BRÁBEK1, Daniel 
ROSEL1, 

 
1Department of Cell Biology, Faculty of Science - BIOCEV, Charles University, Prague, 

Czech Republic 
2Advanced Light Microscopy, The Francis Crick Institute, London, UK 

 
 
 

Focal adhesions (FAs) are dynamic adhesion structures mediating bidirectional 
mechanical and signaling link between ECM and intracellular actin cytoskeleton. FAs are 
constituted by adhesion receptors (integrins), adapter proteins (e.g. talin, p130Cas), 
proteins mediating connection to F-actin (e.g. vinculin) and regulatory proteins (e.g. Src 
family kinases). Many of the FAs proteins have ability to function as mechanosensors; 
proteins that respond to mechanical stress by changing their conformation and transmit the 
mechanical stimuli to cellular response. P130Cas and more recently also Src tyrosine kinase 
were proposed to function as such mechanosensors in FAs. To analyze the role of Src and 
its main substrate in FAs p130Cas we have developed FRET-based biosensors allowing us 
to monitor conformational changes and activity of Src, p130Cas phosphorylation and 
tension induced stretch of substrate domain of p130Cas in live cells. Based on the results 
obtained with the Src-FRET biosensor we proposed a new model for the role of Src and 
Src-dependent phosphorylation in focal adhesions1. According to the model, Src is rapidly 
activated during focal adhesions assembly and Src-dependent tyrosine phosphorylation of 
focal adhesion proteins drives the assembly phase of focal adhesions. It remains stable 
during maturation of focal adhesions due to counteracting activity of tyrosine phosphatases. 
Hyperphosphorylation of the Src targets in focal adhesions, potentially due to decreased 
activity tyrosine phosphatases, induces focal adhesions’ disassembly which is followed by 
gradual Src inactivation.  
 
 
 
 
 
1Koudelková L, Pataki AC, Tolde O, Pavlik V, Nobis M, Gemperle J, Anderson K, 
Brábek J, Rosel D. Novel FRET-Based Src Biosensor Reveals Mechanisms of Src 
Activation and Its Dynamics in Focal Adhesions. Cell Chem Biol. 2019 Feb 
21;26(2):255-268.e4. 
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INTENSE NANOSECOND-SCALE ELECTRIC FIELD EFFECT ON KINESIN: 
MOLECULAR DYNAMICS STUDY 

 
Jiří PRŮŠA, Michal CIFRA  

 
Institute of Photonics and Electronics of the Czech Academy of Sciences, Prague, 

Czech Republic 
 
 
 

Kinesin is a protein nanomotor which converts chemical energy into mechanical work. 
It is important for intracellular transport of cargo and in cell division. Since electrostatic 
forces are crucial for protein function, we propose that intense nanosecond scale pulsed 
electric field could affect the function of kinesin. 

To explore this hypothesis, we performed molecular dynamics simulation of a kinesin 
head docked on a subunit of its microtubule track - single tubulin heterodimer. In the 
simulation, we exposed the kinesin head to 100 MV/m electric field for 50 ns. We found 
that the magnitude as well as components of the kinesin dipole moment are affected.  
Furthermore, electric field also seems to affect principal components of the kinesin motion, 
as well as the magnitude of fluctuations of functionally important kinesin sites, such as 
switch in the nucleotide binding pocket and alpha helix 4 with loop 11 involved in kinesin-
tubulin interactions. 

These findings indicate that external intense nanosecond-scale electric field can affect 
kinesin function. Our results contribute to developing novel electromagnetic methods for 
modulating function of biomolecular matter at the nanoscale. 

 
Authors acknowledge support from the Czech Science Foundation p.no. 18-23597S, and participate in COST 
CA15211, and exchange project, no. SAV-18-11. 
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COMPUTATIONAL MODELING OF MECHANICAL BEHAVIOR OF 
ENDOTHELIAL CELLS 

 
Veera Venkata Satya Varaprasad JAKKA,  Jiří BURŠA 

 
Institute of Solid Mechanics, Mechatronics and Biomechanics, Brno University of 

Technology, Brno, Czech Republic 
 
 
 

Recently a hybrid model of smooth muscle cell was created by using the tensegrity 
concept to complete the continuum parts of the cell with cytoskeleton [1]. The model 
includes a framework of actin filaments (AFs) as tension supporting cables and 
microtubules (MTs) as compression-supporting struts. It is created by employing the 
geometrical shape of icosidodecahedron with its 30 vertices representing focal adhesions 
(FAs) which results in a nearly isotropic behavior of the model without any preferred 
orientation. To achieve the synergistic effect of cytoskeletal components, the elements 
representing AFs, MTs, and Intermediate filaments (IFs) are connected by sharing the same 
end nodes at the cell membrane (CM) representing FAs. The AFs are prestressed (i.e. 
stressed without application of external load) which is essential for the cell shape stability, 
while the IFs are wavy, thus they do not bear any load until straightened.  

