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Welcome...

...to the conference “Cell Physics 2021" at the Saarland University in Saar-
bricken, Germany, 29.09.-01.10.2021. The conference is organized and
financed by the Collaborative Research Center SFB 1027 “Physical mod-
eling of non-equilibrium processes in biological systems”.

It is intended to be an interdisciplinary platform for scientific exchange
between participants from cell biology and biophysics, both represented
in roughly equal numbers, and focusses centrally on theoretical concepts
in conjunction with cell biological experiments. Topics include

e Membranes proteins

e Membrane organization

e Cellular interfaces and compartments
e Cytoskeleton

¢ Mechanobiology

The conference will start Wednesday 29.09.2021 at 8:20 a.m. and finish
Friday 01.10.2021 at 2:00 pm. It consists of invited talks, contributed oral
presentations and poster sessions.

Heiko Rieger, Ludger Santen
(Saarland University, Germany]
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Conference Program



Wednesday 29.9.2021

7:30-8:20 Registration
8:20-8:30 Opening
8:30-10:30 Cytoskeleton M/A
LG ... Matrix elasticity gradients guide neuronal polarity by
8:30-9:00 Lukas Kapitein controlling microtubule network mobility 1.17
9:00-9:30 Marco Fritzsche Mechanobiological control of T-cell activation 1.12
9:30-10:00 Kinneret Keren  Dynamics of contracting actomyosin networks with turnover .19
. . . Cellular shapes driven by curved membrane proteins that recruit
[l NI e, Eiay the actin cytoskeleton: lamellipodia, ruffles and motility .13
10:30-11:00 Coffee Break
11:00-13:00 Cytoskeleton A/V
11:00-11:30 Matthieu Piel An_ active r_|g_|d|ty percolation trz_an5|t|on in _the actor_nyosm cortex
drives a minimal morphogenetic and motile machinery 1.24
) Role of intermediate filament networks in compression
11:30-12:00 Paul Janmey stiffening of cells and protection of nuclei .16
12:00-12:30 John Eriksson Intermed@te f|lamerl1ts - Dyn'am|cl structures
between biomechanics and signaling .7
% . . Exogenous vimentin supplementation transiently affects
[e=tale Ciearefe) BerElier early steps during HPV16 pseudovirus infection 1.28
Lumicks Mechanics and dynamics of cytoskeletal components
13:00-13:15 Company/ and phase separated droplets studied with optical
Roman Renger  tweezers correlated to fluorescence microscopy C.32
13:15-14:15 Lunch & Poster
14:15-15:30 Membranes Molecular Biophysics
14:15- Tanmoy AfT".]:jmal la:)tlce mod_e:] Ramachandra Molecular events during
14:30 Sarkar . 'Pidmem ranes wit M. Bhaskara selective ER-phagy C.6
. liquidordered domains C.34 :
Sensing their plasma Do the Loops in the N-SH2
14:30- Ewa membrane curvature Massimiliano  Binding Cleft Truly Serve
14:45 Sitarska allows migrating cells to Anselmi as Allosteric Switch in
circumvent obstacles C.37 SHP2 Activation? C.2
Curvature: a dynamic A continuous complete
14:45- Nicholas B .of ceyll gt Robert A.  RNA translocation cycle
15:00 Kurniawan . Becker by the DEAH-box helicase
it 0t i 21 Prp43 in atomic detail C.5
) . Genes Development
Hemidesmosome-like
15:00- Sadegh Adhesion Mimicked Rationalizing the optimality of
15:15 Ghorbani  through Nanopatterning Thomas R. the gap gene system by ab-initio
of Laminin-332 C.15 Sokolowski  derivation of optimalensembles
of morphogenetic patterns C.38
Biomechanics and
architecture of unsupported . .
15:15- Alessandra and biomimetic lipid M. A. Ramirez (SjgatI;;;St[())::ia;:,::?:glr?f
15:30 Griffo membranes: insights on Sierra Z

geometrical constrains
and lipid chemistry C.16

Mouse Development C.30




15:00-16:00
16:00-17:00

16:00-16:30

16:30-17:00

17:00-18:00
17:00-17:30

17:30-18:00

18:00-19:30
19:30

Jennifer
Lippincott-
Schwartz

Simon Alberti

Bernd Fakler

Edwin R.
Chapman

Coffee
Cell compartments

Emerging imaging technologies to study cell
architecture, dynamics and function 1.23

Phase separation and biomolecular
condensates in biology and disease I.1
Membrane Proteins
Fast Ca?-transport by PMCA-Neuroplastin complexes 1.10

Kinetic transitions in individual recombinant
exocytotic fusion pores .4

Posters

Social dinner




Thursday 30.9.2021

Cell Hydrodynamics

Brain microvascular endothelial
cell cytoskeletal reorganization

8:30-10:00 Membranes
8:30-9:00 llya Levental The lipidomic, b_|ophy5|cal, and functional asymmetry
of the mammalian plasma membrane 1.21
9:00-9:30 Herr.e Jelger Facial recognition of biological lipid membranes 1.27
Risselada
9:30-11:00 Mechanobiology
) ) ) Molecular Mechanobiology of Extracellular Matrix: Functional
=10 Vsl Worggel implications in healthy and diseased organs 1.29
10:00-10:30 Olivier Hamant  Are microtubules their own mechanosensors? .14
I Saneline Microtubules regulate mechanosensitive cell migration 1.9
Etienne-Manneville
11:00-11:30 Coffee
11:30-13:00 Multicellular Aggregates
11:30-12:00 Rosalind J. Allen  Physics models for how antibiotics kill bacteria 1.3
12:00-12:30 Maria P. Alcolea A blomechelmllcal switch regulates thellrar?5|t|0n towards
homeostasis in mouse esophageal epitheium 1.2
12:30-13:00 Luis M. Escudero B|ophysncala_pproachgs to_explaln the 3D
cellular packing of epithelia .8
13:00-14:00 Lunch & Poster
14:00-15.30 Membrane Proteins
Elucidating Receptor
14:00— Cornelig Cluster Formation in CD95 Anil Kumar  >tochastic bond dynamics
Signaling via DNA Origami induce optimal alignment
14:15 Monzel f : Dasanna : :
and Multiparametric Image of malaria parasite C.10
Spectroscopy C.24
14:15- Priyanka :’ho_toswtlchab_le ICAM1 Alexis Red blood cell defprmabll!ty
or immunological in erythrocyte sedimentation
14:30 Dhakane . Darras S P
synapse studies C.11 and in vivo partitioning C.9
Quantitative Study of
14:30 - Diana B. gfgfgﬁ?ﬁzzg;g::?:g;iz; Mehrnaz = Shape deformation of
14:45 Peckys Cells using Liquid-Phase Babaki RBCs in a doublet C.3
Electron Microscopy C.29
Cancer Generation of Fluid
el Athé“ga Flows On The Skin of
. q Fatty Connective Tissue a1y Xenopus Embryo C.4
15:00 Eliane .
Blauth Interaction changes Cancer
au Cell Mechanics C.8 Mechanobiology
Connective Tissue and Unravelling the
15:00- Hans Cancer Cross-Talk: Tanja  Mechanobiology of Living
15:15 Kubitschke Treatment Implications and Neumann Cells while Interacting with
Biomechanical Signature? C.20 their Environment C.27
15:00- Maleke Long-te_rm nuclear Cl?ra
15:30 Mouelhi regulation of cancer cells B in response to strain in a
under confinement C.26 Lozano microvessel-on-chip C.31
15:30-16:00 Coffee




16:00-16:30

16:00-16:30

16:30-17:30

16:30-17:00

17:00-17:30

17:30-18:30

17:30-18:00

18:00-18:30

18:30-20:00
20:00

Jan Lammerding

Bert L. de Groot

Daniel A. Fletcher

Stefan Jakobs

Sarah L. Keller

Mechanobiology

Confined Migration Induces Heterochromatin
Formation and Alters Chromatin Accessibility 1.20

Membrane Proteins

The molecular dynamics of potassium channel
permeation, selectivity and gating 1.6

Mind the gap: Spatial organization and
signaling at cell-cell contacts 1.11

Cell Compartments

Focusing on the mitochondrial inner membrane
with light and electron microscopy 1.15

Yeast tune their vacuole membranes to phase
separate at their growth temperatures 1.18

Posters

Speaker dinner




Friday 1.10.2021

8:30-10:30

8:30-9:00

9:00-9:30

9:30-10:00

10:00-10:30
10:30-11:00
11:00-13:15

11:00-
11:15

17:18r
11:30

11:30-
11:45

11:45-
12:00

12:00-
12:15

12:15-
12:30

12:30-
12:45

Oliver Daumke

Sahand Jamal Rahi

Laura
Aradilla
Zapata (née
Schaedel)

Zahra
Mostajeran

Sadhu

Alessandro
Falconieri

Dmitry A.
Fedosov

K. Kaub

Peter
Nietmann

Molecular Biophysics

Felix Rey

Jan Lipfert

Class Il membrane fusion proteins in han-
taviruses and beyond .26

A Tethered Ligand Assay to Probe SARS-
CoV-2:ACE2 Interactions 1.22

The mechanism of dynamin in membrane constric-

tion - From static snapshots to a dynamic model 1.5

Cytoskeleton

Vimentin Intermediate
Filaments Stabilize
Dynamic Microtubules by
Direct Interactions C.35

The influence of vimentin
on actin dynamics

and force generation

in RPE1 cells C.25

Modeling cellular
spreading and motility on
curved surfaces C.33

Mechanotransduction of
axonal growth: a journey
from microtubules to
local phenomena C.13

Sculpting vesicles with
active particles C.14

Differential
microrheological
properties of actin
isoforms C.19

Nonequilibrium mechanics
of cross-linked actomyosin
networks probed with
microrheological
techniques C.28

Optimal checkpoint strategies 1.25
Coffee

Signalling

Lrig1 and Wnt signaling
instruct partitioning of
Sandra Ilden melanocytes and resident
immunocytes into distinct
epidermal niches C.17

BK-channel as a fast
and precise Ca2+
sensor: application to
PMCA pump strength
measurements C.36

Barbara
Schmidt

Quantitative biophysical
M.D'Urso characterization of
fibroblast activation C.12

Understanding cell
behavior in complex multi-
cue environments C.39

Cas van der
Putten

Mutticellular Aggregates

Shardul  Design of 3D printed
Bhusari  hydrogel biofilm mimics C.7

Theoretical modelling

of competitive microbial
range expansion with
heterogeneous mechanical
interactions C.22

Erik
Maikranz

Adam Collective Search
Wysocki  Strategies C.41




12:45- Andreas
13:00 Weber

13:00-  Cécile
13:15 Jebane

13:15 - 14:00

A-to-1 RNA editing of
Filamin A (FLNA) regu-
lates cellular adhesion,
migration and mecha-
nical properties C.40

Premature senescence by
lamin A/C alterations cor-
relates to changes in cell
viscoelastic behavior C.18

Alice Abend

Sylvain
Monnier

Lunch & Poster

Adhesion dynamics and
organization of neurons and
glial cells on nanocolum-
nar TiN substrates C.1

Probing cell volume in com-
pressed tissues with Bril-
louin light scattering C.23




Poster List



C. Anton.

Nina
Apushkinskaya

Shima Asfia

Carsten Baltes

Patricia Blach

lvan Bogeski
Jonas Bosche
Jona Causemann

Leonie
Chatzimagas

Faezeh Darki

Ravi Dhiman

A. Diaz Alvarez

Trang Do
Hoang Thu

Johanna Dudek

Carlotta Ficorella

Marc Finkler

The role of actin, myosin Il and cadherins
in the cortex of living cells

Microfluidic generation of soft microgels as a tool
for studying the influence of 3D microenvironments
on the cellular responses upon external st

Phospholipids Motility at the Surface of Model Lipid Droplet

Stabilizing and elongating actin filaments alters the
position of nuclei in migrating cells in confinement

Investigation of the Electron Beam Dose
Tolerance of GFP in Liquid

NK cell cytotoxicity and protein microarrays predict
efficacy of melanoma immunotherapies

Active fluctuations of Microtubules

Sensing lipid saturation: biochemically
reconstituting a signal amplifying mechanism

Simulation of Liquid Jet Explosions and Shock
Waves Induced by X-Ray Free-Electron Lasers

Hydra: a possible dependence of Wnt/B -Catenin
signaling on the microtubule cytoskeleton during
early regeneration and axis formation

Insight into the topology of the monotopic hairpin
protein UBXD8 in endoplasmic reticulum bilayer
and lipid droplet monolayer membranes

Developing a tunable biomaterials platform
to mimic the intercellular interface

Deregulation of Histone Modification Associates to
Alternative Splicing of Developmental Genes

Effect of oral biofilm on the formation and
persistence of fluoride layers on dental enamel

Impact of Narrow Constraint on Single Cell Motion
A methylation-directed, synthetic pap switch based

on self-complementary regulatory DNA reconstituted
in an all E. coli cell-free expression system




Jean-Baptiste
Fleury

Juan Carlos
Gil-Redondo

Daniel Granz

Rahul Grover

Gubesh
Gunaratnam

Hendrik Hahl

H. Heintz

Jochen S. Hub

Jagoba lturri

Lukas
Jarzembowski

Lucina Kainka
Gari Kasparyan

Navid Khangholi

Gulistan Kocer

Jeremy Lapierre

Alejandro
Martinez-Ledn

Nascent fusion pore opening monitored
at single-SNAREpin resolution

Viscoelastical properties of MCF-7 cells
modulated by substrate stiffness

Characterization of the membrane-regulated
dynamics of Mga2 from baker’s yeast

Investigating vesicular cargo transport
driven by multiple motors

The adhesion strength of Candida albicans yeast cells to
tooth enamel quantified by Fluidic Force Microscopy

Pure protein membranes made from fungal
hydrophobins: Assembly and mechanical properties

Adhesion profiles and viability of Staphylococcus
aureus cells on structured surfaces

Free energies of stalk formation in the lipidomics era

Time- and Zinc-Related Changes in Biomechanical
Properties of Human Colorectal Cancer Cells
Examined by Atomic Force Microscopy

A neuron specific alternative STIM1 splice variant recruits
new signaling complexes to affect presynaptic release

Development of microtentacles in suspended
cells upon weakening of the actin cortex

Free Energy Simulations of Pore Formation

Light sensitivity of Cell free expressed
Archaerhodopsin-3 in microfluidics

PEG-Methylsulfone (MS) Based Hydrogels for 3D Culture of
Invasive Breast Cancer Organoids: Studying the Effects of
Biochemical and Biophysical Cues on Organoid Response

DNA opening during transcription initiation by human
RNA polymerase Il in atomic details: implications of
hydrogen bonds between protein loops and DNA

Binding mode characterization of PfFNT" inhibitors
through Docking and MD simulations




Carsten Mattes

Laura Meifiner
Hugues Meyer
Johannes Mischo

Mahsa
Mohammadian

Mina Mohammadi-
Kambs

Gina Monzon

Jens Uwe Neurohr

F. Nolle

Amaury
Perez-Tirado

Chetan S Poojari

Sevde Puza

Bin Qu
Samaneh Rahbar

Kamalika Ray

Bashar Reda

John Reinhard
Zeinab Sadjadi

Neda
Safaridehkohneh

Baker's yeast as a model for studying chronic
diseases related to ER stress

Molecular motors from a 3D perspective:
motion and torque generation of kinesins

Optimal Search Strategies of Auto-chemotactic Walkers

Hydroxyapatite pellets as versatile model surfaces
for systematic adhesion studies on enamel

In vitro study of Influenza virus-Llike particles
with a model cell membrane

DNA oligomer binding in competition reveals
interactions beyond stacking

Modeling intracellular transport by multiple
kinesin and dynein motors

Substrate morphometry enhances the understanding
of bacterial adhesion on nanostructured surfaces

Vesicles from natural proteins (HFBI):
characteristics and chances

Lateral force transductor on epithelial
monolayers based on polymer structures

Lipid specificity of Viral Fusion Proteins

Properties of Reconstitute Model Lipid Droplets in a
Phospholipid Bilayer using a 3D Microfluidic Platform

T cell stiffness is enhanced upon formation
of immunological synapse

Entropic force acting on a flat wall by a grafted F-actin

Placing transcription factor complexes
into gene regulatory networks

Effect of different plant extracts on the salivary bacteria
and oral biofilm - an ex vivo and in situ study

Molecular fingerprints of a stressed endoplasmic reticulum
Immune cells in an obstacle park

Kinetic and Mechanical Properties of Interfacial Self-
organized Film formed by Class Il Hydrophobins




Katharina C.
Scherer

Yvonne Schwarz

M. Reza Shaebani

Leonhard J. Starke

Gebhard Stopper

Emmanuel Terriac

Divyendu
Goud Thalla

Sudharshini
Thangamurugan

Marc-Philipp
Thome

Simone
Trautmann

C. Warnecke

Ben Wieland

Barbara Zbiral

Renping Zhao

The Effect of Transmembrane Domains on the Free
Energy of Stalk Formationduring Membrane Fusion

The functional pas de deux of v-SNARE transmembrane
domains and lipids in membrane fusion

Correlated dynamics of migrating immune cells
enhances the efficiency of their search for pathogens

Molecular dynamic simulations of hydrophobins:
pure-protein bilayers and lipid-protein interactions

Towards automated tracking and analysis
of individual killer cell cytotoxicity

Spatial evolution of intermediate filaments
organization in astrocytes

Role of Extracellular Vimentin in Cancer-Cell Functionality
and Its Influence on Cell Monolayer Permeability Changes
Induced by SARS-CoV-2 Receptor Binding Domain

Rewiring of protein interactions between
stimulated and unstimulated immune cells

Bayesian Sequential Analysis of T-Cell Migration Data

Is the proteomic composition of the salivary pellicle
dependent on the substrate material below?

Persistence length of distinct actin isoforms

Antibacterial effect of structured titanium surfaces using
ultrashort pulsed direct laser interference patterning

The more aggressive the softer - comparing the
mechanical properties of breast cancer cells

Targeting the microtubule-network rescues CTL
killing efficiency in dense 3D matrices
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Phase separation and biomolecular
condensates in biology and disease

Simon Alberti’

'Biotechnology Center, Tatzberg 47/49, 01307 Dresden, Germany

Condensates formed by liquid-liquid phase separation can create func-
tionally distinct membraneless compartments consisting of proteins and
RNAs, which have major roles in cellular organization and physiology.
RNP granules are a specific type of condensates that assemble by phase
separation of RNA-binding proteins (RBPs] and RNA. Recent data also
suggest that aberrant phase transitions of RBPs into RNA/protein aggre-
gates may be closely tied or even causative to the pathogenesis associat-
ed with diseases such as amyotrophic lateral sclerosis.

In this talk, | will discuss how the concept of biomolecular condensates
has expanded our view of biology and disease. | will introduce in vitro re-
constitution systems based on condensation that now allow us to rebuild
complex structures such as RNP granules in the test tube. Using these
reconstitution systems, we have gained important insights into the mo-
lecular rules of RNP condensates, such as the molecular grammar and
conformational changes underlying condensate assembly, the driving
forces and amino acids that govern aberrant phase transitions, and mo-
lecular mechanisms of condensate regulation and control. | will further
discuss how the concept of phase separation has allowed us to identify
novel functions of RNP condensates, and | will demonstrate how phase
separation can be used by cells to sense and respond to changes in the
environment and regulate fundamental cellular processes such as pro-
tein synthesis.




A biomechanical switch regulates the transition towards
homeostasis in mouse esophageal epithelium

Maria P. Alcolea

Wellcome - MRC Cambridge Stem Cell Institute, University of Cambridge, Puddicombe Way,
Cambridge, CB2 0AW, UK

Epithelial cells are highly dynamic and can rapidly adapt their behavior in
response to tissue perturbations and increasing tissue demands. Howev-
er, the processes that finely control these responses and, particularly, the
mechanisms that ensure the correct switch to and from normal tissue ho-
meostasis are largely unknown. Here we explore changes in cell behavior
happening at the interface between postnatal development and homeo-
stasis in the epithelium of the mouse esophagus, as a physiological mod-
el exemplifying a rapid but controlled tissue growth transition. Single cell
RNA sequencing and histological analysis of the mouse esophagus reveal
significant mechanical changes in the epithelium upon tissue maturation.
Organ stretching experiments further indicate that tissue strain caused
by the differential growth of the mouse esophagus relative to the entire
body promotes the emergence of a defined committed population in the
progenitor compartment as homeostasis is established. Our results point
to a simple mechanism whereby the mechanical changes experienced at
the whole tissue level are integrated with those “sensed” at the cellular
level to control epithelial cell behavior and tissue maintenance.

Nat Cell Biol. 2021 May;23(5):511-525. doi: 10.1038/s41556-021-00679-w. Epub 2021 May 10.




Physics models for how antibiotics kill bacteria

Rebecca Brouwers', Sharareh Tavaddod', Leonardo Mancini?, Elizabeth
Tatham?, Pietro Cicuta?, Waldemar Vollmer® and Rosalind J. Allen'

'School of Physics and Astronomy, University of Edinburgh, Edinburgh, UK
2Cavendish Laboratory, University of Cambridge, Cambridge, UK
3Biosciences Institute, Newcastle University, Newcastle, UK

Antibiotics cure infections by killing bacteria or preventing them from
growing - yet much remains to be understood about how this works. Many
of the most widely used antibiotics target bacterial cell wall synthesis.
These antibiotics often kill bacteria by causing them to explode, or lyse.
We have investigated experimentally the efficacy of the cell wall targeting
antibiotic mecillinam, which is used to treat urinary tract infections, for
bacteria growing under different conditions. We show that a simple phys-
ics model that takes into account the growth of bacterial cell volume and
surface area, can explain non-trivial experimental observations.




Kinetic transitions in individual recombinant
exocytotic fusion pores

Edwin R. Chapman'’

'Howard Hughes Medical Institute and Department of Neuroscience, University of Wisconsin,
Madison WI, USA

Understanding the mechanism(s) by which proteins catalyze the merg-
er of lipid bilayers hinges on elucidating the structure and dynamics of
the first crucial intermediate in the membrane fusion pathway, the fu-
sion pore (Jackson and Chapman, 2006; Lindau and Almers, 1995). We
recently developed new tools that allow us to interrogate, electrophysio-
logically, recombinant fusion pores held in their nascent open state, thus
yielding the first psec time-resolved measurements of these channel-like
structures (Bao et al., 2018; Das et al., 2020). This was accomplished by
reconstituting v-SNAREs into nanodiscs (ND) and t-SNAREs into planar
lipid bilayers (called black lipid membranes [BLM]). As v- and t-SNAREs
assemble into trans-SNARE complexes to form a fusion pore between
the ND and BLM, the rigid membrane scaffold that forms a belt around
the ND limits expansion, trapping the pore in an open state. We combined
this approach with single molecule fluorescence experiments to address
how regulatory proteins control the assembly and disassembly of trans-
SNARE complexes to drive the formation and dissolution of fusion pores,
respectively. These studies have begun to relate structural changes in
the fusion machinery with kinetic transitions in fusion pores in a fully de-
fined, experimentally accessible, model system.

[1] Bao, H., Das, D., Courtney, N.A,, Jiang, Y., Briguglio, J.S., Lou, X., Roston, D., Cui, Q.,
Chanda, B., and Chapman, E.R. (2018). Dynamics and number of trans-SNARE complex-
es determine nascent fusion pore properties. Nature 554, 260-263. 10.1038/nature25481.

[2] Das, D., Bao, H., Courtney, K.C., Wu, L., and Chapman, E.R. (2020]). Resolving kinetic
intermediates during the regulated assembly and disassembly of fusion pores. Nat Com-
mun 11,231.10.1038/s41467-019-14072-7.

[3] Jackson, M.B., and Chapman, E.R. (2006). Fusion pores and fusion machines in Ca2+-trig-
gered exocytosis. Annu Rev Biophys Biomol Struct 35, 135-160.

[4] Lindau, M., and Almers, W. (1995). Structure and function of fusion pores in exocytosis
and ectoplasmic membrane fusion. Curr Opin Cell Biol 7, 509-517.




The mechanism of dynamin in membrane constriction -
From static snapshots to a dynamic model

0. Ganichkin', R. Vancraenenbroeck??, G. Rosenblum?, H. Hofmann?, AS
Mikhailov*®, Jeffrey K. Noel'#, Oliver Daumke'*

'Crystallography, Max Delbriick Center for Molecular Medicine, Berlin, Germany

2Department of Structural and Molecular Biology, University College London, London, United
Kingdom

SDepartment of Structural Biology, Weizmann Institute of Science, Rehovot, Israel

‘Department of Physical Chemistry, Fritz Haber Institute of the Max Planck Society, Berlin, Ger-
many

*Computational Molecular Biophysics, WPl Nano Life Science Institute, Kanazawa, University,
Kanazawa, Japan

éInstitute for Chemistry and Biochemistry, Free University of Berlin, Berlin, Germany

Dynamin is a mechano-chemical GTPase that assembles at the neck
of clathrin-coated vesicles and catalyzes membrane scission in a GT-
Pase-dependent reaction. Here, | will describe previous structural data on
dynamin from our and other groups. | will then explain our efforts toward
translating the structural snapshots into a dynamic model of membrane
constriction. We incorporated our experimental rate measurements and
single molecule FRET-based force measurements into a model that re-
solves individual powerstrokes within a protein filament wound around a
deformable membrane tube.




The molecular dynamics of potassium channel
permeation, selectivity and gating

Bert L. de Groot'

'Computational biomolecular dynamics, Max Planck Institute for biophysical Chemistry, Géttin-
gen, Germany

lon channels facilitate the passive, selective permeation of ions such as
sodium, potassium and chloride across biological membranes and as
such are essential for cellular electrical signalling. Molecular dynamics
simulations are used to study ion permeation across potassium chan-
nels at the atomic level. Together with crystallographic analyses and
electrophysiological experiments these provide insight into the mech-
anisms of selective and efficient permeation of potassium, as well as
the complex and subtle conformational changes involved in the gating of
these channels.




Intermediate filaments — Dynamic structures
between biomechanics and signaling

John E. Eriksson'

"Turku Bioscience Centre, Univ. of Turku and Abo Akademi Univ., Turku, Finland

Intermediate filaments (IFs) have received significant attention due to
the broad range of diseases they have been shown to be associated with.
There is accumulating evidence to show that many of the numerous IF-re-
lated diseases are associated with compromised tissue homeostasis as
well as failing tissue regeneration and healing. Our research has estab-
lished that IFs act as signaling scaffolds, organizers, and gate-keepers
that are able to integrate and direct signaling machineries, with direct
consequences for cell fate in tissues. Our accumulated results imply that
IFs have a key role in homeostatic and regenerative signal integration.
IFs have a key role in fibroblastic migration, which is of key physiological
importance in wound healing. We have already demonstrated that vimen-
tin affects migration through functions related to actomyosin complexes
and show that vimentin affects directionality by guiding focal adhesions
in fibroblasts. The results demonstrate that vimentin intermediate fila-
ments are in dynamic bidirectional interplay with focal adhesion proteins,
thereby controlling the maturation, stability, dynamics, arrangement, and
overall orientation of focal adhesions, with a net effect on focal adhesion
coordination during directional migration. In this way the also affect the
organization of extracellular matrix, which in turn will be reflected upon
the sensory systems of the cell that in turn will give cues to the signaling
machinery that is coupled to IFs.




