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Overview of Invited Talks and Sessions
(Lecture rooms H1028, H1058 and H2013; Poster A, B and C)

Upside-Down and Inside-Out: Biomechanics of Cell Sheet Folding —
e¢RAYMOND GOLDSTEIN

From Atomistic Simulations into the Mouse: Learning how to ex-
ploit bacterial adhesives as nanoscale probes to map the mechanical
strain of tissue fibers. — eVIOLA VOGEL, SIMON ARNOLDINI, ALESSAN-
DRA MOSCAROLI, MAMTA CHABRIA, MANUEL HILBERT, SAMUEL HERITIG,
ROGER SCHIBLI, MARTIN BEHE

Thermodynamics and kinetics of protein aggregation from atomistic
simulations — eBIRGIT STRODEL

Light-based tools for investigating cell-ECM and cell-cell interactions
— oARANZAZU DEL CAMPO

Morphology control by active fluid flows — e KAREN ALIM
Synchronization of synthetic gene oscillators — eLEV TSIMRING
Broken detailed balance in active biopolymer assemblies — eCHASE
BROEDERSZ

Evolution of quantitative traits and non-equilibrium matrix ensem-
bles — SIMONE POMPEI, TORSTEN HELD, e MICHAEL LASSIG
Cryo-Electron Tomography: Method Development and Application
on Cell-Cell Junctions and Nuclear Exploration — e ACHILLEAS FRAN-
GAKIS

Atomistic Simulation of Biomolecular Function: Ribosomal transla-
tion, Intrinsically Disordered Proteins, and a Dynasome Perspective
— eHELMUT GRUBMULLER

Computer simulation of collective phenomena that alter the topology
of membranes — eMARCUS MULLER

Tension build-up and membrane deformations in actin-membrane
biomimetic systems — ¢CECILE SYKES

Dynamics of cellular metabolism, size, and motility — eSANDER TANS
Emergent Dynamics of Active Particles — e¢ROLAND G. WINKLER
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Complex shapes and dynamics of red blood cells in shear flow un-
der physiological conditions — JOHANNES MAUER, SIMON MENDEZ, Luca
LANOTTE, MANOUK ABKARIAN, GERHARD GOMPPER, eDMITRY A. FEDOSOV
Illuminating physical cues for the early embryogenesis of a simple
model organism — eMATTHIAS WEISS

Size and Mechanical Scaling of Blood Platelets — AASTHA MATHUR,
SANDRA CORREIA, SERGE DMITRIEFF, ROMAIN GIBEAUX, [ANA KALININA,
TooBA QUIDWAI, JONAS RIES, eFRANCOIS NEDELEC

Multiplexed Magnetic Tweezers: From DNA Mechanics to Retroviral
Integration — eJAN LIPFERT, FRANZISKA KRIEGEL, WILLEM VANDERLIN-
DEN, PHILIPP WALKER
Protein Pattern Formation:
eERWIN FREY

Dynamics and instabilities of contractile actin networks in artificial
cells — eKINNERET KEREN

How do we learn? Synaptic Plasticity across multiple time scales —
e¢WULFRAM GERSTNER

Out-of-equilibrium response of soft and biological matter to forces
and deformation — eCLAUS HEUSSINGER

Physical forces driving migration, division and folding in epithelial
sheets — eXAVIER TREPAT

The role of dynamin twist in membrane fission — MARTINA PANNUZZO,
ZACHARY A. MCDARGH, eMARKUS DESERNO

Rethinking Nonlinear Dynamics —

Invited talks of the joint symposium SYBS
See SYBS for the full program of the symposium.

SYBS 1.1
SYBS 1.2

SYBS 1.3

SYBS 1.4

SYBS 1.5

Tue
Tue

Tue

Tue

Tue

9:30-10:00
10:00-10:30

10:30-11:00

11:15-11:45

11:45-12:15

H 0105
H 0105

H 0105

H 0105

H 0105

Bacterial collective behaviours — eKNUT DRESCHER

Nonlinear dynamics of beating cilia and flagella: Swimming, steering,
and synchronization — eBENJAMIN M. FRIEDRICH

Learning to navigate in dynamic environments: animal behavior and
artificial intelligence — e ANTONIO CELANI

Suspensions of active colloids — eCECILE COTTIN-BIZONNE, FELIX
GINOT, ISAAC THEURKAUFF, CHRISTOPHE YBERT

Spontaneous chiral symmetry breaking in active fluids — eJORN
DUNKEL

Invited talks of the joint symposium SYMS
See SYMS for the full program of the symposium.

SYMS 1.1

SYMS 1.2

SYMS 1.3

SYMS 1.4

SYMS 1.5

Sessions

Mon

Mon

Mon

Mon

Mon

BP 1.1-1.12
BP 2.1-2.12
BP 3.1-3.12
BP 4.1-4.12
BP 5.1-5.6

15:00-15:30 H 0105 Stochastic numerical algorithms: from molecular dynamics to big
data analytics — eBENEDICT LEIMKUHLER
15:30-16:00 H 0105 A Generally-Applicable Machine-Learning Scheme for Materials
and Molecules — eMICHELE CERIOTTI
16:00-16:30 H 0105 Girsanov reweighting for path ensembles and Markov state models
— oBETTINA G. KELLER, LucA DONATI, CARSTEN HARTMANN
16:45-17:15 H 0105 Liquid State Theory Meets Deep Learning and Molecular Informat-
ics — eALPHA LEE
17:15-17:45 H 0105 Computational high-throuhgput screening of drug-membrane ther-
modynamics — eTRISTAN BEREAU
Mon  9:30-13:00 H 1028 Protein Structure and Dynamics
Mon  9:30-13:00 H 1058 Biomaterials and Biopolymers (joint session BP/CPP)
Mon  9:30-13:00 H 2013 Cell Adhesion and Migration, Multicellular Systems I
Mon 10:00-13:15 BH-N 243  Active Matter DY I (joint session DY /CPP/BP)
Mon 15:00-16:45 H 1028 Systems Biology & Gene Expression and Signalling
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BP 6.1-6.9 Mon 15:00-17:30 H 1058 Cytoskeletal Filaments I

BP 7.1-7.7 Mon 15:00-17:00 H 2013 Focus Session: Statistical Physics-Based Methods in Molec-
ular Evolution - organized by Alexander Schug and Martin
Weigt (joint session BP /DY)

BP 8.1-8.12 Mon 15:30-18:45 BH-N 243  Active Matter DY II (joint session DY /CPP/BP)
BP 9.1-9.42 Mon 17:30-19:30  Poster A Postersession I

BP 10.1-10.61 Mon 17:30-19:30  Poster C Postersession 11

BP 11.1-11.12 Tue 9:30-13:00 H 1028 Bioimaging and Biopspectroscopy I

BP 12.1-12.12 Tue 9:30-13:00 H 1058 Computational Biophysics 1

BP 13.1-13.3 Tue 12:30-13:15 MA 001 Evolutionary Game Theory (joint session SOE/DY /BP)
BP 14.1-14.7 Tue  14:00-15:45 BH-N 243 Microswimmers DY I (joint session DY /BP/CPP)
BP 15.1-15.102 Tue  14:00-16:00  Poster B Postersession III

BP 16.1-16.12 ~ Wed  9:30-13:00 H 1028 Membranes and Vesicles I (joint session BP/CPP)
BP 17.1-17.11  Wed  9:30-13:00 H 1058 Cell Mechanics I
BP 18.1-18.12  Wed  9:30-13:00 H 2013 Focus Session: Physics of Microbial Systems - organized by

Tobias Bollenbach and Benedikt Sabass
BP 19.1-19.11  Wed  9:30-12:15 MA 001 Networks (joint session SOE/CPP/BP /DY)
BP 20.1-20.13  Wed 10:00-13:30 BH-N 333  Statistical Physics of Biological Systems DY (joint session

DY /BP)
BP 21.1-21.9 Wed 15:00-17:30 H 1028 Microswimmers (joint session BP/CPP /DY)
BP 22.1-22.9 Wed 15:00-17:30 H 1058 Computational Biophysics 11
BP 23.1-23.8 Wed 15:00-17:15 H 2013 Bioimaging and Biopspectroscopy II

BP 24.1-24.6 Wed 15:00-16:30 PC 203 Bioinspired Functional Materials, Biomaterials and Biopoly-
mers (joint session CPP/BP)
BP 25.1-25.12  Wed 15:30-18:45 BH-N 243  Active Matter DY III (joint session DY /CPP /BP)

BP 26 Wed 18:00-19:00 H 1028 Annual General Meeting of the BP Division (BP Mit-
gliederversammlung)

BP 27.1-27.10  Thu 9:30-12:45 H 1028 Cell Mechanics 1T

BP 28.1-28.12 Thu 9:30-13:00 H 1058 Single Molecule Biophysics

BP 29.1-29.12 Thu 9:30-13:00 H 2013 Statistical Physics of Biological Systems I (joint session
BP /DY)

BP 30.1-30.9 Thu 9:30-13:15  MA 001 Focus Session: Complex Contagion Phenomena I (joint ses-
sion SOE/DY /BP)

BP 31.1-31.12  Thu 10:00-13:15 BH-N 243 Microswimmers DY II (joint session DY /CPP/BP)

BP 32.1-32.12 Thu 10:00-13:15 BH-N 334 Anomalous Diffusion (joint session DY /BP)

BP 33.1-33.8 Thu 15:00-17:15 H 1028 Cytoskeletal Filaments II

BP 34.1-34.9 Thu 15:00-17:30 H 1058 Neuroscience

BP 35.1-35.8 Thu 15:00-17:15 H 2013 Statistical Physics of Biological Systems II (joint session
BP/DY)

BP 36.1-36.9 Fri 9:30-12:00 H 1028 Cell Adhesion and Migration, Multicellular Systems II

BP 37.1-37.10  Fri 9:30-12:00 H 1058 Active Matter (joint session BP/CPP /DY)

BP 38.1-38.9 Fri 9:30-12:00 H 2013 Membranes and Vesicles II (joint session BP/CPP)

BP 39.1-39.13  Fri 9:30-13:15  MA 001 Focus Session: Complex Contagion Phenomena II (joint ses-
sion SOE/DY /BP)

Annual General Meeting of the Biological Physics Division
Wednesday 14.3.2018 18:00-19:00 H1028

e Report of the current speaker team

e Award of the EPL poster prizes of the Biological Physics Division

e Miscellaneous
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BP 1: Protein Structure and Dynamics

Time: Monday 9:30-13:00

Invited Talk BP 1.1 Mon 9:30 H 1028
Thermodynamics and kinetics of protein aggregation from
atomistic simulations — eBiraIiT STRODEL — Institute of Com-
plex Systems: Structural Biochemistry, Forschungszentrum Jiilich,
Germany — Institute of Theoretical and Computational Chemistry,
Heinrich Heine University, Diisseldorf

I will present two different techniques developed by my group, which
allow the extraction of the thermodynamics and kinetics of protein ag-
gregation from molecular dynamics data. The first technique uses tran-
sition networks (TNs) to characterize the aggregation pathways, as will
be demonstrated for the formation amyloid S-protein (AS) oligomers,
which are connected to the development of Alzheimer’s disease. The
TNs reveal that the oligomers leading to the size distributions ob-
served in experiments originate from metastable compact conforma-
tions, while extended oligomers are the ones driving the aggregation
process. It is further elucidated how changes in the sequence of Ag3, a
pH change or the presence of Cu(II) ions lead to different aggregation
pathways, which is of direct relevance to the toxicity of AS oligomers.
In the other technique, we extended the idea of automated Markov
state models (MSM) to protein self-assembly by constructing reaction
coordinates from descriptors that are invariant to permutations of the
molecular indexing. I will demonstrate the power of this technique for
the identification of kinetically relevant aggregation pathways for the
KFFE peptide. Both the TN and MSM formalism developed by us are
quite general and can therefore be used for the automated analysis of
any other self-assembling molecular system.

BP 1.2 Mon 10:00 H 1028
Short-time self-dynamics of immunoglobulin under bio-
mimicking crowding conditions — eMarco GrimaLpol, BEck
CurisTiaN!2, FELIX RooseN-RUNGE?, FaJuN Znang?, FRANK
ScurErBER?, and TiLo SeypEL! — !Institut Laue-Langevin, Greno-
ble, France — 2IAP- Universitit Tiibingen, Tiibingen, Germany —
3Division for Physical Chemistry, Lund University, Lund, Sweden

Approximately 10-40% of the intra- and extracellular fluids of living or-
ganisms are occupied by macromolecules such as proteins. This macro-
molecular crowding condition was shown to influence reaction rates,
and to lead to anomalous diffusion. We present a neutron backscatter-
ing study on the pico- to nanosecond self-diffusion and internal motion
of the antibody proteins immunoglobulins (Ig) in aqueous environment.
To systematically investigate the effect of macromolecular crowding on
protein dynamics we vary the concentration of cellular lysate, mim-
icking a cellular environment. The dynamics of Ig in lysate is then
compared with that of Ig in pure (heavy) water as a function of its
own concentration (self-crowding) [1]. Despite the high polydispersity
and the not easily predictable variance in lysate composition, both the
measured diffusion and the localized internal atomic motion of Ig as a
function of the overall volume fraction are in rather good agreement
with those of Ig in the self-crowded environment at comparable vol-
ume fraction, suggesting a crucial role of hydrodynamic interactions
on short-time protein dynamics even in a cell-like environment.

[1] Grimaldo M., Roosen-Runge F., Zhang F., Seydel T., Schreiber F.
JPCB 118 (2014): 7203.

BP 1.3 Mon 10:15 H 1028
Dramatic influence of anisotropic interaction and shape
on short-time protein diffusion — JiN Suk Myunc!, eFELIX
RooseN-RunGgE!, RoLaND G. WINKLER?, GERHARD GOMPPER?, PE-
TER SCHURTENBERGER!, and ANNA STRADNER! — !Division of Phys-
ical Chemistry, Lund University, Sweden — 2Theoretical Soft Matter

and Biophysics, Forschungszentrum Jiilich, Germany

Diffusion of proteins in cells is an essential process, strongly influenc-
ing the cellular machinery through numerous processes such as signal
transmission or reactions between proteins. We present a combined
experimental and computational study on effects of anisotropic inter-
actions and shape on the initial step of structural relaxation on nearest-
neighbor distance, i.e. short-time cage diffusion. Using neutron spin
echo spectroscopy in crowded solutions of crystallin proteins, cage dif-
fusion for « crystallin follows predictions for hard spheres, while the
cage diffusion of the weakly attractive « crystallin shows a dramatical
slowing down at comparably low volume fractions [1]. In mesoscale
hydrodynamic simulations employing multiparticle collision dynam-

Location: H 1028

ics (MPC), we observe a significant dynamical slowing down due to
attractions, which is strongly enhanced due to anisotropy in protein
interactions [1] and shape [2]. These results particularly demonstrate
that simplistic spherical models for globular proteins can be severely
misleading when studying effects of crowding on structural relaxation
and diffusion.

[1] S Bucciarelli, JS Myung et al. Sci. Adv. (2016) 2:€1601432

[2] JS Myung, F Roosen-Runge et al. in preparation

BP 1.4 Mon 10:30 H 1028
Stochastic modeling of multiprotein complex formation —
oSTEFANIE FORSTE, REINHARD Lirowsky, and SopHIA RUDORF —
Max Planck Institute of Colloids and Interfaces, Potsdam, Germany

The formation of a multiprotein complex, arising from the assembly
of multiple peptide chains inside the crowded cell environment, is sub-
ject of ongoing research. In contrast to the canonical view that pro-
tein assembly is a post-translational process, recent experiments show
that protein complexes can also assemble co-translationally, i.e., the
different chains may assemble before translation has finished. Here,
we investigate under which conditions post translational and/or co-
translational assembly can occur. We analyze the influence of differ-
ent parameters - such as the spatial distance of the translation sites -
on the assembly dynamics using a combination of Gillespie simulations
and analytical Markov modeling. In particular, we study the cross-over
from a co-translational to a post-translational assembly regime.

BP 1.5 Mon 10:45 H 1028
Characterisation of binding interaction of the influenza virus
proteins Hemagglutinin and Neuraminidase with a syn-
thetic sialic acid receptor by single molecule force spec-
troscopy — ®VALENTIN REITER-SCHERER!, SUMATI BuaTiA?, JosE
Luis CUELLAR-CaMAcHO?, DANIEL LAUSTER!, RAINER HaaG?, AN-
pREAS HERRMANN', and JURGEN P. RaBe! — 'HU Berlin — 2FU
Berlin

The influenza virus is causing annual epidemics. In the first step of
the infection, the virion binds to a host cell through multivalent at-
tachment, mediated by the major virus spike protein hemagglutinin
(HA) and sialic acid (SA) receptors of the glycocalyx of epithelial cells
of the respiratory tract [1]. Neuraminidase (NA) on the other hand
is known to cleave SA from the glycoproteins enabling the release of
newly formed virions. A common strategy to inhibit infection, is the
use of drugs that bind specifically to the binding pockets of the viral
proteins to prevent SA binding [2]. Here we introduce a ligand archi-
tecture (LAPEG-SA) ideally synthesized to test the tensile strength
between individual SA units and recombinant HA and NA of influenza
HIN1. Individual binding strength and affinity at the single molecular
level, being of central importance for the development of novel potent
inhibitors, are characterized by scanning force microscope based single
molecule force spectroscopy. Rupture forces of the SA protein bind-
ing are measured for several rates of force loading and the dissociation
parameters off-rate as well rupture length are derived from the single
barrier model [3]. - [1] Sieben et al., PNAS 2012. [2] Bhatia et al., J.
Am. Chem. Soc. 2016. [3] Evans et al., Biophys. Journal 1997.

15 min. break

BP 1.6 Mon 11:15 H 1028
Exploring protein structure with cryogenic optical localiza-
tion in three dimensions — DANIEL BOENING, e FRANZ FERDINAND
WIESER, and VAHID SANDOGHDAR — Max Planck Institute for the Sci-
ence of Light, Erlangen, Germany

Super-resolution optical microscopy has considerably advanced the
study of cellular processes, but optical access to the molecular struc-
ture of proteins and biomolecular assemblies remains very limited. We
have recently exploited the enhanced photostability of fluorophores at
cryogenic temperatures to increase the number of detected photons,
thus reaching a significantly higher signal-to-noise ratio compared to
room-temperature measurements. Using this approach, cryogenic op-
tical localization in three dimensions (COLD) is capable of determin-
ing the positions of several fluorescent sites within a single protein at
Angstrom resolution [1]. We present results on imaging DNA Origami,
the four binding sites of streptavidin and the conformational state of
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the Per-ARNT-Sim domain of the histidine kinase CitA. With its high

spatial resolution COLD opens new possibilities for obtaining quanti-

tative structure information from small to medium sized biomolecules

and for correlative measurements with established imaging methods.
[1] S. Weisenburger et al., Nature Methods 14, 141-144 (2017).

BP 1.7 Mon 11:30 H 1028
The relevance of conformational entropy for ligand-protein
interactions: The case of biotin and streptavidin — eMona
SARTER!"2, ANDREAS STADLER!, DoREEN NIETHER!, BERND KONIG!,
SimoNE  WieGAND'3, Jore FrrTerb2, MicHAELA ZaAMPONI!,
WIEBKE LoHsTROH%, and N1INA JaLARvO® — 1FZJ Jiilich — 2RWTH
Aachen — 3Universitidt zu Kéln — 4TUM Miinchen — 5SNS Oak
Ridge
Molecular dynamics play a vital role for the biological function of pro-
teins. For protein ligand interactions changes of conformational en-
tropy of the protein and the hydration layer are relevant for the bind-
ing process. In an experimental study we investigated the relevance of
conformational entropy for the binding of biotin to the protein strep-
tavidin. In order to investigate the proteins conformational entropy
and dynamics quasi elastic neutron scattering (QENS) was used, for
the protein and hydration layer isothermal titration caliometry (ITC)
was used and for the hydration layer thermodiffusion (TDFRS) was
used.

QENS results show that the conformational entropy of streptavidin
is reduced upon biotin binding, while ITC results show that the confor-
mational entropy of the hydration layer increases upon biotin binding.
TDFRS results also indicate an increased entropy of the hydration
layer. This leads to the conclusion that the hydration layer plays an
important role in stabilising the binding of biotin to streptavidin. The
internal streptavidin dynamics before and after biotin binding were
compared. This showed that the flexibility of streptavidin is greatly
reduced upon biotin binding leading to the complex being more rigid.

BP 1.8 Mon 11:45 H 1028
Hydration behaviour of collagen — ePuiLip Locuge!, Lise
THORNFELDT Hansen!, Lorena Ruiz?, JAN DaLpropr!, ALEXAN-
DER ScHLAICH!, EMANUEL SCHNECK?, LucAa BERTINETTI?, KERSTIN
G. BrLank?, and RoLanp R. Nerz! — !'Department of Physics, Freie
Universitit Berlin, Arnimallee 14, 14195 Berlin, Germany — 2Max
Planck Institute of Colloids and Interfaces, Am Miihlenberg, 1 OT

Golm, Germany

Collagen is a key protein in the extraceullar matrix of connective tis-
sues such as bones, skin, cartilage, tendons and muscles. Materials
such as leather or parchment are known to shrink upon dehydration.
An important component in these materials is collagen. The fact that
water has an effect on the properties of collagen is well known, but
the reasons for this are not. Here we use classical molecular dynam-
ics simulations to obtain insights into the structure and behaviour of
collagen. By comparison with x-ray scattering experiments, we show
that the choice of the forcefield used in simulations is crucial to re-
produce correct hydration effects. From our simulations we reproduce
the experimental scattering intensities as well a experimental osmotic
pressures. We also calculate the energetic and entropic contributions
to the osmotic pressure for different collagen types.

BP 1.9 Mon 12:00 H 1028
Protein assemblies of hGBP1 studied with Time Resolved-
Small Angle Scattering — eCHARLOTTE LORENZ and AN-
DREAS STADLER — Jilich Centre for Neutron Science (JCNS-1),
Forschungszentrum Jiilich

The human Guanylate Binding Protein 1 belongs to the family of
dynamin-like proteins and is activated by addition of nucleotides which
lead to protein oligomerization and stimulated GTPase activity. Stan-
dard protein expression and purification from bacterial E.coli cells
leads to hGBP1 without the posttranslational attachment of farne-
syl. With an integrative approach using analytical ultracentrifugation
(AUC), dynamic light scattering (DLS) and on-line size exclusion chro-
matography (SEC-SAXS) we investigated intermediate states during
the hydrolysis cycle of hGBP1. We were able to show that farnesy-
lation prevents hGBP1 in the inactive monomeric form in nucleotide
free solution, whereas the unmodified hGBP1 (nf-hGBP1) consists of
monomers and dimers in nucleotide free solution. Furthermore, the nf-
hGBP1 assembles to mostly dimers and tetramers after nucleotide in-
duction. Contrary, the farnesylated hGBP1 assembles after nucleotide
addition to large macromolecular structures. The polymer growth and
composition is analyzed in solution using time resolved SAXS (TR-

SAXS). This study shows the importance of posttranslational modi-
fications regarding the signaling regulation and controlled growth of
macromolecular complexes.

BP 1.10 Mon 12:15 H 1028
High spatial and temporal resolution study of biologi-
cal processes in a live cell via interferometric scattering

microscopy (iSCAT). — RicHARD TavrLor!, REza Guorami!,

VERENA RAUSCHENBERGER?, eANNA Kasukanoval, ALEXANDRA
ScuaMBoNY2, and VaHID SANDOGHDAR! — !'Max Planck Institute for
the Science of Light, Erlangen, 91058, Germany — 2Developmental Bi-
ology Unit, Friedrich-Alexander University Erlangen-Nuremberg, Er-

langen, 91058, Germany

Transmembrane proteins on a live cell exhibit a variety of dynamic
behaviors, such as diffusion on the cell membrane, transport into the
cell and trafficking along filaments. Those processes have been stud-
ied using standard technologies, however real-time visualization with
nanoscopic resolution is a challenge, with fluorescent microscopy as the
primary workhorse.

However, fluorescent microscopy has a critical limitation: fluo-
rophores emit a limited number of photons in their lifetime, which
limits spatial and temporal resolution, and the observation time. In-
terferometric scattering microscopy (iISCAT), uses gold nanoparticles
in place of fluorophores. The scattered light is imaged interferometri-
cally and the measurement can be performed indefinitely with spatial
(temporal) resolution of several nanometers (microseconds).

‘We present an experiment in which the epidermal growth factor re-
ceptor (EGFR) protein in a live HeLa cell was labeled with a 50 nm
gold nanoparticle and its life cycle observed. Our precise 3D informa-
tion provides exciting new insights into the dynamics of the receptor.

BP 1.11 Mon 12:30 H 1028
Validation of reaction coordinates describing protein func-
tional motion: combining equilibrium and non-equilibrium
MD methods — eMarTHIAS ERNST, STEFFEN WOLF, and GERHARD
Stock — Biomolecular Dynamics, University of Freiburg

Finding low-dimensional reaction coordinates that concisely describe
mechanistic details of protein motion is a fundamental and crucial step
to understand (and, at a later stage, to manipulate) protein dynamics.
Statistical methods like Principal Component Analysis are often used
and well understood, but usually not able to causally disentangle local
rearrangements that drive some motion and others that are merely
correlated or follow it. In my presentation, I will outline a strat-
egy to combine non-equilibrium methods with equilibrium results to
challenge and validate reaction coordinates: we use Targeted MDJ1] as
"molecular tweezer" to induce local rearrangements and explain causal
relations between and the overall functional motion. Investigating the
prominent PacMan-like hinge-bending motion of T4 Lysozyme, with
2600 atoms a rather small but extensively studied protein, we could
show|2] that a so far unrecognized reorientation of actually one single
side chain acts as a lock to stabilize and distinguish the open from the
closed state and is the cause of the rather long (=~ 10us) timescale.
We propose and verify a 4-state model for the hinge-bending motion
of T4 Lysozyme, which is supported by mutation studies and higher
temperature runs.

[1] J.Schlitter, M.Engels, P.Kriiger, J.Mol Graph. 1994, 12, 84.
[2]M.Ernst,S.Wolf,G.Stock, J. Chem. Theory Comput.2017,13(10),5076.

BP 1.12 Mon 12:45 H 1028
Elucidation of light-induced structural changes of
aureochrome and its recovery kinetics by small-angle X-ray
scattering — eSAskiA BANNISTER, ELENA HERMAN, THOMAS HELL-
wEG, and TiLMAN KoTTKE — Bielefeld University, Germany

Aureochromes function as blue-light-regulated transcription factors in
algae. Their basic region leucine zipper (bZIP) effector domain binds
DNA specifically while a light-, oxygen-, or voltage-sensitive (LOV)
domain acts as the sensor. Due to the inversed arrangement of sensor
and effector, aureochromes are interesting for studying their mecha-
nism and for the engineering of new optogenetic tools.

By applying small-angle X-ray scattering (SAXS) we pursue two
main targets, namely the elucidation of light-induced structural
changes of the receptor in solution and the analysis of the recovery
kinetics from its light state back to its dark state. However, SAXS
on photoreceptors is challenging. First, dark conditions need to be
absolutely strict to avoid conversion of the highly sensitive receptor.
Second, the analysis under illumination needs to ensure full conver-
sion. Therefore we have established SAXS experiments under rigorous
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control of light. Here, we reveal light-induced structural changes of the
photoreceptor and its recovery kinetics.
Banerjee, A., Herman, E., Serif, M., Maestre-Reyna, M., Hepp, S.,

Pokorny, R., Kroth, P. G., Essen, L.-O., Kottke, T. (2016), Nucleic
Acids Res. 44(12), 5957-5970.

BP 2: Biomaterials and Biopolymers (joint session BP/CPP)

Time: Monday 9:30-13:00

BP 2.1 Mon 9:30 H 1058
PFG-NMR studies of ATP diffusion in PEG-DA hydro-
gels and aqueous solutions of PEG-DA polymers — ¢ GUNTER
Majer! and ALEXANDER SouTHAN? — IMPI fiir Intelligente Sys-
teme, Heisenbergstr. 3, 70569 Stuttgart, Germany — Z2Institut fir
Grenzflichenverfahrenstechnik und Plasmatechnologie IGVP, Univer-
sitdt Stuttgart, Nobelstrafie 12, 70569 Stuttgart, Germany

Adenosine triphosphate (ATP) is the major carrier of chemical energy
in cells. The diffusion of ATP in hydrogels, which have a structural
resemblance to the natural extracellular matrix, is therefore of great
importance for understanding many biological processes. A powerful
tool to determine the diffusion coefficients of ATP and other solutes
directly, i.e. without the need for a fluorescent label and independent
of any diffusion-model assumptions, is pulsed field gradient nuclear
magnetic resonance (PFG-NMR). We present precise PFG-NMR mea-
surements of ATP diffusion in PEG-DA hydrogels of various mesh sizes
as well as in aqueous solutions of PEG-DA polymers, which are not
cross-linked to a three-dimensional network. A major result of this
work is that the diffusion coefficients are determined by the polymer
volume fraction only, regardless of whether the polymers are cross-
linked or not. Obviously, the ATP diffusion takes place only in the
aqueous regions of the systems, with the volume fraction of the poly-
mers, including a solvating water layer, being blocked for the ATP
molecules. This modified obstruction model is most appropriate to
correctly describe ATP diffusion in PEG-DA hydrogels.

BP 2.2 Mon 9:45 H 1058
Ion and Molecule Transport Bulk and in Nanopores - a NMR
study — eSARAH SCHNEIDER and MICHAEL VOGEL — TU Darmstadt
Institut fuer Festkoerperphysik, Darmstadt, Germany

We analyze ion and molecule transport in aqueous salt solutions
confined to nanopores as part of a project that aims to develop a
new generation of nanosensors by combining biological and synthetic
nanopores. While being highly selective and sensitive, biological ion
channels lack the robustness for technological applications. Contrarily
silica pores are well-proven in industrial and clinical environments, but
possess inferior capabilities, e.g. no selectivity. A hybrid system would
combine the favorable properties of both fields.

To optimize such pores, it is of strong interest to understand the in-
fluence of the confinement on the T-dependent ion and molecule trans-
port inside. We vary the pore parameters systematically and study
their effects on the dynamics by NMR. Using 'H and 2H NMR we can
selectively investigate water dynamics whereas "Li and 23Na NMR
analyze the local and long-range dynamics of ionic species. Analyzing
the local ion and water dynamics reveals a slowdown with increasing
salt concentration, which may differ in bulk and confinement due to
altered prospensity for crystallization. At a given concentration there
is a slowdown in confinement with more heterogenious dynamics. Both
can be explained by a slower layer at the pore walls and bulk-like dy-
namics in the pore center. Field-gradient NMR is applied to measure
self-diffusion. The extent of the effect and the relation between short-
and long-range dynamics depend on the confinement properties.

BP 2.3 Mon 10:00 H 1058
Fluoridation of hydroxyapatite - time dependence and pro-
tective properties — eTHomas FaipT!, ANDREAS FRIEDRICHS!,
CHRISTIAN ZEITZ!, SaMUEL GRANDTHYLL!, MicHAEL Hans2,
MarTHias HanNig3, Frank MULLER!, and KarIN Jacoss! —
1Experimental Physics, Saarland University, Saarbriicken, Germany
— 2Functional Materials, Saarland University, Saarbriicken, Germany
— 3Clinic of Operative Dentistry, Periodontology and Preventive Den-
tistry, Saarland University Hospital, Homburg, Germany

The application of fluoride containing products to protect tooth enamel
from caries is daily practice for many decades. However, to this day
little is known about the time dependence of fluoride uptake in hydrox-
yapatite (HAP) which is the mineral component of human enamel.

Location: H 1058

In our study, we used highly dense HAP pellet samples as a model
system for the crystallites of tooth enamel. To investigate the time
dependence of the fluoride uptake, samples were exposed to a fluoride
solution (NaF, 500 ppm) for different times. XPS depth profiling re-
vealed a saturation behavior both for the overall amount of fluoride
taken up by the sample and for the thickness of the formed fluoridated
layer. We found that the maximum thickness of the fluoridated layer
is about 13 nm. To explore the efficacy of such an ultrathin layer as a
protective shield against acid attacks, we used AFM to determine the
etching rates of untreated and fluoridated HAP samples. In spite of
very low fluoride concentrations in the fluoridated samples, our results
show a strong reduction of the etching rate after fluoride treatment.

BP 2.4 Mon 10:15 H 1058
Flexoelectricity in bones — eFaBIAN VAsQUEz-SancHO!2, AMIR
ApporLanr®, DracaN Damianovic?, and Gustau CaTtaLan®®
— lnstitut Catala de Nanociencia i Nanotecnologia, Barcelona,
Catalunya — 2CICIMA, Universidad de Costa Rica, San Jose, Costa
Rica — S3Laboratori de Calcul Numeric, Universitat Politecnica de
Catalunya, Barcelona, Catalunya — 4Ecole Politechnique Federale de
Lausanne (EPFL), Lausanne, Switzerland — ®Institut Catala de Re-
cerca i Estudis Avangats (ICREA), Barcelona, Catalunya

Bones have been known to generate electricity under pressure since
Fukada and Yasuda’s seminal measurement of bone piezoelectricity
in 1957. This piezoelectricity is thought to be essential for bone’s
self-repair and remodelling properties, and its origin is attributed to
the piezoelectricity of collagen (the main structural protein of bones).
However, since the discovery of flexoelectricity, it is known that strain
gradients can also generate voltages in materials of any symmetry.
Here we have detected and quantified the flexoelectricity of bone and
bone mineral (hydroxyapatite), and determined that flexoelectricity
can account for bone’s electrical response to inhomogeneous deforma-
tions. In addition, we have used the flexoelectric coefficient of hydrox-
yapatite to calculate the (flexo)electric fields generated by cracks in
bone mineral. Crack-generated electricity has been found to be large
enough to be able to induce osteocyte apoptosis and thus initiate the
crack-healing process, indicating a central role of flexoelectricity in
bone damage repair and remodelling.

Invited Talk BP 2.5 Mon 10:30 H 1058
Light-based tools for investigating cell-ECM and cell-cell in-
teractions — eARANzAZU DEL CamPO — INM-Leibniz Institute for
New Materials, Campus D2 2, 66123 Saarbriicken, Germany

Cells are able to sense and respond to biochemical and mechanical
signals of their microenvironment. Despite impressive progress in the
field of mechanotransduction, we still lack precise biophysical tools to
dynamically regulate receptors and forces at the cell-ECM and cell-
cell interfaces at molecular scale. In this context, novel tools based on
phototriggers, light-driven molecular motors and optogenetics will be
presented.

15 min. break

BP 2.6 Mon 11:15 H 1058
Quantitative Prediction of Multivalent Ligand-Receptor
Binding Affinities for Influenza, Cholera and Anthrax Inhibi-
tion — Susanne Liese'»2 and eRoLanp R. NETz! — Freie Univer-
sitéit Berlin, Fachbereich Physik — 2University of Oslo, Department
of Mathematics

Multivalency achieves strong, yet reversible binding by the simultane-
ous formation of multiple weak bonds. It is a key interaction principle
in biology and promising for the synthesis of high-affinity inhibitors of
pathogens. We present a model for the binding affinity of synthetic
multivalent ligands onto multivalent receptors consisting of n receptor
units arranged on a regular polygon. Ligands consist of a rigid polyg-
onal core to which monovalent ligand units are attached via flexible
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linker polymers. The calculated binding affinities quantitatively agree
with experimental studies for cholera toxin (n=>5) and anthrax receptor
(n=7) and allow to predict optimal core size and linker length. Max-
imal binding affinity is achieved for a core that matches the receptor
size and for linkers that are slightly longer than the difference between
receptor size and core size. We construct an enhancement diagram
that quantifies the multivalent binding affinity compared to monova-
lent ligands. We conclude that multivalent ligands against influenza
viral hemagglutinin (n=3), cholera toxin (n=5) and anthrax receptor
(n=7) can outperform monovalent ligands only for a monovalent lig-
and affinity that exceeds a core-size dependent threshold value. Thus
multivalent drug design needs to balance core size, linker length as well
as monovalent ligand unit affinity.

BP 2.7 Mon 11:30 H 1058
Are there knots in chromosomes? — JONATHAN SIEBERT!,
AvLexey Kiver!, Tim Stevens?, ErnesT Laur2?, and ePETER
Virnaul — 1JGU Mainz, Institut fiir Physik — 2Cambridge Uni-

versity, Department of Biochemistry

Recent developments have for the first time allowed the determina-
tion of three-dimensional structures of individual chromosomes and
genomes in nuclei of single haploid mouse embryonic stem (ES) cells
based on Hi-C chromosome conformation contact data. Although these
first structures have a relatively low resolution, they provide the first
experimental data that can be used to study chromosome and intact
genome folding. Here we further analyze these structures and pro-
vide the first evidence that G1 phase chromosomes are knotted [1],
consistent with the fact that plots of contact probability vs sequence
separation show a power law dependence that is intermediate between
that of a fractal globule and an equilibrium structure.

[1]J.T. Siebert et al., Are There Knots in Chromosomes?, Polymers
9:8 (2017)

BP 2.8 Mon 11:45 H 1058
Small-angle X-ray scattering on gold nanoparticle-decorated
DNA-origami nanostructures — eKiLiAN Frank™?, CAROLINE

Hartr!, AMEeLIE HEUER-JUNGEMANN!, Tiv Liepr!, and BERT

Nicker! — 1Faculty of Physics and Center for Nanoscience (CeNS),
Ludwig-Maximilians-Universitdt, Geschwister-Scholl-Platz 1, 80539
Miinchen, Germany — 2present address: Georg-August-Universitét,
Institute for X-ray Physics, Friedrich-Hund-Platz 1, 37077 Gé&ttingen,

Germany

The DNA origami technique is a robust method for positioning guest
molecules at the nanoscale, allowing for 3D crystalline assembly from
monomeric building blocks. We report on synchrotron small-angle X-
ray scattering (SAXS) experiments on DNA origami with guest gold
nanoparticles. Geometric models were applied to investigate the parti-
cle placement and the lattice parameters of crystalline superstructures.
In collaboration with Heinz Amenitsch (TU Graz) the model-free pair
distance distribution function (PDDF) from the scattering data was
analyzed. The PDDF reveals interparticle distances with nanometer
resolution and is thus a valuable tool in the study of DNA-templated
particle assemblies. The structure of a DNA-based lattice was con-
firmed to be rhombohedral with a spacing of 65 nm (T. Zhang, C.
Hartl, S. Fischer, K. Frank, P. Nickels, A. Heuer-Jungemann, B. Nickel
and T. Liedl. arXiv: 1706.06965). In situ SAXS confirmed previously
found melting temperatures of the structures. These results help to
optimize future designs of monomeric building blocks regarding lattice
type and size.

BP 2.9 Mon 12:00 H 1058
Magnetic collecting of malaria pigment crystals by mag-
netized thin films — eSzivia Muczal!, Tamas Prok!, AcNEs
OrBaN!, AprRIENNE FURreEDI?2, PETER Furies?, and IsTvan
KEezsmarki! — 1Dept. of Physics, Budapest Uni. of Technology and
Economics and MTA-BME Lendiilet Magneto-optical Spectroscopy
Research Group, 1111 Budapest, HU — 2Inst. of Technical Physics
and Materials Science, Centre for Energy Research, HAS, 1121 Bu-
dapest, HU

Malaria pigment (hemozoin) crystals are the by-product of the
hemoglobin metabolism and are unique indicators of the malaria infec-
tion. These micrometer-sized, needle-like, paramagnetic crystals have
low crystal symmetry, thus show optical and magnetic anisotropy. Our
group has been developing a malaria diagnostic device based on their
linear dichroism and we aim to integrate a magnetic prefilter to in-
crease the method’s efficiency.

For this reason we started to investigate the behaviour of hemozoin

crystals in their liquid suspension under magnetic field. To enhance
the magnetic field gradient we designed micron-sized magnetizable pe-
riodic structures by lithography, and we observed the behaviour of syn-
thetically prepared hemozoin crystals in liquid over these structures.
We explained our observations theoretically, with the modeling of the
magnetic properties near the surface of the periodic structure. We per-
formed measurements under flow using an aligned microfluidic system
to optimize different geometric parameters of magnetic structures.

BP 2.10 Mon 12:15 H 1058
Fibers and glasses: the complex behavior of protein droplets
— eLouisE JawerTH''2, ELISABETH FISCHER-FRIEDRICH?, SURO-
PRIYA SAaHA!, ANTHONY HyMmAN?, and FrRaNk JULICHER! — I'MPI
for the Physics of Complex Systems. Dresden — 2MPI of Molecular
Cell Biology and Genetics, Dresden — 3Biotec, TU Dresden

Liquid-like protein droplets are intracellular compartments that seg-
regate material without the use of a physical barrier such as a mem-
brane. Such compartments are important in a wide array of biological
processes ranging from embryonic development to pathological fiber
formation during neurodegenerative disease. The existence of many
of these compartments has been known for decades; however, only re-
cently has it become clear that these compartments exhibit liquid-like
properties. In this talk, I will discuss our efforts to characterize and
quantify these new materials in vitro. I will preset our recent work on
quantifying the mechanical properties of these droplets using a combi-
nation of active and passive microrheology. We find that these droplets
are not simple liquids, but become increasingly elastic as the droplets
age. This appears to be a universal behavior shared by many protein
varieties that form droplets. Furthermore, this and other characteris-
tics are strikingly similar to behaviors observed in glass-like materials
suggesting that protein droplets are in fact not simple liquids but,
rather, a type of glass.

BP 2.11 Mon 12:30 H 1058
Light-driven biomolecule electrophoresis by asymmetric pho-
tochemistry — eMicHAEL KiEss, FRIEDERIKE MOLLER, and DIETER
BrauN — LMU Munich, Amalienstrasse 54, 80799 Miinchen, Germany

Ton and pH gradients across membranes are widespread in biology and
are decisive for cell metabolism and signal transmission. We recreate
such gradients in bulk water by local photolysis of photodissociable
compounds. Focused light creates a non-equilibrium between photo-
products of different charges. Similar to pattern formation in biology,
the differential diffusion of the photoproducts generates a radial electric
field on a micrometer scale. Charged biomolecules move in this field
through electrophoresis, which reaches a steady state within seconds
in proportion to exp(-u/D ®). The complete description and theoret-
ical analysis of this phenomenon allows us to analyse and manipulate
molecules in water. We call this effect photochemical microscale elec-
trophoresis (PME) and use it as a fast, purely optical tool for the
simultaneous determination of electrophoretic mobilities, diffusion co-
efficients and charges of biomolecules (Qo/D) such as DNA and pro-
teins as well as the quantification of binding probabilities. We expect
that the presented photochemically induced, electrokinetic reaction-
diffusion-migration system will be a versatile playground for further
research. It can be a valuable tool for the investigation of electroki-
netic effects and for the development of optical methods such as zeta
potential measurements or isoelectric focusing. Furthermore, it is likely
that the optically controlled interaction of electrical fields with pH and
ion gradients may lead to a novel testbed for intracellular processes.

BP 2.12 Mon 12:45 H 1058
Thermal gradients, a natural choice to support the origins
of life — eCHRisTOF MasT!, LoreNz KEiL!, FRIEDERIKE MOLLER!,
MicHAEL Kigss!, Parrick KupeLLal, MArRA HEINLEIN!, MATTHIAS
Morascu!, HANNES MuTscHLER?, and DieTER Braun! — 1LMU
Munich, Amalienstrasse 54, 80799 Miinchen, Germany — 2Max Planck
Institute of Biochemistry, Am Klopferspitz 18, 82152 Martinsried, Ger-
many
Life is a non-equilibrium system, which is nowadays maintained by
a highly developed energy conversion machinery. Four billion years
ago, other non-equilibrium mechanisms were needed to kick-start liv-
ing processes. We propose ubiquitous heat fluxes as suitable driving
force: Thermal gradients across water filled pores lead to a concurrent
fluid convection and directed movement of dissolved charged molecules
along the temperature difference. Combined, both effects accumulate
the dissolved biomolecules in a length dependent manner. Oligonu-
cleotides are pushed into a hydrogel phase, depending on their sequence
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and chirality: A mixture of strands with different sequence demixes
into sequence-pure and homochiral hydrogels upon thermal accumu-
lation, possibly selecting for interacting strands during the origin of
life. The thermal non-equilibrium also creates and maintains a pH
gradient over two units by the selective accumulation of charged buffer

molecules, which shifts the local equilibrium in pH. In this system,
early compartments of life may have cycled between different external
pH conditions, implementing an important boundary condition for a
primordial metabolism. [1] Keil et al. Nat Com, 2017, 10.1038/s41467-
017-02065-3

BP 3: Cell Adhesion and Migration, Multicellular Systems |

Time: Monday 9:30-13:00

BP 3.1 Mon 9:30 H 2013
Molecular motors govern liquid-like ordering and fusion dy-
namics of bacterial colonies — eTom CRONENBERG, ANTON
WELKER, ROBERT ZOLLNER, CLAUDIA MEEL, ENNO R. OLDEWURTEL,
Karija SIEWERING, and BERENIKE MAIER — Department of Physics,
University of Cologne, Ziilpicher Str. 77, 50539 Ko6ln, Germany

Bacteria can adjust the structure of biofilms to enhance their survival
rate under external stress. Here, we explore the link between bacterial
interaction forces and colony structure. We show that the activity of
extracellular pilus motors enhances local ordering and accelerates fu-
sion dynamics of bacterial colonies. The radial distribution function of
mature colonies shows local fluid-like order. The degree and dynamics
of ordering are dependent on motor activity. At a larger scale, the fu-
sion dynamics of two colonies shows liquid-like behavior whereby the
ratio between surface tension and viscosity decreases with decreasing
motor activity.

BP 3.2 Mon 9:45 H 2013
Organization of Fibronectin and NIH/3T3 Fibroblasts on
Bulk Microgrooved TiO2 — eAsTRID WEIDT!2, MAREIKE ZINK!,
and STEFAN G. Mayr?3 — 1Junior Research Group Biotechnol-
ogy and Biomedicine, Peter-Debye-Institute for Soft Matter Physics,
Leipzig University, Germany — 2Leibniz Institute of Surface Engineer-
ing (IOM) e.V., Leipzig, Germany — 3Division of Surface Physics,
Leipzig University, Germany

The choice of suitable nano- and microstructures of biomaterials is
crucial for successful implant integration within the body. In partic-
ular, surface characteristics affect the adsorption of various extra cel-
lular matrix proteins. This work illustrates the interaction of protein
adsorption and early cell adhesion on bulk microstructured titanium
surfaces with parallel grooves of 27 to 35 micron widths and 15 to 19
micron depths, respectively. In contact with low concentrations of fi-
bronectin solutions, distinct adsorption patterns are observed on the
edges of the ridges. Moreover, NIH/3T3 fibroblasts cultured in serum-
free medium for 1 h, 3 h and 1 d show enhanced early cell adhesion on
fibronectin coated samples compared to uncoated ones. In fact, early
adhesion and cell contacts occur mainly on the groove edges where
fibronectin adsorption was preferentially detected. Such adsorption
patterns also support cellular contact guidance on short time scales
which is hardly seen for uncoated samples. Thus, surface structures
can promote directed adsorption of low concentrated fibronectin which
facilitates early cell adhesion. These results may give rise to new de-
velopments in surface engineering of biomedical implants for improved
osseointegration.

BP 3.3 Mon 10:00 H 2013
Mechanics and Dynamics of Dictyostelium discoideum Adhe-
sion — eNADINE KAMPRADY2, CHRISTIAN WESTENDORF!, ALBERT
Bage!, Lyova Mamovan2, and Marco TaranToLa! — 1Max-Planck-
Institut for Dynamic and Self-Organization, Gottingen, Germany —
2University of Géttingen, Germany

Motile cells exert traction on the substratum in order to extend anterior
pseudopodia and retract the rear. While the cytoskeleton generates
protrusive and contractile forces, interaction of the ventral cell surface
with the underlying support is necessary for force transmission. Here
we focus on substrate adhesion of Dictyostelium discoideum (D.d), an
integrin-free cellular model system. The amoeba adheres to substrates
using actin foci; the latter are actin-rich areas, believed to be involved
in non-specific adhesion processes. We perform co-localization studies
of actin and known adhesion mediators like Talin, SCAR, Arp2/3 and
the D.d. specific transmembrane adhesion protein Sad A. Coincidence
is assessed using Total Internal Reflection Fluorescence Microscopy of
single cells in an early developmental stage with considerably reduced
motility. Current opposing hypotheses view actin foci as byproducts

Location: H 2013

of endocytosis and not as adhesive areas. Thus, we examine colocal-
ization of a protein coating endocytotic vesicles, Clathrin, to discern
endocytosis from adhesion. In addition, we study cell lines with im-
paired adhesion based on knock out approaches for the aforementioned
proteins and assess their influence on contact area morphology and ad-
hesion forces.

BP 3.4 Mon 10:15 H 2013
Confinement and topography control 3D motility of crawling
cells — eBenJAMIN WINKLER!, Icor S. Aranson?3, and FaLko
Z1EBERT1 4 — 1Physikalisches Institut, Albert-Ludwigs-Universitit
Freiburg, Germany — 2Department of Biomedical Engineering, Penn-
sylvania State University, University Park, USA — 3Materials Science
Division, Argonne National Laboratory, USA — *Institute for Theo-
retical Physics, Ruprecht-Karls-University Heidelberg, Germany

The natural environment of motile cells are heterogeneously-shaped,
three-dimensional geometries, often inducing also strong confinement
effects. In turn, it is of great importance to model the role substrate
topography and confinement play in cellular movement. We have de-
veloped a three-dimensional computational model, based on the so-
called phase field approach, to study lamellipodium-driven crawling
cells in arbitrarily shaped surroundings. We then studied several well-
defined scenarios, such as a systematic variation of substrate curvature
(from cells on thin fibers to the movement inside a capillary), vertical
confinement between two plates, as well as topographically structured
substrates. The derived, purely physical, guiding principles for motile
cells should help discerning effects from truly specific biochemical cues
and/or regulatory activity from the cell itself.

BP 3.5 Mon 10:30 H 2013
Bacterial adhesion under flow condition — eJOHANNES
Miscuo!, FrRIEDERIKE NoLLe!, CHRIisTIAN SPENGLER!, NicoLas
TrEWES!, MARKUS BiscHOFF?, and KARIN JacoBs! — !Department
of Experimental Physics, Saarland University, Saarbruecken —
2Institute for Medical Microbiology and Hygiene, Saarland University,
Homburg/Saar

Bacterial biofilm formation reduces the effect of antibiotics, which is
one of the main reasons for the mandatory removal of infected implants
from the body. Therefore, the prevention of biofilm formation or mate-
rial specifications that result in the death of adhering bacteria without
harming somatic cells is considered key in medical implant develop-
ment. Our flow chamber experiments, as a first step towards in vivo
situations, aim at characterizing bacterial adhesion and viability of S.
aureus on silicon surfaces. While surface chemistry and subsurface
composition of the silicon surfaces are consistent, bacterial adhesion
rate and viability on nano-rough silicon can be ascribed to geometry
constraints, as changes in the adhesion strength due to a variation of
the long-range van der Waals force can be neglected. Comparing ad-
hesion rate and viability on hydrophobic and hydrophilic substrates of
identical roughness reveals the influence of short-range, e.g. hydropho-
bic, forces. The data obtained from our flow chamber measurements
can be compared to our single cell force spectroscopy data on the same
surfaces.

BP 3.6 Mon 10:45 H 2013
Patterning of adhesion mediated by binders of multiple
types — eJosip V0oascevié! and Ana-Suncana Swmitu!s?
1Rudjer Bogkovi¢ Institute, Division of Physical Chemistry, Zagreb —
2PULS Group, Institut fiir Theoretische Physik, Univesitit Erlangen-
Niirnberg

Cellular adhesion is mediated by binding of multiple proteins of dif-
ferent lengths, flexibilities and binding affinities. However, in most
modelling efforts so far, only one type of molecular binding has been
considered. These studies showed that the membrane, which in the
absence of specific molecular forces resides in a non-specific potential,
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deforms upon molecular complexation. This in turn introduces coop-
erative effects that promote further binding.

Building on a coarse grained Monte Carlo framework that quantita-
tively captures the dynamics of adhesion mediated by a single type of
ligand-receptor pairs, we study a complete phase behaviour and the dy-
namics in the system containing two types of molecular binders which
differ in molecular flexibilities, lengths, binding energies and densities.

By including ligand-receptor pairs and flexible polymers that can
crosslink both adherent interfaces, we can capture the behaviour ob-
served in experiments with artificially produced DNA-oligomers or the
adhesion of T-lymphocyte cells induced by binding of TCR to pMHC
and LFA-1 to ICAM-1 proteins during the formation of the immune
synapse.

15 min. break

Invited Talk BP 3.7 Mon 11:15 H 2013
Morphology control by active fluid flows — eKAREN ALiM —
Max Planck Institute for Dynamics and Self-Organization, Gottingen,
Germany

Fluid flows can induce long-ranged interactions and propagate infor-
mation on large scales. Especially during the development of an or-
ganism, coordination on large scales in short time is essential. What
are the principal mechanisms of how fluid flows induce, transmit and
respond to biological signals and thus control morphology? The role
of fluid flows in patterning and morphing is particularly prominent
during the growth and adaptation of transport networks like vascu-
lar networks. Here, the network-forming slime mould Physarum poly-
cephalum emerged as a model to study the complex dynamics of trans-
port networks. Investigating the pivotal role of fluid flows in this live
transport network we find that flows are patterned in a peristaltic
wave across the network thereby optimising transport. In fact, flows
are hijacked by signals to propagate throughout the network promot-
ing their own transport by invoking a propagating front of increased
flow. These simple non-linear dynamics are sufficient to explain sur-
prisingly complex dynamics of the network-like organism as adapting
into the shortest path through a maze.

BP 3.8 Mon 11:45 H 2013
Stochastic Dynamics of Cell Migration in Complex Environ-
ments — eDavipD B. BRUCKNER!, ALEXANDRA FINk2, CHRISTOPH
ScHREIBER?, PETER J. F. ROTTGERMANNZ, JoacHIM O. RADLERZ,
and CHaSE P. BroeDERsz! — !Arnold-Sommerfeld-Center for The-
oretical Physics and Center for NanoScience, Ludwig-Maximilians-
Universitit, Miinchen — 2Faculty of Physics and Center for
NanoScience, Ludwig-Maximilians-Universitat, Miinchen

The migration of cells is crucial in a variety of biological processes,
including development, homeostasis, and cancer. In all these cases,
cells migrate in complex and confined environments. To elucidate the
physics of such confined migration in a standardised manner, we study
cancer cells (MDA-MB-231) migrating on dumbbell-shaped micropat-
terns consisting of two square adhesion sites connected by a thin guid-
ance cue. We observe that these cells stochastically migrate back and
forth between the adhesion sites. We reconstruct equations of motion
directly from the experimentally determined short time-scale dynam-
ics, allowing us to decompose the migration into deterministic and
stochastic contributions. This equation of motion captures the full
dynamics of the confined cell and accurately predicts the long time-
scale transitions between the sites. Our findings unveil the non-linear
dynamics that governs cell migration in such environments. This ap-
proach could provide a basis for the understanding of the microscopic
processes driving cell migration as well as the collective dynamics of
many cells.

BP 3.9 Mon 12:00 H 2013
Time-Resolved Force Spectroscopy of Flagella-Surface Con-
tacts — e ANNI ROsE, CHRIsTIAN TiTUs KREIS, and OLIVER BAuM-
cHEN — Max Planck Institute for Dynamics and Self-Organization
(MPIDS), Am Fafberg 17, D-37077 Gottingen, Germany

Cellular appendages such as cilia and flagella are important tools for
microbes to sense their environment, to propel themselves and also for
mediating cell adhesion to surfaces. Despite the fact that the flagella
axoneme represents a universal building block in cell biology, the bi-
ological mechanisms and characteristics of flagella mediated adhesion
remains elusive so far. Recently, we discovered that Chlamydomonas,
a unicellular biflagellated microalga, can actively switch the flagella

adhesiveness on and off by light [1]. This rapid adaptation to environ-
mental conditions within seconds distinguishes the adhesion mecha-
nism of microalgae (eukaryotes) from bacteria (prokaryotes). In order
to obtain a quantitative understanding of the characteristics of mi-
croalgal adhesion, we study flagella-substrate interactions by means
of time-resolved in vivo force spectroscopy. Our micropipette-based
force measurements allow us to correlate adhesion forces with optical
images of flagella configuration during the rupture of the adhesive con-
tact. These experiments indicate that each flagellum forms multiple
adhesive contacts with the substrate. We identify the spatial distri-
bution of the contacts on the flagella and also measure the strength
of the individual contacts. These characteristic signatures of microal-
gal adhesion represent a remarkable difference compared to bacterial
adhesion.
[1] Kreis et al., Nature Physics, 2017.

BP 3.10 Mon 12:15 H 2013
Universal kinetics for the engagement of mechanosensing
pathways in cell adhesion — eSAMUEL BELL and EUGENE M. TER-
ENTJEV — Cavendish Laboratory, 19 JJ Thomson Ave, Cambridge,
CB3 OHE, United Kingdom

When plated onto a 2D substrate, cells will adhere and then spread,
before becoming polarised. It is well known that cells plated onto
surfaces with lower elastic moduli spread to a smaller final area than
on stiffer surfaces. We studied the time of onset of spreading for two
cell lines, endothelial cells (EA.hy927) and fibroblasts (NIH/3T3) onto
a large range of substrates, and, remarkably, found that the dynam-
ics of early spreading are the same over a wide range of stiffnesses
(460Pa-30GPa). Instead, the dynamics were found to be greatly in-
fluenced by temperature. The long-time probability of onset displays
an exponential activation, P(t) ~ exp(—kt) for both cell lines, with an
Arrhenius-type rate constant k o< exp(—G/kpT). The energy barrier
was found for both cell lines to be G = 19kcal/mol, and tallies with a
recent study on the activation of focal adhesion kinase (FAK). Further
to this, the short-time probability of having spread by time t follows a
universal power law scaling, much as in nucleation theory, Q(¢) o 5.
This is evidence for the onset of spreading being governed by the as-
sembly of focal complexes with 5 major steps of building followed by
FAK activation.

BP 3.11 Mon 12:30 H 2013
Flow rate of transport network controls uniform metabolite
supply to tissue — eFELIX J. MEIGEL and KAREN ArLiM — Max
Planck Institute for Dynamics and Self-Organization, Gottingen, Ger-
many

Functioning of higher organisms depends on the continuous supply of
metabolites to tissue and organs. What are the requirements on the
transport network pervading the tissue to provide a uniform supply
of metabolites? We consider the transport dynamics of metabolites
in a vascular network of connected tubes. On a single tube level, we
describe metabolite spread by diffusion and advection as well as ab-
sorption at the tube wall. Applying our theoretical model of metabolite
supply to the example of xylem vasculature in leaves, we find that on
the network level, the flow rate is the key factor for uniform supply.
While at low inflow rate metabolites are already exhausted near the
flow inlet, too high inflow flushes metabolites through the network.
We identify a scaling law, predicting the optimal inflow rate providing
uniform metabolite supply. We identify how overall change in network
topology compensates sub-optimal inflow rates in numerical simula-
tions.

BP 3.12 Mon 12:45 H 2013
Collective cell migration in embryogenesis follows the laws of
wetting — e BERNHARD WALLMEYER!, SARAH TRINSCHEK?Z, SARGON
Yicir!, Uwe TuieLe?, and TimMo Berz! — lInstitute of Cell Biol-
ogy, ZMBE, Miinster, Germany — 2Institute for Theoretical Physics,
Miinster, Germany

Collective cell migration is a fundamental process during embryogen-
esis and its initial occurrence, called epiboly, is an excellent in vivo
model to study the physical processes involved in collective cell move-
ments that are key to understand organ formation, cancer invasion and
wound healing. In zebrafish, epiboly starts with a cluster of cells at
one pole of the spherical embryo. These cells are actively spreading in
a continuous movement towards its other pole until they fully cover the
yolk. Inspired by the physics of wetting we determine the contact angle
between the cells and the yolk during epiboly. Similar to the case of
a liquid drop on a surface one observes three interfaces that carry me-
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chanical tension. Assuming that interfacial force balance holds during
the quasi-static spreading process, we employ the physics of wetting
to predict the temporal change of the contact angle. While the ex-
perimental values vary dramatically, the model allows us to rescale all
measured contact angle dynamics onto a single master curve explaining

BP 4: Active Matter DY |
Time: Monday 10:00-13:15

BP 4.1 Mon 10:00 BH-N 243
Dynamics of sedimenting active particles — eJEREMY VACHIER
and MArco G. Mazza — Max Planck Institute for Dynamics and
Self-Organization, Gottingen, Germany

The collective motion of active particles has attracted enormous inter-
est on account of the technological applications of artificial and bio-
logical particles. Even in the simple case of a dilute suspension solely
subject to gravity, active particles show interesting behavior. While
theoretical studies have addressed this problem with effective theo-
ries, a full time-dependent solution of the sedimentation problem has
been neglected. Here, we present an analytical solution of the Fokker—
Planck equation for the stochastic process which allows us to describe
the full dynamics of active particles in three dimensions under an exter-
nal force. Our results are supported by numerical calculations in which
weak hydrodynamics interactions are approximated. We address three
cases: active particle under gravity, confinement by reflecting barriers,
and the effect of the activity of the particles on their collective motion.
Finally, we compare our results with experiments and find a very good
agreement.

BP 4.2 Mon 10:15 BH-N 243
Active systems learning at the microscale — eSANTIAGO
MuiNos-LanDpIN!, KevaN Guaz-ZaneDp1?, and FrRank CicHos! —
IMolecular Nanophotonics. University of Leipzig. Institut for Exper-
imental Physics I — 2Information Theory of Cognitive Systems, Max
Planck Institute for Mathematics in the Sciences

Living organisms are able to sense and process information about the
environment they live in. They are also able to update this infor-
mation in order to contruct solutions for real life problems such as
finding food or avoiding danger. This active adaption process that
in the long run drives the evolution of species is the result of a short
time scale evolution of the knowledge of an organism that we know as
learning. At the microscale the learning is hampered by stochasticity
given that the intrinsic Brownian noise makes critical to build a feed-
back between stimulus and action. Here, we present a system based
on a self-themophoretic microswimmer that allows the application of
artifical intelligence algorithms at the microscale. Using reinforcement
learning we show that even under noise conditions a system is able to
learn how to optimize a simple navigation task. We study the influence
of noise and the situation where multiple agents can share information
to carry out specific tasks. This way we show how adaptation and in-
telligent collective behavior can be studied in artificial microswimmers
systems.

BP 4.3 Mon 10:30 BH-N 243
Collective rotations of active particles interacting with ob-
stacles — eZAHRA MoxkHTARI!, TiMO AspELMEIER?, and AN-
NETTE ZipPELIUs! — lInstitut fiir Theoretische Physik, Georg-
August-Universitdt Gottingen, Germany — 2Institut fiir Mathema-
tische Stochastik, Georg-August-Universitat Gottingen, Germany

We study the motion of active particles in the presence of static obsta-
cles. We observe accumulation and crystallization of active particles
around the obstacles which serve as nucleation sites, a phenomenon
that is expected due to the known absorption of active particles at
solid boundaries. In the limit of high activity, the crystals start to
rotate spontaneously around the obstacle, resembling a rotating rigid
body. We explain the occurrence of such rotations through the en-
hanced attraction of particles to the cluster whose orientation points
along its rotational velocity as compared to those whose orientation
points in the opposite direction.

BP 4.4 Mon 10:45 BH-N 243
Collective dynamics of squirmers confined to a surface by
strong gravity — eJan-TiMM KuHR, FELIXx RUHLE, JOHANNES

the collective cell movement. Thus, we describe the fundamental and
complex developmental mechanism at the onset of embryogenesis by
only three main parameters: the offset tension strength «, the tension
ratio ¢ and the rate of tension variation A.

(joint session DY /CPP/BP)
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BrascHKE, and HOLGER STARK — Institut fiir Theoretische Physik,
Technische Universitat Berlin, Hardenberg Str. 36, 10623 Berlin, Ger-
many

External fields acting on microswimmers are of paramount importance
for collective phenomena like bioconvection. In previous work we ex-
plored the individual [1] and collective [2] dynamics of squirmer model
swimmers under moderate gravity by MPCD simulations. Here, we
turn to strong gravity, where microswimmers form a single layer at the
bottom surface, while interacting hydrodynamically in 3D.

We find various intriguing phenomena depending on the swimmer
type (neutral, pusher, and puller) and area density: Formation of pairs,
chains and other metastable bound states, but also collective swarming
parallel to the surface.

Neutral squirmers at low area densities repel each other by their
self-generated flow fields and thereby arrange in strongly disturbed
hexagonal lattices reminiscent of 2D crystals subject to intense fluctu-
ations. For higher densities attractive interactions become important
and give rise to pair and chain formation. We characterize these dis-
tinct emergent states, compare to melting of 2D colloids, and explore
the flow fields, which create hexagonal lattices.

[1] F. Riihle et al., accepted at New J. Phys.
[2] J.-T. Kuhr, J. Blaschke, F. Riihle, and H. Stark, Soft Matter 13,
7548 (2017).

BP 4.5 Mon 11:00 BH-N 243
Learning agents as a model for collective motion — eKatja
RiED!, THOMAS MULLER?, and Hans J. BriecerL!2 — lInstitut fiir
Theoretische Physik, Universitdt Innsbruck, Technikerstrafe 21a, 6020
Innsbruck, Austria — 2Department of Philosophy, University of Kon-
stanz, 78457 Konstanz, Germany

Watching a swarm of fish, birds or insects is mesmerizing, and it in-
evitably makes one wonder how countless independent individuals can
form such a perfectly coordinated whole. A number of theoretical mod-
els attempt to answer this question by studying the collective dynamics
that arise when individuals interact according to certain rules. How-
ever, these rules are often simply postulated ad hoc, and individuals
are modelled as featureless points carrying them out. Naturally, such
models are unlikely to provide an accurate - or even plausible - account
of the individual-level behaviour that ultimately drives the swarm.

I will present a different Ansatz to this problem, wherein individuals
are considered as full-fledged agents: distinct entities that can perceive
certain (reasonable) features of their surroundings, endowed with a sta-
ble internal mechanism for processing these perceptions and deciding
how to respond, and capable of modifying these responses as a func-
tion of their personal experience. I will illustrate this Ansatz with the
example of locusts marching in a one-dimensional arena and discuss
what insights agent-based models can offer to the study of collective
motion.

15 min. break

BP 4.6 Mon 11:30 BH-N 243
Localized States in an Active Phase-Field-Crystal Model —
eLukas OpHAUS, JOHANNES KIRCHNER, SVETLANA GUREVICH, and
Uwe THIELE — Institut fiir Theoretische Physik, WWU, Miinster,
Germany

The Phase-Field-Crystal (PFC) model provides a simple microscopic
description of the thermodynamic transition from a fluid to a crys-
talline state [1]. The model can be combined with the Toner-Tu the-
ory for self-propelled particles to obtain a model for crystallization
(swarm formation) in active systems [2]. Within the resulting active
PFC model, resting and traveling crystals can be identified. In the
linear regime, we give analytical expressions for the transitions from
the liquid state to both types of crystals. In addition, we provide a
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general semi-analytical criterion for the onset of motion in the nonlin-
ear regime, that corresponds to a drift-pitchfork bifurcation. Like the
passive PFC model [3], the active version describes a variety of local-
ized states (LS) besides spatially extended crystals. In the spatially
one-dimensional case we explore how the bifurcation structure (slanted
homoclinic snaking) is amended by activity. Numerical continuation
is applied to follow resting and traveling LS while varying the activity
and mean concentration. A fold continuation allows us to determine
the area of existence of different states in a two parameter plane. Fi-
nally, we look into the scattering behavior of LS through numerical
time simulation. [1] M.J. Robbins et al., PRE 85, 061408 (2012). [2]
A.M. Menzel and H. Léwen, PRL 110, 055702 (2013). [3] U. Thiele et
al., PRE 87, 042915 (2013)

BP 4.7 Mon 11:45 BH-N 243
Turbulence and pattern formation in a minimal model
for active fluids eMARTIN JaMes!, Wourer Bos?, and
MicHaEL WiLczek! — !Max Planck Institute for Dynamics and Self-
Organization, Gottingen, Germany — 2LMFA, CNRS, Ecole Centrale
de Lyon, France

1

Continuum theories of active fluids display a fascinating range of dy-
namical states, including stationary patterns and turbulent phases.
While the former can be tackled with classical pattern formation the-
ory, the spatio-temporal disorder of active turbulence calls for a sta-
tistical description. In this presentation, new results on turbulence
and pattern formation in a minimal continuum model for active flu-
ids, which has been recently proposed by Wensink et al. [PNAS
109(36):14308 (2012)], will be discussed. Adopting techniques from
turbulence theory, we establish a quantitative description of correla-
tion functions and spectra for active turbulence. We furthermore re-
port on a novel type of turbulence-driven pattern formation far beyond
linear onset: the emergence of a dynamic vortex lattice state after an
extended turbulent transient, which can only be explained taking into
account turbulent energy transfer across scales.

BP 4.8 Mon 12:00 BH-N 243
Emergence of phytoplankton patchiness at small scales in
mild turbulence — REBEKKA E. BREIER, CrisTiAN C. LALEsSCU,
MicHAEL WILCZEK, and eMARco G. Mazza — Max Planck Institute
for Dynamics and Self-Organization (MPIDS), Am Fafberg 17, 37077
Gottingen
Phytoplankton often encounter turbulence in their habitat. As most
toxic phytoplankton species are motile, resolving the interplay of motil-
ity and turbulence has fundamental repercussions on our understand-
ing of their own ecology and of the entire ecosystems they inhabit.
The spatial distribution of motile phytoplankton cells exhibits patchi-
ness at distances of decimeter to millimeter scale for numerous species
with different motility strategies. The explanation of this general phe-
nomenon remains challenging. Furthermore, hydrodynamic cell-cell
interactions, which grow more relevant as the density in the patches
increases, have been so far ignored. Here, we combine particle simu-
lations and continuum theory to study the emergence of patchiness in
motile microorganisms in three dimensions. By addressing the com-
bined effect of turbulent flow conditions, and spatial correlations in
the particle positions, we uncover a general mechanism: when motility
allows cells to cross the fluid streamlines, the typical length scale as-
sociated to the small-scale turbulence selects a characteristic cell-cell
interactions scale where strong patches form. Our results shed light
on the dynamical characteristics necessary for the formation of patch-
iness, and complement current efforts to unravel planktonic ecological
interactions.

BP 4.9 Mon 12:15 BH-N 243
Critical behavior of active Brownian particles — JONATHAN
TAMMO SIEBERT, eFLORIAN DiTTRICH, FRIEDERIKE ScHMID, KURT
BiNnDER, THOMAS SPECK, and PETER VIRNAU — Johannes Guten-
berg University Mainz, Department of Physics, 55122 Mainz

We propose an improved block-density distribution method, which al-
lows us to determine accurately the critical point of two dimensional
active Brownian particles at Pecr = 40(2), ¢er = 0.597(3). Based on
this estimate we study the corresponding critical exponents 3, v/v,
and v. Our results are incompatible with the 2D-Ising universality
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class, thus raising the fascinating question whether there exists a non-
equilibrium universality class.

BP 4.10 Mon 12:30 BH-N 243
Pattern Formation and Synchronization of Disk-Shaped Cir-
cle Swimmers — eGuo-JuN Liao and SaBiNe H. L. Krapp —
Institut fiir Theoretische Physik, Technische Universitat Berlin, Hard-
enbergstrafie 36, 10623 Berlin

‘We computationally study a generic model of disk-shaped active Brow-
nian particles using Brownian dynamics simulation. Each particle is
driven both by constant propulsion force and torque. We investigate
how these two distinct propulsions combine to influence the macro-
scopic structure of a colloidal system. In the regime of small propulsion
torque, the active colloids exhibit motility-induced clustering [1]. As
the propulsion torque becomes comparable to thermal energy, the clus-
tering phenomenon is drastically suppressed. Moreover, although all
particles are intrinsically assigned to rotate counterclockwise, a novel
state of clockwise vortices emerges at an optimal value of propulsion
torque. We introduce a gear argument to capture the underlying
mechanism of such vortices. To obtain deeper insight into the in-
terplay between active motion and particle alignment, an additional
polar interaction is then incorporated into our model. With increasing
strength and range of the polar interaction, synchronization behavior
is observed. Our model bears some similarity with the Kuramoto
model [2], in which oscillators are actively moving over time.

[1] I. Buttinoni et al., Phys. Rev. Lett. 110, 238301 (2013)
[2] Y. Kuramoto, Chemical Oscillations, Waves, and Turbulence,
(Springer, Berlin, 1984).

BP 4.11 Mon 12:45 BH-N 243
Pair Creation in Insect Swarms — eDaN Gorsonos and NIR
Gov — Weizmann Institute, Rehovot, Israel

The macroscopic emergent behavior of social animal groups is thought
to arise from the local interactions between individuals. We proposed
a model of acoustic interaction within insect swarms that resemble
gravitational attraction. Unlike gravity, the interactions between the
insects are adaptive. Sensory mechanisms in biology, from cells to hu-
mans, have the property of adaptivity, whereby the sensitivity of the
signal produced by the sensor is adapted to the overall amplitude of
the signal. Adaptivity reduces the sensitivity in the presence of strong
background stimulus, while increasing it when the background is weak.
We find that in particular adaptivity is responsible for pairwise inter-
action that are characterized by higher-frequency nearly harmonic os-
cillations conducted by two synchronized insects. By comparison, the
capture of pairs under normal gravity is extremely rare. We show that
such pairs are created in simulations of the ”adaptive gravity” model
and compare them with pairs that were found in measurements of
laboratory midge swarms. In addition we show similarities in density
distributions between the simulations and laboratory measurements.

BP 4.12 Mon 13:00 BH-N 243
Dynamically Generated Patterns in Dense Suspensions
of Active Filaments oPRATHYUSHA KOKKOORAKUNNEL
RAMANKUTTY!, SILKE HENKES?, and RAsTKO SKNEPNEKS — !Max
Planck Institute of Physics of Complex Systems, Dresden Germany —
2University of Aberdeen, United Kingdom — 3University of Dundee,
United Kingdom

We use Langevin dynamics simulations to study dynamical behaviour
of a dense planar layer of active semi-flexible filaments. Using the
strength of active force and the thermal persistence length as pa-
rameters, we map a detailed phase diagram and identify several non-
equilibrium phases in this system. In addition to a slowly flowing melt
phase, we observe that for sufficiently high activity, collective flow ac-
companied by signatures of local polar and nematic order appears in
the system. This state is also characterised by strong density fluctu-
ations. Furthermore, we identify an activity- driven cross-over from
this state of coherently flowing bundles of filaments to a phase with no
global flow, formed by individual filaments coiled into rotating spirals.
This suggests a mechanism where the system responds to activity by
changing the shape of active agents, an effect with no analog in systems
of active particles without internal degrees of freedom
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BP 5: Systems Biology & Gene Expression and Signalling

Time: Monday 15:00-16:45

BP 5.1 Mon 15:00 H 1028
Mathematical modeling of drug-induced receptor internaliza-
tion in breast cancer cells — eMiriaMm FeHLING-KAscHEK!, Di-
ANA Peckys?, JEns TiMMmER!, and NieLs DE JoNGE® — 1University
of Freiburg — 2Department of Biophysics, Saarland University —
3Leibniz Institute for New Materials, Saarbriicken

About 20% of breast cancer tumors over-express the HER2 receptor.
Trastuzumab, an approved drug to treat this type of breast cancer,
is an antibody directly binding at the HER2 receptor and inhibit-
ing cell growth. The goal of our study was to understand the early
impact of trastuzumab on HER?2 internalization and recycling in the
HER2-positive SKBR3 cell line. To this end, single cell fluorescence
microscopy, monitoring the state of HER2 expression on the mem-
brane, was combined with mathematical modeling to derive the flux of
HER2 receptors from and to the membrane. We constructed a dynamic
multi-compartment model based on ordinary differential equations to
account for intracellular HER2 production and distribution of HER2
receptors between membrane ruffles and flat regions of the cell by inter-
nalization and recycling processes. To account for the heterogeneity in
cell size and HER2 expression in SKBR3 cells, the dynamic model was
expanded to a mixture model. The model describes the experimental
observation that drug induced receptor internalization occurs prefer-
entially in cells containing membrane ruffles, while internalization in
non-ruffled cells happens at a much smaller rate. Our analysis shows
that the common hypothesis of constitutive HER2 recycling back to
the plasma membrane is not supported by the data.

BP 5.2 Mon 15:15 H 1028
Effect of ultra small carbon nanodots on the gene expres-
sion of primary human hematopoietic stem cells — eSTEFAN
FasBENDER!, Lisa ZIMMERMANN', RoN-PaTrick CADEDDUZ, RAINER
Haas?, and Tuomas Hrinzer! — !Experimental Condensed Mat-
ter Physics, Heinrich-Heine-University Dusseldorf — 2Department of
Haematology, Oncology and Clinical Immunology, University Hospital
Dusseldorf

Carbon nanodots (CDs) are often considered as nontoxic alternative
to inorganic quantum dots. They show potential in a wide range of
biomedical applications like long term imaging of normal and malig-
nant cells in vivo and in vitro, cancer diagnostics and therapeutic tu-
mor cell targeting. Here we prepare fluorescent CDs by thermal decom-
position of citric acid and diethylentriamine [1] using microwave irra-
diation. Primary human hematopoietic stem cells (CD34+) obtained
from the leukapheresis products of four healthy donors are exposed to
a concentration of 500 ug/ml CDs for 36 hours. Via flow cytometry we
demonstrate a significant uptake of the particles into the cells and the
effect on the gene expression is studied using the Clariom S microarray.
[1] Qu et al., Light: Science & Applications, 2015, 4, e364

BP 5.3 Mon 15:30 H 1028
Computational analysis on the regulation of o/anti-o factor
operons — eHao Wvu and Georc Fritz — LOEWE Center for
Synthetic Microbiology, Phlipps University Marburg, Germany

Bacterial alternative o factors are subunits of RNA polymerase that
determine its promoter specificity, thereby regulating crucial processes
like cell homeostasis and stress responses. In the absence of input sig-
nals, o factors are sequestered by their cognate anti-o factors. Mean-
while, many o/anti-o factor pairs are co-expressed in operons, most of
them are auto-regulated by the o factor, implying a regulation module
with a positive and a negative feedback at the same time. Strikingly,
there are two distinct mechanisms to activate this module: One in-
volves the active degradation of anti-o factors upon input signal de-
tection, constituting a non-equilibrium sensing mechanism, while the
other one relies on a reversible conformational change of the anti-o fac-
tor to a non-functional form, resembling an equilibrium sensing mech-
anism. Here we conducted a comprehensive computational study on
the quantitative properties of this important regulatory module. While
many characteristics prove independent of the sensing mechanism, we
identified some major differences between their dynamical properties.
Interestingly, in the responsive regime the activation of o factor level
becomes very slow for the non-equilibrium sensing mechanism, while
it remains fast for the equilibrium sensing mechanism. These results

12

Location: H 1028

deepen our understanding of the o /anti-o factor regulation module and
help us to explain the choice of the two distinct sensing mechanisms
in different physiological contexts.

BP 5.4 Mon 15:45 H 1028
Self-organised homeostasis of stem cells through competition
for mitogens — Yu Kitapare!?, eDavip J. Jora®?, BENJAMIN
D. Sivons?%5 and Snoser Yosnipal'?2 — 1Division of Germ Cell
Biology, National Institute for Basic Biology, National Institutes of
Natural Sciences, Okazaki, Japan — 2Department of Basic Biology,
School of Life Science, Graduate University for Advanced Studies (So-
kendai), Okazaki, Japan — 3Cavendish Laboratory, Department of
Physics, University of Cambridge, United Kingdom — %The Well-
come Trust/Cancer Research UK Gurdon Institute, University of Cam-
bridge, UK — ®The Wellcome Trust/Medical Research Council Stem
Cell Institute, University of Cambridge, UK

How stem cell populations self-organise to control their density and
maintain robust homeostasis is in many cases still elusive. Especially
challenging to understand are facultative niche environments, in which
stem cells lie dispersed among their progeny and only sporadically
make contact with signal-releasing regions. How do such stem cells
sense and control their density over large distances? We conjecture
that stem cells compete for a limited supply of mitogens: by adjust-
ing their fate behaviour according to the local mitogen abundance, a
constant cell density is maintained throughout the tissue. Using the
murine germ line as an example, we developed a theoretical model
that quantitatively captures both the key features of stem cell density
regulation and the regeneration kinetics after injury. This “mitogen
competition model” provides a generic and robust mechanism of self-
organised stem cell homeostasis in a facultative niche.