The objective is to modify the existing model for modeling endothelium cells and to 
validate it with appropriate mechanical responses. The investigation process is going on 
the mechanical properties of cytoskeletal and continuum components of endothelial cells 
and also on the cytoskeletal arrangement in endothelial cells. Endothelial cell dysfunction 
has been linked to atherosclerosis through their response to hemodynamic forces. The 
modified model is intended to be used for assessment of impact of wall shear stress in 
arteries on endothelium cells. Endothelial cells are composed in a monolayer, in this 
manner further advances are needed to investigate the perception of loads by a population 
of cells.  

Acknowledgement 

This work was supported by Czech Science Foundation, project No. 18-13663S. 

 
References 
Bansod Y.D., Matsumoto T., Nagayama K., Bursa J.: "A Finite Element Bendo-Tensegrity 
Model of Eukaryotic Cell".  ASME J Biomech Engin, vol. 140 (2018)10:101001-9 
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PLECTIN DEFICIENCY WEAKENS MECHANICAL INTEGRITY OF 
SIMPLE EPITHELIUM 

 
Magdalena PŘECHOVÁ, Kateřina KORELOVÁ, Markéta JIROUŠKOVÁ, 

Martin GREGOR 
 

Department of Integrative Biology, Institute of Molecular Genetics of the ASCR, 
Prague, Czech Republic 

 
 
 

Plectin is ubiquitously expressed cytolinker from plakin family of proteins 
that interconnects all three cytoskeletal systems and links them to plasma 
membrane-bound junctional complexes. Plectin acts as a crosslinker and 
signalling scaffold, affecting mechanical as well as dynamic properties of the 
cytoskeleton. To better understand Plectin function in epithelial mechanical 
stability, we have used Plectin depletion in mouse model as well as in epithelial 
cell lines, and studied the phenotype associated with Plectin deficiency.  

First, using a liver-specific Plectin KO mice, we have shown that Plectin 
deficiency in hepatocytes and biliary epithelial cells causes aberrant organization 
of keratin filaments, biliary tree malformations and collapse of bile ducts and 
ductules. Plectin-deficient biliary epithelial cells formed compromised tight 
junctions and exhibited increased expression of the adherens junction protein E-
cadherin. Moreover, Plectin KO mice showed higher susceptibility to cholestatic 
challenge, induced by bile duct ligation, where Plectin-deficient bile ducts were 
prominently dilated with more frequent ruptures. 

In order to study the molecular details of Plectin involvement in mechanical 
stability of simple epithelium, we have generated Plectin-deficient epithelial cell 
lines (cholangiocytes and MDCKs), using the CRISPR-Cas9 technology. Plectin 
deletion in monolayers of MDCK cells caused collapse of keratin filaments, 
associated with irregularly shaped and bended desmosomes, key cellular 
structures responsible for mechanical integrity of epithelium. Using super-
resolution microscopy imaging, we have observed delicate keratin network in WT 
cells, composed of circumferential keratin rim and fine-organised system of radial 
keratin spokes. However, in the KO cells, the circumferential keratin rim was 
almost absent and the radial keratin spokes were thicker, formed of bundled, 
partially collapsed keratin. The circumferential inter-desmosomal rim of 
intermediate filaments has been proposed to confer mechanical stability of 
epithelium. We have thus tested the resistance of Plectin WT and KO cells using 
a cell stretcher device. Mechanical uniaxial stretch of cell monolayers showed 
higher susceptibility of KO cells to stretch-induced widening of desmosomal 
plaques, suggesting lower mechanical integrity of KO epithelial sheets.  