Biophysical approaches to explain the
3D cellular packing of epithelia.

Pedro Gomez-Galvez"2", Pablo Vicente-Munuera'?t, Samira Anbari®**,
Antonio Tagua'?*, Carmen Gordillo-Vazquez1,2, Ana M. Palacios'?, Anto-
nio Velasco', Carlos Capitan-Agudo’, Clara Grimab, Valentina Annese'?,
Rafael Robles’, Alberto Marquez®, Javier Buceta®’, Luis M. Escudero’?’

'Instituto de Biomedicina de Sevilla (IBiS], Hospital Universitario Virgen del Rocio/CSIC/Universi-
dad de Sevilla and Departamento de Biologia Celular, Universidad de Sevilla. 41013 Seville, Spain
’Biomedical Network Research Centre on Neurodegenerative Diseases (CIBERNED), Madrid,
Spain

SChemical and Biomolecular Engineering Department, Lehigh University. Bethlehem, PA 18018, USA
“Current address: Biomedical Engineering Department, Johns Hopkins University. Baltimore,
MD 21205, USA

°*Departamento de Matematica Aplicada I, Universidad de Sevilla. Seville 41012, Spain

¢Institute for Integrative Systems Biology (I’SysBio), CSIC-UV, Paterna (Valencia) 46980, Spain
"These authors contributed equally to this work.

‘Corresponding authors

Epithelial cell organization and the mechanical stability of tissues are
closely related. In this context, it has been recently shown that packing
optimization in bended/folded epithelia is achieved by a surface tension
energy minimization mechanism that leads to a novel cellular shape: the
scutoid [1]. However, further cellular and tissue level implications of this
new developmental paradigm remain unknown. | will present new data on
the relation of this complex cellular shape and the connectivity between
cells. We address this problem using a combination of computational, ex-
perimental, and biophysical approaches in tubular epithelia. We dissect
the contribution of the energetic drivers inducing the complex three-di-
mensional packing of these tissues. We conclude that tubular epithelia
satisfy a novel principle, the “Flintstones’ law”, that links tissue geometry
and energetic profiles with the average cellular connectivity in epithelia.
Our study unveils a quantitative morphogenetic law with key physiological
consequences.

[1] Gomez-Galvez, P., Vicente-Munuera, et al. Nature Communications, 9, 2940 (2018).




Microtubules regulate mechanosensitive cell migration

Shailaja Seetharaman, Benoit Vianay, Vanessa Roca, Aaron Farrugia, Chi-
ara De Pascalis, Batiste Boéda, Florent Dingli, Damarys Loew, Stéphane
Vassilopoulos, Alexander Bershadsky, Manuel Théry, Sandrine Eti-
enne-Manneville'

'Cell Polarity, Migration and Cancer Unit, Institut Pasteur, UMR3691 CNRS, Equipe Labellisée
Ligue Contre le Cancer, F-75015, Paris, France.

Cells sense the mechanical properties of the substrate through integ-
rin-mediated focal adhesions and transduce these mechanical cues into
biochemical signals by a process known as mechanotransduction. In turn,
cells adapt and perform specific functions that regulate various cellular
processes such as cell migration. Although the role of microtubules in
cell adhesion and migration has been well established, their involvement
in mechanotransduction remains unclear. Using a combination of micro-
fabrication methods, biophysical approaches and imaging techniques,
we show that substrate rigidity affects a tubulin post-translational mod-
ification, namely acetylation, through 81 integrin-mediated downstream
signalling in astrocytes. The enzyme responsible for microtubule acetyl-
ation, «TAT1, interacts with focal adhesion protein Talin in a tension-de-
pendent manner. Moreover, we demonstrate that «TAT1 reorganizes the
actomyosin network, increases traction force generation and promotes
cell migration on stiff substrates. Our results suggest a feedback mech-
anism involving microtubules and actin in mechanotransduction at focal
adhesions whereby, cells sense the rigidity of the substrate through inte-
grin-mediated adhesions, modulate their levels of microtubule acetyla-
tion, which then controls the actomyosin cytoskeleton, force transmission
on the substrate and promotes cell migration.




Fast Ca%*-transport by PMCA-Neuroplastin complexes

Bernd Fakler

Inst. of Physiology, University of Freiburg

Plasma membrane Ca%-ATPases (PMCA), or Ca*-pumps, terminate
Ca2+-signals in any type of cell by extruding Ca2+ ions from the cytosol
to the extracellular space. In neurons and epithelial cells, Ca?-extrusion
occurs within tens of milliseconds, a speed that is not compatible with
current knowledge on PMCA activity.

Based on our recent identification of native PMCAs being assembled from
ATPase subunits and the auxiliary proteins Neuroplastin or Basigin, we
have revisited the transport velocity of these Ca*-pumps in the plasma
membrane of in intact cells. We found that PMCA2-Neuroplastin com-
plexes, the most abundant Ca%-transporters in the mammalian brain,
provide Ca?-clearing in the low millisecond-range. Freeze-fracture de-
rived immuno-EM data on densities of Ca**-source(s) and Ca*-transport-
ers translated these kinetics into transport rates for PMCA2-Neuroplastin
complexes of more than 6000 cycles/s. Direct comparison with the Na*/
Ca?-exchanger NCX2, an alternate-access transporter with fast kinetics,
indicated similar efficiencies in Ca?-transport. Thus, our results unveiled
PMCA-Neuroplastin complexes as Ca%-transporters with unanticipated
high transport rates and demonstrate that under cellular conditions AT-
Pases may operate in the kHz range.




Mind the gap: Spatial organization and
signaling at cell-cell contacts

Daniel A. Fletcher’

'Bioengineering & Biophysics, UC Berkeley, CA, USA; Chan-Zuckerberg Biohub, San Francisco,
CA, USA

Membrane interfaces formed at junctions between cells are often associ-
ated with characteristic patterns of membrane protein organization, such
as in epithelial tissues and between cells of the immune system. Together
with the influences of receptor clustering, lipid domain formation, and
cytoskeletal dynamics, cell surface molecular height can directly contrib-
ute to the spatial arrangement of membrane proteins and downstream
signaling. This talk will introduce an optical method for characterizing
molecular height on cell surfaces and discuss several biological prob-
lems where cell surface molecular height plays a key role in regulating
cell-cell signaling.




Mechanobiological control of T-cell activation

Huw Colin-York, Liliana Barberi, Kseniya Korobchevskaya, Veronika Pfan-
nenstil, Marco Fritzsche

Kennedy Institute for Rheumatology, Roosevelt Drive, University of Oxford, Oxford, OX3137LF,
United Kingdom.

New perspective of mechanobiology is currently emerging across multi-
ple disciplines in thebiomedical sciences. In contrast to conventional be-
lieves, recent evidence indicates that cellsregulate their cell mechanics
not downstream of signalling events triggered by ligand-receptor bind-
ing, but that cells employ a diversity of feedback mechanisms to dynam-
icallyadjust their mechanics in response to external stimuli. Quantifying
cellular forces hastherefore become an contentious challenge across
multiple disciplines at the interface ofbiophysics, cell-biology, and im-
munology. Mechanical forces are especially important for theactivation of
immune T cells. Using a suite of advanced quantitative super-resolution
imagingand force probing methodologies to analyse resting and activated
T cells, we demonstrateactivatingTcellssequentiallyrearrange theirna-
noscale mechanobiology,creatingapreviously unreported ramifying actin
network above the immunological synapse (IS). Weshow evidence that the
kinetics of the antigen engaging the T-cell receptor controls thenanoscale
actin organisation and mechanics of the IS. Using an engineered T-cell
systemexpressing a specific T-cell receptor and stimulated by a range of
antigens, forcemeasurements revealed that the peak force experienced
by the T- cell receptor duringactivation was independent of the kinetics of
the stimulating antigen. Conversely,quantification of the actin retrograde
flow velocity at the IS revealed a striking dependence onthe antigen ki-
netics. Taken together, these findings suggest that the dynamics of the
actincytoskeleton actively adjusted to normalise the force experienced by
the T-cell receptor in anantigen specific manner. Consequently, tuning
actin dynamics in response to antigen kineticsmay thus be a mechanism
that allows T cells to adjust the length- and time- scale of T-cellreceptor
signalling.




Cellular shapes driven by curved membrane
proteins that recruit the actin cytoskeleton:
lamellipodia, ruffles and motility

Nir S. Gov'

'Department of Chemical and Biological Physics, Weizmann Institute of Science, Israel

How eukaryote cells control their shapes is an open puzzle, although
many of the protein components involved in this process have been char-
acterized. We explore theoretically the spontaneous formation of shape
patterns and dynamics that are driven by the coupling of curved mem-
brane proteins and the actin cytoskeleton that they recruit. When the pro-
teins are convex and they recruit the protrusive forces aof actin polymer-
ization this mechanism leads to symmetry-breaking and to the formation
of lamellipodia-like structures [1,2]. In the presence of adhesion we find
that the same mechanism provides a minimal model for polarized cell
motility [3].

[1] Fodnari¢, M., Peni¢, S., Igli¢, A., Kralj-Igli¢, V., Drab, M., & Gov, N. S. (2019). Theoretical
study of vesicle shapes driven by coupling curved proteins and active cytoskeletal forces.
Soft Matter, 15(26), 5319-5330.

[2] Graziano, B.R., Town, J.P,, Sitarska, E., Nagy, T.L., Fosnari¢, M., Peni¢, S., Igli¢, A.,
Kralj-Igli¢, V., Gov, N.S., Diz-Mufioz, A. and Weiner, 0.D., (2019). Cell confinement re-
veals a branched-actin independent circuit for neutrophil polarity. PLoS biology, 17(10),
p.e3000457.

[3] Sadhu, R. K., Peni¢, S., Igli¢, A., & Gov, N. S. (2021). Modelling cellular spreading and
emergence of motility in the presence of curved membrane proteins and active cytoskel-
eton forces. The European Physical Journal Plus, 136(5), 1-37.




Are microtubules their own mechanosensors?

Olivier Hamant'

'INRAE, CNRS, UCBL, ENS de Lyon, France

In plant cells, cortical microtubules (CMTs) generally control morpho-
genesis by guiding the synthesis of stiff cellulose microfibrils in the wall.
CMT orientation has been proposed to depend on geometrical cues, with
microtubules aligning with the cell long axis in silico and in vitro. Yet,
CMTs are usually transverse in vivo, i.e., along predicted maximal cortical
tension, which is transverse for cylindrical pressurized vessels. Here, we
confined protoplasts laterally to impose a curvature ratio and modulated
pressurization through osmotic changes. We find that CMTs can be longi-
tudinal or transverse in wall-less protoplasts and that the switch in CMT
orientation depends on pressurization. In particular, longitudinal CMTs
become transverse when cortical tension increases, consistent with ob-
servations in planta. To search for upstream regulators, we investigated
the contribution of Receptor-Like Kinase (RLK] to the CMT response to
tensile stress. We found that both CMT and RLK pathways independently
control the mechanical integrity of the cell. Conversely, when both RLK
signaling and CMTs are impaired, plant cells behave like passive materi-
al. Altogether, these results reveal the key role of microtubule response
to cortical tension in plant cell morphogenesis, and further support the
idea of an autonomous microtubule mechanosensing pathway.




Focusing on the mitochondrial inner membrane with light
and electron microscopy

Stefan Jakobs'

'Max Planck Institute for Biophysical Chemistry, Dept. of NanoBiophotonics, Géttingen and Uni-
versity Medical Center of Géttingen, Clinic for Neurology, Géttingen, Germany

Mitochondria, the ‘powerhouses of the cell’, are double membrane or-
ganelles that are essential for eukaryotic life. Because of their inner-cel-
lular mobility, their small size and their complex architecture, they are
notoriously challenging objects for high-resolution light microscopy [1].
We employ STED super-resolution microscopy and other microscopies
to investigate the folding of the mitochondrial inner membrane. We aim
at understanding how mitochondria develop and maintain their complex
inner architecture [2-4]. This talk will summarize our recent progress in
investigating inner-mitochondrial protein distributions and cristae dy-
namics.

[1] Jakobs S. et al., Annu Review Biophys 49, 289-308 (2020)
[2] Pape et al., PNAS 117, 20607-20614 (2020)

[3] Weber et al., Nature Photonics 15, 361-366 (2021)

[4] Stephan et al., EMBO J, e104105 (2020)




Role of intermediate filament networks in compression
stiffening of cells and protection of nuclei

Paul A. Janmey'
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Networks of stiff or semiflexible polymers become stiffer when deformed
toincreasingly large shear strains, but these networks generally soften in
uniaxial compression, as stiff filaments buckle. This feature was first ob-
served for the extracellular matrix networks formed by fibrin or collagen,
but it also occurs with crosslinked networks of F-actin or microtubules.
Intermediate filament networks, however, stiffen with both increasing
shear and compressional strains, consistent with the expiation that IFs
are too flexible to undergo bucking transitions in networks of the mesh
size present in vitro or in the cytoskeleton. As a result, normal fibroblasts
containing vimentin IFs stiffen when compressed, but vim -/- fibroblasts
do not. These results emphasize the unique role of IFs in protection of
cells and their nuclei from uniaxial compressive stresses.




Matrix elasticity gradients guide neuronal polarity
by controlling microtubule network mobility

Lukas Kapitein
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Neuronal polarization and axon specification depend on extracellular
cues, intracellular signaling, cytoskeletal rearrangements and polarized
transport, but the interplay between these processes has remained un-
resolved. The polarized transport of kinesin-1 into a specific neurite is an
early marker for axon identity, but the mechanisms that govern neurite
selection and polarized transport are unknown3,4. Here we show that ex-
tracellular elasticity gradients can control polarized transport and axon
specification, mediated by Rho-GTPases whose local activation is neces-
sary and sufficient for polarized transport. Selective Kinesin-1 accumula-
tion furthermore depends on differences in microtubule network mobility
between neurites and local control over this mobility is necessary and
sufficient for proper polarization, as shown using optogenetic anchoring
of microtubules. Together, these results explain how mechanical cues
can instruct polarized transport and axon specification.




Yeast tune their vacuole membranes to phase
separate at their growth temperatures

Sarah L. Keller' and Chantelle L. Leveille', Caitlin E. Cornell'?, and Alexey
J. Merz?

'Department of Chemistry
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’Bioengineering Department, University of California, Berkeley, USA

When yeast consume ample glucose, they grow rapidly. When that glu-
cose is depleted, yeast enter a “stationary stage”, and striking chang-
es occur. One of the changes is that the membrane of the vacuole (an
organelle) phase separates into micron-scale domains [1]. This transi-
tion is reversible: at high temperature the vacuole membrane is uniform,
and at a low temperature the membrane phase separates again [2]. The
transition temperature scales with the growth temperature of the yeast
cells, implying that the cells actively tune the composition of their vacuole
membranes to maintain proximity to the phase transition. The process of
the cell changing its membrane composition in response to temperature
is slow. Specifically, when yeast in the stationary stage are held just above
their transition temperature for one hour, their vacuole membranes re-
mained uniform. The membranes returned to a phase-separated state
only when the temperature was decreased again. The distribution of
domains on the vacuole surface is reminiscent of patterns attributed to
modulated phases or microemulsions [3].

[1] C.H. Moeller & W.W. Thompson, J Ultra Res 68, 28-37 (1979); A. Toulmay & W. Prinz,
J Cell Biol 202, 35-44, (2013).

[2] S.P. Rayermann et al., Biophys. J. 113, 2425-2432 (2017).

[3] C.E. Cornell et al., Biophys. J. 115, 690-701 (2018).




Dynamics of contracting actomyosin networks with turnover

Kinneret Keren

Physics Department, Technion- Israel Institute of Technology, Haifa, Israel

Contracting actomyosin networks have essential roles in many processes
including cell division, intracellular transport and cell motility. To fulfill
these functions, the networks must undergo continuous reorganization
facilitated by rapid actin turnover. Despite extensive research, the con-
tractile network behavior in the presence of turnover is still not well un-
derstood. To address this issue, we rely on an in vitro system based on
cytoplasmic Xenopus egg extracts encapsulated into cell-sized water-in-
oil droplets. Thanks to the presence of physiological turnover rates, our
system exhibits contractile flows that persist for hours and self-organize
into a wide array of spatiotemporal patterns. Interestingly, we observe a
size-dependent transition in the contractile behavior of the system, going
from continuous contraction in smaller droplets to periodic contraction in
the form of waves and spirals in larger droplets. The periodicity increases
with network contraction rates while the characteristic length-scale for
the appearance of waves decreases. Computational modeling suggests
that the coupling of the contractile gel mechanics with turnover is indeed
key to the pulsatile behavior in large droplets.




Confined Migration Induces Heterochromatin
Formation and Alters Chromatin Accessibility

Chieh-Ren Hsia'?, Jawuanna McAllister'?, Ovais Hasan?, Julius Judd’,
Seoyeon Lee'?, Richa Agrawal'?, Chao-Yuan Chang?*, Cedric Feschotte',
Paul Soloway'?, Jan Lammerding?*
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Cell migration is required for many physiological and pathological func-
tions. In vivo, cells frequently migrate through tight spaces, requiring ex-
tensive deformation of the cell body and nucleus. We hypothesized that
nuclear deformation associated with such confined migration could alter
chromatin organization and function. Studying cells migrating through
collagen matrices and microfluidic devices that mimic interstitial spaces
in vivo, we found that confined migration results in increased H3K9me3
and H3K27me3 heterochromatin marks that persist for several days.
This confined migration-induced heterochromatin ("CMiH") was distinct
from heterochromatin formation during migration initiation. CMiH pre-
dominantly decreased chromatin accessibility at intergenic regions near
centromeres or telomeres, suggesting heterochromatin spreading from
existing heterochromatin sites. Consistent with the overall decrease in
chromatin accessibility, global transcription was decreased during con-
fined migration. Inhibiting CMiH reduced migration speed, suggesting
that it promotes confined migration. Intriguingly, we also identified in-
creased accessibility at promoter regions of gene linked to chromatin si-
lencing, tumor invasion, and DNA damage response. Together, our study
indicates that confined migration can induce chromatin changes that reg-
ulate confined migration and other cellular functions.




The lipidomic, biophysical, and functional asymmetry
of the mammalian plasma membrane

Ilya Levental' and Joseph Lorent?
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A fundamental feature of cellular plasma membranes (PMs] is an asym-
metric lipid distribution between the bilayer leaflets. However, neither
the detailed, comprehensive compositions of individual PM leaflets nor
how these contribute to structural membrane asymmetries have been
defined. We report the distinct lipidomes and biophysical properties of
both monolayers in living mammalian PMs. Phospholipid unsaturation
is dramatically asymmetric, with the cytoplasmic leaflet being approxi-
mately twofold more unsaturated than the exoplasmic leaflet. Atomistic
simulations and spectroscopy of leaflet-selective fluorescent probes re-
veal that the outer PM leaflet is more packed and less diffusive than the
inner leaflet, with this biophysical asymmetry maintained in the endocytic
system. The structural asymmetry of the PM is reflected in the asym-
metric structures of protein transmembrane domains. These structural
asymmetries are conserved throughout Eukaryota, suggesting funda-
mental cellular design principles.




A Tethered Ligand Assay to Probe SARS-CoV-2:
ACEZ2 Interactions
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SARS-CoV-2 attaches to the ACE2 receptor on human hosts cells via its
receptor-binding domain (RBD) on the Spike protein. This critical first
step occurs in dynamic environments, where external forces act on the
binding partners, creating an urgent need for assays that can quantitate
SARS-CoV-2 interactions with ACE2 under mechanical load. We pres-
ent a tethered ligand assay that comprises the RBD and the ACE2 ecto-
domain joined by a flexible peptide linker. Using magnetic tweezers [1,2]
and atomic force spectroscopy, we investigate the RBD:ACE2 interaction
over the whole physiologically relevant force range [3]. Combined with
steered molecular dynamics simulations, we observe and assign fully
consistent unbinding and unfolding events across the three techniques
and establish ACE2 unfolding as a molecular fingerprint. We quantify the
force dependence and kinetics of the RBD:ACE2 bond in equilibrium and
find significant differences between SARS-CoV-1 and 2, which helps to
rationalize the different infection patterns of the two viruses [3]. Finally,
we probe how different RBD mutations affect force stability and speculate
how mechanical coupling promotes increased transmissibility in variants
of concern.

[1] J. Lipfert et al., Biophys J. 96, 5040-9 (2009).
[2] A. Lof et al., PNAS 116:18798-18807 (2019).
[3]1 M.S. Bauer, S. Gruber et al., bioRxiv https://doi.org/10.1101/2021.08.08.455468 (2021)
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Emerging imaging technologies to study cell architecture,
dynamics and function

Jennifer Lippincott-Schwartz

Janelia Research Campus, HHMI, Ashburn, VA

Powerful new ways to image the internal structures and complex dynam-
ics of cells are revolutionizing cell biology and bio-medical research. In
this talk, | will focus on how emerging fluorescent technologies are in-
creasing spatio-temporal resolution dramatically, permitting simultane-
ous multispectral imaging of multiple cellular components. In addition,
results will be discussed from whole cell milling using Focused lon Beam
Electron Microscopy (FIB-SEM), which reconstructs the entire cell vol-
ume at 4 voxel resolution. Using these tools, it is now possible to begin
constructing an “organelle interactome”, describing the interrelation-
ships of different cellular organelles as they carry out critical functions.
The same tools are also revealing new properties of organelles and their
trafficking pathways, and how disruptions of their normal functions due
to genetic mutations may contribute to important diseases.




An active rigidity percolation transition in the
actomyosin cortex drives a minimal
morphogenetic and motile machinery

Matthieu Piel’
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Most metazoan cells can display a spontaneous motile behavior. This lo-
comotion capacity of single cells is generally attributed to the fundamen-
tal properties of the actomyosin network which can polarize and produce
directed forces. Experimental as well as theoretical work have converged
to define the general properties of actomyosin systems. Nevertheless,
there has been so far no time-resolved description of actomyosin net-
works dynamics down to the single filament in live motile cells. Here,
we combine confinement to induce the formation of stable blebs - motile
structures with a simple shape - with high numerical aperture total inter-
nal reflection fluorescence microscopy, to investigate the assembly of the
flowing actin cortex from single actin filaments. Our study points to the
importance of the active advection, powered by rear located myosin mo-
tors, of a rigid, passive solid-like state of the actin cortex. We propose a
physical model that shows how a self-organized spatial patterning of the
actin filaments network emerges due to the active advection by motors,
combined with a rigidity percolation transition. This spatial organization
gives stability and mechanical properties (soft front and solid back] to the
network and constitute a minimal locomotion mechanism that can pro-
duce robust and fast migration through complex environments.




Optimal checkpoint strategies
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Why biological quality-control systems fail has often remained mysterious.
Checkpoints in yeast and animals are overridden after prolonged arrests
allowing self-replication to proceed despite the continued presence of er-
rors. Although critical for biological systems, checkpoint override is not un-
derstood quantitatively or at the system level by experiment or theory, even
though the genes and circuits involved in many checkpoints have been re-
searched extensively.

To uncover potential patterns obeyed by error correction systems, we derived
the mathematically optimal checkpoint strategy, balancing the trade-off
between risk and opportunities for growth. The theory predicts the optimal
override time without free parameters based on two inputs, the statistics i) of
error correction and ii) of survival.

We applied the theory experimentally to the DNA damage checkpoint in bud-
ding yeast, an intensively researched model for other eukaryotes, whose
override is nevertheless not understood quantitatively, functionally, or at the
system level. Using a novel fluorescent construct which allowed cells with
DNA breaks to be isolated by flow cytometry, we quantified i) the probability
distribution of repair for a double-strand DNA break (DSB), including for the
critically important, rare events deep in the tail of the distribution, as well
as ii] the survival probability after override. Based on these two measure-
ments, the optimal checkpoint theory predicted remarkably accurately the
DNA damage checkpoint override times as a function of DSB numbers, which
we also measured for the first time precisely. Thus, a first-principles calcu-
lation uncovered hitherto hidden patterns underlying the highly noisy check-
point override process. Our multi-DSB results revise well-known bulk culture
measurements and show that override is a more general phenomenon than
previously thought. Further, we show that override is an advantageous strat-
egy in cells with wild-type DNA repair genes.

The universal nature of the balance between risk and self-replication oppor-
tunity is in principle relevant to many other systems, including other check-
points, developmental decisions, or reprogramming of cancer cells, suggest-
ing potential further applications.




Class Il membrane fusion proteins
in hantaviruses and beyond
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Hantavirus are rodent-borne human pathogens [1] also transmitted from
human to humans via aerosols [2,3] for which no vaccine nor therapeutic
treatment are available. The ‘New World" hantaviruses Andes virus and
Sin Nombre virus cause the hantavirus cardiopulmonary syndrome in the
Americas, reaching 40 % case fatality rates [4]. The "Old World" hantavi-
ruses Puumala, Hantaan, and other viruses are endemic in Eurasia and
cause hemorrhagic fever with renal syndrome [5]. Structural studies have
shown that the hantavirus particles are pleomorphic, but display a reg-
ular surface lattice, formed by heterodimers of glycoproteins Gn and Gc,
that encloses the viral membrane [6]. This surface lattice is sensitive to
acid pH, which induces dissociation of the Gn/Gc heterodimers followed
by a fusogenic conformational chain of Gc to induce fusion of the viral en-
velope with the membrane of the endosome of a target cell [7]. This step
allows the release of the viral genetic material into the cytoplasm to in-
fect the cell. Gc was shown to have a typical class Il fusion protein fold, as
found in other unrelated enveloped viruses and also in cellular proteins
involved in cell-cell fusion. In my talk, | will describe the organization of
the hantavirus surface lattice and its implications for immunogen design.
| will also address the evolutionary links among class Il fusion proteins
in general.

[1] K. M. Johnson, Hantaviruses: history and overview. Curr. Top. Microbiol. Immunol. 256,
1-14(2001).

[2] C. Martinez-Valdebenito et al., Person-to-person household and nosocomial transmis-
sion of andes hantavirus, Southern Chile, 2011. Emerging Infect. Dis. 20, 1629-1636
(2014).

[3]1 V. P. Martinez et al., “Super-Spreaders” and Person-to-Person Transmission of Andes
Virus in Argentina. N. Engl. J. Med. 383, 2230-2241 (2020).

[4] D. C. Watson et al., Epidemiology of Hantavirus infections in humans: a comprehensive,
global overview. Crit Rev Microbiol. 40, 261-272 (2014).

