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BP 31.1 Thu 9:30 SCH A251
Effectiveness of Ca?t clearance by PMCA pumps — eBARBARA
ScumipT!, CRrisTINA CONSTANTIN?, BERND FAKLERZ?, and HEIko
Riecer! — 1Center for Biophysics and Department of Theoreti-
cal Physics, Saarland University, 66123 Saarbriicken, Germany —
2Institute of Physiology, University of Freiburg, 79104 Freiburg, Ger-

many

Ca?t influx through voltage-gated (Cav) channels leads to an increase
in the intracellular Ca?*-concentration ([Ca?t];) that can be moni-
tored by BK-type Ca?t-activated K+ channels. Due to their gat-
ing kinetics they may be used as sensors for [Ca®T]; underneath the
plasma membrane. Here, K+ currents through BK channels were
used to determine the Ca?t transport activity of Ca?t-ATPases of
the plasma membrane (PMCA), the classical Ca?t pumps. Experi-
mentally we monitored PMCA-mediated Ca?* clearance by the decay
of BK-currents following their activation by a short (0.8 ms) period
of Ca2?*t-influx through Cav2.2 channels. Our theoretical model de-
scribes the Ca?t diffusion within a spherical cell. Time- and Ca?t
concentration-dependent boundary conditions model the initial Ca2t
influx and the following outflow via the PMCA pumps. The time scale
of this diffusion process is used to predict the strength of the PMCA
pumps. Based on the experimentally determined density of Cav chan-
nels and PMCA pumps within the membrane we predict a PMCA
pump strength that is at least 1.5 orders of magnitude larger than
what has been assumed so far.

BP 31.2 Thu 9:45 SCH A251
Talin impacts force-induced vinculin activation by ’loosening’
the vinculin inactive state — FLoriaN Franz!'? and eFRAUKE
GrATERD2 — THITS gGmbH, Schlof-Wolfsbrunnenweg 35, 69118 Hei-
delberg, Germany — 2IWR - Interdisciplinary Center for Scientific
Computing, Im Neuenheimer Feld 368, 69120, Heidelberg, Germany

Focal Adhesions (FA) are large, multi-protein complexes connecting
the cytoskeleton to the extracellular matrix. Their adhesive function-
ality is tightly regulated by mechanical stress. A key component of
FA-associated mechanosensing is vinculin, which can assume either a
closed (“inactive”) or open (“active”) conformation. The underlying
activation mechanism, however, remains yet to be fully understood.

Here, we employ molecular dynamics (MD) simulation to demon-
strate that vinculin activation is greatly facilitated by the binding of
vinculin on talin’s vinculin binding site. Steered MD simulations re-
veal that the force required for activation is drastically reduced upon
formation of the vinculin-talin complex. Using correlated motions and
force distribution analysis, we illuminate how the force propagation
through vinculin changes upon complex formation. Interestingly, af-
ter talin dissociation, vinculin returns to its native conformation on a
submicrosecond time scale, with 60% of its native contacts restored.

Our results suggest a rapid dynamic equilibrium between ’tight’ and
’loosened’ inactive vinculin, which depends on talin and determines the
level of mechanical stress required for activation. Our study has im-
portant implications for our understanding of mechano-sensing mech-
anisms at FAs.

BP 31.3 Thu 10:00 SCH A251
Protein-ligand dynamics on multisecond timescales from sub-
microsecond atomistic simulations — eSTEFFEN WoLF, BEN-
JAMIN LickeERT, SiIMON BrAy, and GERHARD STOCK — Biomolec-
ular Dynamics, Institute of Physics, Albert Ludwigs University, 79104
Freiburg, Germany

Coarse-graining of fully atomistic molecular dynamics simulations is
a long-standing goal to allow the prediction of processes occurring
on biologically relevant timescales. To achieve the necessary enhanced
sampling, we first perform dissipation-corrected targeted molecular dy-
namics simulations which yield free energy and friction profiles of the
molecular process of interest. In a second step, we use these fields to
perform Langevin equation simulations which account for the desired
molecular kinetics. By introducing the concept of "temperature rescal-
ing" of the Langevin equation, this combination of methods allows
for the simulation of biomolecular processes occurring on multisecond
timescales and beyond. Adopting the dissociation of solvated sodium
chloride and several protein-ligand complexes as test problems, we are
able to reproduce rates from atomistic MD simulation and experiments
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within a factor of 1.5-4 for rates up to the range of milliseconds and
2-10 in the range of seconds.