BP 5.5 Mon 16:00 H 1028
Proliferation rate inference with continuous labelling as-
says — Robpe Jurian!, Brusce Lurz!, and eRosT Fapian!:?
ITechnische Universitit Dresden, Dresden, Germany — 2Max Planck
Institute for the Physics of Complex Systems, Dresden, Germany

Precise estimates of proliferation rates are crucial for quantitative mod-
els of the development and maintenance of tissues. Continuous la-
belling assays are a popular approach to infer proliferation rates in
vivo. In these assays, proliferating cells take up a label, e.g. BrdU,
when synthesizing DNA for cell division. Intuitively, more cells take
up the label per time if they proliferate faster. So far, the experimental
and theoretical study of continuous labelling assays focused on the dy-
namics of the mean labelling-fraction but not on the labelling-fraction
distribution dynamics. To study this distribution dynamics, we de-
veloped a stochastic model of continuous labelling assays. With the
model, we study the effects of cell and sample level noise in the dis-
tribution of cell cycle lengths. Using simulated data as ground truth,
we show that current inference methods give biased proliferation rate
estimates. Therefore, we derive analytical results for the Likelihood
for our model that can be used to achieve unbiased estimates of the
proliferation rates in vivo.

Invited Talk BP 5.6 Mon 16:15 H 1028
Synchronization of synthetic gene oscillators — eLEv TsIMRING
— BioCircuits Institute, University of California, San Diego

One of the defining characteristics of life is the ability to keep time,
which organisms often achieve by using internal genetic ”clocks” to
govern fundamental cellular behavior. While the gene networks that
produce oscillatory expression signals are typically quite elaborate, cer-
tain recurring network motifs are often found at the core of these bio-
logical clocks. One common motif which leads to oscillations in many
natural biological clocks is delayed auto-repression. We designed and
constructed several synthetic gene circuits that use this motif, and
observed robust “degrade-and-fire” oscillations of gene expression in
bacteria E. coli. When gene oscillators in different cells are coupled
by fast-diffusing chemical signals, they exhibit population-wide syn-
chronization. We also predicted and observed intra-cellular synchro-
nization of different gene oscillators indirectly coupled by a common
degradation enzyme.
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BP 6: Cytoskeletal Filaments |

Time: Monday 15:00-17:30

BP 6.1 Mon 15:00 H 1058
Glassy Dynamics in Composite Biopolymer Networks —
eTom GoLpe!, ConstanTIN HusTER!, MARTIN GraserD?, TiNa
HANDLERD2, HARALD HERrRMANN3%, Joser A. Kis!, and Jora
ScuNauss!»? 1University of Leipzig, Leipzig, Germany
2Fraunhofer 1Z1, Leipzig, Germany — 3German Cancer Research Cen-
ter, Heidelberg, Germany — “University Hospital Erlangen, Erlangen,
Germany

The cytoskeleton is a highly interconnected meshwork of strongly cou-
pled filament systems providing mechanical stability as well as dynamic
functions to cells. To elucidate the underlying biophysical principles it
is central to investigate not only one distinct functional subsystem but
rather their interplay as composite biopolymer structures. Here, we
show that composite networks of actin and vimentin filaments can be
fully described by a superposition of two non-interacting scaffolds. We
demonstrate arising effects in a scale-spanning frame connecting single
filament dynamics to macro-rheological network properties and show
that linear and non-linear bulk mechanics of actin and vimentin fila-
ment networks are captured within the glassy wormlike chain model.
Our findings clearly disagree with previous studies reporting emergent
effects in these composite networks. These new insights pave the way to
deterministically predict the mechanics of the cytoskeleton in distinct
cell types based on the properties of its single structural components.|1]
[1] Golde et al., Submitted

BP 6.2 Mon 15:15 H 1058
The mitotic spindle is chiral due to torques generated by mo-
tor proteins — MaJa Novak!, eBrRUNO PorLak?2, JURAJ SIMUNICZ,
ZvoNIMIR BoBan!, ANpreEas W. Tuomae3, Iva M. ToLric?, and
NENAD Pavin! — Faculty of Science, University of Zagreb, Zagreb,
Croatia — 2Rudjer Boskovic Institute, Zagreb, Croatia — 3University

of Munich, Munich, Germany

Mitosis relies on forces generated in the spindle, a micro-machine com-
posed of microtubules and associated proteins. Forces are required for
the congression of chromosomes to the metaphase plate and their sep-
aration in anaphase. However, torques may also exist in the spindle,
yet they have not been investigated. Here we show that the spindle is
chiral. Chirality is evident from the finding that microtubule bundles
follow a left-handed helical path, which cannot be explained by forces
but rather by torques acting in the bundles. STED super-resolution
and confocal microscopy of human spindles revealed that the aver-
age helicity of the bundles with respect to the spindle axis is about
-2° /pm. Inactivation of kinesin-5 (Kifll/Eg5) abolished the chirality
of the spindle. We introduce a theoretical model, which predicts that
torques generate curved shapes of bundles, where the twisting compo-
nent of the torque is required for the helical component of the shape.
By comparing the model with experiments, we find that the twisting
moment is roughly -10 pNum. We conclude that torques generated by
motor proteins, in addition to forces, exist in the spindle and determine
its architecture.
Reference: bioRxiv 167437, https://doi.org/10.1101/167437

BP 6.3 Mon 15:30 H 1058
Metaphase kinetochore movements are regulated by kinesin-
8 motors and microtubule dynamic instability — eAcaNEzA
BosiLi!, Anna KremMm2, Iva Toric?3, and NENAD Pavin!
IDepartment of Physics, Faculty of Science, University of Zagreb,
Bijenicka cesta 32, 10000 Zagreb, Croatia — 2Max Planck Institute
of Molecular Cell Biology and Genetics, Pfotenhauerstr. 108, 01307
Dresden, Germany — 3Division of Molecular Biology, Ruder Boskovic
Institute, Bijenicka cesta 54, 10000 Zagreb, Croatia

During metaphase, sister chromatids are connected to microtubules
(MTs) extending from the opposite spindle poles via kinetochores, pro-
tein complexes on the chromosome. Kinetochores congress to the equa-
torial plane of the spindle and oscillate around it, with kinesin-8 motors
restricting these movements. Yet, the physical mechanism underlying
kinetochore movements is unclear. We show that kinetochore move-
ments in the fission yeast Schizosaccharomyces pombe are regulated
by kinesin-8-promoted MT catastrophe, force-induced rescue and MT
dynamic instability. A candidate screen showed that only kinesin-8
motors Klp5/Klp6 are required for kinetochore centering. Our the-
oretical model with Langevin description of MT dynamic instability
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shows that kinesin-8 motors are required for kinetochore centering,
whereas sensitivity of rescue to force is necessary for the generation
of oscillations. We found that irregular kinetochore movements occur
for a broader range of parameters than regular oscillations. Thus, our
work shows how regulation of MT dynamic instability contributes to
kinetochore congression and the accompanying oscillations.

Invited Talk BP 6.4 Mon 15:45 H 1058
Broken detailed balance in active biopolymer assemblies —
eCHASE BROEDERSzZ — Ludwig-Maximilians-Universitaet Miinchen,
Munich, Germany.

We present a non-invasive approach to identify and quantify non-
equilibrium dynamics in living systems based on broken detailed bal-
ance. With this approach, we study the dynamics of beating flagella,
primary cilia, and cytoskeletal networks. In particular, we use stochas-
tic time traces of the system’s dynamics to infer the probability cur-
rents in a phase space of the mesoscopic configurational coordinates of
a biological assembly. In addition, we will present a more general the-
oretical framework to investigate what information about the system’s
non-equilibrium state can be extracted from such phase space currents.
For example, we will discuss how to extract the entropy production rate
- a measure of the dissipated power in a driven system - from measured
current cycles. Next, we present predictions for the scaling behavior of
the entropy production rate with the distance between measurement
points in the system. Our results provide insight in to how internal
driving by enzymatic activity generates non-equilibrium dynamics on
different scales in a variety of biological systems, including biopolymers
and their assemblies.

BP 6.5 Mon 16:15 H 1058
Stress-Strain Behavior of Vimentin Intermediate Filaments
— eJonanna Brock!, HANNES WITT?, ANDREAS JANSHOFF2, and
SaraH KosTer! — lnstitute for X-Ray Physics, University of Goet-
tingen, 37077 Gottingen, Germany — 2Institute of Physical Chemistry,
University of Goettingen, 37077 Go6ttingen, Germany

It is widely accepted that the cytoskeleton, which is composed of three
filamentous protein structures - microfilaments (MFs), microtubules
(MTs) and intermediate filaments (IFs) - plays a major role for cell
mechanics. Whereas MFs and MTs are conserved between cell types,
at least 70 different genes in humans code for IFs, which are expressed
in a cell type specific manner. So far, it was not possible to infer the
mechanical properties found on length scales of protein superstruc-
ture, cells and beyond, from the peculiar molecular architecture of IFs.
Using optical tweezers, combined with microfluidics and fluorescence
microscopy, we directly probed the stress-strain behavior of single vi-
mentin IFs under physiological buffer conditions in a highly controlled
fashion. We found a strong loading-rate dependent behavior, indicat-
ing that vimentin IFs act as a ”safety belt” for cells. Further, our
results provide evidence that single vimentin IFs act as an intracel-
lular shock absorber using a balance of classical energy dissipation
and storage of potential energy. By theoretical modelling and Monte
Carlo simulations we are able to directly attribute filament mechanics
to a molecular mechanism and reveal an intriguing non-equilibrium
phenomenon leading to pronounced energy dissipation and mechanical
adaption.

BP 6.6 Mon 16:30 H 1058
Actin dynamics deform membrane in and out mimick-
ing filopodia and endocytosis — eCaMILLE SiMon!, REmYy
KusTers!, VALENTINA Caorsi!, JEAN-Frangors Joanny?, CLE-
MENT CampiLLO3, JULIE PrasTiNo!, PiErre SeENns!, and CECILE
Sykes! — lInstitut Curie, Paris, France — 2ESPCI, Paris, France

— 3Université Evry Val d’Essonne, Evry, France

The cell membrane is able to deform inward, as in endocytosis inti-
tiation, or outward, as in filopodia formation. Interestingly, both de-
formations are generated by the same branched, Arp2/3-based, poly-
merizing actin network. How an inward or an outward deformation
can result from the same network structure? What are the physical
parameters that will trigger the direction of membrane deformation?
To address these questions, we use a reconstituted membrane system
of liposomes and purified actin. A dynamic branched actin network
is generated at the liposome surface. We investigate the conditions
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under which the actin cytoskeleton induces inward or outward mem-
brane deformations. We reveal that actin dynamics is the sole player
of membrane deformations by photo-damaging the actin structure that
relaxes membrane shape. Lowering membrane tension is key to pro-
duce filopodia-like structures. Oppositely, endocytic-like structures
are robust features that only weakly depend on membrane tension. A
pulse-chase two color actin experiment reveals the details of network
growth during inward or outward membrane deformation. Our results,
supported by theoretical models, explain how such deformations de-
pend on a mechanical balance between the membrane and the actin
network.

BP 6.7 Mon 16:45 H 1058
Dynactin stabilises microtubules to establish their uniform
orientation in neuronal axons — eMAXIMILIAN JAaKOBS and KRis-
TIAN FRANZE — Department of Physiology, Development and Neuro-
science, University of Cambridge, Cambridge, UK

The microtubule (MT) cytoskeleton in neuronal axons is highly ori-
ented with almost all MTs pointing with their growing end (+end)
away from the cell body (4end out). Motor proteins rely on this
orientation to move cellular cargo to the distal regions of the axon.
Despite 30 years of research, the mechanism that establishes MT ori-
entation remains unknown. We here analysed MT growth with su-
pervised machine learning in D. melanogaster neurons, complemented
by an analytical model of MT growth. We found that +end out MTs
grow for longer times than oppositely oriented MTs (—end out). Ac-
cording to our model, this leads to dramatic differences in average MT
lengths, so that —end out MTs are short and unstable. Additionally,
we found evidence that dynactin is responsible for the differences in
growth times by promoting growth at the axonal tip through a molecu-
lar gradient. These findings suggest a simple mechanism that organises
axonal MTs. First, +end out MTs are stabilized by distally located
dynactin. Subsequently, the short —end out MTs depolymerize or re-
orient, leaving only 4+end out MTs in the axon. Our results pave the
way towards a deeper understanding of how the cytoskeleton in neu-
rons orients to support molecular transport, potentially shedding light
on pathologies that are characterized by axonal transport deficiencies
such as Alzheimers disease.

BP 6.8 Mon 17:00 H 1058
A field-theoretic approach to microtubule growth
eJoHANNES PauscH and GUNNAR PRUESSNER — Department of Math-
ematics, Imperial College London, United Kingdom

Microtubule filaments are a major part of the cytoskeleton. They influ-
ence the shape and movement of the cell and are used for transport pro-
cesses inside the cell. Microtubules grow and shrink by polymerising
and depolymerising, that is by absorbing and emitting tubulin which
diffusively spread in the cytoplasm. Here, we model the stochastic
process of microtubule growth as a field theory.

In our model, we recover the classic diffusion and diffusion-
convection results. Furthermore, we are able to model the tubulin-
absorption-induced spatially discrete growth of the microtubule fila-
ment and find analytic real space results for expected assembly speed
and variance. Our approach produces analytic expressions in Fourier
space that require a short-length scale cutoff in two dimensions and
above. It is particularly flexible to incorporate more complex interac-
tions between microtubules and tubulin. In one dimension, our results
are easily compared to corresponding results using probabilistic tech-
niques.

BP 6.9 Mon 17:15 H 1058
Investigations on the cell morphology of oral mucosa cancer
and non-cancer cells — eNiNa BarTELs!, MAJA STRUGACEVAC!,
ConsTanze WiEk?, Juria KRisTIN2, MAaRCEL GrLaas2, JOra
Scuipper?, and MaTHiAs GETZLAFF! — lHeinrich-Heine-Universitét
Diisseldorf, Institute of Applied Physics, Universitatsstr. 1, 40225 Diis-
seldorf, Germany — 2Diisseldorf University Hospital, Department of

Othorinolaringology, Moorenstrasse 5, 40225 Diisseldorf, Germany

In order to develop new cell-selective treatment strategies for head
and neck squamous cell carcinoma, our group is investigating the dif-
ferences of the cell morphology and physical properties of different
oral cancer cells and oral keratinocytes. The cell lines originate from
different locations of the oral mucosa and are investigated using a flu-
orescence microscope.

To obtain more information about cell morphology, the cells were
stained using CellMask Green (cell membrane) and Hoechst (cell nu-
clei) staining kits. By the confocal laser-scanning microscope three-
dimensional images of the cells were made to compare the different
cell lines in size, volume and shape.

A staining kit for active mitochondria (MitoTracker) enables us to
compare the aerobic metabolism of tumor and non-cancer cells to ver-
ify the Warburg hypothesis. Additionally, actin filaments and micro-
tubules were stained to observe differences in the cytoskeleton which
is specific for cell elasticity. This contribution will show and discuss
our latest results.

BP 7: Focus Session: Statistical Physics-Based Methods in Molecular Evolution - organized by
Alexander Schug and Martin Weigt (joint session BP /DY)

Time: Monday 15:00-17:00

Invited Talk BP 7.1 Mon 15:00 H 2013
Evolution of quantitative traits and non-equilibrium matrix
ensembles — SiMONE PoMPEI, ToRSTEN HELD, and e MICcHAEL LAs-
sic — Institute for Theoretical Physics, University of Cologne

Evolution affects molecular quantitative phenotypes, such as stability,
binding affinities, and metabolic activities of cellular proteins. Linking
sequence data to phenotypic and functional changes remains a critical
gap in our understanding of evolutionary processes. In this talk, we
present new methods to infer a priori unknown quantitative pheno-
types from their correlation signature in time-resolved sequence data,
using non-equilibrium statistical mechanics and random matrix theory.
We use these methods to map the phenotypic evolution of the human
influenza virus.

BP 7.2 Mon 15:30 H 2013
Big Data in Structural Biology: Predicting Protein and RNA
Structures by inferring residue co-evolution — eALEXANDER
ScuHuc — John von Neumann Institute for Computing, Jilich Super-
computer Centre, Forschungszentrum Jiilich

To gain any detailed understanding of biomolecular function, one needs
to know their structure. The structural characterization of many im-
portant biomolecules and their complexes remains experimentally chal-
lenging. Novel statistical tools based on statistical physics such as Di-
rect Coupling Analysis (DCA) take advantage of the explosive growth
of sequential databases and trace residue co-evolution to infer sec-
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ondary and tertiary contacts for proteins [1] and RNAs [2]. These
contacts can be exploited as spatial constraints in structure prediction
methods leading to excellent quality predictions [1,2,3|. Going beyond
anecdotal cases of a few protein families, we have applied our methods
to a systematic large-scale study of nearly 2000 PFAM protein families
of homo-oligomeric proteins [4]. Also, we can apply DCA to infer mu-
tational landscapes by capturing epistatic couplings between residues
and can assess the dependence of mutational effects on the sequence
context where they appear [5].

[1] Weigt M et al., PNAS (2009); F. Morcos et al., PNAS (2011)

[2] E. De Leonardis et al., NAR (2015)

[3] Schug A et al., PNAS (2009); Dago A et al., PNAS (2012)

[4] G. Uguzzoni et al., PNAS (2017)

[5] M. Figliuzzi et al., MBE (2016)

BP 7.3 Mon 15:45 H 2013
Coevolution based inference of allosteric architectures —
eBarRBARA Bravil, CaroLiNa Brito?, Riccarpo Ravasiol, and
MaTtTHIEU WYART! — lInstitute of Theoretical Physics, Ecole Poly-
technique Fédérale de Lausanne, Switzerland — 2Universidade Federal
do Rio Grande do Sul, Porto Alegre, Brazil

We analyze maximum entropy approaches to infer the functional design
of elastic materials exhibiting allostery, i.e. the property of highly spe-
cific responses to ligand binding at a distant active site. To guide and
inform protocols of de novo drug design, it is fundamental to under-
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stand what architectures underlie such a transmission of information
and whether their features can be predicted from sequence data alone.
We consider the functional designs of in silico evolved allosteric ar-
chitectures which propagate efficiently energy (including shear, hinge,
twist) or strain (resulting in a less-constrained trumpet-shaped region
between the allosteric and the active site). We show that maximum
entropy approaches, built to capture statistical properties such as con-
servation and correlations, can provide predictive information on the
cost of single and double mutations while their performance at re-
producing the original allosteric fitness is strongly design-dependent.
We benchmark existing maximum entropy inference methods on these
computationally evolved functional architectures and we propose an
improved framework accounting for a multiplicity of co-evolutionary
factors which is aimed at disentagling allostery-based correlations from
extrinsic ones.

BP 7.4 Mon 16:00 H 2013
Architecture of allosteric materials — CaroLINA Britol,
SoLanGE FraTT?, eRiccarRDO Ravasio?, MarTHIEU WYART?, and
LE YaN3 — Universidad Federal do Rio Grande do Sul, CP 15051,
91501-970 Porto Alegre RS, Brazil — 2Ecole Polytechnique Federale
de Lausanne, CH-1015, Lausanne, Switzerland — 3Kavli Institute for
Theoretical Physics, Santa Barbara, CA 93106, USA

Allosteric proteins transmit a mechanical signal induced by binding a
ligand. However, understanding the nature of the information trans-
mitted and the architectures optimising such transmission remains a
challenge. We show using an in-silico evolution scheme and theoret-
ical arguments that architectures optimised to be cooperative, which
propagate efficiently energy, qualitatively differ from previously inves-
tigated materials optimised to propagate strain. Although we observe
a large diversity of functioning cooperative architectures — including
shear, hinge and twist designs, they all obey the same principle of
nearly displaying a mechanism, i.e. an extended zero mode with a
predicted optimal frequency. Overall, our approach leads to a natural
explanation for several observations in allosteric proteins, and suggests
a path to discover new ones. On this line, we study the extended soft
modes of hessians defined from 46 couples of proteins for which the ac-
tive and inactive structures are available and compare them with the
aforementioned principle. Moreover, the set of architectures that are
evolved through the in-silico scheme defines a well controlled ground
where to benchmark the results of co-evolutionary methods, usually
applied to protein sequences.

BP 7.5 Mon 16:15 H 2013
Direct Coupling Analysis on the genome scale — eERIK AUREL
— Royal Institute of Technology in Stockholm, Sweden

Direct Coupling Analysis (DCA) is a powerful tool to find pair-wise
dependencies in large biological data sets. It amounts to inferring co-
efficients in a probabilistic model in an exponential family, and then
using the largest such inferred coefficients as predictors for the depen-
dencies of interest. A main success story has been predicting spatially
proximate residues in protein structures from sequence data.

From a population genetics point of view DCA should be viewed as
inferring epistasis, synergistic effects on fitness, from samples. I will
discuss applications of DCA to the genome scale in bacteria and how
that allows to find unexpected (and expected) dependencies between
genes in trans i.e. that are not close on the genome.

This is joint work with many people, most recently with Chen-Yi
Gao and Hai-Jun Zhou, available as arXiv:1710.04819.

BP 7.6 Mon 16:30 H 2013
bridging scales from residues
to genomes — GiancarRLo Crocr!, THoMmas GurUuDREZ, HEN-
DRIK SzZURMANT?, MarTEO FilcLiuzzil, and eMARTIN WEIGT!
LUniversité Pierre & Marie Curie, Sorbonne Université, Paris, France
— 2Human Genetics Foundation, Turin, Italy — 2Western University
of Health Sciences, Los Angeles, USA

Interacting proteins coevolve at multiple but interconnected scales,
from the residue-residue over the protein-protein up to the family-
family level. The recent accumulation of enormous amounts of se-
quence data allows for the development of novel, data-driven computa-
tional approaches. Notably, these approaches can bridge scales within
a single statistical framework [1,2], which is built upon idea from the
inverse statistical physics [3,4]. While being currently applied mostly
to isolated problems on single scales, their immense potential for an
evolutionary informed, structural systems biology is steadily emerging.

[1] H. Szurmant and M. Weigt, Current Opinion in Structural Biol-
ogy 50, 26-32 (2017).

[2] G. Croce, T. Gueudre, MV Ruiz Cuevas, H. Szurmant, M. Figli-
uzzi, M. Weigt, submitted (2017).

[3] S. Cocco, C. Feinauer, M. Figliuzzi, R. Monasson, M. Weigt, Rep.
Prog. Phys. (2017), https://doi.org/10.1088/1361-6633/2a9965.

[4] H. Chau Nguyen, Riccardo Zecchina, Johannes Berg, Advances
in Physics, 66 (3), 197-261 (2017)

Interprotein coevolution:

BP 7.7 Mon 16:45 H 2013
The evolutionary consequences of population spread on
curved surfaces — DanieL A. BeLLer!, Kim M. J. ALarps?, Ri-
cAarDO A. Mosna3, FEperico Toscui?, and eWoLrraM MoBIUst
— 1Brown University, Providence, RI, USA — 2TU Eindhoven, Eind-
hoven, The Netherlands — 3Universidade Estadual de Campinas,
Campinas, SP, Brazil — 4University of Exeter, Exeter, United King-
dom

We investigate the evolutionary dynamics of populations growing and
expanding on curved surfaces. Using a combination of individual-based
simulations and theory we characterize the effect of individual features
(cones and spherical caps) on the shape of the population front and
the genetic composition of an expanding population. We find that,
on sufficiently large scales, geodesics allow us to describe both popu-
lation and evolutionary dynamics quantitatively. Using these findings,
we characterize the consequences of large-scale surface roughness on
genetic diversity and compare to the case of heterogeneous but flat
environments.

BP 8: Active Matter DY Il (joint session DY /CPP/BP)

Time: Monday 15:30-18:45

BP 8.1 Mon 15:30 BH-N 243
Run-and-Tumble-like Motion of Synthetic Microswimmers in
Viscoelastic Media — eCEeL1A Lozano, J. RUBEN GOMEZ-SOLANO,
and CLEMENS BECHINGER — Fachbereich Physik, Universitat Kon-
stanz, Konstanz D-78457, Germany

Run-and-tumble (RNT) motion is a prominent locomotion strategy
employed by many living microorganisms. It is characterized by
straight swimming intervals (runs), which are interrupted by sudden
reorientation events (tumbles). In contrast, directional changes of syn-
thetic microswimmers (active particles, APs) are caused by rotational
diffusion, which is superimposed with their translational motion and,
thus, leads to rather continuous and slow particle reorientations. Here
we demonstrate that APs can also perform a swimming motion where
translational and orientational changes are disentangled, similar to
RNT. In our system, such motion is realized by a viscoelastic solvent
and a periodic modulation of the self-propulsion velocity. Experimen-
tally, this is achieved using light-activated Janus colloids, which are
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illuminated by a time-dependent laser field. We observe a strong en-
hancement of the effective translational and rotational motion when
the modulation time is comparable to the relaxation time of the vis-
coelastic fluid. Owur findings are explained by the relaxation of the
elastic stress, which builds up during the self-propulsion, and is sud-
denly released when the activity is turned off. In addition to a better
understanding of active motion in viscoelastic surroundings, our results
may suggest novel steering strategies for synthetic microswimmers in
complex environments.

BP 8.2 Mon 15:45 BH-N 243
Effective viscosity of active suspensions — Levan JiButil,
WALTER ZIMMERMANN!) SaniMa Rarar?, and ePuiLiPPE PryLA?
— ITheoretische Physik I, Universitit Bayreuth, 95440 Bayreuth,
Germany — 2LIPhy, Université Grenoble Alpes and CNRS, F-38402

Grenoble, France

Micro-organisms usually can swim in their liquid environment by flag-
ellar or ciliary beating. In this numerical work, we analyze the influence
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of flagellar beating on the orbits of a swimming cell in a shear flow. We
also calculate the effect of the flagellar beating on the rheology of a di-
lute suspension of microswimmers. A three-dimensional model is pro-
posed for Chlamydomonas Reinhardtii swimming with a breaststroke-
like beating of two anterior flagella modeled by two counter-rotating
fore beads. The active swimmer model reveals unusual angular or-
bits in a linear shear flow. This peculiar behavior has some significant
consequences on the rheological properties of the suspension. We cal-
culate Einstein’s viscosity of the suspension composed of such isolated
modeled microswimmers (dilute case) in a shear flow. The results
show an increased intrinsic viscosity for active swimmer suspensions
in comparison to nonactive ones as well as a shear thinning behavior
in accordance with our previous experimental measurements.
Effective viscosity of a suspension of flagellar-beating microswim-
mers: Three-dimensional modeling Levan Jibuti, Walter Zimmermann,
Salima Rafai, and Philippe Peyla Phys. Rev. E 96, 052610 (2017)

BP 8.3 Mon 16:00 BH-N 243
Self propulsion of droplets driven by an active permeating
gel — eREINER KREE and ANNETTE ZIPPELIUS — Inst. f. Theoret.
Physik, Univ. Gottingen, Friedrich-Hund. Pl. 1, 37077 Gottingen

We discuss the flow field and velocity of active droplets, which are
driven by body forces residing on a rigid gel. The latter is modeled
as a porous medium which gives rise to permeation forces. In the
simplest model, the Brinkmann equation, the porous medium is char-
acterized by a single length scale 1, the square root of the permeability.
We compute the flow fields, the translational and rotational velocity of
the droplet and the energy dissipation as a function of . We show that
the model gives rise to non-monotic behaviour of the droplet velocities
and the dissipated power as functions of the gel fraction. As | changes
from large to small values, the properties of the medium change from
a simple viscous fluid to a Darcy medium. We discuss the behaviour
of flow, velocities and force densities as these limits are approched.

BP 8.4 Mon 16:15 BH-N 243
Viscotaxis: a theory for microswimmer navigation in viscos-
ity gradients — eBENNO LiEBCHEN!, PAUL MONDERKAMP!, BORGE
TEN HacEN2, and HARTMUT LoEWEN! — lInstitut fuer Theoretische
Physik II: Weiche Materie, Heinrich-Heine-Universitaet Duesseldorf,
D-40225 Duesseldorf, Germany — 2Physics of Fluids Group, Faculty
of Science and Technology, University of Twente, 7500 AE Enschede,
The Netherlands

The survival of many microorganisms, like Leptospira or Spiroplasma
bacteria, which swim poorly in low-viscosity fluids, depends on their
ability to navigate up viscosity gradients. While this ability, called
viscotaxis, has been observed in several experiments with microorgan-
isms, the underlying mechanism remains unclear. In the present talk,
we present a simple theory for viscotaxis of self-propelled swimmers
[1] in slowly varying viscosity gradients: this theory unveils specific
mechanisms for viscotaxis based on a systematic imbalance of viscous
forces acting on different body parts of a swimmer and allows to clas-
sify microswimmers regarding their ability to perform viscotaxis based
on their body shapes. Besides shedding new light on microorganism
viscotaxis, our results may be useful to design synthetic swimmers with
the ability to navigate in viscosity gradients (akin to synthetic chemo-
or thermotactic swimmers [2]).

[1] B. Liebchen, P. Monderkamp, B.t.
preparation.

[2] B. Liebchen, D. Marenduzzo, and M. E. Cates, Phys. Rev. Lett.
118, 268001 (2017).

Hagen and H. Léwen, in

BP 85 Mon 16:30 BH-N 243
Photo-gravitaxis in synthetic microswimmers — eWIiLLIAM
UspaLl2, DHRUV SINnGH!, MIHAIL Popescul+2, LAURENCE WILSON3,
and Peer Fiscuer!? — !Max-Planck-Institut fiir Intelligente Sys-
teme — 2IV. Institut fiir Theoretische Physik, Universitat Stuttgart —
3Department of Physics, University of York — #Institut fiir Physikalis-

che Chemie, Universitat Stuttgart

We study the dynamics of active Janus particles that self-propel in
aqueous solution by light-activated catalytic decomposition of chemical
“fuel.” In experiments, the particles, initially sedimented at a bottom
wall, exhibit wall-bound states of motion, dependent on the size of the
particle, when illuminated from underneath the wall. Upon increasing
the intensity of the light above a threshold value, which is also depen-
dent on the size of the particle, the particles lift off the wall and move
way from it, i.e., they exhibit a photo-gravitactic behavior similar to
some planktonic microorganisms. The dependencies on the particle
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size are rationalized by using a theoretical model of self-phoresis that
explicitly accounts for the “shadowing” effect of the opaque catalytic
face of the particle. Our model allows us to unequivocally identify
the photochemical activity and phototactic response as the key mecha-
nisms beyond the observed phenomenology. Consequently, one has the
means to design photo-gravitatic particles that can reversibly switch
between operating near a boundary or in the volume away from the
boundary by judiciously adjusting the light intensity, i.e., simply by
“turning a knob”.

15 min. break

BP 8.6 Mon 17:00 BH-N 243
Active Rods in a Converging Flow — eANDREAs KAISER!,
MvYKHAILO PoToMmKINZ, LEONID BERLYANDZ, and Icor ARaNson!:2
— IDepartment of Biomedical Engineering, Pennsylvania State Uni-
versity, University Park, 16802, USA — 2Department of Mathematics,

Pennsylvania State University, University Park, 16802, USA

We consider active rodlike particles swimming in a convergent fluid
flow in a trapezoid nozzle by using mathematical modeling to analyze
trajectories of these particles inside the nozzle and numerical simula-
tions to show that trajectories are strongly affected by the background
fluid flow and geometry of the nozzle leading to wall accumulation and
rheotaxis. We describe the non-trivial focusing of active rods depend-
ing on physical as well as geometrical parameters. It is also established
that the convergent component of the background flow leads to stabil-
ity of both downstream and upstream swimming at the centerline. The
stability of downstream swimming enhances focusing, and the stability
of upstream swimming enables rheotaxis in the bulk.

BP 8.7 Mon 17:15 BH-N 243
Guidance of self-phoretic Janus particles by chemically
patterned surfaces — WiLLiam Usparl2, eMinaiL Poprsculs?,
MvykoLAa TASINKEVYCH®, and SIEGFRIED DIETRICH!2 — IM.P.I. for
Intelligent Systems, Stuttgart, Germany — 2University of Stuttgart,
Germany — 3University of Lisbon, Portugal

Self-phoretic Janus particles move by inducing — via non-equilibrium
chemical reactions occurring on their surfaces — gradients in chemi-
cal composition along the surface of the particle, as well as along any
nearby boundaries. The chemical gradients along a wall can give rise
to chemi-osmosis, which, in turn, drives flow in the volume of the solu-
tion and thus couples back to the particle. This response flow induced
and experienced by a particle encodes information about any chemical
patterning of the wall. Here, we show by analytical calculations, com-
plemented with numerical solution, that wall-patterning by chemical
steps can provide the means for docking of achieving a step-guided
motion of such an active particle, and we discuss the dependence of
the phenomenology on the shape (spherical or rod-like) of the particle.
Furthermore, we show that such chemically active particles in general
align with, and follow, spatial gradients in the surface chemistry of the
wall (i.e., they exhibit thigmo-taxis).

BP 8.8 Mon 17:30 BH-N 243
Randomly shaped magnetic Micropropellers eFELIX
BacaMmann!, Aanese Copurrtit?2, Kraas BeNnTE!, and DAMIEN
Farvre! — 'Max Planck Institute of Colloids and Interfaces, Depart-
ment of Biomaterials, Science Park Golm — 2Max Planck Institute of
Colloids and Interfaces, Department of Theory & Bio-Systems, Science

Park Golm

Over the last decade many different actuation mechanisms for swim-
ming at low Reynolds number have been suggested and implemented.
Magnetic micropropellers are a promising example that combines re-
mote and fuel-free actuation with precise control. Now, the realiza-
tion of the envisioned, mostly medical application is the next step.
Therefore, automation and additional control strategies have to be de-
veloped. In this regard, randomly shaped micropropellers offer the
possibility to find and test new actuation schemes and the associated
propeller shapes. We screen a pool of such randomly shaped mag-
netic micropropellers by applying different magnetic fields and record
their swimming behavior by optical high speed microscopy, which ad-
ditionally enables tomographic 3D-shape reconstructions of interesting
propellers. This is the basis for their reproduction through micro- and
nanofabrication and eventually facilitates the formulation of micropro-
peller design guidelines for special applications.

BP 8.9 Mon 17:45 BH-N 243
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Active Brownian particles in a inhomogeneous activity or
magnetic field — eHIDDE VUulik and ABHINAV SHARMA — Leibniz-
Institut fiir Polymerforschung Dresden, Institut Theorie der Polymere,
01069 Dresden

We study spherically symmetric active particles in a spatially inhomo-
geneous activity or magnetic field. In both cases the particles sponta-
neously orient themselves, which results in an inhomogeneous distri-
bution of particles. Using Green-Kubo approach we obtain analytical
expression for the orientation of the particles. We find that the rele-
vant equilibrium correlation function is the self-part of the Van Hove
function, which can be approximated accurately. Density does not
have a linear response to the activity; however, an expression for the
density is derived by using the orientation as input to dynamic den-
sity functional theory. All theoretical predictions are validated using
Brownian dynamics simulations.

BP 8.10 Mon 18:00 BH-N 243
Active colloidal particles in evaporating liquid droplets —
eBORGE TEN HAGEN!, Mazivar JaLaaLl, Har LE Tug?, CHRISTIAN
Dippens!, Avaro MariN!, and DeTLEF Lonse!® — 1Physics of
Fluids Group and Max Planck Center Twente, University of Twente,
Enschede, The Netherlands — 2MESA+ Institute for Nanotechnology,
University of Twente, Enschede, The Netherlands — 3Max Planck In-
stitute for Dynamics and Self-Organization, Gottingen, Germany

Inspired by biological microswimmers, various types of artificial self-
propelled particles have been developed and thoroughly characterized
in recent years. While in most studies quiescent solvents or station-
ary flow fields were considered, much less is known about the behavior
of synthetic microswimmers in more complicated flow environments as
they often occur in biological systems under non-laboratory conditions.
Here, we investigate the dynamics of self-propelling Janus particles in
an evaporating droplet of hydrogen peroxide solution. The competi-
tion between the flows due to the evaporation and the active motion
of the particles leads to a complex dynamical behavior. The system is
analyzed using three-dimensional particle tracking measurements and
numerical simulations of the nontrivial fluid flow within the evaporat-
ing droplet. It will also be discussed how the particle activity affects
the coffee-ring formation in the final state of evaporation, where the
orientation of the Janus particles introduces a new order parameter.

Monday

BP 8.11 Mon 18:15 BH-N 243

Active droplet model of cellular aggregates — eHUI-SHUN
Kuan, FrRANK JULICHER, and VasiLy ZABURDAEV — Max Planck

Institute for the Physics of Complex Systems, Dresden, Germany

Active systems appear in various biological contexts such as cell cy-
toskeleton and bacterial colonies. Such systems may exhibit phase
separation, which is not governed by free energy minimization. In this
talk, we use the concept of phase separation to study the formation
of bacterial colonies, of N. gonorrhoeae, due to active force generation
by cell appendages type IV pili. We use a hydrodynamics approach,
representing bacterial colonies as active droplets, which exhibit dif-
ferent surface profiles and position-dependent motility gradients. In
addition, the coalescence of two such droplets exhibits two time scales
which cannot be understood by the surface tension and viscosity. Our
theoretical description of active droplets provides means of describing
bacterial colonies and can be extended to other cell types.

BP 8.12 Mon 18:30 BH-N 243
3D dynamics of synthetically assembled microtubules and
motors — eSMRITHIKA SUBRAMANI, CHRISTIAN WESTENDORF,
EBERHARD BoDENScHATZ, and IsABELLA Guipo — Max Planck In-
stitute for dynamics and self-organization, Gottingen, Germany

Cytoskeletal filaments such as microtubules play a major role in cell
division, organelle transport and cellular motility. These diverse bio-
logical functionalities are driven by bending, looping and buckling of
microtubule (MT) filaments. In our study, we intend to gain a deeper
understanding of these phenomena by synthetically reconstituting dy-
namic MT structures.

We hierarchically build a model active matter system using
depletion-driven MT bundles and the processive motor Kinesin-1, as-
sembled in a tetrameric complex. By hydrolyzing ATP and undergo-
ing a conformational change, the motor complex is able to effectively
'walk’ along MT bundles and generate motion in a 3D environment.
Our observations include continuous sliding, bending and buckling of
MT bundles into long-wavelength arcs, resembling their in vivo be-
haviour. By using the Fluorescence Recovery After Photobleaching
(FRAP) method, we are able to analyze the MT structure distribu-
tion. A multi-plane fluorescence microscopy technique enables us to
observe the bundle dynamics in 3D.

BP 9: Postersession |

Topics: Protein Structure and Dynamics (9.1-9.10), Single Molecule Biophysics (9.11-9.20), Biomateri-
als and Biopolymers (9.21-9.36), Systems Biology & Gene Expression and Signalling (9.37-9.42).
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BP 9.1 Mon 17:30 Poster A
Internal Dynamics of Unfolded Apo-myoglobin — eLivia
Baracescul3, ToBias ErRicH SCHRADER!, ANDREAS STADLERZ, and
Jora FrrrEr?:3 — 1Jiilich Centre for Neutron Science, Forschungszen-
trum Jilich GmbH, Outstation at MLZ, Garching, Germany —
2Jiilich Centre for Neutron Science JCNS & Institute for Complex
Systems ICS, Forschungszentrum Jiilich GmbH, Jiilich, Germany —
31.Physikalisches Institut (TA), RWTH Aachen, Aachen, Germany

As a model for the well-characterized protein systems in different fold-
ing states we chose apo-myoglobin.[1,2,3] We investigated internal dy-
namics of its unfolded and folded form on a time-scale up to several
hundred nanoseconds and in the nanometer length-scale using neutron
spin echo spectroscopy (NSE) [4]. Aggregation state and center of
mass diffusion were monitored in parallel with dynamic light scatter-
ing. Our first NSE data show a polymer like behavior of the unfolded
protein. This indicates that the powerful polymer models may be used
for characterization of protein systems.

[1] J. Phys. Chem. B, 2015, 119 (1), 72 [2] J Mol. Biol., 1996,
263(4), 531 [3] J. Am. Chem. Soc., 2014, 136 (19), 6987 [4] Richter
D. et al., 2005, Neutron Spin Echo in Polymer Systems. Advances in
Polymer Science, vol 174. Springer, Berlin, Heidelberg

BP 9.2 Mon 17:30 Poster A
Performance of genetically encoded FRET-based biosensors
investigated on single molecule level — eHenNING Horigh2,
MartiNA Ponr3, Junia OTTeN3, ArNoLD Boersma?, and Jorc
FrrTer!2 — 1RWTH Aachen University, I. Physikalisches Institut
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(TA), AG Biophysik, Aachen, Germany — 2Research Centre Juelich,
ICS-5, Juelich, Germany — 3Research Centre Juelich, IGB-1, Juelich,
Germany — *University of Groningen, Department of Biochemistry,
Groningen, Netherlands

Genetically encoded FRET-based biosensors consist of two fluorescent
proteins (donor and acceptor) and a sensing domain. The readout
of FRET-based biosensors usually utilizes the ratio of fluorescence
emission intensities of the donor and the acceptor upon donor exci-
tation. We carried out single-molecule measurements on a confocal
microscope for two types of CFP-YFP biosensors, one sensitive to
glucose concentration [1] and another one monitors macromolecular
crowding [2]. From our measurements we obtained FRET efficiencies
histograms dissecting the different subpopulations of the sensor under
varying environmental conditions. In order to demonstrate the capa-
bility of utilizing transfer efficiency histograms for judging the perfor-
mance of FRET-based sensor constructs we analyze various glucose
sensor constructs. The obtained smFRET histograms display specific
fingerprints of the respective sensor properties and provide a valuable
basis for a rational design of FRET-based biosensors.

[1] R. Moussa et al., J. Biotechnol., 191, 250-259 (2014); [2] A. J.
Boersma et al., Nat. Methods, 12, 227-229 (2015)

BP 9.3 Mon 17:30 Poster A
Dielectric spectroscopy of bovine serum albumin at GHz fre-
quencies — Eva-Maria Laux, Jessica GiBBoNs, ELENA ERMILOVA,
Frank F. BIER, and eRaLpH HOLzZEL — Fraunhofer Institute for
Cell Therapy and Immunology, Branch Bioanalytics and Bioprocesses,
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Potsdam, Germany

In recent years electronic components have become available reach-
ing the upper GHz range. This makes this frequency range accessible
for novel biomedical applications. Still, detailed knowledge about the
properties of biological materials at these frequencies is missing, and
the interaction mechanisms with such electromagnetic fields are often
unclear. Here we present an experimental system based on a vector
network analyser for the temperature controlled determination of the
dielectric properties of biomolecules. The influence of protein concen-
tration, of temperature and of denaturing agents on aqueous solutions
of bovine serum albumin (BSA) is presented between 10 MHz and
110 GHz. Further work aims at reducing sample size and improving
accuracy.

BP 9.4 Mon 17:30 Poster A
Analysis of dynamics of membrane-protein microdomains
in bacteria — DaniELLA Lucenal3) eMarco Mauri'2, FELIX
ScumipT!*, BrRuno Ecknarrb*, and PETER L. GrRAUMANND3
ISYNMIKRO, Marburg — 2INRIA Grenoble, France — 3Department
of Chemistry, Philipps University, Marburg — *Department of Physics,
Philipps University, Marburg

Cell membrane has a remarkably intricate temporal and spatial orga-
nization that is central for the maintenance of fundamental processes
in bacteria. While early models often envisioned proteins freely and
homogeneously diffusing on the membrane, there is nowadays growing
evidence in support of lipid microdomains. To date there has been no
broad study to evaluate how protein size, number of transmembrane
domains, and temperature affect the diffusion of membrane proteins.
In this work, we have undertaken a systematic study of the effects of
these factors on membrane protein diffusion and investigate the dy-
namics of membrane organization in live B. subtilis cells by mean of
single-molecule tracking, physical modelling and computer aided visu-
alization methods. We found that diffusion coefficients do not corre-
late with protein molecular weight, but decrease with increased trans-
membrane radius. Moreover, diffusion coefficients are anomalous and
are better described by discriminating diffusion rates into two protein
populations. Also, we observed that temperature can influence the
spatiotemporal organization of membrane proteins and significantly
impact their dynamics. We think that data analysis methods here in-
troduced can be valuable for membrane protein studies in any bacteria.

BP 9.5 Mon 17:30 Poster A
Unraveling the effects of an oscillating electric field on
Amyloid-beta (1-40) conformational dynamics using G-
PCCA, a generalized Markov state modeling method —
eBERNHARD REUTER!, MArRcUs WEBER?, and MARTIN E. GARrcial
— I'Theoretical Physics II, Institute of Physics, University of Kassel,
Kassel, Germany — 2Zuse Institute Berlin (ZIB), Berlin, Germany

We have studied the influence of a strong oscillating electric field on
the Amyloid-beta (1-40) peptide, associated with Alzheimer disease.
To this end we conducted extensive molecular dynamics (MD) sim-
ulations utilizing the GROMACS v5.1.2 program package. Typically
Markov state models (MSMs) are very well suited for the identifica-
tion and analysis of metastabilities and related kinetics. However, the
state-of-the-art methods and tools require the fulfillment of a detailed
balance condition, violated in the non-equilibrium case. To date, they
are unsuitable to deal with more general dominant data structures
including cyclic processes, which are essentially associated with the ef-
fects of an oscillating electric field. Instead, for this purpose we utilized
a generalization of the common robust Perron cluster cluster analysis
(PCCA+) method, termed generalized Perron cluster cluster analysis
(G-PCCA). Applying G-PCCA we identified and analyzed, by compar-
ison to equilibrium simulations in the absence of an external electric
field, significant non-thermal effects on the conformational dynamics
of Amyloid-beta, imposed by the oscillating electric field.

BP 9.6 Mon 17:30 Poster A
Studies of bio-molecular dynamics in aqueous solutions using
147Nd nuclear probe — eSAarpoOL SINGH GHUMMAN — Depart-
ment of Physics, Sant Longowal Institute of Engineering & Technology,
Deemed University, Longowal 148 106 Punjab, India

Conventional perturbed angular correlation technique is employed to
investigate molecular dynamics in aqueous solutions of biomolecules of
TES (Ntris| hydroxymethyl|methyl 2-Amino ethane sulphonic acid),
BSA (Bovine Serum Albumin), Oxine (1,4-Benzodioxane-6-boronic
acid pinacol ester) and EDTA (ethylenediaminetetraacetic acid) us-
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ing 147Nd nuclear probe. In addition to the use of 147Nd radioactive
probe that it proves to be helpful tool for perturbed angular correlation
studies it also emerges out to understand the dynamics of molecules
of bio-molecular compounds in aqueous environments. Considerable
decrease in attenuation coefficient with higher molar concentrations
is noticed for EDTA complexes while the attenuation effect has been
found to be more pronounced for macromolecules of BSA and chelates
of Oxine. Applications of this isotope are outlined for future non-bio-
molecular materials too.

BP 9.7 Mon 17:30 Poster A
A computational approach to study signal transduction in
coiled-coil structures — eJupiT CLopPEs Lranil, JaAEoH SHINZ,
Marcus JaBNEL??, STEPHAN WoLFcane Grinb34, and Vasimy
ZABURDAEV! — 1Max Planck Institute for the Physics of Complex Sys-
tems, Nothnitzer Str. 38, 01187 Dresden, Germany — 2Department of
Chemistry, Rice University, Houston 77005 TX, USA — 3Max Planck
Institute of Molecular Cell Biology and Genetics, Pfotenhauerstr. 108,
01307 Dresden, Germany — *Biotechnology Center, Technical Univer-
sity Dresden Tatzberg 47/49, 01309 Dresden, Germany

The Early Endosome Antigen 1 (EEA1) is a fibrous protein mediating
the tether and fusion of vesicles in the early endosome. Its function-
ality is related to an allosteric switch between two configurations with
different stiffnesses. Recent experiments have shown that the transi-
tion from the stiff to the soft state in EEA1 is triggered right after its
interaction with Rab5, a small signalling protein that binds to the free
end of EEA1. Structurally, the EEA1 folds as a homodimeric coiled-
coil in almost its total length, which spans up to 200 nm. In this work,
we propose a computational description of the hydrophobic interac-
tions stabilising a coiled-coil structure that could model the underlying
mechanism behind the signal transduction of the Rab5:EEA1 interac-
tion. For this, we mapped the hydrophobic interactions by means of a
one-dimensional Frenkel-Kontorova model. Using this description, we
analyzed how the energy introduced by a register shift in one of the
extremes propagates along the chain.

BP 9.8 Mon 17:30 Poster A
Simulating the ADP release of the PKAC cycle with differ-
ent Magnesium quantities approximated by static charge and
dummy-atom models — eRoBERT C. KONIG, ALEXANDER LIPSKIJ,
BERNHARD REUTER, and MARTIN E. Garcia — Theoretische Physik
II, University of Kassel, Heinrich-Plett-Str. 40, 34132 Kassel, Germany

The modification of biomolecules by addition of phosphates (phospho-
rylation/dephosphorylation) is essential for the regulation of vital cell
processes as growth, division or morphogenesis. The protein kinase
A (PKA) is responsible for important phosphorylation processes. The
rate limiting process in the catalytic cycle of PKA is the release of ADP
and the so-called Mg2 magnesium ion. The details and actual molecu-
lar dynamics of the ADP release are not well resolved. To observe the
sub-millisecond behavior of the ADP release, we performed molecular
dynamics (MD) simulations utilizing GROMACS v2016.3, with the
AMBERO03 and AMBER99SB-ILDN force-fields, based on the crystal-
lized structure of PKAC with ADP and Mg2. This structure is already
in an intermediate state between the open and the closed conforma-
tion, depending on the positions of the Gly-rich loop and C-terminal
tail. While simulating the ADP release we investigated the influence
of the Mg quantity by running the simulations (i) without any Mg
ions, (ii) with one Mg ion and (iii) with two Mg ions, with the sec-
ond magnesium ion added at the position of the linchpin magnesium
ion, termed Mgl. To approximate the effect of the Mg charge we used
both a standard static charge and a dummy-atom model, imitating the
coordination number of Mg.

BP 9.9 Mon 17:30 Poster A
Scaling rules for vibrational energy transport in proteins —
eLuis VaLINO, ADNAN GULZAR, SEBASTIAN BUCHENBERG, and GER-
HARD STOCK — Biomolekulare Dynamik Physik Uni-Freiburg

Computational studies of vibrational energy flow in biomolecules re-
quire the inspection of possible energy pathways on a case by case
basis[1]. Though these studies succesfully elucidate the energy flow,
the interpretation of the underlying processes driving energy transport
is still missing. One alternative to these techniques is a master equa-
tion approach that simulates the transfer of energy from one amino
acid to another and to the solvent on the basis of transition rates|2].
These transition rates can be determined through the fitting of the
master equation to the energy profiles of nonequilibrium MD simu-
lations. The scaling rules arising from this fit reveal a set of simple
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quantities that govern energy flow in proteins. We apply this model to
various systems with different secondary structures and compare the
relevant quantities and their scaling rules. Some of the scaling rules
are conserved in all cases, whereas some others are dependent on the
particular secondary structure.

[1] P. H. Nguyen, S. Park, and G. Stock. Journal of Chemical Physics
132, 025102 (2010)

[2] S. Buchenberg, D. M. Leitner, and G. Stock. J. Phys. Chem.
Lett. 7, 25 (2016)

BP 9.10 Mon 17:30 Poster A
Nonequilibrium computational study of vibrational energy
transport in proteins — eApNAN GuULzAR, Luis VaLINO Boravu,
SEBASTIAN BUCHENBERG, and GERHARD STOCK — Biomolekulare Dy-
namik Physik Uni-Freiburg

Vibrational energy transport is thought to play an important role
in numerous processes essential to protein function, including kinet-
ics of ligand binding and dissociation, charge transfer, enzyme kinet-
ics and allosteric mechanisms. Time resolved spectroscopies devel-
oped to study vibrational energy flow[1] have elucidated the nature
and rate of energy transport through a number of peptides and pro-
teins. To provide a theoretical description of these experiments, ex-
tensive nonequilibrium molecular dynamics simulations of the energy
transport in various systems, including TrpZip2 and PDZ3, have been
performed. To mimic the experimental heating processes we employ
computational heating methods such as T-jump- and photo-excitation.
These nonequilibrium techniques of introducing energy into the system
closely reproduce the observed experimental timescales. Additionally,
the high resolution of MD simulations allows an in-depth analysis of vi-
brational energy transport. As a result, we have found out that energy
flows not only through the backbone and B-stabilizing hydrogen bonds,
but also through stacking contacts of the peptide with the heater.

[1] V. Botan, E. H. G. Backus, R. Pfister, A. Moretto, M. Crisma,
C. Toniolo, P. H. Nguyen, G. Stock, and P. Hamm Energy transport
in peptide helices PNAS 2007 104: 12749-12754

BP 9.11 Mon 17:30 Poster A
Ectoine protects biomolecules from ionizing radiation:
Molecular mechanisms — eMarc BenjamiNn Hanun!'2, TiHoMIr
SoLoMUN?2, MARIA-ASTRID ScHROTERZ, Hans-Jore KuNTEZ2, Su-
sANN MEYER?, and HeiNnz STURMZ:3 — 1Freie Universitiat Berlin —
2Bundesanstalt fiir Materialforschung und -priifung — 3Technische
Universitdat Berlin

The compatible solute and osmolyte ectoine is an effective protectant
of biomolecules and whole cells against heating, freezing and high salin-
ity. The protection of cells (human Keratinocytes) by ectoine against
ultraviolet radiation was also reported by various authors, although the
underlying mechanism is not yet understood. We present results|1] on
the irradiation of biomolecules (DNA) with ionizing radiation (high
energy electrons) in fully aqueous environment in the presence of ec-
toine and high salt concentrations. The results demonstrate an effec-
tive radiation protection of DNA by ectoine against the induction of
single strand breaks by ionizing radiation. The effect is explained by
an increased in low-energy electron scattering at the enhanced free-
vibrational density of states of water due to ectoine, as well as the
action of ectoine as an OH-radical scavenger. This was demonstrated
by Raman spectroscopy, electron paramagnetic resonance (EPR) and
Monte-Carlo simulations (Geant4).
[1] Hahn et al. Phys. Chem. Chem. Phys., 2017, 19, 25717-25722

BP 9.12 Mon 17:30 Poster A
Preferential binding of urea to single-stranded DNA struc-
tures: a molecular dynamics simulation study — eEwa ANNaA
OPRZESKA-ZINGREBE and JENS SMIATEK — Institute for Computa-
tional Physics, University of Stuttgart, Stuttgart, Germany

In nature, a wide range of biological processes, such as transcription
termination or intermolecular binding, depend on the formation of spe-
cific DNA secondary and tertiary structures. These structures can be
both stabilized or destabilized by different co-solutes, coexisting with
nucleic acids in the cellular environment. In our molecular dynamics
simulation study, we investigate the binding of urea at different con-
centrations to short 7-nucleotide single-stranded DNA structures in
aqueous solution. The local concentration of urea around native DNA
hairpin in comparison to an unfolded DNA conformation is analyzed
by preferential binding model in the light of Kirkwood-Buff theory.
All our findings indicate a pronounced accumulation of urea around
DNA, which is driven by a combination of electrostatic and dispersion
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interactions and accomplished by a significant replacement of water
molecules in terms of a dehydration effect. The outcomes of our study
can be regarded as a first step into a deeper mechanistic understanding
towards co-solute-induced effects on nucleotide structures in general.

BP 9.13 Mon 17:30 Poster A
Dielectrophoretic Immobilization of Nanoobjects as Singles
— oXENIA KNiGGE!, CHRIisTIAN WENGER?, FRANK F. BIER!, and
RaLpu HoLzeL! — Fraunhofer Institute for Cell Therapy and Im-
munology IZI, Branch Bioanalysis and Bioprocesses, Potsdam (IZI-
BB), Germany. — 2IHP GmbH - Leibniz Institute for Innovative Mi-
croelectronics, Frankfurt (Oder), Germany.

For the construction of a biosensor the immobilization of the biore-
ceptor is a key element. Here we demonstrate the immobilization of
fluorescently labeled nanospheres as a model system applying dielec-
trophoresis (DEP). DEP is a phenomenon in which a dipole is induced
in a polarizable particle in an inhomogeneous AC electric field. By
the right choice of frequency, this particle can be moved and immobi-
lized. Also an alignment of the biomolecules is advantageous to get a
strong signal, which is achieved by DEP. The nanoobjects have been
immobilized as individual objects on electrodes of a regular array con-
sisting of many thousands of vertical silicon or tungsten based nano-
electrodes. Immobilization and singling is proved by fluorescence mi-
croscopy in combination with scanning electron microscopy. Owing to
the large number of electrodes being observed simultaneously, occupa-
tion numbers of submicroscopical particles could be determined with
good statistics applying histograms. Occupation numbers and pat-
terns were determined as a function of particle size (down to 50nm)
and electrode diameter (50nm and 500nm).

BP 9.14 Mon 17:30 Poster A
Polymer brushes in motion — measuring flow with nanome-
tre resolution — eJaN CHRISTOPH THIELE, SEBASTIAN ISBANER,
NaArAIN KAREDLA, INGO GREGOR, and JORG ENDERLEIN — III. In-
stitute of Physics — Biophysics, Georg August University Gottingen,
Germany

Polymer brushes are a versatile method to tailor surface properties.
These include wetting behaviour, friction and interactions with colloids
and biomolecules. Coating a surface with polymer brushes changes its
hydrodynamic properties in a complex way. Experiments on brush
coated capillaries showed an unexpected large flow reduction by the
brush, while recent simulations are predicting a backflow within the
brush layer.

Our aim is to measure how the brushes impact the flow at the sur-
face and to verify the predicted backflow. For this, we will use fluo-
rescence lifetime correlation spectroscopy (FLCS) in combination with
metal induced energy transfer (MIET). FLCS enables a precise and
non-invasive measurement of the flow speed, while MIET causes a
modulation of the dye’s lifetime in close proximity to a gold surface
underneath the brush. This modulation allow us to section the volume
into different layers based on their lifetime. We will use a fluorescence
dye dissolved in the liquid or the brush and measure the movement of
the dye molecules and their distance from the gold surface. This way
we can obtain a high resolution flow profile in the range of 0 to 100 nm
distance to the surface.

BP 9.15 Mon 17:30 Poster A
Organelle-specific density measurements of the V-ATPase
using atomic force microscopy — ELISABETH EILERsZ, eJuLIA
TECKENTRUP'2, KATHARINA SCHILLER?, VOLKER WALHORN!,
THORSTEN SEIDELZ, KARL-JOSEF DiETz2, and DARIO ANSELMETTI!
— 'Experimental Biophysics and Applied Nanoscience, Bielefeld Uni-
versity, Germany — 2Plant Biochemistry and Physiology, Bielefeld
University, Germany

The V-ATPase functions as a membrane-embedded rotational proton
pump, which creates a proton motif force and thus drives secondary
active transport of solutes across endomembranes. Therefore, these
enzymes are essential for cellular pH- and ion homeostasis.
V-ATPases are located in the endomembranes of the endoplasmic
reticulum, the Golgi apparatus as well as the vacuolar membrane in
plants, which we could show using molecular biology techniques and
fluorescence microscopy. In atomic force microscopy (AFM) images, V-
ATPases showed prominent structures with a height of roughly 10 nm
corresponding to the hexameric arrangement of their catalytic head.
Using AFM we aim to investigate the differences in the number of
V-ATPases between different compartments of plant cells. We will
further apply AFM-based single molecule force spectroscopy to test
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the stability of the complexes. The latter is driven by the observation,
that the vacuolar enzyme shows a diffuse organization of its stabilizing
stalk proteins in the presence of desoxyglucose as observed by FRET-
microscopy (Schnitzer et al., 2011, Plant Cell Physiol.).

BP 9.16 Mon 17:30 Poster A
Quantifying the association of the chemotherapeutic drug mi-
toxantrone to DNA by magnetic tweezers — eDENNIS KREFT,
Yine WaNG, HELENE SCHELLENBERG, KaTja TONsING, and DARrio
ANSELMETTI — Experimental Biophysics and Applied Nanoscience,
Bielefeld Institute for Nanoscience (BINAS), Bielefeld University,
Bielefeld, Germany

Chemotherapeutic agents (anti-cancer drugs) are small cytotoxic
molecules that often bind to double-stranded DNA (dsDNA) and thus
interfere with the cell division process (mitosis). For medical regu-
lation and optimization issues of these pharmaceutical products, it is
inevitable to identify /quantify their binding mechanism. Therefore, we
investigated the anthraquinone compound mitoxantrone that is used
for treating certain cancer types like leukemia and lymphoma. We em-
ployed magnetic tweezers (MT) to investigate the association of mi-
toxantrone with dsDNA and conducted force-extension and rotation-
extension experiments with a sensitivity from some piconewtons down
to tens of femtonewtons. We found a concentration-dependent bimodal
binding behavior, where mitoxantrone associates to dsDNA either as
a groove binder at low concentrations and as an intercalator at high
concentrations.

BP 9.17 Mon 17:30 Poster A
Investigation of sea cucumber proteoglycans by atomic
force microscopy — eNikLas Biere!, Pierre PieL!, VOLKER
WaLHORNY, XaviER FERNANDEz-BuUsqQueTs?, PauLo A. S.
MourAio3, Epuarpo ViLanova®, and DARIO ANSELMETTI! —
lExperimental Biophysics & Applied Nanosciences, University of
Bielefeld, Germany — “Nanoscience and Nanotechnology Institute
(IN2UB), University of Barcelona, Spain — 3Hospital Universitario
Clementino Fraga Filho and Instituto de Bioquimica Médica, Univer-

sidade Federal do Rio de Janeiro, Brazil

1

Sea cucumbers belong to the echinoderm family and are a widely
spread marine life form in the world’s oceans, yet not all aspects of
their biology are well researched. As such, they possess remarkable
properties, like the catch connective tissue, whose mechanical stiffness
can be adapted without the use of muscles. In this work, we investigate
the proteoglycan molecules from the sea cucumber species Isostichopus
badionotus which make up part of its body wall. These proteoglycans,
which exhibit antimalarial and anticoagulant properties, are studied
in detail with atomic force microscopy to gain insights in the structure
and chemical morphology of their polysaccharide components, namely
fucosylated chondroitin sulfates and sulfated fucans. We will discuss
their role in maintaining the adaptive elasticity of the tissue and show
that this ability is related to the concentration of Ca2*t ions, which
subsequently influences the tissue’s capability to store water.

BP 9.18 Mon 17:30 Poster A

Label-free detection and trapping of individual nanosystems
— eLARIssa KoHLErR — KIT, Karlsruhe, Deutschland

The label-free detection of nanosystems provides the opportunity to
understand biomolecular dynamics and interactions without undesired
modifications of the system. To achieve the high sensitivity required
for studying individual nanosystems, we use signal enhancement in a
fiber-based Fabry-Perot cavity with high finesse (F a2 10%), which is in-
tegrated in a microfluidic channel. Dispersive interaction between the
sample and the cavity field is used to detect the presence and the dy-
namics of individual nanoobjects. The tight focus of the cavity mode
(wp &~ 1um) can be furthermore harnessed to trap individual particles
between the fibers far away from surfaces. At the same time, a polariz-
able particle shifts the resonance frequency and thereby the intracavity
laser power, such that particle motion couples back to the trapping po-
tential. In this so-called self-induced back-action regime, trapping of
sub-100 nm is predicted to become possible at biocompatible low in-
tensity levels. We show first results on the detection of 150 nm silica
nanoparticles and report the current status of the experiment.

BP 9.19 Mon 17:30 Poster A
DNA origami mold-based wires: Synthesis long metal-
lic wires and its temperature dependent charge transport
mechanism — eTURKAN Bavrakb2, Senam HeLmi3, JiNnciiNg
1,2

YE23, JErFrREY KELLING!, ToMMY SCHONHERR!, ARTUR ERBED?Z,

20

and RALF SEDEL?3 — l1Helmholtz-Zentrum Dresden-Rossendorf,

Bautzner LandstraRe 400, 01328 Dresden,Germany. — 2Technische
Universitét Dresden, cfaed, 01062 Dresden, Germany. — 3Universitét
Leipzig, Ritterstrafse 26, 04109 Leipzig, Germany

The DNA origami method provides a programmable bottom up ap-
proach for creating nanostructures of any desired shape, which can
be used as scaffolds for nanoelectronics and nanophotonics device fab-
rications. This technique enables the precise positioning of metallic
and semiconducting nanoparticles along the DNA nanostructures. In
this study, DNA origami nanoMOLDS are used for the fabrication
of nanoelectronic devices. To this end, electroless gold deposition is
used to grow the AuNPs within the DNA origami nanoMOLDS and
create eventually continues nanowires. In order to contact the fabri-
cated nanostructues electrically, a method using electron-beam lithog-
raphy was developed. Temperature-dependent characterizations for
four wires exhibiting different conductance at RT were performed in
order to understand the dominant conductance mechanisms from RT
to 4.2K. Two of these nanowires showed metallic conductance. The
other two wires deviated from pure metallic behavior and they showed
thermionic, hopping and tunnelling conductance.

BP 9.20 Mon 17:30 Poster A
Towards video rate imaging of IFT at nanoscale resolution
using the Atomic Force Microscope — eRENATA GARCEs and
CuristoPH F. ScHMIDT — Drittes Physikalisches Institut - Biophysik,
Fakultat fiir Physik, Georg-August-Universitdt Gottingen

Atomic force microscopy is a powerful tool for characterizing single
molecules with nano-scale spatial resolution. The improvement of im-
age acquisition rates render possible to access dynamical processes hav-
ing place at nano-scale, such as the ones driving the highly dynamic
traffic in the cell. Here we present the advances in the implementa-
tion of an experimental in vitro model system to study the dynamics
of molecular motors involved in Intra Flagellar Traffic (IFT) keeping
high spatial resolution. Our system consist of Chlamydomonas rein-
hardtii axonemes adhered to a hard substrate. Topographic images
from the atomic force microscope allows to distinguish doublets of mi-
crotubules and tubulin dimers from axoneme surfaces. Adding high
concentrations of immobilized dimeric kinesin-1 motor in presence of
nonhydrolyzable ATP analog (AMP-PNP) results in fully decorated
axoneme surfaces. Addition of ATP at different concentrations results
in differentiated motor activity.

BP 9.21 Mon 17:30 Poster A
Smart Gelatin Hydrogels: Modification by Electron Irra-
diation towards Stimuli-Responsive Elements — eSTEFANIE
RiepeL!2, BENEDIKT HEevarT!, KaTHARINA APEL!, EMILIA
Wisorzki!, and STEFAN Mayr!:2 — 1Leibniz Institute of Surface En-
gineering (IOM) Leipzig — 2Felix Bloch Institute, Faculty of Physics
and Earth Sciences, University Leipzig

Stimuli responsive materials have attracted considerable interest dur-
ing the past years due to their potential use in sensor and actuator ap-
plications. They are designed to transform small external stimuli e.g.
temperature and humidity changes into a significant response. While a
large number of alloys or synthetic polymers are well-established at this
point, we explore the potential of the biomaterial gelatin to respond to
temperature and humidity for possible use as biological active control
elements or as switchable scaffolds. To tailor the stimuli responsive-
ness of gelatin, it is crosslinked by high energy electron irradiation
which is nontoxic and thus enables biomedical applications. Thereby,
a temperature dependent shape memory is introduced which can be
utilized to develop a temperature-responding system. Furthermore,
we will show that electron irradiated gelatin has a high potential as a
biocompatible and stimuli responsive demonstrator responding to hu-
midity. By adaption of environmental parameters such as irradiation
dose, gel concentration, pH-value and salt concentration, the response
of the responsive element can be precisely tuned.

BP 9.22 Mon 17:30 Poster A
Uptake and release of proteins in microgels studied on sin-
gle particle level — eFARzZANEH VAGHEFIKIA', JuLia KraTz!, JU-
Lia WaLter!, WeNJING XU2, ANDR1J Picu2, and Jora FiTTER! —
IRWTH Aachen University, I. Physikalisches Institut (IA), AG Bio-
physik, Aachen, Germany — 2DWI-Leibniz Institut for Interactive
Materials, Aachen, Germany

For efficient drug delivery, a smart network of polymers called microgel
particles can be used. These particles with an ability to swell and de-
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swell in response to environmental changes, allow uptake and release
of drugs in a controlled manner. Their sensitivity to environmental
changes along with biocompatibility make it a good candidate for a
drug carrier, especially for therapeutic proteins. An impact of envi-
ronmental conditions on proteins outside the cell often causes protein
denaturation and aggregation [1]. We studied the uptake and release
of the positively charged cytochrome c, in and from microgel particles.
The loading of the microgels took place at pH 8, a value at which mi-
crogels are charged negatively [2]. By employing wide-field fluorescence
microscopy we made a reliable characterization of single particles, e.g.
the maximum loading of the particles, the stability of the loading, and
the amount of proteins to be released at the target location.

[1] Antosova et al. Trends Biotechnol. 2009

[2] Ricarda Schréder et al, Macromolecules, 2015.

BP 9.23 Mon 17:30 Poster A
A novel water soluble iron phthalocyanine as a redox medi-
ator integrated to multifunctional hydrogel based graphene
nanoplatelet for glucose monitoring — eHADI AL-SAGUR, KOMATHI
SHANMUGASUNDARAM, and ASEEL HASSAN — Materials and Engineer-
ing Research Institute, Sheffield Hallam University, Sheffield, United
Kingdom
Herein, we report a novel sensing platform for glucose biosensor appli-
cations. A three-dimensional multifunctional hydrogel interconnected
network of water-soluble iron phthalocyanine (FePc) in single-layer
graphene nanoplatelet (SLGNPs) for glucose oxidase (GOx) immobi-
lization (PAA-FePc-SLGNPs/PANI /GOx-MFH) has been reported.
Structural and morphological studies for (PAA-FePc-SLGNPs/PANI
-MFH) were carried out using scanning electron microscopy (SEM),
Fourier-Transform Infrared (FTIR), transmission electron microscopy,
(TEM), X-ray diffraction (XRD), Raman spectroscopy and UV*Visible
absorption spectroscopy. The electrochemical biosensor was fabricated
utilizing PAA-FePc-SLGNPs/PANI -MFH as the enzyme immobilizing
matrix coated on a screen-printed carbon electrode, and glucose oxi-
dase (GOx) was used as a model enzyme. The electrical conductivity
of the detection electrode was studied using electrochemical impedance
spectroscopy (EIS). The modified electrodes were studied by amperom-
etry and cyclic voltammetry. The PAA-FePc-SLGNPs/PANI /GOx-
MFH was designed towards glucose monitoring with high sensitivity,
good selectivity and low detection limit. Our biosensor could poten-
tially be a valuable tool at the clinical uses for monitoring diabetes.

BP 9.24 Mon 17:30 Poster A
Exposure of mesenchymal stromal cells to graphene quan-
tum dots — eS1BEL TEzKAN!, STEFAN FASBENDER!, T1M EBBECKE?,
KarnariNa RaBa2?, Jonannes FiscHEr?, and THoMas HEINzZEL!
1Experimental Condensed Matter Physics, Heinrich Heine University,
Diisseldorf — 2Transplantation Diagnostics and Cell Therapeutics,

University Hospital Diisseldorf

Fluorescent graphene quantum dots (GQDs) are prepared by the
slightly modified method of Qu et al. [1] via thermal decomposition of
citric acid and diethylenetriamine with subsequent dialysis to obtain
a pure GQD solution. The obtained aqueous solution is analyzed with
fluorescence spectroscopy. Mesenchymal stromal cells are exposed to
GQDs and a high uptake is determined using flow cytometry. The
number of incorporated GQDs is estimated by comparing the fluores-
cence of cells with GQDs and without GQDs. In addition, the uptake
of GQDs into exosomes is investigated.
[1] Qu et al., Light: Science & Applications, 2015, 4, e364

BP 9.25 Mon 17:30 Poster A
Effects of changing the Zeta potential of Graphene Quantum
Dots for Biological Applications — eSTEFANIE BERGER!, STE-
FAN FasSBENDER!, SEBASTIAN BAUER?, STEPHAN ScHMIDT?, LAURA
HarTtMANN?, and THoMas HeinzeL! — 1Heinrich Heine Universitéit
Diisseldorf, Institut fiir Experimentelle Physik der kondensierten Ma-
terie — 2Heinrich Heine Universitit Diisseldorf, Institut fiir Organis-
che und Makromolekulare Chemie

Fluorescent graphene quantum dots (GQDs) are prepared by thermal
decomposition of citric acid and diethylenetriamine slightly modifying
the method of Qu et al. [1]. The concentration dependent fluores-
cence properties are studied with fluorescence spectroscopy and the
Zeta potential is measured using dynamic light scattering. Both is
compared to GQDs with modified features. Possible modifications in-
clude the binding of a positive charged amide or a slight change of
the GQD recipe. In order to analyse the particles’ properties for bio-
logical applications, their uptake into primary human blood cells and
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their nucleus is investigated using flow cytometry and visualised via
confocal microscopy.
[1] Qu et al., Light: Science & Applications, 2015, 4, 364

BP 9.26 Mon 17:30 Poster A
Cellular uptake of graphene quantum dots into murine
precision-cut liver slices and MMTV-PyMT mammary car-
cinoma cells — eDavip KrrsTING!, STEFAN FASBENDER!, ANGE-
LKA HALLENBERGER?, JoHANNA Naskou?, KaTHARINA RaBa?, Jo-
HANNES FiscHErR?, Hans NEUBAUER®, and THomas HEeinzer!
IExperimental Condensed Matter Physics, Heinrich-Heine-University
Dusseldorf — 2Institute for Anatomy II, University Hospital Dussel-
dorf — 3Department of Obstetrics and Gynecology, University Hospi-
tal Duesseldorf — 4Institute for Transplantation Diagnostics and Cell
Therapeutics, University Hospital Dusseldorf

Precision-cut liver slices were produced from outbred C57BL/6 mice
liver lobes and incubated under cultural conditions for 1 or 2 days sup-
plementing their growth medium with a defined concentration of N-
doped graphene quantum dots (GQDs). The slices were examined us-
ing flow cytometry, confocal microscopy and fluorescence spectroscopy
clearly indicating a quantum dot uptake into the cultivated tissue,
which might decay with increasing penetration depth. These exper-
iments constitute to our knowledge the first incubation of GQDs on
precision-cut tissue slices (PCTS), which display a versatile in vitro
tool for probing drug effects on cells in a molecular environment close
to their in vivo intra-organ situation. In a second approach the GQDs
were incubated in two concentrations over a period up to two days on
cultured cell lines of the murine MMTV-PyMT mammary carcinoma
model. Our first data obtained by flow cytometry hint at a proposed
uptake depending linearly on the incubation time.

BP 9.27 Mon 17:30 Poster A
Comparing the properties of graphene quantum dots pre-
pared in a microwave and graphene quantum dots pre-
pared on a hot plate — e ALEXANDRA STEINA, STEFAN FASBENDER,
and Taomas HEINZEL — Experimental Condensed Matter Physics,
Heinrich-Heine-University Dusseldorf

Fluorescent graphene quantum dots (GQDs) are prepared by the
method of Wu et al. [1] via hydrothermal treatment (3 hours, 180°
C) of citric acid and dicyandiamide on a hot plate (hGQDs). The
fluorescence properties of these GQDs (quantum yield: 29 %, emis-
sion maximum around 450 nm at 360 nm excitation) are compared to
GQDs prepared in a microwave oven (mGQDs) using the same recipe
and the same synthesis temperature. The duration of the microwave
synthesis is varied and the highest fluorescence quantum yield amounts
to 29 % after a synthesis time of 2 minutes. The mGQDs show a nearly
identical fluorescence spectrum compared to the hGQDs with the same
emission maximum around 450 nm at 360 nm excitation. XPS data
reveals that hGQDs are composed of 52 % carbon, 23 % nitrogen and
25 % oxygen whereas mGQDs are composed of 43 % carbon, 26 %
nitrogen and 31 % oxygen.
[1] Wu et al., Nanoscale, 2014, 6, 3868

BP 9.28 Mon 17:30 Poster A
Studying the fluorescence properties of graphene quan-

tum dots — eMAaREN Sakowski!, STEFAN FASBENDER!, RALF

KuuNeEMuTH2, BEKIR Burar?, Craus SEemEL?, and THOMAS
HeinzenL! — !Experimental Condensed Matter Physics, Heinrich-
Heine-University Dusseldorf — 2Molecular Physical Chemistry,

Heinrich-Heine-University Dusseldorf

Fluorescent graphene quantum dots (GQDs) are prepared by ther-
mal decomposition of citric acid and diethylentriamine slightly mod-
ifying the method of Qu et al. [1]. The particles are purified with
HPLC and the fluorescence properties are studied using fluorescence
spectroscopy, UV-vis, fluorescence correlation spectroscopy (FCS) and
time-correlated single photon counting (TCSPC). The GQDs show
an absorption maximum around 360 nm with an emission maximum
around 450 nm (25 % quantum yield) and a second absorption max-
imum around 480 nm with an emission maximum around 560 nm (6
% quantum yield). TCSPC reveals a fluorescence lifetime of 9.92 ns
at 360 nm excitation and 1.78 ns at 480 nm excitation. The Stokes
radius is identified to be 0.6 nm using FCS.
[1] Qu et al., Light: Science & Applications, 2015, 4, e364

BP 9.29 Mon 17:30 Poster A

Uptake of fluorescent graphene quantum dots into human

breast cancer cell lines — eRABEA PiLcu!, STEFAN FASBENDER!,
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ANDRE FRANKENZ, MARINA WiLLIBALD2, KATHARINA RaBA3, Jo-
HANNES Fiscuer®, Hans NreuBauer?, and TuHomas Heinzen! —
1Experimental Condensed Matter Physics, Heinrich-Heine-University
Dusseldorf — 2Department of Obstetrics and Gynecology, University
Hospital Dusseldorf — 3Institute for Transplantation Diagnostics and
Cell Therapeutics, University Hospital Dusseldorf

Fluorescent graphene quantum dots (GQDs) are prepared by ther-
mal decomposition of citric acid and diethylentriamine referring to the
method of Qu et al. [1]. The breast cancer cell lines MCF-7 and MDA-
MB-231 and the non-tumor cell line MCF-10A are exposed to various
concentrations of GQDs for various times. The MTT viability assay
shows a decrease of the viability of all three cell lines to 60 % compared
to cells without GQDs, when exposed to a maximum concentration of
1 mg/ml GQDs for 72 hours. Flow cytometry is used to analyse the
time dependent uptake of the GQDs into the cells. The number of
incorporated GQDs per cell is estimated to be 5 billion for the tumor
cell lines (MCF-7 and MDA-MB-231) and 43 billion for the non-tumor
cell line (MCF-10A) by measuring the fluorescence intensity of cells
exposed to GQDs for 48 hours with fluorescence spectroscopy.
[1] Qu et al., Light: Science & Applications, 2015, 4, €364

BP 9.30 Mon 17:30 Poster A
Secondary structure analysis of xanthan using atomic force
microscopy — eJENNY Fjoporoval, VoLker WaLHORN!, Ju-
LiA Voss?, VERA ORTSEIFEN?, KARSTEN Nienaus?, and DARIio
AnseLMETTI! — !Experimental Biophysics & Applied Nanoscience,
Bielefeld University, Germany — 2Proteome and Metabolome Re-
search, Bielefeld University, Germany

Xanthan is an extracellular polysaccharide, secreted by the microor-
ganism Xanthomonas campestris. Due to its unique viscosifying prop-
erties, xanthan has numerous industrial applications. Therefore, the
optimization of xanthan production and its rheological properties is of
particular interest. Targeted genetic modification of the Xanthomonas
metabolism can be a powerful tool to optimize shear-thickening po-
tency and to improve the xanthan production efficiency.

Using atomic force microscopy (AFM) imaging and single molecule
force spectroscopy (SMFS), we analyzed the structure and the elastic
characteristics of single xanthan polymers, which were produced by
different Xanthomonas strains. We identified structures ranging from
single-stranded coiled networks to branched double-strands. Taking
into account the varying ability to form double-strands and differences
in the bending stiffness, we observed a correlation between the for-
mation of secondary structures and its resulting different viscosify-
ing properties. Our results enable a better understanding of relevant
metabolic pathway modifications for an optimized xanthan synthesis.

BP 9.31 Mon 17:30 Poster A
Gas bubbles in thermal gradients accumulate DNA and
trigger wet-dry cycles — eMaTTHIAS MORASCH, JONATHAN Liu,
CurisToF MasT, and DIETER BRAUN — LMU Munich, Amalienstr.
54, 80799 Miinchen, Germany

Life has developed in water, but dry steps are essential for many pre-
biotically plausible syntheses and polymerization processes [1,2]. This
posits the question how dry-wet cycles can be combined with an under-
water scenario without diluting the reaction products into the ocean.
We found that a nonequilibrium system in form of a temperature gra-
dient across a gas bubble in water creates an efficient accumulation set-
ting. In addition to the known thermophoretic trap, molecules hereby
strongly accumulate at the water-gas interface [3]. Movements of the
gas bubble thereby trigger continuous drying and re-hydration steps,
while maintaining high local concentrations of ca. 1000-fold near the
interface. Here, we show the underlying mechanisms for the accumu-
lation process at the water-air interface, which also exhibits a length-
selectivity e.g. for DNA strands. In addition, we demonstrate the pre-
cipitation and redilution of RNA monomers that polymerize only under
dry conditions [2]. This mechanism allows reaction pathways such as
the formation, phosphorylation, or polymerization of nucleotides that
require both aqueous and dry conditions.