[5] C. B. Jonsson, L. T. M. Figueiredo, 0. Vapalahti, A global perspective on hantavirus ecol-
ogy, epidemiology, and disease. Clin. Microbiol. Rev. 23, 412-441 (2010).

[6] S. Li et al., A Molecular-Level Account of the Antigenic Hantaviral Surface. Cell Rep. 15,
959-967 (2016).

[7] A. Serris et al., The hantavirus surface glycoprotein lattice and its fusion control mecha-
nism. Cell. 183, 442-456.e16 (2020).




Facial recognition of biological lipid membranes
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The present field of targeted drug design is predominantly protein-centric not
just because of historical reasons but especially because of the persisting lack
of an efficient design platform for drugs that enable selective targeting of bio-
logical membranes beyond the level of molecular structure. Design of (peptide)
drugs able to selectively target distinct, collective structural features in biolog-
ical lipid membranes (e.g., leaflet curvature and lipid composition) is severely
challenged by the dynamic, disordered fluid nature of lipid membranes, i.e.
its fluid interface, rendering existing molecular structure-based peptide drug
design strategies ineffective. Our evolutionary molecular dynamics (evoMD])
approach [1] overcomes these current limitations by ‘learning’ peptides how to
optimally recognize distinct fluid membrane interfaces via evolutionary optimi-
zation (artificial intelligence) directed by highly efficient free energy calculation
approaches. What makes this inverse design approach particularly valuable
is that the obtained insights can simultaneously gain an unique mechanistic
understanding on how native proteins recognize membrane interfacial fea-
tures such as membrane curvature or lipid composition and especially how
protein-membrane interactions have determined the evolution of these pro-
teins. To demonstrate the utility of the evoMD method, we will first resolve the
trans-membrane domain sequence which maximally attracts/clusters cho-
lesterol [1]. Surprisingly, the global solution features an unusual short hydro-
phobic block, consisting of typically only eight short chain hydrophobic amino
acids, surrounded by three successive lysines. We will discuss the underlying
molecular mechanism of cholesterol attraction and compare our findings with
recent experimental results [2] as well as the proposed cholesterol recognition
amino acid consensus (CRAC) motif [3]. Last but not least, we will demonstrate
the utility of evoMD in the targeted design of broad-spectrum antiviral peptide
drugs.

[1] J. Methorst, N. van Hilten, Herre Jelger Risselada, Inverse design of cholesterol attract-
ing transmembrane helices reveals a paradoxical role of hydrophobic length, bioRxiv
2021.07.01.450699; doi: https://doi.org/10.1101/2021.07.01.450699

[2] Lorent, J.H., Diaz-Rohrer, B., Lin, X. et al. Structural determinants and functional conse-
quences of protein affinity for membrane rafts. Nat Commun 8, 1219 (2017). https://doi.
org/10.1038/s41467-017-01328-3

[3] Fantini J, Barrantes FJ. How cholesterol interacts with membrane proteins: an explora-
tion of cholesterol-binding sites including CRAC, CARC, and tilted domains. Front Physi-
ol. 2013;4:31.




Exogenous vimentin supplementation transiently affects
early steps during HPV16 pseudovirus infection

Georgia Schafer

International Centre for Genetic Engineering and Biotechnology, Cape Town, South Africa
Division of Medical Biochemistry and Structural Biology, Department of Integrative Biomedical
Sciences, University of Cape Town, South Africa

Institute of Infectious Disease and Molecular Medicine, University of Cape Town, South Africa

Understanding and modulating early steps in oncogenic Human Papil-
lomavirus (HPV) infection has great cancer-preventative potential. We
have previously identified cell-surface expressed vimentin as a novel
HPV16 pseudovirus (HPV16-PsVs)-binding molecule modulating its in-
fectious potential [1]. To further explore its mode of inhibiting HPV16-
PsVs internalisation, artificial supplementation with exogenous recom-
binant human vimentin (rhVim) revealed that only the globular form of
the molecule (as opposed to the filamentous form) inhibited HPV16-PsVs
internalisation in vitro. Further, this inhibitory effect was transient and
not sustained over prolonged incubation times as demonstrated in vitro
and in vivo, possibly due to full entry molecule engagement by the virions
once saturation levels have been reached. The rhVim -mediated delay
of HPV16-PsVs internalisation involved multiple steps during the virus’
interaction with the host cell and was found to affect both heparan sul-
fate proteoglycan (HSPG) binding as well as subsequent entry receptor
complex engagement. Interestingly, decreased pseudovirus internalisa-
tion (but not infection) in the presence of rhVim was also observed for the
oncogenic HPV types 18, 31 and 45.

Together, these data demonstrate the potential of rhVim as a modulator of
HPV infection but need further refinement with regard to stabilisation and
formulation before development as an alternative prophylactic means.

[1] G. Schéfer et al., Journal of Virology 91, 16 (2017)




Molecular Mechanobiology of Extracellular Matrix:
Functional implications in healthy and diseased organs.

Viola Vogel

Laboratory of Applied Mechanobiology, Institute of Translational Medicine, Department for
Health Sciences and Technology (D-HEST], ETH Zurich, Zurich, Switzerland

Reciprocal mechanical signaling between cells and their environment is
key to the spatio-temporal coordination of tissue growth and regenera-
tive processes, and if miss-balanced can tip the niche towards patholog-
ical transformations. Yet, these reciprocal processes and how they tune
cell function are difficult to quantify in real organs. Translating what was
learned in Mechanobiology mostly on single cells to the tissue level is
hampered by at least two challenges, the lack of nanoscale sensors to
probe forces or tissue fiber tension in organs, as well as appropriate de
novo grown 3D microtissues to mimic essential aspects of healthy ver-
sus diseased tissue niches. To address these challenges, we developed
a peptide-based nanosensor that can read out the tensional state of ECM
fibers, and validated it using either tissue cryosections or upon injection
into living animals. We will discuss our recent insights by comparing
healthy versus diseased organ tissues as compared to cancer. Discov-
eries into the molecular mechanobiology of ECM at the tissue level are
prone to open new diagnostic and therapeutic avenues.

[1] Viola Vogel (2021).
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Adhesion dynamics and organization of neurons
and glial cells on nanocolumnar TiN substrates

Alice Abend', Chelsie Steele’, Mareike Zink'

'Research Group Biotechnology and Biomedicine, Peter Debye Institute for Soft Matter Physics,
Faculty of Physics and Earth Sciences, Leipzig University, Linnéstrafle 5, 04103 Leipzig, Germany

Many biomedical applications such as deep brain stimulation with elec-
trodes for neurodegenerative diseases like Parkinson’s disease rely on
fine-tuned coupling of biomaterials and biological tissue. Cell survival,
proliferation, and biochemical function depend on the surface topography
and chemistry at the interface between electrode and biological materi-
al. In addition to in vivo implementations, lab-on-a-chip devices such as
multielectrode arrays offer new perspectives in in vitro assessments of
cellular behavior ranging from neural network formation to drug testing
by electrical coupling of the cells. In our study, we investigate the interac-
tion of neurons (SH-SY5Y) and glial cells (U-87 MG] with electrode mate-
rials such as titanium nitride (TiN) and TiN with a nanocolumnar surface
patterning in contrast to gold and indium tin oxide (ITO) substrates. TiN
nano exhibits a lowered self-impedance important for miniaturization of
multielectrode systems. Employing single-cell force spectroscopy, we
analyze the short-term cell adhesion forces for different contact times
on the electrode samples. Results are compared with measurements of
cell proliferation, spreading dynamics, network building, and cluster for-
mation on longer time scales of several days. To this end, we implement
a radial autocorrelation function of cellular positions on the samples in
combination with a K-means cluster algorithm to quantify cell-surface
interaction and cell organization. Adhesion forces exerted by glial cells
are almost independent of the electrode material and spreading dynam-
ics stop after one day of culture with homogeneous cell distributions. In
contrast, adhesion behavior of neurons varies with different substrate
types and cells tend to spread more and form larger clusters on TiN and
TiN nano. We conclude that TiN with a nanocolumnar surface patterning
offers great potential as a bioactive material for building miniaturized mi-
croelectrode arrays in combination with neuronal cells.




Do the Loops in the N-SH2 Binding Cleft Truly
Serve as Allosteric Switch in SHP2 Activation?

M. Anselmi’ and J. S. Hub'
"Theoretical Physics, Saarland University, Saarbriicken, Germany

The SH2 domain containing phosphatase SHP?2 is a critical regulator of
signal transduction, being implicated in cell growth and differentiation.
Activating mutations cause developmental disorders and act as oncogen-
ic drivers in hematologic cancers. SHP2 is activated by phosphopeptide
binding to the N-SH2 domain, triggering the release of N-SH2 from the
catalytic PTP domain. Based on early crystallographic data, it has been
widely accepted that opening of the N-SH2 binding cleft serves as the key
allosteric switch driving SHP2 activation [1]. To test the putative coupling
between binding cleft opening and SHP2 activation as assumed by the al-
losteric switch model, we critically reviewed structural data of SHP2 and
we used extensive molecular dynamics (MD) simulation and free energy
calculations of isolated N-SH2 in solution, SHP2 in solution, and SHP2
in a crystal environment. Our results demonstrate that the binding cleft
in N-SH2 is constitutively flexible and open in solution, and that a closed
cleft found in certain structures is a consequence of crystal contacts. The
degree of opening of the binding cleft has only a negligible effect on the
free energy of SHP2 activation. Instead, SHP2 activation is greatly favored
by the opening of the central B-sheet of N-SH2. We conclude that opening
of the N-SH2 binding cleft is not the key allosteric switch triggering SHP?2
activation [2].

[1] P. Hof et al., Cell 92, 441 (1998).
[2] M. Anselmi and J.S. Hub., Proc Natl Acad Sci USA 118, e2025107118 (2021).




Shape deformation of RBCs in a doublet

Mehrnaz Babaki'? and Pavlik Lettinga'?

'Biomacromolecular Systems and Processes (IBI-4], Forschungszentrum Jiilich GmbH, Jiilich,
Germany, and ?Laboratory for Soft Matter and Biophysics, KU Leuven, Leuven, Belgium

The high deformability of Red Blood Cells (RBCs] influences the blood
flow and blood circulation as well as RBC aggregation. The deformability
of the RBCs is determined by the elastic properties of the membrane and
their high surface area to volume ratio.

Normally the blood flow is sufficient to prevent formation of RBC aggre-
gates. However, in low shear rates or some pathological conditions the
aggregation of RBCs occur [1]. The shape of RBCs in an aggregate differs
from the equilibrium biconcave morphology. This change in the morphol-
ogy of the cells is coupled to the contact areas between two cells in a
doublet and as a result the strength of interaction energy.

We induce well-defined long range attraction between RBCs by adding
mono disperse rod-like bacteriophage viruses with a high length to di-
ameter ratio. The interaction is tuned by varying the concentration of the
rod-like particles which results in different shape of the doublets. We in-
vestigate the deformation of a single RBC in a doublet from 3-D recon-
structed confocal images. Our results show an increase in the bending
energy of single RBCs in a doublet which is coupled to a decrease in the
excluded volume for the rods with increasing the adhesion energy.

[1] P Ziherl, S Svetina, Flat and sigmoidally curved contact zones in vesicle-vesicle adhe-
sion. Proc. Natl. Acad. Sci.104, 761-765 (2007).




Generation of Fluid Flows On The Skin of Xenopus Embryo

Athullya Baby', Laurent Kodjabachian?, Julien Favier®, Simon Gsell?,
Annie Viallat', Etienne Loiseau’

'Aix Marseille Univ, CNRS, CINAM (UMR 7325], Turing Center for Living systems, Marseille,
France

?Aix Marseille Univ, CNRS, IBDM (UMR 7288), Turing Centre for Living systems, Marseille, France
SAix Marseille Univ, CNRS, M2P2 [UMR 7340), Turing Centre for Living systems, Marseille, France

Multiciliated cells (MCC] are ubiquitous in living systems. They support
physiological functions ranging from the locomotion of marine organisms
to the transport of fluid in brain and respiratory tracts [1]. Such ciliated
epithelia is also found on the skin of the embryo of amphibian frog, Xeno-
pus laevis, when its immune system is not yet functional and then disap-
pears during development [2]. This suggests that the ciliated epithelium
supports the function of pathogen clearance by generating fluid flows
at the surface of the embryo. In Xenopus epithelium, MCCs are regular-
ly distributed and the implication of this precise distribution on the flow
pattern is unknown. By combining an experimental setup using cultured
explant and numerical simulations, we show how the organization of MCC
is affecting the fluid fllow. We use a 2D numerical model based on the Lat-
tice Boltzmann method to predict the flow fields generated by the beating
ciliated cells and then validate the model using experimental data [3].
We also show how the spatial coverage of MCC within an epithelium is
optimized for the emergence of fluid flow and its associated biological
function.

[1] Mitchell D.R, Advances in Experimental Medicine and Biology, vol 607, Springer (2007)

[2] Boutin, C., Kojabachian, L., CURR Opin Genet Dev; 56. 1-7 (2019)

[3] Gsell, S., Loiseau, E., D’'Ortona, U. et al. Hydrodynamic model of directional ciliary-beat
organization in human airways. Sci Rep 10, 8405 (2020)




A continuous complete RNA translocation cycle by
the DEAH-box helicase Prp43 in atomic detail

Robert A. Becker, Jochen S. Hub

'Department of Theoretical Physics, Universitit des Saarlandes, Saarbriicken, Germany

Understanding conformational cycles of complex macromolecular ma-
chines in atomic detail remains a central goal of molecular biophysics.
Here, we focus on helicases that are crucial for every living organism
to carry out functions such as DNA/RNA transcription, translation, DNA/
RNA repair,recombination and splicing. The largest group among heli-
cases is the Superfamily 2 (SF2), which includes the DEAD- and DEAH-
box helicases as key players in the splicing pathway. Despite the wide
interest in understanding the detailed mechanism of ssRNA translocation
during splicing, the exact movements are still unknown. Using molecular
dynamics simulations and enhanced sampling techniques, we observed
a complete RNA translocation cycle of the DEAH-box helicase Prp43 in
atomic detail. The simulations reveal the collective behaviour of the three
main domains RecA1, RecA2and CTD, like the detachment and the forma-
tion of the interface of the RecA domains or the rotation of the CTD. Addi-
tionally, the simulations give detailed insight in the essential and atomis-
tic processes during the large domain motions,e.g. a movement cascade
induced by an arginine finger in the ATP binding side, the conformational
change of a serine loop to a helical state, the cleavage and formation of
various hydrogenbonds, including the so called Hook-loop and Hookturn,
the behaviour of the ssRNA during the process and more.




Molecular events during selective ER-phagy

Bhaskara, R. M.,"2? Siggel, M. .* Moesser, M.K.,? Dikic, ."** and Hummer, G.3°

'Institute of Biochemistry Il (IBC2), Faculty of Medicine, Goethe University, 60590 Frankfurt am
Main, Germany

2Buchmann Institute for Molecular Life Sciences (BMLS), Goethe University, 60438 Frankfurt am
Main, Germany

’Department of Theoretical Biophysics, Max Planck Institute of Biophysics, 60438 Frankfurt am
Main, Germany

“Max Planck Institute of Biophysics, 60438 Frankfurt am Main, Germany. 5institute of Biophysics,
Goethe University Frankfurt, 60438 Frankfurt am Main, Germany.

Living cells constantly remodel the shape of their lipid membranes. In
the endoplasmic reticulum (ER), the reticulon homology domain (RHD)
of the reticulophagy regulator 1 (RETR1/FAM134B) forms dense auto-
phagic puncta that are associated with membrane removal by ER-phagy.
Through molecular dynamics (MD) simulations of FAM134B in flat and
curved membranes, we relate the dynamic RHD structure with its two
wedge-shaped transmembrane helical hairpins and two amphipath-
ic helices to FAM134B functions in membrane-curvature induction and
curvature-mediated protein sorting. In MD simulations, FAM134B-RHD
spontaneously forms clusters, driven in part by curvature-mediated at-
tractions. At a critical size, as in a nucleation process, the FAM134B-RHD
clusters amplifies the membrane shaping effect to induce the formation
of membrane buds [2]. The kinetics of budding depends sensitively on
protein concentration and bilayer asymmetry. Our MD simulations shed
light on the role of FAM134B-RHD in ER-phagy and show that membrane
simulations can be used to study various aspects of membrane remodel-
ling, inaccessible to experiments.

[1] RM. Bhaskara et al., Nat Commun 10, 2370 (2019).
[2] M. Siggel et al., J Phys Chem Lett 12(7), 1926-1931 (2021).




Design of 3D printed hydrogel biofilm mimics

Shardul Bhusari'?, Shrikrishnan Sankaran', Aranzazu del Campo’?

'INM Leibniz Institute for New Materials, Saarbruecken, Germany
2Chemistry Department, Saarland University, Saarbruecken, Germany

Bacteria demonstrate an ability to attach surfaces and grow in ubiquitous
communities called biofilms.[1] The structural, physical, mechanical and
chemical properties of biofilms are influenced by the surrounding envi-
ronment.[2] The EPS provides protection to the bacteria against chemical
and mechanical stresses, as well as facilitates their nutrition. It has fea-
tures of both, solids and liquids, and thus it is known to be viscoelastic in
nature.[3] To elucidate their complex behavior and understand the role
of physical interactions, biofilm mimics using hydrogels have been de-
veloped to better understand and imitate them.[3] Thus, in this project,
we developed a 3D printable hydrogel-bacteria system to mimic biofilms,
and to study the effect of the mechanical properties on bacterial behavior
and responses. Viscoelastic Pluronic F127 polymer solutions were used
as bioinks for the 3D printing. Variations in bacterial growth, metabol-
ic activity, intracellular stress, secreted biomolecules and viability were
seen depending on their ability/inability to modify the surrounding matrix.
We believe that this work would give us a reliable and consistent biofilm
mimic and help us learn further about the bacterial subpopulations and
growth behavior in such synthetic matrices.References:

[11 T. Shaw, M. Winston, C. J. Rupp, |. Klapper, and P. Stoodley, “Commonality ofElastic Re-
laxation Times in Biofilms,” Phys. Rev. Lett., vol. 93, no. August, pp. 1-4,2004, doi:10.1103/
PhysRevLett.93.098102.

[2] G. R. d. S. Araujo, N. B. Viana, F. Gémez, B. Pontes, and S. Frases, “Themechanical prop-
erties of microbial surfaces and biofilms,” Cell Surf., vol. 5, no.July,p.100028, 2019,doi:
10.1016/j.tcsw.2019.100028.

[3] E.J. Stewart, M. Ganesan, J.G. Younger, and M.J. Solomon, “Artificialbiofilmsestablish
the role of matrix interactions in staphylococcal biofilm assembly anddisassembly,” Sci.
Rep., vol. 5, no. February, pp. 1-14, 2015, doi:10.1038/srep13081.




Fatty Connective Tissue Interaction
changes Cancer Cell Mechanics

Eliane Blauth', Hans Kubitschke' and Josef A. Kas'

'Peter Debye Institute, Soft Matter Physics Department, Leipzig, Germany

The tumor micro-environment plays an important role in tumorigenesis
and during tumor progression. While already significant findings on the
influence of the ECM on cell mechanics [1] and the role of fatty connective
tissue in tumor invasion [2] were made, the impact of fatty connective
tissue onto the biomechanics of cancer cells remains elusive even though
tumors often grow in the direct vicinity.

Here we show that adipocytes of fatty tissues and cancer cells signifi-
cantly interact with each other. As a result the cancerous cells drastically
change their phenotypical and biomechanical properties. We quantified
these viscoelastic changes with the optical stretcher. Further we show
that the observed viscoelastic changes are time-dependent and revers-
ible. The cancer cells regain their initial mechanical state when the co-
culturing and the crosstalk are stopped. Our coculture experiments show
that cells adapt their mechanical properties not only depending on the
ECM and its stiffness but are also influenced by the interaction with adi-
pocytes of the fatty connective tissue.

From a biophysical perspective, our results indicate an essential impact
of adipocytes and fatty connective tissue on cancer, potentially affecting
cell motility and possibly inducing an unjamming transition.

[1] Northcott et al, Frontiers in Cell and Developmental Biology 6 (2018).
[2] Kubitschke et al., Scientific Reports 9 (2019).




Red blood cell deformability in erythrocyte
sedimentation and in vivo partitioning

A.Darras', T. John', L. Kaestner'? and C. Wagner'

'Experimental Physics, Saarland University; D-66123 Saarbriicken, Germany
2Theoretical Medicine and Biosciences, Saarland University; D-66424 Homburg, Germany

Erythrocytes, also known as red blood cells, are the most abundant type
of cells in the human body. Among the mechanical peculiarities of these
cells are their specific shape and high flexibility. These properties are
known to be critical for the cells to travel in the capillaries of our circu-
latory system, whose cross section is sometimes smaller than the eryth-
rocytes diameter. In this presentation, we will see what influence this
flexibility has on two extreme regimes of erythrocytes transport: their in
vivo partitioning in small vessel bifurcation and their in vitro sedimenta-
tion [1,2]. While the former is a phenomenon occurring at high shear rate
and is relevant for oxygen delivery in living organisms, the second occurs
at virtually no shear and is used as a diagnostic tool to assess potential
inflammation. We will present experimental evidences and characteri-
zation that the mechanical properties of erythrocytes have a significant
influence on their behavior in both cases. For their sedimentation rate,
we also introduce an original model considering this influence and the
resulting properties of erythrocytes aggregates.

[1] A. Darras, K. Peikert, A. Rabe, et al. Cells, vol. 10, no 4, p. 788 (2021).
[2] A. Rabe, A. Kihm, A. Darras et al. Biomolecules, vol. 11, no 5, p. 727 (2021).




Stochastic bond dynamics induce optimal
alignment of malaria parasite

Anil Kumar Dasanna'?, Sebastian Hillringhaus', Gerhard Gompper' and
Dmitry Fedosov'

"Theoretical Physics of Living Matter, IBI-5 and IAS-2, Forschungszentrum Jiilich, Jiilich, Ger-
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2Center for Biophysics (ZBP] and Department of Theoretical Physics, Saarland University, Saar-
briicken, Germany.

Merozoites, malaria parasites during the blood-stage of infection, invade
healthy red blood cells (RBCs] to escape from the immune response and
multiply inside the host. The invasion occurs only when the parasite apex
is aligned with RBC membrane, making the parasite alignment a cru-
cial step for the invasion. Recent experiments have also demonstrated
that there is a considerable membrane deformation during the alignment
process. In this work, using mesoscopic simulations we assess the exact
roles of RBC deformations and parasite adhesion during the alignment.
Using coarse-grained models of a deformable RBC and a rigid parasite,
we show that both RBC deformation and parasite adhesion bond dynam-
ics are important for an optimal alignment. By calibrating the parasite’s
motion properties against experiments, we show that simulated align-
ment times match quantitatively with the experimental alignment times.
We find that the stochastic nature of adhesion bond kinetics is the key for
inducing optimal alignment times [1]. We also show that alignment times
increase drastically for rigid RBC which signifies that parasite invasion
is less probable into already infected RBC and that membrane deforma-
tions during the parasite alignment. Finally, we will demonstrate the im-
portance of parasite shape in the alignment process [2].

[1] Hillringhaus, S., Dasanna, A. K., Gompper, G., & Fedosov, D. A., Stochastic bond dynam-
ics facilitates alignment of malaria parasite at erythrocyte membrane upon invasion.
elife, 9, e56500 (2020).

[2] Dasanna, A. K., Hillringhaus, S., Gompper, G., & Fedosov, D. A,, Effect of malaria parasite
shape on its alignment at erythrocyte membrane. eLife, 10, €68818 (2021).




Photoswitchable ICAM1 for immunological synapse studie

Priyanka Dhakane’, Jingnan Zhang', Aranzazu del Campo'?, Shrikrishnan
Sankaran’
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The immunological synapse is formed as a result of tight apposition of
Antigen Presenting Cells and Lymphocytes such as T-cells. This structure
is a complex assembly of spatially organized concentric rings of multiple
proteins.[1] The functional role of molecular clustering in the center of
immunological synapse is debatable. It is essential for immune response
functions such as activation of T-cells and secretion of cytokines and lytic
granules leading to death of the APC. Numerous reports have shown that
spatio-temporal organization of ligands along with the APC’s mechanical
properties are vital for the IS to form and function effectively.particularly
in provoking discussion on the similarity of intercellular communication
controlling disparate biological processes. Recent studies have clarified
some of the underlying molecular mechanisms and functions of the IS.
For both T cells and natural killer (NK[2]

| will present our work where we established mechanically tunable 2D hy-
drogels on which dynamically light activatable ligands are anchored. We
designed light responsive Intracellular Cell Adhesion Molecule 1, which
is an APC transmembrane protein and is essential for early adhesion of a
T-cell to an APC, following which the IS forms through multiple steps. For
making it light responsive, we fused Light-Oxygen-Voltage domain from
Avena Sativa to the N-terminus of extracellular domain 1 of ICAM.[3]

[1] M. L. Dustin, Cancer Immunol. Res. 2014, 2, 1023-1033.

[2] D. M. Davis, M. L. Dustin, Trends Immunol. 2004, 25, 323-327

[31Y. 1. Wu, D. Frey, O. I. Lungu, A. Jaehrig, |. Schlichting, B. Kuhlman, K. M. Hahn, Nature
2009, 461, 104-108.




Quantitative biophysical characterization of
fibroblast activation

M. D’Urso'? and N.A. Kurniawan'?

'Department of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, Neth-
erlands
2Institute for Complex Molecular System, Eindhoven University of Technology, Eindhoven, Neth-
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Fibroblasts are one of the most widespread cell type throughout human
organism and their activation can be triggered by both biochemical cues’
and mechanotransductive cues, which allows cells to perceive mechani-
cal signal from the environment2. The environmental cues have a dynam-
ic role affecting some of cellular behaviors, one of which is the fibroblast
to myofibroblast transition (FMT)3, which cells undergo after an injury
to a tissue take place, leading, if not correctly regulated, to loss of func-
tioning and to stiffening of the tissue. In this project, we focus on char-
acterizing the influence of different mechanical and physical cues from
the environment, and particularly the simultaneous presence of some of
them, on FMT. The latter is especially relevant because, until now, these
cues are mostly investigated individually, while in vivo they act simultane-
ously. We will present our novel experimental setup to subject fibroblasts
to controlled combinations of environmental cues and our in vitro module
that allows quantifications of how these cues affect cellular parameters
throughout the FMT.

[1] Luo, F. et al. Arsenic trioxide inhibits transforming growth factor-p1-induced fibroblast to
myofibroblast differentiation in vitro and bleomycin induced lung fibrosis in vivo. Respir.
Res. 15, 51 (2014).

[2] van Putten, S. et al. Mechanical control of cardiac myofibroblasts. J. Mol. Cell. Cardiol. 93,
133-142 (2016).