These data demonstrate that Plectin is required for proper keratin network 
cytoarchitecture, correct formation of cell-cell junctions and epithelial stability 
both in vitro and in vivo.  
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PLANT TRANSMEMBRANE FORMINS IN ENDOMEMBRANE DYNAMICS 
AND INTRACELLULAR COMMUNICATION 

 
Denisa OULEHLOVÁ, Eva KOLLÁROVÁ, Anežka BAQUERO-FORERO, Petra 

CIFROVÁ, Viktor ŽÁRSKÝ, Fatima CVRČKOVÁ 
 

Department of Experimental Plant Biology, Faculty of Science, Charles University, 
Prague, Czech Republic 

 
 
 

Formins are evolutionarily conserved eukaryotic proteins engaged in actin nucleation 
and other aspects of cytoskeletal organization, including actin-microtubule co-ordination. 
Angiosperms have two formin clades with multiple paralogs; typical plant Class I formins 
are integral membrane proteins that can anchor cytoskeletal structures to membranes and 
that are generally believed to be localized predominantly in the plasma membrane. 

For the main Arabidopsis housekeeping Class I formin, FH1 (At3g25500), 
plasmalemma localization was previously documented in heterologous expression and 
overexpression studies. Using an experimental system employing transgenic Arabidopsis 
expressing biologically active green fluorescent protein-tagged FH1 (FH1-GFP) under the 
control of its native promoter, we confirmed association of FH1-GFP with membranes, 
consistent with literature reports. However, we also documented a surprising actin- and 
secretory pathway-dependent dynamic behaviour of this protein. FH1-GFP relocates 
between cellular endomembranes and the plasmalemma during cell division and 
differentiation in root tissues, with transient tonoplast localization at the 
transition/elongation zones border where vacuole fusion takes place. The protein also 
accumulates in actin-rich regions of cortical cytoplasm and associates with plasmodesmata 
in both the cotyledon epidermis and root tissues. Similar but not identical localization was 
also observed in an analogous experimental setup for the closest paralog of FH1, FH2 
(At2g43800), whose association with plasmodesmata (but not dynamic localization to 
endomembranes) was recently reported, together with evidence that fh2 mutants exhibit 
altered plasmodesma permeability (Diao et al. Elife, 2018 16;7. pii: e36316). 

Possible role of transmembrane (Class I) formins in endomembrane dynamics, 
including, e.g. co-alignment between the endoplasmic reticulum and microtubules, has 
been proposed (e.g. Deeks et al. J Cell Sci. 2010, 123:1209-1), and our current results 
further support the notion that formins contribute to endomembrane system functioning. 
Together with previous reports from metazoan systems, our observations also suggest that 
formins might have a shared (ancestral or convergent) role in the biogenesis and/or function 
of specialized cell-cell junctions including plasmodesmata. 
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Formins and ARP2/3 complex are the only known plant actin nucleators. Beside their 
actin-related function, both proteins and protein complexes also modulate microtubule 
organization and dynamic. Loss of formin or ARP2/3 complex results in distinct changes 
in cell morphogenesis. Whereas the loss of the main housekeeping Arabidopsis thaliana 
formin FH1 was previously found to increase cotyledon pavement cell shape complexity, 
mutations affecting ARP2/3 subunits including ARPC5 subunit exhibited an opposite 
effect. The loss of ARP2/3 results in trichome deformation. Effects of formin mutations on 
trichome development have not yet been reported. It is known that trichome and epidermal 
pavement cell shape is primarily determined by cortical microtubules and actin 
cytoskeleton. Here we employ single fh1 and arpc5, as well as double fh1 arpc5 mutants 
to investigate the role of FH1 and the ARP2/3 complex in epidermal pavement cell and 
trichome morphogenesis. Our results suggest that pavement cell shape in double mutants 
generally resembled single arpc5 mutants. True leaf epidermal epidermal cells 
morphology, as well as actin and microtubule organization and dynamics, indicated a more 
complex relationship between the two systems and similar, rather than antagonistic effects. 
Single fh1 and arpc5 mutations increased both actin network density and cell shape 
complexity in pavement cells and trichomes of first true leaves, but their effect in 
cotyledons was opposite. Thus, while the two actin nucleation systems have 
complementary roles in some aspects of cell morphogenesis in cotyledon pavement cells, 
they may act synergistically in other cell types. 
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Formins are a widely expressed evolutionarily conserved family of proteins with a key 
role in cytoskeletal dynamics, including nucleation, binding and bundling of actin. The 
physiological functions of formins related to polarity, morphogenesis and cell division in 
plants are tightly coupled with their role in reorganization and spatial organization of the 
cytoskeleton. 21 formin-encoding loci in two subfamilies, Class I and Class II respectively, 
have been found in the model plant Arabidopsis thaliana. Both subfamilies, ubiquitous in 
plants, share two conserved domains FH1 and FH2 on the C terminus, whereas the N 
termini of plant formins are diverse (Grunt et al. BMC Evol. Biol. 8, 2008, 
115.10.1186/1471-2148-8-115). In case of Class II, many formins contain domain with 
high sequence similarity to the phosphatase and tensin (PTEN) homologue which is thought 
to bind to membrane. 