[1] Powner et al., (2009) Nature 459:239-242. [2] Morasch et al (2014)
ChemBioChem 15:879-883. [3] Braun et al. (in submission)

BP 9.32 Mon 17:30 Poster A
Nanoscale properties of polymer micro-moulds studied by a
combination of AFM and SICM — eANNELIE MARX, REGINA
LANGE, INco BARKE, and SyLviA SPELLER — University of Rostock,
Institute of Physics, 18059 Rostock, Germany
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PDMS (polydimethylsiloxane) is a versatile material for creating
micro-moulds or stamps. We prepared PDMS moulds as test samples
for scanning ion conductance microscopy (SICM) and as prospective
substrates for cell adhesion experiments. We focus on the achievable
level of detail on the nanoscale by producing moulds from dry eched
glass structures exhibiting equidistant grids and pillars of different as-
pect ratios with vertical side walls. We also report on attempts to
produce moulds from metallic nanostructures (Fischer samples) and
multichannel plates (MCPs). Both the moulds and the original sam-
ples were studied by AFM and SICM. With SICM the topography
of a soft sample placed in a (conducting) liquid is measured on the
nanoscale, largely avoiding direct forces between the sample and the
probe. A decent reproduction quality was obtained on samples with 2
pm deep grooves and unity aspect ratio. We discuss general properties
and benefits of PDMS micro-moulds for applications in Biophysics (e.g.
with live cells), including the possibility to produce artificial replica by
creating a second mould from an initial one.

[1] Y. Xia, G.M. Whitesides, Annu. Rev. Mater. Sci. 28, 153 (1998)

BP 9.33 Mon 17:30 Poster A
Investigating Compression of Single DNA Molecules in a
Thermophoretic Trap — eToB1As THALHEIM, MARCO BRrAUN, and
Frank CicHos — Peter Debye Institute for Soft Matter Physics,
Leipzig University, 04103 Leipzig, Germany

We report on the trapping of single DNA molecules in liquids with
the help of a force-free trapping method utilizing feedback-driven dy-
namic temperature gradients. These temperature gradients, that are
obtained by spatially and temporally vary the temperature at a cir-
cular plasmonic nano-structure, induce thermophoretic drift velocities
which prevent the randomization of the positions and conformations
of the DNA molecules due to Brownian motion. Because of the gen-
erated inhomogenous temperature profiles, drift velocities in the outer
regions of the thermophoretic trap are larger than those in the center
forcing the elongated DNA molecules into more compressed states of
their conformation compared to freely diffusing molecules. A model-
free statistical tool called principal-components analysis as introduced
by Cohen and Moerner [1] is employed to assess these distortions of
the DNA’s conformation and conformation dynamics.

References

[1] A. E. Cohen, and W. E. Moerner, PNAS 104 (31),

12622-12627 (2007)

BP 9.34 Mon 17:30 Poster A
Dilute molecular crowders enhance activity of ligase ri-
bozyme — eMRiTYUNJOY KAR, JUAN MANUEL IGLEsIAS ARTOLA,
OL1vER BEUTEL, ALF HoNigMANN, and MoriTz KREYSING — Max
Planck Institute of Molecular Cell Biology and Genetics, Dresden, Ger-
many

The RNA world hypothesis remains a hallmark in *origin of life* re-
search despite very poor robustness and low reactivity of most model
replicators studied so far. A frequently used trick to enhance ribozyme
activity is the use of high concentration molecular crowders (M to mM)
to increase RNA concentrations by excluded volume effects. Here we
show, that excluded volume effect is not strictly required to enhance
ribozyme activity using R3C ligase as a model ribozyme and polyethy-
lene glycol (PEG) as a model crowding agent. As observed in other
systems before, we find that also for the R3C system reactivity is in-
creased in presence of crowder. However, our data shows higher affin-
ity (lower Km) at lower concentrations of crowder (1% wt/v). This
suggests that excluded volume might not be the only effect. If so,
enhanced activity should also be seen at even lower concentrations of
crowder. Indeed, we find in our experiments a remarkable enhance-
ment of R3C ligase activity at concentrations down to 50ppm (wt/v).
With this, we suggest a beneficial role of polymeric crowders (impuri-
ties) during the origin of life.

BP 9.35 Mon 17:30 Poster A
Self-Assembled Protein Hybrid Nanofibres — eCHRISTIAN
HeLeiNng!, Tanja Deckerr-Gaupic?, Gane WE?, VOLKER
DrckerT?, and Kraus D. JanpT! — !Chair of Materials Science,
Otto-Schott-Institute of Materials Research, Faculty of Physics and
Astronomy, Friedrich Schiller University Jena, Germany — 2Institute
for Photonic Technology, Jena, Germany — 2Hybrid Materials Inter-
faces Group, Faculty of Production Engineering, University of Bremen,
Germany

Over the last years, the interest in materials consisting of biomolecules
arranged in nanofibers increased. There is a special focus on plasma
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proteins for applications in nanofiber materials because of their high
biocompatibility. An easy feasible strategy to create these nanofibers
is the self-assembly mechanism of protein molecules. Here we test the
hypothesis that novel self-assembled hybrid protein nanofibers (PNF)
can consist of two different proteins. In this work, we present self-
assembled plasma hybrid PNF consisting of two different plasma pro-
teins. Further, long-time CD-measurements provide information about
the fiber formation dynamics. Especially, for the PNNF hybrid it con-
firmed interactions between both molecules. We confirmed the exis-
tence of a novel PNF hybrid by tip enhanced Raman spectroscopy and
immunolabeling. Also, differences in the mechanical behaviour were
shown by force spectroscopy. These results lay the foundation for a
novel biomaterial based on these (h)PNNFs.

BP 9.36 Mon 17:30 Poster A
Peptide heterogeneity enhances genetic identity and fluid-
ity of RNA rich complex coacervates — eJuanNn M. IGLEsIAS-
ArtorLal, MriTyunjoy Kar!', Anaror W. Fritscu!, Biorn
Drosotr!, HanNEs MurscHLERZ, Dora Tanc!, and MoRiTz
Kreysing! — IMPI-CBG, Dresden, Germany — 2MPIB, Munich,

Germany

Complex coacervates have been proposed as a model system for proto-
cells, and we found that they spontaneously assemble in temperature
gradients. We have formed complex coacervates from short cationic
peptides and an enzymatic RNA molecule. The coacervation process
that we observe occurs through the interaction of a positively charged
peptide and a negatively charged RNA. As a result, neutral complexes
are formed, which phase separate from the surrounding medium to
generate droplets. We characterized the physical properties of the
RNA inside these compartments. The mobility of the RNA inside
these droplets can be tuned by changing the peptide-RNA interaction
strength and by the presence of other components in the surrounding
medium. These droplets sequester RNA efficiently and can maintain
genetic identity for long periods of time. Currently, we are working
on rescuing RNA enzymatic activity inside these compartments. Here,
we provide evidence on how a rudimentary identity of fluid protocells,
necessary for the onset of natural selection, could have arisen when
only simple components were available.

BP 9.37 Mon 17:30 Poster A
Modelling the cell-cycle dependent regulation of p21 after
DNA damage — elsaBeLLa-HiLpA MENDLER and BARBARA
DrosserL — TU Darmstadt, Germany

Tonizing radiation causes DNA double strand breaks and hence threat-
ens the successful division or even the survival of a cell. For this rea-
son, cells react to DNA damages by upregulating the tumor suppressor
protein pb3, which shows multiple pulses after the occurrence of the
damage and activates numerous target proteins. One of the most im-
portant target proteins of p53 is p21, a potent cyclin-dependent kinase
inhibitor that regulates cell-cycle arrest after DNA damage. Recent
single-cell experiments showed that the timing and rate of its induction
after DNA damage is heterogeneous, with the cell-cycle stage playing
a crucial role.

We present a minimalistic nonlinear delay differential equation
model for the regulation of p21 by p53 that reproduces the main fea-
tures of the cell-cycle dependent dynamical behavior of p21 in response
to the p53 oscillations following DNA damage. The p53 measurement
data are input to the model, and the p21 response is modelled by in-
cluding cell-cycle dependent protein production and degradation rates.
These features enable us to reproduce the observed delay of p21 re-
sponse in cells that experience the damage in the S phase, as well as
the prompt pulse-like response of p21 in cells that are irradiated in G1
and progress to S phase.

BP 9.38 Mon 17:30 Poster A
Clocks and timers in genetic networks. — eJosE NEGRETE
JRY2, Ivan M. Lenceyer!3, LaureL A Ronpr?, Anprew C.
Oates?, and FrRank JoLicHER! — 1Max Planck Institute for the
Physics of Complex Systems, Dresden, Germany — 2Ecole Polytech-
nique Fédérale de Lausanne, Lausanne, Switzerland — 3Instituto de

Investigacion en Biomedicina de Buenos Aires CONICET of, Argentina

Genetic oscillations are noisy and in many cases, as in embryo develop-
ment, short lived. We present a model of a noisy transcription factor
that controls the timing and amplitude of an stochastic genetic oscil-
lator. The transcription factor determines how long the oscillator is
on and it is denominated as a timer, while the genetic oscillator is de-
nominated as a clock due to its repetitive nature. The model is given
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by a single delay differential equation, and we show analytically the
set of measurable parameters that characterises it. The predictions of
the model were tested by analysing two different cases: self sustained
genetic oscillations from cycardian rhythms and in the transient oscil-
latory gene expression from cells extracted from the presomitic meso-
derm of zebrafish embryos.

BP 9.39 Mon 17:30 Poster A
Modelling the Single Photon Response in Rods — ¢ CHARLOTTE
J. BeEeLEN!, KArRL-WiLHELM Kocu!, and DANIELE DELL'Orco?
— 1Dept. Neuroscience, Biochemistry, University of Oldenburg —
2Department of Neurosciences, Biomedicine and Movement Sciences,
Sect. of Biological Chemistry, University of Verona

Rod cells are responsible for vision in dim light. After the activation
of the pigment molecule rhodopsin, a complex signal transduction cas-
cade leads to an electrical signal, which can then be transmitted further
through the retina. This phototransduction cascade can be modelled
using differential equations for the molecular species involved, mainly
with mass-action kinetics [1,2]. The model can reproduce rods’ be-
haviour across a vast range of experiments and mutations.

Rod cells are extremely sensitive: they have a reproducible response
to single photons, thus operating at the physical sensing limit [3]. It is
astonishing that the response to a single photon is very uniform, since
a fluctuating signal would be expected.

To explain the uniformness of the single photon response and investi-
gate which reactions are essential for its reproducibility, we modify the
deterministic model of the phototransduction cascade in rods to also
include stochasticity and spontaneous activation of the effector. We
investigate how the reproducibility of the single photon response comes
about and study the effect of multiple phosphorylations of rhodopsin.
[1] D. Dell’Orco et al, Mol. BioSyst. 5 1232-1246 (2009)

[2] B.M. Invergo et al, Mol. BioSyst. 10 1481-1489 (2014)
[3] R.D. Hamer et al, J. Gen. Physiol. 122 419-444 (2003)

BP 9.40 Mon 17:30 Poster A
Time distribution of mRINA delivery mediated by lipoplexes
determined from single cell expression onsets — eANITA
Reiser2, Nena MeHRoTRAL, RaraL Krzyszron2, DANIEL
Woschie!, HeLmur H. STrREY?, and Joacmmv O. RADLERDZ —
1Faculty of Physics and Center for NanoScience, Ludwig-Maximilians-
University, Munich, Germany — 2Graduate School of Quantitative
Biosciences (QBM), Ludwig-Maximilians-University, Munich, Ger-
many — 3Department of Biomedical Engineering and Laufer Center
for Quantitative Biology, Stony Brook University, Stony Brook, NY,
USA

Nucleic acid (NA) based therapies require efficient delivery systems.
New Methods are required to assess uptake and release kinetics in liv-
ing cells in order to improve the internalization of NA carriers. Here
we employ automated time-lapse microscopy to study the delivery-time
distribution of lipid based mRNA vectors. We determine the protein
expression onset-times after transfection from single cell time courses
of eGFP reporter fluorescence. We show how maximum likelihood fit-
ting yields best estimates of individual onset times from hundreds of
individual time courses in a robust and automated manner. The dis-
tribution of delivery dwell-times is found to be log-normal distributed
in all cases with the mean depending on the transfection agent. For
cationic lipid formulation containing various amounts of cholesterol the
delivery timing correlates with efficiency. The profile of delivery tim-
ing might be a valuable indicator for the development of nanocarriers
with improved uptake activity and endosomal release kinetics.

BP 9.41 Mon 17:30 Poster A
Single-cell kinetics of siRNA-mediated mRNA degradation —
eRAFAL KRrzyszTor!:2, DaNIEL WoscHEE!, ANiTA REISER!'2, GER-
LINDE ScHWAKE!, HELMUT STREY3, and Joacuim O. RADLERDZ —
I'Ludwig-Maximilians-Universitit Munich (LMU), Geschwister-Scholl-
Platz 1, Munich — 2Graduate School of Quantitative Biosciences
(QBM), Geschwister-Scholl-Platz 1, Munich — 3Stony Brook Univer-
sity, Stony Brook, NY

RNA interference (RNAi) is a natural mechanism of post-
transcriptional gene regulation and is underlying the therapeutic ac-
tion of small interfering RNA (siRNA) directed against disease-related
genes. Quantitative assessment of the siRNA knockdown efficiency
is typically carried out at the population level. In contrast, direct
measurement of the siRNA induced mRNA degradation requires time-
resolved studies. Here we report on life cell imaging of the time-
resolved expression and knockdown level after delivery of two mRNA
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reporter genes (eGFP, CayenneRFP) and delayed delivery of siRNA
duplexes. Thousands of single cell time traces were recorded in parallel
using micro-pattern assisted time-lapse microscopy (MPA-TLM) com-
bined with automated image analysis. With the help of maximum like-
lihood fits to a mathematical translation model we yield scatter-plots
of individual mRNA life-times and determine the siRNA meditated
RISC activity as fold-change of mRNA degradation rate. Time-lapse
imaging proves faster (<24hours) and more accurate (+/-1%) mea-
surement of mRNA degradation and hence will allow new sensitive
studies of sequence dependence RNAI

BP 9.42 Mon 17:30 Poster A
Network coherences - a universal approach to quantify the
match between “omics” data and a biological network —
eP1oTR Nyczkal, Marc-THORSTEN HUTT!, KRISTINA SCHLICHTZ,
CaroLIN KNECHT?, and MicHAEL Krawczak? — 1Departement of
Life Sciences and Chemistry, Jacobs University, Bremen, Germany —
2Institute of Medical Informatics and Statistics, Christian-Albrechts-

University Kiel, Germany

Network-based analyses of “omics” data are a cornerstone of systems
medicine. Their goal is to quantify and statistically evaluate the clus-
tering of biological signals (e.g., co-expression of genes) in a network
(e.g., a metabolic network or a protein-interaction network). Network
coherences are topological indices evaluating the connectivity of sub-
networks spanned by the “omics” signal of interest [1,2]. They have

been used very successfully to identify scientifically relevant patient
subgroups in disease cohorts [2-4].

Here, we aim at a deeper theoretical understanding of network co-
herence. Using various random walk models on graphs, we test, refine
and calibrate this method. In this way, the dependence of a given net-
work coherence upon the number of (e.g., disease-associated) genes,
the topology of the underlying biological network or the fragmenta-
tion of the functional signal in the network can be studied numerically
and compared to analytical predictions.

Our method allows us to detect functional signal even in very noisy
data. The main novelty of this approach lies in taking into account
collective expression profiles of the whole group of patients and con-
trast it with individual ones. In order to find relevant signals we “tune”
parameters of the collective expression extraction procedure with re-
spect to maximization of the network coherence. This allows us to pick
up structures which are not detectable when dealing with individual
patients separately.

Based upon our results, we also present a range of applications of
(in particular metabolic) network coherence to the analysis of tran-
scriptome profiles in chronic inflammatory diseases. This investigation
seems to have huge potential for further development and following
applications also outside of this specific field.

[1] Sonnenschein et al. (2011) BMC Systems Biology 5, 40.
[2] Sonnenschein et al. (2012) BMC Systems Biology 6, 41.
[3] Knecht et al. (2016). Scientific Reports, 6.

[4] Hasler et al. (2016). Gut, gutjnl-2016-311651.
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BP 10.1 Mon 17:30 Poster C
Mechanical Properties of Intermediate Filaments — JoHANNA
Brock!, HaNNEs WiTT2, JuLiaA KRAXNER!, CHARLOTTA LORENZ!,
eANNA ScHEPERS!, ANDREAS JANsSHOFF2?, and SARaH KOsTER!
— Mnstitute for X-Ray Physics, Georg-August-Universitit, Gottin-
gen, Germany — 2Institute of Physical Chemistry, Georg-August-
Universitat, Gottingen, Germany

Different cell types exhibit different mechanical properties which are
determined by the cytoskeleton. Microtubules and microfilaments are
conserved throughout all metazoan cell types, whereas different in-
termediate filaments (IFs) are expressed in a cell-type specific man-
ner. Therefore, IFs are believed to play a major role in determining
the mechanical properties of the different cell types. Using optical
tweezers, combined with microfluidics and fluorescent microscopy, we
directly probed the stretching behavior of single IFs. Under physiolog-
ical buffer conditions and due to varying stretching protocols we found
a strong loading rate dependent behavior as well as a tensile memory
and a pronounced energy dissipation for the IF vimentin. By theoret-
ical modeling and Monte Carlo simulations we are able to fit our data
and link the results to the molecular structure of vimentin.

BP 10.2 Mon 17:30 Poster C
Comparison of the cytoskeleton of squamous cells us-

ing fluorescence microscopy — eMoNA PLETTENBERG!, MaJa
STrRUGACEVAC!, Constanze Wiek?, Junia KRrisTIN?, MARCEL
Graas?, Jore ScHPPER?, and Maruias GETzLAFF' — lInstitute

of Applied Physics, Heinrich-Heine-Universitat Diisseldorf, Univer-
sitatsstr. 1, 40225 Diisseldorf, Germany — 2Diisseldorf University
Hospital, Department of Othorinolaringology, Moorenstrasse 5, 40225
Diisseldorf, Germany

Our group’s aim is to investigate the mechanical properties of benign
and malign squamous cells. The fluorescence microscopy is one of the
group’s essential experimental techniques to gain new knowledge.
The cell’s mechanical properties are mainly determined by the cy-
toskeleton. Especially the microtubule and actin filaments are key
features for the cell’s elasticity. In cancerous squamous cells, the cy-
toskeleton structures are changing. To investigate the differences, we
compared the cytoskeleton of four cell lines extracted from tumors of
different states in the head-neck area. By staining the cytoskeleton
filaments with SiR-Actin and SiR-Tubulin, they could be observed un-
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der the fluorescence microscope. For this purpose, we optimized the
staining process for our used cell lines.

The higher the tumor state is, the more the cytoskeleton is unorga-
nized and the cells show more motility characteristics. We also could
observe a decline of the actin-skeleton as well as of the microtubules.
These facts lead us to the assumption that our investigated cells are
more elastic in a higher tumor state.

BP 10.3 Mon 17:30 Poster C
FRAP traces of immobile self-assembled complexes from
Monte-Carlo simulations — eJustiN GrReEwE!? and ULRIcH S.
Scnwarz!:2 — lInstitute for Theoretical Physics, Heidelberg —
2Bioquant, Heidelberg

Non-muscle myosin II plays an important role in many essential cellu-
lar processes, including adhesion, migration and cytokinesis. Because
myosin II is a non-processive motor, it cannot generate appreciable
levels of force by itself, but needs to work in larger ensembles. In non-
muscle cells, it assembles into myosin II minifilaments, which are ap-
proximately 300 nm large and contain around 30 myosin II molecules.
As shown by experimental FRAP studies, this supramolecular com-
plex is very dynamic, exchanging myosin monomers with a typical half
time of 70 seconds. Using Monte-Carlo methods, we study the in-
terplay between assembly and force generation in a spatial model for
minifilaments. Our simulated FRAP-traces show the signature of dif-
ferent time scales, in contrast to the standard analysis of experimental
FRAP-traces, which uses only one time scale.

BP 10.4 Mon 17:30 Poster C
DNA based molecular force sensors in reconstituted actin
networks — eCHRISTINA JAYACHANDRAN', MAaAX WARDETzKY?Z,
FrLoriaNn RenreLDT!, and Curistopn F. Scumipt! — !1Drittes
Physikalisches Institut, Fakultdt fiir Physik, Georg-August-
Universitét, Gottingen — 2Institut fiir Numerische und Angewandte

Mathematik, Georg-August-Universitit, Gottingen

Actin, among the other bio-polymers present in cells, is largely respon-
sible for cellular shape and mechanical stability. The actin cytoskeleton
which self-assembles into networks of crosslinked filaments and bundles
is responsible for active cellular processes ranging from migration, di-
vision and intracellular transport to morphogenesis. Crucial for these
processes is the spatial and temporal regulation of the structure and
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dynamics of the network and of the generation of forces, mostly by
myosin motors. To understand basic phenomena in such active net-
works, we investigate model networks comprised of semi-flexible actin
filaments crosslinked by custom designed dsDNA constructs as flexible
cross linkers. We also utilize these DNA constructs as force sensors in
order to map stress distributions in the networks. We characterized the
FRET-based stress sensors with a spectrophotometer. We study the
rheological properties of the actin/DNA networks with a bulk rheome-
ter and by high-bandwidth and high-resolution microrheology aiming
to understand network failure mechanisms beyond linear response.

BP 10.5 Mon 17:30 Poster C
Stretching Adherent Cells with Light — eToB1As NECKERNUSS,
DaNIEL GEIGER, JONAS PFEIL, IRINA SCHREZENMEIER, and OTHMAR
MarT1 — Institute of Experimental Physics, Ulm University

The mechanical properties of cells are important parameters in nat-
ural science and medicine. Over the years various techniques have
been developed to assess parameters like stiffness, creep and relax-
ation constants of all kinds of cells. Often the investigation relies on
the interaction of the cells with a probe like in AFM or micropipette
aspiration. However, these techniques always measure properties of
the joint system cell and probe.

In 2001 Guck et al. demonstrated a new method to trap and stretch
cells in a microfluidic channel with laser light. To the best of our
knowledge this technique has only been applied to suspended cells so
far. We will present a novel setup to stretch and measure adherent
cells - that is the majority of cells in the human body - with a laser.
This represents the first non contact opportunity to deform cells per-
pendicular to the substrate. A demonstration of the capability of the
technique to determine overall cellular stiffness is given. Furthermore,
we show a selection of models for the viscoelastic response as well as
a glimpse of further applications.

BP 10.6 Mon 17:30 Poster C
Dynamic Actin Structures in Frog Egg Extract — eJiaNnGcuo
Zuao and CurisToPH F. ScumIDT — Drittes Physikalisches Institut
- Biophysik, Fakultat fiir Physik, Georg-August-Universitdt Gottingen
The actin cytoskeleton in eukaryotic cells undergoes continuous
turnover, which is of crucial importance for various functions, e.g. cell
motility and division. While components are constantly exchanged, the
concentrations and distributions of components, including monomeric
and polymeric actin often maintain a steady-state. On the other hand,
cytoskeletal structures are also quite adjustable when needed, and dif-
ferent steady states can be accessed in response to regulatory signals.
Given the complexity of cells, it is desirable to be able to study such dy-
namic rearrangements in reconstituted model systems. We employed
water-in-oil emulsion droplets composed of Xenopus laevis egg cyto-
plasmic extract as a model system. In preliminary experiments, we ob-
served local actin network clusters in the presence of Arp2/3 complex.
The size of aggregated clusters was dependent on droplet dimensions,
concentration of extract, nucleation protein and MgCl2. Small clusters
were quite active and transported stress over a relatively long-distance
inside the droplet.

BP 10.7 Mon 17:30 Poster C
Failure of biological networks with dynamic cross-links —
eMAREIKE BERGER, DAvID BRUCKNER, and CHASE BROEDERSZ —
Ludwig-Maximilians-Universitdt, Munich, Germany

The cytoskeleton is a complex network of crosslinked biopolymers,
which is crucial for cellular rigidity and cell motility. To achieve such
a variety of functions, it is important that these cytoskeletal networks
can both withstand stress and adapt to external forces by remodeling.
Rheological experiments with reconstituted crosslinked actin filament
networks have revealed that these systems exhibit a complex viscoelas-
tic response, which depends sensitively on the external stress imposed
on the system: Under stress the network can behave either more fluid-
like or more solid-like, depending on the configuration of the system.
To investigate this behavior, we introduce a simple model of dynami-
cally cross-linked networks. With this model we can study both these
nonlinear viscoelastic properties as well as the failure of these networks
under stress.

BP 10.8 Mon 17:30 Poster C
Tug of War and Coordination in Bidirectional Transport by
Molecular Motors — eOMArR MuNoz and STEFAN KrLumpp — In-
stitut fiir Nichtlineare Dynamik, Universitat Gottingen
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Intracellular cargo transport is known to be bidirectional and medi-
ated by molecular motors that bind to the cargoes and cytoskeletal
filaments. Theoretical models for bidirectional transport include a tug-
of-war between the motors and motor coordination through a mediator.
Here, a tug-of-war model is extended to include motor activation and
inactivation as a mechanism for biochemical coordination. Stochastic
simulations provide an understanding of the dynamics of this system
and of the effect of this additional coordination. The proposed coordi-
nation model is successful in describing the experimental observations
of unexpectedly long unidirectional runs as well as memory of the direc-
tion after forced unbinding. These results and the recent experimental
findings suggest that models of bidirectional transport should be cargo
specific and combine features of both coordination and tug-of-war.

BP 10.9 Mon 17:30 Poster C
Is the size of a cell nucleus an indicator for cancer? — eLisa
Roupe!, Maja STRuGACEVAC!, NINA BARrTELs!, CoNsTANZE WIEK?Z,
Juria KrisTiN?, MaRcCEL Graas?, JorG ScuipPERZ?, and MATH-
1as GETzLAFF! — !Heinrich-Heine-Universitit Diisseldorf, Institute
of Applied Physics, Diisseldorf, Germany — 2Diisseldorf University

Hospital, Department of Otorhinolaryngology

Identifying characteristics of cancer cells is still one of the main topics
of recent research. Due to that our group is investigating properties
of head and neck squamous cell carcinoma cells and dysplastic oral
keratinocytes by fluorescence microscopy. The live cell imaging gives
detailed information about single organelles, which is necessary for
comparing the cell differences.

The nucleus is involved in the mitosis, contains the DNA and is
therefore responsible for important physiological processes. As the mi-
tosis rate is increased cancer cell nuclei hold much more chromatin
than healthy cells do. This potential indicator for cancer motivates
the comparison of the size of the different cell nuclei.

The cell nucleus is marked with Hoechst 33342, a blue fluorescent
staining kit. The used laser scanning fluorescence microscope allows
us three-dimensional cell nuclei observation. Different cancer cell lines
and oral keratinocytes were compared to investigate whether the size
of cell nuclei is an indicator for cancer.

BP 10.10 Mon 17:30 Poster C
Stress fiber network organization during cell spreading on
micropatterned substrates — eDimiTRI ProssT!, JuLiA JAGER!,
ELENA Kassianipou?, ANNE-Lou RocueT?, Sanjay Kumar2, and
ULricH S. ScuwaRrz! — !Institute for Theoretical Physics and Bio-
Quant, Heidelberg University, Heidelberg, Germany — 2Department
of Bioengineering, University of California, Berkeley, USA — 3Ecole
Polytechnique, Palaisaeu, France

Cell spreading, adhesion and migration are strongly modulated by both
biochemical and physical cues from the environment. The latter is
particularly evident for the actomyosin system, whose organization is
strongly determined by adhesive geometry, stiffness and topography
of the extracellular environment. In order to understand how the ac-
tomyosin system dynamically responds to the adhesive geometry of
its environment, we have studied cell spreading onto rectangular fi-
bronectin frames with varying gap locations that determine final cell
shape. We find that the global spreading dynamics onto a given pat-
tern can be well predicted with a Cellular Potts Model describing the
interplay between adhesion and tension, and that the distribution of
stress fiber (SF) orientations can be predicted by establishing that
discrete SFs form tangentially behind the advancing lamellipodium at
spatial intervals of approximately 2.0 pm and temporal intervals of ap-
proximately 15 minutes. Because these times are comparable with the
overall spreading times, cells have a memory of their spreading history
through the organization of the SF network, despite the fact that their
final shape is mainly dictated by the pattern geometry.

BP 10.11 Mon 17:30 Poster C
irridation of cancer cells — eMAXIMILIAN
EriNsk1', Maja STrucacivac!, ToBias LOFFLER!, CONSTANZE
Wiek?, Juria KRrisTIN?, MARCEL GLaas?, JOrRG ScHIPPER?, and
Matnuias GETzLAFF! — !Heinrich-Heine-Universitat Diisseldorf, In-
stitute of Applied Physics, Universitatsstr. 1, 40225 Diisseldorf —
2Diisseldorf University Hospital, Department of Otorhinolayngology,
Moorenstr. 5, 40225 Diisseldorf

In previous research our group showed differences in mechanical prop-
erties of cancer cells from the head and neck area compared to non-
cancer cells. These differences are caused by changes in the actin
filaments and microtubules of cancer cells.

Acoustic wave
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Our findings could be used to develop a new selective cancer treat-
ment. Due to different mechanical properties, acoustic wave irradiation
destroys cancer cells and does not influence benign cells. The aim is
not to induce necrosis leading to inflammation, but to start apoptosis.

In order to observe cell behavior during wave irradiation cells were
stained using CellMask Green staining kit and were observed under
confocal laser scanning microscope. In this work we used acoustic
waves exhibiting frequencies from 0.5 to 10 kHz. The behavior of the
cells to different frequencies and input power was investigated and will
be presented.

BP 10.12 Mon 17:30 Poster C
Characterization of a piezoelectric actuator for output power
and thermal behaviour — eToBias LOFFLER!, STEFAN KRUGER!,
Maja Strucacevact, Juria Kristin?, CoNsTaNZE WIEK?, MARCEL
GLaAs2, Jora ScHIPPER?, and MaTHIAS GETZLAFF! — lInstitute of
Applied Physics, University of Diisseldorf — 2Diisseldorf University
Hospital, Department of Otorhinolaryngology, Moorenstrasse 5, 40225
Diisseldorf, Germany

Our group is investigating the influence of acoustic waves on squamous
cell carcinoma cells of the head-neck area in order to to determine their
mechanical properties. A piezoelectric actuator with a sharp tip is used
to produce sound waves in the range from 0,5 to 10 kHz. A detailed
characterization of the acoustics is necessary for a better understand-
ing of the interaction between the sound waves and the cells.

Temperature measurements at different distances in direction of os-
cillation and additional as a function of time have been performed in
order to determine the temperature-profile in the vicinity of the probe.
Additionally, the output energy was characterized. The experimental
setup and the probe’s characteristics will be presented in detail.

Furthemore, we observed the behaviour of the cancer cells on acustic
waves at various frequencies and sound intensities. These results will
be presented as well.

BP 10.13 Mon 17:30 Poster C
Time Resolved Measurements of Force Evolution in Platelets
Under Flow Condition — eJAaNA HANKE, ANNA ZELENA, and
SArRAH KOsTER — Institute of X-Ray Physics, University of Gottin-
gen, Gottingen, Germany
Force generation plays an important role for numerous biological pro-
cesses like contraction, spreading and motility. In vivo, both chemical
and physical cues influence this process. For cells like e.g. endothelial
cells and blood cells, an important physical factor is external shear
flow. Blood platelets, in particular, generate strong forces while con-
stantly being subject to shear. Hence, studying the impact of shear
on their contractile behaviour is important for the understanding the
mechanics of blood clotting. Here, we present a method combining
microfluidics with time-resolved traction force microscopy to mimic
blood flow. We study the adhesion and contraction of human blood
platelets under low shear rate conditions as found in veins and com-
pare the results to data recorded without flow. We can reveal that
the spatial traction force distribution and the total force remains un-
changed with increasing shear flow. Similarly, the force dipoles show
no difference in the degree of anisotropy between static and flow condi-
tions. Interestingly, however, when studying the preferred orientation
of contraction with respect to the flow direction, we observe adapta-
tion of the platelets to the flow. With increasing shear rate, the angle
rises from 45° to 90°. Our microfluidic chamber can be easily repro-
duced and adapted to mimic various different physiological conditions,
enabling the study of other cell types.

BP 10.14 Mon 17:30 Poster C
How filaments density impacts force generation and pro-
trusion rate of lamellipodium in motile cells — eSETAREH
Dorati and MaARTIN FALCKE — Max delbriick center for molecular
medicine(MDC), Berlin, Germany.

In Migrating cells, the Arp2/3-complex is thought to be responsible
for formation and maintenance of the lamellipodium. However, studies
show in addition to Arp2/3 activity formins also contribute to actin
filament nucleation and elongation in the lamellipodium of B16-F1
melanoma cells and their activity strongly impacts force generation.
Loss of formins reduces actin density, lamellipodium width and pro-
trusion velocity of B16-F1 melanoma cells, while Arp2/3 activity and
the actin network assembly rate are not affected by the absence of
formins. Knocking out FMNL2 and FMNL3 individually and both
together shows a correlation between actin filament area density and
protrusion rates. Also, by manipulating Arp2/3 activity in B16-F1
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melanoma cells, the same correlation between the protrusion rate and
the filament area density in the lamellipodium has been observed.

Here, we mathematically model the lamellipodium as a viscoelastic
gel representing an actively polymerizing and cross linked network of
actin filaments. Taking the density of filaments as a control parameter,
we suggest a mechanism that explains how the formins contribution
to the actin area density leads to their corresponding contribution to
the protrusion rate in the lamellipodium and how the structure of the
actin network and properties like assembly rate of the network affect
the dynamics of the lamellipodium.

BP 10.15 Mon 17:30 Poster C
Cellular Forces under Altered Gravity Conditions — eJuLia
Eckerr?2:3 SteEraNo CopporLa2, THomas ScHMIDT?, Lukas M.
Enc!, RoBERT LINDNER3, and Jack J.W.A. vaN Loon®* — 1School
of Science, Department of Physics, Technische Universitat Dresden,
Dresden, Germany — 2Physics of Life Processes, Leiden Institute
of Physics, Leiden University, Leiden, The Netherlands — 3Life &
Physical Science, Instrumentation and Life Support Laboratory (TEC-
MMG), ESA/ESTEC, Noordwijk, The Netherlands — VU Medical
Center/ACTA, Amsterdam, The Netherlands

During future long-term space missions, the human organism will be
exposed to microgravity and other gravitational levels for extended
periods of time. Hence, it is of vital importance to develop a ba-
sic understanding of mechanobiology and mechanosensing under such
conditions.

Here, we introduce a measuring approach based on a micropillar
array technology. Different cell types, like bone and fibroblast cells,
were placed on polydimethylsiloxane pillars with controlled stiffness
allowing to examine cell traction forces. Further, they were exposed to
altered gravity in the Large Diameter Centrifuge and in the Random
Positioning Machine of the European Space Agency in The Nether-
lands. We found that cells respond to the new gravitational environ-
ment and their behavior depend on g-force into or away from the pillar
array, substrate stiffness and their cell type. Our approach is suitable
to study biological response to changing gravity conditions at the cel-
lular level.

BP 10.16 Mon 17:30 Poster C
Design and construction of a magnetic trap for microrheolog-
ical measurements — eJoNaAs PFEIL, IRINA SCHREZENMEIER, To-
BIAS NECKERNUSS, DANIEL GEIGER, FREDERIKE ERB, FABIAN PORT,
and OTHMAR MARTI — Institute of Experimental Physics, Ulm Uni-
versity, Ulm, Deutschland

Today microrheological measurements on living cells using optical
tweezers are scientific state of the art for analysis of cell mechanics.
The maximum force that can be exerted on cells is limited by the
maximum tolerable temperature of the cell. This limits the maximum
forces to the nN range, which are too small to deform a whole cell
significantly.

In contrast magnetic traps using superparamagnetic beads and high
speed optical measurements do not heat the sample. Instead the lim-
iting factors are magnetic flux and the gradient of the magnetic flux,
which corresponds to the force on the beads. To achieve high gradient
fields strong magnets can be used or the tip of the magnet has to be
brought to the vicinity of the sample.

We will present solutions for the construction of a magnetic trap us-
ing a sharp tip and a single electromagnet using previously published
designs adapted to our setup and our performance needs.

BP 10.17 Mon 17:30 Poster C
The role of endothelial cell mechanics in leukocyte extrava-
sation — eMaTTHIAS BRANDT!, VOLKER GERKEZ, and Timo BeTz!
— lnstitute of Cell Biology (ZMBE), University of Miinster, Von-
Esmarch-Strafe 56, D-48149 Miinster — 2Institute of Medical Bio-
chemistry (ZMBE), University of Miinster, Von-Esmarch-Strafie 56,
D-48149 Miinster

The endothelium forms the inner surface of blood and lymphatic ves-
sels in the human body. For the immune response of an organism,
leukocytes need to transmigrate through this endothelial cell (EC)
monolayer, which requires coordination and adaptation of the EC and
leukocyte mechanics. We aim to investigate the effect of EC stiffness on
leukocyte guidance and the role of EC mechanics in this transendothe-
lial migration.

We use an in vitro model consisting of HUVEC cells cultivated on a
polyacrylamide gel substrate functionalized with basement membrane
proteins, and leukocytes flown in by a microfluidic setup. The impact
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of varying substrate stiffness on EC mechanics and the question to
which extend stiffness gradients are reflected by the endothelium it-
self is examined. Traction force microscopy serves to measure forces
applied by the ECs to the substrate and to infer force transmissions
at cell-cell junctions. The stiffness of the EC cortex and intracellular
forces are measured using an optical tweezer. Using optogenecic acti-
vation of Racl, RhoA and CDC42 signaling will generate localized EC
contractility allowing to correlate EC mechanics and leukocyte migra-
tion.

BP 10.18 Mon 17:30 Poster C

Flow of a cell inside a microfluidic channel using FEM

simulation — eRALF ScHusTER!, ToBias NEckerRNUss!, DANIEL
GEIGER!, ULRICH SIMON2, KAY-EBERHARD GOTTSCHALK!, and OTH-
MAR Marri! — lInstitute of Experimental Physics, Ulm Univer-

sity, D-89081 Ulm — 2Ulmer Zentrum fiir Wissenschaftliches Rechnen
(UZWR), Ulm University, D-89081 Ulm

From the mechanical deformation of cells conclusions, regarding type,
state, size or some inherent feature, can be drawn. Variations of
structure and shape of cells play an important role for cell migration
and proliferation. For instance tumor and normal cells can be distin-
guished by elasticity, indicated by the amount of deformation under a
given stress. Metastasizing cancer cells can have a softer cytoskeleton
through changes in the network, leading to a reduced drag resistance
when passing through narrow constrictions.

The parabolic flow profile inside a microfluidic channel causes the
cells to deform, while passing through it. The deviation from circular-
ity of the cell at steady-state conditions can be taken as a character-
istic measure for the deformation (Otto et al. Nature Methods 2015).
Two different finite element-modeling approaches will be shown. The
composition and the values of the properties of the cell are generated
according to other works and experiments, performed at our Institute.
Achieving accordance between experiment and simulation will lead to
numerical values for the material parameters of cells respectively cell
types and will be the basis for further experiments.

BP 10.19 Mon 17:30 Poster C
Intracellular passive and active microrheology in dividing ep-
ithelial cells — eSEBASTIAN HURST and TimMmo BeETz — Institute of
Cell Biology, ZMBE, University of Miinster, Von-Esmarch-Strafe 56,
48149 Miinster

While there is a good understanding of chromosome segregation dur-
ing cell division, surprisingly little is known about how the different
organelles are distributed during this fundamental process. It is gen-
erally assumed that organelles are not systematic transported to the
daughter cells but that their distribution relies on passive diffusion and
hence stochastic transport throughout the cell. Although diffusion will
provide fast mixing of small molecules, it is not clear if this can ex-
plain the even distribution of larger organelles with low copy number,
especially in highly polarized cells.

Active, targeted transport of large organelles during cell division is
mainly known for asymmetric cell division, and has not been reported
in symmetric division. Another attractive mechanism for equal dis-
tribution of organelles during cell division is the increase of random
mobility. This could be achieved by active, undirected fluctuations
e.g. generated through motor protein activity. To test this hypothesis
that active fluctuations help distributing organelles we perform opti-
cal tweezer based passive and active microrheology measurements with
exogenous particles inside dividing MDCK cells. The results are used
to calculate the intracellular viscoelasticity and mechanical activity to
pinpoint the influence of active cytosolic mixing during cell division.

BP 10.20 Mon 17:30 Poster C
Design and characterization of mechanically tunable
hyaluronic acid based hydrogels — e MARTIN ScHILLING and FLo-
RIAN REHFELDT — Third Institute of Physics - Biophysics, Georg-
August-University, Gottingen, Germany

Many aspects of cell behavior are influenced by the mechanical prop-
erties of their microenvironment. To mimic the various elastic moduli
of different in vivo environments of cells, it is necessary to design and
characterize hydrogels for cell culture with tunable elasticity.
Hyaluronic acid (HA), a polysaccharide consisting of disaccharide
units, was chosen as base for the hydrogel system as it is biocompati-
ble and not toxic for cells, thus allowing for 3D encapsulation.
However, native HA does not crosslink naturally so its disaccharides
have to be chemically modified. Depending on the degree of modifi-
cation HA can be used for different approaches. High modified HA
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hydrogels are tunable in a large range of elasticities and due to their
degree of modification cannot be recognized by HA receptors of cells
that need longer segments of unmodified disaccharides. A lower degree
of modification decreases the range of elasticity but allows for cellular
recognition of HA. In order to obtain a hydrogel with moderate elastic-
ity and the properties of low modified HA both high and low modified
HA are mixed in several different ratios. The gelation kinetics of the
resulting hydrogels are investigated by rheology using oscillatory de-
formation tests. In order to analyze the viscoelastic properties of the
cross-linked hydrogels the storage modulus G’ and the loss modulus
G” were measured.

BP 10.21 Mon 17:30 Poster C
Mechanical and biochemical micromanipulation of individ-
ual suspended cells probed with optical tweezers — eSAMANEH
Rezvani!, Topp M. Squires?, and CHristorH F. ScamipT! —
I Third Institute of Physics-Biophysics, Faculty of Physics, University
of Goéttingen, Géttingen, Germany — 2Department of Chemical Engi-
neering, University of California, Santa Barbara, USA

Cells communicate with their environment through biochemical and
mechanical interactions. They can respond to stimuli by undergoing
shape- and, in some situations, volume changes. Key determinants of
the mechanical response of a cell are the viscoelastic properties of the
actomyosin cortex, effective surface tension, and osmotic pressure. It
is challenging to measure the mechanical response of cells while chang-
ing environmental conditions. We here demonstrate the use of a novel
microfluidic device with integrated hydrogel micro-windows to change
solution conditions for cells suspended by optical traps. Solution con-
ditions can be rapidly changed in this device without exposing the
cells to direct fluid flow. We use biochemical inhibitors and varying
osmotic conditions and investigate the time-dependent response of in-
dividual cells. Using a dual optical trap makes it possible to probe the
viscoelasticity of suspended cells by active and passive microrheology
and to quantify force fluctuations generated by the cells at the same
time.

BP 10.22 Mon 17:30 Poster C
A 2-D Continuum Model of Cell Migration — eBEHNAM
Amirl and MARTIN FaALckeE — Max Delbriick Center for Molecular
Medicine(MDC), Berlin, Germany.

Actin-based cell migration is critical for many biological processes in-
cluding embryonic development and tumor metastasis. At the leading
edge of the motile cells, polymerization of actin filaments creates the
force necessary for protrusion. Here we present a 2-dimensional con-
tinuum model for the lamellipodia dynamics of a motile cell. The
model quantitatively describes the pushing forces exerted by newly
polymerized filaments in a semi-flexible layer behind the leading edge,
and their effect on the retrograde flow of the cytoskeleton and the
membrane protrusion. We will demonstrate that the interplay be-
tween these components can determine the most prominent aspects of
the cell morphodynamics. The developed modeling framework con-
sists of a coupled system of Reaction-Diffusion-Advection PDEs for
cytoskeleton components, a stokes flow PDE for velocity profile of the
cytoskeleton and a Reaction-Advection PDE for the properties of fila-
ments in the semi-flexible region along the leading edge. All of these
equations must be computed in the unsteady moving cell domain and
with appropriate boundary conditions at the moving cell boundary.
In order to numerically solve this hybrid continuum model, we use a
moving boundary finite element scheme for free boundary problems.
Our model gives insight into how actin polymerization at the leading
edge can affect the overall morphodynamics of the cell.

BP 10.23 Mon 17:30 Poster C
Near Real Time Analysis of Stress Fiber Formation in Stem
Cells — eLLArRA HAUKE, CARINA WoOLLNIK, and FLORIAN REHFELDT
— University of Gottingen, Third Institute of Physics - Biophysics

Human mesenchymal stem cells (hMSC) can be directed to differenti-
ate into various lineages by different matrix elasticities. While changes
in lineage specific protein expression occur over a period of days to
weeks, significantly different structures of stress fibers are observable
within the first 24 hours of plating [1] quantified by an order parameter
S. With our massively parallel live-cell imaging set-up we record cells
under physiological conditions (37 °C, 5 %CO2) over a period of 24-48
hours to obtain a statistically sufficiently large data set. We aim for a
full representation of filament processes over time and space allowing
for statistical analysis. This unbiased classification will be represented
by persistence in space and time and potential cross-talk with other
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cytoskeletal components. For this we developed the *FilamentSensor*
[2,3] a freely available tool for near real-time image analysis of stress
fibers. We present experimental data where we can distinguish the
development of hMSCs on 1 kPa, 10 kPa and 30 kPa elastic substrates
with 99 % confidence and are working on single filament tracking and
better analysis of orientation fields. References: [1|A. Zemel, et al.,
Nat. Phys., 2010. [2]lwww.filament-sensor.de [3]|B. Eltzner, et al., PLoS
One, 2015.

BP 10.24 Mon 17:30 Poster C
Elastic Response of Epithelial Model Tissues in Deforma-
tion Experiments — eSIMONE GEHRER!, SARA KaLmMAN!, DAMIR
VURNEK!, MARyaM ALIEE!, SHUQING CHEN?, ANDREAS MAIER?,
DiaNa Dubziak®, RupoLr MERKEL%, and ANA-SUNGANA SmrTa!:®
— 1PULS Group, Institute for Theoretical Physics I, FAU Erlangen
— 2Pattern Recognition Lab, Department of Computer Science 5,
FAU Erlangen — 3Dermatology, Universitétsklinik Erlangen — *ICS-
7: Biomechanics, Forschungszentrum Jiilich — ®Division of Physical
Chemistry, IRB Zagreb

Epithelial tissues act as barriers between different tissue types and
form boundaries of the majority of organs. They are often exposed
to mechanical stress to which they quickly respond by changing shape
and internal organization on short time scales. On longer time scales,
stress can be released by proliferation and growth.

To investigate the response of MDCK II tissues grown on PDMS
substrates, we expose the cell-colonies to an uniaxial stress (10 — 30%)
using a stretching device. The resulting changes are monitored for min-
utes to days by phase-contrast and confocal microscopy. The reversible
changes in the overall shape of the cell confirm that on short time
scales the tissue responds as an elastic material. This is furthermore
confirmed by analysing the morphology and connectivity of individual
cells before and after stress. On longer time scales, we find that the
growth rate of the colony is affected by the continuous deformation,
while after 24 — 48h the tissue adapts and resumes the morphological
and topological characteristics as the control.

BP 10.25 Mon 17:30 Poster C
Cell-Type Specific Mechano-Sensing Altered by Blebbistatin
— oGALINA KUDRYASHEVA and FLORIAN REHFELDT — Géttingen Uni-
versity

Cells sense the mechanical properties of their surroundings with con-
tractile acto-myosin stress fibers through focal adhesions and react to
such physical stimuli by distinct pattern formation of their cytoskele-
ton and by altering their bio-chemical pathways. Especially striking is
the mechano-guided differentiation of human mesenchymal stem cells
(hMSCs). The structure and dynamics of acto-myosin stress fibers is
used as an early morphological marker and theoretically modelled using
classical mechanics with an active spring model. We use this approach
to elucidate the mechanical cell-matrix interactions of hMSCs and sev-
eral types of differentiated cells. Employing immuno-fluorescence mi-
croscopy we visualize stress fibers and analyze the global morphology
of the cells cultured on elastic substrates (E_m from 1 kPa to 130
kPa). Applying the theoretical model to our experimentally obtained
cell spread area we extract an effective Young’s modulus of the cell
(E_c). We demonstrate that E_c¢ changes during hMSCs differentia-
tion process and varies for different cell lines. Our experiments show
that the mechanical susceptibility is cell type specific and dependent
on acto-myosin contractility. Interestingly, addition of the non-muscle
myosin II (NMMII) inhibitor blebbistatin at low concentrations (¢ =
12.5 and 25 uM) softens the cells (reduces the effective Young’s modu-
lus E_¢) and facilitates cell spreading only on soft substrates through
relaxing the cellular acto-myosin cortex.

BP 10.26 Mon 17:30 Poster C
Elastic beads as in vivo tension sensors — e ARNE HOFEMEIER,
BERNHARD WALLMEYER, and TiMo BETz — Institute of Cell Biology,
ZMBE, University of Miinster

Mechanical tension has recently been recognized as a key element to
understand many biological processes such as cell fate determination
or collective cell migration during embryogenesis. However, direct ex-
perimental access to determine tension in vivo in a non-destructive
way remains a major challenge. Here, we present a novel experimental
approach that allows direct measurement of stress inside in vitro and
in vivo tissue. By injecting fluorescent polyacrylamide (PAA) beads
of known size and elasticity in the tissue, we are able to measure the
deformation of their surface and obtain the resulting displacement vec-
tor. Solving the inverse elastic problem yields an approximation of the
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stress field inside the tissue. Furthermore, we show two applications
of this novel technique. Firstly, PAA beads are injected into mouse
muscles to examine forces exerted during muscle contraction on mus-
cle stem cells, a cell type known to respond to changes of mechanical
properties. Secondly, PAA beads are injected into zebrafish embryos
to investigate the role of tissue stress in collective cell migration during
embryogenesis.

BP 10.27 Mon 17:30 Poster C
Fluid flow in curvilinear microchannels for stem cell
purification- understanding the deformability-induced lift
force — eEwa Guzniczak!, MEeLantE JiMenez?, and HELEN
BripLe! — !Heriot-Watt University, School of Engineering and Phys-
ical Science, Department of Biological Chemistry, Biophysics and Bio-
engineering Edinburgh Campus, Edinburgh EH14 4AS — 2University
of Glasgow, School of Engineering, Biomedical Engineering Division,

Glasgow G12 8QQ

Traditionally, fluid flow in microscale confined channels has been asso-
ciated with a negligible inertia since fluid flow occurs at low Reynold’s
numbers. However previous work (Di Carlo 2009) has shown phys-
ical phenomena occurring at commonly neglected intermediate flow
regimes, namely secondary flow and inertial migration of particles,
determined by channel geometry, particle size and flow rate. The in-
terplay between fluid flow pattern and particles, if fine-tuned, leads
to particles ordering and separation, and the effect has been exploited
in a range of applications. However, biological particles due to their
deformable nature add complexity to the focusing mechanism and it
is challenging to predict their behaviour. We exploit inertial focusing
in curvilinear microchannels to purify manufactured red blood cells,
which are the end-products of stem cell differentiation. Separation
is based on their physical properties, namely size and deformability.
Thus, we are also exploring how deformability-induced lift force affects
and contributes to particles separation in the spiral microchannel.

BP 10.28 Mon 17:30 Poster C
Measurements and Simulations with the CellMOUSE de-
vice — eJoNas PrEIL, ToBias NECKERNUSS, DANIEL GEIGER, RALF
SCHUSTER, and OTHMAR MARTI — Institute of Experimental Physics,
Ulm University

We recently developed a tool to characterize suspended cells passing
an optical sensor, the so called CelMOUSE device. With this high
speed optical setup we are able to determine different parameters like
shape, size and morphology of the passing particles. These are impor-
tant markers to distinguish different cells.

We will show measurements of various samples using the CellMOUSE
device to show the range of possible applications. Besides investiga-
tions of well known samples for validation of the measurement prin-
ciple, we also observe and distinguish cells of different origins in mix-
tures. Due to the real time nature of the experiment, we are able to
manipulate single cells according to the measurement result. The tech-
nique can be also applied to other samples like bacteria or particles of
different sizes.

To complete the study, we developed a simulation system for Cell-
MOUSE to determine the figures of merit a priori.

BP 10.29 Mon 17:30 Poster C
Cells Modeled as Osmotically Pressurized Elastic Shells
— oBEHZAD GoOLSHAEI, RENATA GARCES, SAMANEH REZVANI, and
CurisTorPH F ScHMIDT — Drittes Physikalisches Institut - Biophysik,
Fakultat fiir Physik, Georg-August-Universitdt Gottingen

Animal cells, as well as bacteria, are mechanically protected by a
viscoelastic envelope consisting of lipid membranes and polymer net-
works. External mechanical stimulation leads to responses such as de-
formations or flows. In order to understand the mechanical behavior
of cells, we model cells as pressurized elastic shells using finite element
modeling. We study how geometrical parameters (cortex thickness and
cell diameter), thermodynamic effects (osmotic pressure difference),
and material properties (Young*s modulus) affect the response of a
cell to indentation. We focus on the time scales where cellular systems
show elastic behavior in order to compare our model with experimental
results. Results from two types of experimental set-ups have been used
to parameterize linear elasticity equations. The first set of experiments
used an optical trap to indent mammalian cells, and in the second set,
bacteria were indented by beads of varying diameter using AFM.

BP 10.30 Mon 17:30 Poster C
Mechanical Coupling of Human Embryonic Stem Cell De-
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rived Cardiomyocytes — eHEIDI SoMSEL!, WoLFRAM-HUBERTUS
ZiMMERMANNZ, and CurisTopH F. ScuMipT! — !Drittes Physikalis-
ches Institut - Biophysik, Fakultat fiir Physik, Georg-August-
Universitéit Gottingen — 2Institut fiir Pharmakologie und Toxikologie,
Universitatsmedizin Gottingen, Georg-August-Universitat Gottingen

In the United States, someone suffers a myocardial infarction every
40 seconds[1]. A major long-term effect of these infarctions is scar
tissue with a stiffness (40 kPa) that is larger than the surrounding my-
ocardium (15 kPa). These scars strongly interfere with heart function.

Mechanical coupling between CMs is believed to play an important
role in stabilizing the global contraction of the heart[3]. In this study,
we aim to understand mechanical coupling and synchronization be-
tween neighboring pairs of CMs. Human embryonic stem cell (hESC)
derived CMs were plated on PDMS substrates in geometries with phys-
iological aspect ratios. The Young’s moduli of the underlying substrate
were varied from those of the healthy heart (15 kPa) to infarcted tissue
(45 kPa) to model the reaction of CMs in response to these different
myocardial regimes. We found synchronization in frequency and phase
between neighboring cells. 1] Benjamin, E., et al.(2017). 2| Riegler,
J., et al.(2015). 3] Nitsan, L., et al.(2016).

BP 10.31 Mon 17:30 Poster C
Probing C. Elegans Micromechanics in vivo — ePETER WEIST,
RENATA GARCES, EUGENIA BUTKEVICH, and CHRIsTOPH F. SCHMIDT
— Drittes Physikalisches Institut - Biophysik, Fakultat fiir Physik,
Georg-August-Universitat Gottingen
To perform undulatory locomotion, C. elegans generate forces acting
not only on the surrounding environment but also against its own-body
bending resistance. The decoupling of body passive-active responses
during the bending is crucial to quantify the forces generated by the
To date, a direct measurement of the stresses in-
volved in the worms deformation is lacking. In this contribution, we
present an experimental set-up that monitors the global response of
individual worms to bending and pulling forces in a simple geometry.
Living worms are kept straight by clamping their extremities onto agar
plates. We pull and move the center of the worm with a custom-made
cantilever of known spring constants (values around 1 N/m). We mea-
sure the loading forces and displacement profiles. Describing the worm
body as a purely elastic material, we are able to determine bending and
stretching contributions to the global stiffness and to derive material
parameters. Furthermore, to separate the passive response of the body
from the muscle activity, we vary the contraction-relaxation state of
the muscles using pharmacological treatments. We provide a synthesis
of the typical range of magnitudes of the worm’s material parameters
for different muscles states. The characterization technique for the
mechanics of wild-type worms we propose can be used as a standard
test for muscle functioning, including genetically modified species.

worms muscles.

BP 10.32 Mon 17:30 Poster C
Elasto-Tweezers: A novel platform for high-precision cell
elasticity measurements — eSEBASTIAN KNUsT!, ANDY SiSCHKAZ,
HenDRIK MiLTiNG3, BasTIEN VENzAC?, SEVERINE LE Gac?, ELwin
VRoUWE®, and DaRIo ANSELMETTI? — ! Experimental Biophysics and
Applied Nanoscience, Faculty of Physics, Bielefeld University, Biele-
feld, Germany — 2Ionovation GmbH, Osnabriick, Germany — 3Heart
and Diabetes Center NRW, Ruhr University of Bochum, Bad Oeyn-
hausen, Germany — 4Amber, MESA™ Institute for Nanotechnology,
University of Twente, Enschede, The Netherlands — 5Micronit Mi-
crotechnologies B.V., Enschede, The Netherlands

The correct mechano-elastic properties of human cells are essential for
their health and function. However, certain diseases like some cancers
and cardiomyopathies alter those properties. High-throughput and
high-resolution measurements of cell elasticities can therefore be used
to provide insights into the pathomechanisms of these diseases.

We are able to directly measure both the forces applied to the
cell with piconewton resolution and the cell deformation with sub-
micrometre resolution by using a dual-beam optical tweezers setup
with video-based force detection and coupling of functionalised beads
to the cell surface. This allows all elasticity measurements with supe-
rior resolution compared to other techniques like optical stretchers.

To achieve high-throughput measurements, this novel setup will be
combined with custom-designed microfluidical cartridges to facilitate
automated and reliable formation of cell-bead complexes to perform
completely automated measurements of up to 600 cells per hour.

BP 10.33 Mon 17:30 Poster C
Cortical Actin Contractility of Single Suspended Cells —
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eENRICO WARMT, STEFFEN GROSSER, ERIK MORAWETZ, and JOSEF
KAs — Universitat Leipzig, Soft Matter Physics Division, Linnéstr. 5,
04103 Leipzig

Up to now cellular contractility was seen basically as a force dipole re-
quiring adhesion sites and actin stress fibers, mainly necessary during
cell migration. In this study, we investigate suspended cells regarding
active contractility, lacking stress fibers and adhesion points. Epithelial
cells assemble a strong acto-myosin cortex providing pretension form-
ing round cell shape, and exhibiting more contractile behavior dur-
ing long optical stretcher observation. In contrast, mesenchymal cells,
show more elongated cell shapes and less cortical contractility. Cell
contractility needs a short mechanical impulse to induce acto-myosin
contraction of the cell cortex, even below initial cell elongation. We
will focus on how these findings correlate to different migratory and
jamming behavior in healthy and mesenchymal cell clusters.

BP 10.34 Mon 17:30 Poster C
Dynamic patterns of the plant growth regulator auxin —
eJoAo Ramos and KAREN ArLimMm — Max Planck Institute for Dy-
namics and Self-Organization

Auxin is a phytohormone whose patterns are responsible for plant
morphogenesis and triggering cell fate decisions. Patterns of auxin
concentration and flow change dynamically throughout plant develop-
ment with the help of membrane bound efflux (PIN) and influx car-
riers (AUX/LAX). Nevertheless, the mechanisms behind auxin trans-
port are still not fully understood, in particular, current models fall
short on explaining fountain-like auxin flow patterns during lateral
root formation. Recently, observations show that PIN localisation is
influenced by mechanical stress/strain, which coupled with the auxin-
induced local decrease of cell wall stiffness, has the potential to unlock
our understanding of auxin transport phenomena. Moreover, experi-
mental efforts in observing morphodynamics and auxin carriers during
lateral formation were recently boosted with the advent of light sheet
microscopy, in effect turning lateral root formation into a new prime
model system for auxin transport. Here, we study a vertex model
for cell wall mechanics, coupled with a compartment model of auxin
transport from a cell to its immediate neighbours both passively and
carrier mediated. More specifically, the effect of cell wall stress on
PIN cycling, auxin-induced wall softening and AUX/LAX expression
positive feedback on auxin levels, are taken into account. This model
will later be coupled to a tissue growth model, in order to study how
auxin patterns change dynamically during lateral root formation.

BP 10.35 Mon 17:30 Poster C

Inferring the rules of single cell behavior from video

recordings of collective tumor cell systems — eCrLAUsS MET-
ZNER, JULIAN UBELACKER, NicO WUNDERLING, CHRISTOPH MARK,
Franziska HogerscH, CHRISTINA HiLrig, and BEN FaABRY — Bio-

physics Group, Friedrich-Alexander Universitdt, Erlangen, Germany

Collective effects in multicellular systems emerge from the behavior
of the individual cells and their mutual interactions. Identifying the
rules of this cell behavior is difficult, due to their stochastic nature.
Moreover, different microscopic rules can be consistent with the same
macroscopic effects. We therefore present a machine learning method
that extracts a stochastic model of single cell behavior from video
recordings of multicellular systems. The method is based on a Maxi-
mum Likelihood approach that analyzes the motion of individual cells
relative to their immediate neighbors. In particular, we extract the
average speed and directional persistence of individual cells, as well as
a pair-wise, distance-dependent interaction potential between nearby
cells. First, we demonstrate the feasibility of the method by extracting
the rules from simulated data with known model parameters. Next,
we apply the method to multicellular systems consisting of a single
cell type (MDA-MB-230, or HT1080), seeded on a flat cell culture
dish. Finally, we investigate mixed systems of immune cells (Natu-
ral Killer (NK) cells, T-cells) and tumor cells (K562 lymphoma and
MeWo melanoma cell lines) in a collagen gel and extract the maximum
distance from which the immune cells can detect their targets.

BP 10.36 Mon 17:30 Poster C
3D collective migration in cancer spheroids and during inva-
sion — eSWETHA RAaGHURAMAN and TimmMo BTz — Institute of Cell
Biology, ZMBE, University of Miinster, Von-Esmarch-Strafe 56,48149
Miinster

Cancer cells move collectively in order to migrate and overcome space
constrictions and geometric obstacles. This movement is character-
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ized by cell-cell adhesion differences, the extracellular matrix or cell-
substrate interactions, as well as intercellular cross-talks during in-
vasion, morphogenesis and wound healing. The mechanisms and the
physics behind coordinated behavior of cells have been studied recently
at the 2D level, and in-vivo tissue homeostasis. However, due to the
challenges involved in reproducing and imaging tumor spheroids, col-
lective motion of 3D cancer invasion remains a complex task. With
the use of Light Sheet Microscopy, we have been able to record can-
cer spheroids with fluorescently marked nuclei over several days at
sub-cellular resolution. 3D particle tracking of several thousand cells
allows well defined velocity correlations and density fluctuation mea-
surements within the spheroid, and at the cell invading a collagen
matrix. By combining these parameters we will test the hypothesis
whether cancer cell migration in 3D is physically similar to active jam-
ming, as recently suggested in 2D situations.

BP 10.37 Mon 17:30 Poster C
Light-Switchable Adhesion of Soil-Dwelling Microalgae —
oCHRISTIAN TiTus KrEIs!, CHRISTINE LINNE!, MARINE LE Bray!,
ALICE GRAGNIER!, MARCIN MicHAL Makowski!, MAIKE LORENZZ,
and OLIVER BAumcHEN! — 1Max Planck Institute for Dynamics and
Self-Organization (MPIDS), Am Fafiberg 17, D-37077 Gottingen, Ger-
many — 2SAG Culture Collection of Algae, Nikolausberger Weg 18,
D-37073 Gottingen, Germany

Freshwater microalgae live in heterogeneous, aqueous habitats, such
as soil, aquatic sediments, puddles, and lakes. Besides having fun-
damental ecological functions and enormous technological potential
in photobioreactors, microalgae form biofilms on surfaces in wet en-
vironments, which may affect the functionality of any anthropogenic
structures. Despite the relevance of controlling microalgal adhesion,
the biological mechanisms and intermolecular forces that govern mi-
croalgal adhesion to surfaces are poorly understood. We discovered
in micropipette-based in wvivo force spectroscopy that the adhesion
of the unicellular microalgae Chlamydomonas reinhardtii to surfaces
can be reversibly switched on and off by tailoring the light conditions
[1]. Here, we present results on the underlying molecular mechanism
of light-switchable flagella-mediated adhesion. Additionally, we per-
formed experiments with other unicellular microalgae indicating that
actively controlled flagella adhesiveness might be a more generic trait
of soil-dwelling microalgae.
[1] Kreis et al., Nature Physics, 2017, doi:10.1038 /nphys4258.

BP 10.38 Mon 17:30 Poster C
Dynamics of actin stress fiber patterns in laterally confined
cells — e ANDREAS MULLER and TiLo PomMPE — Universitéit Leipzig,
Institute of Biochemistry, Johannisalle 21-23, 04103 Leipzig, Germany

Cell shape and function are inseparably linked. Cell shape can be
regulated intracellularly by structural proteins or extracellularly by
adaption to the surroundings. In this way, the extracellular geometry
can be used to manipulate cell function.

We use glass substrates and soft polyacrylamide hydrogels that are
micro-structured with stripe-like patterns to study the adaptation of
cells to adhesion geometry. Isolated HUVECS are studied for several
hours in order to correlate the their morphology, the reorganization of
their actin cytoskeletons, and the dynamics of cell traction forces in
response to lateral constraint. Current work focusses on live-cell imag-
ing to reveal stress fiber dynamics and concurrent traction forces. We
found that aligned stress fibers in polarized cellssmove inward, perpen-
dicular to their orientation and the direction of main traction forces.
In addition, the directionality and magnitude of traction forc-es are
strongly correlated to cell shape and actin cytoskeleton pattern with
an overall dependence on the degree of confinement.

Overall, our setup allows us to quantitatively analyze in a time-
resolved manner the cell’s morphological and mechanical adaption to
spatial confinement in correlation to the actin cytoskeletal components
as the main contributors to the force homeostasis. By that, we aim to
contribute to elucidate the mechanisms behind the mutual relationship
between cell shape and function.

BP 10.39 Mon 17:30 Poster C
Bacterial adhesion on nanostructured silicon surfaces —
oFRIEDERIKE NoLLE!, JoHANNES MiscHo!, CHRISTIAN SPENGLER!,
NicoLas THeEwEes!, Markus BiscHorr?, and KARIN Jacoss! —
IDepartment of Experimental Physics, Saarland University, Saar-
bruecken — 2Institute for Medical Microbiology and Hygiene, Saarland

University, Homburg/Saar

To prevent the inflammation of a medical implant, its material specifi-
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cations are of crucial importance. An ideal surface would hinder bacte-
rial biofilm formation and/or kill adhering pathogens without harming
surrounding somatic cells. Surface modifications of single attributes
have to be controlled and possible changes in adhesion of bacteria to
these surfaces have to be observed. This study focuses on the nano-
roughness of silicon surfaces, obtained by wet chemical etching, and its
influence on bacterial adhesion (Staphylococcus aureus). The adhesion
of bacteria is mediated by biopolymers, the properties of which we are
able to characterize by AFM force spectroscopy, where the probe is a
single bacterium. With our setup an insight into the adhesion force of
Staphylococcus aureus was gained and also changes of the bacterial vi-
ability on the rough surfaces compared to smooth silicon surfaces were
examined. In addition, the impact of hydrophobicity of rough sili-
con surfaces on adhesion was considered by silanizing the hydrophilic
silicon.

BP 10.40 Mon 17:30 Poster C
Phase field modeling of moving cells - shedding light on the
motility onset — Copy Reeves!:?2, BexjamMin WINKLER®, IGor
Aranson??, and eFaLko ZIEBERT?3 — !Engineering Sciences and
Applied Mathematics, Northwestern University, Evanston, USA —
2Materials Science Division, Argonne National Laboratory, USA —
3Physikalisches Institut, Albert-Ludwigs-Universitit Freiburg, Ger-
many — *Department of Biomedical Engineering, Pennsylvania State
University, University Park, USA — ®Institute for Theoretical Physics,
Ruprecht-Karls-University Heidelberg, Germany

Substrate-based crawling motility of eukaryotic cells is essential for
many biological functions, both in developing and mature organisms.
Although a comprehensive understanding remains elusive, progress has
been achieved recently in its modelling on the whole-cell level. We sur-
vey the recent advances made by employing the phase field approach,
a powerful method to implement moving, deformable boundaries. The
developed approach in addition is modular in the sense that, depend-
ing on the problem at hand, different model components (e.g. adhesion
dynamics, substrate deformation and membrane feedback) can be in-
cluded or disregarded without changing the formalism. We exemplify
the approach by showing that our framework captures the spontaneous
rotational states prior to the cell motility onset and cell polarization,
recently found for keratocytes by two groups (S. Lou et al. JCB 2015;
F. Raynaud et al. Nature Phys. 2016), and interpret them as nonlinear
shape deformation waves.

BP 10.41 Mon 17:30 Poster C
3D-environments shape T-cell motility and cell-cell con-
tacts during HIV-1 infection — ANDREA IMLE!, eNIkoLas
ScuNELLBACHER?3, PETER KUMBERGER®, Jana FErur®, PaorLa
CARILLO-BusTAMANTE?, FREDERIK GRAWS, ULRICH ScHWARZzZ3,
and OLIVER FAckLER! — !Department of Infectious Diseases, In-
tegrative Virology, University Hospital Heidelberg — Z2Institute for
Theoretical Physics, Heidelberg University — 2BioQuant, Heidelberg
University

The spread of HIV-1 can progress either through cell-free infection
or through direct cell-cell contacts between immune cells. The latter
mode is assumed to be more efficient, but it remains elusive which
strategy is favored under different conditions and how tissue struc-
ture might change the contribution of each mode of infection to viral
spread. To address this problem, we study HIV-1 infection dynam-
ics of primary T-lymphocytes in tissue-like 3D environments (collagen
matrices of different densities). Based on single cell tracking data,
we developed a quantitative analysis to study how different 3D en-
vironments influence cell migration and shape the kinetics of cell-cell
contacts. This information is then used to parameterize a Cellular
Potts Model (CPM). Applying this CPM in combination with popula-
tion dynamics models to the infection dynamics data, we infer kinetic
parameters of HIV-1 spread under different environmental conditions.
Together, our work provides mechanistic and quantitative insight to
understand how 3D environments shape HIV-1 spread.

BP 10.42 Mon 17:30 Poster C
Tissue competition: The role of cross adhesion — eTo0BIAS
BuscHER and JENS ELGETI — Theoretical Soft Matter and Biophysics,
Institute of Complex Systems and Institute for Advanced Simulation,
Forschungszentrum Jilich, D-52425 Jiilich, Germany

Cells grow and divide, which implies a change in volume. In physical
terms, the conjugate force to a change in volume is a pressure. Thus,
in order to grow, cells must exert mechanical pressure on the neigh-
bouring tissue. In turn, mechanical stress influences growth. Indeed,
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experiments on the growth of a cancer cell line display a reduction in
proliferation due to mechanical pressure [1,2,3]. This effect leads to
a mechanical contribution when tissues compete for space. The tis-
sue with higher homeostatic pressure, i.e. the pressure at which cell
division and death balance, overwhelms the weaker one [4,5]. We ex-
pand these works to include different adhesion properties. We find
that the cross adhesion between the two tissues plays a crucial role in
the dynamics of the competition. Besides one overwhelming the other,
we observe a variety of states in which the two tissues coexist, rang-
ing from spherical inclusions to a bi-continous structure. Interestingly,
cancer cells typically express less adhesion proteins.

[1] Montel et al, 2011, PRL 107, 188102

[2] Delanrue et al, 2013, PRL110, 138103

[3] Podewitz et al, 2016, EPL 109, 58005

[4] Basan et al, 2011, Phys. Biol. 8, 026014

[5] Podewitz et al, 2016 New J. Physics 18, 083020

BP 10.43 Mon 17:30 Poster C
Role of mechanics in morphogenesis control — eJasoN
Kuapka, JeanN-DANIEL JULIEN, and KAREN ArLiMm — Max Planck
Institute for Dynamics and Self-Organization, Gottingen, Germany

A major question in developmental biology is to understand how repro-
ducible shapes arises from the collective behaviour of individual cells.
What is the role of feedback of mechanical forces on cell growth? In
plants, cell shapes are controlled by individual cell wall stiffness, which
itself is controlled by tissue-wide mechanical stresses via the dynamics
of cortical microtubules. The prime model to investigate the impact
of this mechanical feedback on cell growth is the tip of a plant shoot
termed shoot apical meristem. This stem-cell niche is the source of
all above-ground plant organs, where mechanics is well defined by its
near dome-like structure. We built a quasi-three dimensional vertex
model for plant tissue growth. Using the model, we investigate the role
of mechanics for robust tissue shape formation by studying morpho-
logical changes of shoot shape that arise from limiting cellular ability
to read mechanical signal. Further, we employ our model to analyse
the importance of cell division in maintenance of shoot shape by in-
vestigating tissue morphologies with different underlying cell division
patterns.

BP 10.44 Mon 17:30 Poster C
Visualization of intracellular calcium levels in Dictyostelium
discoideum with a genetically encoded reporter — eMANUEL
FrEY, SVEN FLEMMING, SERENA CuciNoTTA, and CARSTEN BETA
— Biological Physics, Universitiat Potsdam
Ca2* is an important second messenger in eukaryotic cells and is cru-
cial for several signaling pathways related to cellular functions such as
chemotaxis and cell motility. In order to visualize Ca?* in the social
amoeba Dictyostelium discoideum, we expressed a genetically encoded
GFP based Ca2?t reporter at the plasma membrane. This enabled
us to monitor spatiotemporal changes in the intracellular Ca?* levels.
As expected, we could detect global increases in calcium levels after
chemotactic stimulation with cyclic AMP. Mechanical stimulation of
cells with a micropipette led to a local calcium response. Furthermore,
we could detect short, focal increases of Ca?* at the basal plasma mem-
brane, which coincided with the appearance of F-actin foci at the same
location. In cells exposed to continuous shear flow, we observed pe-
riodic oscillations of the intracellular Ca2*t levels. Interestingly, once
excited these oscillations continued for several minutes even after the
shear flow was stopped. In contrast, application of a short pulse of
shear flow induced only single responses. Our results show that local-
ized increases in Ca2t can be visualized with our new reporter in live
cell imaging experiments and revealed interesting oscillatory behavior
under shear flow. Currently, we work on the co-expression of other re-
porters, which will provide more information on the biological function
of this behavior and the related signaling pathways.

BP 10.45 Mon 17:30 Poster C
Evolution of simple multicellular life cycles in a dynamic en-
vironment — eYURIY PicHucIN and HYE JiIN PARk — Max Planck
Institute for Evolutionary Biology, August-Thienemann-Str. 2 24306
Plon

Reproduction is a defining feature of living systems. To reproduce mul-
ticellular organism must fragment into smaller parts. To investigate
evolutionarily optimal strategies of fragmentation under the dynamic
environment, we use the model in which groups arise from the divi-
sion of cells that do not separate but stay together until the moment
of group fragmentation. The environmental conditions change in our
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model by alternating between two seasons, and different group sizes
have a different birth rate of cells depending on the season. We out-
line which fragmentation strategies are evolutionarily optimal at given
environmental conditions.

BP 10.46 Mon 17:30 Poster C
Sorting of malaria-infected red blood cells based on adhesion
in shear flow — e ANiL KuMAR Dasanna and ULRICH SCHWARZ —
BioQuant & Institute of Theoretical Physics, Heidelberg University,
Heidelberg

Malaria is an infectious disease caused by the unicellular parasite Plas-
modium falciparum. Once inside the human body, the parasite hides
from the immune system inside the red blood cells, where it multiplies
over a period of 48 hours, before it ruptures the host cell and infects
new red blood cells. Infected red blood cells can be cleared by the
spleen based on their altered mechanics. In order to avoid this, the
parasite induces an adhesive system on the surface of the red blood
cells, which is built up progressively over the 48 hours of the intracellu-
lar stage. Recently white blood cells have been shown to be sorted out
using ligand patterns arranged with a small inclination angle with the
shear flow direction. Using adhesive dynamics simulations for round
cells, we show that this method can be also extended to sort out differ-
ent stages of malaria-infected red blood cells. We predict an optimal
range for key parameters, such as inclination angle and shear rate.
Round shapes are only appropriate for the late stage of the infection
and in order to understand sorting in the earlier stages, we also have
implemented a deformable red blood cell model.

BP 10.47 Mon 17:30 Poster C
Amoeboid cells as a candidate for drug delivery — e VALENTINO
LEPRO, OLIVER NAGEL, SETAREH SHARIFI, and CARSTEN BETA — In-
stitut fiir Physik und Astronomie, Universitdt Potsdam

The increasing interest towards new frontiers of drug delivery and
micro-actuators raises the need to develop systems able to transport
micron-sized objects in a directed fashion. A promising strategy that
recently emerged is to exploit living cells as smart, steerable, and bio-
chemically powered carriers. Inspired by amoeboid cells such as leuko-
cytes migrating in our bodies, this project explores the potential of
chemotactic eukaryotic cells as micro-carriers, using Dictyostelium dis-
coideum as a model organism. Such chemotactically guided transport
by amoeboid cells proved to be robust and reliable. However, due to
the complex and not fully understood nature of amoeboid motion and
cell-substrate interaction, the details of this process are not well un-
derstood and it remains difficult to regulate. Here, we present a more
quantitative analysis indicating that cells loaded with a microparti-
cle tend to displace more efficiently than unloaded ones, resulting in
a particle-size dependent diffusion coefficient of loaded cells. More-
over, isolated cell-particle pairs may behaved like non-linear oscillators
suggesting that the cell-particle interaction acts as a stimulus that en-
hances cell motility. In particular, the different adhesion geometries
induced by the additional confinement could favor cytoskeleton polar-
ization, which in turn promotes motility. Furthermore, we used gelatin
gels as a simplistic model of a 3D tissue structure, to mimic a more
natural environment for cell-based microtransport.

BP 10.48 Mon 17:30 Poster C
Morphology to encode information — eMirNaA KRrRaAMAR and
KAREN ALiM — Max Planck Institute for Dynamics and Self-
Organizaton, Gottingen

The challenges of living in a complex environment require organisms
to develop reliable sensory and information processing mechanisms.
For an organism that explores its environment by foraging, remem-
bering sources of food or harm is essential for survival. We study
Physarum polycephalum as a model organism at the verge between
simple and complex life. The body of P. polycephalum is a network
of cytoplasm-filled tubes lacking any organizing centre. This unicellu-
lar, multinucleate organism relies on shuttle streaming of its cytoplasm
caused by peristaltic contractions of the actomyosin lining the tubes.
As a response to stimuli, P. polycephalum reorganises its network to
exploit a food source or avoid harm. The mechanism by which P. poly-
cephalum memorises information about stimuli is not yet explained.
Potentially there are three interrelated ways of information encoding,
acting on different timescales: the peristaltic contractions (short term),
the morphology of the network (intermediate) and the deposition of
extracellular slime (long term memory). In particular, we here focus
on the mechanism of information encoding in the network morphol-
ogy, achieved by reinforcing of important connections and pruning of
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unimportant ones. To study this kind of memory, we use time series
of images of the foraging organism, as well as simulations of network
dynamics.

BP 10.49 Mon 17:30 Poster C
Cellular Potts Models for Neural Tissue Simulations —
eJAKkOB ROSENBAUER and ALEXANDER SCHUG — Forschungszentrum
Jiilich, 52428 Jiilich, Germany

Experimental capability in biology has been leaping forward in the last
decades. Methods such as light-sheet microscopy have given more and
more insights into the dynamics of tissue. Computational models are
of rising importance for biological questions. The cellular Potts model
(cpm) is a computational model derived from the Potts model. The
development of tissue can be modelled with single cell resolution, up
to a very high number of cells. A parallel version was developed, facil-
itating large three dimensional simulations of tissue dynamics on large
cluster networks, which can be applied to a large variety of biological
questions. Through a high scalability this model allows for modelling
of much larger specimen than possible to date. The patterning of the
neural plate in zebrafish embryonal development was modelled using
the parallel cpm. The tissue dynamics during epiboly were modelled
by the cpm. In that developmental stage the neural plate starts its pat-
terning into different regions via a signalling molecule. Different modes
of transport of that molecule, diffusion and so called cytonemes, were
compared.

BP 10.50 Mon 17:30 Poster C
Does peristaltic pumping account for mass transport in
Physarum polycephalum? — eFELIX BAUERLE and KAREN ALIM
— Max Planck Institute for Dynamics and Self-Organization, Gottin-
gen, Germany

Physarum polycephalum, the infamous "intelligent" slime mold, has
proven time and time again that it can solve complex problems. For
example, it is able to find the shortest path through a maze, connect
food sources in an efficient fashion or choose a balanced diet. In all of
these efforts the adaptation of the morphology to a changing environ-
ment is the key. In detail cytoplasmic flows transport cytosolic fluid
from pruning regions to growing ones. At the same time a peristaltic
wave of contractions spans the whole body plan. Can this traveling
wave generate enough pressure to account for the relatively fast re-
organisation speed in P. polycephalum? While the contractions are
known to account for the shuttle streaming, no investigations have
been done so far on the net flow. We are presenting calculations of
flow stemming from the contraction patterns in stimulated plasmodia
and relate these to the morphology reorganisation.