[3] D’Urso, M. & Kurniawan, N. A. Mechanical and Physical Regulation of Fibroblast-Myofi-
broblast Transition: From Cellular Mechanoresponse to Tissue Pathology. Front. Bioeng.
Biotechnol. 8, (2020).




Mechanotransduction of axonal growth:
a journey from microtubules to local phenomena

A. Falconieri', S. De Vincentiis', S. Figoli’, S. Ghignoli', D. Convertino?, V.
Cappello?, L. Marchetti?, U. Borello', V. Raffa'

'Department of Biology, University of Pisa, Pisa, Italy
2CNI@NEST, Pisa, Italy

The effect of mechanical forces on axonal growth has been sparking great
interest in the scientific community. The impact of mechanical tension
on axonal outgrowth is now quite well known [1] while little or nothing is
known about the molecular mechanisms evoked. To answer this biolog-
ical question, we have recently developed a method for stretching axons
based on magnetic nanoparticle [MNP) labeling and the application of
forces via an external magnetic field [2-3]. We found that the MNP-me-
diated forces promoted the extension of axons, as well as sprouting and
maturation. The elongation was a real mass addition as we observed an
accumulation of endoplasmic reticulum cisternae and non-reduction of
caliber in stretched axons. As further evidence, there was the block of the
elongation by the treatment with an inhibitor of protein synthesis. We have
also seen that the stretching stimulated microtubule (MT) polymerization
and modulation of intracellular calcium levels [3]. We have observed an
alteration of axonal transport in stretched axons, as well as an involve-
ment of local translation. Considering that many structures involved in
local translation are transported at the axonal level, we hypothesize that
tension stimulates the creation of a cross-talk between local phenomena,
where MTs, formerly known as tension sensors [4], could play a key role.

[11S. De Vincentiis. A. Falconieri, V. Scribano, S. Ghignoli, and V. Raffa. Int. J. Mol. Sci.,
21:8009 (2020).

[2] V. Raffa, F. Falcone, S. De Vincentiis, A. Falconieri, M.P. Calatayud, G.F. Goya, and A. Cus-
chieri. Biophys. J., 115:2026- 2033 (2018).

[3]1 S. De Vincentiis, A. Falconieri, M. Mainardi, V. Cappello, V. Scribano, R. Bizzarri, B. Storti,
L. Dente, M. Costa, and V. Raffa. J. Neurosci., 40:4997-5007 (2020).

[4] 0. Hamant, D. Inoue, D. Bouchez, J. Dumais, and E. Mjolsness. Nat. Commun., 10:2360
(2019).




Sculpting vesicles with active particles

M. Hoore'!, C. Abaurrea-Velasco', H. R. Vutukuri?, T. Auth’, J. Vermant?,
G. Gompper' and D. A. Fedosov'
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2Department of Materials, ETH Ziirich, Ziirich, Switzerland

Biological cells are able to generate intricate structures and respond to
external stimuli, sculpting their membrane from inside. Simplified bio-
mimetic systems can aid in understanding the principles which govern
these shape changes and elucidate the response of the cell membrane
under strong deformations. We employ a combined simulation and ex-
perimental approach to investigate different non-equilibrium shapes and
active shape fluctuations of vesicles enclosing self-propelled particles
[1]. Interestingly, the most pronounced shape changes are observed at
relatively low particle loadings, starting with the formation of tether-like
protrusions to highly branched, dendritic structures. At high volume
fractions, globally deformed vesicle shapes are observed. The obtained
state diagram of vesicles sculpted by active particles predicts the condi-
tions under which local internal forces can generate dramatic cell shape
changes, such as branched structures in neurons.

[1] H.R. Vutukuri et al., Nature 586, 52-56 (2020).




Hemidesmosome-like Adhesion Mimicked through
Nanopatterning of Laminin-332

Sadegh Ghorbani', Ali Shahrokhtash’, Duncan Sutherland'

'Interdisciplinary Nanoscience Center (iINANO) and CellPAT Center, Aarhus University, Aarhus
C, Denmark

Hemidesmosomes (HD] are multiprotein-complexes that firmly anchor
cells to the basement membrane through the interconnection of the cyto-
plasmic intermediate filaments, keratin, with extracellular laminin- 332
(Ln-332) [1]. This type of cell-matrix adhesion is of fundamental impor-
tance in the integrity and normal function of multiple tissues and act as
signaling centers, their failure can result in various diseases [2]. Consid-
erably less attention has been paid to HDs compared to focal adhesions in
single-cell structures due to the lack of suitable in vitro model systems.

In this work, nanopatterns of Ln-332 are created to direct and study
the formation of HD assemblies in adherent Hacat cells, mimicking the
cell-matrix interface. Protein nanopatterns of size 100, 300, 500, and
1000 nm were fabricated and used to study cell adhesion, showing that
Hacat cells adhere and form hemidesmosome-like adhesions after 3 hr.
Hemidesmosome-like junctions formed on larger patterns were more
well-defined, imaged by colocalization of aé integrin with Col 17 or Pan
cytokeratin. While cells on flat surfaces and 100 nm patterns expressed a
higher level of vinculin protein which suggests the formation of more ma-
ture focal adhesion structures compared to HDs. The results also show
that the size of nanopatterned could altered cell spread area but not at-
tached cell numbers.

[1] L. Borradori, and A. Sonnenberg, Journal of investigative dermatology 112, no. 4 (1999]:
411-418.
[2] D. Tsuruta, et al., Journal of dermatological science 62.1 (2011): 1-7.




Biomechanics and architecture of unsupported and
biomimetic lipid membranes:
insights on geometrical constrains and lipid chemistry
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The creation of model lipid membranes as free-standing platforms to
study processes occurring across the cellular membrane has been so
far a field of remarkable interest [1]. Such a design enables studies with-
out drastically modifying the physico-chemical properties and the dy-
namic nature of lipid bilayers compared to cells. Starting from the pore
spanning membrane technology to produce unsupported membranes,
we developed a platform for atomic force microscopy and spectroscopy
investigation and propose this platform as model setup for systematic
studies. The mechanical parameters Young’s modulus, packing density
and bilayer tension are assessed and morphological features are imaged
with regard to the influence of cholesterol and sphingomyelin for lipids
of natural origin in a composition mimicking the plasma membrane. In
addition, preliminary investigations in presence of proteins are also re-
ported.

[1] Janshoff, A. & Steinem, C. Biochim. Biophys. Acta BBA - Mol. Cell Res. 1853, 2977-2983
(2015)




LrigT and Wnt signaling instruct partitioning of melanocytes
and resident immunocytes into distinct epidermal niches

Susanne C. Baess'??, Annika Graband'?3, Kristin Seré*5, Martin Zenke*3,
Catherin Niemann®¢ and Sandra Iden'??

'Cell and Developmental Biology, Center of Human and Molecular Biology (ZHMB), Saarland Uni-
versity, Faculty of Medicine, Homburg/Saar, Germany

2Cologne Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases
[CECAD), University of Cologne, Germany

3Center for Molecular Medicine Cologne (CMMC], University of Cologne, Germany

‘Institute for Biomedical Engineering, Department of Cell Biology, RWTH Aachen University Med-
ical School, Aachen, Germany

°*Helmholtz-Institute for Biomedical Engineering, RWTH Aachen University, Aachen, Germany
éInstitute for Biochemistry I, University of Cologne, Cologne, Germany

The barrier-forming, self-renewing mammalian epidermis comprises
keratinocytes (KCs), pigment-producing melanocytes (MCs) and resident
immune cells as first-line host defense. In murine tail skin, interfollicu-
lar epidermis (IFE] patterns into pigmented ‘scale’ and non-pigmented
‘interscale’ IFE. Why and how mature MCs confine to scale IFE is unre-
solved. Here, we explored interdependencies of epidermal cell types in
skin patterning. Intriguingly, during postnatal development MC clusters
co-segregated with newly forming scale IFE, whereas both Langerhans
cells (LCs) and Dendritic Epidermal T cells [DETCs) partitioned into inter-
scale IFE, suggesting functional segregation of pigmentation and immune
surveillance in this tissue. Analysis of non-pigmented mice and of mice
lacking MCs or resident immunocytes revealed that immunocyte pattern-
ing is independent of MCs and melanin, and, vice versa, LCs and DETCs
do not control MC localization. Instead, progressive scale IFE fusion upon
genetic Lrig1 loss showed that MCs and immunocytes dynamically trail
epithelial scale:interscale patterns. Importantly, disrupting TCF/Lef func-
tion in KCs caused MC mislocalization to interscale IFE, implicating Wnt
signaling in tissue-level orchestration of epidermal pigmentary units. To-
gether, this work revealed cellular and molecular principles underlying
compartmentalization of tissue functions in skin.




Premature senescence by lamin A/C alterations
correlates to changes in cell viscoelastic behavior
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Lamin A/C, a protein of the nuclear envelope, contributes to the mechan-
ical properties of the nucleus such as stability, shape, and rigidity. Muta-
tions in lamin A/C gene LMNA induce pathologies called laminopathies,
with common phenotypes such as nuclear abnormal shape or cell pre-
mature senescence. Laminopathies display varying severity and can be
tissue-specific, like Type 2 Familial Partial Lipodystrophy (FPLD2) where
only adipose tissues are affected, or multi-systemic, like Progeria where
the entire body ages prematurely. The relationship between LMNA muta-
tions, mechanical alterations in cells and laminopathy severity remains
unknown, resulting in a lack of diagnosis and treatment. So far, most
studies focused on Progeria and whether the observed alterations are
Progeria-specific or common to all laminopathies is not answered yet.
Here, we combined high-throughput microfluidic measurements on the
second timescale with semi-automated image analysis and a rheological
model to extract mechanical properties of human fibroblasts. We showed
that fibroblasts prematurely senescent due to lamin A/C alterations (as-
sociated to FPLD2 or artificially induced) exhibit a more viscous behavior.
The cell mechanical response depends both on the nucleus and on actin
and microtubule networks. Our results suggest that lamin A/C alterations
impact the nucleus and its link to the cytoskeleton.




Differential microrheological properties of actin isoforms
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Actin is one of the most abundant proteins in cells and is the backbone
behind a manifold of integral cellular structures, such as stressfibers,
sarcomeres and the cortex. As such, actin has become a major research
interest and a plenitude of dedicated in-vitro experiments have been con-
ducted in the last few decades to elucidate its properties. However, po-
tential differences between the distinct actin isoforms themselves have
only been addressed scarcely.

The presented work focuses on the different microrheological properties
of actin networks made out of distinct actin isoforms measured via VPT
(video particle tracking). While skeletal a-actin has been rigorously stud-
ied in the last decades, the properties of such networks constituted of cy-
toplasmic actins remains scarce. To that end, we conducted experiments
with commercially available cytoplasmic actin as well as with purified B-
and y-actins extracted from modified yeast [1].

Surprisingly, we found striking differences regarding the microrheologi-
cal properties of said bulk networks. For instance, the bulk networks con-
stituted of muscular a-actin displayed a greater stiffness than networks
of their cytoplasmic counterparts. Interestingly, the cytoplasmic - and
y-actins displayed differential microrheological properties. These results
may indicate further differences regarding the functional identity of each
isoform.

[1] T. Hatano et al. Journal of Cell Science 133, 2 (2020)




Connective Tissue and Cancer Cross-Talk:
Treatment Implications and Biomechanical Signature?
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The most crucial step in cancer progression, often deciding about treat-
ment options, life and death of patients, is the formation of metastases.
Unfortunately, in the last decades, progress was slim to treat metastases
better. Currently, the best survival strategy is to prevent metastases by
detecting the primary tumor as early as possible and to surgical resect it
as well as possible.

One step towards a better survival rate is to identify tissues at risk. The
second step is elucidating the interaction of tumors and their microenvi-
ronment, which often is fatty connective tissue. Here we show that cer-
vical cancers spread from the tissue of origin to tissues of ontogenetic
proximity in reverse order of embryogenic development [1]. This “inverse
morphogenesis” provides a unique roadmap for tissues at risk of cancer
infiltration.

Further, the cross-talk between cancer cells and fatty connective tissue
is essential for the mechanical phenotype of cancer cells. We show that
stiffness changes of cancer cells are drastic when growing them in prox-
imity to fatty tissue and are one of the largest recorded in optical stretch-
er measurements. Here, we present the framework for elucidating this
emerging field of mechanical phenotyping under tissue cross-talk.

[1] Kubitschke et al., Scientific Reports 9 (2019).




Curvature: a dynamic regulator of cell migration
mode and motility
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The intrinsic architecture of tissues subject cells to geometrical cues in
the form of mesoscale curvatures [1]. While the effect of nano- and mi-
cro-scale topographical cues have been extensively studied, surprisingly
little is known about the cell response to geometries larger than cell size.
To study the effect of curvature in a systematic and high-throughput man-
ner, we developed a microfabricated chip containing arrays of concave and
convex structures with a wide range of size (um to mm] [2]. We observed
distinct cell migration modes on these structures: on concave surfaces
cells showed undirected but fast migration, whereas migration on convex
surfaces was persistently directed towards the direction that imposes the
least cell bending. Moreover, we found an unexpected negative correla-
tion between migration speed and persistence that emerged universally
across all structures and for all tested cell types. The scale-dependent
effect of mesoscale curvature was found to be sensitive to cell phenotype
and activation state and was accompanied by changes in the F-actin or-
ganization and the levels of phosphorylated myosin and nuclear lamin-A.
Thus, our findings demonstrate a complex interplay between cell con-
tractility, nuclear mechanics, and adhesion morphology in dynamically
guiding cell migration on physiologically-relevant 3D structures.

[1] D. Baptista, L. Teixeira, C. van Blitterswijk, S. Giselbrecht, and R. Truckenmiiller, Trends
Biotechnol. 37, 838-854 (2019).

[2] M. Werner, A. Petersen, N.A. Kurniawan, and C.V.C. Bouten. Adv. Biosyst. 3, 1900080
(2019).




Theoretical modelling of competitive microbial range
expansion with heterogeneous mechanical interactions
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Microbial range expansion experiments provide insight into the complex
link between dynamic structure, pattern formation and evolutionary dy-
namics of growing populations. Our work is inspired by experiments of
range expanding N. gonorrhea strains which can display different levels of
piliation. In the case of equal mean division times the non-piliated strain
outcompetes the piliated strain [1]. Even more remarkable the outcom-
petition is still observed when the piliated strain divides twice as fast.

In our work [2], we develop a theoretical model in order to investigate the
interplay of growth statistics and mechanical interactions which are im-
plemented as division driven pushing and swapping of cells. For the case
of the competitive growth of a strongly and a weakly interacting strain
we investigate the influence of different mean division times, as well as
different mechanical interactions on the development of the colony. Our
results show that the susceptibility to cell division induced pushing has a
much stronger influence on the structure of the colony than cell sorting
towards the colony’s perimeter. In particular, we show that for the initial
conditions realized in the experiments a pure swapping mechanism is not
able to reproduce the experimental observed patterns. Rather a hetero-
geneous susceptibility to pushing is sufficient even in the absence of any
swapping.

[1]1 R. Zsllner, E. R. Oldewurtel, N. Kouzel, and B. Maier, Scientific Reports 7, 12151 (2017)
[2] E. Maikranz and L. Santen, Physical Biology 18, 016008 (2021)




Probing cell volume in compressed tissues
with Brillouin light scattering
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Volume regulation is key in maintaining important tissue functions, such
as growth or healing [1]. This is achieved by modulation of active con-
tractility, as well as water efflux that change molecular crowding within
individual cells. Local sensors have been developed to monitor stress-
es or forces in model tissues, but these approaches do not capture the
contribution of liquid flows to volume regulation. Here we use a new tool
based on Brillouin light scattering (BLS]) that uses the interaction of a
laser light with inherent picosecond timescale density fluctuations in the
sample [2]. To investigate volume variations, we induced osmotic per-
turbations with a polysaccharide osmolyte, Dextran (Dx), and compress
multicellular spheroids (MCS). During osmotic compressions we observe
an increase in the BLS frequency shift that reflects local variations in
the refractive index and compressibility. Comparison of local cell com-
pressions within the tissue with small Dx to macroscopic compressions
with large Dx reveals the dominant contribution of cell volume to BLS
response. To elucidate these data, we propose a model based on a mixing
law that describes the increase of molecular crowding upon reduction of
the intracellular fluids. Comparison with the data suggests a non-linear
increase of the compressibility due to the dense crowding that induces
hydrodynamic interactions between the cellular polymers.

[1] Cadart, et al. Nat. Phys. 15, 993-1004 (2019)
[2] Scarcelli, et al. Nat. Methods 12, 1132-1134 (2015).




Elucidating Receptor Cluster Formation in CD95 Signaling
via DNA Origami and Multiparametric Image Spectroscopy
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Cell fate is decided by the CD95 oligomerization state. Cluster of Differ-
entiation 95 (CD95]) is a membrane receptor protein that signals for con-
trolled cell death (apoptosis) after ligand-induced activation. Some types
of cancer show a deregulation of this CD95 apoptosis mechanism leading
to proliferation rather than cell death'. As the molecular conditions lead-
ing to either proliferation or apoptosis are fundamentally not understood,
we investigate the structural preconditions on the membrane as decisive
mechanism to trigger a particular cell fate decision. However, measuring
the oligomerization state of proteins on a cell membrane remains chal-
lenging. Here, we present two strategies to uncover the receptor activity
states: on the one hand, we use DNA origami sheets exhibiting nanoscale
tunable CD95 ligand arrangements. By mimicking characteristic receptor
geometries, the sheets act as signaling platforms and enable to derive
molecular benchmarks in apoptosis signal initiation?. On the other hand,
we use calibrated time-resolved FRET experiments to quantitatively mea-
sure the supramolecular multimeric state of the CD95 receptor on live
membranes directly. We further develop novel confocal methodologies in
EGFP-bleaching experiments supported by super-resolved STED imag-
es to obtain an unambiguous interpretation of the CD95 oligomerization
state.

[1] G. Giilciiler Balta, C. Monzel, S. Kleber, J. Beaudouin, T. Kaindl, M. Thiemann, C.R. Wirtz,
M. Tanaka and A. Martin-Villalba, “3D cellular architecture modulates tyrosine activi-
ty thereby switching CD95 mediated apoptosis to survival”. Cell Reports, 29, 2295-2306
(2019)

[2] Ricarda M. L. Berger, Johann M. Weck, Simon M. Kempe, Oliver Hill, Tim Liedl, Joachim
0. Raedler, Cornelia Monzel*, and Amelie Heuer-Jungemann*, “Nanoscale FasL Organi-
zation on DNA Origami to Decipher Apoptosis Signal Activation in Cells”. Small, 2101678
(2021) *corresponding authors




The influence of vimentin on actin dynamics
and force generation in RPE1 cells
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The cytoskeleton is a network of filaments in cells, it consists of actin fila-
ments, intermediatefilaments and microtubules. Actin stress fibers are in-
volved in force generation, cell retraction andcell protrusion during migra-
tion. The polymerization and depolymerization of actin filamentsregulate
cell migration and are influenced by the activity of actin binding proteins.
Vimentin is alsoinvolved in cell migration, although it is not associated with
molecular motors, and thereforecannot create forces directly. To better
understand the mechanism of cell migration, it is importantto understand
how cytoskeleton filaments interplay. The roles of vimentin filaments and
actinfilaments in cell migration have been studied separately to date; how-
ever, their interactionsremain to be defined fully. Therefore, understand-
ing the role of vimentin on actin dynamics, and its implicationin actin force
generation are thetwo main interests of this project.

We first measured actin dynamics in vimentin depleted cells using fluo-
rescence recovery after photobleaching [1, 2]. We showed that silencing
of vimentin expression slows down actin dynamics but does not affect the
fraction of actin monomers that participate. In addition, we showed that
plectin as a vimentin-actin cross-linker protein does not have the same
effect. Finally, we studied actin force generation using traction force mi-
croscopy [3-5]. We showed that silencing of vimentin disarranges the dis-
tribution of traction forces and adhesion sites but does not impact the
magnitude of traction forces.

[1] Fritzsche, M., et al., Analysis of turnover dynamics of the submembranous actin cortex. Mol
Biol Cell, 2013. 24(6): p. 757-67.

[2] Fritzsche, M. and G. Charras, Dissecting protein reaction dynamics in living cells by fluores-
cence recovery after photobleaching. Nat Protoc, 2015. 10(5): p. 660-80.

[3] Hur, S.S., et al., Traction force microscopy for understanding cellular mechanotransduction.
BMB Rep, 2020. 53(2): p. 74-81.

[4] Style, RW., et al., Traction force microscopy in physics and biology. Soft Matter, 2014.
10(23): p. 4047-55.

[5] Ladoux, B. and A. Nicolas, Physically based principles of cell adhesion mechanosensitivity in
tissues. Rep Prog Phys, 2012. 75(11): p. 116601.




Long-term nuclear regulation of cancer
cells under confinement

Maléke Mouelhi', Charlotte Riviere' and Sylvain Monnier’

'Institute of Light and Matter (ILM), UMR5306 Univ. Lyon, Univ. Claude Bernard Lyon 1, France

The physical properties of the tumor microenvironment are strongly
modified during tumor growth and participate in the development and
invasion of cancer cells [1], including not only stiffness, but also com-
pression [2].

In particular, the nucleus is critically affected during compression [3] and
is appearing as an important mechanosensor of deformations [4,5]. Nev-
ertheless, most studies focus nowadays on short-term cell response (from
minutes to few hours). New questions are open on the long-term adaptation
to deformations and the mechano-sensing mechanism involved. We have re-
cently developed a new agarose- based microsystem copping with media re-
newal impediment to investigate cell response to prolonged confinement [6].

We used this device to apply a tunable and controlled 1D confinement on
the colorectal cancer cell line HT-29 up to several days. We evidenced a
decrease of the nuclear volume after 24 hours under confinement. The
overall nuclear shape is also dynamically regulated with the apparition of
transient nuclear blebs. We are currently analyzing the mechanisms and
consequences of such adaptation on cell division, transcription activity
and protein expression. Such long-termed adaptation to mechanical con-
strains may be of importance for cancer cell plasticity and play a role in
their resistance to treatments.

[1] D.T. Butcher, T. Alliston, and V. M. Weaver, A Tense Situation: Forcing Tumour Progression, Nat. Rev.

Cancer 9, 108 (2009).

Kalli, M.; Stylianopoulos, T. Defining the Role of Solid Stress and Matrix Stiffness in Cancer Cell Pro-

liferation and Metastasis. Front. Oncol. 2018, 8 (March), 55

[3] P. Shah, C. M. Hobson, S. Cheng, M. J. Colville, M. J. Paszek, R. Superfine, and J. Lammerding, Nu-
clear Deformation Causes DNA Damage by Increasing Replication Stress, Curr. Biol. 1 (2020).

[4] A.J. Lomakin, C. J. Cattin, J. M. Garcia-Arcos, . Y. Zhitnyak, M. K. Driscoll, E. S. Welf, R. J. Petrie, A. M.

Lennon- Duménil, and D. J. Miiller, The Nucleus Acts as a Ruler Tailoring Cell Responses to Spatial

Constraints, 2894, (2020).

V. Venturini, F. Pezzano, F. C. Castro, H. M. Hakkinen, S. Jiménez-Delgado, M. Colomer-Rosell, M. Mar-

ro, Q. Tolosa-Ramon, S. Paz-Ldopez, M. A. Valverde, J. Weghuber, P. Loza-Alvarez, M. Krieg, S. Wieser,

and V. Ruprecht, The Nucleus Measures Shape Changes for Cellular Proprioception to Control Dynamic

Cell Behavior, Science (80-. ). 370, (2020).

A. Prunet, S. Lefort, H. Delanoé-Ayari, B. Laperrousaz, G. Simon, C. Barentin, S. Saci, F. Argoul, B.

Guyot, J. P. Rieu, S. Gobert, V. Maguer-Satta, and C. Riviéere, A New Agarose-Based Microsystem to

Investigate Cell Response to Prolonged Confinement, Lab Chip 20, 4016 (2020).

[2

[5

[6




Unravelling the Mechanobiology of Living Cells
while Interacting with their Environment
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Active forces in biological systems define the interactions between sin-
gle molecules, growing cells and developing tissues. To this end, atomic
force microscopy (AFM] remains the only technique that offers premium
resolution of the analyzed biological systems at near physiological con-
ditions, while being able to simultaneously acquire information about the
sample’'s mechanical properties.

Cells adapt their shape and react to the surrounding environment by a
dynamic reorganization of the F-actin cytoskeleton. We will demonstrate
the application of high-speed AFM (down to 1 frame/s] to study mem-
brane ruffling and actin cytoskeleton rearrangement in living KPG-7 fi-
broblasts and CHO cells.

External mechanical stress is known to influence cell mechanics in
correlation to the differences in actin cytoskeleton dynamics. A crucial
aspect of investigating cellular mechanobiology is to go beyond purely
elastic models. We have therefore performed rheological measurements
to characterize sample response at different time scales and measure
viscoelastic properties in mammalian cells over a large frequency range
(0-500 Hz).

Cell-cell and cell-substrate interactions through cytoskeletal modula-
tion, determine cell fate, shape and spreading. We will demonstrate the
application of single cell force spectroscopy for quantifying the adhesion
between individual cells, and cell matrix substrates.




Nonequilibrium mechanics of cross-linked actomyosin
networks probed with microrheological techniques
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Living cells are active matter, they are a non-equilibrium system. To study
the applicability of the fluctuation dissipation theorem far from equilibri-
um, we embed colloidal particles in those materials - primarily cells and
reconstituted, ATP driven actomyosin networks — measure the systems’
linear response to thermal fluctuations and compare with equilibrium
systems or measurements that don’t rely on Brownian motion (active
deformation). Additionally, we want to compare in vivo measurements
with artificial systems to evaluate to which extent cellular mechanics are
a phenomenon emerging from the interaction of hundreds of different
biomolecules. Simplified model systems are a useful and popular way to
reduce the immense complexity and to access crucial information about
living systems, but they also bear the risk of oversimplifying properties
that arise from a variety of interactions. A major research interest in the
field of biophysics is the creation of artificial cells. Our goal is a small
contribution in the form of understanding cortical non-equilibrium me-
chanics.
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We developed a new method for the parallel detection of single molecules
of two membrane proteins from the same family of the human epider-
mal growth factor receptors (EGFR also named HER1], and its protein
family member, HER2. In several types of cancer, such as breast cancer,
these receptors are overexpressed, and thereby trigger uncontrolled cell
growth and cancer cell spreading through homo- and heterodimeriza-
tion. We here demonstrate how the dimerization of both receptors can
be studied at the single-molecule, subcellular, and single-cell level, and
up to surface densities of >2.000 receptors/um2 [1]. Applying labels con-
sisting of small, specific binding proteins, and two types of quantum dots,
a total of 41 breast cancer cells were studied, yielding data of >200.000
of receptor positions. Statistical analysis with the pair correlation func-
tion g[r] disclosed significant differences in the dimerization behavior of
both receptors, depending on the dynamics of the local environment of
the plasma membrane. In addition, different receptor interaction profiles
were found in small cellular subpopulations [2]. These new possibilities
of quantitative analysis of receptor interactions offer a deeper under-
standing of cancer cell heterogeneity, which is a major cause for drug
resistance and disease progression. In addition, by using other binding
proteins this method can be tailored to study the interaction of other
membrane proteins as well.