While the role of formins from Class I is studied intensely, little attention has been paid 
to the formins from Class II so far. We thus focused on characterizing the Class II 
Arabidopsis formin AtFH13 (At5g58160). To gain insights into the cellular sites of AtFH13 
formin we studied their subcellular localization pattern after in vivo transient expression in 
N. benthamiana leaves. We fused the AtFH13 gene to YFP tag under the control of a 
constitutive promoter to facilitate their detection under confocal microscope. We also 
coexpressed the YFP-labeled gene of interest or its YFP-labeled separate domain with 
different markers of the endomembrane system components as well as markers of actin and 
microtubules (MT) to RFP. We observed association of this formin, specifically the PTEN 
domain, to the endoplasmic reticulum and its FH2 domain colocalised with cortical MT 
which may indicate their role in MT organizations and dynamics. 

We also used the YFP labeled AtFH13 formin expressed under native promoter for 
stabile transformation of Arabidopsis thaliana plants and detected expression in pollen and 
pollen tubes. Thus, in order to satisfactorily understand functionality of selected formin, 
the Arabidopsis mutant lines with affected AtFH13 gene as well as overexpression lines 
was used for phenotypic characterization with focus on the pollen tubes growth of 
Arabidopsis thaliana.  
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The evolutionary conserved Arp2/3 complex is responsible for the polymerization of 
branched actin. In contrast to animals and fungi, where knock-out mutants of Arp2/3 
subunits are lethal, plants show just a slightly altered phenotype characterized by distorted 
trichomes. Until now, knock-out mutants for five of the seven Arp2/3 subunits have been 
identified and characterized in Arabidopsis thaliana, which have helped to better 
understand its complex role in cell morphology and plant development.  