BP 10.51 Mon 17:30 Poster C
Single cell migration and transitions to different substrates
on micro patterns — eCHRISTOPH SCHREIBER, FELIX J. SEGERER,

and JoacHiM O. RADLER — Faculty of Physics and Center for
NanoScience, LMU Miinchen

When cells migrate in the body, for example during cancer metastasis,
cells are facing different extra cellular matrix (ECM) proteins that can
influence the cell migration behavior. To study the effects of differ-
ent ECM proteins, standardized experimental conditions and suitable
metrics to characterize cell motility are needed. We use micro-contact
printed stripes or rings to get race tracks for cells with defined pro-
tein coatings. The tracks constrict cells to move only in 1D, which
simplifies the analysis of the movement.

We find bimodal migration behavior with states of directional mi-
gration (run states) and reorientation (rest states).[1] We extract char-
acteristic persistence times, which, in combination with the velocity of
cells in the run state, provide a set of parameters quantifying cell mo-
tion. To be able to study transitions of single cells to different ECM
proteins like fibronectin and collagen IV we developed a new pattern-
ing technique based on two stamping processes. Thus, transition rates
and velocities on different protein coatings can be analyzed. Together
this results in a fingerprint-like set of parameters characterizing cell mi-
gration that can be used to distinguish cell lines as well as to quantify
the effects of motility affecting drugs.

[1] Schreiber et al. Sci. Rep. 6, 26858 (2016)

BP 10.52 Mon 17:30 Poster C
Scanning Ion Conductance Microscopy on osteoblasts with
regard to their adhesion on surfaces — e CHRISTIAN VOLKNER!,
RecIiNA Lancel, MoHAMMADREZA BAHRAMIY, MARTINA GRUNINGZ,

HenrikE ReBL?, INco BAarke!, BarBara NEBE?, and SyLvia
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SpELLER! — 1University of Rostock, Institute of Physics, 18059 Ros-
tock, Germany — 2University Medical Center Rostock, Dept. of Cell
Biology, 18057 Rostock, Germany

Our aim is to elucidate mechanisms of initial cell adhesion and mi-
gration of osteoblasts (MG63) on material surfaces. To this end we
prepare substrates with different properties such as surface charges,
polarisability, electric potential and electromagnetic field landscapes.
Furthermore we implement an electro-stimulation chamber to apply
fields in the quasistatic regime [1]. Our main approach is Scanning
Ion Conductance Microscope (SICM), in which a nanopipette is used
as a probe and the ion current serves as localized interaction signal.
In contrast to other scanning probe methods like Atomic Force Mi-
croscopy it allows one to obtain the nanomorphology of the surface of
living cells reducing forces between cell and nanoprobe and respective
cell responses [2]. Especially, substructures of the migration fronts of
adhering osteoblasts are being addressed.

[1] N. W. S. Kam, E. Jan, N. A. Kotov, Nano Lett. 9, 273 (2009)

[2] Y. E. Korchev, C. L. Bashford, M. Milovanovic, I. Vodyanoy, M.
J. Lab, Biophys. J. 73, 653 (1997)

BP 10.53 Mon 17:30 Poster C
Examining Anticipation in Physarum polycephalum — eNico
ScHrRAMMA, FELIX BAUERLE, and KAREN AriM — Max Planck Insti-
tute for Dynamics and Self-Organisation, Gottingen, Germany

Memory and anticipation are complex mechanisms that have devel-
oped in higher species to predict and adapt to changing conditions.
Even the unicellular slime mold Physarum polycephalum has been
shown to anticipate periodic events. As a plasmodial vascular net-
work, P. polycephalum changes its morphology in order to forage, and
pumps cytoplasma through the organism using oscillatory contractions
of tubes organized in a peristaltic wave. Saigusa et. al. showed that lat-
eral restricted foraging P. polycephalum networks decrease their speed
when stimulated periodically by unfavorable conditions. Interestingly,
even after omission of the stimulus P. polycephalum still anticipates
the withhold stimulus. However, the mechanism of this sophisticated
behavior is not yet understood and cannot be extracted from their
low resolution data. Here we show that periodic blue light stimula-
tion of P. polycephalum networks entraines frequency modulations of
tube contractions, which persist after the omission of further stimuli.
Kymograph analysis of microscope pictures shows that the entrained
frequency changes overall with a period similar to the periodic stimula-
tion, with overall frequency minima coinciding with the blue light stim-
ulus. Our analysis therefore suggests that the anticipation behaviour
of P. polycephalum is a function of the entrainment of frequency mod-
ulations.

BP 10.54 Mon 17:30 Poster C
Limitations of Murray’s law in a dynamic network — eNoaH
Z1ETHEN, FELIX BAUERLE, Nico ScHraAMMA, and KAREN ALIM —
Max Planck Institute for Dynamics and Self-Organization, Gottingen,
Germany

The morphology of biological networks is often regarded as the result
of optimization under a given demand. Optimization for minimal dis-
sipation under cost for the maintenance of a tubular network leads to a
relation between the radii of tubes meeting at a network node, denoted
Murray’s law. So far, the theoretical prediction of Murray’s law has
been found to agree surprisingly well with what seems to be any kind
of vascular networks ranging from plants and animals. Contrary to the
uni-directional flows in vascular networks the slime mould Physarum
polycephalum exhibits oscillatory shuttle flow, providing an excellent
test case to investigate the limitations and underpinnings of Murray’s
law.

Here, we image and analyze the dynamic network morphology of
P. polycephalum over time. Quantification of Murray’s law does not
yield accordance with the theoretical predictions. A widely spread
distribution of branching ratios was observed in which the mean value
did not agree with Murray’s law. Nevertheless, a decreasing trend of
the branching ratio was observed. The time evolution of the decrease
correlated with the phenomenon of pruning. The relation between
the local branching ratio and the different regions of the slime mould
showed a slightly different distributions in branching ratios for pruning
and non-pruning regions.

BP 10.55 Mon 17:30 Poster C
Organ-on-a-chip meets traction force microscopy: In situ
characterization of forces in 3D p-tissues — oeSTEFANIE FucHs,
OLIVER SCHNEIDER, CHRISTOPHER PROBST, and PETER LoOSKILL —
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Department of Cell and Tissue Engineering, Fraunhofer Institute for
Interfacial Engineering and Biotechnology IGB, Stuttgart, Germany

Organ-on-a-Chip (OoC) systems are microfluidic devices which enable
the cultivation of 3D tissues in a precisely controllable, physiological
In combination with human induced pluripotent
stem cells these systems have the potential to revolutionize the drug
development process. Therefore, it is essential to accurately character-
ize the integrated tissues. An important characteristic of many tissues
is the force exerted by the cells. This information is useful to char-
acterize for instance the growth of cells and the contraction state of
(cardiac) muscle cells. Traction force microscopy (TFM) is a commonly
used tool to spatially resolve these forces.

Here, we present a TFM system directly embeddable into OoC sys-
tems, which consists of an elastic layer with integrated fluorescent
nanobeads on the surface. Based on the elastic modulus of the sub-
strate, the force on the surface can be derived from the bead dis-
placement. We highlight that our system directly integrates a gauging
mechanism for the determination of the substrate’s mechanical proper-
ties, allowing the accurate determination of forces by considering each
individual sample composition. The presented system enables precise
in situ measurements of forces exerted by different tissue types in an
OoC with a simple fluorescence microscope.

microenvironment.

BP 10.56 Mon 17:30 Poster C
Fluid and Jammed Behaviour in Cell Spheroids — eSTEFFEN
GROSSER, LINDA OswaLD, JORGEN LippoLDT, and Joser A. KAs —
Peter-Debye-Institut fiir Physik weicher Materie, Universitat Leipzig

Cell Spheroids are many-particle ”droplets” of soft matter with a
constant volume fraction of one, which however can display fluid or
”jammed” /glassy behaviour, as we can show with bulk rheology and
single-cell tracking. Full three-dimensional digital segmentation of
spheroids into single cell volumes reveal that for epithelial vs. can-
cerous spheroids (MCF-10A vs MDA-MB-436), this change in fluidity
is reflected in the cell arrangements (cell shape). This could affect
histopathology, where malignancy and dedifferentiation are detected
via cell shape changes.

BP 10.57 Mon 17:30 Poster C
The influence of Racl on motility into 3D extracellular matri-
ces andmechanical properties — e¢ToM KUNSCHMANN, STEFANIE
PubpER, and CrLaupia TanjA MIERKE — Biological Physics Division,
Peter Debye Institute for Soft Matter Physics, University of Leipzig,
Germany

The formation of membrane ruffles and lamellipodia promotes the
motility of adherent cells. In 2D cell motility assays, these protru-
sions are important for sensing of the microenvironment and initiation
of substrate adhesions. The influence of structures such as lamellipo-
dia or invadopodia for providing cellular mechanical properties and 3D
motility of cells is still not yet clear. Hence, we showed that Racl af-
fects cellular mechanical properties and facilitates the invasion in 3D
microenvironments. We analyzed whether fibroblast cell lines geneti-
cally deficient for Racl possess altered mechanical properties such as
cellular deformability and altered motility into 3D ECM. Thus, we
analyzed Racl wild type and knockout cells for alterations in cellu-
lar deformability using an optical cell stretcher. We found that Racl
knockout cell lines were pronouncedly more deformable compared to
Racl wild type cells. The increased mechanical deformability of Racl
knockout cells is suggested to be responsible for their reduced motility
in dense 3D ECM. Thus, we investigated whether increased deformabil-
ity of Racl knockout cells suppresses cellular motility into 3D collagen
fiber matrices. Racl wild type cells displayed increased motility in
3D compared to Racl knockout cells. These results were validated by
using Racl Inhibitor EHT1864 which revealed similar results.

BP 10.58 Mon 17:30 Poster C
Parameter-free high-resolution traction force microscopy —
oY UNFEI HuaNnGg, GERHARD GOMPPER, and BENEDIKT SABASS —
Institute of Complex Systems 2, Forschungszentrum Juelich , 52425
Juelich, Germany

In Traction Force Microscopy, elastic displacements caused by mechan-
ical interaction of cells with their environment are employed to calcu-
late cellular traction forces. Calculation of traction from displacement
is a linear problem. However, as a result of insufficient measurement
density and a long-range interaction kernel, the calculated traction
values strongly depend on the chosen method for solving the prob-
lem. Here, we systematically test the performance of state-of-the-art
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methods from sparse learning, computer vision, and Bayesian infer-
ence for traction force microscopy. Classical approaches include L2-
and Ll-regularization or spatial filters that depend on an ad-hoc choice
of parameters. We also study three further parameter-dependent ap-
proaches, namely Elastic Net (EN) regularization, Proximal Gradient
Lasso (PGL), and Proximal Gradient Elastic Net (PGEN). Next, we
pioneer the use of parameter-free methods such as Bayesian Compres-
sive Sensing (BCS), Bayesian Lasso (BL), and Bayesian Elastic Net
(BEN). We introduced novel computational methods for traction force
microscopy that eliminate the need for user-defined filter-parameters
and also exhibit excellent performance with regard to resolution and
accuracy. These methods can enable an objective detection and quan-
titative measurement of forces at minute cellular adhesion sites.

BP 10.59 Mon 17:30 Poster C
Interkinetic nuclear migration as a stochastic process in the
zebrafish retina — AFNAN Azizi!, sANNE HERRMANNZ, SALVADOR
J. R. P. Busg!, Yinan Wan3, PuiLiep J. KeELLER?, RaymonD E.
GoLpsTEIN?, and WiLLiam A. Harris! — !Department of Physiol-
ogy, Development and Neuroscience, University of Cambridge, Cam-
bridge, United Kingdom — 2Department of Applied Mathematics
and Theoretical Physics, University of Cambridge, Cambridge, United
Kingdom — 3Howard Hughes Medical Institute, Janelia Research
Campus, Ashburn, VA, USA

Interkinetic nuclear migration (IKNM), a movement of nuclei between
the apical and basal surfaces of proliferating cells in developing epithe-
lia, was first observed more than 80 years ago. Since, IKNM has been
studied in multiple organisms but despite these efforts many questions
about the role and mechanism of this process remain unsolved. In
earlier studies, only single or sparsely labelled nuclei in an otherwise
unlabelled tissue were imaged. Here, we present data from light sheet
microscopy on wholly labelled retinas, where the movement of all nu-
clei in a tissue section can be followed with high temporal resolution.
This approach enables us to study the movements of individual nuclei
as well as their collective behaviour in a systematic fashion. Our data,
in combination with mathematical models, support the hypothesis of
IKNM as a stochastic process. These results present IKNM as a possi-
ble precursor for the observed stochasticity in progenitor differentiation
and have important implications for understanding the organisation of
developing vertebrate tissues.

BP 10.60 Mon 17:30 Poster C
Neuronal model for startling coupled with a collective be-
havior model — e ANDREJ WARKENTIN! and PaweEL RomaNczuk!2
— 1Bernstein Center for Computational Neuroscience, Humboldt Uni-
versitit zu Berlin — 2Institute for Theoretical Biology, Department of
Biology, Humboldt Universitét zu Berlin

Many aspects of fish school behavior can be explained qualitatively by
self-propelled agent models with social interaction forces that are based
on either metric or topological neighborhoods. Recently, startling of
fish has been analyzed in its dependence of the network structure [1]
but a neurophysiological model and its influence on the collective be-
havior is missing. Here, we coupled a model for collective behavior with
a neuronal model that receives looming visual stimulus input to ini-
tiate a startle response, inspired by the neurobiologically well-studied
Mauthner cell system. First, we analyzed the basic properties of the
startle behavior of a single fish as a reaction to one or multiple loom-
ing stimuli. On the group level, we looked at startling frequency and
cascades as well as group cohesion, polarization and mobility depend-
ing on neuronal and collective behavior parameters via simulations of
the combined model. Our results indicate that the startling frequency
strongly depends on the dynamics of the group structure, e.g. when
the group approaches a boundary of the arena. In summary, we took
first steps towards a biologically plausible model for startle response
initiation in the context of collective motion.

[1] Rosenthal, S. B., Twomey, C. R., Hartnett, A. T., Wu, H. S., and
Couzin, I. D. (2015). PNAS, 112:4690-4695

BP 10.61 Mon 17:30 Poster C
Decision-Making across the Lifespan: Neurocognitive Mod-
els of Ageing and Dementia — eGunTHER KLOBE — Department
of Clinical Neurosciences, University of Cambridge, UK

In the study of healthy ageing and neurodegenerative diseases, there
are marked variations between individuals in terms of behaviour and
decision-making. I examine these individual differences, using neurally
inspired models of decision-making based on the accumulation of ev-
idence for each possible response in simple perceptual reaction time
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tasks.

By analysing behavioural data using such models (Linear Ballistic
Accumulator, Drift-Diffusion Model), one gains insight into individual
differences that are not apparent from a simple comparison of mean
reaction times and error rates because the latter approach ignores cru-
cial information hidden in the cross-trial distribution of reaction times
within a single subject.

My initial work examines the effects of ageing on decision-making
processes using behavioural data from a large cross-sectional study,

known as CamCAN (Cambridge Centre for Ageing and Neuroscience).
In due course I will perform a similar analysis on data from clinical
studies with dementia patients.

In both populations the decision-making model parameters can then
be correlated with existing structural brain imaging data and thus
become interpretable in terms of neural architecture and physiology,
hopefully improving our understanding of the links between brain
structure and task performance.

BP 11: Bioimaging and Biopspectroscopy |

Time: Tuesday 9:30-13:00

Invited Talk BP 11.1 Tue 9:30 H 1028
Cryo-Electron Tomography: Method Development and Ap-
plication on Cell-Cell Junctions and Nuclear Exploration —
e AcHILLEAS FrRaNGAKIs — BMLS, Goethe University, Frankfurt

Cryo-electron microscopy is the major technique used in my laboratory
and my talk will focus on two applications: The first involves the un-
derstanding of the macromolecular supra-organisation in the nucleus.
Within cryo-electron tomograms we could visualize the complete ribo-
some biogenesis in a frozen hydrated state, from which the structure
of the elongating RNA Polymerase I was solved at 25 A resolution.
Subsequent cryo-EM single particle analysis of the isolated RNA Poly-
merase I led to a structure at 3.8 A resolution that unravelled how the
RNA Polymerase I is allosterically controlled.

The second involves the analysis and the structure of cell-cell junc-
tions that are of major importance for tissue homeostasis and are heav-
ily involved in disease and signaling. We studied the adherens junc-
tions and the slit diaphragm of the kidney but also the interaction of
Mycoplasmas to the host cells.

Ultimately my talk should highlight our efforts towards visualizing
interactions of macromolecular machineries within the unperturbed
cellular context.

BP 11.2 Tue 10:00 H 1028
Microstructural analysis of the walls of termite nests us-
ing X-ray micro-tomography — eKamaLiyT Sincu!, Bacus P.
MuLriapi?, ALl Q. RAEINI', VEERLE VANDEGINSTEZ, MARTIN J.
Brunt!, CHRIsTIAN JosT?, GUY THERAULAZ®, and PIERRE DEcOND!
— Imperial College London, UK — 2The University of Notting-
ham, UK — 3Centre de Recherches sur la Cognition Animale, CNRS,
Toulouse, France

Termite nests have long been investigated for thermoregulation and
ventilation by self-sustaining CO2 exchange to the outer atmosphere.
Although the outer walls of termite nests are believed to be porous,
and have been hypothesized as a source of gas exchange, the morpho-
logical features of the walls, and their role in controlling ventilation and
heat conduction are unknown. We have investigated the microstruc-
ture of the outer and inner walls of the Trinervitermes geminatus ter-
mite nests (from Senegal and Guinea) in three dimensions using high-
resolution X-ray micro-tomography. In the Senegal nest, we observe
inter-connected network of larger and smaller pores. By contrast, the
walls of the Guinea nest contain only the inter-connected larger pores.
The smaller pores do not form, due to larger fraction of clay in the
nest. From the 3D flow field simulations, we show that the presence
of larger inter-connected pores in both nest materials enhances the
permeability and CO2 diffusion across the outer walls. Moreover, the
network of larger pores help in draining the water from the nest walls
after rainy periods, therefore, re-establishing the ventilation of the nest
as well as providing structural stability to the nest.

BP 11.3 Tue 10:15 H 1028
High resolution imaging of the drug delivery into stratum
corneum of human skin probed with scanning near-field op-
tical microscopy — eP. Parokal, G. ULricu!2, K. Yamamorol,
A. Krossek!, F. Rancan3, A. Voct3, U. BLUME-PEYTAVI®,
P. Scurapre?, S. Bacumann?, G. Unm?, B. KisTneEr?, and E.
RUHL! — !Physical Chemistry, Freie Universitit Berlin, Takustr.
3, 14195 Berlin — 2Physikalisch-Technische Bundesanstalt (PTB),
Abbestr. 2-12, 12587 Berlin — 3Klinisches Forschungszentrum fiir
Haut- und Haarforschung, Charité Universitdtsmedizin, 10117 Berlin
— 4 Abteilung fiir Elektronenmikroskopie at CVK, 13353 Berlin

34

Location: H 1028

Understanding the mechanism of topical drug delivery into human skin
requires the use of multiple techniques. Among those techniques label
free methods are of special interest, avoiding drug-labels or skin-label
interactions. Scanning near-field optical microscopy can be used to
obtain detailed information on the correlation of the local drug distri-
bution with highly resolved topographical information. Recent results
from optical near-field microscopy imaging, investigating the penetra-
tion of the anti-inflammatory drug dexamethasone in human skin, are
reported.

After resonant excitation of dexamethasone by a quantum cascade
laser, operating in the mid-infrared regime, the penetration of dex-
amethasone in the stratum corneum is visualized. Imaging with high
spatial resolution of <10 nm gives access to detailed information of the
local drug distribution within the lipid matrix of the stratum corneum
and its substructures. By using this technique also the presence of
natural corticosteroids within the stratum corneum and ceramides is
revealed. These measurements can be correlated with recent results
obtained from X-ray microscopy and high resolution electron micro-
graphs allowing us to reach an improved understanding of the drug
penetration in human skin using label-free spectromicroscopy.

BP 11.4 Tue 10:30 H 1028
Observing the Plasmonic Photothermal Effect on Individual
BaF3-Cells using Targeted Gold Nanostructures — ePHILLIP
WITTHOFT, LisA PRISNER, and ALF MEws — Universitdt Hamburg,
Institut fiir Physikalische Chemie, Hamburg, Deutschland

The exploitation of the plasmonic photothermal effect of gold struc-
tures such as gold nanorods for photothermal therapy in cancerous
tissue is of great interest for the scientific community. While a wide
array of specific and non-specific applications has been developed in
the past, further understanding of this process and the parameters
involved at the cellular level is of utmost importance for the develop-
ment of these systems. In our project, we investigate the photothermal
effect of gold nanorods in detail on the single cell level. We have de-
veloped a method to irradiate only an individual cell with the desired
wavelength to induce a plasmonic photothermal effect and successfully
observe the reaction of one individual cell to the temperature rise in
real time by plotting the color saturation of the cell over time in the
presence of trypan blue. We use a targeted delivery system facilitated
by the interaction of the Interleukin-6 receptor with the Interleukin-
6 specific aptamer AIR-3A and compare the efficiency for plasmonic
photothermal therapy of these targeted nanostructures to the efficiency
of non-targeted PEG-coated nanostructures. We were able to observe
that cells incubated with targeted nanostructures already show their
maximum color saturation after half of the time compared to non-
targeted nanostructures. Based on our observations we discuss the
mechanism and specificity of the photothermal effect on the single cell
level.

BP 11.5 Tue 10:45 H 1028
NV based modular sensor platform for intracellular envi-
ronmental sensing — Jan Vavral* Ivan REHOR?, ¢TORSTEN
RENDLER®, Mona Jant?, Jan BEDpNARS7, MicHaeL M. Baksu?®,
ANDREA ZapPPE?, JoERG WRACHTRUP?, M. G. FINN®, and PETR
CicLeEr? — !Department of Chemistry, University of Oslo, Norway
— 2Debye Institute for Nanomaterials Science, University of Utrecht,
Netherlands — 33th Physical Institut, University of Stuttgart, Ger-
many — 4Academy of Sciences, Institute of Organic Chemistry and
Biochemistry, Czech Republic — 5School of Chemistry and Biochem-
istry, Georgia Institute of Technology, Atlanta, United States —
6CNRS, University Grenoble Alpes, France — “Fac Med 1, Charles
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University Prague, Czech Republic

Monitoring intracellular concentration of chemical moietis is important
for biomedical applications. We utilize the so called nitrogen vacancy
color center (NV) in nanodiamonds (NDs) as a sensor working un-
der physiological conditions. NVs itself are photostable and allow to
sense for example magnetic fields or temperature in their direct vicin-
ity. NDs have been shown to be of low toxicity and therefore form
the perfect host for intracellular sensing. To enable chemical sensing
we developed a hybrid sensor platform. A polymer is crafted to the
ND surface hosting Gd(III) complexes that alter the NV spin lattice
relaxation time T7. By triggering the release of Gd(III) by a chemical
species, the change in 77 can be used to measure for example pH. In
the current work we concentrate on the development and description
of a new sensor by coating fluorescent nanodiamonds with a supported
lipid bilayer.

15 min. break

BP 11.6 Tue 11:15 H 1028
Wide-Field Nuclear Magnetic Resonance Imaging using
Nitrogen-Vacancy Centers in Diamond — FLORESTAN ZIEM,
eMAarwAa Garsi, HELMuT FEDDER, and JORG WRACHTRUP — 3.
Physikalisches Institut, Universitat Stuttgart

Electron and nuclear magnetic resonance are essential tools in the life
and material sciences. Significant advances in high resolution, high
sensitivity sensing at sub-cellular length scales have been shown using
nitrogen-vacancy (NV) centers in diamond, promising label-free imag-
ing and single molecule analysis. E.g. by controlling and detecting
the electronic state of individual NV centers, single molecule detection
[1] and nanoscale NMR with resolution of chemical shift [2] have been
demonstrated. Here, we show our recent progress towards transferring
these techniques to wide-field imaging using ensembles of NV centers
and multiplexed quantum state detection on a CCD camera. One of
our key achievements is the homogenous manipulation of all NV cen-
ters over a large area. For this, we use optimal control algorithms to
shape the driving microwave pulses to accomplish parallel orchestra-
tion of NV centers in a field of view of 60 x 60 um?. By performing
nuclear magnetic wide-field imaging on solid state thin films on the di-
amond surface, we demonstrate an optical resolution of ~300 nm and
B-field sensitivity of 100 n'T um3/2 Hz~!/2. Our results pave the way
towards rapid magnetic resonance imaging with sub diffraction limited
optical resolution, with the ultimate goal to understand fundamental
processes at the level of single cells and organelles. [1] Lovchinsky et
al, Science 351, 836 (2016). [2] Aslam et al, Science 357, 67 (2017).

BP 11.7 Tue 11:30 H 1028
CellMOUSE: A novel high throughput real-time measure-
ment method for suspended cells and particles — eToBIAS
NECKERNUSS, DANIEL GEIGER, JONAS PFEIL, MARKUS SPORER, STE-
FAN RElcH, and OTHMAR MARTI — Institute of Experimental Physics,
Ulm University

The optical measurement of cells has proven to be a viable tool in
biology and in clinical applications. It is used to distinguish different
cell types as well as healthy, mutated and dead cells based on param-
eters like size, shape and morphology. Common methods, based on
video microscopy or light scattering, are either limited in throughput,
analysis speed or information content.

We present a new optical measurement device, the so called Cell-
MOUSE, that is able to measure suspended cells and particles in real-
time with very high throughput of more than 500 cells per second.
Measurement quantities like speed, size, morphology and shape of the
cell are obtained immediately after passing the detector. In contrast
to other techniques, CellMOUSE measures and evaluates each cell in-
dividually and the result is not based on the statistics of an ensemble.
This is, for instance, important for cell sorting applications. Further-
more, the measurement does not require buffering so that continuous
screening of cell properties over an unlimited time span is possible.

BP 11.8 Tue 11:45 H 1028
Theoretical simulation of biomarkers for in vivo MRI of ex-
tracellular pH — eSimoNE KdcHER!3, STEPHAN DUWEL2, CHRIS-
T1AN HunpsuaMMERD2 FrRANZ ScHILLINGZ, STEFFEN J. GLASER!,
JoseF GRANWEHR?, and CHRISTOPH SCHEURER' — !Department of
Chemistry, Technische Universitdt Miinchen, Garching, Germany —
2Department of Nuclear Medicine, Klinikum rechts der Isar, Technis-
che Universitat Miinchen, Garching, Germany — 3IEK-9 - Fundamen-
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tal Electrochemistry, Forschungszentrum Jiilich, Jilich, Germany

Up to now, there are no techniques available to routinely measure ex-
tracellular pH in the clinic. Pathological deviations from the systemic
pH are often caused by cancer, inflammation, infection, and other
diseases. Hyperpolarized [1,5-13Ca]zymonic acid (ZA) was recently
introduced as a novel MRI biomarker for dissolution dynamic polar-
ization (DNP) measurements of extracellular pH with good resolu-
tion. Systematic, time-consuming, experimental screening for promis-
ing biomarker molecules can be facilitated by theoretical ab initio cal-
culations of chemical shifts and pK, values. We introduce a theoretical
screening approach for pH-sensitive biomarkers and point out the im-
portant technical aspects. For ZA, the calculations show good accuracy
in the prediction of the pH-dependent '3C chemical shift sufficient for
a theoretical pre-screening of potential biomarker molecules.

BP 11.9 Tue 12:00 H 1028
Imaging in Biologically-Relevant Environments with AFM
Using Stiff qPlus Sensors — eKoORBINIAN PURCKHAUER!, ALFRED
J. WevymouTn!, KATHARINA PrEFFER!, LARS KULLMANN!, EsTE-
FANIA MULviHILL2, MI1cHAEL P. KrRAHN®, DANIEL J. MULLER2, and
Franz J. GiessiBL! — 1 University of Regensburg, Regensburg, Ger-
many — 2ETH Ziirich, Basel, Switzerland — 3University Hospital of
Miinster, Miinster, Germany

High-resolution imaging of soft biological samples with atomic force
microscopy (AFM) is challenging because they need to be imaged with
very low forces to prevent deformation. Typically, AFM of those sam-
ples is performed with soft silicon cantilevers (k ~ 0.1 — 10N/m) and
optical detection in a liquid environment.

In this work we demonstrate the advantages of using stiffer sen-
sors (k ~ 1kN/m) which were used to obtain unprecedented spacial
resolution of molecules in vacuum at low temperatures [1]. In liquid
environments, the high stiffness of the qPlus sensor allows us to use
small amplitudes in a non-contact mode and obtain high quality fac-
tors [2]. The samples are immersed in aqueous solution in a liquid cell
and we use qPlus sensors with long tips, only submerging the tip apex.

Atomic resolution of muscovite mica was achieved in various solu-
tions. To prove that we can non-destructively image soft biological
samples with stiff sensors, we show images of lipid membranes and
finally molecular resolution images of a lipid bilayer.|[3|

[1] Gross et al., Science 325, 1110 (2009). [2] Ichii et al., Jpn. J.
Appl. Phys. 51, 08BKBO08 (2012). [3] Piirckhauer et al., submitted.

BP 11.10 Tue 12:15 H 1028
Simulation of FRET Dyes Allows Direct Comparison Against

Experimental Data — eINes REeiNARTz!, CLAUDE SINNER!, and
ALEXANDER Scuucl? — !Karlsruhe Institute of Technology, Karl-
sruhe, Germany — 2John von Neumann Institute for Computing,

Forschungszentrum Jiilich, Jiilich, Germany

Single molecule Forster Resonance Energy Transfer (smFRET) experi-
ments provide valuable insight into protein dynamics. Akin to a molec-
ular ruler, different protein conformations can be observed by measur-
ing the energy transfer depending on the distance between selected
residues labeled with dyes. Besides this distance, the energy transfer
is also dependent on the mutual orientation of the dyes. Both can be
gained from atomistic simulations.

We develop a coarse-grained simulation technique with few param-
eters while maintaining full protein flexibility and including all heavy
atoms. The computational efficiency of these simulation protocols
allows for simulating large systems and heterogeneous ensembles as
found in, e.g., protein folding.

The FRET efficiency histograms we gain from our simulations are
directly comparable to experimental measurements. With access to
distances and orientations from atomically resolved trajectories, we
want to improve the planning and interpretation of smFRET mea-
surements. As an example, we compare distributions from 2-color and
3-color FRET experiments and simulations for ClyA in monomer and
protomer conformation, as well as folded and unfolded ensembles of
different systems.

BP 11.11 Tue 12:30 H 1028
Optical Mapping of Contracting Hearts ®JOHANNES
SCHRODER-SCHETELIG!, JAN CHRrisToPHY'2, and STEFAN LuTHER!:2
— IMax Planck Institute for Dynamics and Self-Organization, G&ttin-
gen, Germany — 2German Center for Cardiovascular Research (DZHK
e.V.), Géttingen, Germany

Optical mapping of isolated, intact hearts or myocardial cell cultures



Berlin 2018 — BP

Tuesday

using fluorescent dyes has become a very well established tool in car-
diac research. However, the method as such can be very sensitive to
movement of the sample, resulting in severe motion artifacts in the
recorded optical signals. In order to prevent this, in the past either
the contraction had to be suppressed or more sophisticated strategies
like ratiometric imaging had to be applied.

Here, we present a new method, which combines marker-free 2D
video tracking techniques with panoramic optical mapping of freely
beating and contracting Langendorff-perfused hearts using multiple
calibrated cameras. We find that it is possible to accurately track and
reconstruct the 3D deformation of the cardiac surface. The tracking
is achieved without the need for additional landmarks or special pat-
terned lighting schemes. By projecting the fluorescence videos directly
onto the deforming mesh geometry, motion artifacts become signifi-
cantly reduced. This opens up a new way, where the contraction of a
heart is not considered a disturbing limitation any longer, but is now
a property which can be measured and studied.

BP 11.12 Tue 12:45 H 1028
Synchronization-based Reconstruction of Cardiac Electrical
Wave Dynamics from Mechanical Deformation using High-
speed 4D Ultrasound — eJAN CHRISTOPH, JAN LEBERT, ULRICH

PARLITZ, and STEFAN LUTHER — Max Planck Institute for Dynamics
and Self-Organization, Gottingen, Germany

Heart rhythm disorders such as ventricular or atrial fibrillation are
determined by turbulent electrical vortex wave activity, which occu-
pies the heart muscle and causes irregular contractions and inefficient
beating of the heart. Both cardiologists and basic scientists are highly
interested in obtaining visualizations of this highly dynamic and com-
plex wave structure and its 3D spatio-temporal organization through-
out the heart muscle, to be able to develop strategies for its efficient
and reliable termination during ablation or defibrillation therapies. In
recent work, we have shown that high-resolution 4D ultrasound can
be used to image vortex-like mechanical structures in the fibrillating
heart and that it is possible to reconstruct an electromechanical vortex
filament structure that characterizes the spatio-temporal organization
of ventricular fibrillation within the heart wall. Here, we show that
in addition to imaging the mechanical activity, it is possible to recon-
struct the electrical wave dynamics, which caused the deformations of
the tissue, and which remains invisible in the imaging experiments,
numerically. Using a synchronization-based approach, we demonstrate
that even complex electrical vortex wave patterns, such as spiral waves
or spiral wave chaos, can be reconstructed in elastic excitable media
from the analysis of the deformation mechanics.

BP 12: Computational Biophysics |

Time: Tuesday 9:30-13:00

BP 12.1 Tue 9:30 H 1058
Langevin modeling of targeted molecular dynamics: a novel
approach to calculate equilibrium free energies from non-
equilibrium simulations — eSTEFFEN WoOLF and GERHARD STOCK
— Bimolecular Dynamics, Institute of Physics, Albert-Ludwigs-
University Freiburg, Germany

We present an approach to calculate free energy surfaces based on
non-equilibrium biased molecular dynamics simulations. Based on a
comparison of Jarzynskis equality and the Langevin equation we de-
rive an expression for non-equilibrium friction factors I'vgq (). Force
fluctuations § f(¢) of a simulated trajectory ensemble were derived from
targeted molecular dynamics simulations as constraint forces using a
holonomic constraint ®(t) = (x(t) — xo(t) — vct)? = 0 with a constant
constraint velocity v.. Using a NaCl/water test system, we show that
a surprisingly high accuracy in the prediction of the equilibrium free
energy profile can be achieved with a relatively small number of N = 30
simulations at comparatively high constraint velocities of >10 nm/ns.
Non-equilibrium friction profiles however need at least N = 500 sim-
ulations to converge. Comparison with equilibrium simulations shows
a general agreement between non-equilibrium and equilibrium-derived
friction factors for v — 0. The non-equilibrium factors however con-
tain intrinsic constraint velocity dependence, and outperform equilib-
rium factor-based corrections. Our approach allows for the calculation
of near-continuous I'vgq () profiles directly from non-equilibrium tra-
jectories, and thus for the on-the-fly correction of non-equilibrium sim-
ulations to obtain equilibrium free energy profiles.

BP 12.2 Tue 9:45 H 1058
Refolding dynamics of molecular constructs after a force
quench — eKEN ScHAFER and GREGOR DIEZEMANN — Institut fuer
Physikalische Chemie, Johannes Gutenberg-Universitat Mainz, Dues-
bergweg 10-14, D-55128 Mainz, Germany

In typical force-probe molecular dynamics simulations (FP-MD) one
end of a molecular complex is fixed in space and another end is pulled
away with a constant velocity. This allows to gather detailed atom-
istic information about the mechanical unfolding of the complex and
the corresponding free energy landscape.

The folding process can be studied by first mechanically unfold-
ing the system and afterwards releasing the external force either com-
pletely or to a finite value. This method allows to study the mechanical
folding pathway in a systematic way as a function of the quench force.
In FP-MD simulations this is of particular interest because it allows
to consider forces much smaller than typically used in the standard
protocol with a time-dependent force.[1]

We apply the method to study the refolding transition in a cal-
ixarene catenane system investigated earlier[2] and extract the kinetic
rates for the transition that are analyzed using stochastic models.
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[1] C. Hyeon, G. Morrison, D. Thirumalai, PNAS, 2009, 106, 48.
[2] T. Schlesier et al., 2011 J. Phys. Chem. B, 115, 6445.

BP 12.3 Tue 10:00 H 1058
G-PCCA - a generalized Markov state modeling approach for
both equilibrium and non-equilibrium systems — eBERNHARD
REUTER!, KONSTANTIN FACKELDEY?3, SusanNa ROBLITZZ, MARCUS
WEBER?, and MARTIN E. Garcial — !Theoretical Physics II, Uni-
versity of Kassel, Germany — ?Zuse Institute Berlin (ZIB), Germany
— 3Institute of Mathematics, Technical University Berlin, Germany

Markov state models (MSMs) have received an ongoing increase in
popularity in recent years as they enable the conflation of data from
simulations of different length and the identification and analysis of
the relevant metastabilities and kinetics of molecular systems. How-
ever, so far methods and tools for building MSMs, like PyEMMA and
MSMBuilder, are restricted to equilibrium systems fulfilling the de-
tailed balance condition. This constitutes a severe constraint, since
molecular systems out of equilibrium, e.g. disturbed by an external
force, have attracted increasing interest. To overcome this limitation
we have developed and implemented - in Python and MATLAB - a
generalization of the widely used robust Perron cluster cluster anal-
ysis (PCCA+) method, termed generalized PCCA (G-PCCA). This
method, based on the utilization of Schur vectors instead of eigen-
vectors, can handle both data from equilibrium and non-equilibrium
simulations. G-PCCA is able to identify dominant structures in a more
general sense, not limited to the detection of metastable states, unrav-
eling cyclic processes. This is exemplified by application of G-PCCA
on non-equilibrium molecular dynamics (NEMD) data of the Amyloid-
beta peptide, periodically driven by an oscillating electric field.

BP 124 Tue 10:15 H 1058
Structural-kinetic relationships determine consistent inter-
pretations of coarse-grained peptide kinetics — JOSEPH
Rupzinskr and TRisTAN BEREAU — Max Planck Institute for Polymer
Research, Ackermannweg 10, 55128 Mainz

Coarse-grained molecular simulation models have provided tremen-
dous insight into the complex behavior of protein systems, but lack
a straightforward connection to the true dynamical properties of the
system. This lack of consistent dynamics severely limits coarse-grained
models from providing accurate interpretations for kinetic experiments.
In this work, we perform a detailed investigation into the kinetic prop-
erties of secondary structure formation generated by molecular simu-
lation models. Our strategy is to systematically vary force-field pa-
rameters of a simple, native-biased coarse-grained model to identify
relationships between the emergent structural, kinetic, and thermody-
namics properties. We utilize Markov state models to efficiently and
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systematically assess the system’s kinetic properties. Our investigation
reveals robust structural-kinetic relationships that can be exploited to
guarantee consistent kinetics through the reproduction of particular
structural properties. These remarkable relationships are determined
by the physics of the model, which shapes the free-energy landscape
and restricts the attainable kinetic properties. Our results suggest an
approach for constructing kinetically-accurate models that extends the
capabilities and scope of current coarse-grained peptide models.

Invited Talk BP 12.5 Tue 10:30 H 1058
Atomistic Simulation of Biomolecular Function: Ribosomal
translation, Intrinsically Disordered Proteins, and a Dyna-
some Perspective — eHELMUT GRUBMULLER — Max Planck Insti-
tute for Biophysical Chemistry, Theoretical and Computational Bio-
physics Department, Géttingen, Germany

Ribosomes are highly complex biological nanomachines which operate
at many length and time scales. We combined single molecule, x-ray
crystallographic, and cryo-EM data with atomistic simulations to eluci-
date how tRNA translocation and the action of antibiotics work at the
molecular level. We show that tRNA translocation between A, P, and
E sites is rate limiting, and identified dominant interactions. We also
show that the so-called L1 stalk actively drives tRNA translocation,
and that 'polygamic’ interactions dominate the intersubunit interface,
thus explaining the detailed interaction free energy balance required to
maintain both controlled affinity and fast translation We will further
suggest a new combined mechanism for translational stalling due to
erythromycin bound in the exit tunnel. We will, finally, take a more
global view on the ’universe’ of protein dynamics motion patterns and
demonstrate that a systematic coverage of this ’dynasome’ allows one
to predict protein function.

15 min. break

BP 12.6 Tue 11:15 H 1058
Specific RNA-cation interactions: Individual binding site
affinities from molecular dynamics simulation — eSErGIO
Cruz-LEON and NADINE ScHWIERZ — Department of Theoretical
Biophysics, Max Planck Institute for Biophysics, Max-von-Laue-Str.
3, 60438 Frankfurt, Germany

Metal cation-RNA interactions are essential for RNA folding and func-
tion. In this research, cation-mediated specific interactions between
common RNA structural motifs and a set of biologically relevant metal
cations including Lit, Nat, K+, Cst, Mg?*, Ca?*, Sr2* and Ba2t
are studied with all atom molecular dynamics simulations. Combining
advanced sampling techniques and recent force fields for metal cations
developed in our group, we investigate ion binding to individual bind-
ing sites on RNA by calculating ion binding affinities and kinetic rate
coefficients. The calculated binding affinities agree well with available
experimental data. Specifically bound cations and ions that diffusively
surround the RNA affect the end-to-end distance of double stranded
RNA and RNA-RNA interactions consistently with reported experi-
mental findings. This detailed understanding of the metal cation-RNA
interactions and its driving forces may provide a starting point to ex-
plore the exciting possibility to control structure formation and bio-
logical functions which have applications in nanotechnology and RNA
based tools medicine.

BP 12.7 Tue 11:30 H 1058
On the nature of cytosine pairing in DNA structures —
MiriaM KoHAGEN and eJENS SMIATEK — Institute for Computational
Physics, University of Stuttgart, D-70569 Stuttgart, Germany

Besides protonated cytosine pairs, recent experimental results indi-
cate that non-Watson-Crick DNA structures can also be stabilized by
intercalated metal cations. Whereas Au+, Cu+ and Ag+ can be re-
garded as stabilizing agents, alkali metal ions like Na+, Li+ and K+
are known as destabilizers. In this article, we rationalize the experi-
mentally observed behavior with the help of density functional theory
calculations. Our results demonstrate the dominance of covalent elec-
trostatic bonds, meaning that a significant amount of electron density
has to be located on the cations in order to stabilize cytosine pairs.
Further findings imply that mixed higher electron orbitals, in addition
to a pronounced electronegativity of the cations, are of fundamental
importance for the binding mechanism. The outcomes of our calcu-
lations establish a consistent theoretical framework to understand the
experimentally observed behavior, which is also important to achieve
a more detailed understanding of nucleobase pairing in general.
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BP 12.8 Tue 11:45 H 1058
Loop formation of polyglutamines in the PRIME20 model —
e ARNE BOKER and WoLFcaNG Paur — Martin-Luther-Universitét
Halle-Wittenberg, 06099 Halle

Much effort has recently been put into understanding amyloid forma-
tion in polypeptides. The amyloid state is an aggregated structure of
polypeptides and usually differs from the native state. Amyloid forma-
tion can have various effects, beneficial as well as damaging, including
diseases such as Huntington’s chorea, which is associated with an ag-
gregated state of extended polyglutamine (polyQ) sequences. Loop
structures or even (8 turns of single polyQ molecules may act as tem-
plates for aggregation, which motivates experimental investigation by
energy transfer methods as well as our simulations.

We perform thermodynamic simulations of single polyQ chains rep-
resented by the intermediate-resolution PRIME20 model® using the
SAMC? variation of Wang-Landau Monte Carlo sampling which pro-
vides insight into different statistical ensembles at the expense of dy-
namic information. Our results for the end-to-end distance distribution
at physiological conditions agrees reasonably well with experimental
findings. In this temperature range, the single-chain morphology for
the chain lengths we studied is not yet dominated by hairpin structures
which are formed at lower temperatures.

IM. Cheon, I. Chang, C. K. Hall, PROTEINS 78(2010):2950

2B. Werlich, T. Shakirov, M. P. Taylor, W. Paul, Comp. Phys.
Comm. 186(2015):65

BP 12,9 Tue 12:00 H 1058
Pro32 isomerisation effects on $2-microglobulin: a Metady-
namics investigation — eMaria CrLESTE Mascuio!, FEDERICO
Cowmrtant?, CARLA MorTeNT®, and STEFANO Cornt* — Dept. FIM,
University of Modena and Reggio Emilia, Italy — ?Dept. Chemistry,
University College London, UK — 3Dept. Physics, King’s College
London, UK — “4Dept. Chemistry, University of Padova, Italy

B2-microglobulin (42-m) is the protein responsible for the Dialysis
Related Amyloidosis disease. The isomerisation of a specific proline,
Pro32, is a debated amyloidosis triggering factor, inducing the £2-m
aggregation. In this work, we investigated the structural rearrange-
ments observed in the protein upon isomerisation of Pro32. Metady-
namics simulations of the 32-m wild type (WT), the D76N amyloido-
genical mutant and the W60G aggregation-resistant mutant were run
to shed light on the structural and dynamical changes upon isomerisa-
tion and to identify the effects of mutations on the relative free energies
of the cis and the trans isomers.

[1] Stoppini M et al, J Biol Chem, 290(16), 2015 [2] Melis C et al, J
Phys Chem B, 113(35), 2009 [3] Laio A et al, PNAS, 20(99), 2002

BP 12.10 Tue 12:15 H 1058
Metadynamics Simulations of the Fibrinogen Protomer —
eTimmo ScHAFERD2, LoreNz Ripkal, FRIEDERIKE ScHMID', and
Grovannt SETTANNID3 — 1Johannes Gutenberg-University Mainz —
2Graduate School Materials Science in Mainz — 3Max Planck Grad-

uate Center with the Johannes Gutenberg-University Mainz

Fibrinogen is a dimeric multi-chain serum protein that polymerizes into
fibrin when activated by thrombin as part of the coagulation cascade.
Fibrinolysis, the cleavage of fibrin by the enzyme plasmin, controls
the dissolution of blood clots. While the major factors contributing
to fibrin formation and dissolution have been identified, the atomistic
details of these mechanisms are largely unknown.

Here, the connection between structure and function of fibrinogen is
studied using classical atomistic molecular dynamics simulations cou-
pled to metadynamics, a technique that allows for a thorough explo-
ration of the important degrees of freedom of the system. Based on
our previous characterization of a hinge along the coiled-coil region of
the fibrinogen protomer, we used metadynamics to explore the major
degrees of freedom related to this hinge, represented by the two largest
principal components of motion. The simulations reveal the presence
of two specifically distinct modes of bending, characterized by a differ-
ent loss of secondary structure and exposure of plasmin cleavage sites.
The bending modes occur in plane to the available models of double-
stranded fibrin protofibrils. We show how they could be integrated
into available models of fibrin protofibril formation and play a role in
fibrinolysis

BP 12.11 Tue 12:30 H 1058
Integration of SAXS Data into Biomolecular Simulations —
eMARIE WEIEL, INES REINARTZ, and ALEXANDER ScHuGc — Karl-
sruhe Institute of Technology, Karlsruhe, Germany



Berlin 2018 — BP

Tuesday

Structural analyses in biophysics aim at revealing the interrelation
between a macromolecule’s dynamic structure and its biological func-
tion. Small-angle X-ray scattering (SAXS) is a useful experimental
approach to this and complementary to common high-resolution tech-
niques such as X-ray crystallography and NMR spectroscopy. In or-
der to effectively interpret scattering intensities in terms of structural
models, we include the limited information from SAXS into molecu-
lar dynamics (MD) simulations using computationally efficient native
structure-based models (SBMs). A particular initial structure is de-
fined as the global minimum in a smooth single-basin energy funnel
dominated by native interactions. To incorporate information from
SAXS, a bias term is added to the potential so as to energetically favour
conformations reproducing the original target intensity. Dynamically
fitting an initial structure to the scattering curve within MD, we obtain
physical atomistic conformations according to the experimental input
data. In this vein, SAXS data may be reasonably interpreted whilst
simultaneously retaining chemical knowledge and sampling power of
molecular force fields. Giving fast and reliable structure predictions
for transiently populated conformations, we hope to make a signifi-
cant contribution to unraveling the relation between macromolecular
structure and function.

BP 12.12 Tue 12:45 H 1058

Terminal Electron-Proton Transfer Dynamics coupled to

Quinone reduction in Respiratory Complex I — eANA Pa-
TRICIA GAMIZ-HERNANDEZ!, ALEXANDER Jussupow!, MIKAEL P.
Jonansson?, and ViLLE R. I. Kaiwal — Department of Chemistry,
Technical University of Munich, Lichtenbergstr. 4, D-85747, Garching,
Germany — 2Department of Chemistry, University of Helsinki, P. O.
Box 55, FI-00014 Helsinki, Finland

Complex I (NADH:ubiquinone oxidoreductase) contains 8-9 iron sul-
fur clusters (ISC) in its hydrophilic domain responsible of transferring
two electrons from NADH/FMN couple to the quinone binding site,
thus initiating the signal that triggers proton pump across its mem-
brane. Although the exact coupling for this long-range proton-electron
transfer process remains unclear, emerging data indicates that the ini-
tial quinone (Q) reduction to quinol (QH2) process plays a central
role in activating the proton pumping machinery. In order to probe
the energetics, dynamics, and molecular mechanism for the proton-
coupled electron transfer (PCET) process linked to Q reduction, we
employ here multi-scale quantum and classical molecular simulations,
to model the relevant electronic states from Q to QH2 that may play
a role in the activation of proton pump. We find that conformational
changes in the hydrogen-bonded Q-binding modes regulate the rate of
eT from the terminal N2 iron-sulfur center. Our combined data reveal
how the dynamics of complex I-bound Q modulates the rate of ter-
minal electron transfer, and how conserved residues in the Q-chamber
contribute to the overall PCET process.

BP 13: Evolutionary Game Theory (joint session SOE/DY /BP)

Time: Tuesday 12:30-13:15

BP 13.1 Tue 12:30 MA 001
Equality-efficiency tradeoff in a dynamical Voluntary Contri-
bution Game with Assortative Matching and heterogeneous
agents. — eSTEFANO Duca — ETH Zurich, Zurich, Switzerland

Many scholars in the socio-economical literature have noted that any
system that allows and incentivizes the transfer of wealth between
agents exhibits a trade-off between efficiency and equality. Using an
agent based model we study the welfare properties over time of Assor-
tative Matching in Voluntary Contribution Games (VCM).

Every round, individuals choose how much to contribute into a group
account and are ranked according to it. Based on this ranking, partic-
ipants are then matched in equal-size groups; members of each group
share their group output equally according to a VCM payoff function.
Wealth accumulates over time and agents differ in talent and starting
wealth.

In this paper, we study several ranking mechanisms based on differ-
ent dimensions and ask what are the properties of these mechanisms
in terms of total production of wealth and its distribution.

We find that, while in general it is impossible to determine a single
best ranking system, some perform objectively better than others.

Using a computational approach we determine the mechanism that
maximizes the social welfare, chosen from the Pareto frontier, depend-
ing on the preferences of a social planner.

BP 13.2 Tue 12:45 MA 001

Exiting the Primordial Soup — Transition from Pre-
Darwinian to Darwinian Evolution — CHARLOTTE V.
VoceLBUscH!, STEVEN H STrocATz?, eHINRICH ARNOLDT!, and

Marc TimME! — 'Chair for Network Dynamics, Institute for Theoret-
ical Physics and Center for Advancing Electronics Dresden (cfaed), TU
Dresden, Dresden, Germany — 2Department of Mathematics, Cornell
University, Ithaca, NY 14853, USA

Darwin proposed the now-accepted existence of a last universal com-
mon ancestor (LUCA) from which all species emerged in an evolu-
tionary process. Life on earth just before LUCA was fundamentally
collective - a primordial soup - as ancient life forms shared their genetic
material freely through massive horizontal gene transfer (HGT). How
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to exit this collective state and start Darwinian evolution is far from
understood and heavily debated. Here we present a minimal model
for this hypothesized ”Darwinian transition.” The model suggests that
HGT-dominated dynamics may have been intermittently interrupted
by selection-driven processes during which genotypes became fitter and
decreased their inclination toward HGT. Stochastic switching in the
population dynamics may have destabilized the HGT-dominated col-
lective state and led to the emergence of vertical descent, the first
well-defined species, and thus started Darwinian evolution [1]. More-
over, advanced models with dynamic inclination to HGT competence
suggest a viable route from collective pre-Darwinian to vertical Dar-
winian evolution and hint to a constrained exit window in parameter
space. Ref.: [1] Phys. Rev. E 92, 052909 (2015)

BP 13.3 Tue 13:00 MA 001
Analytical approximation of temporal difference multi-agent
reinforcement learning — eWoLrFrAM Barruss!2, JonaTruan F.
Donges?3, and JorRcEN KurtHs!'24 — 1Potsdam Institute for Cli-
mate Impact Research, GER — 2Humboldt University, Berlin, GER
— 3Stockholm Resilience Centre, Stockholm University, SWE —
4University of Aberdeen, UK

Reinforcement learning in multi-agent systems has been studied by
the fields of economic game theory, artificial intelligence and physics.
Especially an economic and physics perspective has lead to analyti-
cal approaches of learning dynamics in multi-agent systems. However,
these studies put their focus on simple iterated normal form games,
such as the iterated Prisoners Dilemma. Environmental dynamics, i.e.
changes in the state of the agent’s environment affecting the payoffs
received by the agents are mostly lacking. In this work we combine
the analytical approach from physics with temporal difference learning
from the field of artificial intelligence. This form of learning explicitly
uses the discounted value of future environmental states to adapt the
agent’s behavior. We develop a uniform notation for multi-agent envi-
ronment systems, generalizable to any environment and an arbitrary
number of agents. We find four reinforcement learning variants emerg-
ing and compare their dynamics. This work is important to advance
the understanding of interlinked social and environmental dilemmas,
such as climate change, pollution and biosphere degradation.
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BP 14.1 Tue 14:00 BH-N 243
Active colloidal propulsion over a crystalline surface — UbiT
CHOUDHURY!, @ ARTHUR STRAUBE?, PEER FiscHEr!, Joun GiBBs3,
and FeLix HOrFLING2 — 1Max-Planck-Institut fiir Intelligente Sys-
teme, Stuttgart, Germany — 2Freie Universitiat Berlin, Institute of
Mathematics, Berlin, Germany — 3Department of Physics and As-
tronomy, Northern Arizona University, Flagstaff, USA

We study both experimentally and theoretically the dynamics of chem-
ically self-propelled Janus colloids moving atop a two-dimensional (2d)
crystalline surface [1]. The surface is a hexagonal close-packed mono-
layer of colloidal particles of the same size as the mobile one. The
dynamics of the self-propelled colloid reflects the competition between
hindered diffusion due to the periodic surface and enhanced diffusion
due to active motion, which can be tuned by changing the concentra-
tion of a chemical fuel. Our experimental data for the mean-square
displacements (MSDs) are consistent with a Langevin model for the
effectively 2d translational motion of an active Brownian particle in a
periodic potential, combining the confining effects of gravity and the
crystalline surface with the free rotational diffusion of the colloid. Ap-
proximate analytical predictions are made for the MSD describing the
crossover from free Brownian motion at short times to active diffusion
at long times. The results are in semi-quantitative agreement with
numerical results of a refined Langevin model that treats translational
and rotational degrees of freedom on the same footing.

[1] U. Choudhury, A. V. Straube, P. Fischer, J. G. Gibbs, F. Hofling,
New J. Phys. (2017), doi: 10.1088/1367-2630/aa9b4b

BP 14.2 Tue 14:15 BH-N 243
Dynamics of a single circular microswimmer in a quenched
crowded media — eOLEkSANDR CHEPIZHKO and THoMmAs FRra-
NoscH — Institute for Theoretical Physics, University of Innsbruck,
Innsbruck, Austria

The motion of active particles, for example, bacteria or unicellular
organisms, in nature occurs in crowded environments such that the
walls, boundaries, and obstacles strongly influence the dynamics of
the microswimmers. Here we present a generic model for a determin-
istic circular microswimmer in a disordered two-dimensional quenched
random array of obstacles. The microswimmer moves in circular orbits
between the collisions with the obstacles, and after colliding with an
obstacle the microswimmer follows the obstacle’s surface for some time
before detaching again.

The diffusivity of the system is studied via event-driven computer
simulations for a wide range of obstacle densities and orbit radii. We
find to phase boundaries of a conducting phase with an insulating and
a localized phase. The phase behavior is investigated both close to
these two transition lines, as well as deep in the conducting phase.
The phase transitions correspond to critical phenomena with both an
underlying static percolation transition, while the dynamic exponents
reveal different universal classes. Furthermore, we find that the diffu-
sivity grows with the density of obstacles up to a narrow region in the
vicinity of the localization transition where it rapidly drops to zero.

BP 14.3 Tue 14:30 BH-N 243
Controlled Control of Cargo Delivery Performed by
Self-Propelled Janus Droplets — eMENGLIN Lerg!, MARTIN
BrINKMANN!, IaNacio PAacoNABARRAGAZ, RALF SEEMANN!, and
JEAN-BAPTISTE FLEURY! — !'Saarland University, Saarbruecken, Ger-

many — 2University of Barcelona, Bracelona, spain

We propose a class of programmable carrier droplets that can be made
of a water/ethanol mixture dispensed in a continuous oil/surfactant so-
lution. While swimming, the droplets pass through up to three stages
whose appearance and duration are determined by the chemical com-
position of the droplet and the surrounding phase. A spontaneous
de-mixing of the initially homogeneous droplet phase controlled by an
uptake of surfactant and simultaneous loss of ethanol is generally ob-
served. The phase segregation can lead to the formation of character-
istic Janus droplets which consist of a water-rich and an ethanol-rich
droplet. During de-mixing cargo molecules, like DNA, can be sepa-
rated in the trailing ethanol-rich droplet and are ”carried like in a
backpack”. Delivery is obtained whenever the trailing droplet touches
a wettable target. Selective attraction or repulsion from targets is
determined by the long-range hydrodynamic interactions of the swim-
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mers with the geometric shape of the targets. In combination with
a controlled delay of phase separation by the initial chemical compo-
sition of the droplets, we can exploit this selectivity to deliver DNA
molecules dissolved in the ethanol-rich droplet at specific target sites
and during a specific timeframe.

(under review - 2017)

BP 14.4 Tue 14:45 BH-N 243
Clearing out a Maze: Chemotaxis and Percolation — TanJA
ScHILLING! and eTHomAs VoiaTMANNZ3 — 1Physikalisches Insti-
tut, Albert-Ludwigs-Universitidt Freiburg, 79104 Freiburg, Germany
— 2Institut fiir Materialphysik im Weltraum, Deutsches Zentrum fiir
Luft- und Raumfahrt (DLR), 51170 Koln, Germany — 3Department
of Physics, Heinrich-Heine-Universitat Diisseldorf, Universitatsstrafe
1, 40225 Diisseldorf, Germany

We study chemotactic motion in a random environment of obstacles
by means of a lattice model that bears resemblance to the arcade game
PAC-MAN®: A random walker moves on the percolating cluster of a
square lattice, with steps that are biased towards the food that is ini-
tially placed on the accessible lattice sites and that is then consumed
by the walker. Anomalous diffusion emerges, and is best described
by a power-law with a non-trivial dynamical exponent that depends
continuously on the propensity of the walker to move towards food.
Although its food propensity biases the walker to explore previously
unvisited sites more easily than the unbiased random walk, and thus in-
tuitively serves to stretch out the walker’s trajectories in comparison to
the non-chemotactic case, the asymptotic growth of the mean-squared
displacement is weaker. We suggest that getting lost in the culs-de-sac
is a mechanism to explain why the chemotactic exploration of a maze
thus becomes less effective than the pure diffusive one.

[1] T. Schilling and Th. Voigtmann, J. Chem. Phys.
2017); arXiv:1607.01123.

(in press,

BP 14.5 Tue 15:00 BH-N 243
Theoretical study of triangular magnetocapillary microswim-
mers — ®ALEXANDER SUKHOV!, SEBASTIAN ZIEGLERZ?, OLEG
TrosMaN2, ANa-SuNcanNa Smitn?, and Jens Harring!:3
I Helmholtz Institute Erlangen-Nuernberg for Renewable Energy (IEK-
11), Forschungszentrum Juelich GmbH, 90429 Nuernberg, Germany
— 2Institute for Theoretical Physics, Friedrich-Alexander University
Erlangen-Nuernberg, 91054 Erlangen, Germany — 3Department of
Applied Physics, Eindhoven University of Technology, NL-5600MB
Eindhoven, The Netherlands

As demonstrated experimentally (for a recent review see Ref. [1]),
magnetocapillary swimmers - a system of three or more magnetic beads
trapped at a fluid-gas interface - prefer to form equilateral triangles due
to an interplay of attractive capillary and repulsive magnetic dipole-
dipole interactions. By applying additionally a time-dependent mag-
netic field the position of the swimmer and its velocity direction can
be wirelessly manipulated. Combining the lattice Boltzmann method
with the analytical force-based bead-spring model [2, 3] extended for
a triangular configuration, we explain a sharp dependence of the av-
erage speed of the swimmer on the frequency of the time-dependent
magnetic field and compare our results with the experiment. In addi-
tion, we demonstrate numerically and analytically the control of the
direction of the swimmer motion using magnetic fields. [1] G. Gros-
jean, M. Hubert and N. Vandewalle, Adv. Colloid Interface Sci., in
press (2017); [2] B.U. Felderhof, Phys. Fluids 18, 063101 (2006); [3]
J. Pande et al., New J. Phys. 19, 053024 (2017).

BP 14.6 Tue 15:15 BH-N 243
The frequency-dependent behavior of microswimmers in os-
cillating shear flow — KEvIN ScHROER!, ePaTRICK KURZEJAZ, and
LoTHAR BRENDEL! — !Faculty of Physics and CeNIDE, University of
Duisburg-Essen, 47048 Duisburg, Germany — 2Institue of Mechanics,
Technical University Dortmund, 44227 Dortmund, Germany

One possibility to alter the macroscopic properties of a self-propelled
nanoparticle suspension is the introduction of inhomogeneities in the
propulsion mechanism, which leads to drastic changes in the collective
behavior [1].

A new approach is presented for sheared suspensions: the control via
oscillating walls. The oscillation frequency determines the thickness of



Berlin 2018 — BP

Tuesday

a viscous boundary layer that surrounds the inertia-dominated center

region. This is characterized by the Womersley number Wo, being the

ratio between viscous and inertial forces [2]. As a result, regions of

particle rotation and translation can be varied by this frequency.
Using this setup, we investigate the impact of Wo on the rheology

of a dilute microswimmer suspension by means of Multi-Particle Col-

lision Dynamics (MPC) simulations. This method is suited to capture

hydrodynamics and thermal fluctuations and has been used in related

topics like dilute suspensions in a gravity perturbed annular shear [3]

or bidisperse segregation in a Hagen-Poiseuille flow [4].

[1] M. P. Magiera and L. Brendel, Phys. Rev. E 92, 1 (2015)

[2] P. Kurzeja et al., JASA 140, 4378 (2016)

[3] K. Schroer et al., EPJ Web of Conferences, 140 (2017)

[4] P. Kanehl and H. Stark, J. Chem. Phys. 142, 214901 (2015)

BP 14.7 Tue 15:30 BH-N 243
Buckling instability and swimming of elastic spherical shells
— eADpEL DikLLouLl!, PHILIPPE MARMOTTANT!, HENDA DJERIDIZ,
CatHERINE QUILLIET!, and GwENNOU CouPier! — Univ. Greno-
ble Alpes, CNRS, LIPhy, 38000 Grenoble, France — 2Univ. Grenoble

Alpes, Grenoble INP, CNRS, LEGI, 38000 Grenoble, France

Under pressure, a hollow elastic sphere becomes unstable and collapses.
It reinflates back when the pressure is decreased. The shape hysteresis
associated to this deformation cycle makes this simple object a good
candidate for becoming a microswimmer, that is, a swimmer able to
move at low Reynolds number.

We explore this possibility through a macroscopic experiment in flu-
ids of varying viscosities so as to explore different flow regimes [1]. We
show that not only the shape sequence hysteresis leads to swimming
but the asymetry in the deformation velocity makes the fast buckling
phase an efficient mechanism for propulsion that implies inertial effects
and subtle coupling between shape post-buckling oscillations and fluid
flow patterns. Our modeling shows that such an inertial regime could
even be reached at microscopic scale.

We anticipate that a conveyor made of a few of microbubbles with
different shell thicknesses, would constitute a microrobot whose 3D
displacement can be remotely controlled by an echographic device - a
relatively cheap and widely available tool in the hospitals.

[1] A. Djellouli, P. Marmottant, H. Djeridi, C. Quilliet and G.
Coupier, Phys. Rev. Lett. 119, 224501 (2017). See also P. Ball,
”Focus: Elastic Spherical Shell Can Swim”, Physics 10, 128 (2017).
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BP 15.1 Tue 14:00 Poster B
Microcapsule suspension characterisation and manipulation
— oPIERRE-YVEsS GIRES — Universitdt Bayreuth Experimentalphysik
I Universitatsstrae 30 95447 Bayreuth

Microcapsules, as submillimetric droplets embedded within a mem-
brane, are present both in natural and artificial suspensions (e.g.
cells and drug vectors in blood circulation, microalgae in algaculture).
Improvements in both their characterisation and manipulation can
lead for instance to better drug vectorisation or bioenergy harvesting.
Three separate studies are presented, illustrating how the coupling of
microfluidic tools with theoretical analysis, including if necessary nu-
merical simulations, allows progress in this field. First, at the cell
scale, the monitoring of capsule deformations in a microfluidic chan-
nel permits to characterise the membrane viscoelastic properties of
cross-linked albumin microcapsules [1]. Then, a comparison between
measured and simulated hydrodynamic interactions brings further in-
sight into the origin of hydrodynamic diffusion of vesicles suspensions
[2]. Last, the coupling of a thin plate subwavelength resonance with
bubble secondary acoustic amplification allows to design a promising
acoustofluidic device, for both locally concentrating and depleting mi-
crocapsule suspensions [3].

[1] Gires et al. ”Pairwise hydrodynamic interactions and diffusion
in a vesicle suspension.” Physics of Fluids 26.1 (2014): 013304. [2]
Gires et al. "Transient behavior and relaxation of microcapsules with
a cross-linked human serum albumin membrane.” Journal of the me-
chanical behavior of biomedical materials 58 (2016): 2-10. [3] to be
published

BP 15.2 Tue 14:00 Poster B
The Role of Lipids in Membrane Docking and Pore For-
mation of Pneumolysin — eMARTIN VOGELE!, RAMACHANDRA
BuaskarRAl, KarHARINA vaN Pee?, Ozkan YiLpiz2, WERNER
KouLBRANDT?, and GERHARD HUMMER!3 — 1Department of Theo-
retical Biophysics, Max Planck Institute of Biophysics — 2Department
of Structural Biology, Max Planck Institute of Biophysics — 2Institute
for Biophysics, Goethe University, Frankfurt am Main

Streptococcous pneumoniae employs pneumolysin (PLY) to infect its
human host. The specificity of PLY to cholesterol-rich membranes
targets this virulence factor to mammalian cells. PLY is released in a
water-soluble monomeric form. Subsequent docking and oligomeriza-
tion of PLY result in the formation of membrane-embedded ring-like
structures that induce cytolytic pores. Recent structural studies have
resolved the structure of PLY rings in pore and pre-pore conformations
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on membranes. However, the detailed mechanism of pore formation
and the role of lipids remain unclear.

Using large-scale coarse-grained molecular dynamics simulations, we
study (1) the docking of PLY to membranes and (2) the subsequent for-
mation of cytolytic pores. In simulations of large rings, we investigate
the behavior of lipids during pore formation. We also perform all-
atom molecular dynamics simulations of monomeric PLY in solution
and of various membrane-docked states to understand conformational
changes. These simulations, along with structural modeling, shed light
on the mechanism of PLY-induced formation of membrane pores.

BP 15.3 Tue 14:00 Poster B
Structural changes of lung surfactant Langmuir films in con-
tact with compressed fluorocarbon gases — eSUSANNE DoGAN,
MicHAEL Paurus, Juria NAsg, STEFFEN BIEDER, and METIN ToOLAN
— Fakultat Physik/DELTA, TU Dortmund, 44221 Dortmund, Ger-
many

Current lung surfactant (LS) replacements consist of purified prepa-
rations of bovine LS (Survanta) or porcine LS (Curosurf), which are
not devoid of potential viral contamination and inherent immunologi-
cal risks. Fluorocarbon gases (FCs) have been investigated for various
biological applications. The results suggest that FCs may be use-
ful in pulmonary disease therapy. Thus, substituting the current LS
replacements by FCs might be reasonable. However, FCs are poten-
tially harmful to membranes and thus [1, 2| the aim of this study is
the determination of structural changes in Langmuir films in contact
with FCs. The effect of the external gaseous phase of octafluoropropan
and decafluorobutan on DPPC, the primary component of lung surfac-
tant or the surfactants Curosur and Survanta was studied. Knowledge
on the structural organisation and reorganisation of these amphiphilic
molecules under gaseous pressure is essential for the understanding of
the basic biological principles, which are present in medicine [3, 4].
X-ray reflectivity is the ideal to study different properties of a layer
system at interfaces, such as layer thickness, roughness, and electron
density with sub-Angstrom in-situ. [1] Giebel, F. et al. J. Appl. Phys.,
2014 [2] Giebel, F. et al. Eng. Asp, 2016 [3] Amann, A. et al. Int. J.
Mass Spectrom, 2004, [4] Zasadzinski, Curr. Opin. Col. In. Sci., 2001

BP 15.4 Tue 14:00 Poster B
Elasticity Measurements of Chloroplast Membranes
eMaIKE JuNc and FRIEDERIKE ScHMID — Johannes Gutenberg-
Universitdt Mainz, Mainz, Germany

Biological cells, which are the building blocks of all living organisms,
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and their intracellular components are all separated by plasma mem-
branes. Those membranes are not only an important selective barrier
between different parts of the cell but also serve as a platform for
biological and chemical reactions. A detailed understanding of mem-
branes is therefore essential for gaining a comprehensive insight into all
living organisms. One important property that describes these plasma
membranes is their elasticity, which is dependent on the lipid compo-
sition and the proteins incorporated into the membrane. We present
experimental measurements of the elasticity for the outer and inner
membrane of chloroplasts.

BP 15.5 Tue 14:00 Poster B
The interaction of viral fusion peptides with model lipid
membranes — ¢ GORAN SURMEIER, MICHAEL PAuLUS, SUSANNE Do-
GAaN, YUury Forov, Mirko ELBERS, PauL SaLMEN, METIN TOLAN,
and Juria Naseg — Fakultdt Physik/DELTA, TU Dortmund, 44221
Dortmund, Germany

Viral fusion peptides (FP) are hydrophobic sequences of viral envelope
proteins located in the ectodomain. Due to their position exposed to
the external aqueous medium, FPs play an important role in the in-
teraction of the viral envelope with target membranes. When a virus
enters a host cell, the insertion of the FP into the target membrane
leads to destabilization, thus catalysing the membrane fusion reaction.
We investigated their influence on model membranes by studying the
pressure dependent behavior of monoolein/water mixtures in presence
and absence of the FPs of hemagglutinin 2, tick-borne encephalitis
virus and vesicular stomatitis virus at a hydrophilic silicon dioxide sur-
face using X-ray reflectivity (XRR) measurements. Previous studies
demonstrated that various phase transitions between hexagonal, cu-
bic and lamellar phases occur in monoolein/water mixtures and that
the phase boundaries shift as soon as a FP is added. By applying
the XRR technique, we were able to resolve the vertical membrane
structure. Furthermore, we observed a modified phase behavior in the
near-surface area by comparing the XRR data to additionally captured
volume sensitive small angle X-ray scattering measurements. Exper-
iments were performed at beamlines ID31 at the ESRF (Grenoble,
France) and BL9 at DELTA (Dortmund, Germany).

BP 15.6 Tue 14:00 Poster B
A theoretical model of surfactant systems in computer sim-
ulations — eSiMoN RascHKE and ANDREAS HEUER — Westféalische
Wilhelms-Universitat Miinster, Institut fiir physikalische Chemie, Cor-
rensstrafie 28/30, 48149 Miinster, Germany

The formation of self assembled structures such as micelles has been
intensively studied and is well understood. The property of a system to
develop micelles depends on the concentration of surfactant molecules
and is typically indicated by the critical micelle concentration (cmc).
Recent studies|1] use a lattice approach in order to determine cme and
show that the correct modelling and analysis of cluster formations is
not trivial to achieve this. We developed a minimalistic and highly
efficient model of the amphiphilic molecules in continuous space which
were simulated using Monte Carlo and Molecular Dynamics simula-
tions in the canonical (NVT) ensemble. The inaccessible volume of mi-
celles needs to be taken into account for a theoretical characterization,
and was calculated using Delaunay-triangulation and the powercrust
algorithm. Particle densities and micellization rates are investigated
and an order parameter is introduced, so that a precise predication on
cmce can be made. We discuss that this model is fully appropriate to
study frame-guided assembly processes, as reported by Dong et al. [2].

[1] A. P. Santos and A. Z. Panagiotopoulos, The Journal of Chemical
Physics 144, 044709 (2016).

[2] Y. Dong, Y. Sun, L. Wang, D. Wang, T. Zhou, Z. Yang, Z. Chen,
Q. Wang, Q. Fan, and D. Liu, Angewandte Chemie International Edi-
tion 53, 2607 (2014).

BP 15.7 Tue 14:00 Poster B
Temperature Induced Structural Evolution of DMPC-
Saponin-Mixtures: From Bicellar to Vesicular Structures —
oCARINA DARGEL!, AUREL RapuLEescu?, and THomAs HELLWEG?
I Bielefeld University, Germany — 2Jiilich Center for Neutron Science,
outstation at FRM II, Garching, Germany

Vesicles composed of the phospholipid 1,2-dimyristoyl-sn-glycero-3-
phosphocholine are often used as model system to mimic cell mem-
branes. The system allows to study effects of additives under dif-
ferent conditions, e.g. composition and temperature. Saponins are
plant derived surfactants which occur among others in nuts and garlic
and exhibit an amphiphilic structure built of a hydrophobic steroidic
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or triterpenic backbone with a varying number of hydrophilic sugar
chains. For the saponin aescin an incorporation into the lipid bilayer
was proven for low aescin amounts in a study with unilamellar vesicles.
At low temperature and at aescin amounts higher than about 10 mol
% the vesicles get solubilized into much smaller bicellar structures.
By increasing temperature the bicelles convert into uni- and multil-
amellar vesicles due to removal of the saponin from the aggregates.
These aggregates decompose again when lowering the temperature to
about 23 °C, the main phase transition temperature of the phospho-
lipid DMPC.

In this study the self-assembled structures are investigated in de-
pendence on the aescin amount as well as the temperature mainly by
dynamic light scattering and small angle neutron scattering to resolve
the correlation between the lipids phase transition and the reconversion
of the bicellar structures.

BP 15.8 Tue 14:00 Poster B
Surface micelles in lipid monolayers in the LE phase —
eFLoORIAN GELLERT, RENKO KENSBock, HElko AHRENS, and CHRIs-
TIANE A. HELM — Inst. f. Physics, Greifswald University, Germany

We investigate lipid and cardiolipin monolayers at the water-air inter-
face with isotherms and real-time Brewster angle microscopy (BAM).
These monolayers are in the LE phase; either they do not have an
LC phase or the surface pressure is below the LE/LC phase transi-
ton. Nevertheless, dependent on the ion concentration in the subphase
the formation of domains is observed with BAM. On monolayer com-
pression the domains increase mainly in number, not in size. The
observation of surface micelles is correlated with the isotherm and the
area compressibility modulus. Surface micelles of mobile lipids at a
fluid interface can be used as a simple model of self-regulation of lipid
membranes.

BP 15.9 Tue 14:00 Poster B
Effect of Membrane Mediated Forces on Protein Organiza-
tion — eHENNING STUMPF! and ANa-Sunéana Smita!2 — 1PULS
Group, EAM, Institute for Theoretical Physics I, Friedrich-Alexander
University Erlangen-Niirnberg, Germany — 2Division of Physical
Chemistry, Institute Ruder Bogkovié¢, Zagreb, Croatia

Assembly of macromolecular complexes on membranes is a crucial step
in many biological processes. For example, in cell adhesion, binding
proteins need to be recruited to the site of contact. Recently, it has
been suggested that membrane mediated interactions, through local
changes in membrane composition, deformation and fluctuations, may
induce long range attraction between proteins. To investigate these in-
teractions we study membrane promoted aggregation of proteins that
are modelled as harmonic springs, displacing the membrane and re-
stricting membrane fluctuations. We calculate the forces between pro-
teins in a mean field model and find a rich asymptotic behaviour de-
pending on the membrane tension and bending stiffness. We use the
second virial coefficient to determine under which conditions these in-
teractions will lead to a change in local protein density. Furthermore,
we study the effect of the aggregation on the transport coefficients of a
protein. We find that in the relevant range of parameters, membrane
mediated forces may have significant impact on protein diffusion.

BP 15.10 Tue 14:00 Poster B
Lipid nucleic acid nanoparticles (LNPs) for delivery of single-
stranded antisense oligonucleotides and targeted gene silenc-
ing — eNicoLA KERSCHBAUMER, RAFAL KRzyYszTON, and JOACHIM
RADLER — Department of Physics, Ludwig-Maximilians-Universitét
(LMU) Munich, Geschwister-Scholl-Platz 1, 80539 Munich, Germany

Antisense oligonucleotides for gene silencing present a promising thera-
peutic strategy. Transfer of antisense oligonucleotides across cell mem-
branes is limited and the development of an efficient and safe encapsu-
lation of such antisense oligonucleotides for specific delivery becomes
increasingly desirable. In previous work mononucleic acid lipid parti-
cles (mNALPs) were shown to form nanoparticles which self-assemble
in a microfluidic setup when placing the lipids DOTAP, DOPE, DOPC,
and DSPE-PEG2000 in a solvent solution with the usage of water as a
buffer. Here we show that the same assembly strategy using microflu-
idic chips forms antisense LNPs with high encapsulation efficiency.
The particles have 30 - 40 nm in diameter for 15 and 21 base-antisense
oligonucleotides and are stable in blood serum over a period of sev-
eral days as characterized using fluorescence correlation spectroscopy.
We demonstrate that the particles bind specifically to cells expressing
folate receptors and analyze their capability to silence targeted gene
expression. Our LNP carrier provides a reasonable and effective ap-
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proach for targeted delivery of single-stranded oligonucleotides for gene
silencing.

BP 15.11 Tue 14:00 Poster B
Radio Frequency Detection of Single Particles in Micorfluidic
Circuits — eMARCEL HoterT — Center for Hybrid Nanostructures,
Hamburg, Deutschland

I will present a method which operates on a different principle than
the more common coulter-counting electric-based detection. It is an
impedance-based microfluidic circuit that makes use of radio frequency
reflectometry to measure the translocation of single particles through
a micropore, filled with electrolyte. The device is a coplanar wavegui-
de which lies perpendicular to the direction of flow. As a comparison
measurement the change of the ion current is measured during the
translocation of named particles. The structure of the cpw is brought
onto a coverslip by optical lithography. An ArF excimer laser is used
to drill the pore into the coverslip at the sensing region. A focused ion
beam is used to reshape the sensing region to ensure that the pore
lies within the confinde electric field. An integrated circuit is used to
match the device to the 50 ohm. The biggest advantage of this device
compared to the other coulter-counting devices is the sampling rate
of up to 1 GHz. With such a rate it would be possible to analyze the
dynamic of single translocation events of e.g. molecules.

BP 15.12 Tue 14:00 Poster B
Floating Lipid Bilayers at the Liquid/Liquid interface —
eERrRNEsSTO ScoppoLAl, IeNacio RODRIGUEzZ-LOUREIRO!, SAMAN-
THA MicciuLLal, Lucas Kunrrs!, Ricnarp CamPBELL?, OLEG
KonovaLov3, GiovanNa FraGNETOZ?, and EMANUEL SCHNECK!
IMax Planck Institut fur Kolloid und Grenzfkachenforschung, Pots-
dam, Germany — Z2Institut Laue-Langevin, Grenoble, France —
3ESRF, Grenoble, France

Biological membranes are vital components of all living organisms.
They form the boundaries between the various compartments of cells
and constitute platforms for essential biochemical processes. Struc-
tural insight is often a prerequisite to understand the details of these
processes. X-ray and neutron reflectometry enable the structural char-
acterization of model biological membranes and of their interactions
with a variety of biomolecules. However, when using these approaches,
studies on molecules crossing the membrane or deeply penetrating into
the bilayer chain region turned out to be difficult, because membrane
mobility often suffered from the presence of the solid surface. Here we
immobilize lipid membranes near functionalized liquid/liquid (L/L) in-
terfaces. The latter are intrinsically soft, self-healing, defect-free, and
enable the manipulation of the interface from both sides. Lipid bilayers
were immobilized via vesicle fusion onto oil/water interfaces function-
alized with charged lipids and structurally investigated using specular
reflectometry. The interaction between the bilayer and the L /L inter-
face was tuned by variation of the ionic strength, as evidenced by a
bilayer displacement relative to the interface.