[1]1 D Peckys et al, Molecular medicine, 25 (1) 1, 2019.
[2] F. Weinberg et al, International journal of molecular sciences, 21(23) 9008, 2020.




Spatial-Stochastic Model of Cell Fate Decisions in
Early Mouse Development
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The delicate balance necessary for sustaining cell plasticity and ensuring
reliable specification of cell lineages is an intriguing problem in devel-
opmental biology. In the mouse embryo, the Nanog/Gata-6 (N/G) gene
regulatory network plays a crucial role in the delicate balance of the early
cell fate decision process. Although stochasticity is an inherent feature
of any gene expression process, the current approaches to this problem
still primarily rely on deterministic modelling techniques, while gener-
ally treating noise as an ad hoc property. Therefore, we are developing a
multi-scale event-driven spatial-stochastic simulator for emerging-tis-
sue development. This allows us to perform realistic-yet-efficient simula-
tions of intracellular biochemical dynamics, tissue-scale biomechanical
interactions, and intercellular communication. We use well-established
event-driven simulation schemes and adapt them for incorporating suit-
able tissue-scale phenomena, such as cell division and growth. Whenever
possible, important biophysical and morphological parameters are fixed
by values provided by experimental collaborators or found in recent lit-
erature. Otherwise, numerical optimization techniques are implemented
to infer biologically-feasible regimes for relevant parameters. We begin
by studying the biochemical characteristics of the N/G network in a sin-
gle-cell setting. We simulate and analyze the dynamics of its core net-
work motif components and their interplay. We subsequently extend the
study to a multi-cellular setting, in order to understand the importance
of cell-to-cell communication, and how positional information is robustly
achieved and preserved. These efforts converge toward a versatile frame-
work capable of efficiently simulating emerging- tissue dynamics cou-
pled with intracellular biochemical processes, in a biophysically faithful
fashion.




Brain microvascular endothelial cell cytoskeletal
reorganization inresponse to strain in a microvessel-on-chip
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Blood flow-derived forces are key regulators of microvascular structure
and function. Although endothelial cells (ECs) from various vascular beds
have been shown to exhibit humoral, metabolic, and structural responses
to flow, much less is known about the flow responsiveness of brain micro-
vascular ECs. Using a microvessel-on-chip, we are investigating how hu-
man brain microvascular ECs (HBMECs) respond to cerebral blood flow.

An HBMEC-Llined microvessel is fabricated in a soft collagen hydrogel us-
ing the templating technique. Controlling luminal flow and intraluminal
pressure allows subjecting the cells to different levels of circumferential
stretch. Results to date indicate that in response to increased circumfer-
ential stretch, HBMEC actin filaments reorient in the stress direction and
form prominent ventral stress fibers. In contrast, nonoticeable changes
are observed in the organization of microtubules or intermediate fila-
ments. Contrary to what has been reported in other EC types, HBMECs
do not change shape or alignment in response to stretch despite the actin
remodeling, and no change in nuclear shape is observed. Tension also
induces a switch from linear to zig-zag cell-cell junctions, and sustained
stresses provoke junctional rupture. These findings suggest that strain
induces structural responses that are likely to profoundly influence HB-
MEC barrier function.




Mechanics and dynamics of cytoskeletal components
and phase separated droplets studied with optical
tweezers correlated to fluorescence microscopy
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Mechanical properties of cellular substructures and compartments are
tightly regulated by the cell and allow for fast adaptation to environmental
requirements. The cytoskeleton with its filamentous components (actin,
intermediate filaments, microtubules) is crucial for maintaining mor-
phology and structural integrity as well as intracellular transport and
(mechanical) signaling. More recently, the role of membrane-less organ-
elles in intracellular organization has moved into focus. Also here, me-
chanical and dynamic properties of these biomolecular condensates play
a key role in their physiological functions. Aberrant behavior can lead to
loss of function and pathological conditions.

In this talk, we introduce the C-Trap microscopy platform that correlates
optical trapping for highly precise force measurements with fluorescence
imaging capabilities from the single-molecule to the filament and organ-
elle level. We outline selected experiments and assays that enable the
quantification of mechanical properties and the dynamic behavior of the
aforementioned intracellular structures.




Modeling cellular spreading and motility on curved surfaces

Raj Kumar Sadhu and Nir S. Gov

Chemical and Biological Physics, Weizmann Institute of Science, Israel

Cells often adhere and migrate on curved surfaces, such as the fibers of
the extra-cellular matrix (ECM], cylindrical protrusions of other cells etc.
However, most of the cell biological studies examine cell migration me-
chanisms using cells on flat surfaces. We study the spreading and migra-
tion of a cell-like vesicle on curved surfaces, such as cylinders, sinusoidal
surface etc. The vesicle is composed of curvature-sensitive proteins, that
diffuse on its surface, and also recruit actin polymerization, which applies
an active protrusive force [1]. We note that on the outside of a cylinder,
the vesicle coils or migrates circumferentially, rather than axially. For a
cylinder of smaller radius, however, they prefer not to coil or migrate,
but spreads weakly. In contrast, inside a cylinder, the vesicle prefers to
elongate or migrate along the axial direction. On a sinusoidal surface with
alternating dips (minima) and peaks (maxima), the vesicle behaves in si-
milar way as inside and outside of a cylinder, respectively. The vesicle
prefers to stay in the dip and align axially. However, if placed on the peak,
it prefers to slide down to the dip. While migrating from one dip to anot-
her, it crosses the peak at higher angle and larger speed. Our results are
in agreement with experiments, and offer an explanation for some of the
observed curvature-sensitivity of cell migration patterns.

[1] R K Sadhu et al., European Physical Journal Plus 136, 495 (2021)




A minimal lattice model of lipid membranes
with liquid-ordered domains
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Binary or ternary mixtures of lipids and cholesterol featuring liquid-or-
dered (Lo) domains serve as model systems for studying the formation of
lipid rafts in complex biological membranes. In the talk, | will present a
new lattice model of a binary mixture of saturated DPPC lipids and cho-
lesterol, which is the simplest model system exhibiting Lo domains in
the sea of liquid-disordered (Ld) matrix. Simulations of mixtures of thou-
sands of lipids and cholesterol molecules on time scales of hundreds of
microseconds reveal a phase diagram that is in complete agreement with
the well-established phase diagram of this mixture. The simulations pro-
vide important information on the morphologies and lifetime of the Lo do-
mains which are not available by more detailed computational approach-
es. Strikingly, the lattice simulation also reproduces local structures that
have been observed in atomistic simulations. Specifically, we find that the
Lo domains are highly heterogeneous and consist of gel-like hexagonally
packed clusters of ordered DPPC chains, surrounded by cholesterol-rich
regions at the domain boundaries. The simulation results are explained
by a new thermodynamic mechanism that considers the disparity be-
tween the packing interactions of ordered lipid chains with cholesterol
and each other.




Vimentin intermediate filaments stabilize
dynamic microtubules by direct interactions
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The cytoskeleton determines cell mechanics and lies at the heart of im-
portant cellular functions. Growing evidence suggests that the manifold
tasks of the cytoskeleton rely on the interactions between its filamentous
components—actin filaments, intermediate filaments, and microtubules.
However, the nature of these interactions and their impact on cytoskel-
etal dynamics are largely unknown. Here, we show in a reconstituted in
vitro system that vimentin intermediate filaments stabilize microtubules
against depolymerization and support microtubule rescue. To understand
these stabilizing effects, we directly measure the interaction forces be-
tween individual microtubules and vimentin filaments. Combined with
numerical simulations, our observations provide detailed insight into
the physical nature of the inter-actions and how they affect microtubule
dynamics. Thus, we describe an additional, direct mechanism by which
cells establish the fundamental cross talk of cytoskeletal components
alongside linker proteins.




BK-channel as a fast and precise Ca*sensor:
application to PMCA pump strength measurements
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Ca? diffusion within cells and penetration of Ca? through their membrane
engages a wide field of theoretical and experimental research. Therefore,
the monitoring of rapid changes of the Ca? concentration beneath the cell
membrane is of great interest. Here, we make use of BK-type Ca*-acti-
vated K+ channels to determine the Ca? activity of PMCA, which transport
Ca? ions out of cells. Due to their large conductance and their partic-
ular gating kinetics the BK channels may be used as fast and reliable
sensors for intracellular Ca? - concentration beneath the plasma mem-
brane. Experimentally we monitor the PMCA-mediated Ca?* clearance
(or transport) by the decay of BK-currents following their activation by
a short (0.8 ms) period of Ca? -influx through Cav2.2 channels. To relate
the experimentally observed temporal evolution of the K+ current to the
underlying temporal evolution of the Ca* concentration we implement a
theoretical model for the Ca?-dependence of the BK-current and of the
PMCA pump strength. Next to the transport in and out of a cell and the
diffusion of Ca? ions within the cell, we expand our model by the reaction
of the Ca?* concentration with a buffer solution, as well defined EGTA con-
centration is present in all experimental measurements. We fit the PMCA
pump strength by the best match of the predicted time course of the K+
current with the experimental data. It turns out that this pump strength is
at least 2 orders of magnitude larger than what has been assumed so far.




Sensing their plasma membrane curvature allows
migrating cells to circumvent obstacles
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Cell migrationis a hallmark out-of-equilibrium process in biology. In addi-
tion to persistent self-propelled motion[1,2,3], many cells display remark-
able adaptive behaviors when they navigate complex environments[4,5].
Combining theory and experiments, we find a curvature-sensing mech-
anism underlying obstacle avoidance in immune-Llike cells. The genet-
ic perturbation of this machinery leads to a reduced capacity to evade
obstructions combined with faster and more persistent cell migration in
obstacle-free environments. We propose that the active polymerization
of the actin cytoskeleton at the advancing edge of migrating cells is lo-
cally inhibited by the curvature-sensitive BAR-domain protein Snx33 in
regions with inward plasma membrane curvature. This coupling between
actin and membrane dynamics leads to a mechanochemical instability
that generates complex protrusive patterns at the cellular front. Adaptive
motility thus arises from two simultaneous curvature-dependent effects,
the specific reduction of propulsion in regions where external objects
deform the plasma membrane and the intrinsic patterning capacity due
to the membrane-actin coupling that promotes spontaneous changes in
the cell's protrusions. Our results show how cells utilize actin- and plas-
ma membrane biophysics to sense their environment, allowing them to
adaptively decide if they should move ahead or turn away.

[1] Friedl, P. & Alexander, S. Cancer Invasion and the Microenvironment: Plasticity and Rec-
iprocity. Cell 147, 992-1009 (2011).

[2] Reig, G., Pulgar, E. & Concha, M. L. Cell migration: from tissue culture to embryos. De-
velopment 141, 1999-2013 (2014).

[3] Svitkina, T. The Actin Cytoskeleton and Actin-Based Motility. Cold Spring Harb Perspect
Biol 10, a018267-21 (2018).

[4] Stoitzner, P., Stéssel, H., Romani, N. & Pfaller, K. A Close-Up View of Migrating Langer-
hans Cells in the Skin. Journal of Investigative Dermatology 118, 117-125 (2002).

[5] Weigelin, B., Bakker, G.-J. & Friedl, P. Intravital third harmonic generation microscopy
of collective melanoma cell invasion: Principles of interface guidance and microvesicle
dynamics. Intravital 1, 32-43 (2012).




Rationalizing the optimality of the gap gene system by
ab-initio derivation of optimal ensembles
of morphogenetic patterns
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Early embryogenesis is driven by spatio-temporal patterns that specify distinct
cell identities ac- cording to their locations in the embryo. This process is highly
reproducible, although it results from regulatory interactions that are individ-
ually noisy. Despite intense study, we still lack comprehensive, biophysically
realistic models that simultaneously reproduce quantitative data and rigorous-
ly explain high developmental precision. Moreover, traditional approaches fail
to explain why particular pattern- ing mechanisms evolved, and why they favor
particular parameter values. We address both questions during early fly em-
bryo development. In Drosophila, the gap gene expression patterns were shown
to optimally encode positional information. We therefore asked whether one
can mathematically derive the gap gene network—without any data fitting—by
maximizing the encoded positional information. To this end we built a generic,
biophysically accurate spatial-stochastic model of gene expression dy- namics,
where genes respond to morphogen input signals and mutually interact in an
arbitrary way, and optimized its parameters for positional information. Firstly,
our results show how the experimentally observed precision can be achieved
by basic biochemical processes under known resource and time con- straints.
Secondly, we find that a rich ensemble of optimal solutions exists and system-
atically analyse its characteristics, finding that some optimal solutions closely
correspond to the real gap gene pattern. Finally, we explore a broad range of
“mutated” optimal ensembles in which relevant components of the wild-type
system are altered or fully discarded, and systematically map out how this af-
fects positional information and other pattern properties; this allows us to ra-
tionalize the design of the wild-type gap gene system and the possible roles of
its specific components. To our knowledge our work provides the first success-
ful ab-initio derivation of a nontrivial biological network in a biophysically real-
istic setting. Our results suggest that even though real biological networks are
hard to intuit, they may represent optimal solutions to optimization problems
which evolution can find.




Understanding cell behavior in complex
multi-cue environments

C. van der Putten, A.B.C. Buskermolen, M. Werner, H.F.M. Brouwer, T.E.
Woud, C.V.C. Bouten and N.A. Kurniawan

Department of Biomedical Engineering, Eindhoven University of Technology, The Netherlands

In vivo, cells are embedded in the extracellular matrix, which provides
the cells with a variety of physical, (bioJchemical and mechanical cues.
To understand cell behavior in this complex environment, researchers
often isolate single environmental cues and subject cells to these cues
in vitro. Although this approach gives useful insights, the environment
is oversimplified. The response of cells to a combination of cues like
what they experience in vivo is still poorly understood. Here we present
a novel experimental platform to explore the cell response to a combi-
nation of curvature- and contact-guidance cues. Contact guidance cues
are applied using photo-patterning of ECM proteins to a 2.5D cell culture
chip containing a library of convex and concave curvatures mimicking tis-
sue geometry. When subjected to opposing contact- and concave curva-
ture-guidance cues, the cells showed an alignment response in the direc-
tion of the protein pattern. On convex curvatures, however, cells reorient
to avoid a bent morphology, consistent with the results using curvature
guidance cues only.




A-to-1 RNA editing of Filamin A (FLNA) regulates cellular
adhesion, migration and mechanical properties
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A-to-I RNA-editing by ADARs is an abundant epitranscriptomic
RNA-modification in metazoa [1]. Flna pre-mRNA in mammals harbors
a single conserved A-to-I RNA editing site that introduces a Q-R ami-
no acid change in lg-repeat 22 of Rod2 domain of the encoded protein
[2-4]. Previously, we showed that FLNA editing regulates smooth mus-
cle contraction in the cardiovascular system and cardiac health [5]. The
present study investigates how ADAR2-mediated A-to-I RNA editing of
Flna affects actin crosslinking, cell mechanics, cellular adhesion and cell
migration. Cellular assays and AFM measurements demonstrate that the
edited version of FLNA increases cellular stiffness and adhesion but im-
pairs cell migration in both mouse fibroblasts and human tumor cells.
In vitro, edited FLNA leads to increased actin crosslinking forming actin
gels of higher stress resistance. Our study shows that Flna RNA editing is
a novel regulator of cytoskeletal organization, mechanical propertiesy of
cells and mechanotransduction.

[1] Nishikura, K. (2010). Functions and regulation of RNA editing by ADAR deaminases.
Annu Rev Biochem 79, 321-349.

[2] Nishikura, K. (2016]). A-to-I editing of coding and non-coding RNAs by ADARs. Nat Rev
Mol Cell Biol 17, 83-96.

[3] Pullirsch, D., and Jantsch, M.F. (2010). Proteome diversification by adenosine to inosine
RNA editing. RNA Biol 7, 205-212.

[4] Jain, M., Jantsch, M.F,, and Licht, K. (2019). The Editor's | on Disease Development.
Trends in Genetics 35, 903-913.

[5] Jain, M., Mann, T.D., Stulic, M., Rao, S.P., Kirsch, A., Pullirsch, D., Strobl, X., Rath, C., Re-
issig, L., Moreth, K., et al. (2018). RNA editing of Filamin A pre-mRNA regulates vascular
contraction and diastolic blood pressure. EMBO J 37.




Collective Search Strategies
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How long does it take to find N targets by M searchers? This question
arises, for example, if animals search for food or immune cells chase
for pathogens. The usual goal is to minimize the time needed to catch
all targets. One obvious possibility would be to increase the number of
non-interacting searchers another to search collectively by utilizing com-
munication between the searchers. It is known, that cells of the immune
system talk to and influence one another by secreting small proteins that
bind to and activate each other. For instance, T cells (a type of lympho-
cyte] are chemotactic, i.e., they move in response to a chemical stimulus,
however, it is unknown if chemotaxis is important for the coordination
of the search for pathogens. We use a simulation model of chemotactic
active particles together with a self-generated chemorepellent in order
to test the possibility and the benefit of collective search strategies in
microbiological systems.
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The role of actin, myosin Il and cadherins
in the cortex of living cells.
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Adhesion induces dramatic morphological and mechanical changes to
cells, which are reflected by changes to the actin cortex. Among the many
different proteins involved in this sub-membranous layer, motor proteins
(e.g., nonmuscle myosin Il) and actin nucleators (e.g., Arp2/3, formins)
are known to have significant influences on its dynamics and structure. In
this work, we present the interplay between the dynamics, structure, and
mechanics of the actin cortex in adhered cells and in cells in suspension
and the different roles of NMII, Arp2/3, and formins. We will outline how
we plan to continue this study to investigate the structure of the actin cor-
tex of healthy and cancerous cells in the context of E-cadherin based cell-
cell contacts. Our data build towards a comprehensive understanding of
the actin cortex. This understanding allows the prediction and control of
cortical changes, which is essential for the study of general cellular pro-
cesses, such as cell migration, metastasis, and differentiation.




Microfluidic generation of soft microgels as a tool
for studying the influence of 3D microenvironments
on the cellular responses upon external stimuli
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Microencapsulation of living cells in biopolymer microgels has been attracting in-
terest due to the microgel’s capability to mimic 3D microenvironments on a mi-
croscale platform [1-3]. Cells embedded in 3D gel matrices can transduce external
physicochemical cues into intracellular biochemical signals, therefore exhibit in
vivo-like physiological responses.

In this work, we demonstrate that loading gelatine microgels with human liver
cells (HepG2 cell line) or probiotic bacteria (Lactobacilllus plantarum) using drop-
let microfluidics can result in: i) the ability to reflect 3D-like toxicity responses of
HepG2 cells, as well as ii) the increase the survival rate of L. plantarum during ex-
posure to adverse conditions in the gastrointestinal tract. The cell-loaded micro-
gels produced in this process are covalently crosslinked with a naturally derived
crosslinker, genipin. This allows the mechanical stiffness of the microgel matrix
to be controlled by tuning the crosslinking degree.

Based on this in vitro platform, we demonstrate the optimisation of microfluidic
parameters for the on-chip droplet generation system and finally determine the
mechanical properties of the microgel matrix. We then compare the dose sensi-
tivity of ethanol between 3D-encapsulated and 2D-grown HepG2 cells, and the
viability of L. plantarum under low pH conditions under encapsulated and non-
encapsulated milieux.

[1] J. S. O'Connor, H. Kim, E. Gwag, L. Abelmann, B. Sung, A. Manz, 3D Printed microfluidics moulds
for the microgel encapsulation of cells, Proceedings of IEEE International Conference on Micro Electro
Mechanical Systems (MEMS], Jan. 2021, pp. 1023-1026. doi: 10.1109/MEMS51782.2021.9375385

[2] D.J. McClements, Designing biopolymer microgels to encapsulate, protect and deliver bioactive compo-
nents: Physicochemical aspects, Adv. Colloid Interface Sci. 240, 31-59 (2017). doi: 10.1016/j.cis.2016.12.005

[3] B. Sung, J. Krieger, B. Yu, M. H. Kim, Colloidal gelatin microgels with tunable elasticity support the vi-
ability and differentiation of mesenchymal stem cells under pro-inflammatory conditions, J. Biomed.
Mater. Res. Part A 106A, 2753-2761 (2018). doi: 10.1002/jbm.a.36505
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Phospholipids Motility at the Surface of Model Lipid Droplet
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The dynamic partitioning of certain proteins between a bilayer and lip-
id (triolein) droplets is key to understand the function of these cellular
sub-organelles. As a model for the surface of a lipid droplet that is cov-
ered with a bilayer leaflet, we use a triolein-water interface covered by a
phospholipid monolayer. The motility of the phospholipids is investigated
using fluorescence recovery after photobleaching (FRAP) method on such
labelled phospholipids. For that we provide a quick bleaching in a certain
area of the phospholipid monolayer and record the fluorescent recovery
due the diffusive lateral movements of the phospholipid monolayer. The
recovery analysis reveals the diffusion constant of the bleached phospho-
lipids as function of the LD molecular composition. Thus, these findings
proves the important ability of surface LDs motility as they need to con-
tact and communicate with other organelles in the cell.




Stabilizing and elongating actin filaments alters the
position of nuclei in migrating cells in confinement
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As one of the main components of the cytoskeleton involved in many me-
chanics, targeting actin dynamics seems to be a desirable goal. Miurae-
namide A (MiuA), a compound that can pass through the cell's membrane,
stabilizing actin filaments and promote their polymerisation, aroused our
interest. Here I'm going to describe the effects of MiuA on stress fibres
in geometrically controlled RPE-1 cells in a quantitative way and show its
stabilizing and elongating effects. Furthermore, | will present that when
those MiuA treated cells were put in confinement (PDMS microchannels
for migration) although their migratory behaviour seemed to be unal-
tered, the position of their nuclei was shifted towards the centre.




Investigation of the Electron Beam Dose Tolerance of
GFPin Liquid
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The investigation of biological specimens with electron microscopy (EM]
is often hampered by radiation damage of samples, in particular because
typical biological specimens are electron beam radiation sensitive. Tra-
ditionally, sample preparation for EM includes drying or freezing of the
specimens but the observation of biological samples and processes in
their native, liquid environment is of major interest in EM research for
which liquid phase electron microscopy is a new option [1]. To accomplish
this, it is necessary to know the dose tolerance of the specimens such
that specimens can be kept intact during microscopy.

Here, the electron dose tolerance of biological specimens in liquid was in-
vestigated. As a model, the green fluorescent protein (GFP) was used. For
sample preparation, GFP was bound to SiN microchips via biotin-strepta-
vidin binding. The fluorescence intensity loss of GFP was investigated
upon electron beam radiation in transmission electron microscopy (TEM]
and scanning electron microscopy (SEM) with varying electron flux and
electron dose. The loss of fluorescence intensity was associated with the
loss of protein function and the degradation of the protein [2].

The fluorescence intensity was analyzed over the electron dose from
0.001 - 10 e/A2 The electron flux varied from 0.001 - 10 e-/A%s to analyze
the impact of electrons passing the sample per unit area per unit time.
It was found that in SEM, the fluorescence intensity decreased and was
comparable to background level at an accumulated electron dose of 1e”/
A2, At this dose, GFP lost its fluorescence function and was considered as
no longer intact. Varying the electron flux did not have a large impact on
the electron dose threshold of GFP.

[1]1 Wu, H., et al. Advanced Materials 32.25 (2020): 2001582
[2] Mazzola, P., et al. Biotechnology Progress 22.6 (2006): 1702-1707




NK cell cytotoxicity and protein microarrays predict
efficacy of melanoma immunotherapies
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Notwithstanding the impressive advances in melanoma-directed immu-
notherapies, resistance is common and many patients still succumb to the
metastatic disease. In this context, natural killer (NK]-cells, although side-
lined in the recent development of melanoma immunotherapy, could pro-
vide therapeutic benefits in the future. To identify molecular determinants of
NK-cell-mediated melanoma killing (NKmK), we quantified NK-cell cytotox-
icity against a panel of genetically-diverse melanoma cell lines and observed
a highly heterogeneous susceptibility. Melanoma cell protein microarrays
revealed a correlation between protein abundance/activation and NKmK.
A’protein-killing-signature”, identified metabolic factors as essential regu-
lators of NKmK. Using 2D and 3D killing assays and melanoma xenografts,
we demonstrated that the PI,K/Akt/mTOR signaling-axis controls NKmK via
expressional regulation of NK cell-relevant surface proteins. Moreover, we
developed algorithms to predict NKmK of additional melanoma cell lines and
the response of melanoma patients to anti-PD-1 checkpoint therapy. Our
findings identify novel NK-cell-related prognostic biomarkers and might thus
contribute to improved and personalized melanoma-directed immunothera-
pies.




Active fluctuations of Microtubules
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Microtubules are a key part of the cytoskeleton of eukaryotic cells. They
are responsible for a wide range of mechanical properties and serve
many different tasks within the cell e.g. they play an important role during
mitosis. In order to be able to fulfill these tasks the microtubules have to
be able to adapt their shape. However, Gittes et al have shown in vitro [1]
that isolated microtubules have a very high thermal persistence length,
which in fact means that they are very rigid and therefore do not show a
high degree of bending. In this work the bending spectra of microtubules
within a cell are investigated and their persistence length is analysed. It
can be shown that the persistence lengths of the filaments in vivo are two
orders of magnitudes smaller than in vitro and the bending spectrum of
the filaments has a fundamentally different shape compared to purely
thermally fluctuating ones. Besides the analysis of the experimental data
a theoretical model is developed where active cross-linkers deform the
microtubule and therefore lower their persistence length. This model for
the dynamics of microtubules is able to reproduce experimental results
and explain a possible origin of the high deformations of microtubules in
living cells.

[1] Gittes F, Mickey B, Nettleton J and Howard J, The Journal of Cell Biology, 120:923-934
(1993).