BP 31.4 Thu 10:15 SCH A251
Active processes in cellular networks and comparison with
viscoelastic models — eJoris Parsmans!, MANDAR INAMDARZ, and
FRrRANK JULICHER!3 — 1 Max Planck Institute for the Physics of Com-
plex Systems, Dresden, Germany — 2Department of Civil Engineering,
Indian Institute of Technology Bombay, Mumbai, India — 3Center for
Systems Biology Dresden, Dresden, Germany

During morphogenesis, the collective behavior of many cells determines
the emergence of tissue shape. How the mechanical properties and
behavior of individual cells lead to a desired morphology is not well
understood. Here we use a vertex model, modeling the cellular net-
work, and a hydrodynamic theory, describing the tissue as a continuous
viscoelastic material, to study this problem in epithelial tissues.

First, we consider different scenarios for how cells drive local stresses
in cellular networks such as orientation dependent edge tensions and
oriented cell divisions. Coarse-graining over the cellular dynamics, we
find the large scale deformation of the tissue and how cells contributed
to this deformation such as cell shape changes and rearrangements in
the cell network. This allows us to compare the dynamics of the cellu-
lar network to a hydrodynamic model of a viscoelastic material with
active and passive contributions to the stress and cell rearrangements
in the tissue. We find that the large scale viscoelastic properties of
the cellular network depend strongly on the details of how cells locally
generate stress. We compare results with the developing wing blade
in Drosophila, where phases of active and passive cell rearrangements
are observed.

BP 31.5 Thu 10:30 SCH A251
Morphology of spherical epithelial monolayers — e ABOUTALEB
Awmiri', CarL Mobgs?3, and Frank JoLicHERD® — 1Max Planck
Institute for the Physics of Complex Systems, 01187 Dresden, Ger-
many — 2Max Plack Institute for Molecular Cell Biology and Genet-
ics, 01037 Dresden, Germany — 3Center for Systems Biology Dresden,
01307 Dresden, Germany

We develop a generalised vertex model off the mechanics of epithelial
cell monolayers to study morphogenesis in three dimensions. In this
approach, a cell is represented by a polyhedron which is characterised
by the location of its vertices in 3D space. We take into account apical,
basal, and lateral cell surface tension, as well as pressure differences
between outside and inside the cells. We consider an epithelium with
spherical topology enclosing a lumen and investigate mechanisms that
can generate different morphologies. In particular, we are interested
in the roles of mechanical feedback on cell behaviours for the morpho-
genesis of closed epithelial monolayers.

BP 31.6 Thu 10:45 SCH A251
The role of thickness inhomogeneities in brain folding —
eLucas pa Costa Campos’2, Svensa CaspeErs?34, GERHARD
GowmpPER!, and JeEns ELgeTi! — 1 Theoretical Soft Matter and Bio-
physics (ICS-2 / IAS-2), Research Centre Jiilich, Jiilich, Germany
— 2Institute of Neuroscience and Medicine (INM-1), Research Cen-
tre Jiilich, Germany — 3JARA-Brain, Jiilich-Aachen Research Al-
liance, Jiilich, Germany — “Institute for Anatomy I, Medical Faculty,
Heinrich-Heine University, Diisseldorf, Germany

The morphology of the mammalian brain cortex is highly folded. Mis-
folds of the brain correlate with a long list of cognitive disabilities,
such as schizophrenia and epilepsy. Having realistic models of gyro-
genesis is the first step in the understanding of these issues. It has
been hypothesized that mechanical instabilities play an essential role
in gyrogenesis. However, the emergence of higher order folding, one
of the main characteristics of the human brain, has not been fully
tackled. We perform finite element simulations of rectangular slabs
divided into two distinct regions. Differential growth is introduced by
growing the top layer (gray matter) tangentially, while keeping the
underlying layer (white matter) unchanged. The material is modelled
as a Neohookean hyperelastic. Simulations are performed with sys-
tem with either homogeneous or inhomogeneous cortical thickness. In
early stages of development, we obtain structures reminiscent of the
deep sulci in the brain, which can be mapped into the primary sulci.
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As the cortex continues to develop, we obtain secondary undulations
whose characteristics are consistent with those of higher order folding.

30 min. coffee break

Invited Talk BP 31.7 Thu 11:30 SCH A251
Predicting Protein and RINA Structures via data inference:
from Potts models to machine learning — e ALEXANDER SCHUG
— John von Neumann Institute for Computing, Jiilich Supercomputer
Centre, Forschungszentrum Jiilich — Faculty of Biology, University of
Duisburg-Essen

On the molecular level, life is orchestrated through an interplay of
many biomolecules. To gain any detailed understanding of biomolecu-
lar function, one needs to know their structure. Yet the structural char-
acterization of many important biomolecules and their complexes - typ-
ically preceding any detailed mechanistic exploration of their function-
remains experimentally challenging. Tools rooted in statistical physics
such as Direct Coupling Analysis (DCA) but also increasingly Machine
Learning driven approaches take advantage of the explosive growth of
sequence databases and infer residue co-evolution to guide structure
prediction methods via spatial constraints. Going beyond anecdotal
cases of a few protein families, systematic large-scale studies of >1000
protein families are now possible and other information, such as low-
resolution experimental information (e.g. SAXS or FRET) can be used
as further constraints in simulations.