BP 15.13 Tue 14:00 Poster B
Synergetic Effects of a Cationic Surfactant and Alcohol in
Antibacterial Function — eJuprtn THoMA!, WASIM ABUILLANZ,
IrpEl Furikapo?, Suicero INour®, THoMAs Gursmann?, KLaus
BranDENBURG?, OLEG KonovaLov®, and Moromu Tanakal:6 —
Hnstitute for Physical Chemistry, University of Heidelberg, Germany

— 2Department of Fundamental Engineering, University of Tokyo,

Japan — 3Analytical Science Research, Kao Corporation, Tokyo,
Japan — 4Research Center Borstel, Leibniz-Center for Medicine and
Biosciences, Germany — SEuropean Synchrotron Radiation Facility

(ESRF), Grenoble, France — SInstitute for Integrated Cell-Material
Science, Kyoto University, Japan

The outer membrane of Gram negative bacteria displays a dense layer
of lipopolysaccharides (LPSs) that protects the bacteria against envi-
ronmental changes. Previously, Kao Co. (Japan) demonstrated sig-
nificant improvement in anti-bacterial activity of cationic surfactants
in coexistence with benzyl alcohol (BA). Simultaneous measurements
of X-ray reflectivity (XRR) and grazing incidence X-ray fluorescence
(GIXF) at the interface between sanitary agents and model bacterial
surfaces based on LPSs determined how the fine structures and ion
density profiles in the proximity of the interface is altered by cationic
surfactants and benzyl alcohol. Focus is put on the localization of
Ca2t ions, which were proved to play a vital role in rejecting cationic
antibacterial peptides from LPS monolayers. A significant enhance-
ment of interactions between cationic surfactants and LPSs could be
demonstrated by the addition of BA even in the presence of Ca?* ions.
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BP 15.14 Tue 14:00 Poster B
Influence of phospholipid membranes on Beta2GPI confor-
mation — ePrTER NEsTLER!2, INna BucuuoLz!2, and MIHAELA
DeLceal? — University of Greifswald, Institute for Biochemistry,
Felix-Hausdorff-Str. 4, 17487, D-Greifswald, Germany — 2ZIK HIKE,
Fleischmannstr. 42, 17489, D-Greifswald, Germany

Beta 2 glycoprotein I (Beta2GPI) is abundant in human plasma
and known to be the main antigen involved in autoimmune an-
tiphospholipid syndrome (APS). Beta2GPI exists in two main struc-
tural conformations: The open/active form which potentially leads
to the formation of immunogenic antibody-protein complexes and
the closed/passive form in which Beta2GPI has undergone folding
and binding to itself. However, the exact physiological function of
Beta2GPI has not been fully understood. Here we study the interac-
tion of Beta2GPI with phospholipid model membranes. Supported
lipid bilayers (SLB) of tetramyristoyl cardiolipin (TMCL) as well
as mixtures of dimyristoyl phosphoglycerol (DMPG) and dimyristoyl
phosphocholine (DMPC) are prepared using Langmuir-Blodgett trans-
fer. A novel approach using atomic force microscopy (AFM) imaging
data allows to quantitatively determine the conformation of flatly ad-
sorbed Beta2GPI in presence and absence of SLB, respectively. First
findings promise to elucidate the role of phospholipids in Beta2GPI
activation.

BP 15.15 Tue 14:00 Poster B
Dynamic Optical Displacement Spectroscopy to Explore Ul-
trafast Bio-Membrane Dynamics — eCoORNELIA MoNzeL!:2:5,
DaNIEL ScHMmIDT3%, ANA-SuNcaNa SmiTH?, Upo SEIFERT?, KHEYA
SenGUPTA?, and RupoLF MERkEL! — !Forschungszentrum Jiilich,
Institute of Complex Systems 7, 52428 Jiilich — 2Université Aix-
Marseille, CNRS UMR, 7325 (CINaM), 13288 Marseille — 3FAU Erlan-
gen, EAM, 91052 Erlangen — “Universitit Stuttgart, II. Institut fiir
Theoretische Physik, 70550 Stuttgart — °present address: University
of Diisseldorf, Department of Physics, 40225 Diisseldorf

The cell membrane not only forms a mechanical barrier, but is also
involved in processes such as cell shape regulation, endo-/exocytosis,
adhesion or membrane ruffling. To enable these physiological functions
the membrane has to be soft and easily deformable, it exhibits active
deformations and thermal fluctuations. Here we explore the nature of
membrane fluctuations in model systems and cells with a novel method,
called Dynamic Optical Displacement Spectroscopy (DODS). Based on
a conventional Fluorescence Correlation Spectroscopy setup, this new
approach combines the sensitivity of focal spot measurements (spa-
tial detection limit of 20 nm) with a high dynamic range (1072-10 s).
We validate DODS on giant unilamellar vesicles and derive fluctua-
tion amplitude, membrane tension, and hydrodynamic damping with
an extended membrane theory accounting for the experimental resolu-
tion. Moreover, we use DODS to quantify ATP-dependent membrane
dynamics in red blood cells and effects of y-interferon priming on the
ruffling behavior of human macrophages.

BP 15.16 Tue 14:00 Poster B
Study of elastic modulus of phospholipid bilayers — eMJ
ReramaL!, R CaraLan2, M CisterNas?, N Moraca?, D Diaz2,
TP CorraLes®, M Buscu?, P HuBer?, M SoTo-Arriazal, and
UG VoLkMANN? — IFaculty of Chemistry and CIEN-UC, P. Univ
Catolica de Chile, Santiago, Chile — 2Institute of Physics and CIEN-
UC, P. Univ Catolica de Chile, Santiago, Chile — 3Department of
Physics, UTF Sta Maria, Valparaiso, Chile — 4TUHH, Hamburg, Ger-
many

Study of artificial phospholipid membranes (PMs) on plane substrates
has become relevant to contribute in the field of Bionanotechnology. In
this work, we analyse the temperature dependence of Youngs modulus
(YM) of several PMs (DPPC, DMPC and DSPC) performing Atomic
Force Microscopy (AFM) and Surface Force Spectroscopy (SFS) mea-
surements. Phospholipids were deposited in high vacuum on silicon
substrates by physical vapour deposition (PVD). Using Raman Spec-
troscopy, we confirmed that the chemical structure of our phospho-
lipids remains unchanged after PVD. AFM measurements in liquid
confirm the self-assembly of the phospholipid bilayer. YM measure-
ments obtained by SFS show the main transitions of the phospho-
lipid bilayers. With this we have shown that PMs can be made
by PVD in high vacuum, preserving their structure and mechani-
cal properties after proper hydration. This study opens new path-
ways to assemble phospholipid mixtures by PVD. Acknowledgement:
Postdoctoral grant FONDECYT 3160803 (MJR), FONDECYT grant
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#1141105 (UGV)and #1171047 (MSA), FONDECYT INICIACION
grant #11160664 (TPC), CONICYT Fellowships (RC and MC) and
CONICYT-PIA ACT 1409.

BP 15.17 Tue 14:00 Poster B
Thin-film composite membrane characterization by positron
annihilation lifetime spectroscopy — eMARCEL DICKMANN!,
RuEA VERBEKE?, ToONJEs KoscuiNe3, WERNER Eccer3, Ivo
VankeLEcom?, and CurisTorn HuceENscHMIDT! — 1Heinz Maier-
Leibnitz Zentrum (MLZ) and Physik Department E21, Technische Uni-
versitdt Miinchen, Lichtenbergstrafe 1, 85748 Garching, Germany —
2Center for Surface Chemistry and Catalysis, Faculty of Bioscience
Engineering Sciences, KU Leuven, Celestijnenlaan 200F, 3001 Leuven,
Belgium — 3Institut fiir Angewandte Physik und Messtechnik, Uni-
versitidt der Bundeswehr Miinchen, Werner-Heisenberg-Weg 39, 85579
Neubiberg, Germany

Thin-film composite membranes (TFC) are able to purify water via
means of different pressure-drive processes such as nanofiltration (NF)
and reverse osmosis (RO). Both mechanisms are strongly influenced by
the pore size volume and concentration inside the selective layer. With
the technique of positron annihilation lifetime spectroscopy (PALS)
it is feasible to characterize these attributes. The pulsed low-energy
positron system at the Munich research reactor FRM II provides a
pulsed positron beam of variable energy, which offers the capability
to investigate the free-volume distribution in materials as function of
depth. We explain the measurement principle and present results for
3 different TFC membranes.

BP 15.18 Tue 14:00 Poster B
End of Cooperativity: Chain Exchange Kinetics in Mixed
Polymeric Micelles with Partially Crystalline Cores — eNico
Konigh?, Lutz WILLNER!, THomMAas ZINN3, ViTaLry Pipicu?, and
REemAR Lunp? — 1Jiilich Centre for Neutron Science JCNS and In-
stitute for Complex Systems ICS, Forschungszentrum Jiilich GmbH,
Jiillich, Germany — 2Department of Chemistry, University of Oslo,
Oslo, Norway — S3ESRF - The European Synchrotron, Grenoble,
France — *Jiilich Centre for Neutron Science JCNS, Forschungszen-
trum Jiillich GmbH, Outstation at MLZ, Garching, Germany

Here we present a kinetic study on the chain exchange in mixed poly-
meric micelles containing partially crystalline cores. We are inter-
ested in understanding how cooperative phenomena such as crystal-
lization and melting affect the dynamics of self-assembled systems.
As a model system we use n-alkyl-PEO with a molecular weight of
roughly 5kg/mol. In water these molecules form star-like micelles with
a strongly segregated alkane core that partially crystallizes. This cre-
ates an additional energy barrier that needs to be overcome during
chain expulsion. We employ time-resolved small-angle neutron scatter-
ing (TR-SANS) to track the exchange kinetics. We investigated mix-
tures of C28-PEO and C22-PEO and determined the respective melt-
ing enthalpies using differential scanning calorimetry (DSC) which was
quantitatively compared to the kinetic data obtained from TR-SANS.
We found that the core crystallization occurs cooperatively while the
intermicellar chain exchange processes of C28-PEO and C22-PEO are
virtually decoupled.

BP 15.19 Tue 14:00 Poster B
Segmentation of dark field images from scanning X-ray micro-
diffraction — eCniara Cassini', ANDREW WITTMEIER!, MANFRED
BurcHAMMER?, and SArRAH KosTER! — Institute for X-Ray Physics,
Georg-August-Universitit Gottingen, Germany — 2ESRF, Grenoble,
France

Imaging nanostructures within cells presents several challenges: a high
resolution method, capable of retrieving structural information at sub-
cellular length scales, without the need for slicing the cells, is prefer-
able. Optical imaging techniques and electron microscopy meet some,
but not all of this requirements. Due to their small wavelength and
high penetration depth, X-rays can access the nanometer range in in-
tact cells. In particular, we focus on scanning micro-diffraction. Our
samples are freeze-dried cells grown on SiN windows; each window con-
tains several hundreds of cells. In the past, each cell scan took minutes
to hours. However, we have recently employed a special fast scanning
mode that allowed us to image an entire window within a single scan,
in approximately 7 hours only. This approach ensures the collection of
a statistically significant pool of data in a realistic timespan. However,
the data analysis becomes more challenging: the selection of the differ-
ent regions of interest to be analyzed is usually performed by hand on
the dark field image of a single scan, but this is not feasible on images
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containing hundreds of cells. Thus, an automated alternative is re-
quired. A semi-automated segmentation strategy, based on Bradley’s
and Otsu’s thresholding, is presented for the selection of background,
cytoplasm and nuclei regions.

BP 15.20 Tue 14:00 Poster B
Cyclic Olefin Copolymer as an X-ray Compatible Material
for Microfluidic Devices — eMANUELA DENz, GERRIT BREHM,
and SARAH KOsTER — Georg-August-Universitdat Gottingen, Gottin-
gen, Deutschland

Microfluidics is a well-established technique in biophysics, in particular
in microscopy experiments. In recent years, microfluidic devices have
also been combined with X-ray methods, taking advantage of the fact
that with X-rays, smaller length scales can be probed than with visible
light. For these applications, the choice of window material for the mi-
crofluidic chip is the key element. Therefore, a low background signal
and high radiation resistance of the material are desired. Furthermore,
reproducible and straightforward device fabrication is important for
the establishment of such devices in the community. In this study, we
present devices solely made out of cyclic olefin copolymer (COC). We
fabricated the devices from two COC sheets with similar glass tran-
sition temperatures, so that no gluing or plasticization is necessary.
In a comparative study with Kapton (polyimide) devices, a material
widely used in relation with X-rays, we characterized the devices ac-
cording to their suitability for our X-ray measurements and obtain
data of equal quality. In a second step, we investigated the assembly
process of weakly scattering vimentin intermediate filament proteins,
which shows that the COC devices are very suitable for protein as-
sembly studies and thereby open up a large variety of applications in
biophysics.

BP 15.21 Tue 14:00 Poster B
Lentiviral infection leads to blue fluorescent labeling of can-
cer cells — eLoreNa HEeNTscHEL!, Maja STrRucacevac!, Con-
sTANZE WiEk?, JuLiaA KrisTIN?, MARCEL GLAAS?, JORG SCHIPPER?,
and Marnias GerzLarr! — !Institute of Applied Physics, Univer-
sity of Diisseldorf, Universitatsstr. 1, 40225 Diisseldorf, Germany —
2Diisseldorf University Hospital, Department of Otorhinolaryngology,
Moorenstrafse 5, 40225 Diisseldorf

Previous studies in biophysics show that the behavior and properties
of cells depend on their physiological environment, weather it is the
coating or their coexistence with other cells. A simultaneous investiga-
tion of different cell types, such as in a human body, is indispensable.
To do so, a specific labeling is necessary in order to distinguish one
cell type from the other unambiguously.

Our group’s research deals with the morphological differences be-
tween squamous cell carcinoma cells and non-tumor dysplastic oral
keratinocytes of the head-neck area. Using a laser scanning fluores-
cence microscope, e.g., cell membrane and mitochondria can be inves-
tigated in detail. In order to label the carcinoma cells, a lentiviral
vector is applied which results in translating a blue fluorescent pro-
tein. This method allows the research of two co-cultivated different
cell types under the same experimental conditions and possible change
of properties due to interaction.

As mitochondria play a huge role in the behavior of cancer cells, we
focus on the investigation of their differences in the two observed cell
types. Our latest results are presented in this contribution.

BP 15.22 Tue 14:00 Poster B
Soft-landing of folded proteins by ES-IBD for imaging —
eSVEN SziLagyr', Hannaa OcuNER!, Lukas KrumBErIN!, JosepH
Gaurr?, ALBERT KONLINENBERG3, EsTHER MARTIN®®®  JusTIN
BenescH?, FrRank SosoTT?45 CaroL RoBinson2, SABINE ABB!,
STEPHAN RauscHENBACHD?, and Kraus Kernb® — 1Max-Planck-
Institut fiir Festkorperforschung, 70569 Stuttgart — 2Department of
Chemistry, University of Oxford — 3Department of Chemistry, Uni-
versity of Antwerp — 4Astbury Centre, University of Leeds — ®School
of Molecular and Cellular Biology, University of Leeds — %Ecole poly-
technique fédérale de Lausanne, CH-1015 Lausanne

Native electrospray ionization has been shown to successfully bring
proteins and protein complexes in their natively folded state into the
gas phase, where further analysis by mass spectrometry and ion mo-
bility spectrometry can be performed [1]. However, these methods are
not sufficient for determining structural details at the level of imaging
techniques such as TEM, AFM, STM or low energy electron hologra-
phy (LEEH), which require a very clean sample preparation process.
Here, we demonstrate the usage of electrospray ion beam deposition
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(ES-IBD) as a tool for sample preparation of folded proteins for single
molecule microscopy [2]. We present examples of successfully deposited
molecules imaged using the above techniques and explore the influence
of different substrates and environmental conditions.

[1] Nat. Meth., 5(11), 2008, 927-933. [2] Annu. Rev. Anal. Chem.
2016, 9: 16.1-16.26

BP 15.23 Tue 14:00 Poster B
Low Energy Electron Holography as a tool for imaging
single proteins at high resolution — eHANNAH OcCHNER!,
SVEN SziLacyi!, WoLFGANG STIEPANY!, PETER ANDLER!, MARKO
MEMMLER!, SABINE ABB!, STEPHAN RAUscHENBAcHYZ, and KLAUS
Kern!3 — 1Max-Planck-Institut fiir Festkorperforschung, 70569
Stuttgart — 2Chemistry Research Laboratory Department of Chem-
istry, University of Oxford — 3Ecole polytechnique fédérale de Lau-
sanne, CH-1015 Lausanne

Protein function is intimately linked to the protein’s native 3D fold-
ing, hence determining these structures is of tremendous importance.
Low Energy Electron Holography (LEEH) [1], pioneered by Fink and
colleagues, is an elegant imaging method using coherent low energy
electrons (50-200eV)[2] avoiding radiation damage and hence allowing
for single molecules investigations [3|. Because holograms contain in-
formation regarding both amplitude and phase of the object wave field,
a full 3D reconstruction can in principle be obtained by numerical re-
construction of experimentally acquired holograms. Thus, unlike in
other structure determination methods such as Cryo-EM and XRD at
FELs, averaging is not required. The poster gives an overview of the
experimental technique and a new setup, along with the theoretical
background and preliminary results.

[1] Phy. Rev. Lett, 1990, 65(10), 1204-1206.

[2] Phys. Scr., 1988, 38, 260

[3] PNAS 114, 1474-1479 (2017)

BP 15.24 Tue 14:00 Poster B
Functionalizing AFM probes with fluorescent nanodiamonds
for multimodal spectroscopy approaches — eFREDERIKE ERB!,
TuoMmas REeisser!, FEpor JeLEzKO2?, and Kav-E. GoTTscHALK!
— Unstitute of Experimental Physics, Ulm University, Germany —
2Intstiute of Quantum Optics, Ulm University, Germany

Fluorescent nanodiamonds (FNDs) offer various new imaging and
metrology approaches, especially in the life sciences. Nanodiamonds
containing nitrogen-vacancy centers (NV-centers) as fluorophores emit
light in the near-infrared window of bioimaging. Their luminescence
properties depend on the environment and thus FNDs can not only
be used for bioimaging but also find an application as part of various
biosensors. As they are biocompatible and non cytotoxic, they can be
used for many experiments in vivo.

To offer an easy experimental procedure, it is considered practical to
have an NV-center at the very tip of an AFM cantilever. [1,2] To build
such a sensor, we want to attach an FND firmly to the cantilever. We
present accomplishments and techniques on this task.

References:

[1] Hall, L. T. et al. (2010): Monitoring ion-channel function
in real time through quantum decoherence. In: Proceedings of
the National Academy of Sciences 107 (44), S. 18777-18782. DOLI:
10.1073/pnas.1002562107.

[2] Zhou, Tony X. et al. (2017): Scanning diamond NV center probes
compatible with conventional AFM technology. In: Appl. Phys. Lett.
111 (16), S. 163106. DOI: 10.1063/1.4995813.

BP 15.25 Tue 14:00 Poster B
Distance sensing using Metal Induced Energy Transfer
(MIET) — eFaBiaN Porr and Kay-E. GorrscHALK — Institute
of Experimental Physics, Ulm University, Germany

In the last few decades the correlation between cell mechanics and
different physiological or pathophysiological conditions, like stem cell
differentiation [1] or cancer [2], has been a growing aspect of biophys-
ical research. To understand the underlying mechano-chemical feed-
back cycles, it is important to understand the mechanical properties
of cells under varying conditions. Cell mechanics is to a large extent
determined by the cells’ cytoskeleton. For a detailed analysis of the
cytoskeletal structures, a method to measure small distances in cells is
needed. A technique which meets this challenge is Metal Induced En-
ergy Transfer (MIET) [3]|. Here we show a first analysis of the distance
between vimentin and the underlying surface in different cell lines and
demonstrate the usefulness of MIET for analyzing cytoskeletal struc-
tures close to the basal membrane.
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[1] Suresh, S., Spatz, J., Mills, J. P., Micoulet, A., Dao, M., Lim, C.
T.,and Seufferlein, T. (2005). Connections between single-cell biome-
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[2] Sokolov, I. (2007). Atomic force microscopy in cancer cell re-
search. Cancer Nanotechnology, 1-17.

[3] Chizhik, A. I., Enderlein, J. et al. (2014). Nature Photonics, 1-8.
http://doi.org/10.1038 /nphoton.2013.345

BP 15.26 Tue 14:00 Poster B
X-ray Imaging of DNA Compaction During the Cell Cycle —
e ANDREW WITTMEIER, MAREIKE TOPPERWIEN, CLEMENT HEMON-
NoT, and SARAH KOSTER — Institute for X-ray Physics, Gottingen,
Germany.

Imaging nanoscale structures within a cell presents several challenges.
Visible light imaging techniques, such as phase contrast or fluorescence
microscopy, can image living cells but they cannot access the nanoscale,
with the exception of super-resolution techniques. Electron microscopy
can access nanometer length scales but at the expense of detrimental
sample preparation methods, e.g. staining and slicing the cell. To
overcome these limitations, we combine complementary methods and
employ imaging techniques involving X-rays: their high energies allow
for high penetration depths without the need of disassembling the sam-
ple, and they can access the necessary length scales of nanostructures
such as DNA. Although X-rays can be used to image living cells, the
electron density contrast between the sample and aqueous environment
is lower when compared to lyophilized cells. In order to follow the tem-
poral evolution of the DNA compaction throughout the cell division
process, we first record time-lapse phase contrast videos of the cells,
thus ensuring their previous division history is known. After chemi-
cally fixing and lyophilizing the cells, measurements are taken of cells
that are at different stages of the division process. The presented data
includes analysis on the projected electron density, morphology, com-
pactness, size and aggregation of the nuclear material, and was gath-
ered by combining X-ray nano-diffraction, full-field holography and
STED microscopy.

BP 15.27 Tue 14:00 Poster B
An integrated platform for rapid semi-confocal imaging and
spatially resolved fluctuation microscopy — eADAL SABRI, AN-
DREAS VERES, and MATTHIAS WEISS — Experimental Physics I, Uni-
versity of Bayreuth

Fluorescence imaging is a key method when studying the secret life
of cells. Due to the tradeoff between spatial and temporal resolution,
rapid, high-quality data acquisition often comes at the cost of complex
and technically challenging methods.

Here, we report on a simple line-illumination and slit-filtering ap-
proach for the rapid imaging of large specimen (up to 700um edge
length). The technique is about an order of magnitude faster than
standard confocal microscopy approaches while maintaining a spatial
resolution close to the diffraction limit.

In addition, swift switching to a second excitation/detection path
within the same setup allows for performing two-point cross-correlation
fluctuation spectroscopy measurements on sub-micron scales. The
setup hence allows one to determine local transport coefficients as well
as barriers to diffusion and flows in living cells.

Altogether, the setup provides a combination of rapid imaging and
the analysis of dynamic intracellular events on subcellular scales.

BP 15.28 Tue 14:00 Poster B
Assessing the Spatial Heterogeneity of Crowding in Living
Cells — oCrLaUDIA DonTH and MatrTHIAS WEISS — University of
Bayreuth, Experimental Physics I

Although the interior of living cells consists of a plethora of unevenly
distributed macromolecules and membrane-enclosed organelles cover-
ing several size ranges, cellular fluids are typically assumed to be ho-
mogeneously crowded solutions.

To explore the spatial heterogeneity of cellular fluids we used FRET,
FLIM and confocal imaging as well as ratiometric confocal imaging in
living cells. Based on the definition of the signal-to-noise ratio we de-
fined the heterogeneity of an observable as the ratio of its standard
deviation and its mean. By means of simulations we established the
relation between the heterogeneity of crowding and the heterogeneity
of emitted fluorescence intensity, allowing us to determine the local
spatial heterogeneity of cellular crowding from imaging data.

Using different fluorescence markers we analyzed the spatial hetero-
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geneity of macromolecular crowding states as well as that of the local
ATP:ADP ratio. In addition to our measurements in interphase and
metaphase cells we did time-lapse measurements in cells subjected to
osmotic and oxidative stress as well as cells undergoing apoptosis to
gain insight into possible dynamic changes of the local heterogeneity
of cellular fluids.

Our results suggest a considerable spatial heterogeneity of cellu-
lar fluids with marked differences between nucleoplasm and cytoplasm
that even persist after nuclear envelope breakdown.

BP 15.29 Tue 14:00 Poster B
A comparison of quantitative diffusion measurement tech-
niques in a light sheet microscope — ePHiLIPP STRUNTZ and
MarTHIAS WEISS — University of Bayreuth, Experimental Physics I
, Universitétsstrafse 30, 95447 Bayreuth, Germany

Monitoring the diffusion of particles and macromolecules with high
spatiotemporal resolution yields important clues about the secret life
of biological specimen. Heterogeneous biological samples may fea-
ture spatially varying diffusion characteristics while demanding gentle
imaging approaches with low phototoxicity to maintain the specimen’s
viability. Combining single plane illumination microscopy (SPIM)
and fluorescence correlation spectroscopy (FCS) provides a versa-
tile and gentle measurement technique for spatially parallelized diffu-
sion measurements, even in fragile developmental model systems like
Caenorhabditis elegans [1]. In order to compare SPIM-FCS to com-
plementary techniques like Single Particle Tracking (SPT) and Differ-
ential Dynamic Microscopy (DDM), we have used in-vitro systems of
fluorescently labeled particles in aequous solutions. While SPIM-FCS
and SPT basically report on a particle’s mean square displacement,
DDM is a light scattering technique based on the analysis of power
spectra of difference images. All three techniques were implemented
on the same custom-made SPIM setup. As a result, we observed that
each technique has certain strengths and weaknesses regarding sample
properties and setup characteristics.
[1] P. Struntz & M. Weiss, J. Phys. D 49, 044002 (2016).

BP 15.30 Tue 14:00 Poster B
Tracking network dynamics and topology of the endoplas-
mic reticulum — eKONSTANTIN SPECKNER, LORENZ STADLER, and
MarTHIAS WEIsSs — University of Bayreuth, Experimental Physics 1

The endoplasmic reticulum (ER) is an interconnected membrane sys-
tem that extends throughout the cytosol of eukaryotic cells and serves
specialized domains for essential cellular tasks. While the rough ER
with membrane attached ribosomes is the major site of protein syn-
thesis, the tubular meshwork of the smooth ER carries out lipid
metabolism. The shape of this membrane network is constantly subject
to modifications that are induced by cytoskeletal transport processes.

To gain insights into the ER’s dynamic morphogenesis and topology,
confocal fluorescence microscopy was used for cells at different condi-
tions. By combining elements of morphological image processing and
concepts of single-particle tracking experiments the organelle’s shape
was skeletonized to planar graphs composed of ER edges and nodes.
When examining distinctive characteristics of complex networks, fea-
tures of spatial networks were found for the ER’s shape. Also, the
subdiffusive and anticorrelated movement of individual ER network
nodes was analyzed. Quantifying the motion of ER branchpoints in the
presence and absence of cytoskeletal elements highlighted the role of
active fluctuations for the ER’s dynamic morphogenesis in the crowded
interior of living cells. With this information, the motion of proteins
and specialized domains on the ER could be compared to the overall
motion of the ER network.

BP 15.31 Tue 14:00 Poster B
Growth dynamics of interphase nuclei during the
early embryogenesis of Caenorhabditis elegans — eRoLF
FICKENTSCHER!, AKATsUKI KiMura2, Tomoko OzawaZ, and
MatTHiAs WEiss! — !Universitit Bayreuth, Bayreuth, Germany

— 2National Insitute of Genetics, Mishima, Japan

The nuclear-cytoplasmic ratio, i.e. the volume ratio of a cell’s nucleus
and cytoplasm, is known to be crucial for proper development: It reg-
ulates the midblastula transition in certain species but it is also linked
to a variety of pathophysiological processes. Yet, how nuclear size is
regulated is poorly understood. Here, we have used the model or-
ganism Caenorhabditis elegans to investigate the dynamics of nuclear
volumes during interphase in early blastomeres. We show that nuclei
grow with an exponential scaling towards an asymptotic volume that
correlates linearly with the total cell volume. This result suggests a
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limiting component to govern the asymptotic nuclear volumes. Yet,
due to an inverse scaling of interphase duration and cell volume, these
asymptotic volumes are frequently not reached in early blastomeres.
Moreover, nuclear growth rates are independent of temperature but are
anti-correlated with cell size, consistent with a diffusion-limited pro-
cess governing the nuclear expansion. The variability between different
embryos is exceptionally small, highlighting once more the superb re-
producibility of the organism’s embryogenesis.

BP 15.32 Tue 14:00 Poster B
Photonic Force Microscopy (PFM) on cell cultures — eLILIAN
WEISSER, ToBias NECKERNUss, OTHMAR MARTI, and HEINRICH
HORrBER — Institute of Experimental Physics, Ulm University

In confocal microscopy a high spatial resolution is obtained by focus-
ing a laser to diffraction limit. Only the focus volume of the laser
illuminating the sample is observed. The sample, usually biological
cells, is a 100pm thick glass sample chamber. This chamber is lo-
cated between a 100x oil immersion objective and condenser. In such
a setup the laser focus allows also the manipulation of a nanoparticle
using optical forces. An interference detection scheme using a quad-
rant photodiode enables position detection of nanoparticles in the focus
with nanometer precision and time resolution of microseconds. Such
a setup can be used to characterize interactions of nanoparticles with
the environment. Until now this PFM was mainly used for mechanical
characterization of the molecular motor Kinesin and so called mem-
brane rafts in living cells. To do experiments directly in cell culture
dishes with optically graded thin glass at the bottom, a 100x water
immersion objective will be used as a condensor. The PFM can be
employed for long time observations on living cells, which can be kept
healthy in the dishes for the time of the measurement, even if it lasts
for days.

BP 15.33 Tue 14:00 Poster B
High-speed imaging of rotational diffusion of a gold nanorod
on a supported lipid bilayer — eManpr Mazasgri! and VAHID
SanpoGHDAR? — IMax Planck Institute for the Science of Light,
Erlangen, Germany. — 2Department of Physics, Friedrich Alexander
University (FAU) Erlangen-Niirnberg, Erlangen, Germany.

Many of the important functions of biomembranes depend on its flu-
idity because it determines the translational and rotational motion of
lipids and membrane proteins. In this work, we use total internal re-
flection dark field microscopy (TIRDF Microscopy) to study the lateral
and rotational diffusion of gold nanorods (GNR) linked to an artificial
supported lipid bilayer.

Streptavidin-conjugated gold nanorods of length 71 nm and diam-
eter of 25 nm were attached to headgroup-biotinylated DOPE lipids
in DOPC supported lipid bilayers. GNRs were illuminated with laser
light of well-known polarization and their scattered light was detected
on a fast camera after separating various polarization components.
By monitoring the time-dependent polarization of the detected signal,
rotational and lateral diffusion of individual GNRs is imaged. Specif-
ically, we can determine the angular orientation and center of mass
position of the rod with microsecond temporal resolution. Using this
approach, one can infer information on the physical properties and
local dynamic behavior of the membrane such as local viscosity, short-
range diffusion, and compositional heterogeneity.

BP 15.34 Tue 14:00 Poster B
imaging by focus series reconstruc-
tion on non-stained tissue — eKaATHARINA BLEssiNG!2, AL-
BERTO ELJARRAT2, SiMoNE GEnRrRER!, CurisTor T. Kocu?, and
ANA-SUNGANA SMmiTH! — 1PULS-Group, Institiut fiir theoretische
Physik I, Friedrich-Alexander-Universitit, Erlangen — 2AG Struk-
turforschung/Elektronenmikroskopie, Institut fiir Physik, Humboldt-
Universitat zu Berlin, Berlin

Quantitative phase

Many biological objects neither absorb nor scatter light, i.e. cells and
tissue are widely invisible for conventional microscopy methods. How-
ever, most of their structural information is encoded in the phase.
The field of quantitative phase imaging aims to make this information
accessible.

Here we introduce a focal series reconstruction approach that only
requires a standard optical microscope and computer. The reconstruc-
tion is done by a multi-focus transport of intensity equation (MFTIE)
algorithm out of a focal series acquired around one in-focus shot. It
reconstructs the TIE phase from multiple image pairs and refines it
using a short iterative loop. Both steps take partial coherence effects
into account in a flux-preserving manner. This algorithm provides am-
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plitude and phase information separately. We tested the approach on cells by scanning ion conductance microscopy — LENNART
human osteosarcoma cells. The applicability of the method to imaging Gross!, Juria JeanNINE JuUNG2, eREGINA LaNce!, CHRISTIAN

epithelial tissue will be discussed with MDCK II cell colonies used as
a model system.

BP 15.35 Tue 14:00 Poster B
Design and Instrumentation of an Opto-digital Confocal Mi-
croscope — eBERK ZENGIN', ADNAN KUrr3, and ALPErR Kiraz!?2
— 1Department of Physics, Koc University, Istanbul, Turkey —
2Department of Electrical and Electronics Engineering, Koc Univer-
sity, Istanbul, Turkey — 3Teknofil Limited Company, Istanbul, Turkey

Confocal microscopy has become a vital technique for life sciences due
to higher lateral and axial resolution it provides compared to standard
epifluorescence microscopy. Improved axial resolution increases the
sectioning capability, allowing for the observation of living specimens
in three dimensions.

Despite these, accessibility to confocal microscopes did not escalate
in proportion to its usage around the globe. Therefore, it was aimed
to build an opto-digital confocal microscope, potentially leading to a
product which will be affordable for researchers and organizations at
a diverse scale.

In this work, we present a home-built confocal microscope setup
using commercially available equipment. The design of the setup
was realized using a 488 nm laser, an inverted microscope and op-
tical/optomechanical parts. In addition, dual axis galvo scanner was
controlled by using a custom built control electronics. Instrumenta-
tion was made using a National Instruments DAQ card and LabVIEW
based software. For characterization purposes, calibration ruler and
CD pattern were successfully imaged, followed by imaging of biologi-
cal samples such as HeLa cells.

BP 15.36 Tue 14:00 Poster B
High throughput optical measurement device for suspended
cells and particles — eDaNIEL GEIGER, ToBIAS NECKERNUSS,
Jonas PrEIL, MARKUS SPORER, STEFAN REICH, and OTHMAR MARTI
— Institute of Experimental Physics, Ulm University

We recently developed a novel device, called CellMOUSE that is ca-
pable of continuous, high throughput real-time measurement of sus-
pended cells, bacteria and particles. Properties of the passing objects,
like size, speed, shape and morphology can be determined for each ob-
ject individually. The experimental data for all parameters is obtained
with negligible delay to ease further processing of the passing objects.
A throughput of more than 500 events per second can be achieved.
Hence, measurements of large sample sizes are feasible. The focus in
the development of CellMOUSE was on usability and fast processing
of large amounts of data.

We present details of the working principle as well as the experimen-
tal setup of CellMOUSE.

BP 15.37 Tue 14:00 Poster B
Acoustophoresis: A powerful application in microfluidics for
focussing and sorting microparticles — eToNI SCHILDHAUER!,
Tuomas HenkeL?, and J. MicHAEL KO&HLER! — Technische Uni-
versitét Ilmenau, FG. Physikalische Chemie/Mikroreaktionstechnik,
Prof.-Schmidt-Str. 26, 98693 Ilmenau, Deutschland — 2Leibniz In-
stitut fiir Photonische Technologien IPHT Jena, AG. Mikrofluidik,
Albert-Einstein-Str. 9, 07745 Jena, Deutschland

This work reports the implementation and testing of acoustophoresis
into micro structured fluid channels for the purpose of focussing re-
spectively sorting microparticles of different sizes and materials. To
get valid images for e.g. flow cytometry cells need to be in the fo-
cal plane. Usually particles in microfluidic channels are distributed
throughout its whole height, which is a multiple of the particles di-
ameter as well as the range of the focal plane. Acoustophoresis was
integrated into a microfluidic chip design of the IPHT Jena. Using
micro algae and polystyrene particles in a size range of 10 um it was
shown, that all particles can be moved into one plane under the in-
fluence of acoustophoretic forces and hence imaged sharply. Further-
more, two new microfluidic chips were designed for particle sorting
application by acoustophoresis. With acoustophoresis, sorting by size
is achievable up from 1 um upwards. With polystyrene particles in
a diameter range from 3 to 25 um, the functioning of the sorting ap-
plication was confirmed by microscopy imaging and DCS (differential
centrifugal sedimentation spectroscopy).

BP 15.38 Tue 14:00 Poster B

Monitoring activity of stem-cell derived cardiac pacemaker
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VOLKNER!, SVEN KRAFT!, INco BARKE!, CHRISTIAN RIMMBACHZ,

GusTtav STEINHOFF?, RoBERT Davip?, and SyLvia SPELLER! —
LUniversity of Rostock, Institute of Physics, 18059 Rostock, Germany

— 2University of Rostock, RT'C, 18057 Rostock, Germany

Cell-based sensors and assays are typically used to aid drug design
and to monitor water, medium, or air quality. A number of transduc-
tion mechanisms are employed, such as ion currents or luminescence.
In our case we used scanning ion conductance microscopy (SICM) [1]
to observe the live-cell morphology and dynamics of individual sinus
nodal cardiomyocytes derived by forward programming from pluripo-
tent stem cells [2]. The membrane displacements and surface morphol-
ogy have been characterized by SICM in the native state on the pacing
sinus nodal cells and while transiently inhibited pacing, respectively.
Beating patterns in the range of a few Hertz and of a displacement of
about 1 pum were observed. We noticed an influence of the distance
between the nanopipette and the cell surface on the beating behav-
ior. Characteristic features in the temporal spectra are analyzed with
regard to the electro-mechanic pacing of the sinus nodal cells. An ap-
proach to discriminate possible participation of ion current variation
directly from the cell is developed.

[1] C-C Chen et al., Annu Rev Anal Chem 5, 207 (2012)

[2] JJ Jung et al., Stem Cell Rep 2, 592 (2014)

BP 15.39 Tue 14:00 Poster B
Motion artifact compensation in optical mapping studies
with motion by combining marker-free tracking and ratio-
metric imaging — eVINEESH KAPPADAN!, JOHANNES SCHRODER-
ScueTELIG!, ULricH Parritz!, STErAN LuThHer!:2, and Jan
Curistorn’? — 1Max Planck Institute for Dynamics and Self-
Organization, Gottingen, Germany — 2German Center for Cardio-
vascular Research (DZHK e.V.), Gottingen, Germany

Fluorescence imaging or optical mapping provides highly detailed visu-
alizations of cardiac electrophysiology in isolated, intact hearts. Recent
developments in optical mapping have opened the path for being able
to perform imaging with beating and moving hearts.

Here, we show that marker-free motion tracking and ratiometric
imaging can be combined effectively to reduce motion artifacts when
filming a beating Langendorff-perfused isolated rabbit heart. We also
show that marker-free motion tracking with simultaneous imaging of
action potential and calcium transient waves provides a novel tool for
investigating the electromechanical dynamics of the heart.

We find that combining motion tracking and ratiometry can signif-
icantly enhance motion artifact reduction and allows the comparison
and cross-validation of the two techniques with respect to each other.

BP 15.40 Tue 14:00 Poster B
Qualitative detection, control and analysis of red blood cells
(RBC) in a microfluidic channel by a commercially available
650 nm DVD laser pickup — eMax voN WITZLEBEN and STEFAN
BREUER — Institut fiir Angewandte Physik, Technische Universitét
Darmstadt, Schlossgartenstrafe 7, 64289 Darmstadt, Germany

Commercially available DVD laser pickups are compact, robust and
exhibit a good beam quality. They have been successfully employed
in spatially controlling of cells by translating the laser beam inside a
microfluidic channel by Kasurkurti et al. [1]. The full vertical con-
trol and contactless cell positioning however, was not possible due to
constraints of the chosen experimental configuration. Here, we demon-
strate experimentally that RBCs, placed in an appropriate solution can
be fully controlled in 3 dimensions inside a tailored microfluidic chan-
nel. We experimentally access static and dynamic properties of RBCs
based on a monolithic light detection configuration. [1] Kasukurti, A.,
Potcoava, M., Desai, S.A., Eggleton, C. and Marr, D. Optics Express,
19(11):10377-10386, 2011.

BP 15.41 Tue 14:00 Poster B

Cost-efficient and compact Digital Inline Holographic Mi-
croscope (DIHM) enabling micrometer resolution for red
blood cell analysis — eSTEPHAN AMANN!, MaX VON WITZLEBEN!,
MARKUS SUSENBURGER?, ZINAN Liu2, and STEFAN BREUER! —
Mnstitut fiir Angewandte Physik, Technische Universitit Darm-
stadt, Schlossgartenstrafie 7, 64289 Darmstadt, Germany — 2iGEM,

Schnittspahnstrafte 4, 64287 Darmstadt, Germany

Light microscopes relying on digital inline holography principle and
camera-based detection and retrieval of image information are the most
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compact and portable solution for imaging of cellular objects. DIHMs
are currently emerging worldwide thanks to their cost-efficient semi-
conductor photonic light sources, rugged design, low number of optical
and mechanical components and immediate 3D manufacturing poten-
tial. Here, we demonstrate experimentally a low-cost DIHM micro-
scope that allow for imaging RBCs and cellular objects. The compact
experimental setup enables to gain morphological information of red
blood cells and can act as a portable imaging system for red blood cell
quality control.

BP 15.42 Tue 14:00 Poster B
Optical detection, control and analysis of plastic micro-
spheres in a microfluidic channel by a semiconductor laser
— eMax voN WITZLEBEN, FLORIAN BODICKER, and STEFAN BREUER
— Institut fiir Angewandte Physik, Technische Universitdt Darmstadt,
Schlossgartenstrafe 7, 64289 Darmstadt, Germany

Micro-particles of sizes ranging from nanometres to micrometres and
stemming from medications or cosmetic products contribute to the
worldwide water pollution. They are hazardous as they readily enter
the food chain of animals and humans. Hence, there is a strong need for
micro-particle detection and filtering in fluids. Here, we present an all
semiconductor photonic concept for detecting, relocating and dynami-
cally studying plastic microspheres of sizes ranging from 3pm to 8um.
By optical control, interferometric detection and analysis, static and
dynamic properties of micro-particles are experimentally accessed. A
simple model allows to reproduce the experimental findings with good
quantitative agreement.

BP 15.43 Tue 14:00 Poster B
Detecting intracellular-changes below the optical resolution
limit to investigate inflammation. — eFLORIAN ScHock!:2:3:4,
JaN Nrumann!2:3 Anna LeNa Lerrke?, ULricH PoscHL?, KURT
Lucas?, and CHrisToPH CREMER!:2:3:4 — 1nstitute of Molecular Bi-
ology, University of Mainz, Mainz, Germany — 2Max-Planck-Institut
for Chemistry Mainz, Germany — 3Institute of Pharmacy and Molec-
ular Biotechnology, University of Heidelberg, Heidelberg, Germany —
4Kirchhoff Institute for Physics, University of Heidelberg, Heidelberg,
Germany

As a result of the interdependency of form and function, microscopy of
intracellular structure has become a standard tool to investigate biolog-
ical processes and medical questions. Hence many projects of the last
decades aimed to discover and improve (super-resolution-) light mi-
croscopy methods to visualize details far below the classical resolution
limit. But it is also possible to use microscopy to identify structures
and structural changes without the need to visualize these. Here we
want to present and use such a method to investigate the effects of
inflammation on mitochondria. Our simulations suggests the possibil-
ity to register changes clearly below the resolution limit by analysing
wide-field images. We will present the results of an in-vitro study on
fibroblasts and the comparison to our simulation. Additionally we will
also report on super-resolution methods (SIM and SMLM) to image
the mitochondria.

BP 15.44 Tue 14:00 Poster B
Fast Correlative Optical Tweezers-Fluorescence Microscopy
(CTFM) for the study of dynamic molecular processes —
ePHILIPP RAaucH, JorDI CABANAS-DANES, RosALIE DRIESSEN, GER-
RIT SITTERS, and ANDREA CANDELLI — LUMICKS B.V. De Boelelaan
1085 1081 Amsterdam

Using optical tweezers in combination with confocal fluorescence mi-
croscopy in a controlled microfluidics environment, results in a robust
and versatile methodology to study mechanisms occurring at all lev-
els of the cellular metabolism, up to cell membrane interactions and
beyond. Both the high temporal and spatial resolutions that correla-
tive optical tweezers-fluorescence microscopy (CTFM) offers represent
an asset to investigate processes with short lifetimes. Additionally, by
being able to manipulate and exert tensions to selected molecules, we
gain access to important structural features. To demonstrate the po-
tential of this hybrid technique, we performed a series of experiments
to study the folding/unfolding dynamics of an intracellular signaling
protein, the packaging of DNA within a bacteriophage capsid and the
dynamics of cytoskeletal filaments and related motor proteins. Our re-
sults show that the applications of this single molecule technology are
not limited to the field of nucleic acids research and quickly advance
to new venues.

BP 15.45 Tue 14:00 Poster B
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Collective Hydration Dynamics in Binary Mixtures: A THz
Time Domain Spectroscopic Study — eDeBasisu Das Ma-
HANTA, NIRNAY SAMANTA, Dipak KumMar Das, and RajiB KumMARr
MiTra — S. N. Bose National Centre for Basic Sciences, Block-JD,
Sector-I11, Saltlake, Kolkata-700106

We have studied the structure and dynamics of water in its binary
mixture with two amphiphilic molecules 1,2-dimethoxy ethane (DME)
and dimethyl sulfoxide (DMSO) by THz time-domain spectroscopy
(TTDS) (0.3-1.6 THz region). In both the cases a non-ideal behaviour
of the mixture is found owing to the formation of water clusters. The
cooperative dynamics of water in those binary mixtures, obtained from
Debye relaxation of TTDS data reveals a non-monotonous behavior as
a function of water concentration (Xw).

BP 15.46 Tue 14:00 Poster B
Photoinduced processes of free bilins in solution: fs TA ab-
sorption spectroscopy on phycocyanobilin and biliverdin IX«a
— eMaxiMmILIAN THEIss!, TILMAN LAMPARTERZ, MARIA ANDREA
Mrocinski®, and RoLr DiLLer! — !TU Kaiserslautern, D-67663
Kaiserslautern — 2Karlsruhe Inst. of Techn., D-76131 Karlsruhe —

3TU Berlin, D-10623 Berlin

Bilins are linear tetrapyrrols with rich photochemistry in solution (1,2),
involving C-C single- and double-bond isomerization of one or several
of the pyrrole methine bridges. When bound to proteins they serve
as chromophore in plant-phytochromes, bacterial sensor proteins and
in optogenetic systems (3). In the bound form protein-chromophor
interaction restricts the potentially possible degrees of freedom (4).
For a better understanding of the underlying mechanisms we study
the primary photochemistry of the bilins phycocyanobilin (PCB) and
biliverdin IXa (BV) in solution, employing fs transient absorption in
the UV /Vis and mid-IR spectral region, complemented by quantum
chemical calculations. In particular, both bilins show conformational
changes, PCB additionally indicates alteration of protonation state via
photoexcitation, which is consistent with previous studies (5).

(1) Falk. (2012) The chemistry of linear oligopyrroles

and bile pigments (Vol. 1). SSBM

(2) Carreira-Blanco et al. (2016) PCCP. 18:7148-7155

(3) Gasser et al. (2014) PNAS. 111.24: 8803-8808.

(4) Singer et al. (2016) CPC. 17:1288-1297

(5) Dietzek et al. (2011) CPL. 515:163-169

BP 15.47 Tue 14:00 Poster B

Adjustment of pulsed laser radiation for strob oscopic

exp eriments — eSTEFAN KRUGER!, ToBias LOFFLER!, Ma-
Ja STruGAcEvac!, Junia KrisTin?, ConsTanze WIEk!, JORrc
ScuipPER? und MaTHIAS GETZLAFF! — lInstitute of Applied Phy-

sics, University of Diisseldorf — 2Diisseldorf University Hospital, De-
partment of Otorhinolaryngology, Mooren- strasse 5, 40225 Diisseldorf,
Germany

This contribution aims to adjust the laser radiation of a fluorescence
microscope depending on the oscillating movement of a piezoelectric
actuator. Through this a stroboscopic effect can be achieved and the
periodic movement of cell parts, depending on the phase of the acou-
stic stimulation, can be observed. The laser can be switched by TTL-
signals, the piezoelectric actuator is controlled using sinus voltages with
frequencies from 0,5 to 10 kHz. The piezo-control-signal is translated
to TTL and the phase and signal-length is adjusted. By controlling
the phase shift between the stimulating wave and the laser pulse we
can select which phase of the cell movement we observe. The adjust-
ment of the laser pulse length helps to regulate the output power and
time resolution of output signal. The set up and a function test will be
presented.

BP 15.48 Tue 14:00 Poster B
Analysis of photoinduced processes of the cyanophage-
encoded phycobiliprotein Lyase ®CpeT:PEB using fem-
tosecond transient absorption spectroscopy — eCHRISTOPHER
CARLEIN, MaximiLiaN  THEIss, NarascHa RiIEDEL, NicoLE
FRANKENBERG-DINKEL, and RoLr DiLLEr — TU Kaiserslautern,
67663 Kaiserslautern, Germany

Phycobiliprotein lyases mediate the chromophore assembly of light
harvesting phycobiliproteins in cyanobacteria (1). Interestingly, some
cyanophages, viruses that infect cyanobacteria, also possess genes en-
coding phycobiliprotein lyases. It has been suggested that they might
contribute to increasing photosynthetic efficiency in cyanobacteria dur-
ing infection (2). The cyanophage P-HM1 encoded phycobiliprotein
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lyase ®CpeT is forming a stable non-covalent complex with the linear
tetrapyrrole phycoerythrobilin (2). To get a better understanding of
how the phycobiliprotein lyases might facilitate the phycobiliprotein
assembly we study the interaction of ®CpeT with its chromophore
PEB, employing fs transient absorption in the UV/Vis spectral re-
gion. This provides insights into the processes after photoexcitation
in protein bound linear tetrapyrroles in contrast to their free form
(3,4). Additionally, we use binding site mutants of ®CpeT to study
the conformation of PEB within the lyase.

(1) Overkamp et al. (2014) JBC. 289:26691-26707

(2) Gasper et al. (2017) JBC. 292:3089-3098

(3) Dietzek et al. (2011) CPL. 515:163-169

(4) Singer et al. (2016) CPC. 17:1288-1297

BP 15.49 Tue 14:00 Poster B
Dielectrophoretic characterization of E. coli membrane
integrity under influence of organic solvents — eARMIN
GRrRUNDMANN!, Marco Rapukic!, HaraLD GROGER?, DaRIo
ANSELMETTI', and MARTINA VIEFHUEs! — !Experimental Bio-
physics, Faculty of Physics, Bielefeld University, Bielefeld, Germany
— 20rganic Chemistry I, Faculty of Chemistry, Bielefeld University,

Bielefeld, Germany

E. coli are of great importance for biotechnological applications as
a whole cell biocatalyst. In combination with organic solvents, new
possibilities arise, given that they do not harm the cells. To study
the effects of solvents, we characterized the integrity of the E. coli
cell membrane before and after incubation by determining its dielec-
trophoretic properties. For that purpose we applied an alternating
electric field to a microfluidic channel featuring a region with insulat-
ing posts generating an inhomogeneous electrical field. The bacteria
can be trapped at the posts if sufficient dielectrophoretic forces are
applied. Using E. coli that express GFP, we were able to characterize
the electric field dependent DEP behavior based on the fluorescence
intensity. The resulting data were fitted with a logistic model and
contain information on the integrity of the cell membranes. Compar-
ing the DEP behavior of incubated E. coli with control measurements
reveals the impact of the solvents on the cells.

BP 15.50 Tue 14:00 Poster B
Label-free microfluidics using electrical impedance spec-
troscopy — e ARMIN GRUNDMANN, DARrRIO ANSELMETTI, and MAR-
TINA VIEFHUES — Experimental Biophysics, Faculty of Physics, Biele-
feld University, Bielefeld, Germany

Label-free detection of particles in microfluidic devices is an important
step towards Lab-on-a-Chip devices, allowing for the analysis of unla-
beled biomolecular samples. Using electrical impedance spectroscopy
(EIS) we were able to detect both polystyrene beads and biological
samples based on their (di)electrical properties. After successfully in-
tegrating this method into our microfluidics setup using a specially
designed chip and holder system, we characterized it by simultane-
ously detecting impedance and fluorescence of fluorescent polystyrene
beads. Thus, we investigated the dependencies of the detection on
sample concentration, measurement signal frequency and external in-
fluences. To drive the samples during the measurements, hydrostatic
pressure was applied, which also turned out to effect the signal. Using
EIS we were then able to detect DNA and E. coli bacteria at various
concentrations. While the detection of small sample concentrations has
proven to be difficult, we obtained promising results for the detection
of higher concentrations. Having found the optimal parameters and
the minimal detectable sample concentration, we will be able to intro-
duce EIS to microfluidic experiments for detection e.g. in separation
applications.

BP 15.51 Tue 14:00 Poster B
Efficient coupling between phycobilisomes, chlorophyll a and
far red light induced chlorophyll f in the cyanobacterium
Halomicronema hongdechloris — ¢ZULEYHA YENICE CAMPBELL,
Franz-Joser ScumiTT, MA1 Vi Bui, and THoMmAs FriEDRICH — TU
Berlin, Institut fiir Chemie, Bioenergetik, Deutschland

The excitation energy transfer processes in the antenna system of the
phototrophic cyanobacterium Halomicronema hongdechloris that con-
tains Chlorophyll a and f in photosystem II with red light induced ac-
cumulation of Chl f was investigated. While H. hongdechloris has only
very low amounts of Chl f in white-light culture conditions the ratio of
Chl f to Chl a is reversibly changed up to 1:8 under illumination with
far red light (720-730 nm). We performed UV-Vis absorption spec-
troscopy, time-integrated and time-resolved fluorescence spectroscopy
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and calculated decay associated spectra (DAS) indicating that highly
efficient EET occurs from phycobilisomes to Chl a with time constants
of about 100 ps in white light. Charge separation occurs with a typ-
ical apparent kinetics of 200-300 ps from Chl a as known from Chl
a containing cyanobacteria like Synechocystis sp. PCC 6803. In H.
hongdechloris, maximal Chl f concentration was observed after 3-4
days of growth under far red light (720-730 nm) and EET from PBS
reached Chl f within 200 ps. However, fast charge separation was not
observed from Chl f. Therefore, it is proposed, based on modeling of
possible rate equation systems of EET that the charge separation oc-
curs from Chl a and excitation energy is funneled from Chl f to Chl a
via an energetic uphill transfer mechanism.

BP 15.52 Tue 14:00 Poster B
Combination of Monte-Carlo simulations and experimental
results to determine the microscopic energy depoit at DNA
— eMaRrc Bensamin Haunb2, Tinomir Soromun?, and HEINZ
STURM?2:3 — 1Freie Universitat Berlin — 2Bundesanstalt fiir Mate-

rialforschung — 3Technische Universitit Berlin

The quantification of radiation induced damage to DNA in aqueous en-
vironment is of fundamental interest for dosimetry and its application
in radiation-therapy and protection. We present a combined experi-
mental and simulational approach to quantify and compare radiation
induced damage to biomolecules in liquid environment for a wide range
of primary radiation sources e. g. photons, electrons or ions and tar-
gets, such as DNA, proteins or cells.[1] To show its viability, we will
apply this method to an experimentally challenging systems, the di-
rect irradiation of plasmid DNA (pUC19) in water with electrons as
primary particles. Here we combine Geant4 electron-scattering simula-
tions with calculations concerning the diffusion and convection induced
movement of the biomolecules, within a coarse-grained model of the
irradiated liquid. Additionally a microscopic target model for the plas-
mid DNA based on the relation of lineal energy and radiation quality
is used to calculate the effective target volume.
[1] Hahn at al. Phys. Rev. E 95 052419 (2017)

BP 15.53 Tue 14:00 Poster B
Developing a coarse-grained potential for double-stranded
RNA from quantum-mechanical calculations — eSErGIO CRUZ-
LE6NY2, Avaro VAzQUEz-Mavacortia®, NADINE ScHWIERZZ, and
Maria Fytal — !Institute for Computational Physics, Universitt
Stuttgart, Allmandring 3, 70569 Stuttgart, Germany — 2Department
of Theoretical Biophysics, Max Planck Institute for Biophysics, Max-
von-Laue-Str. 3, 60438 Frankfurt, Germany — 3Argonne National
Laboratory, 9700 S. Cass Avenue, Building 240, Argonne, Illinois, USA

A coarse-grained model for double-stranded (ds) RNA is derived based
on quantum mechanical calculations. Our model extends a previous
work developed for dsDNA by accounting for chemical and structural
differences between dsDNA and dsRNA. Our coarse-grained model is
a four bead representation where the total energy is derived from a
bottom up approach using density functional theory calculations. The
interactions within dsRNA are divided into four physical meaningful
terms: hydrogen bonding, stacking, backbone, and electrostatic inter-
actions. Our coarse-grained model is able to successfully reproduce
the dsRNA structure. The model predicts a persistence length in good
agreement with reported experimental data in a broad range of salt
concentrations. Overall, our coarse-grained model has the potential to
extent the relevant time and length scales in dynamic simulations of
dsRNA.

BP 15.54 Tue 14:00 Poster B
Exploiting ecology in drug pulse sequences in favour of popu-
lation reduction — MARIANNE BAUER!, eIsABELLA GRAF!, VUDTI-
wAT NGAMPRUETIKORNZ, GREG STEPHENs23, and ErRwIN FrReEY! —
L Arnold-Sommerfeld-Center for Theoretical Physics and Center for
NanoScience, Department of Physics, Ludwig-Maximilians-Universitat
Miinchen, Munich, Germany — 2?Biological Physics Theory Unit, Oki-
nawa Institute of Science and Technology Graduate University, Onna,
Okinawa, Japan — 3Department of Physics & Astronomy, Vrije Uni-
versiteit Amsterdam, Amsterdam, The Netherlands

A deterministic population dynamics model involving birth and death
for a two-species system, comprising a wild-type and more resistant
species competing via logistic growth, is subjected to two distinct stress
environments designed to mimic those that would typically be induced
by temporal variation in the concentration of a drug as it permeates
through the population and is progressively degraded. Different treat-
ment regimes, involving single or periodical doses, are evaluated in
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terms of the minimal population size (a measure of the extinction
probability), and the population composition (a measure of the se-
lection pressure). We show that there exist timescales over which the
low-stress regime is as effective as the high-stress regime, due to the
competition between the two species. Our results suggest that when
the duration of the high-stress environment is restricted, a treatment
with one or multiple shorter pulses can produce better outcomes than
a single long treatment. If ecological competition is to be exploited for
treatments, it is crucial to determine these timescales.

BP 15.55 Tue 14:00 Poster B
De Novo Protein Structure Prediciton by Integration of
Coevolutionary Data into Replica Exchange Simulations —
e ARTHUR VORONIN! and ALEXANDER ScHuG? — !Physics Depart-
ment, Karlsruhe Institute of Technology, Karlsruhe, Germany — 2John
von Neumann Institute for Computing, Jiilich Supercomputer Centre,
Jiilich, Germany

Proteins perform important tasks in every living organism and are an
essential part of life. Studying the structure of proteins helps to under-
stand interactions in a biological system which can be applied to other
fields, such as improving drug design. Despite incredible progress in
experimental techniques, protein structure determination is arduous.
Here, we suggest a complementary method of de novo protein struc-
ture prediction. Direct coupling analysis (DCA) quantifies coevolution
of amino acid pairs in large sequence alignments, where high scoring
pairs can be interpreted as spatially adjacent. Regular molecular dy-
namics (MD) simulations are computationally too costly to identify
the native conformation in straightforward simulations. One reason is
entrapment in one of the many local minima. By integrating DCA-
derived contacts as constraints into MD simulations we smoothen the
energy landscape and guide structure prediction. Additionally, any
residual entrapment will be overcome by replica exchange. With this
combination of techniques, it should be possible to predict the native
structure de novo, i.e. without prior knowledge of structural elements,
in a single simulation run. To study our methods performance we
investigate small proteins using various numbers and quality of con-
straints.

BP 15.56 Tue 14:00 Poster B
MaxEnt-Stress Graph Drawing in Protein Structure De-
termination — eOskArR TAUBERT! and ALEXANDER SCHUGZ? —
1Karlsruhe Institute of Technology, Karlsruhe, Germany — 2Jiilich
Supercomputing Centre, Jiilich, Germany

Proteins perform a wide range of functions in living systems, such as
transport, catalysis, or signaling. A protein’s function and structure
are closely related. There are different experimental as well as compu-
tational methods for resolving protein structures. NMR in particular
supplies a list of atom pairs with associated distance intervals and
confidence scores. This information has to be translated to 3D atomic
coordinates, solving a distance geometry problem.

Since graphs are suited to model this type of pairwise relationships
as edges and vertices, we use MaxEnt-Stress graph drawing as an ef-
ficient solution to map a list of atomic distance constraints onto a
3D-structural model (cf. Wegner et al., ESA 2017). More specifically,
we take input errors and distance intervals into account. Input consists
of the amino acid sequence, secondary structure, and long range con-
tact information, as it is provided by experiments or co-evolutionary
analysis. To test our algorithm, we conduct simulations on input data
generated from known structures of biomolecules of different types.
We find the reference structure is reproduced with high fidelity, even
from noisy data, when supplying roughly three times the number of
heavy atoms as graph edges.

BP 15.57 Tue 14:00 Poster B
Modelling Chemotaxis of swarm search — eZEINAB SADJADI
and Heiko RIEGER — Theoretical Physics, Saarland university, 66123
Saarbriicken, Germany

We study the effect of chemotaxis in swarming search strategy of T
cells. We hypothesize that a swarm of T cells might coordinate its
search by secreting chemokines on their trail which send a signal to
other searchers and eventualy enhances the search efficiency. We model
T cells movement as if they avoid searching areas that other T cells
have scanned already and explore regions that have not been visited
yet. This leads to a searcher-searcher interaction which we investigate
on a 2D lattice.

BP 15.58 Tue 14:00 Poster B
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Evolution on multiple scales - merging evolution and dispersal
on landscape scales — eMicHAELA Hamm and BARBARA DROSSEL
— Technische Universitat Darmstadt, Germany

Life forms on earth are stunningly diverse. This rich variety of species
evolved in time spans inaccessible to any experiment. Evolutionary
food web models were developed in the last decades as tools to analyse
food web emergence and persistence on long time scales. Those mod-
els are based only on a handful of mutation or adaptation rules, from
which the food web structure arises naturally in a self-organized way.
But ecosystems are never isolated but coupled by species dispersal,
i.e., evolutionary dynamics is affected by spatial structure.

In order to obtain a model that retains essential features of older
evolutionary models but allows for fast computation on many coupled
habitats, we developed an new model merging the following features of
models from the literature: 1) Species are characterized by traits based
on body mass, following for example [1, 2]. 2) The biomass density of
species is calculated self-consistently from the network of interactions
by using the difference equation approach as in [3]. 3) New species are
introduced into the system by varying the traits of existing species. 4)
Species spread to adjacent habitats based on a stochastic migration
process. The second feature, which replaces explicit population dy-
namics with a fast estimation of equilibrium biomasses, is crucial for
scaling the model to many (i.e., several hundred) habitats. We present
first results how our new model performs on a local scale. [1| Allhoff
et al.(2015);[2] Rogge et al.(in prep);[3] Caldarelli et al.(1998).

BP 15.59 Tue 14:00 Poster B
Hydrodynamic mobility functions near elastic interfaces —
eABDALLAH DaDDI-Moussa-IDER!, MaciEs Lisicki?, and STEPHAN
GexLe® — !nstitut fiir Theoretische Physik II: Weiche Materie,
Heinrich-Heine-Universitdt Diisseldorf, Universitatsstrake 1, Diissel-
dorf 40225, Germany — 2DAMTP, University of Cambridge, Wilber-
force Rd, Cambridge CB3 OWA, United Kingdom — 3Biofluid Simu-
lation and Modeling, Fachbereich Physik, Universitdt Bayreuth, Uni-
versitatsstrafe 30, Bayreuth 95440, Germany

Elastic confinements are an important component of many biological
systems and dictate the transport properties of suspended particles in
a viscous flow. Using a fully analytical theory, we study the Brownian
motion of a spherical particle moving in close vicinity of a living cell
whose membrane is endowed with a resistance towards shear and bend-
ing. The analytical calculations proceed through the computation of
the frequency-dependent mobility functions and the application of the
fluctuation-dissipation theorem. Elastic interfaces endow the system
with memory effects that lead to a long-lasting anomalous subdiffusive
regime of nearby particles. The analytical predictions are validated and
complemented with boundary-integral simulations.
References:

A. Daddi-Moussa-Ider and S. Gekle. Phys. Rev. E 95, 013108 (2017)
A. Daddi-Moussa-Ider, M. Lisicki, S. Gekle. Phys. Rev. E 95, 053117
(2017)

A. Daddi-Moussa-Ider, M. Lisicki, S. Gekle. Phys. Fluids 29, 111901
(2017)

BP 15.60 Tue 14:00 Poster B
Investigation of an evolutionary foodweb model on a large
lattice of habitats — eJonaNnNES REINHARD, ToBIASs RoGGE, and
BaBara DrosseL. — TU Darmstadt, Germany

We examine an evolutionary food web model without population dy-
namics. Each species is characterized by a few traits based on its body
mass, and the network context (predators, prey, competitors) deter-
mines species survival. This approach uses far less computing time
than models with population dynamics and can therefore applied to
several hundred placed on a square grid. In addition to speciation, mi-
gration, and context-dependent extinction, the model includes also a
spontaneous extinction rate. When this rate is set to zero, the system
reaches a frozen state where no new species can enter, and the forma-
tion of this frozen state depends crucially on migration. Furthermore
we investigate which properties allow a species to spread over many
patches: its body mass has to be close to the feasible body mass in-
terval of the respective trophic level.

BP 15.61 Tue 14:00 Poster B
DPD with Energy Conservation Simulation of Ther-
mophoretic Particle — eFATEMEH A. SOLEYMANI, DMITRY FE-
posov, MarisoL RipoLL, and GERHARD GOMPPER — Forschungszen-
trum Jilich, Jilich, Germany
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The self-propelled particle converts environmental energy into the di-
rected motion. Examples range from chemotactic cells and bacteria to
artificial micro-swimmers which are widely studied due to their appli-
cations in drug delivery and micro/nanomachines in fluid. The main
physical mechanism of propulsion is an inhomogeneous field e.g. a
flexible magnetic filament under an applied magnetic field or a self-
propelled particle in an inhomogeneous concentration (diffusiophore-
sis phenomenon) or temperature field (thermophoresis phenomenon).
Janus particles are colloidal particles with the inhomogeneous surface
feature which can form the field gradient. The Janus particle with a
metallic cap absorbs more energy from an external source which can
be the heat source (laser beam) or magnetic field. Energy absorp-
tion increases the temperature of one cap and the temperature gra-
dient is imposed mainly at poles. We investigate the behavior of the
thermophoretic Janus colloid in its temperature gradient by the dis-
sipative particle dynamics method with energy conservation (DPDE).
The simulation results show how local fluid-colloid interactions and the
temperature gradient near the colloid*s surface control the swimming
velocity.

BP 15.62 Tue 14:00 Poster B
Adsorption Simulations of Plasma Proteins on Silica Sur-
faces — oTiMo ScHAFER!2, FRIEDERIKE ScHMID!, and GIOVANNI
SeTTANNI' 3 — 1 Johannes Gutenberg-University Mainz — 2Graduate
School Materials Science in Mainz — 3Max Planck Graduate Center
with the Johannes Gutenberg-University Mainz

Nanoparticle based therapeutics are a topic of ongoing research,
promising effective use as drug delivery systems that shield aggres-
sive and/or fragile drugs while transporting them to a target location
inside the body. One of the major challenges in their application is
the formation of a layer of adsorbed plasma proteins as soon as the
nanoparticle enters the blood stream. This so-called protein corona
can significantly impair the nanoparticle’s functionality such as active
targeting or enhancement of blood circulation times. While the corona
formation can be limited, existing techniques cannot completely pre-
vent it, and molecular details of the underlying mechanism are largely
unknown. Here, we study the early adsorption of plasma proteins onto
the surface of a silica nanoparticle using classical atomistic molecu-
lar dynamics simulations. Using a sophisticated silica surface model,
adsorption dynamics, interaction patterns and the impact of the ad-
sorption on protein structure and functionality are analyzed.

BP 15.63 Tue 14:00 Poster B
Subthreshold signal encoding in coupled FitzHugh-Nagumo
neurons — eMARIA MasoLIVER and CRISTINA MASOLLER — De-
partment of Physics, DONLL, Universitat Politécnica de Catalunya

Despite intensive research, the mechanisms underlying how neurons
encode external inputs remain poorly understood. Recent work has
focused on the response of a single neuron to a weak, subthreshold pe-
riodic signal. By simulating the FitzZHugh-Nagumo stochastic model
and then using a symbolic method to analyze the firing activity of the
neuron, preferred and infrequent spike patterns were detected, whose
probabilities encode information about the signal [1]. We study how a
second neuron, which does not perceive the subthreshold signal, affects
the detection and the encoding of the signal, done by the first neu-
ron. Through simulations of two coupled FitzHugh-Nagumo neurons
we show that the coding mechanism is indeed robust, as the neuron
that perceives the signal fires a spike train that has symbolic patterns
whose probabilities depend on the features of the signal. Moreover, we
show that the second neuron facilitates the detection of the signal, by
lowering the firing threshold of the first neuron. This in turn decreases
the internal noise level need to fire the spikes that encode the signal.
We demonstrate that the probabilities of the symbolic patterns achieve
maximum or minimum values when the period of the external signal
is close to (or is half of) the mean firing period of the neuron.

[1] M. Masoliver, C. Masoller, Subthreshold signal encoding in cou-
pled FitzHugh-Nagumo neurons, arXiv:1711.08309, 2017.

BP 15.64 Tue 14:00 Poster B
Mean field coarse-grained modeling of Protein Folding in
Complex Lasso structures — e¢CrLAauDIO PEREGO and RAFFAELLO
PotesTio — Max Planck Institute for Polymer Research, Mainz (Ger-
many)

Complex Lassos have been recently identified as a significant class of
entangled proteins. These motifs are charactierized by a covalent loop
determined by a disulphide bridge. As the protein collapses into its na-
tive fold the covalent loop is threaded by part of the polypeptide chain,
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forming a non-trivial topology. The disulphide bridge can establish un-
der oxidizing conditions, while it does not in reducing environment. It
is therefore possible to exploit this feature as an on/off switch of the
lasso motif, investigating how topological complexity can affect the
folding and the biological activity of the protein. We here present a
molecular dynamics study of the Complex Lasso protein folding. We
employ a coarse-grained description of the polypeptide, that includes
only local interactions, plus an attractive potential modeling the disul-
phide bridges. The simplicity of our model makes it possible to collect
a larger statistics of folding with respect to ordinary structure-based
models. Building on this advantage we introduce a genetic scheme for
the tuning of the force-field in order to optimize the protein folding
rate. This procedure allows us to retrieve insights of great interest for
the understanding of complex lasso folding, such as the optimal folding
pathways. By excluding the disulphide bridge potential we can also
compare the behavior of our model in the oxidized and reduced states,
assessing the impact of the complex lasso topology.

BP 15.65 Tue 14:00 Poster B
The Alignment of the Malaria Parasite Before Invasion —
eSEBASTIAN HILLRINGHAUS, GERHARD GOMPPER, and DMITRY A.
FeEDOsov — Institute of Complex Systems, Forschungszentrum Jiilich,
Jiilich, Germany

Malaria is caused by Plasmodium parasites that reproduce within red
blood cells. Before the parasite can enter a red blood cell, it must
align with its apex towards the membrane. During the brief alignment
stage, major deformations of the red blood cell membrane are observed.
While these deformations can be visually classified in experiments, the
underlying mechanics and mechanisms are not yet understood. We
investigate this behavior in silico with a red blood cell model formu-
lated within the dissipative particle dynamics framework. Different
deformation states are quantified with a number of observables such
as binding energy. We investigate how different interactions between
the parasite and the membrane influence the parasite alignment as
well as how the position of the first contact between cell and parasite
affects red blood cell deformation. One of our aims is to answer the
question, whether the observed deformations are crucial to the parasite
alignment or byproduct of alignment mechanisms.

BP 15.66 Tue 14:00 Poster B
Numerische Untersuchung der Dielektrophorese zur Separa-
tion von Mikroalgen — eFaBIAN GRINGEL!, VINZENZ ABT?, PETER
NeuBaUER? und MARIo BirknoLz! — 'THP, Im Technologiepark 25,
15236 Frankfurt (Oder) — 2TU Berlin, Fachgebiet Bioverfahrenstech-
nik, Institut fiir Biotechnologie, Ackerstr. 76, 13355 Berlin

Mikroalgen als alternative Produzenten fiir Biokraftstoffe, Lebensmit-
tel und Pharmazeutika sind in den Fokus der Biotechnologie geriickt.
Um die Kultivierung im grofstechnischen Mafistab wirtschaftlich betrei-
ben zu kénnen, werden neue Mikroalgenstdmme mit optimierter Lipid-
produktion bendtigt. Mittels Dielektrophorese konnen Mikroalgen in
Mikrofluidik-Kanélen nach ihrem Lipidgehalt kontinuierlich separiert
werden, ohne sie mit Fluoreszenz-Farbstoffen zu markieren oder im
Verlauf der Separation zu beschidigen. Anwendungsmoglichkeiten er-
geben sich dadurch sowohl in der Entwicklung neuer Stdmme als auch
integriert in grofitechnische Anlagen.

Wir berichten von begleitender Simulationen mit Finite-Elemente-
Methoden (FEM) bei der Planung eines Dielektrophorese-Kanals zur
Separation von Algen der Art Crypthecodinium cohnii. Sind die dielek-
trischen Eigenschaften der Algen in ihren verschiedenen Wachstums-
stadien bekannt, so gibt die Simulation Aufschluss iiber die Kombina-
tionen der Parameter Flussrate, elektrische Spannung, Frequenz, Ka-
nalabmessungen und Elektrodenkonfiguration, bei der eine Separation
erfolgreich durchzufiihren ist. Dariiber hinaus erlaubt sie den qualita-
tiven Vergleich unterschiedlicher Konfigurationen sowie eine Einschét-
zung des Einflusses fertigungstechnischer Toleranzen.

BP 15.67 Tue 14:00 Poster B
Computational Simulation of Tissue Engineered Heart Re-
pair — eMoRriTz KALHOFER-KOcHLING!, Yone Wana!, MARTIN
Urcker?, JENs Franm®, WoLFRAM ZIMMERMANNZ, and EBERHARD
BobenscHaTz! — 'MPI for Dynamics and Self-Organization, 37077
Gottingen, Germany — 2University Medical Center Gottingen, 37075
Gottingen, Germany — 3MPI for Biophysical Chemistry, 37077 Got-
tingen, Germany
Myocardial infarction is the leading cause of death globally. Remuscu-
larization of the heart using engineered heart muscle (EHM) tissues is
a promising technique for damage repair, not only supporting scarred
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tissue passively, but also contracting in unison with the surrounding
healthy tissue. Thereby, in the best of cases, it might reconstitute
normal cardiac function. To date, the affect of EHM implants on
the elastic properties and thus on the cardiac pump functions are not
well understood. Computational simulation provides virtual medical
diagnosis and prospective output of surgery. Employing the Holzapfel-
Ogden constitutive law together with patient MRI and pressure data,
we developed a heart model and strive to find corresponding EHM
qualities for an optimal cure of the patient. This work was supported
by the Max Planck Society and the German Center for Cardiovascular
Research, and was conducted within the Physics to Medicine Initiative
at Goettingen Campus between MPG and UMG.

BP 15.68 Tue 14:00 Poster B
Computational Simulation of Tissue Engineered Heart Re-
pair — eMoriTz KALHOFER-KOcHLING!, YoNna Wanc!, MARTIN
Ueckir?, JENs FrauM®, WOLFRAM ZIMMERMANNZ, and EBERHARD
BopenscuaTz! — 1MPI for Dynamics and Self-Organization, 37077
Gottingen, Germany — 2University Medical Center Gottingen, 37075
Gottingen, Germany — 3MPI for Biophysical Chemistry, 37077 Got-
tingen, Germany

Myocardial infarction is the leading cause of death globally. Remuscu-
larization of the heart using engineered heart muscle (EHM) tissues is
a promising technique for damage repair, not only supporting scarred
tissue passively, but also contracting in unison with the surrounding
healthy tissue. Thereby, in the best of cases, it might reconstitute
normal cardiac function. To date, the affect of EHM implants on
the elastic properties and thus on the cardiac pump functions are not
well understood. Computational simulation provides virtual medical
diagnosis and prospective output of surgery. Employing the Holzapfel-
Ogden constitutive law together with patient MRI and pressure data,
we developed a heart model and strive to find corresponding EHM
qualities for an optimal cure of the patient. This work was supported
by the Max Planck Society and the German Center for Cardiovascular
Research, and was conducted within the Physics to Medicine Initiative
at Goettingen Campus between MPG and UMG.

BP 15.69 Tue 14:00 Poster B
The effects of polar co-solutes on the hydration interaction
between lipid bilayers — e AMANUEL WoLDE-KIDAN!, Quoc Dar
Puam?, EMANUEL ScHNECKS, EMMma Sparr?, and RoLaND Nerz! —
1Fachbereich Physik, Freie Universitaet Berlin, Arnimallee 14, 14195
Berlin, Germany — 2Division of Physical Chemistry, Chemistry De-
partment, Lund University, P.O. Box 124, 22100 Lund, Sweden —
3Department of Biomaterials, Max-Planck Institute of Colloids and
Interfaces, 17746 Postdam, Germany

The so-called hydration interaction between lipid bilayers has been
studied intensively, but a fundamental explanation remains elusive un-
til today. Using molecular dynamics simulations we analyse the effect
of the addition of different polar co-solutes, namely TMAQO, urea and
sodium chloride, on the interaction between DMPC and POPC lipid
bilayer stacks. From our simulations we can determine the water chem-
ical potential, while gradually swelling our bilayer systems, to asses the
strength of the hydration interaction. Results from the simulations
have been confirmed by calorimetry experiments. We find that the hy-
dration interaction in systems with polar co-solutes is a combination
of the hydration interaction of the lipid bilayers in neat water and the
interactions of the co-solutes within the water slab.

BP 15.70 Tue 14:00 Poster B
Molecular Dynamics Simulation of SIM-SUMO complexes —
e ALEXANDER KOTTER and ANDREAS HEUER — Institut fiir physikalis-
che Chemie, Universitdt Miinster

The small ubiquitin related modifier (SUMO) plays an important role
in many cellular processes [1]. In these processes SUMO forms non
covalent bonds to target proteins via interactions with the sumo in-
teracting motif (SIM). Complexes may be formed by a single SUMO
interaction with a SIM of the target protein, but also by oligomers of
SUMO proteins each interacting with one SIM of the target protein.
Atomistic molecular dynamics simulations of a complex formed by a
single SUMO (monoSUMO) and a single SIM (monoSIM) show the
transient nature of these complexes, irrespective of the type of the SIM
or its orientation towards the SUMO. To investigate further the nature
of these monoSUMO-monoSIM complexes we calculate their standard
binding free energies. To do so we employ a sophisticated scheme [2],
that involves calculating the contribution of several degrees of freedom
orthogonal to the distance of SUMO and SIM in order to get an accu-
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rate estimate of the binding free energy. Furthermore we investigate
the structure of complexes of a SUMO dimer (diSUMO) and a peptide
chain containing two SIMs (diSIM). We find that the complexation of
the diSUMO with the diSIM has limited influence on the dynamics of
the diSUMO as characterized by its root mean squared displacement
(rmsd). [1] Xu et al. Nat. Comm. 5, 4217 (2014) [2] Gumbart et al.
JCTC 9, 794 (2012)

BP 15.71 Tue 14:00 Poster B
Synchronization-based reconstruction of cardiac electrical
wave dynamics from mechanical deformation — eJAN LEBERT,
ULricH PARLITZ, STEFAN LUTHER, and JaN CHRISTOPH — Max
Planck Institute for Dynamics and Self-Organization, Gottingen, Ger-
many

The understanding of the mechanisms of heart rhythm disorders such
as ventricular fibrillation is severely limited by the inability to ex-
perimentally observe the electrical activity within the heart muscle.
From a dynamical systems viewpoint, heart muscle tissue is a non-
linear, excitable, electromechanically coupled medium with a compli-
cated anisotropic structure consisting of interconnected sheets of mus-
cle fiber. Based on recent experimental observations of localized corre-
lation between mechanical deformation of the heart and the electrical
activity on its surface, we propose a novel approach for reconstructing
cardiac wave dynamics. We utilize a technique called data assimila-
tion to synchronize observations of the mechanical deformation with a
computational model of excitable cardiac tissue coupled with an elastic
mass-spring system for deformation modeling. Here, we demonstrate
that our approach is able to reconstruct complex spatio-temporal car-
diac electrical wave dynamics from simulation-generated surrogate ob-
servations of mechanical deformation. We show that the synchroniza-
tion recovers the dynamics of the unobserved state variables from the
excitable tissue model as well as the observed mechanical deformation.