Sensing lipid saturation: biochemically
reconstituting a signal amplifying mechanism
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Biological membranes are complex materials consisting of proteins and
lipids. The lipid composition of a membrane determines its physical prop-
erties and impacts its function. To maintain these properties, the lipid
composition must be sensed and tightly controlled. The sensory machin-
eries that monitor membrane properties must sense signals encoded in
the motion of lipid molecules on the nanosecond timescale, but their out-
put functions are robust and on the time scale of milliseconds to hours.
Little is known how membrane property sensors amplify and transduce
the signals that they pick up from the membrane. We study the endoplas-
mic reticulum (ER] resident lipid saturation sensor Mga2 of Saccharomy-
ces cerevisiae to investigate its mechanism of signal amplification. In-
creased levels of saturated lipids in the ER lead to the activation of Mga2,
which involves the covalent attachment of a chain of ubiquitin molecules
onto MgaZ2. A theoretical model of signal amplification suggests that min-
imal changes in the rate of ubiquitin attachment upon ubiquitin chain as-
sembly could indeed be harnessed to amplify a signal originating from
the membrane. We aim to i) biochemically reconstitute signal amplifica-
tion by Mga2 with its ubiquitylation machinery, ii) establish a quantitative
kinetic model, and iii) study the role of deubiquitylation in vitro and in vivo.
We can already show that the reconstituted Mga2 sensor is ubiquitylated
in vitro. The absolute amount of Mga2 and its several distinct ubiquityl-
ated species can be sensitively quantified using an in-gel fluorescence
detection




Simulation of Liquid Jet Explosions and Shock
Waves Induced by X-Ray Free-Electron Lasers
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X-ray free-electron lasers (XFELs) produce X-ray pulses with very high
brilliance and short pulse duration. These properties enable structural
investigations of nanocrystals or single biomolecules, and they allow re-
solving the dynamics of biomolecules down to the femtosecond times-
cale. To deliver the samples rapidly into the XFEL beam, liquid jets are
used. The impact of the X-ray pulse leads to vaporization and explosion of
the liquid jet, while the expanding gas launches shock wave trains trav-
eling along the jet that can affect biomolecular crystals before they have
been probed. Here, we used atomistic molecular dynamics simulations
to reveal the structural dynamics of shock waves after an X-ray impact.
Analysis of the density in the jet revealed shock waves that form close
to the explosion center and travel along the jet. A trailing shock wave
formed after the first shock wave, similar to the shock wave trains in ex-
periments. Although using purely classical models in the simulations, the
resulting explosion geometry and shock wave dynamics closely resemble
experimental outcomes, and they highlight the importance of the jet sur-
face in shock wave propagation and attenuation.




Hydra: a possible dependence of Wnt/B -Catenin
signaling on the microtubule cytoskeleton during
early regeneration and axis formation

Faezeh Darki' and Albrecht Ott’

'Zentrum fiir Biophysik, Universitit des Saarlandes, Saarbriicken, Germany

The phylogenetically old genus Hydra (class Hydrozoa), has the ability
to regenerate from fragments. This process shows a striking similarity
to the development of early embryos of other animal species regarding
genes expressed and patterns formed. Hydra is an established model or-
ganism that can give us insights into development of embryonic tissue,
establishment of body axis, regeneration of the tissue and the evolution
of multicellular organisms. Here, we investigate the mechanisms of axis
formation. At the axis defining moment, the early hydra embryo exhibits
a strong sensitivity to external mechanical perturbations [1]. We devel-
op the idea that these mechanical fluctuations induce the orientation of
microtubules, which contribute to B-catenin nuclear translocation in-
creasing the organizer-forming potential of the cells. We will investigate
this hypothesis, among others, by applying mechanical forces on hydra
spheres with magnetic tweezers.

[1] H. Sander, A. Pasula, M. Sander, V. Giri, E. Terriac, F. Lautenschlaeger, and A. Ott, bioRxiv
(2020).




Insight into the topology of the monotopic hairpin
protein UBXD8 in endoplasmic reticulum bilayer
and lipid droplet monolayer membranes

Ravi Dhiman', Chetan Poojari?, Jochen S. Hub? and Bianca Schrul’

'Center for Molecular Signaling (PZMS], Medical Biochemistry & Molecular Biology, Saarland
University, Homburg, Germany
2Theoretical Biophysics, Saarland University, Saarbriicken, Germany

Lipid droplets (LDs) are ubiquitous organelles that act as an “energy
sink” to sequester excess metabolic energy in the form of neutral lip-
ids, particularly triacylglycerides and sterol esters. They originate from
the endoplasmic reticulum where the local accumulation of neutral lip-
ids within the phospholipid bilayer membrane triggers the formation of
new LDs that eventually consist of a hydrophobic neutral lipid core that
is encapsulated by a phospholipid monolayer. The surface of LDs is dec-
orated with several proteins, including metabolic enzymes that regulate
LD functions. Class | LD proteins are initially inserted into the ER bilayer
membrane from where they can partition to the LD monolayer surface.
They can associate with the membranes using amphipathic helix motifs
or by adopting a monotopic hairpin topology. How such proteins are tar-
geted and topologically arranged in ER and LD membranes is still not
fully understood. In this study, we combined a cysteine solvent accessi-
bility method (PEGylation assay) with molecular dynamics (MD) simu-
lations to obtain structural insight into the topology of the ER/LD pro-
tein UBXD8 in both, ER and LD membranes. We could precisely map the
membrane-embedded UBXD8 hairpin domain that is buried inside the ER
bilayer and revealed that this domain is more solvent exposed on the LD
monolayer. MD simulations corroborate our experimental observations
and suggest that UBXD8 adopts a deeply embedded V-shape topology in
the phospholipid bilayer with two anti-parallel a-helices facing each oth-
er. In contrast, on the LD monolayer, UBXD8 is more solvent exposed by
adopting a shallow conformation resulting from the opening of a-helices.
These findings allow us to raise new working hypothesis on the molecular
mechanisms underlying ER-to-LD protein partitioning.




Developing a tunable biomaterials platform
to mimic the intercellular interface
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Cells form specialized types of adhesions with their surrounding envi-
ronment, amongst them the integrin-based focal adhesions (cell-ECM]
and cadherin-based adhesions (cell-cell) [1]. Both of these cell-adhesion
types are able to sense mechanical environmental cues and influence cell
behavior [2, 3]. Moreover, there is evidence that they can establish a close
mechanical crosstalk, with some studies showing a competitive relation-
ship [4, 5] and others a cooperative [6]. To further study the nature of
the interplay between integrin and cadherin-based adhesions, a platform
that allows for the fine tuning of the mechanochemical properties of two
orthogonal interfaces is needed. Using polylacrylamide), an inexpensive,
cytocompatible material widely used for mechanobiology studies [7], our
group is developing a 2.5D artificial microenvironment that allows for in-
dependent, orthogonal tuning of both mechanical and chemical proper-
ties. The method involves a soft molding step allowing for the separate
polymerization of two hydrogel layers with different coupling chemistries.
This platform has the potential to become a powerful tool for studying
mechanosensing at the cell adhesion level, as well as for unraveling the
intricacies of the crosstalk stablished between cell-cell and cell-matrix
adhesions.

[1] C. Collins, PNAS 114, E5835 (2017)

[2] A. Totaro, Nature Communications 8, 15206 (2017)

[3] Q. Le Duc, Journal of Cell Biology 189, 1107 (2010)

[4] W. Guo, Biophysical Journal 90, 2213 (2006)

[5] Y. Wang, Proc Natl Acad Sci U S A 103, 1774 (2006)

[6] H. Yamamoto, Nature Communications 6, 6429 (2014)
[7] A.K. Denisin, ACS Appl. Mater. Interfaces 8, 21893 (2016)




Deregulation of Histone Modification Associates to
Alternative Splicing of Developmental Genes
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Alternative exon usage is known to affect a large portion of genes in
mammalian genomes. Importantly,different splice forms sometimes lead
to distinctly different protein functions. We analyzed data from theHuman
Epigenome Atlas (version 9) whereby we connected the differential usage
of exons in variousdevelopmental stages of human cells/tissues to dif-
ferential epigenetic modifications at the exon level. Intotal, we analyzed
19 different human tissues in adult and cultured cells that mimic early
developmentalstages. We found that the differential incidence of protein
isoforms across developmental stages was oftenassociatedwithchang-
esinhistonemarksatexonboundaryregions.Manyofthosegenesthataredif-
ferentially regulated at the exon level were found to be functionally asso-
ciated with development andmetabolism. We concluded that the analysis
pipeline was suitable for providing a mechanistic view to cellreprogram-
ming events at molecular level that is meaningful for the study of cell
identity, differentiation, and development.




Effect of oral biofilm on the formation and
persistence of fluoride layers on dental enamel
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The use of dental care products containing fluoride for caries prophylaxis
in the daily oral hygiene is established for many decades. However, little is
known about the impact of oral biofilm on the formation and persistence
of fluoride layers on enamel. The continuously growing oral biofilm de-
velops immediately after oral hygiene starting with the adsorption of sal-
ivary macromolecules to enamel surfaces. The subsequent adhesion of
microorganisms begins within hours. Here we studied the effect of oral
biofilm on fluoridation with the most commonly used fluoride compounds
NaF and olaflur (10,000 ppm). Fluoride application was performed in vi-
tro either on biofilm-free or on 3 min-biofilm covered bovine enamel test
specimens for 5 min. To examine the fluoridation persistence under in
vivo conditions, 3 min-biofilm covered specimens were fluoridated and
then exposed orally for 24 h before final evaluation. The analyses of all
specimens were performed by scanning electron microscopy and ener-
gy dispersive X-ray spectroscopy. Both NaF and olaflur formed homo-
geneous and persistent fluoride layers on biofilm-free enamel and on
3 min-oral biofilms. The simulation of the in vivo conditions showed for
both substances that fluoride is detectable on the tooth surface up to 24
h after oral exposure. However, in comparison to NaF fluoridation with
olaflur was about twice as persistent.




Impact of Narrow Constraint on Single Cell Motion
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Carcinoma progression is associated with of a loss of epithelial characteristics in
tumor cells, combined with a gain in mesenchymal ones, a process known as the
epithelial-to-mesenchymal transition (EMT) [1]. During carcinoma development
and invasion, epithelial cells assume an elongated morphology and disarranged
polarity in order to migrate and degrade the surrounding extra-cellular environ-
ment, intravasate into the lymphatic and circulatory system, and reach distant
tissues and organs [2]. At a molecular level, tumor tissues appear to exhibit an
abnormal expression of epithelial markers together with a higher expression of
proteins associated to cell migration [3].

In this study, we assess the potential invasiveness of five human breast carcinoma
cell lines through single cell migration assays in confinement. For this purpose,
we use a novel microfluidic device to investigate the ability of both mesenchymal
and epithelial breast carcinoma cells to deform and migrate through narrowing
microstructures upon chemoattractant stimulation. We find that normal epithe-
lial cells are able to migrate through the narrowest micro-constrictions as the
more invasive mesenchymal cells. We also demonstrate that migration of epi-
thelial cells through a highly compressive environment can occur in absence of a
chemoattractive stimulus, thus evidencing that they are just as prone to react to
mechanical cues as invasive cells.

We then evaluate the expression of vimentin and cytokeratin (CK) intermediate
filaments (IFs) in our cell lines through immunostaining and western blots, and
observe how the IF cytoskeletal network responds to the compressive stress ap-
plied by narrow micro-channels, and whether differences in IF protein expres-
sion affect the migratory behavior of our cells. We find no remarkable difference
between the mechanical behaviors of the keratin and vimentin networks during
migration through our micro-constrictions. Moreover, since vimentin positive
mesenchymal cells did not display invasive behavior, while other vimentin neg-
ative cells did, we conclude that vimentin protein expression does not strongly
correlate to single cells invasive behavior in confinement.

[1] Kalluri, R., Weinberg, R.A., J Clin Invest 119, 1420-1428 (2009).

[2] Lange, J.R., Fabry, B., Experimental Cell Research, Special Issue: Cell Motility and Me-
chanics 319, 2418-2423 (2013).

[3] Poliudaki et al., BMC Cancer 15 (2015).




A methylation-directed, synthetic pap switch based
on self-complementary regulatory DNA reconstituted
in an all E. coli cell-free expression system
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Pyelonephritis-associated pili (pap) enable migration of the uropatho-
genic Escherichia coli strain (UPEC) through the urinary tract. UPEC can
switch between a stable ‘ON phase’ where the corresponding pap genes
are expressed and a stable ‘OFF phase’ where their transcription is re-
pressed. Hereditary DNA methylation of either one of two GATC motives
within the regulatory region stabilizes the respective phase over many
generations. The underlying molecular mechanism is only partly under-
stood. Previous investigations suggest that in vivo phase-variation stabil-
ity results from cooperative action of the transcriptional regulators Lrp
and Papl. Here, we use an E. coli cell-free expression system to study
molecular functions of the pap regulatory region based on a specially de-
signed, synthetic construct flanked by two reporter genes encoding fluo-
rescent proteins for simple readout. Based on our observations we sug-
gest that Lrp and the conformation of the self-complementary regulatory
DNA play a strong role in the regulation of phase-variation. Our work not
only contributes to better understand the phase variation mechanism,
but it represents a successful start for mimicking stable, hereditary and
strong expression control based on methylation. Since the regulatory
DNA cruciform conformation corresponds to a Holliday Junction, gene
expression is expected to respond if opposite arms of the junction are
separated.
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Vesicle fusion with a target membrane is a key event in cellulartraffick-
ing and ensures cargo transport within the cell and between cells. The
formation of a protein complex, called SNAREpin, provides the energy
necessary for the fusion process. In a three-dimensional microfluidic
chip, we monitored the fusion of small vesicles with a suspended asym-
metric lipid bilayer. Adding ionchannels into the vesicles, our setup al-
lows the observation of a single fusion event by electrophysiology with
10-ps precision. Intriguingly, we identified that small transient fusion
pores of discrete sizes reversibly opened with a characteristic lifetime
of~350 ms. The distribution of their apparent diameters displayed two
peaks, at 0.4+0.1 nm and 0.8+0.2 nm. Varying the number of SNAREpins,
we demonstrated that the first peak corresponds to fusion pores induced
by a single SNAREpin and the second peak is associated with pores in-
volving two SNAREpins acting simultaneously. The pore size fluctu-ations
provide a direct estimate of the energy landscape of the pore.By extrap-
olation, the energy landscape for three SNAREpins does not exhibit any
thermally significant energy barrier, showing that pores larger than 1.5 nm
are spontaneously produced by three or more SNAREpins acting simul-
taneously, and expand indefinitely. Our results quantitatively explain why
one SNAREpin is sufficient to open a fusion pore and more than three
SNAREpins are required for cargo release. Finally, they also explain why a
machinery that synchronizes three SNAREpins, or more, is mandatory to
ensure fast neurotransmitter release during synaptic transmission.

PNAS Vol. 118 No. 5 €2024922118 (2021)
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Cells sense stiffness of surrounding tissues and adapt their activity, pro-
liferation, motility and mechanical properties based on such interactions.
Cells probe the stiffness of the substrate by anchoring and pulling to their
surroundings, transmitting force to the extracellular matrix and other
cells, and response to the resistance they sense, mainly through chang-
es in their cytoskeleton [1]. Cancer and other diseases alter stiffness of
tissues, and the response of cancer cells to this stiffness can also be
affected [2]. In the present study we show that MCF-7 breast cancer cells
seeded on polyacrylamide gels have the ability to detect the stiffness of
the substrate and alter their mechanical properties in response. MCF-7
cells plated on soft substrates display lower stiffness and viscosity when
compared to those seeded on stiffer gels or glass. These differences
can be associated with differences in the morphology and cytoskeleton
organisation, since cells seeded on soft substrates have a round mor-
phology while cells seeded on stiffer substrates acquire a flat and spread
morphology with formation of actin filaments, similar to that observed
when seeded on glass. These findings show that MCF-7 cells can detect
the stiffness of the surrounding microenvironment and thus, modify their
mechanical properties.

[1]1 P.A. Janmey et al., Physiol Rev, 100: 695-724 (2020).
[2] L. Chin et al., Curr Opin Chem Eng, 11: 77-84 (2016).
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Biological membranes define the boundaries of living organisms and or-
ganelles. Their physicochemical properties are determined by the lipid
and protein composition. An important parameter is the degree of lipid
saturation which determines lipid packing, water permeability, and mem-
brane fluidity. Key for maintaining such physicochemical properties are
sensor proteins that examine and regulate lipid compositions. However,
so far little is known about the mechanisms that sense and control the
different membranes properties. An excellent model to study the regula-
tion of the lipid acyl chain composition is the OLE pathway that controls
the production of unsaturated fatty acids in Saccharomyces cerevisiae.
Within the OLE pathway the ER-resident transcription factor Mga2 gets
ubiquitylated by the E3-ligase Rsp5 when the cell requires the production
of unsaturated fatty acids and gets processing by the proteasomes which
releases an active form that induces the expression of the A9-fatty acid
desaturase OLET.

Our aim was to investigate the sensing mechanism and the signal trans-
mission from Mga2’'s transmembrane region to its ubiquitin site. The
data from our Férster Resonance Energy Transfer (FRET) experiments
indicates that the juxtamembrane region with its structural dynamics
could serve as an amplifier or lever for the fluctuating signal from the
sensory TMH.
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Vesicular cargo transport inside a cell is carried out by multiple molec-
ular motors such as kinesins and dyneins walking along a microtubule
network. Various cargos have to be delivered to specific locations at spe-
cific times during the cell cycle. This is regulated by many factors such as
number of motors carrying a cargo, vesicle fluidity etc. How an ensemble
of motors co-ordinate to transport vesicular cargo is not very well under-
stood. In this study, we aimed to understand the influence of motor den-
sity on cargo transport. Thereby, we developed in vitro liposomal stepping
motility assay using kinesin-3 motor, KIF16B, which can bind directly to
liposomes via its C-terminal tail and walk along microtubules with its
N-terminal motor heads. Using TIRF microscopy and single particle
tracking, we found that the velocity of the liposomes decreases with in-
creasing motor concentrations. However, at low motor concentration the
liposomes pause more frequently compared to high motor concentration
where the transport was slower but more robust. In contrast, previous
studies have reported that velocity of a rigid cargo such as a bead doesn’t
vary with change in motor concentration [1]. Our results demonstrate
that mechanical coupling of multiple motors via a diffusive lipid bilayer
influences the transport properties of a vesicular cargo.

[1] Beeg et. al. Transport of beads by several kinesin motors. Biophysical journal, 94(2):532-
541, 2008
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Caries is one of the most prevalent diseases worldwide, which is charac-
terized by a degradation of the mineralized tooth enamel. The opportunistic
pathogen Candida albicans is considered as a major causal agent for caries
in children.[1] Although tooth enamel specimens have been well charac-
terized by atomic force microscopy,[2] this technique has not been used yet
to study the adhesion strength of C. albicans on the same material.

We applied Fluidic Force Microscopy-based single-cell force spectros-
copy to determine the key adhesion parameters “maximum adhesion
force”, “rupture length” and “de-adhesion work” of single yeast cells on
tooth enamel with or without adsorbed salivary molecules, in presence
and absence of human saliva on the yeast cell surface.

We observed maximum adhesion forces in the lower nanonewton range
for all tested conditions. Significant increases in all adhesion parameters,
however, were noticed for naive and saliva-pretreated yeast cells probed
on saliva-pretreated, and on in situ-formed pellicle of the enamel when
compared to the uncovered enamel surface. These data suggest that the
initial adhesion of naive C. albicans yeast cells to tooth enamel occurs
through strong interactions between yeast cell wall-associated adhes-
ins and the salivary pellicle formed on teeth, through which this fungus
might be well adapted to the conditions seen in the oral cavity.

[1] J Xiao et al., Caries Res. 52 (2018).
[2] M Hannig et al., Colloid & Polymer Science, 279.5 (2001).
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Compartmentalization of an aqueous solution is of utmost importance
in biology. Typically, the matrix of the membranes forming the compart-
ments is a phospholipid bilayer. Thereby, the amphiphilicity of the lipids is
necessary for bilayer formation. Yet, for applications in, e.g., biomedicine
or synthetic biology, phospholipids are limited in their variety in mechan-
ical and biochemical properties and thus, alternative building blocks are
needed. Proteins are promising candidates due to their biocompatibility
and versatility via genetic engineering. A special family of strongly am-
phiphilic proteins, hydrophobins, appears to be particularly suited. In this
study, we utilize fungal hydrophobins which self-assemble at water-in-
terfaces into stable monolayer films. Contacting two interfacial films,
stable bilayer membranes resembling lipid bilayers can be produced [1].
We study the assembly process of the monolayers and the mechanical
properties of mono- and bilayers. At the interface, the proteins organize
in clusters in which the proteins obtain a crystalline order [2]. In AFM
membrane stretching experiments, we determine the elastic modulus of
these monolayer films. We find a remarkably high value, very likely owing
to the high cohesion in the 2D crystal structure. Yet, in the bilayer form,
the modulus seems to be reduced, hinting at a protein reordering during
bilayer formation.

[1] Hahl, H. et al.,, Adv. Mater 29, 1602888 (2017).
[2] HahL, H. et al,, Langmuir 35, 9202 (2019).
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Understanding and controlling microbial adhesion is an important bio-
medical problem. While it is known that adhesion is mediated by ther-
mally fluctuating cell wall macromolecules [1], many properties, such as
the distribution of adhesive strength over the cell wall, are still unknown.
In addition, it is still unclear how different materials and their natural or
artificial structuring affect bacterial adhesion and viability. Here, we use
a combination of single-cell force spectroscopy (SCFS) and wet plating to
determine the adhesion and viability of Staphylococcus aureus on struc-
tured surfaces. The resulting ‘adhesion profiles’” in SCFS, force-distance
curves, can be interpreted with the help of Monte Carlo simulations: By
changing the parameters in the simulations, different phenomena can be
decoupled, for example, the mechanical stretching of macromolecules
from the area accessible for bacterial adhesion. We find that simple geo-
metric considerations of accessible bacterial surface area are insufficient
to explain the adhesion profiles. Rather, angle dependent molecule-sub-
stratum interactions are responsible for ‘bathtub’-like adhesion profiles.
Furthermore, several distinct spots of high adhesion capability are re-
sponsible for peaked adhesion profiles, corroborating the view that a bac-
terium can be seen as a ‘patchy sphere’.

[1] Christian Spengler, Erik Maikranz, Ludger Santen and Karin Jacobs, Front. Mech. Eng.,
7:661370 (2021).
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Many biological membranes are asymmetric and exhibit complex lipid
composition, comprising hundreds of distinct chemical species. Identi-
fying the biological function and advantage of this complexity is a cen-
tral goal of membrane biology. Here, we study how membrane complex-
ity controls the energetics of the first steps of membrane fusions, that
is, the formation of a stalk. We first present a computationally efficient
method for simulating thermodynamically reversible pathways of stalk
formation at coarse-grained resolution. The new method reveals that the
inner leaflet of a typical plasma membrane is far more fusogenic than
the outer leaflet, which is likely an adaptation to evolutionary pressure.
To rationalize these findings by the distinct lipid compositions, we com-
puted ~200 free energies of stalk formation in membranes with different
lipid head groups, tail lengths, tail unsaturations, and sterol content. In
summary, the simulations reveal a drastic influence of the lipid compo-
sition on stalk formation and a comprehensive fusogenicity map of many
biologically relevant lipid classes.

[1] CS Poojari, KC Scherer, and JS Hub, Free energies of stalk formation in the lipidomics
era, BioRxiv, doi:10.1101/2021.06.02.446700

[2] JS Hub and N Awasthi, Probing a continuous polar defect: A reaction coordinate for pore
formation in lipid membranes, J. Chem. Theory Comput., 13, 2352-2366 (2017)
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Monitoring biomechanics of cells or tissue biopsies employing atomic
force microscopy (AFM] offers great potential to identify diagnostic bio-
markers for diseases, such as colorectal cancer (CRC). Data on the me-
chanical properties of CRC cells, however, are still scarce. There is strong
evidence that the individual zinc status is related to CRC risk. Thus, this
study investigates the impact of differing zinc supply on the mechanical
response of the in vitro CRC cell lines HT-29 and HT-29-MTX during their
early proliferation (24-96 h) by measuring elastic modulus, relaxation be-
havior, and adhesion factors using AFM. The differing zinc supply severely
altered the proliferation of these cells and markedly affected their me-
chanical properties. Accordingly, zinc deficiency led to softer cells, quan-
titatively described by 20-30% lower Young's modulus, which was also
reflected by relevant changes in adhesion and rupture event distribution
compared to those measured for the respective zinc-adequate cultured
cells. These results demonstrate that the nutritional zinc supply severely
affects the nanomechanical response of CRC cell lines and highlights the
relevance of monitoring the zinc content of cancerous cells or biopsies
when studying their biomechanics with AFM in the future.
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Store-operated Ca? entry is a ubiquitous mechanism that contributes to
the regulation of basal and receptor-triggered Ca? concentrations there-
by governing signaling and cell homeostasis. The two known isoforms
STIM1 and STIM2 sense the ER Ca? content and oligomerize to trigger
Ca? entry by gating Orai channels. We have characterized a novel STIM1
splice variant, STIM1B, where neuronal-specific insertion of an additional
short exon (11B]) results in a C-terminally truncated STIM1 lacking 145
amino acids including part of the C-terminal inhibitory domain (CTID),
microtubule associated EB binding sites, the S/P rich region and the poly-
basic domain. STIM1B shows slower kinetics of cluster formationand |, .
activated by STIM1B shows reduced slow calcium-dependent inactivation
(SCID). STIM1B is the predominant STIM1 isoform in cerebellar Purkinje
neurons but also displays prominent expression in hippocampal as well
as other neurons where it preferentially localizes to neurites in contrast
to a more somatic STIM1wt localization. Specifically, in autaptic hippo-
campal neurons, STIM1B, but not STIM1 causes synaptic facilitation upon
high frequency stimulation, demonstrating that cell-type specific splic-
ing may adapt neuronal SOCE to support synaptic function [1]. Current
work aims at delineating the targeting of SOCE components in neurons
using CRISPR/Cas9-mediated epitope tagging of endogenous proteins,
understanding frequency dependent regulation of transmitter release by
intracellular Ca? stores, identifying the specific sequence and the mech-
anisms responsible for exon specific function as well as investigating the
role of recruited additional channels and regulators.

[1] Ramesh G, Jarzembowski L, Schwarz Y, Konrad M, Poth V, Schwar G, Lauer AA, Grimm
MOW, Alansary D, Bruns D, Niemeyer BA: Short novel STIM1B uncovers a mechanism of
synaptic enhancement, Cell Reports, 2021, 34, 108844.
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Circulating Tumor Cells (CTCs] pose a significant threat due to their
role in metastasis: It has been proposed that CTCs are able to escape
the blood stream and reattach to the tissue by the formation of so-called
microtentacles. Microtentacles are microtubule-based membrane pro-
trusions with a diameter of less than 1 pm and a length of tens of pm. In
this work we show that (and how) microtentacles can be generated in
noncancer cells in suspension by weakening the actin cortex against the
force of growing microtubules. We particularly analyzed the structure of
the actin cortex and quantified the number and length of the generated
microtentacles. To demonstrate the dynamics of microtubule-based pro-
trusions against soft barriers we developed a stochastic model for growth
of microtubules with length-dependent dynamics at their tips. This allows
prediction of the influence of barrier stiffness on the microtentacle length
distribution.