In this work, we present three new A. thaliana mutant lines: one arpc1 and two arpc3 
lines, which have not been characterized yet. CRISPR/Cas9 methodology was used to 
introduce mutations into ARPC1A and ARPC1B genes in tandem organization and with 
redundant functions to create a double mutant. While single mutants did not show a 
phenotype, the arpc1a/arpc1b mutant plants have a classical distorted trichomes 
phenotype. In a parallel experiment, we used the same methodology to mutate ARPC3 gene 
to produce arpc3 mutant; however, arpc3 plants do not show any apparent phenotype 
distinguishing them from wild types. We further obtained homozygote insertion mutants 
for ARPC3 of the SAIL_131_F01 line, which also lacks any apparent mutant phenotype. 
Further research will help to better characterize all three mutant lines. Our current results 
suggest differential roles of Arp2/3 subunits in plants. 
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ARP2/3 is heteroheptameric protein complex evolutionary conserved in almost all 
eukaryotic organisms including plants, where it serves as one of two actin nucleation 
factors, together with formin family. In animal cells, ARP2/3 complex is essential for cell 
motility based on actin polymerization in lamellipodia, and mutation of ARP2/3 complex 
machinery causes severe phenotypes or lethality. In plants, mild defects in cell 
morphogenesis of trichomes or epidermal cells as well as cell wall structure can be 
observed. To reveal the function of ARP2/3 in plants, we expressed ARP2/3 complex 
subunits fused with fluorescent proteins in Arabidopsis and tobacco plants and observed its 
localization in cells. Both ARPC2 and ARPC5 subunits localized to motile dot-like 
structures, which we called arposomes. Colocalization study revealed that all arposomes 
are exclusively associated with subpopulation of peroxisomes in plant cells. Our 
experiments indicate possible role of ARP2/3 complex in formation of peroxisomal 
subcompartment, housing specific metabolism, possibly important for plant immunity 
against fungal infection. 
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Flagella and cilia, collectively known as axonemes, are surface-exposed sensory 
organelles that mediate intercellular signal transition and regulate a vast number of cellular 
processes. The inner skeleton of every axoneme is formed by microtubules in concentric 
nine-fold symmetry. Microtubules are arranged in a unique doublet composition of A- and 
B-microtubule in so-called blades. Microtubule doublets, consisting of an incomplete B-
microtubule at the surface of a complete A-microtubule, provide a structural scaffold 
mediating intraflagellar transport and ciliary beating. Despite the fundamental role of 
microtubule doublets, the molecular mechanisms governing their formation is unknown. 
We used a cell-free assay combined with cryo-electron tomography, molecular modelling 
and TIRF live-imaging to demonstrate a crucial inhibitory role of the carboxy-terminal tail 
of tubulin in this assembly. Removal of the C-termini of an assembled A-microtubule 
allowed for the nucleation of a B-microtubule on its surface. C-terminal tails of only one 
A-microtubule protofilament inhibited this non-canonical side-to-surface tubulin 
interaction, which would be overcome in vivo with binding protein partners. We elucidated 
the dynamics of B-microtubule nucleation and its distinctive isotropic elongation by using 
live-imaging. Altogether, we revealed that inherent interaction properties of tubulin provide 
a structural basis driving axoneme microtubule doublet assembly. 
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The phylum Euglenozoa embraces a large group of uni- and biflagellated protists. In 
addition to the evolutionary conserved axoneme, their flagellum typically contains a unique 
structure, called a paraflagellar rod. Due to specific features and functions, some members 
of the phylum emerged to be of exceptional interest to study the biology of the eukaryotic 
flagellum. Among them medically important trypanosomatids, whose invariably single 
flagellum is subjected to significant changes during the life cycle and impacts cell 
morphogenesis, shape and division. Out of thousands of trypanosomatid species described 
so far, there were only two mentions of a possibly biflagellar species. We have recently 
isolated a novel trypanosomatid strain that is for most of its life cycle biflagellar (due to 
delayed division of kinetoplast, nucleus and the cell body). The two flagella run very close 
to each other and their membranes are interconnected either within the flagellar pocket or 
somewhere distally along the flagella. Using high-speed video microscopy, we were able 
to show that both flagella beat synchronously until their separation. They are capable of 
reversing the direction of wave propagations from a typical pattern when bends are 
propagated from their tips with the cell body dragged behind, to the situation when bend 
initiation occurs at the flagellar base. Interestingly, during such reverse movement a new 
bend appears in the middle of another bend, dividing the big wave into two small ones.  

While observing the newly discovered members of another euglenozoan lineage, the 
Diplonemea, we have yielded a large number of unexpected findings. For example, 
following the depletion of nutrients, some strains of the Diplonema genus undergo 
morphological transformations from a regularly looking trophic cells with relatively short 
flagella into globular sessile ones with flagella firmly rolled around, and subsequently into 
a small swimming cells with long flagella. TEM showed that the last two stages are also 
characterized by the emergence of a paraflagellar rod, which is prominently lacking in the 
trophic cells. We also found that the Rhynchopus species have their flagella concealed and 
undeveloped in trophic stages, lacking conventional 9 + 2 axonemal arrangement and 
paraflagellar rod, but they are long and fully developed in starved cells. 

Investigation of ultrastructural features as well as swimming characteristics and 
flagellar behavior in correlation with life cycle stages of the studied species allows 
addressing key questions about flagellar evolution, function, morphogenesis and regulation 
of its oscillation. 
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Plethora of microtubule associated proteins (MAPs) are known. They modulate lattice 
integrity, tune polymerization kinetics, or covalently modify tubulin. Interestingly, several 
microtubule binding proteins were shown to localize inside the lumen of microtubules.  

Few microtubule inner proteins (MIPs) were identified so far. Among these, most are 
integral part of the eukaryotic axoneme. They can even completely cover the inner surface 
of microtubule doublets. Such inner building blocks strengthen the microtubule, prevent 
breakage, and also module the beating pattern of cilia. Additionally, the enzyme α-tubulin 
acetyl transferase enters dynamic cytoplasmic microtubules and acetylates lysine 40 facing 
the intratubular space. However, identities and roles of most MIPs still remain to be 
discovered. 