BP 15.72 Tue 14:00 Poster B
Optogenetic modeling of murine ventricular cardiomyocytes
eSavEpEH Hussamnt®2, Craupia RicaTerb?*, and STEFAN
Lutuer!23 — IRG Biomedical Physics, Max Planck Institute for
Dynamics and Self-Organization, Goettingen, Germany — 2Institute
for Nonlinear Dynamics-Georg-August Goettingen University, Goet-
tingen, Germany — 3University Medical Center Goettingen (UMG),
Department of Pharmacology and Toxicology, Goettingen, Germany
— 4University Medical Center Goettingen (UMG), Department of Car-
diology and Pneumology, Goettingen, Germany

Current arrhythmia treatments applying high energetic electrical
shocks still present severe side effects such as tissue damage due to
electroporation hence worsening the prognosis. Optogenetics is a new
method that enables selective photo-optical stimulation of the heart.
Therefore, computational modeling can be of specific interest to predict
changes in cardiac action potentials. However, in silico studies have
been mainly implemented concentrating on human specific parameters
ignoring the fact that the majority of experimental research projects
are done in animal models. Because of this discrepancy, we success-
fully implemented the light-activated ion channel Channelrhodopsin-2
in an ionic model of murine ventricular cardiomyocytes (Bondarenko
model). Ongoing work includes extending this single cell model into
two dimensions. Results of the computational study are used to op-
timize and validate current experiments on transgenic mouse hearts.
All results will be discussed in comparison to conventional electrical
stimulation.

BP 15.73 Tue 14:00 Poster B
Adding curvature to the vertex model of the Drosophila imag-
inal wing development. — eJoris Parsmans — MPI-PKS, Dres-
den, Germany

Vertex models describing the mechanics of epithelial cell tissues, have
been very successful explaining the effect of planar cell polarity, cell
elongation and topological transitions in the tissue. The fruit fly
Drosophila has proven to be an excellent model organism to study
tissue mechanics. In particular, the development of the wing of the fly,
consisting of a double layer of cells, has been studied in great detail.
This double layer forms in the pupal stage after the eversion (turning
inside out) of the single layer imaginal wing disc. To understand the
onset of eversion we require a vertex model that account for the curva-
ture in the tissue, which was not possible in our previous description.
I show how to make the 2D vertex model bend and how to describe
the effect of curvature on the cell organization in the tissue.
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BP 15.74 Tue 14:00 Poster B
Efficiency and sensory capacity of molecular sensors with
thermal noise — ®ANDREAs Enrmann!, Davip Harricu?, and
Upo SereErr! — !I. Institut fiir Theoretische Physik, Universitit
Stuttgart, Germany — 2Max Planck Institute for Biophysical Chem-

istry, Gottingen, Germany

For a molecular sensory system following an external stochastic sig-
nal, we examine the efficiency and sensory capacity [1]. Within the
framework of stochastic thermodynamics of bipartite systems, the ef-
ficiency relates the rate with which the sensor learns about the signal
to the free energy that is dissipated by the sensor. On the other hand,
the sensory capacity is a purely information theoretic quantity that
achieves its maximum value 1 if the instantaneous state of the sensor
contains as much information about a signal as the whole time-series
of the sensor. For a two state sensor estimating a fluctuating ligand
concentration as signal, which is modeled by a Langevin equation, the
maximal sensory capacity is shown to be achieved if the time scales
of signal and sensor are almost equal, and if the noise amplitude of
the signal is small enough. We show that the addition of a dissipative
second component to the sensor, which serves as a memory, increases
the sensory capacity. We compare our results to an analytically solv-
able model, in which signal, sensor and memory are approximated with
coupled linear Langevin equations [1].

[1] D. Hartich, A. C. Barato, and U. Seifert, Phys. Rev E 93, 022116
(2016)

BP 15.75 Tue 14:00 Poster B

A new understanding of system in the molecular biology —
eNORBERT SADLER — Norbert Sadler

It can be shown that in an open thermo dynamic and self-sustaining
molecular system through supply of arranged energy states as assimi-
lation or the cellular metabolism the entropy of the biological System
can be kept constant. The physiological processes in the living nature
will be structured, simulated and understood through physical and
mathematical methods.

Further Information: www.cosmology-harmonices-mundi.com

BP 15.76 Tue 14:00 Poster B
Non-equilibrium dynamics in marginally stable biological
networks — eFEDERICO GNEsoTTO and CHASE BROEDERSZ —
Arnold Sommerfeld Center for Theoretical Physics and Center for
Nanoscience, Ludwig-Maximiians-Universitdt, D-80333 Miinchen

Biological networks such as the actin cytoskeleton of a cell are inher-
ently out of equilibrium. ATP-driven molecular motors constantly ex-
ert local stochastic forces on the fibers of these networks, thereby driv-
ing these assemblies into a non-equilibrium steady state. How does the
network architecture affect this non-equilibrium state? Recent studies
have proposed that biological networks are weakly connected and may
be poised near a mechanical stability (isostatic) threshold, where the
system exhibits critical behavior. Here we investigate how this criti-
cality affects the non-equilibrium dynamics of such marginal networks.
To this end, we propose a minimal model of a diluted triangular lattice
with tunable connectivity and local motor activity. This essential ap-
proach allows us to study how the proximity to a critical point affects
the non-equilibrium properties of networks at different length scales.

BP 15.77 Tue 14:00 Poster B
Population dynamics of bacterial persistence in spatially
heterogeneous environments — ePINTU Parral and STEFAN
Krumpp? — nstitut fiir Theoretische Physik, Universitit Heidelberg,
Heidelberg, Germany — 2Institut fiir Nichtlineare Dynamik, Georg-
August-Universitdt Gottingen, Gottingen, Germany

Stochastic switching in bacteria is known to be advantageous for pop-
ulation growth and survival in temporally fluctuating environments.
However, its role in population expansion and survival in spatially
heterogeneous environments is unclear. In this work, we study the ex-
pansion of a bacterial population consisting of cells that can stochasti-
cally switch between normal and persister state in environments with
nutrient-rich areas and stressful areas, for example containing antibi-
otics. Our results show that the population expansion speed in the
nutrient-rich environment depends on the fraction of persister cells at
the leading edge of the population wave. Further, when such popula-
tion wave is stalled by an antibiotic barrier, the fraction of persister
increases at the interface between the environments which allows the
population to penetrate further into the antibiotic region. Interest-
ingly, the extent of the population wave in the antibiotic region shows
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a maximum with the variation in phenotype switching rates. We ex-
plain this maximum as an interplay of population dynamics at the
interface separating the two environments and the switching of persis-
ter cells to the normal state in the antibiotic region. Our study shows
that stochastic switching in bacterial population determines the spatial
expansion speed in nutrient-rich areas and helps in crossing antibiotic
barriers.

BP 15.78 Tue 14:00 Poster B
Diffusion of nanoparticles perpendicular to hard walls and
cell membranes — eKaATHARINA GRASSEL and STEPHAN GEKLE —
Biofluid Simulation and Modeling, Bayreuth, Germany

The diffusion of nanoscaled spherical particles perpendicular to cell
membranes has been investigated by Ider et al. [1], who presented an
analytical theory which includes the deformation of the elastic mem-
brane due to the diffusing particles. However, the distance of the
particle to the wall or the membrane was taken to remain constant, as
a first approximation.

We investigate a system with non-constant spatially varying diffu-
sion coefficient in front of hard walls. Therefore we use a different
approach: following Wang [2] we set up a Fokker-Planck equation and
then solve it numerically.

In the next step, we introduce a memory function to the Langevin
equation to model diffusion in front of elastic membranes and again
solve the corresponding Fokker-Planck equation numerically. This
method reproduces the results of Ider et al. [1] for a constant diffusion
coefficient and additionally allows the computation of the concentra-
tion profiles.

[1] Ider et al., Physical Review E 93, 2016

[2] Wang, Physical Review A 45.2, 1992

BP 15.79 Tue 14:00 Poster B
Non-equilibrium scaling behavior in driven soft biological
networks — eGRrzEGORZ GRADzIUK, FEDERICA MURA, and CHASE
BROEDERSZ — Arnold-Sommerfeld-Center for Theoretical Physics and
Center for NanoScience, Ludwig-Maximilians-Universitat Miinchen,
D-80333 Miinchen, Germany

Recent experiments indicate non-equilibrium activity in a host of bio-
logical systems, including chromosomes, cell membranes, and the cyto-
plasm. Measuring and quantifying non-equilibrium dynamics in such
systems is a major challenge in biophysics, due to their many-body
nature and the limited number of variables accessible in an experi-
ment. We investigate what information concerning the system’s non-
equilibrium state can be extracted from non-invasive tracking of a sub-
set of degrees of freedom. To this end, we develop a general, yet simple
stochastic model of soft elastic networks with a heterogeneous distri-
bution of internal activities, representing enzymatic force generation.
Using this model, we determine the scaling behavior of non-equilibrium
dynamics using the phase space currents of tracer particles with differ-
ent spatial separations in the system. Our results provide insight in to
how internal driving by enzymatic activity generates non-equilibrium
dynamics on different length scales in a variety of biological systems,
including polymers, membranes and networks.

BP 15.80 Tue 14:00 Poster B
Modelling the motility of Cytotoxic T Lymphocytes inside
infected lymph nodes — eZEINAB SADJADIY'2, MICHAEL MEYER-
HerMANNZ, and STEPHAN HaLLE® — 1Theoretical Physics, Sarrland
University, 66123 Saarbriicken, Germany — 2Helmholtz Center for In-
fection Research, 38124 Braunschweig, Germany — 3Hannover Medi-
cal School, 30625 Hannover, Germany

Cytotoxic T Lymphocytes detect and kill infected cells in lymph nodes.
The underlying mechanisms of this process are however still unclear.
The results of 2-photon microscopy experiments in vivo have shown
different migration patterns and processivities of CTLs during search
and killing processes[l]. We aim to understand the possible roles of
chemotaxis, T cells cooperativity during killing, and fibroblastic retic-
ular network on the dynamics and search strategy of CTLs inside a
lymph node. We develop a persistent random walk model for the mo-
tion of CTLs during search and killing phases which enables us to
study the role of key parameters on search efficiency and killing.
[1] Nature Reviews Immunology 16, 193-201 (2016)

BP 15.81 Tue 14:00 Poster B
Trapping in and escape from branched structures of neuronal
dendrites — eRoBIN JosE, LUDGER SANTEN, and M. REzA SHAE-
BANI — Saarland University, Saarbriicken, Germany
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We present a coarse-grained model for stochastic transport of non-
interacting chemical signals inside neuronal dendrites and show how
first-passage properties depend on the key structural factors affected by
neurodegenerative diseases or aging: the extent of the tree, the topo-
logical bias induced by segmental decrease of dendrite diameter, and
the trapping probabilities in biochemical cages and growth cones. We
derive an exact expression for the distribution of first-passage times,
which follows a universal exponential decay in the long-time limit. The
asymptotic mean first-passage time exhibits a crossover from power-
law to exponential scaling upon reducing the topological bias. The
analytical predictions are in remarkable agreement with simulations.
Our results evidence that structural irregularities can create local traps
and heterogeneous patterns of signal transmission.

BP 15.82 Tue 14:00 Poster B
Can one hear the length of an axon? — eFrEDERIC Forz!,
Lukas WETTMANN!, Giovanna Morict!, and KARsTEN KRUsg?
— 1Department of Theoretical Physics, Saarland University —
2Department of Biochemistry and Department of Theoretical Physics,

University of Geneva

Axons are linear processes of nerve cells that can range from a few tens
of micrometers up to meters in length. In addition to external cues, the
length of an axon is also regulated by unknown internal mechanisms.
Molecular motors have been suggested to generate oscillations with a
length-dependent frequency that could be used to measure an axon’s
extension. Here, we present a model, describing a mechanism that uses
such an oscillatory signal to regulate the axon length. We show that in
addition to the frequency also the form of the oscillations contribute
significantly to determining the steady state length. By disclosing the
underlying working principle of the regulation mechanism, we are able
to generalize its applicability to other biological systems.

BP 15.83 Tue 14:00 Poster B
Statistical Mechanics of the Bacterial Chromosome
0JACQUELINE JANSSEN, Joris MESSELINK, and CHASE BROEDERsz
— Arnold-Sommerfeld Center for Theoretical Physics, Theresienstrafie
37, 80333 Miinchen

The bacterial DNA outsizes the cell by roughly a factor of a thousand.
The DNA must not only be highly condensed to fit inside the cell, but
this condensed DNA must also be organized inside the cell to facili-
tate functional processes of the chromosome. Thus, understanding the
three-dimensional spatial organization of the bacterial chromosome is
important to understanding how the core biological processes are reg-
ulated inside of the cell. Recent chromosome conformation capture
experiments provide genome-wide data on chromosome folding. In
particular, the Hi-C method provides contact frequency maps of the
chromosome, revealing its highly organized structure. We are devel-
oping a maximum entropy approach to extract the statistics of the
three-dimensional structure of the bacterial chromosome using such
data. The aim of our method is to develop a coarse-grained model for
the statistical mechanics of the folding of the whole bacterial chromo-
some.

BP 15.84 Tue 14:00 Poster B
Generalized exponential models for mean population growth
on a set of stochastic substrates — eANDREY KHALIN!, Eu-
GENE PostNikov!, and ALEXEY RyaBov2 — 1Kursk State University,
Kursk, Russia — 2Carl von Ossietzky University Oldenburg, Olden-
burg, Germany

We use approximate analytical models confirmed by numerical simula-
tions to describe the average population growth on a resource het-
erogeneously distributed in space. It can serve, for instance, as a
model for growth of zooplankton feeding in a highly heterogeneous
environment. It is shown that the model for the growth of population
averaged over a set of patches, where substrate distribution satisfies
the generalized exponential Taylor’s law is equivalent to the search
of the cumulant generating function corresponding to the substrate
distribution function. We have found and analysed a set of solutions
corresponding to the Tweedie distribution and different functional re-
sponses as well as shown that finite samples of patches lead to the
asymptotical Malthusian growth, the parameters of which are found
analytically. The work is supported by the Ministry of Education and
Science, project 3.9499.2017/8.9.

BP 15.85 Tue 14:00 Poster B
Wobbling dynamics of E. coli cells in bulk and at walls —
eMAHDIYEH Mousavi, THOMAS EISENSTECKEN, GERHARD (GOMPPER,
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and RorLanD G. WINKLER — Institute of Complex Systems and In-
stitute of Advanced Simulations, Forschungszentrum Juelich, Juelich,
Germany

Wall entrapment of swimming bacteria like E. coli has been observed
both experimentally and theoretically. However, the underlying mech-
anism of such a cell-wall interaction needs to be further addressed.
In this study we identified three main stages of wall entrapment (ap-
proach, alignment, and surface swimming) by a mesoscale hydrody-
namic simulation method, as was resolved experimentally. While the
cell swims toward the surface, the time evolution of the cell angle with
respect to the wall shows a fast oscillation (wobbling) around the align-
ment of the cell to the wall (pitch angle). In order to study the cell
orientation, we consider different starting angles of the cell. We ob-
serve that the collision angle is linearly dependent on the start angle
as is expected from the experiments. Moreover, once the cell reaches
the wall, as it wobbles, it swims in a nose-down configuration with
the bundle pointing away from the surface. The tangent of the pitch
angle decreases exponentially with time after the collision, indicating
that steric interactions play a major role in reorientation along with
hydrodynamic interactions.

BP 15.86 Tue 14:00 Poster B
From solitary swimmers to swarms and back: trypanosomes
on their journey through the tsetse fly — eTimoTny KRUGER!,
SARAH ScCHUSTER', PuiLlP KOLLMANNSBERGER?, and MARKUS
EncsTLER!2 — 1Cell and Developmental Biology, Biocentre, Univer-
sity of Wiirzburg, Germany — 2Centre for Computational and Theo-

retical Biology, University of Wiirzburg, Germany

The flagellate microswimmer Trypanosoma brucei exhibits a complex
developmental cycle during a journey through the different microen-
vironments of the tsetse fly host. For the trypanosomes this involves
crossing various barriers, confined surroundings, as well as swimming
against flow and peristaltic movement. Concomitantly, they undergo
radical morphological changes. The parasite‘s motility, which is di-
rectly dependent on morphology, is essential for its survival and suc-
cessful development.

This work details cell morphology, motility, and collective behaviour
of trypanosome developmental stages from the tsetse fly, using high
spatiotemporal resolution microscopy. Using fluorescently labelled par-
asites, swimming patterns of solitary swimmers were analysed in vivo
and in vitro, as well as collective motion at the single cell level in vivo.
We show that trypanosomes are able to synchronise their flagellar beats
and produce superordinate wave patterns at high cell concentrations,
probably by hydrodynamic self-organisation inside the fly interstices.
Additionally, by using light sheet fluorescence microscopy, we provide
3D-analyses of tissue geometry and topology with unprecedented res-
olution.

BP 15.87 Tue 14:00 Poster B
Simultaneous cell tracking and visualization of flagellar dy-
namics of Pseudomonas putida — eZAHRA ALIREZAEI-ZANJANI,
VERONIKA WALJOR, MARIUs HINTSCHE, and CARSTEN BETA — Uni-
versitat Potsdam, Institut fiir Physik und Astronomie, Potsdam-Golm,
Germany

The soil bacterium Pseudomonas putida propels itself with a polar
bundle of helical flagella. It senses changes in its environment and
exhibits response of the flagella mediated by a chemosensory system.
Our earlier research showed that P. putida exhibits a motion pattern
dominated by persistent runs that are interrupted by sharp reversal
events (M. Theves, et al. Biophys. J. 2013). Recently, we showed that
P. putida may exhibit three different flagellar bundle configurations
during swimming: the bundle can push, pull, or wrap around the cell
body (M. Hintsche et al. Sci. Rep. 2017, accepted). Here, we present
a modified experimental setup that allows us to acquire a large amount
of cell trajectories together with information on the bundle configura-
tion for each run. We will use this setup to study the statistics of
transitions between the different swimming modes with the ultimate
goal to elucidate P. putida’s swimming strategy when navigating in
the direction of a nutrition gradient.

BP 15.88 Tue 14:00 Poster B
A Dbacterial swimmer with a polar bundle of flagella that
can push, pull, and wrap around the cell body — eMARIUs

HinTscHE!, VERONIKA WaLJOR!, ROBERT GROSSMANNZ, MARCO

Konn3, Kar TaorMANN3, FERNANDO PERUANIZ, and CARSTEN
Betal — llnstitute of Physics and Astronomy, University of Pots-

dam, Potsdam, Germany — 2Laboratoire J. A. Dieudonné, Université
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Cote d’Azur, Nice, France — 3Institut fiir Mikrobiologie und Moleku-
larbiologie, Justus-Liebig-Universitat Giessen, Giessen, Germany

Bacteria swim in sequences of straight runs that are interrupted by
turning events. They drive their swimming locomotion with the help
of rotating helical flagella. Depending on the number of flagella and
their arrangement across the cell body, different run-and-turn patterns
can be observed. Here, we present fluorescence microscopy recordings
showing that cells of the soil bacterium Pseudomonas putida that are
decorated with a polar tuft of helical flagella, can alternate between
two distinct swimming patterns. On the one hand, they can undergo
a classical push-pull-push cycle that is well known from monopolarly
flagellated bacteria but has not been reported for species with a po-
lar bundle of multiple flagella. Alternatively, upon leaving the pulling
mode, they can enter a third slow swimming phase, where they propel
themselves with their helical bundle wrapped around the cell body.
A theoretical estimate based on a random-walk model shows that the
spreading of a population of swimmers is strongly enhanced when cy-
cling through a sequence of pushing, pulling, and wrapped flagellar
configurations as compared to the simple push-pull-push pattern.

BP 15.89 Tue 14:00 Poster B
Layer-by-layer assembled micro-motors for controlled drug
release — Tao Huanc!, Larysa BaraBan!, and eGIANAURELIO
CuniBerTI2 — lnstitute of Materials Science and Max Bergmann
Center of Biomaterials Dresden, TU Dresden, Dresden, Germany —
2Center for advancing electronics Dresden, cfaed, Dresden

Micro-motor is a micro-scale device, capable of autonomous motion in
liquid environment and having potential to find multiple applications
in biomedicine.l Here we present the light-driven micro-motors fab-
ricated using different techniques combined, i.e. controlled template-
assisted layer-by-layer (LBL) molecular assembly and electrodeposi-
tion of metals. Layer-by-layer assembled multilayer provide excellent
delivery capacities and can also respond to various stimuli for con-
trollable encapsulation and release of drugs. Composite top layer of
the particles, fabricated by LBL technique represents the ideal con-
tainer for drug loading and controlled release. Diverse geometries of
micro-motors, including rod-like and spherical will be designed, and
decorated with the biocompatible outer layer. Finally, we plan to in-
vestigate the efficiency of the micromotors for the real-time drug release
during in-vitro assays.
1.*J. A. Spudich, Science, 2011, 331, 1143-1144.

BP 1590 Tue 14:00 Poster B
How molecular motors generate the ciliary beat — eVEIKKO
F. GeYER.1"4, PABLO SARTORI?, FRANK JULICHER®?, and JONATHON
Howarp? — 1B CUBE , TU Dresden, Dresden, Germany — 2Institute
for Advanced Study, Princeton, New Jersey, USA — 3MPI-PKS, Dres-
den, Germany — “4Department of Molecular Biophysics, Yale Univer-
sity, New Haven, Connecticut, USA

Cilia and flagella are slender organelles of eukaryotic cells. They are
ubiquitous in nature propeling mucus along the respiratory epithelium,
generate chiral flows in Henson’s node and propel micro-swimmers like
sperm or alga. The cilium is a mechanical beat-pattern-generator com-
posed of molecular motors and cytoskeletal filaments. Cells can regu-
late beat patters to accommodate specific functions. Examples are the
conversion of pushing forces into pulling forces or the change of the
chirality of flows. To understand how beat-patterns are generated on
the molecular level, we record the waveforms of cilia of the green alga
Chlamydomonas Reinhardtii using high-speed microscopy. We per-
form theoretical analysis of the beats and investigate how waveform
changes relate to cell propulsion. We formulate mechanical models
of the axoneme to address the question of (1) how molecular motors
are controlled and (2) how force deforms the axonemal structure. To-
gether, we investigate how the molecular properties of micro-motors
and cytoskeletal filaments give rise to self-organized ciliary beating
and to cell-propulsion and cilia-generated flows.

BP 1591 Tue 14:00 Poster B
Flow fields and motions of droplets driven by active filament-
bound point forces — eLEoON RUcCKERT and REINER KREE —
Georg-August-Universitat Gottingen, Institut fiir Theoretische Physik,
Friedrich-Hund-Platz 1, 37077 Gottingen, Germany

Active intracellular motion of cargo carrying motor proteins or active
motion of biological or artificial microswimmers caged in droplets drive
internal and external flow, which in principle may also lead to trans-
lational and rotational motion of the whole system.
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Extending methods of previous work [1], we study the intra- and ex-
tracellular flow fields and the trajectories of droplets at low Reynolds
numbers, which are generated by point forces inside the droplet. The
point forces are assumed to actively move along rigid filamentary
tracks. A special focus is put on force dipoles as models of myosin
or kinesin motors.

We analytically calculate the flow fields, and the induced center of
mass and angular velocity of the droplet for single point forces and
dipoles, and discuss examples of motions, including stationary, peri-
odic and random motion on simple geometries of filamentary tracks.

[1] R. Kree, P.S. Burada and A. Zippelius, J. Fluid. Mech. 821,
595-623 (2017)

BP 15.92 Tue 14:00 Poster B
Surface-Near Electrostatic Forces in Si-Chips guiding Self-
Organisation of Polyelectric- and Biomaterials — eDANIELA
TAUBER!, SusaANNE PanLow!2% Karina WEBERD2® MARTIN
4 and HEDEMARIE ScHwmIDT!?

MOLLER?, ILONA SKORUPA%,
! Leibniz-Institut fiir Photonische Technologien, Albert-Einstein-Str.
9, D-07745 Jena — Z2InfectoGnostics Forschungscampus Jena e.V.,
Philosophenweg 7, D-07743 Jena — S3Leibniz-Institut fiir Polymer-
forschung, PO: 120411, D-01005 Dresden — “Helmholtz-Zentrum
Dresden-Rossendorf, Bautzner Landstr. 400, D-01328 Dresden —
5Friedrich-Schiller-Universitét, Institut fiir Physikalische Chemie und
Abbe Center of Photonics, Helmholzweg 4, D-07743 Jena, Germany

The specific characterisation of biomaterials frequently requires adhe-
sion or binding of the biological species of interest to matching species
(antibodies, single DNA strands), which thus need to be well-organized
on a substrate. The state-of-art here often requires the silanization of
the substrate for providing covalent bonds to which the control species
can be fixed by linkers.

Self-organization of the control species to a planar substrate by
electrostatic adhesion via near surface electrostatic forces[1] is a very
promising alternative approach. Here we report on self-organization
of polyelectrolytes and biological species on silicon substrates with an
implanted near surface electrostatic pattern. The physical adsorption
of polyelectrolytes and biological species on such substrates is stable
directly from solution and does not require silanization/a drying step.

[1] C. Baumgart, M. Helm, H. Schmidt, PRB, 80, 085305 (2009)

BP 15.93 Tue 14:00 Poster B
Computational modeling of active membranes in flows —
e CHRISTIAN BACHER and STEPHAN GEKLE — Biofluid Simulation and
Modeling, Bayreuth, Germany

Active stresses induced by ATP-mediated processes within the cell
cortex, can cause strong membrane deformations, which are highly
important in blood platelet formation. In the framework of Lattice-
Boltzmann/Immersed boundary method we numerically combine ac-
tive cell membranes [1] and external flows, which have been experi-
mentally found to strongly accelerate platelet formation [2]. Using dif-
ferential geometry, we calculate the stresses within the curved, active
membrane and the resulting forces onto the surrounding fluid. Mem-
brane properties and forces are discretized on a triangulated thin shell
coupled to the fluid. Forces of active origin are combined with shear
and bending elasticity using Skalak and Helfrich model to cover real-
istic cell membrane behavior. Following blood platelet formation, we
focus on instabilities of cylindrical shaped membranes under influence
of external shear forces.

[1] G. Salbreux, F. Jiilicher, Phys. Rev. E 96(3), 2017

[2] M. Bender et al., Blood 125(5), 2015

BP 15.94 Tue 14:00 Poster B
Creating Sensorial Delay to Simulate Phototaxis Using
Thermophoresis Applied to Gold-coated Microswimmers —
e ALEXANDER FiscHER!, Giovannt VorLpre?, and Frank CicHos! —
1Molecular Nanophotonics, Peter-Debye-Institute, Universitit Leipzig
— 2Department of Physics, University of Gothenburg

Sperm cells of marine invertebrates move towards the egg using chemo-
taxis. This task is rather challenging due to the noisy movement of
the individuals (agents). The complex behavior of the agents can be
simulated by using some simple rules. The autonomous agent performs
directed motion in a plane and the orientation is subject to noise. The
speed of the agent slows down in those regions where it measures a
higher concentration of messengers. Thus, the probability of presence
of the agent is higher in regions with higher concentration. According
to Volpe et al. [1], a change between segregation and aggregation of
the agents in the high messenger concentration regions can be achieved
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by introducing a delayed response to the messenger concentration. We
implement this model by using gold-coated microparticles diluted in
water. Here we explore this behavior in a system of active particles
that are controlled remotely by a feedback loop.

[1] M. Mijalkov, A. McDaniel, J. Wehr, G. Volpe, Phys. Rev. X, 6,
011008 (2016)

BP 15.95 Tue 14:00 Poster B
Light-Induced Adsorption of Photoactive Microalgae on In-
terfaces — e ALEXANDROS FrackoprouLos, CHRISTIAN KREIs, and
OLIvVER BAUMCHEN — Max Planck Institute for Dynamics and Self-
Organization (MPIDS), Am Fafberg 17, D-37077 Gottingen, Germany

For many organisms, adhering to an interface is of paramount im-
portance from large species, like mussels, to microbes, such as bac-
teria and microalgae. Microorganisms that naturally grow in porous
environments, like soil, constantly interact with interfaces and may
form biofilms that, among else, protects their communities from exter-
nal influences. Chlamydomonas, a unicellular biflagellated microalga,
can adhere almost to any substrate, and we have shown in previous
work that its flagella-mediated adhesion to surfaces can be switched
on and off by controlling the light conditions. Here, we exploit this
light-switchability to study the adsorption-desorption dynamics of a
C. reinhardtii population on solid interfaces that reversibly transitions
between the planktonic (freely swimming) and the surface-associated
state. Our results reveal physical details of the dynamics and how it
depends on the cell density, as well as biological details surrounding
the light-switchable adhesion. Morphological analysis of the patterns
formed by the adsorbed cells evolve over time, possibly indicating that
flagella-mediated gliding, a motility mechanism allowing for adhered
cells to move on interfaces, can lead to a more efficient cell packing.

BP 15.96 Tue 14:00 Poster B
Probing the non-equilibrium dynamics of the centrosomes in
early Drosophila melanogaster embryos using fluorescent car-
bon nanotubes — eConsTaNTIN D. C. Konr!, Zury1 ILv2, Jora
GrossHaNns?, and CurisTopH F. ScumipT! — 1Drittes Physikalis-
ches Institut, Georg-August-Universitat, 37077 Gottingen, Germany
— 2Institut fiir Entwicklungsbiochemie, Universititsmedizin Géttin-
gen, 37077 Gottingen, Germany

In this project, a novel imaging method using near-infrared-fluorescent,
DNA-wrapped fluorescent carbon nanotubes (CNTs) is applied to cap-
ture and characterize the non-equilibrium centrosomal dynamics in
syncytial D. melanogaster embryos. During synchronized mitosis, the
nuclei arrange into a 2 D cortical layer during stage 9 to 13. We target
CNTs to Kin-5 motor proteins which, in turn, co-localize with centro-
somes attached to the nuclei during mitosis and interphase. Semicon-
ducting CNTs are highly photostable, non-blinking and non-bleaching.
Hence, CNTs are good probes for long-time tracking inside living or-
ganisms. To observe the near-infrared fluorescence of CNTs, we have
built a setup enabling the simultaneous use of visible and infrared wide-
field fluorescence microscopy and imaging of GFP tagged histones, in
conjunction with infrared spectroscopy. We apply several methods to
solubilize the hydrophobic CNTs in watery solutions and use biochemi-
cal linking methods to specifically target CN'Ts in the embryos. We su-
perimpose fluorescent CNT signals on GFP labeled nuclei and present
the dynamics of functionalized CNTs in wild-type D. melanogaster.

BP 15.97 Tue 14:00 Poster B
Collective Behaviour of Microalgae Beyond Phototaxis —
eJoHANNES FREY, ALEXANDROS FrRackOPOULOS, and OLIVER BAUM-
cHEN — Max Planck Institute for Dynamics and Self-organization
(MPIDS), Am Fafiberg 17, D-37077 Gottingen

Chlamydomonas reinhardtii is a unicellular, eukaryotic microalga that
has two flagella allowing the cell to propel itself in its surrounding
fluid. This microalga is photoactive since, among else, it can per-
form photosynthesis and phototaxis. Here, we present the discovery
of a light-sensitive collective behaviour within a population of plank-
tonic Chlamydomonas cells. At low light intensities, we observe the
cells to form inhomogeneous patterns within the confinement, while
above a threshold the distribution of cells becomes homogenous. All
experiments are performed under red light indicating that this phe-
nomenon is not related to phototaxis. The swimming behaviour is
fully reversible and time-resolved experiments show a dependence of
its appearance on the geometry and size of the compartment as well
as on the cell density. For circular chambers, we quantify the dynam-
ics of the spatial distribution of cells as a function of the radius and
height of the compartment and the cell density. The light intensity
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dependence and a color discrimination of the effect suggest, that the
change in the cell motility is related to photosynthesis, but the exact
biological mechanism remains to be explored.

BP 15.98 Tue 14:00 Poster B
MT-bundling activity of the MKLp2 kinesin — eAMNA AB-
paLLA MoHAaMMED KHaLip!, I-MEr Yu2, ANNE Houbpusse2, and
Curistopn F. ScumipT! — !Drittes Physikalisches Institut - Bio-
physik, Fakultat fiir Physik, Georg-August-Universitat Gottingen,
Germany — 2Institut Curie Paris, France

The Kinesin-6 MKLP2 motor is N-terminal Kinesin, with unique fea-
tures. It plays critical roles in cell division. Scientists know little about
MKLP2; however, few earlier findings suggested that MKIp2 is a good
candidate for new cancer therapies. To gain insight into the motor reg-
ulation and mechanism, we are studying truncated MKLP2. Here, 1
present the studies of a dimeric truncated MKIp2, in vitro using fluores-
cence microscopy. Our data confirm that the dimeric truncated MKlp2
motors are active and they display strong bundling activity. An aston-
ishing finding, we observed the formation of novel three-dimensional
microtubule-MKLP2 construct(s) networks with unique properties.

BP 15.99 Tue 14:00 Poster B

Flocking without velocity-alignment — eFERNANDO PERUANI
and Lucas BarRBERIs — Université Coéte d’Azur

The spontaneous emergence of collective motion patterns is usually as-
sociated with the presence of a velocity alignment mechanism that me-
diates the interactions among the moving individuals. Despite of this
widespread view, we show that several flocking behaviors can emerge
in the absence of velocity alignment and as a result of short-range,
position-based, attractive forces that act inside a vision cone. We ar-
gue that for this class of active systems three distinct macroscopic col-
lective behaviors can be observed: i) the coarsening of aggregates with
no orientational order, ii) the emergence of static, elongated nematic
bands, and iii) the formation of moving, locally polar structures, which
we call worms. We derive hydrodynamic equations for active particles
interacting via position-based interactions to demonstrate that they
belong to a distinct class of active systems fundamentally different
from other active systems, including velocity-alignment-based flocking
systems.

BP 15.100 Tue 14:00 Poster B
RNA structure prediction using evolutionary constraints
— eMEgnARI Bavou Zermunb? and ALEXANDER Scuuch?
ISteinbuch Centre for Computing, Karlsruhe Institute of Tech-
nology, 76344 Eggenstein-Leopoldshafen, Germany — 2Department
of Physics, Karlsruhe Institute of Technology, 76344 Eggenstein-
Leopoldshafen, Germany — 3John von Neumann Institute for Com-
puting, Jiilich Supercomputer Centre, Forschungszentrum Jiilich,
52428 Jilich, Germany

Non-coding RNAs are involved in regulatory functions in cells. Under-
standing their three-dimensional structure helps to understand their
function as structure and function are closely related. However, the
extremely flexible nature of these biomolecules makes the experimental
determination of their structure very challenging. A complementary
approach is computational structure prediction starting from the se-
quences. Sequences undergo mutations during the course of evolution.
To maintain structure and function, these mutations must be com-
plementary, resulting in residue coevolution. We use direct-coupling
analysis (DCA) to extract coevolving residue pairs and integrated the
resulting information with molecular modeling tools for RNA struc-
ture prediction. The accuracy of this structure prediction workflow is
tested by comparing predicted structures with experimental ones for
RNAs of a known three-dimensional structure.

BP 15.101 Tue 14:00 Poster B
Comparison of Coevolutionary Protein Structure Prediction
Methods — eLaARs FrRaNkE! and ALEXANDER ScHUG? — 1Karlsruhe
Institute of Technology (KIT) — 2Jiilich Supercomputing Centre
(JSC)

Analyzing the structure of proteins is the key to understanding the bio-
logical mechanisms they are involved in. While the experimental struc-
ture determination of proteins is expensive, the corresponding genetic
sequences are easy to obtain. Correlated mutations in the sequences
within a protein family provide information about the protein’s func-
tion and therefore its structure. These correlations can be trans-
lated into residue-residue interactions using Direct Coupling Analysis
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(DCA). We generate contact predictions for eight proteins with known
structure with three different methods—mean field DCA, Pseudo Like-
lihood Maximization and Deep Neural Networks—and compare the
results. This study can provide orientation in the world of protein
structure prediction tools.

BP 15.102 Tue 14:00 Poster B
Adhesion enhances Dbacterial diffusivity close to sur-
faces. — eEmiLIANO PEREz IpiNal, STEran OTTE!, RODOLPHE
PonTiER-BRrES?, DoroTa CzERUCKAZ, and FERNANDO PERUANI!
IUniversité Céte d’Azur, Laboratoire J.A. Dieudonné, UMR 7351
CNRS, Parc Valrose, Nice F-06108, France — 2Centre Scientifique
de Monaco (CSM), 8 Quai Antoine ler, Monaco 98000, Principality of
Monaco

It is well known that peritrichous bacteria are able to explore the

space by performing “run and tumble” motion when they are far from
surfaces. Moreover, bacteria regulate the frequency of tumbling to
perform chemotaxis and redirect their motion towards favorable envi-
ronments. However, close to a surface, hydrodynamics interactions be-
come dominants and run and tumbling patterns are replaced by smooth
circular trajectories. In this context, where bacteria are trapped in cir-
cles and tumbling is highly suppressed, it is not clear how they can be
in control of their motion and by which mediums chemotaxis is per-
formed. Here, through mathematical modeling and statistical analysis
of recorded trajectories, we characterize the motility patterns of FEs-
cherichia coli close to surfaces in in vitro experiments. We report that
by adhering to the surface, E. coli is able to break the circular tra-
jectories and get in control of their diffusivity. Remarkably, we found
that E. coli was tuned to maximize its diffusion coefficient. Our results
shed light on the explore strategies followed by bacteria near surfaces
and suggest adhesion as a possible chemotactic mechanism.

BP 16: Membranes and Vesicles | (joint session BP/CPP)

Time: Wednesday 9:30-13:00

BP 16.1 Wed 9:30 H 1028
Actin polymerization driving localized membrane defor-
mation — eREMY KusTers!, CaMmiLLE SiMoN!, JEAN-FRANCOIS
Joanny!2) CroiLe Sykes!, and PiErrE SENs! — lInstitut Curie,

Paris, France — 2ESPCI, Paris, France

The actin cytoskeleton is able to exert both pushing and pulling forces
on the cell membrane, mediating processes such as cellular motility,
endocytosis and cytokinesis. In order to investigate the exclusive role
of actin dynamics on membrane deformations, the actin dynamics is re-
constituted on the outer surface of a deformable liposome. Depending
on the elasticity of the membrane and the forces generated by the actin
polymerization, both tubular extrusions (i.e. towards the actin cortex)
and localized spike-like protrusions occur along the surface of the lipo-
some. In this talk I present a theoretical model where uniform actin
polymerization can drive localized membrane deformations and show
how polymerization kinetics and membrane/cortex mechanics impact
their size and stability.

BP 16.2 Wed 9:45 H 1028
Modeling the flat-to-curved transition during clathrin-
mediated endocytosis — eFELIx FrREY!, DELIA BuchEr?, KEM
Socuacki®, JusTIN Taraska3, Steeve Bourant?, and ULRICH
Scawarz! — lInstitute for Theoretical Physics, Heidelberg University
— 2Department of Infectious Diseases, Virology, University Hospital
Heidelberg — 3NIH, Bethesda, U.S.A.

Clathrin-mediated endocytosis (CME) is essential for the cellular up-
take of nutrients and receptors. Although CME has been studied for
decades, the exact sequence of molecular and structural events remains
elusive. Two basic models have been suggested for the way CME
proceeds. (1) In the constant curvature model, it is assumed that
clathrin-coated pits grow with constant curvature, determined by the
geometry of clathrin triskelia. (2) In the constant area model, it is as-
sumed that clathrin triskelia first assemble into flat hexagonal arrays
that later invaginate with a constant surface area. This second model
implicitly assumes that during bending, some hexagons are converted
into pentagons. Here, we integrate data sets from correlative electron
and light microscopy and quantify the sequence of ultrastructural rear-
rangements of the clathrin coat during endocytosis in mammalian cells
with the help of some simple mathematical growth laws. Our analysis
shows that clathrin-coated structures initially grow flat but start to
acquire curvature when 70% of the final clathrin content is reached.
Hence, our analysis suggests that elements of both suggested models
are present and that mechanical and cellular factors will decide about
the relative weights of growth versus curvature formation.

BP 16.3 Wed 10:00 H 1028
Formation and Stabilization of Pores in Bilayer Mem-
branes by Peptide-like Amphiphilic Polymers — eANKUSH
CHECKERVARTY 12, MAarRco WERNER!3, and JeEns Uwe SoMMER!:2
— 1Leibniz-Institute of Polymer Research Dresden, Hohe Strasse 6,
01069 Dresden, Germany — 2Institute of Theoretical Physics, Tech-
nische Universitat Dresden, Germany — 3Universitat Rovira i Virgili,
Departament dEnginyeria Quimica, Av. Paisos Catalans 26, 43007
Tarragona, Spain
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We study pore formation in models of lipid-bilayer membranes inter-
acting with amphiphilic copolymers mimicking anti-microbial peptides
using Monte Carlo simulations rationalized by a simple brush-model
for the fluid membrane. In our study at least a weak tension on the
membrane is required to observe pore-formation induced by the ad-
sorption of flexible amphiphilic copolymers. The copolymers enhance
the pore stability by decreasing the line tension due to weak adsorption
along the rim of the pore. Pore formation is enhanced with increasing
length of copolymers or stronger stretching of the membrane. Both
solvent and copolymer permeability increase as the pore becomes sta-
ble. Pore-formation proceeds via a meta-stable pore-state according
to adiscontinuous phase transition scenario which lead to finite pore-
sizes at once. Our generic model of copolymer-induced pore-formation
does not require high polymer concentration at the pores nor any self-
organization of the copolymers to open the pore.

BP 16.4 Wed 10:15 H 1028
Shapes of red blood cell doublets — eMasoup Hoorg, DMITRY
A. FEposov, and GERHARD GoMPPER — Theoretical Soft Matter and

Biophysics, Institute of Complex Systems, Forschungszentrum Juelich
GmbH

Red blood cell (RBC) aggregates play an important role in determining
blood rheology. RBCs in solution interact attractively to form various
shapes of RBC doublets. Here, the attractive interactions can be var-
ied by changing the solution conditions. A systematic numerical study
on RBC doublet formation is performed, which takes into account the
shear elasticity of the RBC membrane due to the spectrin cytoskele-
ton, in addition to the bending rigidity. The results are obtained from
molecular dynamics simulations of triangulated surfaces considering
thermal effects. The phase space of the RBC doublet shapes in a
wide range of adhesion strengths, reduced volumes, and shear elastic-
ities is obtained. Experimental images of RBC doublets in different
solutions show similar configurations. Furthermore, it is shown that
rouleau formation is affected by the doublet structure. It is shown that
the shear elasticity of the RBC membrane changes the doublet phases
significantly.

BP 16.5 Wed 10:30 H 1028
Conditions of Spontaneous Translocation of Individual Nan-
otube Porin Through a Phospolipid Bilayer — YacHonG
Guol:2, Marco WERNER?, RALF SEEMANN®, VLADIMIR BAULINZ,
and eJEAN-BAPTISTE FLEURY? — !Nanjing University, Nanjing ,
China — 2Universitat Rovira i Virgili, Tarragona, Spain — 3Saarland
Univsersity, Saarbruecken, Germany

Single ultra-short nanotubes can be inserted in cell membrane to be
used as a membrane nanosensor or to form artificial ionic channels.
Recent studies reported that ultra-short nanotubes can passively be
inserted perpendicularly to the lipid bilayer core. After this insertion,
it is commonly expected that these ultra-short nanotubes should stay
trapped into the lipid bilayer core as its represents a potential well.
In contrast to such expectations, we investigate the possible condi-
tions that could lead a single nanotube to translocate spontaneously
across a lipid bilayer. We demonstrate that membrane stretching and
subnanometer nanotube, are essential to enable this type of translo-
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cation, while no translocations are occurring in lipid bilayers under
low tension. The proof of this tension-dependent translocation event
is obtained by observating directly a single nanotube quitting a highly
stretched lipid bilayer. A quantitative analysis of the kinetic pathway
associated to this translocation event is measured by using a specially
designed microfluidic device combining optical fluorescence microscopy
with simultaneous electrophysiological measurements.

BP 16.6 Wed 10:45 H 1028
Membrane fluctuations of malaria-infected red blood cells
— eoJuria JicerD?, BENJAMIN FROHLICH?, MoToMu TANAKAS,
MicHAEL Lanzer?, and ULricH ScHwarz!2 — llInstitut fiir Theo-
retische Physik, Universitit Heidelberg — 2Bioquant, Universitit Hei-
delberg — 3Institut fiir Physikalische Chemie, Universitit Heidelberg
— 4Parasitologie, UniversitiatsKlinikum Heidelberg

Once inside the body, malaria parasites invade red blood cells in order
to hide from the immune system and to digest hemoglobin. Over the
course of 48 hours the parasite completely remodels the red blood cell,
so that the cell becomes round and stiff and eventually breaks open.
One way to monitor this remodeling process is the measurement of the
cell membrane’s flickering spectrum, which is a standard approach to
extract the mechanical properties of cell membranes. In addition to
the usual interface Hamiltonian for the membrane, we take into ac-
count the connections between the outer lipid bilayer and the spectrin
network underlying the plasma membrane, which are known to become
increasingly clustered over the course of the infection. We focus on the
confinement parameter in the interface Hamiltonian and show how it
scales with the number and strength of the connections. Finally, we
compare our results with experiments.

15 min. break

Invited Talk BP 16.7 Wed 11:15 H 1028
Computer simulation of collective phenomena that alter the
topology of membranes — eMarcus MULLER — Georg-Auguist-
Universitat Gottingen, Institut fiir Theoretische Physik, Goéttingen,
Germany

Using computer simulation and self-consistent field theory of coarse-
grained models for lipid membranes, we study the free-energy land-
scape of collective phenomena that alter the topology of lipid mem-
branes. These basic processes - pore formation, fusion and fission -
often involve time scales of tens of nanometers and milliseconds that
are large for atomistic simulation. Frequently, they involve transition
states with high curvatures that are difficult to describe by Helfrich-
like models. Coarse- grained models can access the relevant time and
length scales, allow for a systematic exploration of parameters like the
lipid architecture or membrane tension, and they are well suited to
study collective phenomena that alter the topology of membranes.

The talk will discuss different computational techniques - Wang-
Landau sampling, field-theoretic umbrella sampling, and the string
method - to investigate metastable intermediates (like the stalk in the
course of membrane fusion) and transition states of pore formation,
membrane fusion and fission. Using coarse-grained models, we explore
the universal aspects of topology-altering processes in membranes and
comment on the extent, to which coarse-grained model capture specific
effects of protein-mediated processes.

BP 16.8 Wed 11:45 H 1028
Formation of Coatless Membrane Vesicles — eSUSANNE LiEsg!,
RossaNa Rouas!, Eva WenNzeL?, CamiLLa RamBorc?, HARALD
STENMARKZ, and ANDREAS CARLSON! — lUniversity of Oslo, De-
partment of Mathematics — 2Oslo University Hospital, Institute for

Cancer Research

The formation of membrane vesicles is an important part of various
processes in cell biology. Among others, cells use vesicle formation as
an uptake mechanism for controlling their activity and to communi-
cate with other cells through the cargo material that is encapsulated in
the membrane vesicle. It all starts with a small initial deformation of
the membrane, which subsequently grows and leads to the formation
of a vesicle. This dynamic process is induced by membrane associ-
ated proteins, which generate forces within the membrane. Membrane
compartments inside the cell, such as the endosome, form coatless vesi-
cles but the force generating membrane proteins are not becoming a
part of the vesicle. To understand this process, we develop an elastic
membrane model to study the biophysical origin of coatless vesicle for-
mation. Our results highlight how elastic membrane parameters and
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transmembrane proteins determine the shape of the deformed mem-
brane and the equilibrium size distribution of vesicles.

BP 16.9 Wed 12:00 H 1028
Outperforming nature: synthetic enzyme built from DNA
flips lipids of biological membranes at record rates —
e ALEXANDER OHMANN!, CHEN-YU Li1?, CHRISTOPHER MAFFEOZ,
KareeM AL Nanas!, Kevin N. Baumann!, KersTIN GOpFRICcH!,
JrjoonGg Yoo?, UrricH F. Kevser!, and ALEKSEI AKSIMENTIEVZ
— !Cavendish Laboratory, University of Cambridge, Cambridge, UK
— 2University of Illinois at Urbana-Champaign, Champaign, IL, USA

Mimicking enzyme function and increasing performance of naturally
evolved proteins is one of the most challenging and intriguing aims of
nanoscience. Here, we employ DNA nanotechnology to design a syn-
thetic enzyme that substantially outperforms its biological archetypes.
Consisting of only eight strands, our DNA nanostructure sponta-
neously inserts into biological membranes by forming a toroidal pore
that connects the membrane’s inner and outer leaflets. The mem-
brane insertion catalyzes spontaneous transport of lipid molecules be-
tween the bilayer leaflets, rapidly equilibrating the lipid composition.
Through a combination of microscopic simulations and single-molecule
experiments we find the lipid transport rate catalyzed by the DNA
nanostructure to exceed 107 molecules per second, which is three or-
ders of magnitude higher than the rate of lipid transport catalyzed
by biological enzymes. Furthermore, we show that our DNA-based
enzyme can control the composition of human cell membranes, which
opens new avenues for applications of membrane-interacting DNA sys-
tems in medicine.

BP 16.10 Wed 12:15 H 1028
Membrane-mediated interactions between inclusions: the
role of shape and background curvature — eAFSHIN VAHID!,
ANDELA SaRric?, and TimoN IDEMA® — 1TU Delft, Delft, the Nether-

lands — 2University Collage London (UCL), London, United Kingdom

Lipid membranes are vital to cell function. Their combination of fluid
and elastic properties allows cells to cope with an out of equilibrium en-
vironment. Consequently, membranes exhibit a large variety of shapes,
ranging from simple spherical liposomes to complex tubular networks.
These shapes are regulated by protein inclusions, that can act both
as curvature sensors and curvature inducers. We model the interac-
tion between such inclusions in curved lipid bilayers. We show that in
contrast to flat membranes, the inclusions can attract each other and
collectively form biologically relevant patterns. For example, we find
that even identical inclusions can spontaneously form rings on closed
membranes, and those rings again act as curvature sensors. We further
demonstrate that the curvature sensing and curvature inducing prop-
erty of proteins are two sides of the same coin, depending on protein
density. In particular, proteins can constrict tubular membranes and
facilitate their splitting. This feature was recently observed in mito-
chondria, and can prevent entanglement with tubes of the ER network
also present in the cell.

BP 16.11 Wed 12:30 H 1028
Membrane curvature and nanobuds generated by lipids with
bulky head groups — eAPARNA SREEKUMARI and REINHARD
Lipowsky — Theory and Bio-systems, Max Planck Institute of Col-
loids and Interfaces Golm, D-14424 Potsdam, Germany

We study the mechanical and curvature-elastic properties of bilayer
membranes with compositional asymmetry by molecular simulations.
The compositional asymmetry is achieved by inserting lipids with a
bulky head group into one leaflet (or monolayer) of the bilayer. As we
increase the mole fraction ¢ of the bulky-head lipids, we observe a re-
markable evolution of the stress profile across the bilayer and a strong
increase in the first moment of this profile. In order to extract the
spontaneous curvature from this moment, we also determine the bend-
ing rigidity of the bilayer which is found to exhibit a non-monotonic
dependence on ¢;. The latter behaviour reflects changes in the mean
density of the lipid tails and head groups. The resulting spontaneous
curvature is found to be quite large compared to other molecular mech-
anisms for bilayer asymmetry. The generated curvature leads to the
formation of nanobuds, which provide new membrane compartments,
in close analogy to cellular budding processes.

BP 16.12 Wed 12:45 H 1028
Formation and phase transitions of vapour deposited phos-
pholipid bilayers on porous silicon substrates — Nico-

LAs Moracal, MarceLo CisTErNAs!, Dieco Diaz!, Robrico
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CaraLant, Maria J. RETaMaL?, Tomas P. CORRALES®, MARK

Buscu?, Parrick Huser?, Marco SoTo-ARrRiaza?, and eULRICH
G. VorkMann! — lInstitute of Physics and CIEN-UC, P. Univ.
Catolica de Chile, Santiago, Chile — 2Faculty of Chemistry and CIEN-
UC, P. Univ. Catolica de Chile, Santiago, Chile — 3Department of
Physics, UTFSM, Valparaiso, Chile — *TUHH, Hamburg, Germany

Study of phospholipid artificial membranes on solid substrates has be-
come a relevant way to gain insight into the physical behaviour of cell
membranes. In this work, porous silicon substrates (pSi) were made
using a two-electrode cell to produce different pore diameters. Sub-
strates were characterized with Field Emission Electron Microscopy.

The phospholipid (DPPC) was deposited in high vacuum from the
gas phase on the pSi. Film thickness was controlled using Very High
Resolution Ellipsometry (VHRE). Samples were hydrated in air with
ultrapure water to assemble the bilayer. Phase transitions were mea-
sured with VHRE and Stray Light Intensity during temperature cycles.
AFM was used to study morphological changes of bilayers as a function
of temperature. Our results open new ways to hydrate lipid bilayers
using pSi with a specific pore diameter. Acknowledgements: Postdoc-
toral FONDECYT #3160803 (MJR), FONDECYT #1141105 (UGV)
and #1171047 (MSA), FONDECYT INICIACION #11160664 (TPC),
CONICYT Fellowships (RC, MC) and CONICYT-PIA ACT 1409.

BP 17: Cell Mechanics |

Time: Wednesday 9:30-13:00

BP 17.1 Wed 9:30 H 1058
Mechanical and Electrical Characterization of Cardiac and
Skeletal Muscle Microtissues — eDELF KaAH, INGO THIEVESSEN,
MARINA SPORRER, WOLFGANG H. GorLpmanN, and BEN FaBRy
— Department of Physics, Biophysics Group, Friedrich-Alexander-
University Erlangen-Nuremberg, D-91052, Erlangen, Germany

In-vitro engineered muscle tissue grafts are of growing interest for dif-
ferent applications including regenerative therapy, replacement of in-
farcted cardiac sites, or as a drug testing platform. Critical for the suc-
cessful development of suitable models for engineered muscle grafts is
the maturation into an in-vivo-like, highly aligned, and contractile tis-
sue. To achieve this, we developed a stretchable and electrically pace-
able system consisting of an array of 4x2x2 mm microwells with two
elastic pillars that serve as force sensors. Tissues can be grown from
several cell sources including neonatal cardiomyocytes form rats, mice,
as well as C2C12 skeletal muscle cells. Mechanical stretching with a
linear stepper motor, electrical pacing with carbon electrodes, and mi-
croscopic imaging of the tissue is synchronized by a microcontroller,
allowing us to study isotonic, isometric, or eccentric contractions for
various pacing protocols. Cardiac tissues show remarkably uniform
contraction induced by electrical pacing, which allows for imaging with
a time resolution of up to 1000 Hz through heterodyning. Accordingly,
contractile performance can be evaluated with high temporal precision.

BP 17.2 Wed 9:45 H 1058

sarcomere coherence in
eDaNIEL HARTTER!, TIL

Substrate stiffness affects
hESC-derived cardiomyocytes —
DrienorsT! 2, Marre TiBurcy?, Kenco NisHi!, WOLFRAM-
H. ZmMMERMANNZ, and CHrisTopH F. Scumipr! — 1Drittes
Physikalisches Institut - Biophysik, Fakultdt fiir Physik, Georg-
August-Universitit Gottingen — 2Institut fiir Pharmakologie, Uni-
versitdtsmedizin, Georg-August-Universitat Gottingen

The mechanical micro-environment affects the behavior of cells. For
instance, stiff infarcted heart tissue inhibits the global contraction of
cardiomyocytes. However, direct insight into how the mechanical en-
vironment influences dynamics on the sarcomere level is missing. We
tracked the motion of individual sarcomeres using endogeneous z-line
labeling in CRISPR/Cas9 modified hESC-derived cardiomyocytes on
micro-patterned substrates with various physiologically relevant stiff-
nesses (7kPa to 60kPa). Individual sarcomere contraction is impeded
for increasing substrate stiffness. Furthermore, on soft substrates sar-
comeres contract coherently, whereas with increasing stiffness the sar-
comere contraction gets increasingly incoherent and heterogeneous.
These findings suggest that rigid mechanical surroundings force sar-
comeres into competition. Using a mechanistic muscle model, we show
that z-lines elastically cross-linked to the substrate and heterogeneous
elements can account for many features we observe. Theories of collec-
tive molecular motors predict emerging phenomena such as dynamic
instabilities, and these experiments can provide quantitative data to
understand the microscopic basis of real cardiac muscle function.

BP 17.3 Wed 10:00 H 1058
Functional analysis of larval chordotonal organ mechan-
ics in Drosophila — eCuonNcLIN GuUAN!, MARTIN GOPFERTZ,
and ChrisTopH F. ScaMmipT! — 1Drittes Physikalisches Institut
- Biophysik, Fakultat fiir Physik, Georg-August-Universitdt Gottin-
gen — 2Abteilung Zellulire Neurobiologie, Schwann - Schleiden-
Forschungszentrum, Georg-August-Universitdt Gottingen
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In Drosophila larvae and adults, chordotonal organs (ChOs) are
ubiquitous mechanoreceptors, converting a diverse range of physical
forces such as sound, vibration and stretch into biological responses.
The mechanoelectrical transduction, operated by an active, force-
generating process, has been linked to adaptation motors. The un-
derlying force generator, however, is poorly known, and the functional
dissection of ChO mechanics in vivo has been challenging. We com-
bine electrophysiological analyses with mechanical stimulation, and
correlate mechanical properties and active manipulation with neuronal
activity. We find that myosin II motors power contraction of the cap
cells of ChO and regulate mechanosensation. Our in vivo model reveals
larval ChOs as complex, but accessible organs to study the molecular
machinery involved in the regulation and encoding of mechanical forces
by primary mechanoreceptor neurons.

BP 174 Wed 10:15 H 1058

Magnetogenetic Manipulation of Cellular Functions
eCorNELIA MonzeL!3, CHiaARA Vicario!, DoMmeNIK Lisse?, ELIE
Barrour!, KoceiLa Aizer!, Maruieu CoppeY!, JacoB PIEHLERZ,
and MaxiME DasaN! — 1Institut Curie, Laboratoire Physico-Chimie,
CNRS UMRI168, 75005 Paris — 2University of Osnabriick, Depart-
ment of Biology, 49076 Osnabriick, — 3present address: University of

Diisseldorf, Department of Physics, 40225 Diisseldorf

Many cell functions rely on the coordinated activity and spatial dis-
tribution of proteins on a subcellular scale. However, few tools are
hitherto capable of probing and perturbing intracellular proteins on
scales matching their natural spatio-temporal distribution. Here, we
develop a novel magnetogenetic approach where intracellular proteins
are specifically targeted by magnetic nanoparticles (MNPs) and ma-
nipulated with magnetic forces to remotely control individual cell func-
tions. Among these functions are changes in organelle dynamics or the
activation of a cell signaling pathway. We demonstrate that semisyn-
thetic MNPs based on the natural iron storage protein ferritin are
ideally suited for our magnetic manipulation approach. We explain
the MNP design, different means of magnetic stimulation, and show
the corresponding biological response.

Invited Talk BP 17.5 Wed 10:30 H 1058
Tension build-up and membrane deformations in actin-
membrane biomimetic systems — oCECILE SYkeES — Institut
Curie/CNRS/Paris Science et Lettres — 11, rue Pierre et Marie Curie,
F-75231 Paris cedex 05

In order to unveil generic mechanisms of cell movements and shape
changes, we design stripped-down experimental systems that repro-
duce cellular behaviours in simplified conditions, using liposome mem-
branes on which cytoskeleton dynamics are reconstituted. Such
stripped-down systems allow for a controlled study of the physical
mechanisms that underlie cell movements and cell shape changes.
Moreover, these experimental systems are used to address biological
issues within a controlled, simplified environment. We have recon-
stituted the actin cortex of cells at the membrane of liposomes, and
characterized their mechanical properties. We will show how these
cortices contract in the presence of myosin motors, and how such ex-
periments shed light of the mechanisms of cell shape changes. We have
reconstituted membrane tubules and spikes pushed or pulled by actin
polymerization, and which reproduce the formation of endocytic vesi-
cles and filopodia. We will show how membrane and actin mechanical
properties govern their formation.
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30 min. break

BP 17.6 Wed 11:30 H 1058
dynamic RT-DC: time-resolved mechanical single cell analy-
sis at 100 cells / second — eBoB FREGIN!, FABIAN CZERWINSKIL,
KonsTaNzZE AuricH?, DOREEN BiEpENWEG!, and Oriver OrTol!
— 1ZIK HIKE, Universitat Greifswald, Greifswald, Germany —

2Universitatsklinikum Greifswald, Greifswald, Germany

Real-Time Deformability Cytometry (RT-DC) is a label-free technique
for single cell mechanical analysis with high throughput of up to 1,000
cells / second. By observing the shape of cells passing a narrow mi-
crofluidic channel their deformation and thus material properties can
be quantified. As RT-DC is in the current implementation a single
shot technique, i.e. for every single cell only one image at the end of
the channel is captured, exclusively time-independent parameters like
the elastic modulus can be derived.

Here, we are introducing an extension of RT-DC towards dynamic
single cell measurements with the possibility to capture elastic and
viscous properties of single cells for up to 100 cells / second. Measure-
ments are carried-out in real-time and allow for monitoring cellular
shape-changes along the entire length of the microfluidic channel. By
varying the experimental conditions we are capable to access a dynamic
range in cell response exceeding one order of magnitude in time.

Dynamic RT-DC on a precursor myeloid cell line HL60 as well as
primary cells reveals two characteristic timescales which can be at-
tributed to the non-uniform stress distribution at the inlet compared
to the steady-state situation inside the channel. This approach allows
to extract model-independent material properties from RT-DC assays.

BP 17.7 Wed 11:45 H 1058
Force Spectroscopy for the Investigation of Cellular Mechan-
otransduction — eSANDRA SINDT, STEVEN HuTH, and CHRISTINE
SELHUBER-UNKEL — Christian- Albrechts-Universitiat zu Kiel, Institut
fiir Materialwissenschaft, Biokompatible Nanomaterialien

Cells permanently explore the mechanical properties of their surround-
ings by applying forces. Even though some knowledge about mechan-
ical interactions of cells have been obtained, the mechanisms are not
completely understood yet. Here, we present a method based on a
combination of Traction Force (TFM) and Atomic Force Microscopy
(AFM) to gain deeper understanding of cellular mechanotransduction.
During the detachment of a cell with a cantilever from a substrate with
embedded fluorescent marker beads, the beads within the substrate
are displaced. If the elastic properties of the substrate are known, the
traction forces of the cell can be calculated from the displacements of
the beads. In order to calculate traction forces, a precise and reliable
mechanical characterization of substrates is important. The AFM is a
well-established technique to measure the stiffness at the cellular scale,
yet values of Young’s moduli published by different authors vary sig-
nificantly. Here, we present an improvement of the previously used
method for measuring the stiffness of biological substrates based on
indentation experiments using AFM. In this procedure, cantilevers are
pressed against biocompatible soft polymer substrates using different
forces and speeds. Both cantilever movements, towards and away from
the substrate, are recorded and plotted as a force-distance curve. The
Young’s moduli are acquired from a Hertzian fit of the approach curve.

BP 17.8 Wed 12:00 H 1058
Applications of new optical high speed cell characterization
device CellMOUSE — eDaNIEL GEIGER, ToBIAS NECKERNUSS,
Jonas PrEIL, RALF ScHUSTER, and OTHMAR MARTI — Institute of
Experimental Physics, Ulm University

For various applications in science and medicine the identification of
different cell parameters of suspended cells is essential. We developed
a novel tool to assess important cellular parameters like size, shape
and morphology in real time for more than 500 cells per second. This
allows completely new experiments in various fields of basic research
and clinical applications. After a brief introduction to the technique
we present different applications of the so called CellMOUSE device.
A validation for the measurement principle with well known samples
will be shown. Furthermore, the determination of cellular parameters
from suspended cells with superior throughput and accuracy will be
presented. The samples range from simple NB4 cells to leukocytes
and erythrocytes to bacteria and bacterial clusters. In addition we
will present a simulation method for an easy comparison of our results
with well established techniques.

BP 17.9 Wed 12:15 H 1058
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Simultaneous measurement of the Young’s modulus and the
Poisson ratio of thin elastic layers — eWoLrcanc GRross and
HorcErR KREss — Department of Physics, University of Bayreuth,
Bayreuth, Germany

The mechanical interplay between cells and their environment has be-
come a major point of interest during the last decades. To quantify
the interactions between cells and soft matrices with techniques such
as traction force microscopy, precise knowledge of the elastic parame-
ters of thin substrate layers is necessary. However, only few methods
are available to simultaneously measure the elastic modulus and the
Poisson ratio of thin substrate layers.

Here we describe a novel technique to measure both parameters in
a single experiment. As a model system, we chose polyacrylamide
and poly-N-Isopropylacrylamide layers with a thickness of 1/10th of
a millimeter and a stiffness in the range of mammalian tissue. We
place millimeter-sized steel spheres with different radii on the sub-
strates which indent the surface due to gravity and visualize the in-
dentation cap marked with fluorescent microparticles with an inverted
microscope. Using a previously published model which takes finite
thickness effects into account, we demonstrate experimentally for the
first time that the model allows the simultaneous determination of both
the elastic modulus and the Poisson ratio with high accuracy. Since
the technique comes without the need of special equipment aside from
an inverted microscope, we envision it to become a standard tool for
the characterization of thin substrate layers.

BP 17.10 Wed 12:30 H 1058
Measurement and simulation of light scattering by deformed
red blood cells (RBCs) in flow cytometry — eJonas GIENGER,
HerMANN GRross, Markus BAR, VoLKER OsT, and JORG NEUKAM-
MER — Physikalisch-Technische Bundesanstalt (PTB), Abbestrafe 2—
12, 10587 Berlin, Germany

Light scattering of single cells is widely applied for flow cytometric
differentiation of cells. We developed a dedicated flow cytometer to
simultaneously observe forward light scatter (FSC) of RBCs for or-
thogonal incident wave vectors 121 1 EQ. Bir_tgodal distrib_‘utions are
observed in two-dimensional dot plots of FSC(k1) vs. FSC(k2) of typi-
cally 7.5x 10 RBCs, which is a result of the RBCs’ random orientation
around the direction of flow, their distribution of size and optical prop-
erties.

Simulations of the light scattering by single RBCs were performed
using the discrete dipole approximation (DDA). Using the axisymmet-
ric equilibrium shape of healthy RBCs employed in most light scatter-
ing simulation studies to date, the experimentally observed bimodality
cannot be reproduced. This is because this model does not account for
the significant elongation due to hydrodynamic forces in the flow cy-
tometer, involving extensional flow and Poiseuille flow at speeds of up
to 5m/s in channels of a few 100 pm width. Thus we propose a simple
ad hoc model for elongated RBC shapes, which reproduces the bimodal
2D-distributions qualitatively. However, to quantitatively analyze the
data and retrieve elastic parameters from such high-throughput optical
measurements a detailed modeling of RBC deformation in the given
flow conditions seems necessary.

BP 17.11 Wed 12:45 H 1058
Treatment of cancer cells with acoustic waves — eMaja
STRUGACEVAC!, NINA BarreLs', Tobias LOFFLER!, CONSTANZE
Wiek2, MarceL Graas?, JOrc ScHIPPER?, and MATHIAS
GeTzLAFF! — !Heinrich-Heine-Universitéit Diisseldorf, Institute of
Applied Physics, Diisseldorf, Germany — 2Diisseldorf University Hos-

pital, Department of Otorhinolaryngology, Diisseldorf, Germany

Our group is developing new, alternative, cell-selective treatment
strategies for squamous cell carcinoma of the head-neck area based
on the different mechanical properties of oral keratinocytes and cancer
cells. As a first step we compared their cytoskeleton and observed the
differences in actin filaments and microtubules, both playing a signif-
icant role in cell elasticity. Oral keratinocytes are differently formed
and seem to contain more fibers then cancer cells which could lead to
the conclusion that there is a difference in cytoskeleton between this
cell types.

In a second step we have irradiated different cell lines with acoustic
waves exhibiting frequencies from 0.5 up to 10 kHz. Using different
frequencies and input power we investigated the behavior of the cells
exposed to the sound waves. Our latest results will be presented and
discussed.
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BP 18: Focus Session: Physics of Microbial Systems - organized by Tobias Bollenbach and
Benedikt Sabass

Time: Wednesday 9:30-13:00

Invited Talk BP 18.1 Wed 9:30 H 2013
Dynamics of cellular metabolism, size, and motility —
oSANDER TANs — AMOLF, Amsterdam, the Netherlands

We use time-lapse microscopy to measure the dynamics of individual
cells, focusing on a number of different questions. I will present work
on the relation between fluctuations in the expression of catabolically
active enzymes and cellular growth, how cells control their size in the
presence of external and internal perturbations, and a surprising obser-
vation of motility in epithelial cells that is triggered by viral infection.

BP 18.2 Wed 10:00 H 2013
Salmonella Typhimurium in the search of host cells — EwmiL-
1aNo Perez IPiNAl, STErAN OTTE!, RODOLPHE PONTIER-BRES?,
DoroTa CzERUCKAZ, and eFERNANDO PERUANI! — ! Université Cote
d’Azur, Laboratoire J.A. Dieudonné, UMR 7351 CNRS, Nice, France

— 2Centre Scientifique de Monaco (CSM), Principality of Monaco

Combining experiments and theory, we study how Salmonella Ty-
phimurium (ST) search for human T84 colonic epithelial cells (HC),
which, anchored on the bottom surface of a chamber, are invaded by
ST. Our study reveals that near the surface ST do not display bi-
ased motion towards HC and the localization of HC involves a random
search. We find that this random search has a well-defined average
search time (), which is determined by the details of the near-surface
motion of ST and particularly by the diffusion coefficient D. We show
that this random search can be well-described by a model, analytically
tractable, of chiral active particles with active speed fluctuations and
find that these fluctuations are of biological origin and account for up
to 40% of D. Using simple arguments and simulations, we show that
the number of ST that invade HC (NIB) is fully determined by (),
proving that D controls (), and (7) determines NIB. Furthermore,
our study reveals that within the same bacterial population (same
genome), there exists a large range of inter-individual variability of
the bacterial exploring capacity, with D ranging over four orders of
magnitude. This finding together with the relation between D, (),
and NIB suggests that the individual infection capacity is highly het-
erogeneous within the same bacterial population.

BP 18.3 Wed 10:15 H 2013
Sex or Simplicity: Phenotypic interference and the cost of
complexity in asexual evolution — TorsTEN HELD!'2, eDANIEL
KremMmieRD2, and MicHAEL LAssic! — lInstitut fiir Theoretische
Physik, Universitét zu Kéln, Koln, Deutschland — 2Equal contribu-
tion
The asexual evolution of microbes and viruses often generates clonal
interference, a mode of competition between genetic clades within a
population. We show that interference strongly constrains genetic
and phenotypic complexity. Our analysis is based on a minimal bio-
physical model that represents each gene by a quantitative molecular
phenotype, its fold stability. The model displays a generic mode of
asexual evolution called phenotypic interference, which occurs over a
wide range of evolutionary parameters appropriate for microbial pop-
ulations. It generates a strong burden of complexity: The fitness cost
of mutations increases faster than linearly with the number of genes.
We show that recombination eliminates the superlinear cost through
a first-order phase transition to a mode of sexual evolution. This im-
plies a large fitness advantage of even facultative recombination and
provides a biophysically grounded scenario for the evolution of sex. In
a broader context, our analysis suggests that the systems biology of
microbial organisms is strongly intertwined with their mode of evolu-
tion.

BP 18.4 Wed 10:30 H 2013
Dormant, dead or alive: measuring steady state free energy
levels in bacterial cells — eLEoNARDO MaNcCINI and TEuTA PILI-
zOTA — University of Edinburgh

Bacteria can survive a variety of external stresses by entering a state of
suspended growth that is commonly referred to as dormancy. Such re-
sponse has historically been considered a unequivocal low metabolism-
low energy state and a vast array of stressors seem to be avoidable
through dormancy. Antibiotics are among the most notable examples
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of such stressors and tolerant, dormant cells are known as persisters.
However, recent experiments show that some persisters might survive
antibiotic challenges through mechanisms that are, in contrast, energy
consuming. The findings open the possibility of several different dor-
mant steady states with distinct cellular free energy levels. To verify
such a hypothesis, molecular sensors that can provide information on
cellular energetics in vivo and at the single cell level are needed. To
this end, we have successfully optimized the expression of a previously
reported QUEEN ATP sensor and characterized in E. coli the newly
proposed membrane voltage dye, Thioflavin T. Our results provided
insights that can be generalized to other dyes, such as TMRM and
DiSC3(5). Using the sensors, we present measurements of free energy
levels during dormancy when this is induced by different conditions
and signals, such as starvation, quorum sensing, and stress signalling
molecules.

BP 18.5 Wed 10:45 H 2013
Localized hypermutations govern competition dynamics
through positioning in bacterial colonies — ¢ ROBERT ZOLLNER,
EnNo OLDEWURTEL, NADZEYA KouzEL, and BERENIKE MAIER — De-
partment of Physics, University of Cologne, Ziilpicher Str. 77, 50539
Ko6ln, Germany

Cellular positioning towards the surface of bacterial colonies and
biofilms can enhance dispersal, provide a selective advantage due to
increased nutrient and space availability, or shield interior cells from
external stresses. Little is known about the molecular mechanisms
that govern bacterial positioning. Using the type IV pilus (T4P) of
Neisseria gonorrhoeae, we tested the hypothesis that localized hyper-
mutations govern positioning and thus enhance bacterial fitness in ex-
panding gonococcal colonies. By independently tuning growth rate and
T4P-mediated interaction forces, we show that the loss of T4P and the
subsequent segregation to the front confers a strong selective advan-
tage. Sequencing of the major pilin gene of the spatially segregated
sub-populations and an investigation of the spatio-temporal population
dynamics was carried out. Our findings indicate that localized hyper-
mutations generate a standing variation of pilin sequences within the
inoculation zone, while variants associated with a non-piliated pheno-
type segregate to the front of the growing colony. We conclude that
tuning of attractive forces by mutations is a powerful mechanism for
governing the population dynamics of bacterial colonies.

15 min. break

BP 18.6 Wed 11:15 H 2013
Quantitative modeling of nutrient-limited growth of bacterial
colonies in microfluidic cultivation — eJEns EvrceTi — Theo-
retical Soft Matter and Biophysics, ICS-2, Forschungszentrum Jiilich,
Germany

Nutrient gradients and limitations play a pivotal role in the life of all
microbes, both in their natural habitat as well as in artifical, microflu-
idic systems. Spatial concentration gradients of nutrients in densely
packed cell configurations may locally affect the bacterial growth lead-
ing to heterogeneous micropopulations. A detailed understanding and
quantitative modeling of cellular behaviour under nutrient limitations
is thus highly desirable. We use microfluidic cultivations to inves-
tigate growth and microbial behaviour under well-controlled condi-
tions. With a reaction-diffusion type model, parameters are extracted
from steady-state experiments with a one-dimensional nutrient gradi-
ent. Subsequentially, we employ particle-based simulations with these
parameters to predict the dynamical growth of a colony in two dimen-
sions. Comparing the results of those simulations with microfluidic
experiments yields excellent agreement. Our modeling approach lays
the foundation for a better understanding of dynamic microbial growth
processes, both in nature and in applied biotechnology.

BP 18.7 Wed 11:30 H 2013

Sensitivity, dynamics and robustness of extracellular PhrA-

signaling in Bacillus subtilis — Hriko BabeL2, ePaBLO
Naraniol2, StepHANIE TrRAUTHD2, VicTorR Sourjik!, and ILka
Biscnors™2 — IMPIT for Terrestrial Microbiology, Marburg, Germany

— 2BioQuant, University of Heidelberg, Germany
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Communication is an essential for the self-organization of bacterial
populations. The underlying molecular networks that serve this task
are surprisingly diverse. In order to understand how the different
architectures affect signaling performance, new biophysical tools are
required that allow us to quantitatively characterize the function of
individual network components and signaling processes in the bacte-
rial cell. A common form of signaling in Gram-positive bacteria is by
means of signaling peptides that are produced by an active export-
import circuit and are sensed intracellularly. Here, we developed the
first FRET-reporter to quantitatively study PhrA-signaling in Bacil-
lus subtilis. Using acceptor photo-bleaching experiments we studied
the intra- and extracellular dynamics in response to peptide stimula-
tion and developed a mathematical model that fits the data well. We
find that the PhrA signaling circuit, although relying on a low affin-
ity receptor, exhibits exquisite sensitivity to low extracellular signal
levels. Our data furthermore suggests that oligopermeases - a com-
ponent that is shared by all RNPP-signaling circuits in Gram-positive
bacteria - play a central role in governing the sensitivity and dynamics
of extracellular peptide signaling, while potentially also limiting the
robustness of signaling in the presence of other peptides.

BP 18.8 Wed 11:45 H 2013
Modelling of front instabilities in surfactant-driven biofilm
spreading — eSaraH TRINscHEK'2, KARIN JoHN?, SIGOLENE
LecuvyEr2, and Uwe THIELE!® — lInstitut fiir Theoretische Physik,
WWU, Miinster, Germany — 2Université Grenoble-Alpes, CNRS,
Laboratoire Interdisciplinaire de Physique, Grenoble, France —

3Center for Nonlinear Science (CeNoS), WWU, Miinster, Germany

The spreading of bacterial colonies at solid air interfaces hinges on
physical processes connected to the properties of the involved inter-
faces. The production of surfactant molecules by the bacteria is one
strategy that allows the bacterial colony to efficiently expand over a
substrate. These surfactant molecules affect the surface tension which
results in an increased wettability as discussed in [1] as well as in
outward-pointing Marangoni fluxes that promote spreading. These
fluxes may cause an instability of the circular colony shape and the
subsequent formation of fingers. In this work, we study the front in-
stability of bacterial colonies at solid-air interfaces induced by sur-
factant production in the framework of a passive hydrodynamic thin-
film model which is extended by bioactive terms. We show that the
interplay between wettability and Marangoni fluxes determines the
spreading dynamics and decides whether the colony can expand over
the substrate. We observe four different types of spreading behaviour,
namely, arrested and continuous spreading of circular colonies, slightly
modulated front lines and the formation of pronounced fingers.
[1] S. Trinschek et al., PRL 119, 078003 (2017)

BP 18.9 Wed 12:00 H 2013
Pili-mediated substrate motility of bacteria — eWoLFrRAM
Poniscu!, Curistorn A. WEBER'2, and VASILY ZABURDAEV! —
IMax Planck Institut fiir Physik Komplexer Systeme, Dresden, Ger-
many — 2Paulson School of Engineering and Applied Sciences, Har-
vard University, Cambridge, USA

Most bacteria live in complex multicellular communities, known as
biofilms, colonizing various surfaces. A wide range of bacteria use cell
appendages, so called type IV pili, to bind to a substrate and generate
pulling forces, enabling the cells to actively move. The attachment of
bacteria to a surface and surface associated motility represent the first
steps of biofilm formation.

For Neisseria gonorrhoeae (NG) bacteria, it was shown that its
motility could be described as a persistent random walk with a charac-
teristic length scale that exceeded the average pili length. Previously,
it has been suggested that such behavior would require a mechanism of
directional memory in pili attachments. Here, we develop a stochastic
model demonstrating that the persistent motion arises naturally from
the force-dependent detachment rate of pili and the geometric proper-
ties of the cell and its pili, but does not require any directional memory
of the pili. We confirm this result with the help of a computational
model of NG cells interacting with a substrate via its multiple indi-
vidual pili. Furthermore, in agreement with experimental data, both
model describes the dependence of cell motility on the total number of
pili per cell.

BP 18.10 Wed 12:15 H 2013

Regulation of cell volume and intracellular biomass density in
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bacteria, elucidated by single-cell measurements and pertur-
bations — eENNO OLDEWURTEL and SVEN VAN TEEFFELEN — Mor-
phogenesis and Microbial Growth Lab, Institut Pasteur, Paris, France

All cells must control their volumes to maintain a high level of macro-
molecular crowding. In bacteria, cell volume is set by the peptidogly-
can (PG) cell wall, which counteracts high internal Turgor pressure. A
regulation of PG synthesis and cleavage is required to ensure a match
of volume increase with the rate of biomass growth and to prevent cell
lysis. We ask: a) How strictly is cell-wall expansion tied to biomass
growth? b) Which cell-wall remodeling process is rate-limiting for
cell-wall expansion? Using FEscherichia coli we monitored cell mass
and cell dimensions at the single-cell level and over time using quan-
titative phase microscopy. First, we find control of biomass density
both during steady-state growth and during changes in growth rate,
suggesting a close coupling of cell-wall expansion with mass growth.
Second we show normal volume expansion even if PG synthesis is in-
hibited, up to the point of cell lysis. Furthermore, transient changes in
the rate of PG cleavage lead to rapid changes in the surface expansion
rate, pointing to a control of expansion by the rate of PG cleavage.
However, despite rapid changes in surface expansion rate, the biomass
density stays constant as cell width decreases to maintain a constant
volume expansion rate. This width change is likely due to a change
in pressure. This suggest cell volume regulation by cell-wall cleavage
on intermediate time scales, and an involvement of Turgor pressure on
short times.