BP 31.8 Thu 12:00 SCH A251
A machine learning assessment of the two states model for
lipid bilayer phase transitions — eVIviEN WALTER!, CELINE
RuscHER?, OLIVIER BENzZERARAZ, CARLOS MARQUES?, and FABRICE
THALMANN? — 1Department of Chemistry King’s College London,
London, UK — 2Institut Charles Sadron, Strasbourg, France

We have adapted a set of classification algorithms, also known as Ma-
chine Learning, to the identification of fluid and gel domains close to
the main transition of dipalmitoyl-phosphatidylcholine (DPPC) bilay-
ers. Using atomistic molecular dynamics conformations in the low and
high temperature phases as learning sets, the algorithm was trained to
categorize individual lipid configurations as fluid or gel, in relation with
the usual two-states phenomenological description of the lipid melting
transition. We demonstrate that our machine can learn and sort lipids
according to their most likely state without prior assumption regard-
ing the nature of the order parameter of the transition. Results from
our machine learning approach provides strong support in favor of a
two-states model approach of membrane fluidity.

BP 31.9 Thu 12:15 SCH A251
Rational optimization of drug-membrane selectivity by
computational screening — eBERNADETTE MOoOHR and TRISTAN
BeEREAU — Max Planck Institute for Polymer Research, Mainz, Ger-
many

Success rates of drug discovery are non-satisfactory considering the
high cost in time and resources. This leads to an increased demand for
development of improved screening methods. In our work, we explore
the capabilities of using a coarse-grained (CG) model to efficiently
find candidate structures with desired properties. The Martini CG
force field is a physics-based model that incorporates both the essen-
tial chemical features with a robust treatment of statistical mechanics.

Martini simplifies the molecular representation through a small set of
bead types that encode a variety of functional groups present in or-
ganic chemistry. This offers two advantages: (i) many molecules map
to the same CG representation and (ii) screening boils down to sys-
tematically varying among the set of CG bead types available. The
combination of these two aspects makes Martini a remarkably efficient
candidate for high-throughput screening. We apply this approach to
the selective binding of drugs between Cardiolipin and phosphoglyc-
erols in mitochondrial membranes. A systematic screening starting
from an already-reported compound will be presented. We identify
clear design rules for improved selectivity, and rationalize them on a
physical basis. As an outlook, we explore prospects of further boost-
ing screening at higher throughput by means of connecting the CG
simulations within a deep-learning framework.

BP 31.10 Thu 12:30 SCH A251
Quantifying membrane curvature sensing — eKA1 STEFFEN
Stron! and HERRE JELGER RisseLapal?2 — !Institute for Theoret-
ical Physics, Gottingen, Germany — 2Leiden Institute of Chemistry,
Leiden, The Netherlands

When considering the interplay of lipid membranes and proteins, mem-
brane curvature is an important factor, as it can act as a control mech-
anism for protein function. Several proteins feature subunits that serve
as membrane curvature sensors. This sensing ability together with the
spatial information provided by membrane curvature allows for site
specific binding, and thus regulation of, e.g., transport processes.

Naturally, the curvature-dependent binding free energy provides
valuable quantitative information about a protein’s curvature sensing
abilities. Therefore, we present a novel molecular dynamics simulations
protocol to obtain such free energy profiles.

BP 31.11 Thu 12:45 SCH A251
Load distribution among the main structures of a passively
flexed lumbar spine — eJuLiA M. Riepe!, FALk MORL?, MICHAEL
GoNTHER!, MARIA HAMMER!, and Syn ScumrtT! — 1Computational
Biophysics&Biorobotics, IMSB/Simtech, University of Stuttgart, Ger-
many — 2Biomechanics&Ergonomics, FSA mbH Erfurt, Germany

Mechanical loads may induce degeneration of spinal structures. It is
still unknown how the load during spine motion is distributed among
the spine’s main structures: muscles, vertebrae and facet joints, liga-
ments, and intervertebral discs. Currently, there are no measurements
that capture the load on all spinal structures at once. Therefore, com-
puter simulations are the method of choice to overcome the lack of
knowledge about the biophysical properties and processes determining
spinal in vivo dynamics.

For predicting the load distribution of spinal structures, we com-
bined experimental and simulation methods. In experiments, we de-
termined the overall stiffness for forward-flexing rotations between the
lumbar vertebrae L5 and L4 of subjects lying in sideways position and
being bent by a machine, without active muscle resistance. Forward
dynamics simulations of this experiment using our detailed musculo-
skeletal multibody model of the human allowed for a structural res-
olution of the loads in the L4|5 region. The results indicated that
stiffness values of particularly ligaments and passive muscle tissue put
in from literature resources were too high. With now corrected val-
ues, our model has gained validity for future investigations on human
movement dynamics and modelling applications like e.g. exoskeletons.