Prior to starting new project focused on MIPs, we summarized current limited 
knowledge on this topic and performed bioinformatic search for new potential MIPs. 
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The Arp2/3 complex is an actin nucleator consisting of seven subunits (ARP2, ARP3, 

ARPC1-ARPC5). Over the years, the complex has been reported to participate in multiple 
developmental processes in plants such as trichome growth, pavement cell shape 
determination, or cell wall synthesis and differentiation. However, comparison of 
individual subunit expression patterns at the tissue and cellular level has not been carried 
out.  

In this work, we show that multiple individual subunits are expressed in cells and 
tissues corresponding to known Arp2/3 phenotypes. Interestingly, promoters are 
prominently active in the provasculature tissue. Moreover, we shed light on the differential 
regulation of subunit expression by the key phytohormone auxin. 

Also, the expression level was studied using native promoter-driven ARPC5-GFP 
fusion, which appears to be targeted to the plasma membrane. 

Altogether, our data contributes to the better understanding of Arp2/3 complex function 
and opens a way to study other roles of the complex in vascular tissue and hormone 
homeostasis. 
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The cytoskeleton is a fundamental component of eukaryotic cells that is comprised of 
highly conserved components. Among them are the tubulin-based microtubules, which 
form a network within the cytosol, and kinesin motor proteins that move along the 
microtubule surface, carrying cargo to the plus ends of these polymers. Despite 
conservation of their core parts, cytoskeletons throughout eukaryotes adopt different forms 
and functions as shaped by evolution. For example, the subpellicular microtubule corset 
and microtubule quartet, a structure that runs from the basal body along the flagellar 
attachment zone (FAZ), are unique features of kinetoplastids. Also, the kinesin that is a 
topic of this study, TbKIFx, and its presumably catalytically inactive partner TbPH1, are 
also restricted to kinetoplastids. TbKIFx/TbPH1 interaction is strong, persisting under 
conditions of high ionic strength needed to disassemble the microtubule corset that confines 
these two proteins. Because the latter property indicates they associate with microtubules, 
isolated cytoskeletons were probed for the presence of epitope tagged TbKIFx. Indeed, 
TbKIFx gives a signal that enriched with both the basal body and FAZ, suggesting they 
may interact with the microtubule quartet. Immunogold labeling of tagged TbKIFx 
visualized by scanning electron microscopy further supports this conclusion. Interestingly, 
we observe that phosphorylated tyrosines are also enriched in the FAZ. Because TbPH1 is 
named for the pleckstrin homology domain, which has been reported to bind 
phosphorylated tyrosines, we hypothesize that a TbKIFx/TbPH1 may interact with proteins 
bearing this modification, perhaps carrying them along the microtubule quartet. 
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Although the role of cytoskeleton has been postulated to determine the dynamics of 
plasma membrane (PM) proteins, there is still only fragmentary knowledge on the 
mechanism of this cytoskeleton role. In our previous work, we have shown by advanced 
fluorescence methods that the mobility of integral PM carriers of plant hormone auxin 
within PM is dependent on the cytoskeleton (Laňková et al., 2016). In this work, we have 
further focused on two auxin efflux carriers with contrasting gene expression during life 
cycle of tobacco cell line and auxin transport activities. To follow their nanodomain 
organization and dynamics within the PM, we used total internal reflection fluorescence 
(TIRF) microscopy implemented on Zeiss Elyra PS1 followed by the application of 
super-resolution radial fluctuations (SRRF) algorithm (Gustafsson et al., 2016). Image 
analysis-based quantification of these distributions showed that NtPIN11 nanodomains 
were less dynamic and less clustered in comparison with NtPIN2 nanodomains, 
suggesting variable, protein-specific dynamics between individual nanodomains. To test 
the hypothesis of the interference of cytoskeleton with auxin carrier localization and 
dynamics in PM nanodomains we used cytoskeleton drugs (latrunculin B, oryzalin) 
followed by routine confocal laser scanning and TIRF microscopy. Image analysis-based 
quantification of these distributions showed that NtPIN2 changed their distribution along 
PM after latrunculin B and disappeared from PM nanodomains remarkably, in contrast to 
NtPIN11. This suggest that these two auxin carriers might be differentially dependent on 
actin dynamics. 

This work was supported by projects NPUI LO1417, CSF 19-03909S, MEYS 
LM2015062 and OPVV CZ.02.1.01/0.0/0.0/16_013/0001775. 
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