Free Energy Simulations of Pore Formation
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Lipid membranes define biological cells by establishing a semi-perme-
able barrier. Pore formation plays a role in processes such as membrane
fusion and fission, the killing of bacterial cells with antimicrobial peptides,
and others. Although pores are heavily studied with a variety of methods,
the free energy landscape of the initial stages of the pore formation is still
not fully understood. We use molecular dynamics simulations to study the
mechanisms and energetics of pore formation. We overcome the chal-
lenge of exploring the free energy landscape using umbrella sampling
along a recently developed reaction coordinate[1, 2]. Here, we here study
the effects (i) of electric fields on the free energies of pore formation, as
applied during electroporation to allow cellular uptake of drugs or genes,
and (i) of the common small antifungal drug itraconazole and the solvent
DMOSI3]. The potentials of mean force (PMFs] show that electric fields
greatly stabilize open pores and lower the barrier for pore formation. We
also compare two methods for establishing transmembrane potential
in an MD simulation - external electric field and charge imbalance. Due
to itraconazole low solubility in water there are several liposome-based
formulations but the release mechanisms remain unclear. Interestingly,
whereas itraconazole has only a small effect on the structure of planar,
intact membranes, it strongly stabilized open pores[3].

[1] J. Hub and N. Awasthi, J. Chem. Theory Comput. 2017, 13, 2352-2366
[2] J. Hub, J. Chem. Theory Comput. 2021, 17, 1229-1239
[3] G. Kasparyan, C. Poojari, T. Rég, J. Hub, J. Phys. Chem.B, 124, 40, 8811-8821, Sept 2020
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Many studies have highlighted the importance of transmembrane recep-
tor proteins in the plasma membranes of biological cells. Photoreceptors
such as Archaerhodopsin (Arch) constitute a class of transmembrane
proteins that are highly sensitive to light. Light sensitivity of proteins has
been intensely investigated during the past decades. However, there is a
lack of information regarding the electrophysiological properties of the
pore forming Archaerhodopsin (Arch], as studied in vitro. Here, we use
a PDMS microfluidic chip with two channels that form unsupported bi-
layers between them. The technique enables simultaneous optical and
electrical assessments of the bilayer in real time. In this work we re-
combinantly produced Arch-3 using a cell-free expression system. We
synthesized a GFP labelled variant of Arch-3 to track its synthesis, using
fluorescence microscopy. The electrophysiological properties of Arch-3
incorporated in a suspended bilayer were studied using a green laser for
excitation. From the measurements we estimated the pore size of Arch-3
as 1.2 nm. Due to rapid cell-free prototyping just by changing the DNA,
our setup enables us to study also photoelectrical properties of modified
transmembrane protein constructs with ease. Moreover, Arch possess-
es the generic transmembrane structure of G-proteins. Our work rep-
resents a first step to study their cascade signaling in conjunction with
coupled receptor proteins.
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Breast cancer invasion is accompanied with changes in biochemical and
biophysical (mechanics, architecture) properties of complex native ex-
tracellular matrix (ECM).[1] Understanding the effects of ECM derived
cues on cancer cell response is critical to discover possible interventions.
Thus, engineering in vitro 3D models to systematically study cell-matrix
interactions has been an important focus in the field. To this hand, syn-
thetic poly(ethylene) glycol (PEG) based 3D hydrogels introduce tunability
to individually tailor cell-instructive matrix properties.[1] Here, we use
3D PEG-MS hydrogels, that are crosslinked with cell-degradable peptide
crosslinkers, to encapsulate PyMT breast cancer organoids, with non-in-
vasive luminal and invasive basal cells that show mechanosensitivity. We
individually tune the biochemical cues by using specific cell-adhesive
peptide ligands from fibronectin, collagen | or laminin 5. We control the
degree of crosslinking and network mechanics via polymer (PEG) density.
We investigate the invasive potential of organoids in different matrices
by studying the positioning of basal cells, nuclear localization of mecha-
nosensitive proteins, organoid growth and morphology. We finally aim to
translate our knowledge to gradually design more complex biomimetic
cancer microenvironments via combinatorial cues and control over ma-
trix architecture next to mechanics.

[1] Holle, A. W., Young, J. L. & Spatz, J. P. In vitro cancer cell-ECM interactions inform
in vivo cancer treatment. Advanced drug delivery reviews 97, 270-279, doi:10.1016/j.
addr.2015.10.007 (2016).




DNA opening during transcription initiation by human
RNA polymerase Il in atomic details: implications of
hydrogen bonds between protein loops and DNA
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RNA polymerase Il (RNAPII) is a macro-molecular complex that syn-
thesizes RNA by reading the DNA code, a process called transcription.
During the initiation step of the transcription, the RNAPII opens the dou-
ble-stranded DNA in order to read the DNA code. Since the formation of
the DNA transcription bubble remains poorly understood, we used mo-
lecular dynamics simulations to provide atomic-level insights into this
crucial step of transcription.

Here, by steering the simulations with a combination of (i) guided DNA
rotation and (i) path collective variables [1], we obtained for the first time
continuous atomic trajectories of the complete DNA opening process.
The simulations provide insights into the role of loop dynamics and pro-
tein-DNA interactions during DNA opening.

[1] Branduardi, D.; Gervasio, F. L.; Parrinello, M. From Ato B in free energy space. The Jour-
nal of Chemical Physics2007,126, 054103.
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Malaria is a key threat to public health worldwide. Recently, Plasmodi-
um-faciparum formate-nitrite-transporter (PfFNT) has been identified as
the malaria parasite’s lactate transporter and as a novel drug target[1].
A few putative inhibitors for PfFNT have been identified[2]. However, their
mechanism of binding and inhibition is not well understood. Here, we
used molecular dynamics simulation to study the function and inhibition
of PfFNT at an atomic level. The ligands MMV007839 and BH267.meta
have been identified as potential inhibitors. For these ligands, we derived
new parameters based on GAFF2. To do this, we used the HTMD Param-
eterize tool[3] complemented with Stochastic Conformational Analysis at
the semi-empirical level with ab initio refinement. The new parameters
reproduce the dihedral potentials of these ligands at the DF-MP2-aug-
cc-pVTZ level of theory. This is a remarkable improvement relative to ini-
tial GAFF2 parameters. In silico, we docked the ligands into the putative
binding site in the PfFNT structure. Our initial simulations are in agree-
ment with the reported experimental results.

[1] A. Golldack et al., PLoS Pathogens 13, 1-18 (2017).
[2] P. Walloch et al., Journal of Medicinal Chemistry 63, 9731-9741 (2020).
[3] R. Galvelis et al., Journal of Chemical Information and Modeling 59 3485-3493 (2019)




Baker’s yeast as a model for studying
chronic diseases related to ER stress
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An increasing number of studies indicate that saturated lipids can be
metabolically harmful and their role in inflammatory diseases such as
type Il diabetes is actively discussed [1]. Further there is collective evi-
dence linking type Il diabetes to chronic ER stress [2]. Using the baker’s
yeast as a model, we provide evidence for a direct role of aberrant lip-
id compositions in the ER for the onset and progression of chronic ER
stress. We show that increased lipid saturation causes chronic ER stress
with direct consequences for the viability of cells. Our studies reveal that
the so-called unfolded protein response (UPR] can perpetuate ER stress
thereby contributing to dramatic changes in ER morphology. We seek to
understand the molecular events and mechanisms that switch the UPR
from a beneficial, homeostatic response to a detrimental, cell death in-
ducing program. Our working hypothesis, supported by genetic, function-
al and lipidomic data is that

An overly saturated lipidome causes UPR activation
UPR activation upregulates lipid biosynthesis

3. Increased lipid synthesis leads to the production of even more sat-
urated lipids which cause a perpetuation of the UPR forcing the cell
to enter and be trapped in a vicious cycle that ultimately gives rise
to the formation of non-fluid gel phases in the ER

Our studies reveal that the UPR may contribute to disease development,
progression and the chronification there of by perpetuating a stress-in-
ducing condition.

[1] Risérus, U., Willett, W. C., & Hu, F. B. (2009). Dietary fats and prevention of type 2 diabe-
tes. Progress in lipid research, 48(1), 44-51. https://doi.org/10.1016/j.plipres.2008.10.002

[2] Eizirik, D. L., Cardozo, A. K., & Cnop, M. (2008). The role for endoplasmic reticulum
stress in diabetes mellitus. Endocrine reviews, 29(1), 42-61. https://doi.org/10.1210/
er.2007-0015
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Kinesin motor proteins organize the mitotic spindle by cross-linking and
sliding microtubules, which orchestrates the complex process of cell di-
vision. Some kinesins, such as kinesin-5 and kinesin-14, not only move
straight along a microtubule, but exhibit a lateral stepping component.
This results in a sideward motion, which has not been fully investigated
so far due to technical limitations. Here we explore how kinesin-5 and ki-
nesin-14 slide microtubules and estimate the rotational forces (torques),
that the motors produce. Using a 3D motility assay, we show that both
kinesin-5 and kinesin-14 drive the rotation of short microtubules around
long, suspended microtubules along helical trajectories. Further, we de-
velop a microtubule coiling assay in which sliding by kineisn-5 and kine-
sin-14 twists microtubules, indicative of torque generation. A theoreti-
cal simulation allows the quantification of the torque from the observed
microtubule bending. These results reveal that kinesin-5 and kinesin-14
both rotate microtubules around each other and generate torque. We
hypothesize that this behavior serves to organize spindle fibers, to cir-
cumnavigate roadblocks and to break symmetry through chirality of the
mitotic spindle.
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Stochastic search processes are ubiquitous in nature and are expect-
ed to become more efficient when equipped with a memory, where the
searcher has been before. A natural realization of a search process with
long-lasting memory is a migrating cell that is repelled from the diffusive
chemotactic signal that it secrets on its way, denoted as auto-chemo-
tactic searcher. To analyze the efficiency of this class of non- Markovian
search processes we present a general formalism that allows to compute
the mean first passage time (MFPT) for a given set of conditional transi-
tion probabilities for non-Markovian random walks on a lattice. We show
that the optimal choice of the n-step transition probabilities decreases
the MFPT systematically and substantially with an increasing number of
steps. For a single auto-chemotactic searcher, an optimal coupling be-
tween the searcher and the chemical reduces the MFPT to 1/3 of the one
for a Markovian random walk. This best point consists in a compromise
between a blind diffusive search corresponding to the case with no inter-
action, and an ineffective ballistic search for the strong interaction case.
However, when more searchers are present, this optimal searcher-cue
coupling is modified to become infinitely strong as the density of walkers
is high.

[1] H. Meyer and H. Rieger, Physical Review Letters 127, 070601 (2021).




Hydroxyapatite pellets as versatile model surfaces
for systematic adhesion studies on enamel

Johannes Mischo', Thomas Faidt!, Ryan B. McMillan', Johanna Dudek?,
Gubesh Gunaratnam?, Pardis Bayenat', Anne Holtsch', Christian Spen-
gler!, Frank Miiller', Hendrik Hahl', Markus Bischoff?, Matthias Hannig?,
Karin Jacobs™

'Experimental Physics and Center for Biophysics, Saarland University, 66123 Saarbriicken, Ger-
many

2Clinic of Operative Dentistry, Periodontology and Preventive Dentistry, Saarland University,
66421 Homburg/Saar, Germany

3Institute of Medical Microbiology and Hygiene and Center for Biophysics, Saarland University,
66421 Homburg/Saar, Germany

Research into materials for medical application draws inspiration from
naturally occurring or synthesized surfaces. Particular attention must be
paid to biocompatibility, osseointegration and bacterial adhesion behav-
ior. To understand their properties and behavior, experimental studies
with natural materials such as teeth are strongly required. The results,
however, may be highly case-dependent because natural surfaces have
the disadvantage of being subject to wide variations, for instance in their
chemical composition, structure, morphology, roughness, and porosity.
Synthetic surfaces which mimic enamel in its performance with respect
to bacterial adhesion and biocompatibility, therefore, facilitate systematic
studies. We performed single-cell force spectroscopy with single Staph-
ylococcus aureus cells to measure adhesion-related parameters such as
adhesion force and rupture length of cell wall proteins binding to enam-
el and synthetic hydroxyapatite (HAp) pellets. We examine the influence
of blood plasma and saliva on the adhesion properties of S. aureus and
match these results to water wettability, elemental composition of the
samples and the change in the macromolecules adsorbed over time on
the surface. We found that the adhesion properties of S. aureus were sim-
ilar on HAp and enamel samples under all conditions and we therefore
conclude that HAp pellets are a good alternative for natural dental ma-
terial [1].

[1] Mischo, J.; Faidt, T.; McMillan, R.B.; et. al. Hydroxyapatite pellets as versatile model sur-
faces for systematic studies on enamel. bioRxiv 2021, DOI: 10.1101/2021.01.05. 426207




In vitro study of Influenza virus-like particles
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A crucial step for viral infections is the penetration of a virus particle in
a cell where it might be replicated. In principle, the trimeric viral hem-
agglutinin protein binds to sialic acid, commonly Neub5Ac, to adhere to
host cells (1). We are using virus-like particles (VLP], a non-infectious
variant of influenza viral particles, and study their fusion properties with
a model cell membrane. As model membrane, a bilayer is formed ina 3D
microfluidic device by contacting two lipid monolayer decorated water-oil
interfaces. After the formation of the bilayer, VLPs are dispersed near
the bilayer and their fusion with the bilayer is studied by fluorescence
microscopy and electrophysiological measurements (Patch Clamp). Our
model system aims at defining the interactions between the virus parti-
cles and cell membranes which is essential to combat viral infections and
improve viral vectors as therapeutic agents.

[1] Stencel-Baerenwald, J., Reiss, K., Reiter, D. et al. The sweet spot: defining virus-sialic
acid interactions. Nat Rev Microbiol 12, 739-749 (2014)




DNA oligomer binding in competition
reveals interactions beyond stacking
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DNA hybridization, the binding of two complementary DNA single strands
forming a double helix, is a highly sequence specific molecular recogni-
tion process that plays important roles in biology and nanotechnology.
However, DNA binding in complex situations in presence of the competing
partner is poorly understood. We find that the ratio of the binding affin-
ities in competition changes compared to pairwise measurements. This
is the signature of the interaction among the competitors on the probe.
We additionally compare the pairwise binding constants of DNA oligonu-
cleotide strands from fluorescence anisotropy to the values from fluores-
cence correlation spectroscopy. For a specific case with a mismatched
sequence we observe that the binding constants from both techniques
differ by two orders of magnitude. We emphasize that the situations be-
yond a simple helix formation require careful interpretation, considering
the employed measurement technique and the type of interaction at the
binding site. These situations may involve other molecular conformations
than an undisturbed double helix.
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Intracellular transport is essential for the functionality of the cell. Micro-
tubule-based transport is carried out by opposite-directed kinesin and
dynein motors. How the cell regulates bidirectional transport by multiple
dynein and kinesin motors remains an open question. Motor number, ATP
or roadblock concentrations [1], as well as the cargo itself might regulate
bidirectional cargo transport. By developing mathematical kinesin and
dynein models, which are based on known single motor properties [2],
we use Monte Carlo simulations to understand the underlying process-
es of the experiment. We found that motor type and number determine
the transport direction in bidirectional gliding assays, while ATP or road-
blocks have no effect [1].

Intracellular cargos often have a membrane composed of a lipid-bilayer, on
which motors can diffuse [3]. How the membrane diffusion influences cargo
transport is not well understood. Experimental data of membrane-bound
cargo transport (see abstract by Rahul Grover et al.] shows directed motion
with frequent pausing events. The simulation predicts that pausing comes
from some passive motors. These passive motors could be a result of a)
non-functional motor heads or b) the geometry of the experimental assays,
which might interrupt the mobility of motors on MT.

[1] G. A. Monzon, L. Scharrel, A. DSouza, V. Henrichs, L. Santen, and S. Diez, Journal of Cell
Science 133, jcs249938 (2020).

[2] G. A. Monzon, L. Scharrel, L. Santen, and S. Diez, Journal of Cell Science 132, jcs220079
(2018).

[3] K. WeiB3, A. Neef, Q. Van, S. Kramer, |. Gregor, and J. Enderlein, Biophysical Journal 105,
j-bpj.2013. 06.004 (2013).
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Surface topography plays a decisive role for the formation of biofilms and the be-
haviour of adhered microbials such as cells or bacteria. Newer studies revealed
that a description of surface roughness by a root mean square (RMS] value only is
a too simple model to capture the topography involved in bacterial adhesion [1]. We
show that the RMS could not explain the change in the adhesive behavior of Staphy-
lococcus aureus on black Si samples featuring a variable nanoroughness. However,
the Minkowski functionals from integral geometry provide a comprehensive and
robust characterization of complex random structures [2] that have been success-
fully applied to a variety of applications, including material science [3] and pattern
formation [4]. Minkowski functional analysis of nanorough surfaces can reliably dis-
tinguish topographies with similar RMS values of surface roughness. Thus, shape
analysis based on Minkowski functions yielded a quantitative agreement between
the fraction of the surface accessible to the tethering macromolecules and the ad-
hesion forces determined experimentally [1].

In this poster we will focus on the intuitive interpretation of the scalar and ten-
sorial Minkowski functionals and discuss their advantage compared to the RMS.
Furthermore, we will analyze the surface topography of dental ceramics and
black Si by atomic force microscopy and show a way to calculate the Minkowski
measures in dependence of height, which leads to quantitative comparison of the
different types of roughness.

[1] Spengler, C. et al. Strength of bacterial adhesion on nanostructured surfaces quantified
by substrate morphometry. Nanoscale11, 19713-19722 (2019).

[2] Schroder-Turk, G. E. et al. Minkowski Tensor Shape Analysis of Cellular, Granular and
Porous Structures. Adv. Mater.23, 2535-2553 (2011).

[38] R. T. Armstrong, J. E. McClure, V. Robins, Z. Liu, C. H. Arns, S. Schliiter, and S. Berg.
PorousMedia Characterization Using Minkowski Functionals: Theories, Applications and
Future Directions. Transport in Porous Media, 2018.

[4] J. Becker, G. Griin, R. Seemann, H. Mantz, K. Jacobs, K. Mecke, and R. Blossey. Complex
dewetting scenarios captured by thin-film models. Nature Materials, 2:59-63, 2003.
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Hydrophobins are a family of surface-active proteins known for their small
size and strong amphiphilicity. HFBl is a protein from this family produced
by Trichoderma reesei. We use these proteins to form artificial bilayers
[1] and vesicles [2]. Compared to ordinary lipid bilayers, hydrophobin bi-
layers are similar in thickness but can maintain a much higher lateral
tension [1], which makes them interesting for artificial vesicles. These
artificial vesicles could be of great importance for drug delivery, but also
for vaccines, which have recently attracted a lot of interest. A fundamen-
tal property of drug carriers is the exchange with their environment. The
water permeability of these protein vesicles is therefore a crucial param-
eter to explore. We measured the permeability of HFBl membranes using
the droplet interface bilayer technique. By measuring the volume change
of two droplets of different salt concentration connected by a bilayer, the
permeability can be derived. Our experiments showed that HFBI bilay-
ers have a very low water permeability, about two orders of magnitude
lower than conventional lipid bilayers, which are known for their low per-
meability. They also withstand much higher osmotic pressure than lipid
membranes. This ensures safe packaging of potential compounds in the
vesicles. Furthermore, we can manipulate these properties by inserting
other proteins or channels, as we have already done with a hydrophobin
mutant or the rather simple ion channel gramicidin A [2]. In this context,
we are exploring a vesicle formation technique to create a large number
of vesicles that can be filled with drugs or specific solutions. We achieve
this with a combination of microfluidics and centrifugation.

[1] HahL, H. et al., Langmuir 34, 8542 (2018).
[2] H&hL, H. et al., Adv Mater 29, 1602888 (2017).
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Epithelial cells transmit signals through chemical and mechanical sig-
nals during different processes like wound healing. [1]1[2] Several studies
have been done to investigate the mechanical forces transmitted through
the extracellular matrix with techniques like traction force microscopy,
where the passive reaction of the cells has been explored but an active
force interaction.[3][4] We propose a method to interact with the epithe-
lial cells conserving the integrity of the monolayer. Based on deformable
environments and a stretcher device, the force can be transmitted direct-
ly to the lateral junctions of the cells to imitate the signal of the mono-
layers. The captured deflection of the structures proved that the system
is capable of interacting with the cells. This study is the base to explore
the behavior of the cells under different stress conditions directly on the
monolayer.

N
[2
[3
[4

Karsch et al., Biophysical Journal volume 113 (2017).
Brugués et al., Nature Physics 10, (2014).

Teo et al., STAR Protocols volume 1, (2020).

Hur et al., BMB Reports 2020 (2020).
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Viral fusion proteins drive fusion of viral and host cell membranes in a
series of complex structural transition events. Although the structure
of several fusion proteins has been solved, the characterization of viral
protein-membrane interactions at atomistic resolution is still missing.
Membrane interactions of fusion proteins are conserved and occur via fu-
sion peptides (FPs) in class | and fusion loops (FLs) in class II/Ill proteins.
Previously, we had characterized the glycerophospholipid binding in class
Il fusion protein glycoprotein C (gC) of Rift Valley fever virus (RVFV) [2] and
the studies revealed specific binding pocket for PC lipid. Here we aim to
understand if specific lipid binding site also exists in class | and Ill viral
fusion proteins and dependence of lipid headgroup type, tail length and
degree of lipid tail unsaturation for protein binding. Molecular dynamics
(MD]) simulations is an excellent technique to understand how proteins
associates with lipid membrane at atomistic resolution and here we make
use of MD simulations to gain structural insights into lipid contact sites
and membrane insertion of FP / FL residues.

[1] M. Vallbracht et al., J Virol 92: e01203-17, (2018)
[2] P. Guardado-Calvo et al., Science 358, 663-667, (2017)
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Lipid droplets (LDs) are the main energy storage organelles in cells. The
energy is stored in the form of neutral lipids such as triglycerides and
sterol esters. The monolayer of LDs embedded into the cell membrane is
decorated with a specific set of proteins where the targeting and removal
of these proteins are being studied to understand the biology of diseases,
such as obesity, diabetes and atherosclerosis. The partition mechanism
of these proteins between LD and bilayer is still under investigation. Here,
a 3D microfluidic platform is developed to explore the partition dynam-
ics of these proteins in a free-standing lipid bilayer enriched with LDs.
The lipid bilayer is formed by contacting two oil-water interfaces that are
decorated with a phospholipid monolayer. The bilayer is characterized by
electrophysiological measurements and fluorescence microscopy. Using
confocal microscopy, the 3D geometry of the reconstituted bilayer-em-
bedded LD is determined with a remarkable spatial resolution. It appears
that the bilayer-embedded LDs have a radial dimension in the microme-
ter range and present a characteristic lens shape. Based on wetting the-
ory, we demonstrate that this lens shape geometry corresponds to an
equilibrium shape.
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To exert their effector functions, T cells need to form an intimate contact
with their cognate target cells, which is termed the immunological syn-
apse (IS). Mechanobiology has been receiving increasing attention, given
its indispensable and previously ignored role in regulating cell functions.
In terms of T cells, they can sense the stiffness of targets/substrates and
generate force upon IS formation, which are important for their effector
functions. However, how the stiffness of T cells per se is regulated upon
IS formation still remains elusive. In this work, we determined stiffness
of different cell parts in detail during the processes of IS formation in T
cells. To this end, we established a method to investigate live T cells on
functionalized co-verslips by atomic force microscopy (AFM) based Peak
Force Quantitative Na-noscale Mechanical Characterization (Peak Force
QNM], which enables simulta-neous determination of the surface profile
and stiffness of live T cells. Using primary human CD4<sup>+</sup> T
cells, we found that upon IS formation, T cells were substantially stiffened
at the cell body as well as at the lamellipodia. In general, the stiffness at
the lamellipodia is significantly higher than that at the cell body. Further-
more, we identified that calcium is involved in regulation of this IS forma-
tion-induced T cell local stiffening at lamellipodia [1].

[11 Jung P, Zhou X, Iden S, Bischoff M, Qu B.: T cell stiffness is enhanced upon formation of
immunological synapse, eLife 2021;10:e66643 (2021).
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Actin filaments have a significant impact on the deformation of the cell
membrane [1]. In the cell cortex, some of the barbed ends of F-actins
polymerize, whereas their pointed ends are attached to the cortex gel.
The region beneath the membrane, where these filaments have thermal
fluctuation is called the semiflexible region (SR) [2]. In SR, the fluctuating
F-actins exert force on the membrane. We study the force acting on a flat
wall by a grafted F-actin using an MD simulation. We focus on the distri-
bution and magnitude of the entropic force exerted by the grafted F-ac-
tin on the different regions of the wall. Our results demonstrate that the
filament’s tip has a radial distribution. Moreover, we study effects of the
increasing of the compression on the radial distribution of the filament's
tip and the amount of the entropic force. The scale of the entropic force is
about pN, which is in good agreement with experimental data.

[1] J. Howard, Mechanics of Motor Proteins and the Cytoskeleton (Sinauer Assoc., Sunder-
land, MA, 2001).
[2] A. Atakhani, F. Mohammad-Rafiee, A. Gholami, PLoS One 14, e0213810 (2019).




Placing transcription factor complexes
into gene regulatory networks
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Interactions between transcription factors and DNA are important for
gene transcriptional regulation. Cooperativity amongst TFs can lead to
improvement in DNA binding specificities. Recent studies show that co-
operative binding events are evolutionarily conserved and show more ef-
fects on gene transcription than single TFs. A gene regulatory network,
built with TF complexes showing significant cooperativity as regulatory
drivers, can be helpful for mechanistic understanding of transcriptional
regulation and may have predictive value for diseases like cancer. Main
aim of this work is to develop an automated pipeline to map putative
transcription factor complexes onto gene regulatory networks. We con-
sider the raw RNA-seq data of two groups of monocytes - classical and
non-classical. We compare the differential complexes obtained from the
stand-alone software CompleXchange[1] and TF-gene interactions pre-
dicted by, our in-house web server, TFmiR2[2] to extract common TFs and
target genes. We use the tool Fimo[3] from the MEME suite to scan the TF
motifs in the promoter regions of their common genes and are subjected
to constraints to filter out non-essential complexes. Cytoscapel4] is used
to visualize the initial network. Our results indicate that many of the indi-
vidual TFs targeting common genes in the regulatory network are part of
protein complexes.

[1] WIlL T, Helms V. Differential analysis of combinatorial protein complexes with CompleX-
Change. BMC Bioinformatics. 2019;20(1):300. Published 2019 Jun 3. doi:10.1186/s12859-
019-2852-z.

[2] Maryam Nazarieh, Mohamed Hamed, Christian Spaniol, Thorsten Will, Volkhard Helms,
TFmIiR2: constructing and analyzing disease-, tissue- and process-specific transcription
factor and microRNA co-regulatory networks, Bioinformatics.

[3] Charles E. Grant, Timothy L. Bailey, and William Stafford Noble, ..FIMO: Scanning for oc-
currences of a given motif", Bioinformatics, 27(7):1017-1018, 2011

[4] Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, Amin N, Schwikowski
B, Ideker T. Cytoscape: a software environment for integrated models of biomolecular
interaction networks. Genome Res. 2003 Nov;13(11):2498-504. doi: 10.1101/gr.1239303.
PMID: 14597658; PMCID: PMC403769.
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Aim: To evaluate the antimicrobial effects of various plant extracts on sal-
ivary flora and oral biofilms.