BP 18.11 Wed 12:30 H 2013
Phenotyping Individual Microbes by Mechanical Stress —
eFABIAN CzERWINSKI!, BoB FREGIN!, ALBERT SIRYAPORNZ, and
OLiver OrTo! — Center for Innovation Competence: Humoral Im-
mune Reactions in Cardiovascular Diseases, University of Greifswald,
Germany — 2Department of Physics and Astronomy, University of

California Irvine, USA

Microbes typically thrive and prosper in colonies and biofilms, whilst
responding very sensitively to their environment. Often, smaller sub-
populations take on special tasks that are important for the fate of the
bunch. However, probing them individually with high throughput is
challenging.

Microfluidics allow for a rapid phenotying of whole bacterial popu-
lations ideally capturing individual cells and, therefore, special states.
By using the platform of real-time deformability cytometry (RT-DC),
e.g., one can distinguish different vegetative states within even huge
populations at throughputs beyond 10,000 cells per minute.

We used finite-element simulations to optimize the microfluidic ge-
ometries used in RT-DC for geometrical constraints, for flow condi-
tions, and for cellular features. For bacteria, deformation of individual
cells as a result of mechanical stress experienced during flow can serve
as a distinctive gate.

BP 18.12 Wed 12:45 H 2013
Mechanics of twitching migration of the bacterium P.
aeruginosa — eAHMET NmHaT Simsek!, Marthias D. Kocnu?,
BENEDIKT SaBass!, GERHARD GoMpPER!, ZEMER GITAI?, and
Josnua W. SuaEvITZ? — !Theoretical Soft Matter and Biophysics,
Institute of Complex Systems and Institute of Advanced Simulation,
Forschungszentrum Juelich, D-52425 Juelich, Germany — 2Lewis-
Sigler Institute for Integrative Genomics, Princeton University, NJ
08544

Pseudomonas aeruginosa is an ubiquitous pathogen responsible for se-
vere and chronic infections. The bacterium employs retractable type-
IV pili for migration and colonizes a broad variety of biotic and abiotic
surfaces. How surface properties affect migration and colony formation
of P. aeruginosa is a potentially important factor for bacterial surface
contamination and infections alike. Here, we theoretically and exper-
imentally study the effect of surface properties on the migration of P.
aeruginosa. In our model, we assume a rod-like bacterium and treat
each pilus, as well as the substrate as elastic springs. Pilus assembly
and retraction are modeled as stochastic, force-dependent processes.
To generate experimental data, we perform extensive image analysis
to record the migration of different strains of P. aeruginosa on polyacry-
lamide substrates. Experimental data shows a non-linear dependence
of migration speed and mean square displacement on substrate prop-
erties, which is in accordance with simulations. Finally, we present an
analytical theory including the calculation of effective diffusion coeffi-
cients and aggregation probabilities of bacteria.
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BP 19: Networks (joint session SOE/CPP/BP /DY)

Time: Wednesday 9:30-12:15

BP 19.1 Wed 9:30 MA 001
Dynamics of interacting tipping elements on complex net-
works — eJonaTHAN F. DongEsh2, ANN-KRisTIN KLosi!, and Ri-
cARDA WINKELMANN! — 1Earth System Analysis, Potsdam Institute
for Climate Impact Research, Potsdam, Germany — 2Stockholm Re-
silience Centre, Stockholm University, Stockholm, Sweden

In recent years, an increasing number of potential tipping elements
have been identified in ecological, climatic and social systems. Tip-
ping elements are defined by their ability to undergo large qualitative
change that is caused by a small perturbation in a parameter or state
variable. We investigate the emergent nonlinear dynamics of pairs,
chains and networks of generalized tipping elements. Understanding
the dynamics of systems of interacting tipping elements on complex
networks is relevant for assessing the resilience and transformative ca-
pacity of complex systems such as the Earth’s climate system and the
World’s energy system in the context of decarbonization transforma-
tion for meeting the Paris climate agreement.

BP 19.2 Wed 9:45 MA 001
The interdependent network of gene regulation and
metabolism is robust where it needs to be — eMarc HUTT!,
Davip Krosik?, ANNE Grivbs!, and STEFAN BoORNHOLDT?
1Jacobs University, Bremen, Germany — 2Institute for Theoretical

Physics, University of Bremen, Bremen, Germany

Despite being highly interdependent, the major biochemical networks
of the living cell — the networks of interacting genes and of metabolic
reactions, respectively — have been approached mostly as separate sys-
tems so far. Recently, a framework for interdependent networks has
emerged in the context of statistical physics. In a first quantitative
application of this framework to systems biology, here we study the in-
terdependent network of gene regulation and metabolism for the model
organism FEscherichia coli in terms of a biologically motivated percola-
tion model [1]. Particularly, we approach the system’s conflicting tasks
of reacting rapidly to (internal and external) perturbations, while being
robust to minor environmental fluctuations. Considering its response
to perturbations that are localized with respect to functional criteria,
we find the interdependent system to be sensitive to gene regulatory
and protein-level perturbations, yet robust against metabolic changes.
We expect this approach to be applicable to a range of other interde-
pendent networks.

[1] Klosik, D. F., Grimbs, A., Bornholdt, S., and Hiitt, M.-T. (2017).
Nature Communications, 8(1):534.

BP 19.3 Wed 10:00 MA 001
Robust connectivity in networks with groups of vulnerable
nodes — eSEBASTIAN M. Krause!2, MicHAEL M. DaNziGeER3, and
VINKO ZLATIG? — Faculty of Physics, University of Duisburg-Essen,
Lotharstr. 1, 47048 Duisburg, Germany — 2Theoretical Physics Divi-
sion, Rudjer Boskovié¢ Institute, Bijenicka c. 54, 10000 Zagreb, Croatia
— 3Department of Physics, Bar-Ilan University, Ramat Gan 5290002,
Israel

In many networked systems there are large groups of similar nodes
which are vulnerable to the same failure or adversary. For example,
servers in a communication network running the same software will fail
together, if this software has a bug. Therefore, we are often faced with
networks where all nodes of a group can fail together. Further, many
different vulnerabilities can cover the whole network. This structural
weakness has so far been overlooked in studies of network robustness.
Here we discuss, how multiple redundant paths enable a high level of
robustness, even if no node is trusted [1,2]. With each vulnerability de-
scribed as a color, we discuss ”color-avoiding percolation”. We present
a fast numerical algorithm for real world networks and analytical re-
sults for random network ensembles.

[1] Sebastian M. Krause, Michael M. Danziger, and Vinko Zlati¢,
Hidden Connectivity in Networks with Vulnerable Classes of Nodes,
Phys. Rev. X 6, 041022 (2016).

[2] S. M. Krause, M. M. Danziger, and V. Zlatié¢, Color-avoiding
percolation, Phys. Rev. E 96 022313 (2017).

BP 19.4 Wed 10:15 MA 001
When is a network a network? Multi-order graphical model
selection in time series data on networks — eINGO SCHOLTES —

62

Location: MA 001

Chair of Systems Design, ETH Ziirich, Ziirich, Switzerland

We introduce a novel framework for the modeling of time series data on
networks. Such data are important, e.g., when studying click streams
of users in the Web, travel patterns of passengers in transportation sys-
tems, information cascades in social networks, biological pathways, or
time-stamped social interactions. While it is common to apply graph
analytics and network analysis to such data, recent works have shown
that temporal correlations can invalidate the results of such methods.
This raises a fundamental question: When is a network abstraction of
time series data justified?

Addressing this open question, we propose a framework that com-
bines Markov chains of multiple, higher orders into a multi-layer net-
work model that captures temporal correlations at multiple length
scales simultaneously. We develop a model selection technique to in-
fer the optimal number of layers of such a model and show that our
method outperforms baseline Markov order detection techniques.

An application to eight real-world data sets capturing causal paths
in time series data on networks shows that the inferred models pro-
vide an optimal summarization of the causal topologies of real-world
complex systems. Our work highlights fallacies of network-based mod-
elling techniques and provides a principled answer to the open question
when they are justified. Generalizing networks to optimal multi-order
models, it opens perspectives for the study of complex systems.

BP 19.5 Wed 10:30 MA 001
Exact expected cluster sizes for bond percolation in finite
networks — JoaNn PonT SErRRA and eKonsTaANTIN KLEMM — IFISC
(CSIC-UIB), Mallorca, Spain

Bond percolation describes the statistical ensemble generated by ran-
domly deleting edges from a given network. Traditionally studied on
grids (lattices), bond percolation forms a crucial part of modern net-
work theory with implications for epidemic spreading and network ro-
bustness under failures. For quenched systems of size well above 20
nodes, the computation of percolation quantities relies on heuristics
(e.g. by the graph spectrum) or Monte Carlo sampling. Here we intro-
duce an exact computational method that is time-efficient when the
network has certain separation properties. Specifically, we work with
a branch decomposition of low width. Then the network is recursively
separable by removing a small number of nodes in each step. For sev-
eral test networks, we present exact results for the first time. We find
that the computational cost of our exact method is lower than that of
Monte Carlo runs required to reach an acceptable precision.

BP 19.6 Wed 10:45 MA 001
Controlling percolation with limited resources — eMALTE
ScHRODER!, NUNO ARAUJO2, DIDIER SORNETTE?, and JAN NAGLER?
— Max Planck Institute for Dynamics and Self-Organization, Gottin-
gen, Germany — 2Universidade de Lisboa, Lisboa, Portugal — 3SETH
Zirich, Zurich, Switzerland

Connectivity - or the lack thereof - is crucial for the proper func-
tioning of many essential socio-economic processes, from financial and
economic networks over epidemic spreading in social networks to tech-
nical infrastructure. Often, connections are deliberately established
or removed by various parties to induce, maintain, or destroy global
connectivity. Thus, there has been a great interest in understanding
how to control percolation, the transition to large-scale connectivity.
Previous work studied control strategies implicitly assuming unlimited
resources, leading to a large number of models of “explosive” and dis-
continuous percolation. Realistically, however, such control is often
subject to a limited budget. We derive an efficient control strategy to
delay percolation under the constraint of limited resources and study
its implications. We show that the transition can be significantly de-
layed even with scarce resources but remains smooth and in the same
universality class as random percolation. In particular, the transi-
tion never becomes “explosive”. We derive an approximation for the
optimal control parameters and show how resource optimal delay of
percolation leads to a sudden, discontinuous transition. Thus, the per-
colation transition becomes effectively uncontrollable as an unintended
consequence of optimal control.

BP 19.7 Wed 11:00 MA 001

Discrete reaction-diffusion models of innovations using multi-
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particles in networks. — eYUKI Kawasaki and HiIRotapA OHASHI
— The University of Tokyo, Tokyo, Japan

Reaction-diffusion is a fundamental process underlying many social
and economic phenomena. This process has been widely studied in
continuous physical space. Different from physical and chemical phe-
nomena, social and economic processes occur in networks connecting
individuals, firms and organizations. In this study, we model reaction-
diffusion processes of innovations in structured networks employing
multi-particles that represent innovations and some kind of enzymes.
The reaction process is that several particles react on nodes according
to reaction rules and the diffusion process is that particles travel ran-
domly to neighboring nodes. This model is able to reproduce macro-
scopic behaviors of systems taking account of microscopic relationships
between individual particles. Simulation results are obtained for vari-
ous network structures including small-world and scale-free networks.
Next we extend our model to deal with simultaneous reaction and
diffusion of different kinds of particles. This model can describe com-
petition and cooperation between innovations in networks including
predator-prey processes.

BP 19.8 Wed 11:15 MA 001
Probabilistic Quantifiers for Deterministic Spreading —
eJusTINE Worrer!2, BENEDICT LUNSMANNS, Xiaoznu Zuangb?2,
MarteE ScHrODERD2, and Marc TimMe!23 — 1Chair for Network
Dynamics, Institute for Theoretical Physics and Center for Advancing
Electronics Dresden (cfaed), TU Dresden, Dresden, Germany — 2Max
Planck Institute for Dynamics and Self-Organization, 37077 Gottingen
— 3Max Planck Institute for the Physics of Complex Systems, 01069
Dresden

How do signals spread across dynamical systems? Spreading may be
stochastic, e.g., during epidemic outbreaks or deterministic, e.g., in
electrical or other supply networks. Due to mathematical challenges,
it remains unknown how to robustly quantify even simple character-
istics such as peak times or amplitudes of a spreading signal propa-
gating across a network. Here we change the perspective and propose
to analyze deterministic spreading dynamics employing concepts of
probability theory. We characterize generic spreading dynamics by ex-
pectation values to work out a theory explicitly quantifying when and
how strongly a perturbation initiated at one unit of a network impacts
any other [1]. The theory provides this information as a function of
the relative position of initially perturbed and responding unit as well
as on the entire network topology. Furthermore, asymptotically exact
approximation schemes enable to well predict previously inaccessible
peak times and amplitudes. These insights may open up a new realm of
quantifying characteristics of deterministic processes through probabil-
ity theory. Ref.: [1] J. Wolter et al., http://arXiv.org/abs/1710.09687

BP 19.9 Wed 11:30 MA 001
Perturbation spreading on diffusively-coupled networks and
power grids — eXiaozuu Zuanc! 2, DiIrk WiTTHAUT?, and MARC
TimvmMe!? — Chair for Network Dynamics, Institute for Theoreti-
cal Physics and Center for Advancing Electronics Dresden (cfaed), TU
Dresden, Dresden, Germany — 2Network Dynamics, Max Planck Insti-
tute for Dynamics and Self-organization, 37077 Géttingen — 3Institute
for Energy and Climate Research - Systems Analysis and Technol-
ogy Evaluation (IEK-STE), Forschungszentrum Jiilich GmbH, 52425
Jilich, Germany

Spreading phenomena on networks essentially underlie the collective
dynamics of systems across physics, biology and engineering. Yet, how
local changes dynamically spread in such networked systems is still
far from fully understood. Here we analyze the spreading dynamics
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for diffusively-coupled networks close to given operating points. We
provide analytical solutions of transient nodal responses via linear re-
sponse theory and approximate the perturbation arrival times via Tay-
lor expansion. In homogeneous networks, we find the spreading speed
based on the estimated arrival times decreases and converges to a con-
stant at large distance. Intriguingly, the asymptotic spreading speed
is essentially determined by the network topology, i.e. the limiting be-
havior of the number of shortest paths at large distance. These results
shed light on the qualitatively universal asymptotic spreading behavior
in networks and its quantitative dependence on the underlying network
topology.

BP 19.10 Wed 11:45 MA 001
Temporal networks with geometric constraints and protein
folding — eNorA MOLKENTHIN', Marc TimmMmE?!, and STEFFEN
MonLE? — 1Network Dynamics, Max Planck Institute for Dynamics
and Self-Organization, 37077 Gottingen — 2Chair for Network Dy-
namics, Center for Advancing Electronics Dresden (cfaed) and Insti-
tute for Theoretical Physics, TU Dresden, 01062 Dresden — 3Physics
Department III, University of Goéttingen, D-37077 Gottingen, Ger-
many

The structure of many complex networks is highly constrained by geo-
metric factors, affecting a broad range of systems from polymer aggre-
gates to traffic and supply networks. On the microscopic scale, folding
proteins constitute paradigmatic systems for spatial network forma-
tion. They are well characterized as Protein Residue Networks (PRN)
yet their statistical properties seem to be diverse and general rules
are largely unknown. Here, advancing a recent graph-theoretical map-
ping [1], we develop a temporal network model for the aggregation of
connected, spatially extended units, thereby reproducing key features
of PRN*s. In stark contrast to network models without geometric
constraints, we observe algebraic scaling of the network diameter with
system size and predict the characteristic link length distribution, both
features fitting with those experimentally observed in PRN*s.

[1] Molkenthin & Timme, Scaling Laws in Spatial Network Forma-
tion, Phys. Rev. Lett. 117:168301 (2016)

BP 19.11 Wed 12:00 MA 001
Non-inertial reference frames for inferring networks from dy-
namics — eJose Casapieco!? and Marc TiMme!2 — 1Chair for
Network Dynamics, Institute of Theoretical Physics and cfaed - Center
for Advancing Electronics Dresden, Technical University of Dresden,
Dresden, Germany — 2Network Dynamics, Max Planck Institute for
Dynamics and Self-Organization (MPIDS), Goettingen, Germany

The dynamics of complex networks are determined to a great extent
by the connectivity of their units. Given that measuring the connec-
tivity by direct methods is often infeasible, researchers typically apply
inverse approaches to infer links between units from the collective dy-
namics. Current state-of-the-art methods rely on either (i) quantifying
functional links through statistical dependencies, or (ii) approximat-
ing the possibly nonlinear interactions between units via modeling of
differential equations. Yet, functional links frequently do not match
physical links, and finding an appropriate model may be computation-
ally demanding and also require a prior knowledge about the inter-
actions. Here we develop a model-independent theory to reconstruct
the connectivity of networks from transients states to stable dynamics.
Specifically, we demonstrate that representing these transients with re-
spect to non-inertial reference frames provides simple linear mappings
between network connectivity and dynamics. Furthermore, we show
the robustness of our framework by reconstructing the full connectiv-
ity of different network dynamical systems exhibiting phase-locking,
periodic orbits and collective synchronization.
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BP 20: Statistical Physics of Biological Systems DY (joint session DY /BP)

Time: Wednesday 10:00-13:30

BP 20.1 Wed 10:00 BH-N 333
Fluctuation effects in single-molecule dynamics: From sub-
ergodic time-scales to the kinetics in the few-encounter limit
— ALgssio Laprorra, Davib HArticH, and eArjaz GODEC —
Mathematical Biophysics Group, Max-Planck-Institute for Biophysi-
cal Chemistry (Gottingen)

Single-molecule (SM) dynamics evade the confines of traditional en-
semble statistical mechanics. A correct theoretical description of SM
dynamics requires a time-average statistical mechanics — the explicit
consideration of trajectory-to-trajectory fluctuations over finite obser-
vation times. Similarly, a new paradigm emerges when considering
molecular reaction kinetics in the few-encounter limit occurring, e.g.
in transcription regulation or in diseases triggered by protein misfold-
ing, where already the first reactive event is ’catastrophic’.

We will review our recent theoretical results on a rigorous formula-
tion of occupation-time statistical mechanics, and a first passage time
theory of few-encounter kinetics. We will discuss why our results are
relevant for explaining quantitatively emerging biophysical phenomena
at low-copy numbers.

BP 20.2 Wed 10:15 BH-N 333
Extreme value statistics of mutation accumulation in renew-
ing cell populations — ePHiLiP GreuLIcH!2 and BeEnjamIN D.
Smmons?#4 — TMathematical Sciences, University of Southampton,
UK — Z2Institute for Life Sciences, University of Southampton, UK
— 3Cavendish Laboratory, University of Cambridge, UK — “Gurdon
Institute, University of Cambridge, UK

The emergence of a predominant phenotype within a cell population
is often triggered by a rare accumulation of DNA mutations in a single
cell. For example, tumors may be initiated by a single cell in which
multiple mutations cooperate to bypass a cell’s defense mechanisms.
The risk of such an event is thus determined by the extremal accumu-
lation of mutations across tissue cells. To address this risk, we studied
the statistics of the maximum mutation numbers in a Moran process,
as a model for a renewing cell population. By drawing an analogy be-
tween the genealogy of a cell population and the theory of branching
random walks, I will present new analytical estimates for the probabil-
ity of exceeding a threshold number of mutations, and show how the
statistical distribution of maximum mutation numbers scales with age
and cell population size.

BP 20.3 Wed 10:30 BH-N 333
The rate of recombination and its effect on mutational ro-
bustness — e ALEXANDER Krua and JoacHim Kruc — Institut fiir
Theoretische Physik, Universitat zu Kéln, Germany

Mutational robustness refers to the effect of mutations on the fitness
of a population. In case of high mutational robustness most mutations
do not change the fitness or have only a minor effect on it. Hence from
the point of view of fitness landscapes, mutational robustness describes
the occurrence of clusters of genotypes of almost equal fitness. Using
a deterministic population model with selection and mutation it can
be shown that the population slightly favours genotypes inside such
clusters which therefore results in increased mutational robustness[1].
We show that this effect is strongly enhanced by the introduction of
recombination on the basis of analytical results for a two-locus land-
scape and numerical results for different neutral landscape models with
multiple loci.

[1] E. van Nimwegen, J. P. Crutchfield, M. Huynen, PNAS 96:9716-
9720 (1999)

BP 20.4 Wed 10:45 BH-N 333
Accelerating Evolution With Dynamic Fitness Landscapes —
e ALEXANDER LEONARD!2 and SEBASTIAN AHNERT!? — 1Cavendish
Laboratory, Univeristy of Cambridge — 2Sainsbury Laborary, Univer-
sity of Cambridge

Using a tractable lattice self assembly model to produce polyomino
phenotypes from numeric genotypes, along with genetic algorithms and
fitness proportional selection, allows abstract evolutionary behaviour
to be probed in great detail. Comparing a static fitness landscape with
a landscape with periodically changing fitness sub goals yields novel
behaviour that can be approached analytically. In particular, we find
dynamic landscapes, despite only selecting for subsets of goals at any

64

Location: BH-N 333

given time, on average solve the total fitness goal faster than static
landscapes.

The genotype space, and hence the genotype to phenotype mapping,
is unchanged between the static and dynamic cases. As such, the dis-
tinct evolutionary behaviour must originate from the paths through
the landscape populations take to reach global fitness peaks. Consid-
ering purely information-theoretic quantities like the genotype robust-
ness, upper and lower bounds can be found for the oscillation period
yielding optimal solving discovery rates.

Additionally, landscapes with longer oscillation periods typically use
more genotype coding to produce an equivalent phenotype, indicating
that more rapidly oscillating landscapes yield more modular genotypes
in response to the more dynamic environment. Such findings are widely
applicable to genetic algorithms with complex fitness landscapes.

BP 20.5 Wed 11:00 BH-N 333
Active textiles with Janus filaments — eLEN PisMEN and ANDREI
ZAKHAROV — Technion - Israel Institute of Technology

We describe reshaping of active textiles actuated by bending of Janus
filaments comprising both active and passive components. A great
variety of shapes, determined by minimising the overall energy of the
fabric, can be produced by varying bending directions determined by
the orientation of Janus filaments. Under certain conditions, alterna-
tive equilibrium states, one absolutely stable and the other metastable
coexist, and their relative energy may flip its sign as system parame-
ters, such as the extension upon actuation, change. A snap-through
reshaping in a specially structured textile reproduces the Venus flytrap
effect.

BP 20.6 Wed 11:15 BH-N 333
Local weather driven model for the potential West Nile Virus
spread in Germany — eSuMmaN BrowmMmick!3, Harrmur H. K.
LenTz!, PuiLipp LorenTz?, PuiLipp LoreEnTz HOVELZ, and IGor
SokoLov® — lInstitut fiir Epidemiologie, Friedrich Loeffler Institut,
Germany — 2Institut fiir Theoretische Physik, TU Berlin, Germany
— 31Institut fiir Physik, HU Berlin, Germany

We endeavoured to explore the possible role of the migratory birds in
the potential spread of West Nile Virus (WNV) in Germany through
a compartment based, mechanistic model. It is of SEIR (susceptible-
exposed-infected-removed) type to decipher the intricacy of the spread-
ing dynamics of the WNV. The parameters associated with the model
are temperature driven. In addition to that we have considered the
seasonal appearance and disappearance of the migratory birds. As
results, we will present the numerical solutions of the local infection
model as well as an analytical expression for the basic reproduction
number RO and its dependence on the temperature. The phase plots
demonstrate two very different kinds of dynamics in Germany. In the
north where the temperature is quite low, the phase portrait shows the
stable nontrivial equilibrium where as in the south due to the warmer
weather, we have found stable limit cyclic behaviour. Potential risk
map of the spread of WNV shall be investigated through the coupling
of local ODE model with the constructed migratory birds network.
Keywords Epidemiological model, Bird migration, Network, Sensitiv-
ity analysis, Vector borne disease

15 min. break

BP 20.7 Wed 11:45 BH-N 333
Nonlinear Dynamics of Calcium Cycling in Cardiomy-
ocytes — eFiippo G. Cosi', STeran Lutuerb2:345 and UL-
ricH Parnirz'?2* — 1Max Planck Institute for Dynamics and
Self-Organization, Géttingen, Germany — 2Georg-August-Universitét
Gottingen, Institute for Nonlinear Dynamics, Gottingen, Germany
— 3University Medical Center Gottingen, Institute of Pharmacol-
ogy and Toxicology, Gottingen, Germany — 4DZHK (German Cen-
ter for Cardiovascular Research), partnersite Gottingen, Germany —
5Department of Physics and Department of Bioengineering, North-
eastern University, Boston, USA

Delayed or early after depolarisations and Calcium alternans inside
single cardiomyocytes are known to alterate the sane dynamics of the
muscle cell leading to heart defects and even failure on a greater scale.

Defects in the subcellular components, like Rynodine Receptors
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(RyR) or Sodium-Calcium Exchangers (NCX) are believed to be the
cause of these depolarisations and alternans. In our project, we there-
fore investigate how these defects are influencing the Calcium and
membrane potential dynamics on a cellular scale. A mathematical
model including both, the stochastic nature of the cellular components
and the whole cell Calcium dynamics, is developed.

Calcium waves, showing a sequential and spontaneous activation of
the cell, are presented as results of the model together with the main
structure of the algorithm. Diffusive Calcium waves are assumed to be
one of the symptoms of diseased ventricular cardiomyocytes causing
Calcium alternans and delayed after depolarisations.

BP 20.8 Wed 12:00 BH-N 333
A minimal model to study pH-dependent phase separa-
tion — eOMAR ADAME-ARANA!, CHrisToPH A. WEBER!'2, VasILY
ZABURDAEV!, JAacQUEs ProsT®, and Frank JuLicHER! — Max
Planck Institute for the Physics of Complex Systems, Nothnitzer Str.
38, 01187 Dresden, Germany — 2Paulson School of Engineering and
Applied Sciences, Harvard University, Pierce Hall 412, 28 Oxford
Street Cambridge, MA 02138, USA — 3Institut Curie, 26 rue d’Ulm,
75248 Paris Cedex 05, France

Liquid phase separation is ubiquitous in nature. There is an increasing
interest in studying the role of the formation of liquid like droplets as
an organizer of the cell cytoplasm. pH influences the charge state of
macromolecules such as proteins and can therefore affect phase sepa-
ration. We propose a minimal model to study how pH can influence
the phase separation of a solution composed of macroions of different
charge states. We couple a phase separating system to chemical re-
actions associated with pH. Using this model we first construct the
corresponding phase diagrams at the isoelectric point and study the
effects of different interaction parameters on the phase diagrams. We
then study the effects of changes of pH on phase diagrams. We find
that phase separation is most pronounced near the isoelectric point.

BP 20.9 Wed 12:15 BH-N 333
Nonequilibrium force-velocity relation for single polymer-
ization motor eTHoMAS NIEDERMAYERZ and REINHARD
Lipowsky? — Physikalisch-Technische Bundesanstalt (PTB), Berlin
— 2Max-Planck-Institut fiir Kolloid- und Grenzflichenforschung, Pots-
dam

In biological cells, the force generating assembly of cytoskeletal fila-
ments is a nonequilibrium process which is coupled to the hydrolysis
of bound nucleotides. This complex phenomenon may be captured by
a stochastic process involving the association, aging, and dissociation
of subunits. Necessarily, aging increases the shrinkage velocity of fil-
aments under load and decreases the stall force. A recently proposed
recursive solution for the stochastic process enables us to calculate the
force-velocity relation for single cytoskeletal filaments in agreement
with extensive stochastic simulations. Both for actin filaments and
microtubules, we predict the onset of fast depolymerization slightly
above the stall force. This effect involves strong correlations of the
subunit states, underlining the failure of mean field calculations.

BP 20.10 Wed 12:30 BH-N 333
Dynamics and Thermodynamics of Chemical Reaction Net-
works — eRiccarpDO Rao and MassimiLiano Esposito — Com-
plex Systems and Statistical Mechanics, Physics and Materials Science
Research Unit, University of Luxembourg, L-1511 Luxembourg, G.D.
Luxembourg

Chemical Networks (CN) are large sets of coupled chemical reactions
where some of the species are externally controlled. Cell metabolism
and biochemical signal transduction networks are notable examples of
CN. We present a rigorous nonequilibrium thermodynamic description
of CN in terms of deterministic rate equations. Our description is
inspired by Stochastic Thermodynamics and is based on Chemical Re-
action Network Theory. The energy and entropy balances of CN are
derived and a nonequilibrium Gibbs free energy is introduced. This
latter is related to the chemical work necessary to sustain nonequilib-
rium steady states and to the driving work necessary to control the
network far from equilibrium. We finally discuss these different forms
of work in the stochastic framework.

[1] R. Rao and M. Esposito, Nonequilibrium Thermodynamics of
Chemical Reaction Networks: Wisdom from Stochastic Thermody-
namics, Phys. Rev. X, 2016, 6, 041064.
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BP 20.11 Wed 12:45 BH-N 333
Thermodynamically Consistent Coarse Graining of Biocata-
lysts beyond Michaelis—Menten — e ARTUR WACHTEL, RicCARDO
Rao, and MassimmiLiano EsposiTto — Physics and Materials Science
Research Unit, University of Luxembourg, Luxembourg

Virtually all processes in living cells involve catalytic molecules to en-
hance chemical reactions: various enzymes process metabolites and
signaling molecules, catalytically active membrane proteins serve as
transporters or receptors for chemical signals.

In this talk we start from the detailed catalytic mechanism of a sin-
gle biocatalyst and we provide a coarse-graining procedure which, by
construction, is thermodynamically consistent even out of equilibrium:
This procedure provides stoichiometries, reaction fluxes (kinetic rate
laws), and reaction forces (Gibbs energies of reaction) for the coarse-
grained level. It can treat active transporters and molecular machines,
and thus extends the applicability of ideas that originated in enzyme
kinetics. We thus identify the conditions under which a relation be-
tween one-way fluxes and forces holds at the coarse-grained level as it
holds at the detailed level. In doing so, we clarify the speculations and
broad claims made in the literature about such a general flux—force re-
lation. As a further consequence we show that, in contrast to common
belief, the second law of thermodynamics does not require the currents
and the forces of biochemical reaction networks to be always aligned.

[1] A. Wachtel, R. Rao and M. Esposito, arXiv:1709.06045 (2017)

BP 20.12 Wed 13:00 BH-N 333
Entropic Allostery of Protein Binding and ‘Allosteron’ Net-
works — eALICE C. voN DER HEYyDT and Tom C.B. McLEisH —
Dept of Physics, Durham University, Durham, DH1 3LE, UK

Proteins form an essential part of all living organisms. Effector-binding
and self-assembly are vital to their biological function. Allostery, i.e.,
non-local signal transduction and co-operativity among distant sites of
a protein, does not imply binding to cause major structural changes.
Entropic allostery, instead, rests upon a subtle tuning of the ampli-
tudes and the spectrum of thermal fluctuation modes, to enable bind-
ing co-operativity. This mechanism (Cooper and Dryden, 1984) may
provide the main part of the allosteric free energy if collective, long-
wavelength modes dominate the density of thermally accessible states,
and thus, coarse-grained models apply. In an effort to establish a the-
ory of entropic allostery and to elucidate the range of applications, we
construct and analyse a basic toy-model unit, the ‘allosteron’, and its
association into networks akin to protein complexes. An allosteron is
equipped with both internal and coupling, harmonic degrees of free-
dom whose interaction strengths can be modified through binding of
ligands. Physical interaction strengths derive from a class of Lennard-
Jones potentials defined via the balance of attractive and repulsive
(entropic) forces. The impact of entropic allostery is demonstrated
and discussed for the binding of proteins and their assemblies, such as
ring oligomers, that are suitably modelled by coupled allosterons.

BP 20.13 Wed 13:15 BH-N 333
Estimation of the infinitesimal generator by square-root
approximation — eLuca Donari!, MarTIN HEDA2, BETTINA
KeLLeER!, and MarRcus WEBER? — !Freie Universitiat Berlin, Berlin,

Germany — 2WIAS, Berlin, Germany — 3ZIB, Berlin, Germany

The dynamics of molecular systems can be represented by a continu-
ous operator, called Propagator, that propagates probability densities
with time. Associated to the Propagator, there exists another op-
erator, called infinitesimal Generator, that defines the Fokker-Planck
equation and provides information about the dynamics of the system
in terms of transition rates between states. We have studied a method
to obtain the discretized version of the Generator.

The method considers a Voronoi tasselleation of the conformational
space and exploits the Gauss theorem to write the instantaneous rate
between adjacent cells in terms of the Boltzmann weight of the inter-
secting surface. This quantity can be approximated by the geometric
average of the Boltzmann weights of the cells.

We also show that there exists a direct correlation between the Gen-
erator and the potential energy function of the system. The method
can be used to study the effect on dynamics of the system of small ther-
modynamic changes or perturbations of the potential energy function.
We present results for 2d diffusion process and Alanine dipeptide.
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BP 21: Microswimmers (joint session BP/CPP /DY)

Time: Wednesday 15:00-17:30

Invited Talk BP 21.1 Wed 15:00 H 1028
Emergent Dynamics of Active Particles — eRorLanp G. WIN-
KLER — Institute for Advanced Simulation, Forschungszemtrum
Jiilich, 52425 Jiilich, Germany

The stationary-state structural and dynamical properties of mi-
croswimmers are governed by their shape and hydrodynamic inter-
actions, but also the effective dimensionality of the system matters,
i.e., three-dimensional bulk versus thin film. As a generic approach for
microswimmers, we have developed a model for a spheroidal squirmer,
with hydrodynamics implemented by the multiparticle collision dy-
namics approach [1,2]. We study the swimming behavior, cooperative
motion, and motility-induced phase separation (MIPS) of such squirm-
ers in a narrow slit. For two squirmers, surface hydrodynamic interac-
tions strongly influences their cooperative motion [2]|. Considering the
phase behavior of many squirmers, hydrodynamic interactions suppress
MIPS for spherical squirmers. In contrast, hydrodynamic interactions
enhance MIPS for elongated squirmers. Moreover, the shape affects
the rheological properties of squirmers in shear and Poiseuille flow.

[1] J. Elgeti, R. G. Winkler, G. Gompper, Rep. Prog. Phys. 78,
056601 (2015)

[2] M. Theers, E. Westphal, G. Gompper, R. G. Winkler, Soft Matter
12, 7372 (2016)

BP 21.2 Wed 15:30 H 1028
Magnetic behavior and chemotaxis of magnetic bacteria —
eAcnese Copurti', DamieN Farvre!, and Steran Krumpp?
IMax Planck Institute of Colloids and Interfaces, Am Miihlenberg
1, 14476 Potsdam, Germany — 2Georg-August-Universitit Gottingen

Friedrich-Hund-Platz 1, 37077 Gé&ttingen, Germany

Chemotaxis is the bacterial ability to bias their motility toward a
preferred concentration of attractants or repellents. This chemotac-
tic ability can be used by magnetic bacteria, coupling it to a pas-
sive alignment to external magnetic fields. Magnetic bacteria include
the naturally-occurring magnetotactic bacteria, and lab-produced bio-
hybrids, in which for example E. coli can be coupled to external mag-
netic beads. Therefore, a model to understand the coupling between
magnetic fields, active swimming, and chemotaxis is needed to pre-
dict the behavior of these systems. We perform simulations based on
an Active Brownian Particle model, modified to include active swim-
ming, active changes of directions, chemotaxis, and passive alignment
with external magnetic fields. The model allows us to reproduce the
capillary experiments, and to throw some light on the possible aero-
taxis models shown by magnetotactic bacteria. As main results, we
show how run and tumble motion hinders the chemotactic/aerotactic
abilities of the bacteria when coupled with magnetic fields, while run
and reverse motility benefits from the magnetic field, leading to faster
chemotaxis. We explore different magnetic behaviors of magnetotactic
bacteria, where cells are either simply aligned by the external field or
alternatively using it as proxy of oxygen gradient.

BP 21.3 Wed 15:45 H 1028
The bacterial soliton in a nutrient field — re-examined —
e ANDRZEJ PAaLUGNIOK?, MAXIMILIAN SEYRICH!, and HOLGER STARK!
— lnstitut fiir Theoretische Physik, Technische Universitit Berlin,
Hardenbergstrasse 36, 10623 Berlin, Germany — 2Worcester College,
University of Oxford, Walton Street, OX1 2HB Oxford, United King-
dom

The gut bacterium E. coli with its run-and-tumble walk is a well-
studied model swimmer in the active-matter field. One of the various
interesting collective phenomena is a bacterial soliton or a traveling
concentration pulse of bacteria [1]. It develops when bacteria start
to consume a nutrient in an initially uniform field, in which they also
perform chemotaxis.

To describe such a situation, we start from a Smoluchowski equation
of a run-and-tumble particle in a chemotactic field. A Markovian tum-
ble rate is derived from the usual linear response theory. We perform
a multipole expansion to derive equations for the bacterial density and
the local polar order decribed by the bacterial polarization. On times
longer than the typical relaxation time for the polarization, one re-
covers the Keller-Segel equation. Solving it together with the diffusion
equation for the nutrient, we are able to reproduce the bacterial soliton.
Thereby, we demonstrate that one does not need a second, signalling
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chemical field as introduced in Ref. [1] nor a singular chemotactic drift
term as demanded in Ref. [2].

[1] J. Saragosti et al., PNAS 108, 39 (2011).
[2] E.F. Keller and L.A. Segel, J. Theor. Biol., 30, 2 (1971).

BP 21.4 Wed 16:00 H 1028
Dynamic Propulsion Force Measurements of Chlamydomonas
Microalgae using Micropipette Force Sensors — eTHOMAS
JoseF BODDEKER, CHRISTIAN T1TUs KREIS, QUENTIN MAGDELAINE,
and OLIVER BAuMcHEN — Max Planck Institute for Dynamics and
Self-Organization (MPIDS), Am Fafberg 17, D-37077 Gottingen, Ger-

many

Although the swimming dynamics of microbes, such as bacteria and
microalgae, have received a lot of attention in recent years, methods
for direct propulsion force measurements are still limited. We present
a new approach utilizing micropipettes as force sensors to study the
propulsion forces and wall interactions of the unicellular, biflagellated
microswimmer Chlamydomonas. Fourier signal analysis of the mi-
cropipette deflection reveals a clear signature of the energy output of
the microswimmer and provides a handle to measure the frequency and
energy associated to the flagella beating. Continuous measurements
in a liquid cell allow us to characterize the propulsion of individual
cells and to probe the extent of steric and hydrodynamic interactions
between beating flagella and solid interfaces. For controlled environ-
mental conditions, we quantify the difference in propulsion energy and
beating frequency between swimming in bulk and in close proximity
to solid interfaces.

BP 21.5 Wed 16:15 H 1028
Applying an Extended Kalman Filter to extract bacteria
statistics — eOLIVER KOHN — Universitat des Saarlandes

Bacteria tend to swim in liquids in absence of food facilitated by cre-
ation of flagella. The trajectories are determined by slightly curved
lines (running states) and randomly interrupted by short intervals with
strong direction changes (tumbling state)[1]. This behavior seems to
be efficient in finding food in unknown environments. We assume an
intrinsic randomness in the running states as well in the appearance
of the tumbling intervals.[1] Furthermore in real experiments the ex-
tracted positions are influenced by a detection noise. Estimating the
stochastic trajectory properties requires the distinction between bac-
teria intrinsic randomness and the measurement noise. From the engi-
neers it is known that the Kalmann filter algorithm provide this in an
optimal way [2]. We adapted and implemented this filter for simulated
as well as measured bacteria trajectories.

[1] Enhancing bacterial motility and search efficiency by genetic
manipulation of flagellar number; Javad Najafi, M. Reza Shaebani,
Thomas John, Florian Altegoer, Gert Bange & Christian Wagner; sub-
mitted to PNAS [2] Forecasting, structural time series models and the
Kalman filter; Andrew C. Harvey; 1989; Cambridge University Press

BP 21.6 Wed 16:30 H 1028
Phase diagram of a low Reynolds number swimmer near
a wall — eABDALLAH DapDI-Moussa-IpEr!, Macies Lisicki?3,
CurisTiAN HoeLL!, and HarrmuT LOweN! — lInstitut fiir Theo-
retische Physik II: Weiche Materie, Heinrich-Heine-Universitéat Diissel-
dorf, Universitatsstrafe 1, Diisseldorf 40225, Germany — 2Department
of Applied Mathematics and Theoretical Physics, Wilberforce Rd,
Cambridge CB3 OWA, United Kingdom — 3Institute of Theoretical
Physics, Faculty of Physics, University of Warsaw, Pasteura 5, 02-093
Warsaw, Poland

The hydrodynamic flow field generated by self-propelled active parti-
cles and swimming microorganisms is strongly altered by the presence
of nearby boundaries in a viscous flow. Using a simple model swim-
mer composed of three-linked spheres, we show that the swimming
trajectories near a non-slip wall reveal various interesting scenarios of
motion depending on the initial orientation and the distance separating
the swimmer from the wall. Accordingly, the swimmer can either be
trapped by the wall, totally escape from the wall, or undergo an oscil-
latory gliding motion at a constant mean height above the wall. Using
a far-field approximation, we find that the wall-induced correction at
leading order has a quadrupolar flow structure where the translational
and angular velocities of the swimmer decay as inverse third and fourth
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power with distance, respectively. The resulting equations of motion
for the trajectories and the relevant order parameters fully characterize
the transition between the phases and allow for an accurate description
of the swimming behavior near a wall.

BP 21.7 Wed 16:45 H 1028
Three-dimensional simulation of sperm in structured mi-
crofluidic channels — eSEBAsTIAN RODE, JENS ELGETI, and GER-
HARD GomPPER — Theoretical Soft Matter and Biophysics, Institute
of Complex Systems (ICS-2) , Forschungszentrum Jiilich, 52425 Jiilich,
Germany

Sperm cells propel themselves by a periodic wave-like beating of their
flagellum [1-3]. At low Reynolds numbers and in confinement, the di-
rected motion of sperm and other microswimmers is strongly influenced
by steric and hydrodynamic surface interactions [1]. We model sperm
motility in our mesoscale hydrodynamics simulations by imposing a
planar traveling bending wave along the flagellum [2]. For swimming
in zigzag shaped microchannels, we find that the deflection angle of
a sperm cell at sharp corners depends on the orientation of its beat-
ing plane. Our results are in good agreement with recent microfluidic
experiments, and help to improve the understanding of sperm cell nav-
igation under strong confinement. We show that the emergence of a
nonplanar component of the flagellar beat with increasing wavelength
drastically increases surface attraction.

[1] J. Elgeti et al., Rep. Prog. Phys. 78, 056601 (2015) [2] J. El-
geti et al., Biophys. J. 99, 1018 (2010) [3] G. Saggiorato et al., Nat.
Commun. 8, 1415 (2017)

BP 21.8 Wed 17:00 H 1028
Altering diffusion by interaction of microalgae with micron-
sized objects — eFRANCINE KoLLEY!'2, PaTRICIA DAHMLOWZ, HA-
JNALKA Napasi?, FLORIAN voN RULING2, and ALeExeEy EREMINZ
— 1Technical University Dresden — 20tto-von-Guericke-University
Magdeburg

The enhancement of passive particles, single silica spheres and
their doublets, was studied in suspensions containing microswimmers
Chlamydomonas reinhardtii. These green algae move with a flagel-
lar motor, reaching typical velocities up to 150 pm/s. Stimulated by

phototaxis, their motion is similar to humans doing breaststroke. The
induced flow of the puller affects the translational as well as the ro-
tational diffusion of the passive particles. The corresponding diffusion
coefficients were obtained from the measurement of the mean square
displacements of the passive particles for various concentrations of the
algae. The Brownian Motion of the silica beads was observed in a
quasi-2D system in flat cappilaries.To avoid cell immobilization by ad-
sorption to the glass substrate the capillary surface was silanized. Ad-
ditionally, a polymer was introduced to the suspension to optimize the
diffusive behavior. In the range of small algae concentrations, the dif-
fusion coeflicients exhibited a linear dependence on the cell density of
Chlamydomonas reinhardtii.

BP 21.9 Wed 17:15 H 1028
Dynamics of chemotactic and chemokinetic bacterial popula-
tions — eTHEREsSA JakuszeiT!, JaAMEs LINDSEY-JoNEs!, FrRaNGOIS
J. PeaubpEcerr2, and OTtavio A. Croze! — !Cavendish Labora-
tory, University of Cambridge, J. J. Thomson Avenue, Cambridge CB3
OHE, United Kingdom — 2Institute of Environmental Engineering,
ETH Ziirich, Stefano-Franscini-Platz 5, 8093 Ziirich, Switzerland

Several motile bacteria are able to sense chemical gradients much larger
than their own size, and perform a random walk biased up attrac-
tant gradients (‘chemotaxis’) by varying their reorientation rate. In
addition to this well-known chemotactic behaviour, several soil and
marine bacterial species are known to modify their swimming speed
according to the local concentration of chemoattractant (‘chemokine-
sis’). Therefore, a chemical field of attractant induces a spatially vary-
ing swimming speed, which results in a drift towards lower attractant
concentrations — contrary to the drift created by chemotaxis.

Here, to explore the biological benefits of chemokinesis and investi-
gate its impact on the chemotactic response, we extend a Keller-Segel
type model to include a dependence of the swimming speed on the at-
tractant concentration. Even though chemokinesis on its own results
in a dispersion of the population away from high attractant concen-
trations, it can not only enhance the chemotactic response but also
modify it qualitatively. We apply the model to predict the dynamics
of bacteria capable of chemokinesis and chemotaxis in experimentally
inspired chemoattractant fields, such as those generated in capillary
migration assays and around environmental nutrient sources.

BP 22: Computational Biophysics Il

Time: Wednesday 15:00-17:30

BP 22.1 Wed 15:00 H 1058
anionic and cationic gold nanoparticles in model lipid mem-
branes: experiments and simulations — ESTER CANEPAZ,
®SEBASTIAN SALASSI', FEDERICA SIMONELLI!, RICCARDO FERRANDOZ,
RANIERI ROLANDI', CHIARA LAMBRUSCHINI?, ANNALISA RELINIZ, and
GIULIA Rossi' — lPhysics department — 2Chemistry department,
University of Genoa, Genoa, Italy

Designing metal nanoparticles (NPs) with biomedical applications re-
quires the molecular understanding of their interaction with cell mem-
branes. We use fluorescence spectroscopy measurements and molecular
dynamics (MD) simulations to study the interaction between charged
monolayer-protected AuNPs and model POPC lipid bilayer[1-2]. We
consider cationic (NP+) and anionic (NP-) NPs. The anionic ligands
differ from the cationic ones for their terminal group, which is a car-
boxylate or a quaternary ammonium ion. We use fluorescence leakage
assays to quantify the damage induced by NP- and NP+ to liposomes,
and find that NP+ are more disruptive. MD simulations offer a molec-
ular interpretation of this result. Assuming no changes of the charge
of NP+ and NP- they interact with the bilayer with the same mecha-
nism[3] and bilayer deformation. Our simulations, though, show that
anionic ligands can be protonated when interacting with the lipid head.
Once protonated, the NP- interact with the bilayer in a less disruptive
way, without deforming or damaging it. This change of the pKa of the
anionic ligands can explain the smaller leakage induced by NP-.

1.Tatur, S et all. Langmuir 2013. 2. Van Lehn,R. C. et all. Nano
Lett. 2013. 3. Salassi, S. et all. JPCC 2017.

BP 22.2 Wed 15:15 H 1058
The effect of small molecules on lipid-domain formation stud-
ied by coarse-grained simulations — eALEssiA Centi, KUrT
KREMER, and TRISTAN BEREAU — Max Planck Institute for Polymer

67

Location: H 1058

Research, Mainz, Germany

The lateral organisation of cell membranes is believed to play a key
role in many biological processes, including protein trafficking, signal
transduction as well as transport of viruses and pathogens. Small
molecules, such as alcohols and anesthetics, can alter this lateral ar-
rangement by preferentially partitioning between lipid domains, hence
significantly affecting both membrane properties and functionalities.
The process of domain stabilization/destabilization induced by small
molecules has been widely investigated, both at experimental and com-
putational level; however, its exact mechanism as well as the driving
forces for it still remain elusive.

In this work, coarse-grained simulations based on the MARTINI
force field have been used to try to shed light on the processes un-
derlying domain reorganization mediated by small molecules. The ap-
proach used involves a combination of free energy calculations and
replica exchange simulations; thereby, allowing to explore the effect
of a multitude of parameters (e.g. type of lipids, solutes and relative
concentrations) relevant for the process under evaluation at a reduced
computational cost in comparison to atomistic simulations.

BP 22.3 Wed 15:30 H 1058
Performing cell-based tissue simulations to explore the im-
pact of cell mechanics on anisotropic epithelial tissue growth
— eANNA StopPkA and Dacmar IBER — D-BSSE, ETH Ziirich,
Schweiz

Understanding the anisotropic expansion of an embryonic tissue during
organogenesis is a central challenge in developmental biology. Experi-
mental studies increasingly provide quantitative data on cell behaviour
during tissue growth. Computational models can help to interpret
the acquired data and to infer underlying mechanisms. Our group
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has recently developed the 2D software framework LBIBCell to per-
mit data-based simulations of tissue dynamics at cellular resolution
[1]. LBIBCell represents cells as finely resolved polygons according
to the Immersed Boundary (IB) method; membrane tension and cell-
cell adhesion are represented via springs. The fluid behaviour inside
and outside of the cells is described by the Lattice Boltzmann (LB)
method. Cell growth is implemented via a fluid source inside the cells.
Anisotropic outgrowth of epithelial tissues has been accounted to a
range of mechanisms, including a bias in cell division orientation. We
have used LBIBCell to investigate to what extent the mechanical prop-
erties of an epithelial tissue affect its capability to achieve anisotropic
outgrowth via biased cell divisions. In our simulations we focused on
the 2D apical plane where epithelial cells adhere tightly. We show that
a bias in cell division orientation translates into a bias in outgrowth
only for sufficiently stiff tissues. [1] S.Tanaka, D.Sichau, D.Iber, Bioin-
formatics (2015)

Invited Talk BP 224 Wed 15:45 H 1058
Complex shapes and dynamics of red blood cells in shear
flow under physiological conditions — JonanNeEs Maugr!, Si-
MON MENDEz2, Luca LANOTTE®, MANOUK ABKARIAN®, GERHARD
GowmpPPER!, and eDmiTRY A. FEDOSOV! — lInstitute of Complex Sys-
tems, Forschungszentrum Juelich, 52425 Juelich, Germany — 2Institut
Montpellierain Alexander Grothendieck, CNRS, University of Mont-
pellier, 34095 Montpellier, France — 3Centre de Biochimie Structurale,
CNRS, University of Montpellier, 34090 Montpellier, France

Red blood cells (RBCs) constitute the major cellular part of blood
and are mainly responsible for the transport of oxygen. They have a
biconcave shape with a membrane consisting of a lipid bilayer with an
attached cytoskeleton formed by a network of the spectrin proteins.
The RBC membrane encloses a viscous cytosol (hemoglobin solution),
so that RBCs possess no bulk cytoskeleton and organelles. Exper-
iments on RBCs under shear flow reveal that the viscosity contrast
between cytosol and blood plasma is an essential factor which deter-
mines their shape and dynamics. Under physiological conditions with
a viscosity contrast of about five, RBCs first tumble, then roll, transit
to a rolling and tumbling stomatocyte, and finally attain polylobed
shapes at high shear rates. Our study based on microfluidic exper-
iments and two different simulation techniques results in a complete
diagram of RBC shapes and dynamics in shear flow as a function of
shear rate and viscosity contrast. We will discuss potential mecha-
nisms, which may lead to the variety of novel shapes, and compare the
diagram for RBCs to that for vesicles.

BP 22.5 Wed 16:15 H 1058
On how the CSF flows in the ventral third ventricle of brain —
eYonc Wancl, CHRIsTIAN WESTENDORF!, REGINA FAUBEL?, GRE-
cor EicHeLE?, and EBERHARD BopENscuaTz! — 1MPI for Dynamics
and Self-Organization, 37077 Gottingen, Germany — 2Department of
Developmental Biology, U Pittsburgh, Pittsburgh PA 15201, USA —
3MPI for Biophysical Chemistry, 37077 Gottingen, Germany

A complex transport network driven by coordinated motile cilia inside
the ventral third ventricle (v3V) of mammalian brain was reported
recently. This network generates cerebrospinal fluid (CSF) flow pat-
terns such as a separatrix and a whirl that establish intraventricular
boundaries. The CSF flow in the whole three-dimensional v3V cav-
ity was studied numerically. Specifically, experimental trajectory data
obtained by tracking fluorescent beads were converted to 2D velocity
fields. The velocity maps were then refined by considering divergence-
free and projected onto a curved virtual surface as boundary condi-
tions. Three-dimensional flow features with likely physiological conse-
quences were uncovered numerically. We thank the Max Planck Soci-
ety for financial support. This work is conducted within the Physics
and Medicine Initiative at Goettingen Campus between Max Planck
Society and University Medicine Center.

BP 22.6 Wed 16:30 H 1058
Memoryless navigation with limited sensing capacity — Luis
GoOMEzZ Nava, eRoBERT GROsSMANN, and FERNANDO PERUANI —
Université Cote d’Azur, Nice, France

How should an active walker detect a target in a complex landscape,
e.g. the maximal chemical concentration, given that (i) only local
values of this external signal are instantaneously accessible, but no
gradients, and (ii) there is no memory? This question is of broad rel-
evance, from bacterial chemotaxis to the design of self-controlled mi-
crorobots that are supposed to perform complex tasks autonomously.
The latter area of application is particularly important with regard
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to today’s medicine aiming at fabricating micrometer-sized robots for
target-specific drug-delivery, for example. Motion on the micronscale
is, however, subject to a series of constraints: viscous forces dominate
over inertial ones and thermal fluctuations are relevant. Navigation
under these physical conditions is hence a nontrivial task. In this talk,
we provide basic theoretical guidelines how to design active particles
with internal states which are able to execute complex tasks such as
adaptive gradient-following. We analytically link their internal dy-
namics of these particles to their motility properties such as drift and
diffusivity enabling us to discuss how to tune the internal dynamics
given a specific task. These findings are important in the design of
simple navigation algorithms for robotic engineering and, moreover,
may be present in various microbiological systems.

BP 22.7 Wed 16:45 H 1058
How does reducible defense alter predator-prey dynam-
ics? — eTATJANA THIEL, ANDREAS BRECHTEL, ADRIAN BRUCKNER,
MicuaeL HEeTHOFF, and BARBARA DRosseL — Technische Univer-
sitdt Darmstadt, Germany

In nature, numerous animal species use defense mechanisms like hard-
ening or chemical secretions to defend against attacks of predators.
However, there is yet no theoretical study of defensive mechanisms
where protection is permanent, but diminished with attacks, which
has been termed "reducible defense”. This kind of defense mechanism
is common among arthropods and is likely to change the dynamics and
stability of the system.

‘We propose a predator-prey model where prey use a reducible de-
fense mechanism (i.e. reservoir-based chemical defense). The prey
excretes a certain amount of secretion upon attack and is therefore
not consumable while it is armed. The predator has to attack often
enough to disarm and consume prey, before the secretion is biosyn-
thetically restored. We will discuss the behavior of our model under
parameter changes and compare it to a conventional predator-prey sys-
tem. We show that predator and prey can become considerably more
abundant by taking reducible defense into account. Furthermore, we
consider payoffs between fast replenishment of secretion and larger
storage volume, and between investment in offspring vs investment in
defense. For the latter, we find that prey should invest more in defense
when resources are scarce, but completely in offspring when plenty of
resources are available.

BP 22.8 Wed 17:00 H 1058
Trade-off shapes diversity in eco-evolutionary dynamics —
eFARNOUSH FARAHPOUR!', MOHAMMADKARIM SAEEDGHALATI', and
DanieL Horrmann®2:3 — 1Bjoinformatics and Computational Bio-
physics, Uni. Duisburg-Essen, DE — 2CCSS, Uni. Duisburg-Essen,
DE — 3ZMB, Uni. Duisburg-Essen, DE

Over the last decades one of the main drivers of research in biodiversity
has been to explain the naturally observed diversity and coexistence of
competing species specially in well-mixed systems. In this project we
propose a simple solutions for paradoxical question of diversity in com-
petitive communities in a bare-bone and generic model. We introduce
an Interaction and Trade-off based Eco-Evolutionary Model (ITEEM),
in which species are competing for resources in a well-mixed system,
and their evolution in interaction trait space is subject to a life-history
trade-off between replication rate and competitive ability. We demon-
strate that the strength of the trade-off has a fundamental impact
on eco-evolutionary dynamics, as it imposes four phases of diversity,
including a sharp phase transition. Despite its minimalism, ITEEM
produces without further ad hoc features a remarkable range of ob-
served patterns of eco-evolutionary dynamics. Most notably we find
self-organization towards structured communities with high and sus-
tainable diversity, in which competing species form interaction cycles
similar to rock-paper-scissors games. Our approach to study the role of
trade-offs in diversity provides a general framework to study assembly
process of competitive communities and investigate the mechanisms
responsible for resistance and resilience of their networks.

BP 22,9 Wed 17:15 H 1058
Interplay between Spatial Dynamics and Lifetime Distribu-
tions in an Evolutionary Food Web Model — eToB1as RoccE?,
Korinna T. Arruorr?, Davip Jonks!, and BArRBARA DRosseL!
— lnstitut fiir Festkorperphysik, Technische Universitdt Darmstadt,
Germany — 2Institute of Evolution and Ecology (EvE), University of

Tiibingen, Germany

We study the meta-network dynamics emerging in an evolutionary
food web model on a system of coupled patches in space. Species
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are characterized by their body mass and the body-mass interval that
specifies their prey. Each patch hosts a food web that contains several
trophic layers, and the species composition in the patches changes due
to ongoing processes of species addition ("mutation”), migration, and
interaction-dependent extinction.

The model is able to sustain a complex food web structure on each
patch, while undergoing continued species replacement dynamics. In
particular, we evaluate species-lifetime distributions (how long is the

time span that a species can survive in the system?) and species-area
relationships SAR (how many species can we find in a given area?).
All these relationships resemble power laws over appropriately chosen
parameter ranges and thus agree qualitatively with empirical findings.
We observe strong finite-size effects, and a dependence of the relation-
ships on the trophic layer of the species. More precisely, we find that
species with larger body masses on higher trophic position generate
steeper SAR.

BP 23: Bioimaging and Biopspectroscopy |l

Time: Wednesday 15:00-17:15

BP 23.1 Wed 15:00 H 2013
Label-free, real-time monitoring of cytosolic composition and
dynamics using digital holographic microscopy — eDANIEL
MipTvEDT, ERIK OLSEN, GAVIN JEFFRIES, and FREDRIK HOOK —
Chalmers University of Technology

Cells continuously adapt their biophysical properties during their Life
cycle as well as in response to changes in the environment. However,
quantifying these biophysical changes on single cell level has only re-
cently become possible. In this work we use a digital holographic
microscope in combination with a millifluidic chip to study the re-
sponse of microorganisms and mammalian cells to external stimuli.
We demonstrate a label-free quantification of changes in both intracel-
lular osmolarity and macromolecular concentration, on single cell level,
in response to a change in medium osmolarity. This platform allows to
disentangle cellular water fluxes from production and accumulation of
higher molecular weight compounds, which suggests an applicability
of this platform in studying a broad range of cellular processes.

BP 23.2 Wed 15:15 H 2013
Structure and Dynamics of the Trypanosoma brucei Plasma
Membrane — MARrIUS GLOGGER, e MARIE SCHWEBS, MARKUS EN-
GSTLER, and SUSANNE FENzZ — Universitat Wiirzburg, Biocenter: Cell
and Developmental Biology, Wiirzburg, Germany

African trypanosomes are the causative agents of sleeping sickness in
human and Nagana in livestock. In the bloodstream of their host, they
exhibit a dense coat of variant surface glycoproteins (VSG). Fluidity of
the VSG coat is a fundamental for parasite survival. However, the dif-
fusion behavior of the VSGs is also limited by the physical properties of
their lipid matrix. We have recently introduced super-resolution imag-
ing of intrinsically fast moving flagellates based on cyto-compatible
hydrogel embedding [Glogger et al. JPD: Appl Phys 17]. Building
on this work we employ leaflet-specific membrane probes and single-
molecule fluorescence microscopy to elucidate the structure and dy-
namics of the plasma membrane and VSG coat in living trypanosomes.
Using expressed lipid-anchored eYFP as a probe for the inner mem-
brane leaflet, we found specific domains where the probe accumulates
or appears diluted rather than being homogenously distributed. We
hypothesize that this structuring of the membrane is associated with
the underlying microtubule cytoskeleton. The next steps include em-
ployment of a more stable fluorescent label to resolve dynamic inter-
action of single probes with the observed domains. Moreover, we aim
to track fluorescently labeled lipids in the outer leaflet to gain insight
in inter-leaflet coupling in vivo, and we plan a two-color experiment to
simultaneously investigate membrane and VSG dynamics.

BP 23.3 Wed 15:30 H 2013
Enhanced fluorescence resonance energy transfer in G
protein-coupled receptor probes by nano-coated microscopy
coverslips — eBENJAMIN ScHREIBER!, MicHAEL Kaux!24 Han-
NAH S Hemw!, Marrin Kamp3, Sven HorLiNg®, CARSTEN
HorrMannb24 and Katrin G Heinze! — Rudolf Virchow Zen-
trum, Universitit Wiirzburg — 2Institut fiir Pharmakologie und
Toxikologie, Universitéit Wiirzburg — 3Technische Physik, Universitit
Wiirzburg — “4Institut fiir Molekulare Zellbiologie, Universitét Jena

For probing biomolecular interactions in a live-cell setting the dis-
tance depending Fluorescence resonance energy transfer (FRET) is
often the method of choice. G-protein-coupled receptors mediates cel-
lular responses and communication across cellular membranes, and is
the largest known class of molecular targets with proven therapeutic
value. The design of FRET probes is crucial to ensure unhampered
functionality and binding kinetics of the molecular complex. Thus,
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such FRET probes usually require labeling compromises with limited
FRET efficiencies. Here, we present an approach to optimize the en-
ergy transfer without changing the design of the FRET probe. We
show that gold coated glass cover slips allow reinforcing the other-
wise forbidden donor-acceptor energy transfer by virtual optimization
of the dipole orientation. We show resulting enhanced FRET on our
nano-coatings for the ligand driven activation of M1 muscarinic acetyl-
choline receptors labeled with a CFP-FIAsH pair. We believe that our
techniques has particular potential for pharmaceutical drug screening.

BP 23.4 Wed 15:45 H 2013
Characterisation of Metabolic Dynamics by Fluorescence
Lifetime Imaging Microscopy of NAD(P)H — eANDRE
WEBER!, YUrRy Prokazov!, Marcus Hauser?, and WERNER
ZUSCHRATTER! — !Leibniz-Institut fiir Neurobiologie Magdeburg,
Germany — Z2Institut fiir Biometrie und Medizinische Informatik,

Otto-von-Guericke- Universitdt Magdeburg, Germany

The energy metabolism of eucaryotic cells can show complex dynam-
ics, i.e. glycolytic oscillations. Monitoring this intrinsic behaviour by
fluorescence microscopy is influence the metabolism, which is sensitive
to excitation light intensities, especially in UV range.

We show a low light imaging approach using a single photon count-
ing position sensitive detector working with laser intensities below
3mW /cm? and a time resolution below 90ps. For excitation of intracel-
lular NAD(P)H a 8 MHz pulsed frequency-tripled Nd:vanadate laser
tuned at 355 nm was used. The analysis of the complex fluorescence de-
cay of NAD(P)H in intact yeast cells revealed 4 molecular species with
characteristic fluorescence lifetimes showing individual behaviour and
glycolytic oscillations as response to glucose addition. Laser intensities
higher 3mW /cm? did not lead to long lasting glycolytic oscillations.

BP 23.5 Wed 16:00 H 2013

Cardiac Cells and Heart Tissue Studied by X-ray Imag-
ing and Scanning X-ray Diffraction — eJan-Davip NicoLas!,
MARTEN BERNHARDT!, SUSANNE Scurick?, MaLTE TIBURCYZ,
WoLFRAM-HUBERTUS ZIMMERMANNZ, AMARA K#oAN3, FRAUKE
Awves®, KarL Torscuer?, and Tim Sarprrr! — lInstitut fiir Ront-
genphysik, Friedrich-Hund-Platz 1, 37077 Géttingen — 2Institut fiir
Pharmakologie und Toxikologie, Robert-Koch-Str. 40, 37075 Gottin-
gen — 3Max-Planck-Institut fiir Experimentelle Medizin, Hermann-
Rein-StraRe 3, 37075 Gottingen — #Klinik fiir Kardiologie und Pneu-
mologie, Institut fiir Pharmakologie und Toxologie, Robert-Koch-Str.

40, 37075 Géttingen

We have applied scanning x-ray diffraction on cardiac cells and tis-
sue to characterize the cytoskeletal architecture and to localize poten-
tial structural defects due to disease. The method typically involves
raster-scanning of a microfocused x-ray beam and collecting scattering
patterns at each scan point. The collected data can then be analyzed
in view of structural parameters such as the interfilament spacing or
orientation of the myosin and actin filaments that are in almost crys-
talline arrangement in the sarcomere. We will show what signals can
be extracted from cells and tissue and how nanoscale architecture de-
velops with differentiation. Since many cardiomyopathies rely on the
structural integrity of the sarcomere, the contractile unit of cardiac
muscle cells, the present study can be easily extended to characterize
cells and tissue from a diseased heart.

Invited Talk BP 23.6 Wed 16:15 H 2013

Illuminating physical cues for the early embryogenesis of a
simple model organism — eMarTHIAS WEIss — Experimental
Physics I, University of Bayreuth, Germany

Embryogenesis is a remarkably robust, but still poorly understood self-
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organization phenomenon that is governed by a variety of biochemi-
cal and physical cues. Due to its simplicity, the small roundworm
Caenorhabditis elegans is a superb model organism to study the role
of physics during early developmental stages. Using single plane il-
lumination microscopy (SPIM), we have explored how physical cues
determine the cell arrangement during the early embryogenesis of C.
elegans. In particular, we have studied the coupling of cellular vol-
umes and cell cycle times, the nature of asymmetric cell divisions, and
the mechanically driven cell arrangement process [1]. Going beyond
mere imaging, we also have used pixel-wise fluorescence correlation
spectroscopy (SPIM-FCS) to spatiotemporally quantify the diffusion
of proteins in individual cells of the embryo in cytoplasm and on mem-
branes [2]. As a result, we were able to monitor the emergence of
intracellular diffusion and concentration gradients prior to the first
cell division, which define the anterior- posterior body axis already in
the single-cell state.

[1] Biophys. J. 105, 1805 (2013); Phys. Rev. Lett. 117, 188101
(2016); Sci. Rep. 7, 9369 (2017).

[2] J. Phys. D 49, 044002 (2016).

BP 23.7 Wed 16:45 H 2013
Non-equilibrium forces drive the anomalous diffusion of vi-
tal cell constituents — eLORENZ STADLER, KONSTANTIN SPECKNER,
and MarTHIAS WEISs — Experimentalphysik 1, Universitit Bayreuth,
Universitatsstr. 30, 95447 Bayreuth

Diffusion is the basic mode of motion for supra-molecular assemblies
in living cells, often with an anomalous scaling of the mean square
displacement, with $ text $. Considerable effort has been invested
to uncover the underlying types of subdiffusive processes, yet often
with the tacit assumption that the involved random forces are mostly
of thermal origin. Contrary to this simple assumption, our single-
particle tracking data on the subdiffusive motion of telomeres in the
nucleus of mammalian cells reveals an important role of cytoskeleton-
associated non-equilibrium forces [1]. In line with this finding, we also
have found strong non-equilibrium contributions in the trajectories of

membrane domains in the cells’ Endoplasmic Reticulum (so-called 'TER
exit sites’). Due to the complex topology of the ER, exit sites not only
are shaken by the cytoskeleton-driven motion of the entire ER network
but they also show an (activated) subordinated motion on individual
ER tubules. Altogether, our data show that even subdiffusive motion
patterns in cells may not represent simple thermal transport process
but rather are non-equilibrium events.
[1] Stadler & Weiss, New J. Phys. (in press) 2017

BP 23.8 Wed 17:00 H 2013
Investigating Transient Peptide-Membrane Interactions with
TIR-FCS — ePHiLiPP BLUMHARDT!3, Jonas MuckscH!3, HENRI
G. FranQuELIM!, MAXIMILIAN T. STrAUSs!:2, PuiLipp GLock!, Jo-
HANNES STEIN!, RaLF JuNaMANNY2, and PETRA ScHWILLE! — 1Max
Planck Institute for Biochemistry, Martinsried, Germany — 2Ludwig-
Maximilians-Universitét, Munich, Germany — Sauthors contributed
equally

The accurate determination of binding rates to membranes or
membrane-bound proteins is of key relevance for quantitative biology.
Despite the existence of multiple methods to characterize surface in-
teractions, there are still many experimental challenges regarding sim-
plicity of use and general applicability. We developed a simple and
versatile single-molecule fluorescence approach for the accurate deter-
mination of binding rates to surfaces or surface-bound receptors. Our
approach combines Fluorescence Correlation Spectroscopy (FCS) with
Total Internal Reflection (TIR) Fluorescence microscopy and a camera-
based detection. This combination not only yields a high surface se-
lectivity, but also resolves association and dissociation rates over a
wide time range. Previously, we quantified the transient hybridization
of single-stranded DNA to the complementary handles of immobilized
DNA origamis. We varied the nucleotide overlap, yielding different
transient binding times in the range of milliseconds to tens of seconds.
Here, we present our latest results on the transfer of this assay to the
otherwise challenging quantification of transient interactions between
protein segments and lipid bilayers.

BP 24: Bioinspired Functional Materials, Biomaterials and Biopolymers (joint session
CPP/BP)

Time: Wednesday 15:00-16:30

BP 24.1 Wed 15:00 PC 203
Specific Ion Effects of Protein-Coated Au NPs: The Influ-
ence of Hydroxide Formation on Charge and Stability —
eJonas ScuuBerT™ 2, ANDREAS FERY!2, and MuNisH CHANANAS:4
— 1Department of Nanostructured Materials, Leibniz-Institut fiir
Polymerforschung Dresden e. V. — 2Physical Chemistry of Polymer
Materials, Technische Universita*t Dresden, D-01062 Dresden, Ger-
many — °Institute of Building Materials (IfB), ETH Zurich, 8093
Zurich, Switzerland — EMPA Diibendorf, 8600, Diibendorf, Switzer-
land.

When NPs are exposed to the environment, a protein corona is gen-
erated around the NPs. This changes the physicochemical properties
of the NPs drastically, especially their colloidal stability, which is a
key feature for discovering their bioavailability, toxicity and fate in the
environment. In this work, the impact of the type of protein corona
on the colloidal stability towards different ions was investigated by us-
ing three different proteins. Au NPs were coated with bovine serum
albumin, beta-lactoglobulin and insulin and tested against different
ions. The particles exhibited a highly pronounced and dissimilar op-
tical response towards various heavy metal ions. The response of the
Au@Protein NPs towards the different metal ions strongly depends on
the protein coating of the NPs, but also on the specific metal ion and
the generation of metal hydroxides. We discovered that the generation
of metal hydroxides is the determining factor for the dissimilar colloidal
stability of Au@Protein NPs and therefore plays an important and up
to now neglected role in the interpretation of specific ion effects.

BP 24.2 Wed 15:15 PC 203
Denaturation-Induced Fiber Formation of Fibrinogen Stud-
ied by Small Angle Scattering — MarTHiAs M.L. ARRas!,
oCHurisTIAN HELBING2, KLAUS D. JaNDT?, and GREGORY S. SmiTh!
— 10Oak Ridge National Lab, Oak Ridge, USA — 2Friedrich Schiller
University Jena, Germany
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Over the last years, the interest in materials consisting of biomolecules
arranged in nanofibers increased. To get a better understanding of
how different environmental parameters affect the fiber formation in
solution, we studied the ethanol induced fiber formation of human
plasma fibrinogen (HPF) by small angle scattering, i.e., (ultra)small
angle neutron scattering and light scattering. To this end, we used wa-
ter/deuterium oxide and ethanol-d6 contrast matched at the scattering
length density of ethanol-d6 and varied the protein concentration, as
well as ethanol concentration. We find the ethanol-to-water ratio to
be a dominant driving force for inducing long fiber formation. Data
suggest a 1.5:1 water:ethanol ratio as a threshold, where increasing
the water ratio prevents long-fiber formation after an hour of incuba-
tion. Time series show, that structure on the protein size-level does
not change over time, however the growth in fiber length can still be
observed hours after ethanol addition.

This research used resources at the High Flux Isotope Reactor and
Spallation Neutron Source, a DOE Office of Science User Facility op-
erated by the Oak Ridge National Laboratory.

BP 24.3 Wed 15:30 PC 203
Direct Determination of the Thermodynamic Properties of
Melting for Amino Acids — eY.Z. Cuual, A. AsprLaziz!:2, D.
ZaiTsau?, S. VErRevkIN?, C. HeLp?, and C. Scuick! — 1Uni Ro-
stock, Institut fiir Physik and Competence Centre CALOR, Rostock
— 2Uni Rostock, Institut fir Chemie, Rostock — 3TU Dortmund,
Department of Biochemical and Chemical Engineering, Dortmund

The properties of melting are used for the prediction of solubility of
solid compounds. By using conventional DSC or adiabatic calorimetry,
direct determination of the melting temperature, Tt,s, and enthalpy
of fusion, Ag,sH, is often not possible for biological compounds due
to the decomposition during the measurement. The apparent activa-
tion energy of decomposition is at least one order of magnitude smaller
than that of melting. This allows shifting of the decomposition pro-



Berlin 2018 — BP

Wednesday

cess to higher temperature without seriously disturbing the melting
by applying very high heating rates. High scanning rates up to 2 - 104
K-s~1 are utilized with fast-scanning calorimeter Mettler Toledo Flash
DSC1. The melting parameters, e.g. Tiys and Ag,sH, for L-threonine
and glycine were successfully determined. The ultra-fast cooling of
the melted samples allows the studied compounds to retain in the
liquid state and to determine for the first time its glass transition tem-
peratures, Tg, which agree with the Beaman-Kauzmann rule (Ty =~
2/3 - Ttys). The entropy of fusion shows significant deviation between
the two amino acids. For L-threonine, it was close to the Walden’s rule,
while for glycine, it was twice smaller. The results are in reasonable
agreement with the simulated PC-SAFT values.

BP 24.4 Wed 15:45 PC 203
Cellulose-Based Photoresist for Two-Photon Lithography
oMARIE-CHRISTIN ANGERMANN!, MAXIMILIAN ROTHAMMERZ2,
CoRrDT ZoLLFRANK?, and GEORG vON FrREyMANND3 — 1Physics De-
partment and Research Center OPTIMAS, TU Kaiserslautern, 67663
Kaiserslautern, Germany — 2Chair of Biogenic Polymers, TU Mu-
nich, Campus Straubing of Biotechnology and Sustainability, 94315
Straubing, Germany — 3Fraunhofer Institute for Industrial Mathe-
matics ITWM, 67663 Kaiserslautern, Germany

Lithography is a common method for structuring which uses photore-
sists based on polymers extracted from mineral oil. To conserve re-
sources those polymers could be replaced by sustainable materials like
polysaccharides. So far, no polysaccharide based photoresist has been
presented. We here present such a resist by using functionalized cel-
lulose which can be photo-crosslinked by a photoinitiator. For this
cellulose and initiator are dissolved in acetone. The resist is curable
with two-photon absorption (780 nm) in a direct laser writing system
(DLW), and via one-photon absorption with a UV lamp (365 nm),
in liquid state as well as in dried state, after evaporation of the ace-
tone. Using DLW and a liquid resist a resolution of 1.6 yum with a
feature size of 600 nm is achieved. Furthermore, it is possible to fab-
ricate three dimensional structures. The threshold for polymerization
with the DLW depends on the amount of initiator and the amount of
acetone influences mainly the durability of the resist.

This resist opens up a new class of photoresist based on sustainable
materials.

BP 24.5 Wed 16:00 PC 203
Atomic force microscopy (AFM) based method to investi-
gate the transversal viscoelastic properties of paper fibers —
oCATERINA CziBuLAl3, CHRISTIAN GANSER!3, ULRIcH HIRN?3, and
CHRrisTIAN TrICHERT!3 — Institute of Physics, Montanuniversitaet
Leoben, Austria — 2Institute for Paper, Pulp and Fiber Technology,

Graz University of Technology, Austria — 3Christian Doppler Labo-
ratory for Fiber Swelling and Paper Performance, Austria

It is well known that paper fibers are an inhomogeneous and hierarchi-
cal material. Resulting structure-property relations on the fiber scale
as well as on the paper scale are complicated and not yet fully under-
stood. To gain more insight on how mechanical properties of fibers are
related to properties of the paper, our work focusses on the transverse
viscoelastic behavior of single pulp fibers. To reach this ambitious goal
we implemented an AFM based method.

Probing nanoscale mechanical properties of soft materials with AFM
yields information on the performance of the material. Furthermore,
precise force control in AFM methods is possible, and with different
contact models, the contact between AFM tip and sample surface can
be well described. Here, we use the Johnson-Kendall-Roberts model
because it includes adhesion. At the continumm scale, simple empiric
models combining springs and dash pots are often used to represent
the bulk behavior of viscoelastic materials. Here, some of those models
are explained and are used to describe local viscoelastic properties on
the nanoscale. Results are presented for kraft pulp and compared to
those of viscose fibers which are a simpler model system.

BP 24.6 Wed 16:15 PC 203
Self-consistent Hubbard-corrected DFT study of hole-
polaron trapping in glucose-based bio-insulators: the Cy-
clodextrin case. — eSTEFANO MENsA and GILBERTO TEOBALDI —
Stephenson Institute for Renewable Energy, Department of Chemistry,
University of Liverpool, L69 3BX Liverpool, United Kingdom

Using CyDs as an archetypal glucose-based bio-insulator, we use a
self-consistent linear response DFT-+U approach, as implemented in
the linear-scaling ONETEP code, to explore hole-polaron relaxation
both in vacuo and in the presence of different acidic, alkaline and
ionic environments due to interacting H(+), OH(-), Na(+) and Cl(-)
ions. Hole-polaron trapping in isolated CyDs or in CyDs interacting
with H(+), Na(+) and CI(-) ions is computed to be energetically dis-
favoured. However, hole-polaron trapping at terminal hydroxyl (-OH)
groups becomes energetically favoured by up to -2 eV in the presence
of alkaline conditions as a result of hydroxyl deprotonation by inter-
acting OH(-) ions. Selective hole-polaron trapping at glycosidic (C-O-
C) bridges between glucose monomers is found to be consistently dis-
favoured regardless of the presence of interacting ions. The computed
stability of the CyD-backbone to direct oxidative depolymerisation,
favourable hole-trapping at terminal CyDs hydroxyls, and well known
CyDs capability of hosting both organic and inorganic contaminants
altogether suggest that CyDs may be effective redox intermediates
for the development of novel strategies for photocatalytic oxidation
of hosted polluting agents in alkaline conditions.

BP 25: Active Matter DY Ill (joint session DY /CPP/BP)

Time: Wednesday 15:30-18:45

BP 25.1 Wed 15:30 BH-N 243
Three-body correlations and conditional forces in suspensions
of active hard disks — e ANDREAS HARTEL!, DaviD RicHARD?, and
TuoMas SPECcK? — lUniversity of Freiburg, Freiburg, Germany —
2Johannes Gutenberg-University Mainz, Mainz, Germany

Self-propelled Brownian particles show rich out-of-equilibrium physics,
but while decades of studying the structure of liquids have build up a
deep understanding of passive systems, not much is known about cor-
relations in active suspensions. For this reason, we derive an approxi-
mate analytic theory for three-body correlations and forces in systems
of active Brownian disks starting from the many-body Smoluchowski
equation. Via this theory we discuss properties of conditional three-
body forces, an effective swimming speed, and pair distributions. We
further test and validate our theory using particle-resolved computer
simulations. They allow us to discuss the modeling of active Brownian
swimmers with nearly hard interaction potentials. We finally define
appropriate parameters to describe active systems and discuss them
as a basis for further studies of correlations in active suspensions and
for an emerging liquid state-theory.

BP 25.2 Wed 15:45 BH-N 243
Giant Kovacs-Like Memory Effect for Active Particles —

eRUDIGER KURSTEN!, ViapmMiR Susukov?, and THomas IuLE!
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Location: BH-N 243

— 1Universitdt Greifswald — 2Hochschule fiir angewandte Wis-
senschaften Miinchen

Dynamical properties of self-propelled particles obeying a bounded
confidence rule [1] are investigated by means of kinetic theory and
agent-based simulations. While memory effects are observed in disor-
dered systems, we show that they also occur in active matter systems
[2]. In particular, we find that the system exhibits a giant Kovacs-like
memory effect that is much larger than predicted by a generic linear
theory. Based on a separation of time scales we develop a nonlinear
theory to explain this effect. We apply this theory to driven granular
gases and propose further applications to spin glasses.