Methods: The effect of plant extracts (curcuma, liquorice, rosemary, and
hops) in various concentrations (0.2 % to 8.3 %) on the salivary flora was
tested ex vivo. The bacteria from saliva were individually incubated with
each extract for 10 min and analyzed using fluorescence microscopy after
LIVE/DEAD staining. To investigate the effects of plant extracts on the oral
biofilm, dental specimens were mounted on acrylic splints and exposed
intraorally for 48 h. The extracts (10 ml of 0.2 % hops or 0.4 % rosemary)
were used as mouth rinsing and applied for 30 s each 6 h. Water served
as a control. The biofilm samples were analyzed using fluorescence mi-
croscopy, scanning and transmission electron microscopy.

Results: All ex vivo tested plant extracts showed an antibacterial effect at
high concentrations. Hops and rosemary showed strong effects also at
low concentrations and were therefore tested in situ. They induced a sig-
nificant reduction in bacterial colonization and biofilm vitality. Moreover,
the biofilm thickness on dental specimens was significantly reduced in
situ.

Conclusions: The tested plant extracts showed different antimicrobial ac-
tivity depending on their concentration. Hops or rosemary rinsing induced
a significant inhibition of biofilm formation in the oral cavity.
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Biological Membranes are complex and dynamic assemblies comprising
thousands of different lipid and protein species. Physical and composi-
tional properties of membranes determine their identity and functionality
in the cellular context.

The endoplasmic reticulum (ER] is the site of activation of the unfolded
protein response (UPR), a large-scale transcriptional program crucial for
protein and lipid homeostasis. Conditions triggering the UPR are collec-
tively termed ER stress. These include overpopulation of the ER lumen
with un- or misfolded proteins or lipid perturbations. Unmitigated ER
stress has been linked to diseases like type Il diabetes and cancer’? We
investigate the role of the ER membrane in these processes and elucidate
the molecular basis of cytotoxicity during prolonged ER stress.

To address this, we have established a versatile immunoisolation strate-
gy for subcellular membranes. Quantitative lipidomics revealed substan-
tial remodeling of the ER membrane lipidome upon ER stress. Based on
these data, combined with molecular dynamics simulation, we suggest in
vitro model systems that mimic the physical properties of the ER mem-
brane better than prevailing ones. Quantitative proteomics reveals that
the stressed ER is accumulating proteins of the late secretory pathway,
suggesting a general block of secretion as a basis for adverse effects
during prolonged ER stress.

[1] Peter Walter and David Ron. The unfolded protein response: from stress pathway to ho-
meostatic regulation. Science, 2011

[2] Romain Volmer and David Ron. Lipid-dependent regulation of the unfolded protein re-
sponse. Current Opinion in Cell Biology, 2015.
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We study how migration and search efficiency of immune cells is influ-
enced by spatial arrangement of obstacles. We focus on the topographi-
cal influence of the environment on cell migration in absence of a chem-
ical gradient and visualize the migration of ameoboid cells in pillar parks
with different pillar densities. The pillars are periodically arranged on
square and triangular lattice sites. In experiments, a microfluidic device
is designed to track the neutrophil cells in quasi-2D environments whose
thickness vary from 3.5 to 6 micrometers. Our device consists of mono-
sispersed pillars.

We calculate the mean first passage time and dynamical properties of the
cells in different densities and configurations of pillars and compare the
results with numerical simulations to understand the mechanism under-
lying cell migration strategies.
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Hydrophobins are a class of amphiphilic proteins with a high potential for
making new kind of vesicles useful in e.g. drug delivery. Contrary to lipid
vesicles, they can be formed with either hydrophobic or hydrophilic shell
[1]. Hydrophobins form self-organizing films at the interface between an
aqueous and any hydrophobic phase. The adsorption kinetics of class |l
hydrophobins HFBI and HFBIl were studied by ellipsometry measure-
ments. These reveal unusual linear kinetics. Attaching bulky side groups,
via biomolecular engineering, restore usual Langmuir kinetics [2]. Since
conformational changes, due to the high stability, can be neglected, only
diffusion and their interactions should determine their kinetics. To con-
firm this, we introduced a stochastic model which includes microscopic
diffusion and electrostatic, van der Waals and orienational interactions
between proteins. We show that the kinetics of the system are deter-
mined by two factors: the diffusive motion close to the interface and the
supply rate of this area [2]. Additionally, we studied the expansion of the
film by simulation. We repeated the process of increasing the area fol-
lowed by a relaxation process. Atomic force microscopy measurements
demonstrated a honeycomb structure for the self-assembled film [3]. We
guarantee that an orientational energy function must be considered to
keep this structure.

[1] Haehl et.al, Pure Protein Bilayers and Vesicles from Native Fungal Hydrophobins. Adv.
Mater., (2017).

[2] Haehl et.al, Dynamic assembly of class Il Hydrophobins from T.ressei at the air-water
interface. Langmuir, (2019).

[3] Yamasaki et.al, Flattened-Top Domical Water Drops Formed through Self- Organization
of Hydrophobin Membranes: A Structural and Mechanistic Study Using Atomic Force
Microscopy. ACS Nano, (2016).
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The nucleation of the stalk is the first step in membrane fusion. The over-
all fusion process including the stalk formation is facilitated by fusion
proteins anchored in the membrane by transmembrane domains (TMDs).
Although TMDs of fusion proteins have been suggested to play an active
role during fusion, little quantitative or mechanistic understanding of pu-
tative TMD effects has evolved. We used molecular dynamics simulations
to analyze the influence of TMDs of the SNARE complex and of viral fusion
proteins on the free energy of stalk formation. The stalk free energy was
computed highly efficiently via potential of mean force (PMF] calculations
along a newly designed reaction coordinate together with the Martini
coarse-grained force field[1, 2]. The results reveal a decrease in both, the
free energy barrier of stalk nucleation as well as the free energy of the
final stalk structure, when TMDs are present in the membrane. However,
the observed TMD effect strongly depends on the lipid composition and on
the hydrophobic mismatch between the TMD and membrane core.

[1] Jochen S. Hub and Neha Awasthi, J. Chem. Theory Comput. 13 (5], 2352-2366 (2017).
[2] Chetan S Poojari et.al., bioRxiv doi:10. 1101/2021.06.02.446700, (2021).




The functional pas de deux of v-SNARE transmembrane
domains and lipids in membrane fusion
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Membrane fusion is initiated once the assembled trans-SNARE complex-
es as the core fusion machinery exert the mechanical force necessary
on the adjoining phospholipid membranes. Our recent work suggested
an active role of SNARE transmembrane domains (TMDs] in promoting
membrane merger. Yet the its molecular mechanism remained unclear.
Our results demonstrate that naturally occurring v-SNARE TMD isoforms,
varying in the number of helix-destabilizing, 3-branched valine or isole-
ucine residues, differentially regulate fusion pore dynamics. Thus, TMD
flexibility represents an unrecognized mechanistic determinant adapted
by v-SNARE variants to promote transmitter release. Furthermore, we
show that membrane-incorporated lipids like lysophosphatidylcholine or
oleic acid affected fusion induction and subsequent pore expansion in a
membrane leaflet-specific fashion and in a manner that correlated with
their intrinsic curvature preference of highly bent fusion intermediates.
Thus, membrane mechanics represent a rate-limiting energy barrier for
Ca2+-triggered fusion of chromaffin granules, which proceeds via the
formation of a membrane stalk intermediate into a lipidic fusion pore.
Collectively, our results suggest that both, support of membrane curva-
ture by v-SNARE TMDs and SNARE force generated membrane bending
promote fusion pore formation and progressive expansion.
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Migration of immune cells is believed to be optimized in the course of
evolution to reduce their search time. Nevertheless, so far the optimality
of the search for pathogens and other targets by immune cells has not
been verified. Mediated by retrograde actin flows, the speed of migrating
cells is coupled to their directional persistence (i.e. the straightness of
trajectories) in such a way that they decelerate to change the direction of
motion. We show that such a correlated dynamic enables immune cells to
reduce their search time [1]. We introduce a new class of optimal search
strategies based on tuning the strength of coupling between factors in-
fluencing the search efficiency and prove that the correlated motion is
advantageous for optimizing search efficiency when the persistence
length of the searcher is much smaller than the size of the environment
in which they search. Understanding the mechanisms of adaptive search
and clearance in the immune system opens the way toward more effec-
tive cancer immunotherapies and vaccine design. Our findings also may
open new possibilities to design artificial intelligent searchers.

[1] M. Reza Shaebani, Robin Jose, Ludger Santen, Luiza Stankevicins, Franziska Lauten-
schlager, Phys Rev Lett 125, 268102 (2020).
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Hydrophobins are a family of proteins characterized by a large exposed
hydrophobic region, rendering them highly amphiphilic. Class Il hydro-
phobins such as HFBI self-assemble into monolayers at water-air or wa-
ter-oil interfaces, revealing long-range ordered hexagonal ‘honeycomb’
structures[1]. This property allows for the preparation of pure-protein
bilayers and vesicles[2] with unexpectedly low permeability for water and
ions. To provide a molecular explanation for these properties, we carried
out atomistic and coarse-grained molecular dynamics [MD) simulations
of HFBI bilayers. Our results indicate that the proteins have to rearrange
upon monolayer contact in order to form a stable dense bilayer.

In contact with lipid bilayers, hydrophobins were found to modulate
the stability of the membrane in electroporation experiments. Coarse-
grained simulations suggest that the proteins aggregate inside the pore
and bind to the exposed hydrophobic membrane core, therefore leading
to the observed stabilization.

[1] Lindner,M.B. Curr. Opinion in Colloid & Interface Science 14,356-363 (2009)
[2] Hahl et.al. Advanced Materials, 29, 1602888 (2017)
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Individualized immune therapy of cancer is at the cutting edge of medi-
cal advances. To assess the efficacy of new therapeutic treatments, the
killing efficiency of human natural killer (NK] cells, specifically target-
ed at cancer cells needs to be assessed. Although population-based as-
sessment of NK cell killing efficiency is an established analysis method,
it inherits several shortcomings. For example, cell counts can vary on a
frame-to-frame basis, due to temporary miss-detections or cells migrat-
ing out of the field of view. The fate of these cells needs to be heuristi-
cally determined, which can lead to biased analysis results. In addition,
analyses on a population level cannot reflect alterations in induced cell
death by individual killer cells, which is a critical factor for the success
of a therapy. There is indeed emerging evidence for heterogeneity among
single NK cells, ranging from inefficient killers to “super killers”.

Building on a novel time-resolved single-cell cytotoxicity assay, which al-
lows the assessment of quality, quantity, and kinetics of target cell death
induced by single primary human NK cells (Backes et al 2018, PMID:
30190323), we are developing measurements and analysis methods to al-
low automated quantification of single NK cytotoxicity on a large scale. To
overcome the above-mentioned shortcomings, we propose an individual
tracking and analysis on a per-cell level. This will not only generate more
accurate analyses on population level but will most importantly allow the
fate determination of each NK and cancer cell, their respective contacts,
and the time point of cell death induction. The killing history of individual
NK cells will give many insights into single NK cell cytotoxic efficacies.
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Intermediate filaments (IF) constitute cytoskeletal networks which inter-
acts with other structural networks such as filamentous actin network.
While the actin organization has been studied for decades and proven to be
very dynamic and varying within the cell, the organization of intermediate
filaments remains mainly descriptive. In the present work, we investigate
the organization of two IF proteins, vimentin and Gliary Fibrillary Acidic
Protein (GFAP] in relationship to the organization and movement of the ac-
tin network. To this end, we develop mathematical model of transport for
which one can tune different interactions between networks. Based on the
actin flow speed, the model will evolve over time to “steady state” organi-
zations of IF networks which we compare to experimental data. In order to
gather a large number of data, we base our work on the average IF spatial
distribution in rat astrocytes which are forced to a square shape, obtained
by micro-patterning of the cells. Moreover, keeping the same overall shape,
we are able to tune the adhesion points of cells by changing the shape of
the pattern, namely using X shape or H shape.
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The cytoskeletal protein vimentin is secreted under various physiological conditions.
This extracellular vimentin can be primarily categorized into two types: one which is in-
tact to the cell surface and another which is secreted into the extracellular space. While
surface vimentin has been shown to be involved in processes such as viral infections and
cancer progression, secreted vimentin controls inflammation by reducing the neutrophil
infiltration, helps in bacterial elimination in activated macrophages and promotes axonal
growth in astrocytes by activating IGF-1 receptor in the same signaling pathway as IGF-
1. IGF-1R is overexpressed in cancer cells and IGF-1/IGF-1R pathway plays significant
role in general cellular functions. In this study, we demonstrate the functional role of
extracellular vimentin in cancerous and non-cancerous cells by evaluating parameters
such as cell migration, proliferation, adhesion and membrane permeability. Our findings
show enhanced migration, proliferation and adhesion in cancerous cells (MCF-7) than
the non-cancerous cells (MCF-10a) upon extracellular vimentin treatment. Whereas
membrane permeability is reduced in monolayers of MCF-7 compared to MCF-10a upon
extracellular vimentin treatment. RBD domain of the SARS-CoV-2 spike protein alters
blood-brain barrier integrity and surface vimentin has been shown to act as a co-re-
ceptor between SARS-CoV-2 spike protein and the cell-surface angiotensin-converting
enzyme 2 (ACE2) receptor. Here, we checked for membrane permeability in MCF-7 and
MCF-10a monolayers upon SARS-CoV-2 RBD treatment in presence of extracellular vi-
mentin. Our finding suggests that extracellular vimentin bound to the cell surface en-
hances membrane permeability on both cell lines. But extracellular vimentin directly
bound to SARS-CoV-2 RBD inhibits this effect in MCF-7 monolayers.

Further we also aimed at the verification of cell surface and secreted vimentin using
macrophage activation as a model. Results showed that activated macrophages do
express vimentin on their cell surface and that its structure is distinctly different from
intracellular filamentous vimentin. Further investigation revealed cell surface vimen-
tin is expressed in a polarized manner on macrophages. This polarization effect is also
strongly promoted on activation. Analysis with macrophages expressing GFP tagged
vimentin also confirmed the secretion of vimentin in the extracellular surrounding on
activation. A higher amount of vimentin was observed in the environment when activa-
tion was performed for longer periods. Furthermore, we would like to check if this se-
creted vimentin has any influence on phagocytosis and migration of the macrophages.
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The immune system is a collaboration of diverse cell types performing functions that
are in general aimed at defence mechanisms against infection. Each immune cell de-
velops from stem cells in the bone marrow and differentiates into specialised cells with
targeted functions. Differentially analysing various immune cell types would capture the
hallmark characteristics that distinguish a particular immune cell type from other cell
types in certain conditions. Here we retrieved the RNAseq data of 25 stimulated and
unstimulated types of immune cells processed by Calderon et al. (2019][1]. A complete
protein interaction network (PPIN] provides a superset of the existing interactome of a
cell and but does not contain characteristic information specific to the cell and condi-
tion. Hence, the in-house computational tool PPIXpress[2] was used to construct condi-
tion-specific PPIN for all 25 immune cells (stimulated and unstimulated) by pruning the
global PPIN to those genes/transcripts that are covered by at least a single sequencing
read. Subsequently, we used another in-house tool termed. PPICompare[3] to compare
and analyze the condition-specific PPINs of immune cells. The results showed the re-
wired interaction events between various cell types and conditions and the causes of
rewiring either due to differential expression (loss or gain of interacting partners) or
alternative splicing (isoform-switch of transcript] as large text files. Furthermore, we
developed a new tool that can be used downstream of PPICompare. It executes auto-
matic biological interpretation of the PPICompare results based on Gene Ontology and
KEGG pathway enrichment analysis. Here, it reported the most enriched annotations of
proteins affected in rewirings between unstimulated and stimulated immune cells. The
tool has a feature to filter out and perform enrichment analysis on how the PPI rewir-
ings affect certain groups of proteins of interest such as transcription factors, chromatin
readers and splicing factors and their binding proteins. When comparing the unstimu-
lated and stimulated versions of an immune cell, the top enriched GO terms showed the
characteristics involved in the stimulation of the immune cell. Similarly, by comparing
two immune cell types such as CD8 and NK cells, the enriched GO terms suggested the
characteristics of CD8 lost or gained in the NK cell.

[1] Calderon D, Nguyen MLT, Mezger A, Kathiria A, Miller F, Nguyen V, Lescano N, Wu B, Trombetta J,
Ribado JV, Knowles DA, Gao Z, Blaeschke F, Parent AV, Burt TD, Anderson MS, Criswell LA, Greenleaf
WJ, Marson A, Pritchard JK. Landscape of stimulation-responsive chromatin across diverse human
immune cells. Nat Genet. 2019 Oct;51(10):1494-1505. doi: 10.1038/s41588-019-0505-9. Epub 2019
Sep 30. PMID: 31570894; PMCID: PMC6858557.

[2] Will T, Helms V. PPIXpress: construction of condition-specific protein interaction networks based on
transcript expression. Bioinformatics. 2016 Feb 15;32(4):571-8. doi: 10.1093/bioinformatics/btv620.
Epub 2015 Oct 27. PMID: 26508756.

[3] Will, T., Helms, V. Rewiring of the inferred protein interactome during blood development studied with
the tool PPICompare. BMC Syst Biol 11, 44 (2017). https://doi.org/10.1186/s12918-017-0400-x
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We consider CD8+ cytotoxic T lymphocytes, one of the main cytotoxic killer
cells present in the human body to eliminate target cells that are patho-
gen-infected or tumorigenic. During their search, T-cells pass through
various complex biological microenvironments, of which the extracellular
matrix (ECM] is one of the core elements. Collagen matrices of differ-
ent densities were used to simulate the ECM of different tissues and to
examine the migration behavior of the T-Cells. We use the single cell
tracking data obtained in [1] as an input for an analysis method developed
by Metzner et al. [2]. In this method, an autoregressive process of order 1
(AR-1) with time varying parameters is imposed as the governing model
of motion and the distribution of the parameters is inferred via a Bayesian
sequential updating scheme per cell and per time step. It is found that
some cells undergo an abrupt parameter switch, which can be attributed
to a fast and slow motion of the cell. Especially for the lowest density
collagen matrix, this leads to two distinct parameter regimes in the time
and ensemble averaged distribution. When the slow moving cells migrate
through the collagen matrix, they interact with it thus causing deforma-
tion by forming channels in the matrix. Other cells can enter these chan-
nels and hence it is presumed that the fast motility mode arises through
cells moving inside the channels.

[1] Z. Sadjadi et al., Biophysical Journal 119, 2141-2152 (2020)
[2] C. Metzner et al., Nature Communications Volume 4, 7516 (2015)
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The use of dental restorative materials is a routine task in clinical den-
tistry. All orally exposed surfaces are covered with a continuously growing
biofilm due to the adsorption of salivary proteins and other macromole-
cules at the fluid/solid-interface. Each substrate material has different
physico-chemical properties supposed to influence the composition of
the initial biofilm, termed pellicle. This study aimed at characterizing and
comparing the individual pellicle proteome of five subjects formed on
six dental restorative materials and natural enamel. Substrate materi-
al-specific adsorption patterns were analyzed by comparing the proteom-
ic profiles of the 3-min pellicle and the corresponding saliva. The combi-
nation of chemical elution and tandem nano-mass spectrometry resulted
in the identification of 1348 different pellicle proteins, out of which 187
to 686 proteins were present in individual 3-min pellicles. Unexpectedly,
quantitative analyzes based on the molecular weights, isoelectric points,
and molecular functions of the identified proteins yielded in similar dis-
tribution patterns independent of the substrate material. Overall similar
fold changes were obtained for the major part of commonly enriched or
depleted proteins in the 3-min pellicles. These results point to a minor
important role of the substrate material on the proteomic composition of
the 3-min pellicle.




Persistence length of distinct actin isoforms

C. Warnecke, K. Kaub, P. Nietmann and A. Janshoff

Department of Physical Chemistry, University of Gottingen, Germany

The physiological differences of actin isoforms in living cells are well
studied. However, differences in basic mechanical properties of the iso-
forms in vitro have not been investigated yet. Therefore, the persistence
length of 3 different actin isoforms was determined in the presented
study. Skeletal a-actin was extracted from mammalian cells, cytoplasmic
B- and y-actin were produced by yeast and modified so that they were
more similar to vertebrae actin. To determine the persistence length, ac-
tin was polymerized into single filaments and fluorescently labelled with
phalloidin. The movements of the filaments in a plane were recorded with
a confocal fluorescence microscope and the persistence length could be
determined from their shape by using a corresponding software [1].

Differences in the persistence length of the isoforms were found, espe-
cially between B- and y-actin. Overall B-actin has a higher persistence
length than y-actin, but the results are also much more variable than
those of y-actin. This suggests a higher sensitivity of B-actin to external
influences.

[1] Graham, J. S., McCullough, B. R., Kang, H., Elam, W. A., Cao, W. & De La Cruz, E. M.
Multi-Platform Compatible Software for Analysis of Polymer Bending Mechanics. PLoS
ONE, 9(4), 94766. doi:10.1371/journal.pone.0094766 (2014).




Antibacterial effect of structured titanium surfaces using
ultrashort pulsed direct laser interference patterning

Ben Wieland', Walter Garcia?, Tobias Fox?, Karin Jacobs?, Frank Micklich?
and Markus Bischoff'

'Institute for Medical Microbiology and Hygiene, Saarland University, 66421 Homburg/Saar, Germany
2Institute for Functional Materials, Saarland University, 66123 Saarbriicken, Germany
SExperimental Physics, Saarland University, 66123 Saarbrucken, Germany

Titanium is a ubiquitous surface material for medical implants (e.g., dental im-
plants, stents, and orthopedic devices), but also a common ground for implant
associated infections (IAl), demanding surface modifications that reduce micro-
bial adhesion to the implant material'-®. Here we report on a heat treatment and
laser-based structuring method producing a microstructured titanium surface
that displays a reduced binding capacity for bacterial biofilm-formers such as
Escherichia coli and Staphylococcus aureus.

Titanium surfaces were first heat-treated to ensure a titanium dioxide (Rutile) layer
formation and subsequently microstructured using ultrashort pulsed direct laser
interference patterning (DLIP)6-10. Surface topographies of all processing steps
were characterized by different methods, including scanning force microscopy
(SFM]. The surfaces were subsequently tested for their bacterial binding capacities
by classical microplate-based adhesion assays and single cell force spectroscopy
(SCFS).

We found that a titanium dioxide layer produced by heat treatment already re-
duced the capacity of the bacteria to stick to the surface, which could be further
reduced when the heat-treated titanium surfaces were also microstructured by
DLIP.

Our findings may help to create novel titanium-based implants that display a re-
duced risk for bacterial biofilm formation and thus IAI.

N
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[3
[4
[5
[6

H. Chouirfa et al., Acta Biomaterialia 83: 37-54 (2019)

M. Geetha et al., Progress in Materials Science 54, no. 3: 397-425 (2009)
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W.J. Metsemakers et al., Injury 49, no. 3: 511-522 (2018)

C. Spengler et al., Nanoscale 11, no. 42: 19713-19722 (2019)

C. Zwahr et al., Advanced Healthcare Materials 6, no. 3: 1600858 (2017)

[7] C. Zwahr et al., Advanced Engineering Materials 21, no. 12: 1900639 (2019)
[8] C. Zwahr et al., Scientific Reports 9, no. 1: 6721 (2019)

[9]1 D.W. Miiller et al., Scientific Reports 10, no. 1: 3647 (2019)

[10] T. Fox et al., Practical Metallography 58, no. 7: 446-459 (2021)




The more aggressive the softer - comparing the
mechanical properties of breast cancer cells

Barbara Zbiral', Andreas Weber', Maria dM Vivanco?, José-Luis Toca-Herrera

'Institute of Biophysics, DNBT, BOKU Vienna, Austria, and 2CIC bioGUNE, Bizkaia Science and
Technology Park, Derio, Spain

During tumor progression, cells change biochemically and morpholog-
ically. Adhesive properties, cell-to-cell contacts, and cytoskeletal ar-
rangements occur, which influence the mechanical properties of tissue
and cells. In many tissues, mechanical signaling plays a crucial role in
maintaining integrity proper function. In cancer, these pathways get dis-
rupted as the disease progresses. Here, we compare the mechanical and
viscoelastic properties of the non-malignant breast epithelial cell line
MCF10A to MCF7 breast cancer cells and to the triple-negative breast
cancer cell line MDA-MB-231. Indentation and microrheology studies
were performed via atomic force microscopy (AFM] force spectroscopy.
Results show that both cancer cell lines appear much softer than the
non-malignant MCF10A cells, with the triple-negative - the most aggres-
sive cell line - to be the softest.




Targeting the microtubule-network rescues CTL
killing efficiency in dense 3D matrices

Renping Zhao', Xiangda Zhou', Essak S. Khan?, Dalia Alansary? Kim
S. Friedmann', Wenjuan Yang', Eva C. Schwarz', Aranzazu del Campo?,
Markus Hoth', Bin Qu'?

'Biophysics, Center for Integrative Physiology and Molecular Medicine (CIPMM), School of Medi-
cine, Saarland University, 66421 Homburg, Germany

2INM - Leibniz Institute for New Materials, Campus D2 2, 66123 Saarbriicken, Germany
SMolecular Biophysics, CIPMM, School of Medicine, Saarland University, Homburg, Germany

Dense three-dimensional (3D) matrix, a prominent physical feature of the
solid tumor environments, is one of the potential reasons to impair im-
mune surveillance against tumor cells. Cytotoxic T lymphocytes (CTLs])
are one of the key players to eliminate tumor cells. Here, using the re-
al-time 3D killing assay, we found that the killing efficiency of primary
human CTLs was substantially impaired in dense collagen matrices (4
mg/ml and 5 mg/ml)] compared to less dense collagen matrix (2 mg/ml).
Although dense collagen did not significantly affect the expression of cy-
totoxic proteins in CTLs, dense collagen impaired CTL motility, leading
to decreased searching efficiency of CTLs. Furthermore, we identified
that two physical features of dense collagen matrices, high stiffness and
small pore size, contributed to impaired CTL motility and reduced kill-
ing efficiency. Notably, in the 3D collagen matrix, CTL migration velocity
was positively correlated with nucleus deformability. In dense matrices,
microtubule disruption with nocodazole led to enhancement in nucleus
deformability, CTL migration, searching efficiency, and killing efficiency.
Moreover, treating CTLs with vinblastine, which is a chemotherapy drug
targeting microtubules, rescued impaired CTL killing efficiency in dense
matrices. Our findings suggest targeting the microtubule network as a
promising strategy to enhance the efficacy of CTL-based immunotherapy
against solid tumors.
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