[1] Phys. Rev. E 90, 063315 (2014)

[2] Phys. Rev. Lett. 119, 188001 (2017)

BP 25.3 Wed 16:00 BH-N 243
Active Brownian Particles in Crowded Media — eJONATHAN
Onopy!, ALEXANDER LiLuasnvin', and THoMAS VoiaTMANND2 —
IDeutsches Zentrum fiir Luft- und Raumfahrt e.V, Ko6ln, Deutsch-
land — 2Fachgruppe Physik, Heinrich-Heine Universitit, Diisseldorf,
Deutschland

We investigate the dynamics of model microswimmers (active Brown-
ian particles) evolving at high densities and in the presence of crowding,
e., in model porous media, making use of the mode-coupling theory of
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the glass transition (MCT). The microswimmers are modeled by hard
disks in two dimensions undergoing both, translational and rotational
diffusion. In addition they posses a constant self-propulsion velocity in
their direction of orientation. MCT predicts an idealized active-glass
transition, and we discuss the features of the slow dynamics emerging
close to that transition. The porous background is treated as a frozen
disordered density field. We discuss the structure of the resulting the-
ory, distinguishing between connected and disconnected parts of the
correlation functions.

1. Liluashvili, A., Onody, J., and Voigtmann, Th., Mode Cou-
pling Theory for Active Brownian Particles, Phys. Rev. E in press,
arXiv:1707.07373 (2017).

2. Krakoviack, V., Mode-coupling theory for the slow collective dy-
namics of fluids adsorbed in disordered porous media, Phys. Rev. E
75, 031503 (2007).

3. Gotze, W., Complex Dynamics of Glass-Forming Liquids - A
Mode-Coupling Theory

BP 25.4 Wed 16:15 BH-N 243
Cans and cannots of heat engines with nonequilibrium baths
—— STEFANO STEFFENONI!, VIKTOR HOLUBECZ, GIANMARIA FALASCO®,
and KLAUS KROY2 — ! Max Planck for the Mathematics in the Science,
leipzig — 2Institute for Theoretic Physics, Leipzig — 3University of

Luxembourg, Luxembourg

We investigate a heat engine based on a Brownian colloid, confined in a
parabolic potential and coupled to an active particles bath. The ener-
getics of the cycle is governed by the variance of the colloid distribution.
With a suitable definition of a time-dependent effective temperature,
it obeys the same dynamical equation as a passive colloid coupled to
a conventional thermal bath. Performance of the active heat engine
including maximum efficiency, efficiency at maximum power and max-
imum efficiency at a fixed power can thus all be understood from or-
dinary thermodynamics, using the appropriate effective temperature.
On this basis, we provide a thorough analysis of recent experiments
(Krishnamurty et al. Nat. Phys. 2016) that lead to the spectacular
claim that thermodynamic cycles coupled to active baths can surpass
the ultimate efficiency of an equilibrium Stirling cycle.

BP 25.5 Wed 16:30 BH-N 243
Dynamics of self-propelled granular particles on a vibrated
plate — eTina HaANSELKA and RALF STANNARIUS — Otto-von-
Guericke-Universitat Magdeburg

Screws sliding on a periodically vibrating plate can be used as a very
simple model system to examine the motion of self-propelled particles
in 2D. We analyze the active Brownian motion a single screw performs,
then we explore the self-organization of large groups of particles, fo-
cusing on mixtures between active and passive materials, realized by
screw nuts of comparable weights.

15 min. break

BP 25.6 Wed 17:00 BH-N 243
Diffusive dynamics of complex colloidal particles in ac-
tive suspensions of microswimmers — oFLORIAN VvON RULING,
FranciNE KoLLEY, PartriciaA DAnMLow, HaiNnaLka Napasi, and
ALEXEY EREMIN — Otto von Guericke University Magdeburg

We report experimental studies on the active motion of puller-type mi-
croswimmers Chlamydomonas reinhardtii (C.R.) and the entrainment
and the diffusion of complex passive particles in thin capillaries. C.R.,
self-propelled unicellular alga, swims in the regime of low Reynolds
number due to its flagellar motion breaking time-reversal symmetry.
Having an eyespot, the alga shows phototactic behaviour. Employing
a particle tracking algorithm and polarising microscopy, we explore the
enhancement of the diffusion of the sphere- and rod-shaped particles
by swimming algae. Furthermore, we demonstrate the effect of the
microswimmer-induced flow on the director field of nematic droplets
dispersed in the active colloid.

BP 25.7 Wed 17:15 BH-N 243
Self-spinning particles phase separate and move collec-
tively — oCHRisTIAN ScHoLz?!, MicHAEL ENGEL!, and THORSTEN
PoscHEL! — nstitute for Multiscale Simulation, FAU Erlangen, Ger-
many — 2Institut fiir Theoretische Physik 2, HHU Diisseldorf, Ger-
many

We create 3d-printed minimalistic robots that perform self-spinning
motion. Binary mixtures of clockwise and counter-clockwise spinning
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particles phase separate and exhibit collective ballistic motion along
the interfaces. We compare our experimental system to Langevin simu-
lations to demonstrate that our macroscopic system is a form of active
soft matter. Simulations also allow us to demonstrate that confine-
ment in the system, on long time scales, favors symmetric demixing
patterns.

BP 25.8 Wed 17:30 BH-N 243
Entropy production of active particles and for particles in
active baths — ePaTrick PieTzonka®? and Upo SeiFerT! — II.
Institut fiir Theoretische Physik, Universitat Stuttgart, Germany —
2Department of Applied Mathematics and Theoretical Physics, Uni-
versity of Cambridge, UK

Entropy production of an active particle in an external potential
is identified through a thermodynamically consistent minimal lattice
model that includes the chemical reaction providing the propulsion and
ordinary translational noise. In the continuum limit, a unique expres-
sion follows, comprising a direct contribution from the active process
and an indirect contribution from ordinary diffusive motion. From
the corresponding Langevin equation, this physical entropy produc-
tion cannot be inferred through the conventional, yet here ambiguous,
comparison of forward and time-reversed trajectories. Generalizations
to several interacting active particles and passive particles in a bath of
active ones are presented explicitly, further ones are briefly indicated.
[1] P. Pietzonka and U. Seifert, J. Phys. A: Math. Theor. 51, 01LT01
(2018)

BP 25.9 Wed 17:45 BH-N 243
Binary Mixtures of Active and Passive Particles
eFraNcESco Araimol? and AxeL Voigt!23 — lnstitut fiir Wis-
senschaftliches Rechnen, TU Dresden, Dresden, Germany — 2Dresden
Center for Computational Materials Science (DCMS), TU Dresden,
Dresden, Germany — 3Center for Systems Biology Dresden (CSBD),
Dresden, Germany

We use a modification of the Binary Phase Field Crystal model to
introduce a continuous approach for binary mixtures of passive and
active particles.

This continuous model is used to numerically study different effects
that arise in binary mixtures. First, we see how activity promotes crys-
tallization and cluster formation in a passive system, a phenomenon
that has been observed experimentally. By varying the relative den-
sities we can observe how passive obstacles influence the dynamics of
active particles. Finally, we show how, under specific conditions, a
crowded environment can lead to a partial trapping of active particles.

BP 25.10 Wed 18:00 BH-N 243
Phase diagram, capillary waves, and interfacial stiffness
of active-passive polymer mixtures — eJAN SMREK, KostTas
Daouras, and Kurr KREMER — Max Planck Institute for Polymer
Research, Mainz, Germany

The active-passive polymer mixtures serve as a model for phase sepa-
ration of transcriptionally active and inactive DNA strands in nuclei
of living cells. Is it possible to distinguish the equilibrium phase sepa-
ration, driven by chemical differences, from the non-equilibrium one?
Here, we study the interfacial properties of the phase separated steady
states of the scalar active-passive polymer mixtures. We construct
phase diagrams and extract the analogue of the equilibrium critical
exponent B governing the density difference. Looking at the inter-
face fluctuations, we find they follow the equilibrium capillary waves
spectrum. This allows us to establish a mechanistic definition of the
non-equilibrium interfacial stiffness and its dependence on the activity
asymmetry. We show how the interfacial width depends on the activity
ratio and comment on the finite size effects. Our results show the non-
equilibrium steady state behaves in many respects as an equilibrium
polymer mixture with LCST.

BP 25.11 Wed 18:15 BH-N 243
High-motility light-driven AgCl Janus microswimmers inter-
acting with passive beads — exu wanc!, LARysa BARABANZ, AN-
NiE T. Puvong NGuven?, JiN Ge!, VyacHEsLAV Misko3, GIANAU-
RELIO CUNIBERTI?, JURGEN FassBENDER!, and DENYs Makarov!
— !Helmholtz-Zentrum Dresden-Rossendorf e.V., Institute of Ion
Beam Physics and Materials Research, Bautzner Landstrasse 400,
01328 Dresden, Germany — 2Institute for Materials Science and Max
Bergmann Center of Biomaterials, Dresden University of Technology,
01062 Dresden, Germany — 3Department Fysica, Universiteit Antwer-
pen, B-2020 Antwerpen, Belgium
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Visible light driven nano/micro swimmers are promising candidates for
potential biomedical and environmental applications, which have been
highlighted in the study of manmade nanao/micro swimmers stimu-
lated by versatile light sources.1-5 To increase the motile speed, Janus
polystyrene (PS)/AgCl microswimmers have been developed, which
are capable to be actuated and tuned by blue light and achieve a high
moving speed with 7 pm/s in pure water. To understand the interac-
tion mechanism between artificial microswimmers and the surrounding
environment, with the stimuli of blue light, prepared clusters composed
of different numbers of Janus PS/AgCl particles and PS beads are used
as active and passive motile objectives for sub-systematic models. The
dynamics of a single Janus particle, single Janus particles assemblies,
collective behaviours have been investigated and demonstrated both
with experimental and simulated results.

BP 25.12 Wed 18:30 BH-N 243
High-motility visible light-driven AgCl Janus microswim-
mers interacting with passive beads — eXu Wanc!, LaRrysa
BaraBan?, Annie T. Puuonce Nauven?, Jin Ge!, VyAcHESLAV
Misko3, GiaNAURELIO CUNIBERTI?, JURGEN FassBENDER!, and

DENYs MakarRov! — 1Helmholtz-Zentrum Dresden-Rossendorf e.V.,

Institute of Ion Beam Physics and Materials Research, Bautzner Land-
strasse 400, 01328 Dresden, Germany — 2Dresden University of Tech-
nology, 01062 Dresden, Germany — 3Universiteit Antwerpen, B-2020
Antwerpen, Belgium

Visible light driven nano/micro swimmers are promising candidates for
different applications. However, the previous obtained mean squared
displacement (MSD) values are low (up to 200 squared micrometers
(10 s)) even under the favorable UV light illumination.[1,2] This is a
severe drawback for the applications where the efficient transport of
microswimmers is demanded.

We demonstrate AgCl based spherical Janus microswimmers re-
veal an efficient propulsion under blue (visible) light (A=450-490
nm)illumination. The proper design of a AgCl based microswimmer
can boost the MSD to 3000 squared micrometers (10 s) in pure H20.
We investigate the motion of individual Janus particles as well as their
small (3-particles) and large (many particles) clusters. With experi-
mental results and numerical simulations ( by Langevin equations), we
provide an insight into the collective behavior of the Janus microswim-
mers surrounded by polystyrene (PS) beads.

1. Angew.Chem.Int.Ed. 2009,48,3308. 2. ChemNanoMat 2017,3,65.

BP 26: Annual General Meeting of the BP Division (BP Mitgliederversammlung)

Time: Wednesday 18:00-19:00

Discussion

Location: H 1028

BP 27: Cell Mechanics Il

Time: Thursday 9:30-12:45

Invited Talk BP 27.1 Thu 9:30 H 1028
Size and Mechanical Scaling of Blood Platelets — AAsTHA
MATHUR, SANDRA CORREIA, SERGE DMITRIEFF, ROMAIN GIBEAUX,

Iana KaLININA, TooBAa Quipwal, Jonas RiEs, and eFraNcois NED-
ELECc — EMBL Heidelberg

Blood platelets play a major role in hemostasis, the process of stopping
blood loss from injured vessels. Platelets have a discoid shape while
floating free in the blood in the so-called resting state but come in var-
ious sizes, ranging from 1.6 to 5 micrometers. I will argue that their
size, in this case, can be understood from the competition between the
elasticity of a circular bundle of microtubules, and surface tension at
the cell edge. Such a mechanical equilibrium predicts a scaling law that
is verified by imaging a large number of individual platelets live, from
Mouse and Human blood samples. I will then discuss the dynamics
that is observed at the onset of platelet activation, on the path towards
platelet adhesion and aggregation. The microtubule ring maintaining
the shape of platelets initially coils but is later able to recover within
30 minutes. This can be understood as the ring is made of multiple
microtubules that are dynamically connected, and can respond both
elastically or viscously. Importantly, given the mechanical properties
of these components, we can explain why the overall mechanical re-
sponse of platelets is dependent on their size, a fact that is known to
be important for the physiology of platelets in vivo.

BP 27.2 Thu 10:00 H 1028
Active prestress leads to an apparent linear stiffening of the
cytoskeleton through geometrical coupling and shear-induced
nematic alignment — eELISABETH FiscHER-FRIEDRICH — Biotec,
TU Dresden, Tatzberg 47-49, 01307 Dresden, Germany

Tuning of active prestress e.g. through activity of molecular motors
constitutes a powerful cellular tool to adjust cellular stiffness through
nonlinear material properties. Understanding this tool is an impor-
tant prerequisite for our comprehension of cellular force response, cell
shape dynamics and tissue organization. Experimental data obtained
from cell-mechanical measurements often show a simple linear depen-
dence between mechanical prestress and measured differential elastic
moduli corresponding to a power law with exponent one. While these
experimental findings could point to the theoretically predicted “pull-
out” of soft bending modes, we propose here a surprisingly simple
alternative explanation. In a theoretical study, we show how active
prestress in the cytoskeleton gives rise to a linear increase of measured
cellular force response and resulting apparent stress-stiffening through
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Location: H 1028

geometrical-coupling and shear-induced nematic alignment. We argue
that a new experimental paradigm is required to separate this appar-
ent stress-stiffening from actual nonlinearities in prestressed biological
materials.

BP 27.3 Thu 10:15 H 1028
Mechanical strain sensing in rod-shaped Escherichia coli —
eLArRs RENNER!, FELIx Wong2, Gizem OzBAYKAL?, SVEN VAN
TeerrELEN®, and ARIEL AMIR? — !Leibniz Institute of Polymer Re-
search Dresden — 2Harvard University, Cambridge, USA — 3Institut

Pasteur, Paris, France

Why bacteria have evolved and maintained their specific shapes is a
central question in bacterial cell biology. Bacteria are remarkably suc-
cessful in achieving a precise shape and tightly coordinating cellular
processes such as DNA replication, protein production and cell divi-
sion, yet the underlying biophysical cues and the evolutionary advan-
tage for one shape over another are largely unknown. We are setting
out to understand how rod-shaped bacteria maintain their shape when
subjected to mechanical deformation. In particular, we explore how
mechanical force changes the bacteria morphology and consequently
affects the bacterial shape after the mechanical force is released. We
combine microfabrication tools and mathematical models to analyse
cell shape recovery of E. coli with intentionally modified cell morphol-
ogy under mechanical stress. When confined, cells are readily adapt-
ing to the new morphology. When released, bacterial cells recover
their straight, rod-shaped morphologies. We find a straightening rate
that is approximately twice the growth rate. By developing a theory of
residual stresses, we identify mechanical stress-based nucleation of new
growth sites to explain the enhanced straightening rate. Our results
indicate a stress-based mechanism for shape regulation in rod-shape
bacteria.

BP 27.4 Thu 10:30 H 1028
Poroelastic two-phase model for moving droplets of
Physarum polycephalum with free boundaries — eDIRK
ALEXANDER KuLawiak!, JakoB LOBER®?, MaRKUs BARZ, and HAR-
ALD ENGEL! — !Institut fiir Theoretische Physik, TU Berlin, Berlin,
Germany — 2Physikalisch-Technische Bundesanstalt, Berlin, Germany
— 3Max-Planck-Institut fiir Physik komplexer Systeme, Dresden Ger-
many

Motivated by recent experiments, we model the flow-driven amoeboid
motility that is exhibited by protoplasmic droplets of Physarum. Here,
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a feedback loop between a chemical regulator, active mechanical de-
formations, and induced flows give rise to spatio-temporal contrac-
tion patterns that result in directed motion. Our model describes the
droplet’s cytoskeleton as an active viscoelastic solid phase that is per-
meated by a passive viscous fluid representing the cytosol. The active
tension in the solid phase depends on the concentration of a regulating
agent that is advected by the fluid phase. Previously, it was shown
that under rigid boundary conditions that impose a fixed shape, this
model reproduces a large variety of mechano-chemical patterns such
as antiphase oscillations and rotating spirals. This in line with experi-
mental observations of contraction patterns in these droplets. Here, we
present an approach that includes free boundary conditions, nonlinear
friction between droplet and substrate and a nonlinear reaction kinetic
for the regulator to model the movement of these droplets. We find
deformations of the droplet boundary as well as oscillatory changes in
the droplets position with a net motion in each cycle.

BP 27.5 Thu 10:45 H 1028
The Mechanics of Vesicle Blebbing — eSEBASTIAN HILLRING-
HAUS, GERHARD GOMPPER, and DMmITRY A. FEDOsov — Institute of
Complex Systems, Forschungszentrum Jiilich, Jilich, Germany

A broad range of in silico models, including liquid and viscoelastic drop
models, has been introduced for simulating the complex mechanical
properties of different cell types. These models are used to understand
and quantify experimental measurements. In this work, we employ
a coarse-grained cell model in two and three dimensions which incor-
porates the membrane properties similar to the RBC-model and an
elastic inner mesh to include the cytoskeletal properties. The model
is formulated in the framework of the dissipative particle dynamics
simulation method. It is used to investigate cell-blebbing, which is
observed in synthetic vesicles. Cell-blebbing describes the dissociation
of the membrane from the inner network, in this case as result of inner
stress. We analyze the influence of different parameters on the bleb-
bing process and show that the occurrence of blebbing is a result of the
instability of the connection between membrane and actin-network.

30 min. break

BP 27.6 Thu 11:30 H 1028
Simulations of stem cells in microjets — eCariNA BEzoLD,
CHRISTIAN BACHER, and STEPHAN GEKLE — Biofluid Simulation and
Modeling, Bayreuth, Germany

3D bioprinting offers the opportunity to create tissues and organs
which could be used for transplantation. The tissue is built up layer for
layer by a continuous jet containing stem cells.We develop a model for
stem cells as elastic spheroids, using tools of the finite element method.
We validate our model using the Hertzian theory for small deforma-
tions. To simulate the fluid, we use 3D Lattice-Boltzmann simulations
including the transition from the printer nozzle into the free liquid jet.
This region is of particular interest since high extensional forces are
present. Due to the different flow profiles at the transition we observe
a change in the cell shape.

BP 27.7 Thu 11:45 H 1028
Induction of cytoplasmic flows reveals: asymmetric cell di-
vision is a digital decision based on gradually varying PAR
polarization states — M. MirTtasca!, M. NEsTLER?, P. GROss?,
A. Frirscu!, M. Kar!, S. GriLL?, A. VoiaT?, and eM. KrEysing!
— IMPI-CBG — 2Dept. of Mathematics, TUD — 3Biotec, TUD (all
Dresden)

Throughout the last decades, access to genetic perturbations boosted
our molecular-level understanding of cell biological processes. How-
ever, it was suggested that the spatio-temporal organization of cells
and developing embryos also depends on physical transport processes,
which remains an experimental challenge to confirm.

Here we present *Focused light induced cytoplasmic streaming*
(FLUCS) which enables the dynamic control of cytoplasmic flows in
cells and developing embryos via thermoviscous expansion phenomena
(Weinert & Braun, J Appl Phys 2008). FLUCS allows to systemati-
cally dissect the role of flows during PAR polarization. We find that
i) cytoplasmic flows towards the membrane drive PAR loading locally,
ii) cytoplasmic flows parallel to the membrane induce cortical flows.
iii) Control over cortical flows enables to move pre-established PAR
domains. iv) We find that small displacements of PAR domains are
self-corrected and cells divide normally. v) For rotations beyond 90 de-
grees, however, we observe a flip of the PAR defined body axis, followed
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by inverted asymmetric cell divisions. Our results suggest that asym-
metric cell division is a digital decision based on a gradually varying
PAR polarization states. Ref: Mittasch et al (accepted).

BP 27.8 Thu 12:00 H 1028
Entropic swelling of chromatin drives neutrophil extracellu-
lar trap release — eDaANIEL MEYER?3, ELsa NEUBERT!2, LUISE
ErpPENBECK!, and SEBASTIAN KRUss?:3 — !Department of Dermatol-
ogy, Venereology and Allergology, University Medical Center, Goet-
tingen University, Germany — 2Institute of Physical Chemistry, G&t-
tingen University, Germany — 3Center for Nanoscale Microscopy and
Molecular Physiology of the Brain (CNMPB), Géttingen, Germany

Neutrophilic granulocytes are the most abundant immune cells in hu-
mans and essential to defeat pathogens. They can release their own
DNA as neutrophil extracellular traps (NETs) to capture and elimi-
nate bacteria, fungi and viruses. DNA expulsion (NETosis) has also
been documented for other immune cells but also for amoebas and
plant cells, and has been implicated in many diseases, including can-
cer, vascular and chronic inflammatory disorders.

During NETosis, neutrophils undergo dynamic and dramatic al-
terations of their cellular as well as sub-cellular morphology whose
biophysical basis is poorly understood. We investigated NETosis in
real-time on the single-cell level using high-resolution fluorescence and
atomic force microscopy. Our results show that NETosis is highly or-
ganized into distinct phases with a clearly defined point of no return.
Entropic chromatin swelling is the major driving force and the rea-
son for cell morphology changes, mechanical changes and the rupture
of both nuclear envelope and plasma membrane. Through its mate-
rial properties, chromatin thus directly and actively orchestrates this
biological process.

BP 27.9 Thu 12:15 H 1028
Effect of Arp2/3 on 3D migration and cellular mechanical
properties — eSTEFANIE PUDER, ToM KuNscHMANN, and CLAUDIA
Tanja MIERKE — Biological Physics Division, Peter Debye Institute
for Soft Matter Physics, University of Leipzig, Germany

Cellular motility is essential in many physiological processes such as
tissue repair during wound healing. The migration of cells in 3D extra-
cellular matrices (ECM) is regulated by the actin cytoskeleton. The
actin related protein complex Arp2/3 facilitates nucleation and poly-
merization of new actin branches, which is supposed to impact cellular
mechanical properties. However, whether Arp2/3 affects cellular me-
chanical properties and subsequently migration of cells is not well un-
derstood. We suggested that the Arp2/3 complex facilitates 3D motil-
ity into ECM by regulating cellular mechanical properties. Our study
focuses on Arp3 conditional knock-down fibroblast cells induced by 4-
OH-tamoxifen. Cells are analyzed for their ability to migrate in dense
3D ECM. The knock-down of Arp3 accompanies with a significant re-
duced invasiveness. Cellular mechanical properties are quantified by
an optical cell stretcher and AFM resulting in comparable character-
istics of cellular deformability and Young’s modulus. We found that
Arp3 knock-down cells are less deformable (stiffer) compared to con-
trol treated cells in both presented techniques. In conclusion, Arp2/3
complex and its subunit Arp3 are essential for providing mechanical
cellular stiffness regulating motility into 3D ECM. We demonstrated
that Arp2/3 regulates cellular deformability, stiffness and transmission
promoting Arp2/3-dependent cell invasion.

BP 27.10 Thu 12:30 H 1028
Influence of matrix and cellular properties on human cancer
cell migration in 3D biomimetic matrices — ¢ ToNy FIiscHER and
Craubpia Tansa MIERKE — Universitét Leipzig, Peter-Debye-Institut

3D cellular motility in connective tissue is a fundamental process
during tissue development and cancer progression, mostly studied in
biomimetic in vitro models. Crucial factors for cancer metastasis are
cellular motility and mechanical properties of the migrating cell and
topology and elasticity of the surrounding matrix. ECM and cell prop-
erties are altered in many tumors as stiffness of the matrix and cells
is linked to malignancy and metastasis. Different ECM models and
quantifying algorithms exist to measure matrix topology, cell elasticity,
motility and cell-matrix interactions. We used a collagen I ECM model
comprised of rat tail collagen building elongated fibrils and bovine
dermal collagen building node-shaped scaffolds to adapt to local inho-
mogeneities. Pore-size and topology was analyzed using a euclidean
distance map approach to bubble analysis and a gel reconstruction
algorithm using fuzzy-connectedness. Elastic properties of both cells
and gels were determined using AFM. Cellular motility was analyzed
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using an invasion assay. Cell-mediated fiber displacement was deter-
mined using optical flow measurements. Our findings show that stiffer
matrices indeed enhanced cellular motility. Malignant MDA-MB-231
cancer cells were softer, more motile and deformed their surrounding

ECM more than less invasive MCF-7 cells. We are able to study can-
cer cell migration and mechanotransduction in our ECM model with
tunable topology and mechanics and measure topological influences.

BP 28: Single Molecule Biophysics

Time: Thursday 9:30-13:00

BP 28.1 Thu 9:30 H 1058
Cell free protein synthesis systems and single molecule
fluorescence studies: a perfect marriage — ALEXANDROS
KaTraniDIs!, Mayurr Sapoine!, Noemie Kewmprl, MICHAEL
GERRITS?, MicHELE CERMINARA', and eJOra Firrerl:3
1Research Centre Juelich, ICS-5, Juelich, Germany — 2TU Berlin,
Biocatalysis Group, Department of Chemistry, Berlin, Germany —
3RWTH Aachen University, I. Physikalisches Institut (IA), AG Bio-
physik, Aachen, Germany

Protein synthesis is a fundamental cellular process, by which ribosomes
decode genetic information and convert it into an amino acid sequence.
This highly complex process does not necessarily require cell integrity,
but can also proceed in so called cell-free protein systems. This opens
the door for comprehensive studies to obtain a deeper understanding of
individual steps of the translation cycle and of the folding of de novo
synthesized proteins. The use of cell-free protein synthesis (CFPS)
systems allowed us to watch some of these essential steps in real time
and on single molecule level [1,2]. On the other hand the open na-
ture of the CFPS system allows the production of tailor-made protein
samples, perfectly suited for single molecule Forster resonance energy
transfer (smFRET) studies [3]. Examples from both above mentioned
topics will be presented and demonstrate the strength of combining
CFPS with single molecule fluorescence studies.

[1] A. Katranidis et al., Angewandte Chemie Int. Edit., 48, 1758-
1761, (2009); [2] N. Kempf et al., Sci. Rep., 7, 46753, (2017); [3] M.
Sadoine et al., Anal. Chem., 89, 11278-11285, (2017)

BP 28.2 Thu 9:45 H 1058
Coiled Coils as structural building blocks: A sequence-based
approach towards tuning Coiled Coil mechanics — ePATRICIA
LopPez-Garcia, MELis GOKTas, and KeErRsTIN G. BLANK — Max
Planck Institute of Colloids and Interfaces, 14424 Potsdam, Germany

The natural abundance of coiled coil (CC) motifs in cytoskeleton and
extracellular matrix proteins suggests that CCs play an important
role as passive (structural) and active (regulatory) mechanical build-
ing blocks. It is well established that modifications in CC sequence,
e.g. in hydrophobic core or solvent-exposed residues, are responsible
for the thermodynamic stability of CCs; however, nothing is known
about how these factors affect CC mechanics.

With the goal of shedding light on the sequence-structure-
mechanics relationship of CCs we have chosen thermodynamically well-
characterized sequences and analyzed their mechanical stability using
single molecule force spectroscopy, applying force parallel to the heli-
cal axis in the shear geometry. Modifications in the hydrophobic core
or the helix propensity alter the binding potential with different out-
comes: a less tightly packed hydrophobic core increases the potential
width without significantly affecting the barrier height (koff). In con-
trast, a reduced helix propensity decreases both potential width and
barrier height. Our goal is to use this information for developing a
library of mechanically characterized CCs that can be applied as cali-
brated building blocks for a wide range of applications: from molecular
force sensors to mechanosensitive material crosslinks in protein nanos-
tructures and synthetic ECM mimics.

BP 28.3 Thu 10:00 H 1058
Tuneable reversibility in force probe simulations — eSTEFAN
JascHoNEk and GREGOR DIEZEMANN — Institut fiir Physikalische
Chemie, Duesbergweg 10-14, 55128 Mainz

In this talk a detailed study of the dependence of force probe molecular
dynamics (FPMD) simulations on the pulling parameters is presented.
As a model system, the well studied calix[4|arene catenane dimer was
chosen. This system consists of two “cups”, the calixarene structure,
which are mechanically locked by aliphatic loops of tuneable length,
realized by a catenane structure. The dimer shows reversible rebinding
meaning that the opening and the rebinding transition can be moni-
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tored. Due to the tuneable loop length it is possible to gain full control
over the energy landscape. The kinetics of the system can be under-
stood in terms of a two state model for shorter loops (< 14 CHz units)
and a three state model for longer loops (> 17 CHgz units).

The impact of a systematical variation of the pulling parameters,
the pulling velocity V' and the stiffness K, of the externally applied
potential and the loop length of the system are discussed. Furthermore
the characteristic unbinding and rebinding forces are analyzed and the
kinetic rates are extracted.

BP 28.4 Thu 10:15 H 1058
Non-Markovian bond kinetics and its application in dynamic
force spectroscopy — eJakoB T6MAs BULLERJAHN!2, SEBASTIAN
Sturm?, and Kraus Krovy? — !Max-Planck-Institut fiir Biophysik,
Frankfurt am Main, Germany — 2Universitét Leipzig, Institut fiir the-
oretische Physik, Leipzig, Germany

Single-molecule force spectroscopy data are conventionally analyzed
using a schematic model, wherein a molecular bond is modeled as a vir-
tual particle diffusing in a one-dimensional free-energy landscape. This
simplistic but efficient approach is unable to account for the “anoma-
lous” bond-breaking kinetics increasingly observed in high-speed force
spectroscopy experiments and simulations, such as a non-exponential
distribution of bond lifetimes under constant load. In the traditional
framework, the only remedy has been to postulate a multitude of inter-
mediate states. Here, we introduce a complementary approach, namely
a rigorous extension of the one-dimensional standard theory that ac-
counts for the transient dynamics of a generic set of coupled degrees
of freedom. These “hidden modes” affect the reaction dynamics in
various ways, depending on their relaxation spectrum. We find ex-
act analytical expressions for pertinent experimental observables, such
as the mean rupture force and the rupture force distribution, in two
asymptotic limits. They become unconditionally exact at high loading
rates, thus providing us with a microscopically consistent theory of
rapid force spectroscopy that avoids the usual Markov assumption.

Invited Talk BP 28.5 Thu 10:30 H 1058
Multiplexed Magnetic Tweezers: From DNA Mechanics to
Retroviral Integration — eJAN LiprFERT, FrRANZISKA KRIEGEL,
WILLEM VANDERLINDEN, and PHILIPP WALKER — Department of
Physics and Center for Nanoscience, LMU Munich, Germany

Magnetic tweezers are a powerful tool to probe single DNA molecules
and their complexes with proteins under controlled forces and torques
at the single molecule level. Using a parallelized version of magnetic
tweezers that can measure torque directly, we have carried out high-
precision torque measurements of DNA mechanics. Our results indi-
cate that the intrinsic torsional stiffness does not change with mono- or
divalent ion concentration and is approximately independent of tem-
perature, for temperatures well below the melting temperature. Quan-
titative comparison of high-resolution single molecules measurements
to coarse-grained simulations of DNA mechanics shows that taking into
account the anisotropy of DNA and introducing a non-zero twist-bend
coupling significantly improves agreement with torque measurements.
In addition, we demonstrate that all-atom molecular dynamics simula-
tions correctly predict the temperature-dependence of DNA twist and
of DNA torsional stiffness, if the most recent force fields are used. Go-
ing beyond bare DNA, we have developed a magnetic tweezers assay
to follow retroviral integration in real time, revealing several critical
steps along the integration free energy landscape. In particular, we
find an ultra stable strand transfer complex that suggests the role of a
resolving factor in vivo.

15 min. break

BP 28.6 Thu 11:15 H 1058
Interaction of DN A structures with ectoine: a molecular dy-
namics simulation study — eEwa ANNA OPRZESKA-ZINGREBE and



Berlin 2018 — BP

Thursday

JENS SMIATEK — Institute for Computational Physics, University of
Stuttgart, Stuttgart, Germany

In nature, the cellular environment of DNA composes not only of wa-
ter and ions, but also of salts, lipids and other cosolutes, which can
exert both stabilizing and destabilizing influence on the formation and
existence of particular DNA higher-order forms. Among them, ec-
toine, known as osmoprotectant occurring naturally in halophilic bac-
teria and other microorganisms exposed on severe osmotic stress, turns
out to be of particular importance. In our research, we investigate
the behavior of a short 7-bp DNA oligonucleotide with the sequence
d(GCGAAGCQC) in both linear and folded form, as well as 24-bp B-DNA
duplex in aqueous solution with various concentrations of ectoine. Our
results demonstrate a DNA conformation-dependent binding behavior,
which allows us to rationalize the structure-stabilizing influence of ec-
toine.

BP 28.7 Thu 11:30 H 1058
Pressure effect on the conformational landscapes of a large
loop DNA hairpin in the presence of osmolyte and salt —
eSaTYAJT PaTRAL, VITOR ScHUABB!, IRENA KIESEL!, JIM MARCEL
Knop!, Rosario Oriva?, and RoLanp WINTER! — !Fakultit fiir
Chemie und Chemische Biologie, TU Dortmund, Otto-Hahn-Str. 6 —
2Department of chemical sciences, University of Naples Federico II,
Via Cinita, 80126 Naples, Italy

The conformational landscapes of a large loop DNA hairpin model
system has been investigated in absence and presence of salt and os-
molytes at both ambient and extreme conditions (high hydrostatic
pressure and high temperature) using primarily single molecule Forster
resonance energy transfer (SmFRET) technique. We use cationic salts
(K*, Mg2t, Co®t) and TMAO and urea as osmolytes. Introduction
of pressure favors the open state (low FRET species) of this DNA
hairpins thus facilitates the unfolding. Addition of the salt in the
solution populates the high FRET species and counteract the pres-
sure and temperature effect. The order of stabilizing effect of the salt
against pressure and temperature follows the order Co®t > Mg2+t
> K¥. Introduction of urea and temperature favors the formation
of intermediate state populations which is further supported by sm-
FRET measurement under immobilized condition. This is indicating
that the free energy landscapes of this large loop DNA hairpin is actu-
ally a rugged one. Further smFRET measurement under immobilized
condition provides a deeper insights into the differential stabilization
mechanism of salt and osmolytes.

BP 28.8 Thu 11:45 H 1058
DNA strand break yields by OH-radicals, low energy elec-
trons and prehydrated electrons — eMarc BENjaMIN HauNDZ,
TmomiR SoLomunN?, and Heinz STurmZ3 — lFreie Universitit
Berlin — 2Bundesanstalt fiir Materialforschung und -priifung —

3Technische Universitit Berlin

Radiation damage to biomolecules such as DNA, is the reason to treat
cancer via radiation therapy. The understanding of the molecular pro-
cesses and the quantification of the underlying damaging mechanisms
is necessary to develope more efficient irradiation protocols for can-
cer therapy. Thereby damage to DNA is of key interest due to its
central role in reproduction and mutation. Due to the high amount
of water in biological tissue, most of the damage is caused by the
secondary particles which are produced by the interaction of ionizing
radiation with water. Thereby a multitude of species are produced,
e.g. kinetic low energy electrons, prehydrated electrons, OH-radicals
and ions. The quantification of the contribution to DNA damage by
the various species is of interest. Here we present an experimental ap-
proach to disentangle their relative DNA strand break yields. Plasmid
DNA (pUC19) is irradiated in water with electrons under the presence
of different scavengers. The presented preliminary results reveal the
relative contributions of OH-radicals, low energy electrons and prehy-
drated electrons and their DNA single and double strand break yields.

BP 28.9 Thu 12:00 H 1058
Detection of nanoscale biological samples using Nanocap-
illaries eToBiAs JACKERING!, Marco Rapukic?, Dario
AnseLMETTI!, and MARTINA ViEFHUES! — !Experimental Bio-
physics, Physics Faculty, Bielefeld University, Bielefeld, Germany —

?Biotechnological Faculty, Bielefeld University, Bielefeld, Germany

1

Filamented borosilicate glass capillaries can be pulled down to 40 nm
diameter nanopipettes with the ability of easy filling the nanopipette
via capillary forces. These nanopipettes were used for the detection
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and analysis of nanometer sized biological analytes by monitoring the
electric (ionic) current during translocation through the nanopipette.
We applied either electrophoretic or hydrodynamic driving forces to
investigate different types of analytes like DNA and adeno-associated
viruses (AAV).

To differentiate the detected signal from the background it is essen-
tial to adjust the nanopore-size of the nanopipette to the respective
analytes size. Additionally the respective buffer has a significant ef-
fect on the measurement. We will demonstrate that these nanoscopic
coulter-counter experiments allow to distinguish various analytes like
DNA and AAV.

BP 28.10 Thu 12:15 H 1058
Antenna-enhanced fluorescence correlation spectroscopy re-
solves calcium-mediated lipid-lipid-interactions — eSTEPHAN
Brock!2, Srpjan S. Admvovié!, NiLs Opeso LANK!, MIKAEL
KALL!, and FrReEDRIK H66K! — 'Chalmers University of Technology,

Goteborg, Sweden — 2Freie Universitéit Berlin, Berlin, Germany

Fluorescence correlation spectroscopy (FCS) has provided a wealth of
information on the composition, structure, and dynamics of cell mem-
branes. However, it has proved challenging to reach the spatial resolu-
tion required to resolve biophysical interactions. Herein, we form artifi-
cial cell membranes on dimeric, nanoplasmonic antennas, which shrink
the FCS probe volume down to the 20 nm length-scale. By analysing
fluorescence bursts from individual fluorescently tagged lipids moving
through the antenna hot spots, we show that the confinement of the
optical readout volume below the diffraction limit allows the tempo-
ral resolution of FCS to be increased by up to 3 orders of magnitude.
Employing this high spatial and temporal resolution to probe diffu-
sion dynamics of individual dye-conjugated lipids, we further show
that lipid molecules diffuse either as single entities or as pairs in the
presence of calcium ions. Removal of Ca2+ by addition of EDTA al-
most completely removes the complex contribution, in agreement with
previous theoretical predications on the role of Ca2+ in mediating
transient interactions between zwitterionic lipids. We envision that
antenna-enhanced FCS will enable to resolve a broad range of chal-
lenging membrane biophysics questions, such as stimuli-induced lipid
clustering and membrane protein dynamics.

BP 28.11 Thu 12:30 H 1058
Visualizing cellular secretion dynamics with single pro-
tein sensitivity — eKaTHARINA KONIG12, ANDRE GEMEINHARDT!,
MarTHEW P. McDonaLp!, and VaniD SaNpoGHDAR!:2 — IMax
Planck Institute for the Science of Light, Erlangen — Z2Friedrich
Alexander University Erlangen-Nuremberg, Erlangen

Cellular secretion of proteins and exosomes into the extracellular envi-
ronment is an essential mediator of critical biological mechanisms, in-
cluding cell-to-cell communication, immunological response, targeted
delivery, and differentiation. Here, we report a novel methodology
that allows for the real-time detection and imaging of single unlabeled
proteins and exosomes that are secreted from individual living cells.
This is accomplished via interferometric detection of scattered light
(iISCAT), and is first demonstrated with human B cells that are found
to actively secrete IgG antibodies at a rate of ca. 100 molecules per sec-
ond. Importantly, iSCAT signals can be measured at extremely high
speeds (up to MHz for small nanoparticles), enabling the measurement
of single cell secretion dynamics with sub-second temporal resolution
and single protein sensitivity. Such experimental capabilities are un-
matched by any contemporary proteomic method. We furthermore
show the generality of the technique through the study of T cell cy-
tokine secretion, Leishmania parasite exosome release, and single-cell
lysate analysis. Our results establish iISCAT imaging as a powerful
label-free tool for studying the real-time exchange between cells and
their immediate environment with single protein sensitivity.

BP 28.12 Thu 12:45 H 1058
Reductive caging and photoactivation in single-molecule
Forster resonance energy transfer experiments — eATIEH
AMINIAN Jaz', EvELyN PrLorTz?, MUHAMAD ARrizki', CHRIs-
TINE ZIEGLER?, REINHARD KRAMER?, and THORBEN CoORDEs!3 —
1Zernike Institute for Advanced Materials, Groningen, The Nether-
lands — 2Department of Chemistry and CeNS, Ludwig Maximilians-
Universitit, Munich, Germany — 3Department Biology I, Ludwig-
Maximilians-Universitdt Miinchen, Germany — “Institute of Bio-
physics and Biophysical Chemistry, Universitdt Regensburg,Germany

Forster-resonance energy transfer(FRET), in combination with single-
molecule detection, has become a powerful tool to investigate the
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structural dynamics of biomolecular systems. We used caging of fluo-
rophores by reversible chemical deactivation of fluorescence.

The diffusing molecules can be reactivated by ultraviolet (UV) light.
UV-reactivation allows retrieving both FRET-related distances and
sorting of multiple intramolecular spices in solution-based smFRET.
We employed caged FRET to investigate the structure of a membrane
transporter BetP, as multi-subunit protein, and nucleic acids contain-

ing more than two fluorescent labels. The results revealed that chemi-
cal caging and photoactivation (uncaging) by UV light allows temporal
uncoupling of convoluted fluorescence signals from multiple donors or
acceptor molecules.Caged FRET also can be used in a further appli-
cation to study the intermolecular details of low-affinity binding inter-
actions with diffusion-based smFRET.

BP 29: Statistical Physics of Biological Systems | (joint session BP /DY)

Time: Thursday 9:30-13:00

BP 29.1 Thu 9:30 H 2013
Thermodynamic bounds on the ultra- and infra-affinity of
Hsp70 for its substrates — eBasiLE Ncuyen?2, Davip Harrica!,
PaorLo DE Los Rios?, and Upo Serrert! — MI. Institut fiir
Theoretische Physik, Universitiat Stuttgart, Stuttgart, Germany —
2Laboratory of Statistical Biophysics, Institute of Physics, School
of Basic Science and Institute of Bioengineering, School of Life Sci-
ences, Ecole Polytechnique Fédérale de Lausanne (EPFL), Lausanne,
Switzerland

The 70 kDa heat shock protein Hsp70 has several essential functions
in living systems, such as protecting cells against protein aggregation,
assisting protein folding, remodeling protein complexes, and driving
translocation into organelles. These functions require high affinity for
nonspecific amino acid sequences that are ubiquitous in proteins. It
has been recently shown that this high affinity, called ultra-affinity,
depends on a process driven out of equilibrium by ATP hydrolysis.
Here, we establish the thermodynamic bounds for ultra-affinity, and
further show that the same reaction scheme can in principle be used
both to strengthen and to weaken affinities (leading in this case to
infra-affinity). We show that cofactors are essential to achieve affin-
ity beyond the equilibrium range. Finally, we consider small GTPases
which can benefit from infra-affinity to optimize intracellular signal
transduction.

[1] B. Nguyen, D. Hartich, U. Seifert and P. De Los Rios (2017),

Biophys. J. 113, 362-370

BP 29.2 Thu 9:45 H 2013
A reaction center driven by entropy — eFRANZ-JOSEF SCHMITT,
ZULEYHA YENICE CAMPBELL, MAa1 VI Bul, and THOMAS FRIEDRICH
— Technische Universitat Berlin, Sekr. PC 14, Strafe des 17. Juni
135, 10623 Berlin

The phototrophic cyanobacterium Halomicronema hongdechloris con-
tains chlorophyll @ and f in photosystem II. The ratio of Chl f to Chl
a is reversibly changed from 1:8 under illumination with far red light
(720-730 nm) to a very low level of Chl f under white-light culture
conditions. Phycobiliproteins exhibit highly efficient excitation energy
transfer (EET) to Chl a and from there to Chl f within 200 ps ap-
parent transfer time if H. hongdechloris grown under far red light is
illuminated with 630 nm laser radiation which is absorbed by phyco-
bilisomes. However excitation energy localized on Chl f shows long
lifetime of more than 1 ns. Questions arise about composition of the
reaction center and possible primary charge separation driven by Chl f.
Our Simulations and thermodynamic considerations suggest that the
time- and wavelength-resolved ps fluorescence data can be explained
assuming light-induced far red-shifted traps of excitation energy local-
ized on Chl f in the light harvesting antenna while the large majority
of Chl a is strongly coupled to these Chl f traps driving the uphill
EET from Chl f to Chl a by entropic force.

BP 29.3 Thu 10:00 H 2013
Shape of pinned polymer loops in an external force field —
eWeNWEN Huanc!, YEN Tine Lin?, and VASILY ZABURDAEV! —
1Max Planck Institute for the Physics of Complex Systems, Dresden,
Germany — 2Los Alamos National Laboratory, New Mexico, USA

We studied the shapes of pinned polymer loops subjected to a constant
external force field. We show that the polymer density profile can be
calculated analytically in agreement with the simulation results. More-
over, we calculated the distribution of gyration radius and found it to
vary non-monotonically with the strength of the external force field:
the distribution is broader for moderate forces and more narrow for
strong and weak forces. Furthermore, we analyzed the gyration tensor
of the polymer loop characterizing its overall shape and in particular

7
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two parameters called asphericity and the nature of asphericity. These
parameters, along with the gyration radius, can be used to quantify
experimental data.

BP 29.4 Thu 10:15 H 2013
The labyrinth-like shapes of nasal cavities arise from
physical and geometrical constraints — eDaviD ZwicKER!:2,
RopoLro OsTiLLA-MO6NIco?, DaNIEL E. LIEBERMAN?, and MICHAEL
P. BrReNNERZ — 1Max Planck Institute for Dynamics and Self-

Organization, Gottingen, Germany — 2Harvard University, Cam-
bridge, USA

Although the nasal cavity is vital for heating and humidifying inhaled
air in all vertebrates, its shape varies widely across animals. To under-
stand this variability, we here connect nasal geometry to its function by
theoretically studying the airflow and the associated scalar exchange
that describes heating and humidification. We show that optimal ge-
ometries, which have minimal resistance for a given exchange efficiency,
are narrow with a uniform gap width. Our prediction for the gap width
matches measured values over a large range of animal sizes. Moreover,
we show that geometric constraints imposed by the head can be satis-
fied with the observed labyrinth-like geometries, which perform almost
as well as the optimal shapes without the constraints. Taken together,
our theory explains the geometric variations of natural nasal cavities
quantitatively and we hypothesize that the trade-off between high ex-
change efficiency and low resistance to airflow is the main driving force
shaping the nasal cavity.

BP 29.5 Thu 10:30 H 2013
Cell polarization in elliptical geometry: how does C. El-
egans determine its first axis? — eRAPHAELA GESSELE, Ja-
coB HaraTeEK, and ERwIN FREY — Department of Physics, Ludwig-
Maximilians-Universitadt Miinchen, 80333 Munich, Germany

Cell polarity defines axes that guide cell differentiation and division. In
the single cell state of the Caenorhabditis Elegans embryo, PAR pro-
tein patterns determine the anterior-posterior axis which further guides
the first cleavage. Experiment and theory have indicated that mutual
binding inhibition of (anterior) aPAR and (posterior) pPAR proteins
is the key mechanism of polarity maintenance by the PAR reaction-
diffusion network. Strikingly, our analysis of the reaction-diffusion
dynamics in (elliptical) cellular geometry shows that mutual inhibi-
tion alone does not lead to a stable polarity along the long (anterior-
posterior) axis of the cell but generically favors polarity by aPAR and
pPAR protein domains aligned with the short axis. We find that the
geometry adaption of the patterning process depends on an intricate
interplay between attachment-detachment dynamics on the one hand,
and cytosolic reactivation on the other hand. Our findings show that
the local ratio of membrane surface to cytosolic bulk volume is the
main geometric cue to which patterns adapt. Furthermore, an inac-
tive phase after membrane detachment can switch the preferred polar-
ity axis - The decisive parameter for switching is the diffusion length
of the inactive phase. In conclusion, our studies reveal the crucial role
of geometry for self-organized pattern formation. Geometry should be
explicitly considered in models for intracellular pattern formation.

BP 29.6 Thu 10:45 H 2013
A Spheroidal Squirmer in Shear Flow — eKar Qi!, ELMAR
WesTPHAL?, GERHARD GOMPPER', and Roranp G. WINKLER!
ITheoretical Soft Matter and Biophysics, Institute for Advanced Sim-
ulation and Institute of Complex Systems, Forschungszentrum Jiilich,
D-52425 Jiilich, Germany — 2Jiilich Centre for Neutron Science,
Forschungszentrum Jiilich, D-52425 Jiilich, Germany

Squirmers are generic models for microswimmers like bacteria and al-
gae. The behavior of a spheroidal squirmer [1, 2] in shear flow is studied
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by hydrodynamic simulations via the multiparticle collision dynamics
[3] approach. Due to the elongated shapes of spheroids, alignment
along the shear direction is observed for both passive spheroidal col-
loids and squirmers in the weak shear flow. When the shear rate ex-
ceeds a critical value, alignment changes from the shear to the vorticity
direction. The alignment transition reveals a clear dependence on the
hydrodynamic dipole of the swimmer’s flow field. Pullers with a large
positive force-dipole coefficient exhibit gradual variations of the align-
ment direction, whereas abrupt changes are found for pushers with a
large negative coefficient. Comparison between elongated and spheri-
cal squirmers reveals a significant shape dependence of their behaviors
in shear flow.

[1] M. Theers, E. Westphal, G. Gompper, and R. G. Winkler, Soft
Matter 12, 7372 (2016).

[2] J. Elgeti, R. G. Winkler, and G. Gompper, Rep. Prog. Phys. 78,
056601 (2015).

[3] G. Gompper, T. Ihle, D. M. Kroll, and R. G. Winkler, Adv.
Polym. Sci. 221, 1 (2009).

15 min. break

Invited Talk BP 29.7 Thu 11:15 H 2013
Protein Pattern Formation: Rethinking Nonlinear Dynam-
ics — eErwIN FrREY — Ludwig-Maximilians-Universitdt Miinchen,
Miinchen, Germany

Protein pattern formation is essential for spatial organization of many
intracellular processes like cell division, flagellum positioning, and
chemotaxis. More generally, these systems serve as model systems
for self-organization, one of the core principles of life. We present a
rigorous theoretical framework able to generalize and unify pattern
formation for quantitative mass-conserving reaction-diffusion models.
Within this framework, separation of diffusive mass redistribution on
the level of conserved species provides a general mathematical proce-
dure to decompose complex reaction-diffusion systems into effectively
distinct functional units, and to reveal the general underlying bifurca-
tion scenarios. We apply this general framework to a range of specific
intracellular pattern forming protein networks, and show how it facil-
itates the identification of general self-organisation principles.

BP 29.8 Thu 11:45 H 2013
Self-organised length oscillations of cellular protrusions —
MAREIKE BoJer!2, elsaBeLLa Grar!, and ErwIN Frey! —
L Arnold-Sommerfeld-Center for Theoretical Physics and Center for
NanoScience, Department of Physics, Ludwig-Maximilians-Universitét
Miinchen, Munich, Germany — 2present address: Department of
Physics, Technische Universitdt Miinchen, Garching, Germany

We consider a stochastic non-equilibrium model which is inspired by
the interplay of directed transport and diffusive motion of molecular
motors in growing and shrinking cellular protrusions like filopodia.
Based on this model we investigate the effect of finite diffusion in a
half-closed geometry and show that it can lead to temporal patterns
in the form of oscillating system length. We examine the dynamics
of the system length in terms of the growth rate of the protrusion
and identify two different limits: For small growth rate, the system
length changes very stochastically and our analytic prediction, using a
so-called adiabatic assumption, agrees well with the result from numer-
ical simulations. For larger growth rate, however, temporal patterns
occur. More concretely, we observe quasi-periodic changes in length in
a parameter regime where motor mixing (diffusion) is slow compared
with the shrinkage dynamics. We provide an intuitive picture for the
origin of this pattern-forming mechanism which relies on the closure
of the system at the dynamic end of the protrusion and the resulting
particle conservation.

BP 29.9 Thu 12:00 H 2013
Force sharing between elastically coupled molecular motors
— eMEHMET CAN Ucar and REINHARD Lirpowsky — Max Planck In-
stitute of Colloids and Interfaces, Science Park Golm, 14476 Potsdam,
Germany

Molecular motors are nano-scale machines that drive many essential
processes within the living cell such as the organization of the mi-
totic spindle, the powering of flagella and cilia, and the long-distance
transport of cellular cargos. These motor proteins frequently work in
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teams of multiple motors and can collectively generate large forces,
but the underlying mechanism of force generation and force sharing
remains controversial. Here we address this question by introducing a
new model for cargo transport by elastically coupled molecular motors.
For a system of two identical motors acting against an antagonistic mo-
tor or an optical trap, we find that motors share the generated forces
almost equally among the members of the same team. The model fur-
thermore provides a new explanation for observed forces in different in
vitro studies.

BP 29.10 Thu 12:15 H 2013
Statistical inference of bacterial chemotaxis strategies —
eMAXIMILIAN SEYRICH!, ZAHRA ALIREZAEI?, CARSTEN BETA2, and
HoLGER STARK! — lInstitut fiir Theoretische Physik, Technische Uni-
versitit Berlin, 10623 Berlin, Germany — 2Institut fiir Physik und
Astronomie, Universitdt Potsdam, 14476 Potsdam, Germany

Bacteria like E. coli move with alternating runs and tumbles. Modern
imaging techniques provide a high-throughput access to these run-
and-tumble trajectories. However, good tumble recognition analysis is
still a bottleneck and needs to set a-priori threshold parameters. We
present a high-throughput inference technique, which allows to infer
all swimming parameters of the bacterium without such a need.

We set up a random-walk model that describes runs and tumbles as
a stochastic process of the bacterium’s swimming direction and speed
extending our previous work [1]. The dynamics of the swimming di-
rection is described by enhanced rotational Brownian motion during
tumbling, while thermal and shot noise together with a relaxational
drift analogously to an Ornstein-Uhlenbeck process govern the speed
dynamics. In order to infer the relevant swimming parameters, mo-
ments and autocorrelation functions are calculated for our model and
matched to the ones determined from experimental trajectories. We
first show that our method identifies the classical bacterial chemotaxis
strategy of E. coli, i.e., the tumble rate decreases when swimming along
the chemical gradient. We also find evidence that a fast subpopulation
of E. coli reduces its mean tumble angle in this direction.

[1] O. Pohl et al., PLoS Comp. Biol. 13, 1 (2017).

BP 29.11 Thu 12:30 H 2013
Chemoattractant induced transient adaptation in the oscil-
latory cytoskeleton of motile amoeboid cells. — eJose NE-
GrETE JR'2, ALAaIN Pumir3#, CHRISTIAN WESTENDORF*, MARCO
TarANTOLA?, EBERHARD BoDENscHATZ%6 and CarsTEN BrTa”
— IMax Planck Institute for the Physics of Complex Systems, Dres-
den, Germany — 2Ecole Polytechnique Fédérale de Lausanne, Lau-
sanne, Switzerland — 3Ecole Normale Supérieure de Lyon, Lyon,
France — “Max Planck Institute for Dynamics and Selforganization
— SUniversity of Géttingen, Gottingen, Germany — ¢Cornell Univer-
sity, Ithaca, USA — 7University of Potsdam, Potsdam, Germany

Dictyostelium discoideum presents oscillatory actin polymerization cy-
cles which amplitude is mostly given by noise. We investigate the tran-
sient response on the actin polymerization activity in Dictyostelium
discoideum induced by a short pulse of cAMP. The stimulation in-
duces a transient response, of reduced amplitude and frequency, which
time duration is stochastic and varies between cells. To model the ob-
served actin behavior, we extend the description of noisy oscillator by
introducing an inhibitory variable that acts as a timer for the transient
phase.

BP 29.12 Thu 12:45 H 2013
Evolution of carrying capacity and extinction of populations
in a stochastic system — eHvE Jin Park!, Yuriy Picuucin?,
WEeINT Huane2, and ARNE TRAULSEN! — 1Max Planck Institute for
Evolutionary Biology, Pl6n, Germany — 2Barts Cancer Institute, Lon-

don, United Kingdom

Once a mutant emerges in the population, new interactions are drawn
between types, which may lead to changes in the population size. Using
the game theory, we implement this population dynamics in a stochas-
tic system. Since interactions between types are described by a game
payoff matrix, the emergence of a mutant is interpreted as extending
the payoff matrix. New equilibria can emerge by the change of the
payoff matrix. If the population settles to a new equilibrium state, the
population size changes. We examine the change of population size in
time and quantify the extinction risk by the mean time to extinction.
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BP 30: Focus Session: Complex Contagion Phenomena | (joint session SOE/DY /BP)

Contagion processes are stochastic dynamical systems that are ubiquitous in natural and engineered
systems and their fundamental understanding is of crucial importance for prediction and control of large-
scale system behavior. A classical example of a contagion process is the spread of infectious diseases. In
addition, in recent years, there has been also an increased scientific interest in so-called social contagion
phenomena, which is largely fueled by the rise of digital communication in online social platforms. New
challenges that arise due to the digital transformation of communication can be addressed by developing

new concepts like collective risk perception.

(Session organizers and chairs: Philipp Hével, Pawel Romanczuk, and Jonathan Donges)

Time: Thursday 9:30-13:15

Invited Talk BP 30.1 Thu 9:30 MA 001
Epidemic threshold on temporal networks — eViTTORIA COL-
1zzA — Inserm, Paris, France

Our understanding of communicable diseases prevention and control
is rooted in the theory of host population transmission dynamics. The
network of host-to-host contacts along which transmission can occur
drives the epidemiology of communicable diseases, determining how
quickly they spread and who gets infected. A large body of epidemio-
logical, mathematical and computational studies has provided a num-
ber of insights into the understanding of the process and the identi-
fication of efficient control strategies. The explosion of time resolved
contact data has however opened the stage to new challenges. What
are the structural and temporal aspects, and possibly their non-trivial
interplay, that are critical for disease spread? To answer this ques-
tion, I will introduce the infection propagator approach, a theoretical
framework for the assessment of the degree of vulnerability of a host
population to disease epidemics, once we account for the time vari-
ation of its contact pattern. By reinterpreting the tensor formalism
of multi-layer networks, this approach allows the analytical computa-
tion of the epidemic threshold for an arbitrary time-varying network of
host contacts, i.e. the critical pathogen transmissibility above which
large-scale propagation occurs. I will apply this framework to a set
of empirical time-varying contact networks and show how it can be
used to test different intervention strategies for infection prevention
and control in realistic settings.

Invited Talk BP 30.2 Thu 10:00 MA 001
Critical regimes driven by recurrent mobility patterns of
reaction-diffusion processes in networks — eJeEsus GoOMEz-
GARDENEsS — University of Zaragoza, Spain

Reaction-diffusion processes have been widely used to study dynami-
cal processes in epidemics and ecology on networked metapopulations.
In the context of epidemics, reaction processes are understood as con-
tagions within each subpopulation (patch), while diffusion represents
the mobility of individuals between patches. Recently, the characteris-
tics of human mobility, such as its recurrent nature, have been proven
crucial to understand the phase transition to endemic epidemic states.
Here, by developing a framework able to cope with the elementary epi-
demic processes, the spatial distribution of populations and the com-
muting mobility patterns, we uncover three different critical regimes
of the epidemic incidence as a function of these parameters. Interest-
ingly, we show a regime of the reaction*diffussion process in which,
counter-intuitively, mobility detriments the spreading of the disease.
We analytically determine the precise conditions for the emergence of
any of the three possible critical regimes in real and synthetic networks.

Invited Talk BP 30.3 Thu 10:30 MA 001
Phase Transitions in Cooperative Coinfections — ePETER
GRrAssSBERGER!, L1 CHEN?, FAKHTEH GHANBARNEJAD®, and WEIRAN
Car* — Juelich Research Center, Juelich, Germany — 2Northwestern
Polytechnical University, Xi’an, Shaanxi, China — 3Technische Uni-
versitit Berlin, Berlin, Germany — “Technische Universitit Dresden,
Dresden, Germany

We study the spreading of two mutually cooperative diseases on dif-
ferent network topologies, with two stochastic versions of an SIR type
model. Cooperativity can lead to hybrid spreading/extinction tran-
sitions, which show at the same time typical signatures both of first
order (discontinuous) and second order (continuous) phase transitions.
Details depend strongly on the underlying network(s), but also on some
details of the algorithms.

As a rule, first order and hybrid transitions occur on networks with

79

Location: MA 001

few short but many long loops, while continuous transitions are found
when there are either many short or few long loops. The latter happens
on 2-d lattices, while the former is typical for high-dimensional regular
lattices or Erdés-Rényi networks. In three dimensions, the behavior is
most rich, and a zoo of different first order / second order mixtures
are observed.

15 min. break

Invited Talk BP 30.4 Thu 11:15 MA 001

Linear and nonlinear scenarios of societal change — e ANDRZEJ
Nowak — University of Warsaw, Poland

We argue that is that rapid social changes occur rapidly in an abrupt
and nonlinear manner resembling a phase transition. Societies in the
midst of rapid change are characterized by dual realities corresponding
to the new and the old, and the change occurs as the islands of the new
expand at the expense of the islands of the new. The central notion is
that social influence processes play a pivotal role in promoting social
change. Dynamic Theory of Social Impact, which is based on numer-
ous experiments, describes social influence of a group of sources on the
target. The findings are based on computer simulations of the theory
and confirmed by empirical data collected during the societal transi-
tions that occurred in Poland in the late 1980s and early 1990s. We
discuss the dynamics associated with rapid transitions in a society*s
norms and attitudes, potential for rapid reversals and role of history
is social dynamics.

Invited Talk BP 30.5 Thu 11:45 MA 001
Collective Sensing and Decision-Making in Animal Groups:
From Fish Schools to Primate Societies — elain CouzIN —
Dept. of Collective Behaviour, Max Planck Institute for Ornithology
& Chair of Biodiversity and Collective Behaviour, University of Kon-
stanz, Konstanz, Germany

Understanding how social interactions shape biological processes is a
central challenge in contemporary science. Using an integrated exper-
imental and theoretical approach I will address how, and why, animals
exhibit highly-coordinated collective behavior. I will demonstrate new
imaging technology that allows us to reconstruct (automatically) the
dynamic, time-varying networks that correspond to the visual cues
employed by organisms when making movement decisions. Sensory
networks are shown to provide a much more accurate representation of
how social influence propagates in groups, and their analysis allows us
to identify, for any instant in time, the most socially-influential individ-
uals within groups, and to predict the magnitude of complex behavioral
cascades before they actually occur. I will also introduce a new fully-
immersive Virtual Reality environment for freely-moving animals, and
investigate the coupling between spatial and information dynamics in
groups. Finally I will reveal the critical role uninformed, or unbi-
ased, individuals play in social networks effecting fast and democratic
consensus decision-making in collectives, including with experiments
involving schooling fish and wild baboons.

BP 30.6 Thu 12:15 MA 001
Quantitative assessment of import risks for emergent in-
fectious disease outbreaks eOLcAa Baranov! and Dirk
BROCKMANN?:2 IRobert Koch-Institut, Berlin, Germany —
2Humboldt-Universitit zu Berlin, Germany

During the last decade outbreaks of emergent pathogens that poten-
tially pose a risk of global dissemination have increased in number and
magnitude. When new outbreaks occur, one of the key challenges is a
quantitative assessment of the situation, especially concerning global
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spread. To this end, sophisticated computational models have been de-
veloped incorporating exact situation details, disease parameters and
demographics. One of the key problems is that highly detailed models
are difficult to gauge, because of the initial lack of parameters, sub-
stantially impacting the applicability of even the most sophisticated
models. We propose an alternative approach for estimating relative
import risk from network topology and outbreak origin. It is based on
the assumption that during the initial outbreak phase, global import
risk is determined by a low dispersal count regime. In this regime
disease specific data play only a minor role. Using world aviation net-
work, we demonstrate how import risk at any location can be inferred.
We show that this method can be used to compute an airports dissem-
ination profile as a function of outbreak location and how outbreaks in
different regions lead to a different subset of key airports. Our method
is fast and not limited to a particular type of infectious disease. It can
be used as an initial risk assessment tool for public health researchers
and policy makers that need to address a real world scenario.

BP 30.7 Thu 12:30 MA 001
How to compete in a multi-pathogen system? — FraNcEsco
PiNnoTTI!, eFAKHTEH GHANBARNEJADZ, PHILIPP HOVEL2, and
Cuiara PorLerTo! — 1Sorbonne Universités, UPMC, INSERM,
IPLESP UMRS 1136, Paris, France — Z2Institute of Theoretical

Physics, TU Berlin, Berlin, Germany

In an ecological system pathogens often need to share their host with
other pathogens, and therefore compete for the resources with different
spreading strategies. Both cooperative and competitive interactions in
bacterial infections have been observed. These two mechanisms have
been studied separately in the majority of cases and non-trivial dy-
namical effects can be expected to arise from their combination. In
this work, we study two strains competing with each other for host
resources in the presence of a third pathogen cooperating with both of
them. We first treat dynamics in a homogeneously mixed population
by means of mean-field theory and stability analysis. We study the
impact of cooperation on the outcome of the two-pathogen competi-
tion, which can be quantified in terms of dominance of one competing
pathogen or the co-circulation of both of them. We show that the
presence of a third cooperating pathogen can alter the outcome of
competition as it may favor the more cooperative pathogen over the
more infectious one. We then consider more complex contact struc-
tures among hosts and perform computer simulations to study the
evolution of the diseases.

BP 30.8 Thu 12:45 MA 001
Defining the scope: A context specific approach to identify-

BP 31: Microswimmers DY
Time: Thursday 10:00-13:15

BP 31.1 Thu 10:00 BH-N 243
Dynamical density functional theory for swarms of active
microscopic circle swimmers — CHRISTIAN HOELL, HARTMUT
LoweN, and eANDREAS M. MENzZEL — Heinrich-Heine-Universitét
Diisseldorf, Diisseldorf, Germany

The study of self-propelled particles and active microswimmers is an
intensely growing field. However, mostly straight-propelling objects
are addressed. In contrast to that, typical real objects are imperfect
and show persistently bent trajectories, as investigated in the present
case.

Recently, we introduced a first dynamical density functional theory
to describe swarms of straight swimming microswimmers suspended
in a fluid [1]. The theory includes all basic ingredients, namely, self-
propulsion, hydrodynamic as well as steric interactions between the
swimmers, and confinement by external potentials. We have now ex-
tended this theory to statistically characterize the collective behavior
of microscopic circle swimmers [2].

To illustrate the statistical consequences of circle swimming (2], we
consider confinement by a spherical trap. While straight-swimming
objects tend to push outward against the confining barriers and only
by spontaneous symmetry breaking collectively move around the trap,
circle swimmers show a deterministic tendency of rotating around the
confinement. An increasing tendency of circle swimming leads to lo-
calization of the swimmer density in the center of the trap. We have

ing key airports during a pandemic — eCLARA JONGEND2, OLcA
Baranov?, and Dirk BrockMann!2 — 1Humboldt-Universitit zu
Berlin, Germany — 2Robert Koch-Institut Berlin, Germany

Human transportation and mobility networks play an important role
in the global spread of infectious diseases. Network theory is one of
the key methods to understand the nature of these phenomena. In
this context, a family of node and link centrality measures has been
devised to identify network elements that facilitate the spread and thus
require particular attention in the development of containment strate-
gies. However, most centrality measures are not context sensitive, e.g.
they do not account for the location of an outbreak. Using the example
of disease dynamics on the global air-transportation network we intro-
duce the concepts of node scope and confluence. These quantities are
context dependent centrality measures that are designed to account
for the initial outbreak location. We show that scope and confluence
can strongly depend on regional aspects of an outbreak and can there-
fore be adapted to specific outbreak scenarios. We show that each
airport is characterized by a node specific scope and confluence profile
as outbreak locations are varied. Scope and confluence also permit to
address what outbreak locations are particularly threatening to spe-
cific nodes in the network. Our method can be used as an assessment
tool for understanding global disease dynamics and permit a fast yet
specific assessment of an airport’s role in global disease dynamics.

BP 30.9 Thu 13:00 MA 001
Comparison of Control Strategies for the Spread of Bowvine
Viral Diarrhea: A Stochastic Agent-Based Model — eJasoN
Bassert!, PascaL Brunk!, Tuomas M. IseLe!, Harrmur H.
K. LENTZ2, JORN GETHMANNZ, PHiLipp HoOvELD3, and Franz J.
Conrars? — 1TU Berlin, Berlin, Germany — 2Friedrich Loeffler

Institute, Greifswald, Germany — 3BCCN, Berlin, Germany

Bovine Viral Diarrhea (BVD) is an important cattle disease due to its
global prevalence and its economic implications [1]. In this work we
have developed a stochastic agent-based model to describe the spread
of BVD in Thuringia through trade mediated contacts of animals. The
agents act at the level of the animal, the herd or the farm on a net-
work of farms connected according to a supply and demand managing
system, while the BVD dynamics are based on a model by [2]. We ini-
tialise the simulation according to a realistic farm size distribution for
Germany and the state of Thuringia, and compare the results of the
simulation with demographic and endemic data solely for the state of
Thuringia. We also run the simulation for different parameter settings
(scenarios) including vaccination strategies and currently implemented
or considered regulations. Finally, we present and discuss some net-
work analysis results on the simulated network [3].

Il (joint session DY /CPP/BP)
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investigated both pusher- and puller-type swimming mechanisms.
[1] A. M. Menzel et al., J. Chem. Phys. 144, 024115 (2016).
[2] C. Hoell et al., New J. Phys. in press (2017).

BP 31.2 Thu 10:15 BH-N 243
Memory-induced transition to persistent rotational mo-
tion for active colloids in viscoelastic media — eNARINDER
NARINDER!, CLEMENS BrcHINGER!:?, and JuaN RUBEN GOMEZ-
Sorano! — 1 2 Physikalisches Institut, Universitit Stuttgart, Pfaf-
fenwaldring 57, 70569 Stuttgart, Germany — 2 Maa-Planck-Institute
for Intelligent Systems, Heisenbergstrasse 3, 70569 Stuttgart, Ger-
many

Life in nature is strongly conjoined with viscoelastic fluids, such as hu-
man blood and mucus. Thus, understanding the behavior of artificial
microswimmers [1] in such fluids holds the potential for applications
such as targeted drug delivery and cargo transport. Motivated by
this, we study the dynamics of active colloids in a viscoelastic fluid.
Investigating the fluid in the linear rheological response regime, with
the increase in propulsion speed, a strong enhancement of the rota-
tional diffusion of the particles is observed [2]|. Further increase in the
propulsion velocity of the particles leads to the emergence of a new
behavior, in which particles describe well defined circular trajectories.
Characterization of these orbits, reveals a non-linear dependence of the
angular speed on the propulsion speed. We propose that these circular
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trajectories, absent in Newtonian fluids, originate from a persistent
torque acting on the particles which stem from the strong coupling of
particles directed motion to microstructural relaxation of the fluid.

[1] J. R. Gomez-Solano et al., Sci. Rep. 7, 14891 (2017).

[2] J. R. Gomez-Solano et al., Phys. Rev. Lett. 116, 138301 (2016).

BP 31.3 Thu 10:30 BH-N 243
Mesoscale turbulence in active suspensions subjected to
orienting external fields — eHENNING REINKEN!, SEBASTIAN
HeipenreicH?, Markus BAR2?, and SaBiNne H. L. Krapp!
nstitut fiir Theoretische Physik, Technische Universitit Berlin,
Berlin, Germany — 2Mathematische Modellierung und Datenanalyse,
Physikalisch-Technische Bundesanstalt, Berlin, Germany

Active fluids show a variety of self-sustained non-equilibrium phenom-
ena. An intriguing example is the emergence of a turbulent state in
bacterial suspensions, denoted as mesoscale turbulence [1]. Recent
publications have shown that a fourth order field theory for the collec-
tive microswimmer velocity describes the main features of mesoscale
turbulence, including the emergence of a typical vortex size [2,3]. This
theory couples the polar order parameter of the microswimmers to the
solvent velocity and can be derived from a microscopic Langevin model
including hydrodynamic and steric interactions via the Fokker-Planck
equation [3,4]. In this work, we extend the theory towards the impact
of orienting external fields (e.g. for magnetotactic bacteria or gravi-
tactic algae cells). Using linear stability analysis and weakly nonlinear
analysis, we investigate the influence of such external fields on the
emerging structures. In addition, we verify our results via numerical
solution of the equations.

[1] M. Marchetti et al., Rev. Mod. Phys. 85, 1143 (2013).

[2] J. Dunkel et al., New J. Phys. 15, 045016 (2013).

[3] S. Heidenreich et al., Phys. Rev. E 94, 020601(R) (2016).

[4] H. Reinken et al., in preparation.

BP 31.4 Thu 10:45 BH-N 243
Cluster formation of microswimmers with individually con-
trolled motility — eToBias BAUERLE', ANDREAS FISCHERZ,
TuoMmas Speck?, and CLEMENS BrEcHINGER! — !Universitit Kon-

stanz, Germany — 2Johannes Gutenberg Universitit Mainz, Germany

1

One of the most interesting aspects of microswimmers is their ability
to form dynamical clusters even in the absence of long-ranged inter-
actions. Previous experiments and simulations have demonstrated the
occurrence of phase separation into large clusters and a dilute gas phase
when the density and motility of the particles is sufficiently high. In
contrast to previous studies, where the particle motility was kept con-
stant in space and time, in our experiments we are able to control
the motility of each single microswimmer depending on its surround-
ing, e.g. the local density and configuration of microswimmers. Using
a light-activated system, such individual motility control is achieved
by a feed-back system consisting of a rapidly scanned laser beam and
a real-time particle detection algorithm. By introducing appropriate
interaction-rules we demonstrate that formation of clusters can occur
already at very small particle densities and that their shape and den-
sity can be modified by small variations in the interaction rules.

BP 31.5 Thu 11:00 BH-N 243
Optimal decision making for sperm chemotaxis in the pres-
ence of noise — ¢JusTus A. KROMER!, STEFFEN M ARCKER?, STEF-
FEN LaNGe?, CuRrisTEL BalEr?, and BeENjaMIN M. FRrIEDRICHS —
1Stanford University, Stanford CA, USA — 2TU Dresden, Dresden,
Germany — 3cfaed/TU Dresden, Dresden, Germany

Navigating agents such as biological cells rely on noisy sensory input.
In cells performing chemotaxis, such noise arises from the stochastic
binding of signaling molecules at low concentrations. We theoretically
address the classic problem of chemotaxis towards a single target. As
application example, we study chemotaxis of marine sperm towards the
egg. Recent experiments revealed that these cells are able to dynam-
ically switch between slow and fast chemotactic steering. The benefit
of this decision making remains open.

We reveal an inherent coupling between the speed of chemotactic
steering and the strength of directional fluctuations that result from
the amplification of noise in the chemical input signal. This implies a
trade-off between slow, but reliable, and fast, but less reliable steer-
ing. By formulating optimal navigation in the presence of noise as
a Markov decision process, we show that dynamic switching between
slow and fast steering substantially increases the probability to find the
egg. This decision making is most beneficial, if chemical signals are
above detection threshold, yet signal-to-noise ratios of gradient mea-
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surements are low. This situation generically arises at intermediate
distances from the egg, thus defining a 'noise zone’ that cells have to
Ccross.

15 min. break

BP 31.6 Thu 11:30 BH-N 243
Crowd localisation and cohesion of micro-swimmers with
perception-dependent motility — eFrancois LavErgNE, HuGo
WENDEHENNE, and CLEMENS BECHINGER — Department of Physics,
University of Konstanz, 78464 Konstanz, Germany

The origin of crowd formation and cohesion in natural contexts re-
mains an important question of collective dynamics, especially in the
absence of taxis, communication, confinement, or attractive forces be-
tween the individuals. In this work, we show that the mere variation
of the motility depending on the perception of other individuals is
enough to induce such behaviour. We introduce a long-range indica-
tor of crowd perception that only assumes the ability of an individual
to count others within its vision cone. When this quantity exceeds a
certain threshold for a given individual, its velocity is increased. This
simple rule is applied in an experiment involving photo-responsive col-
loidal micro-swimmers, whose velocities can be individually varied by
live-tuning the intensity of laser spots directed onto them. We observe
that initially very dilute ensembles of these micro-swimmers localise
into isolated groups, with virtually empty surroundings in unbound
space, in sharp contrast with the long-time diffusive behaviour ex-
pected in the case of a constant motility. These groups remain cohe-
sive, despite the activity of individuals within them and the absence
of alignment, due to a kinetic stabilisation mechanism stemming from
the modulation of the motility upon the non-reciprocal perception.

BP 31.7 Thu 11:45 BH-N 243
Maximum in density heterogeneities of active swimmers —
oFABIAN JAN ScHWARZENDAHL and Marco G. Mazza — Max-
Planck-Institute for Dynamics and Self-Organization, Goéttingen, Ger-
many

Suspensions of unicellular microswimmers such as flagellated bacteria
or motile algae exhibit spontaneous density heterogeneities at large
enough concentrations. Based on the relative location of the biological
actuation appendages (i.e. flagella or cilia) microswimmers’ propul-
sion mechanism can be classified into two categories: (i) pushers, like
E. coli bacteria or spermatozoa, that generate thrust in their rear,
push fluid away from them and propel themselves forward; (ii) pullers,
like the microalgae Chlamydomonas reinhardtii, that have two flagella
attached to their front, pull the fluid in and thereby generate thrust in
their front. We introduce a novel model for biological microswimmers
that creates the flow field of the corresponding microswimmers, and
takes into account the shape anisotropy of the swimmer’s body and
stroke-averaged flagella. We characterize the nonequilibrium phase di-
agram, as the filling fraction and Péclet number are varied, and find
density heterogeneities in the distribution of both pullers and push-
ers, due to hydrodynamic instabilities. We find a maximum degree of
clustering at intermediate filling fractions and at large Péclet numbers
resulting from a competition of hydrodynamic and steric interactions
between the swimmers. We develop an analytical theory that sup-
ports these results. This maximum might represent an optimum for
the microorganisms’ colonization of their environment.

BP 31.8 Thu 12:00 BH-N 243
Chemotactic interactions in systems of active and passive col-
loids — eJuLIAN STURMER!, DHRUV SINGH?, MAXIMILIAN SEYRICH!,
PEeER FiscHER?, and HoLGER STark! — !Institut fiir Theoretische
Physik, TU Berlin, Hardenbergstr. 36, 10623 Berlin, Germany —

2MPI-IS, Heisenbergstr. 3, 70569 Stuttgart, Germany

Self-propelled particles exhibit a variety of self-assembled dynamic
structures. In particular, mixtures of active and passive colloids crys-
tallize into 2D clusters as a result of chemotactic interactions [1]. The
active colloids represent Janus particles that move while creating sinks
in a chemical concentration field. The passive colloids react to the
corresponding chemical gradients in form of a diffusiophoretic drift
velocity towards the active particles. We model the mixtures using
Langevin equations and a diffusion equation for the chemical field ex-
tending our approach in [2]. With increasing interaction strength, we
observe a gaslike state, an oscillatory and finally a collapsed state. We
study the clustering dynamics by quantifying the cluster growth and
measuring the cluster velocity as a function of cluster size.
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In a similar approach, we model a system of solely active colloids
that interact via translational and rotational diffusiophoresis. Here,
we take into account the asymmetric character of the Janus particles
by including dipole contributions in the chemical concentration field.
This asymmetry gives rise to interesting collective phenomena, e.g. the
formation of chains that has been observed in recent experiments.

[1] D. P. Singh et al., Adv. Mater. 1701328 (2017)

[2] O. Pohl et al., Phys. Rev. Lett. 112, 238303 (2014)

BP 31.9 Thu 12:15 BH-N 243
Modular microswimmers formed by ion-exchange particles
— eANDREAS FiscHER, RAN Niu, THoMAs PALBERG, and THOMAS
SpEck — Institut fiir Physik, Johannes-Gutenberg-Universitdt Mainz,
Germany

Colloidal ion exchange particles generate solvent flow due to a combi-
nation of electroosmosis and electrophoresis, which induces long-range
attractive interactions between the colloidal particles [1]. These inter-
actions lead to the formation of colloidal ”molecules” of varying size
and structure. By breaking reciprocality, these molecules can be made
active. Depending on their composition, we observe passively diffusing,
linearly and circularly moving molecules with different propulsion ve-
locities. We develop a model based on conservative interactions, which
makes quantitative predictions about the swimmers’ motion that we
compare to the experimental results.

BP 31.10 Thu 12:30 BH-N 243
The droplet divisome — KyLeE A. BaLpwin, BaBak Vaipi
HokxmaBAD, and eCoriNNa C. Maass — MPI fiir Dynamik und Selb-
storganisation Gottingen

Active emulsions of nematic liquid crystals in micellar surfactant so-
lutions are a flexible and well controlled model system for microswim-
mers, exhibiting a wealth of features like helical swimming, convection
driven clustering, chemotaxis and autochemotaxis. Their propulsion
is driven by Marangoni stresses caused by self-supporting instabilities
in the interfacial surfactant coverage. Generally, such surface tension
variations should deform the droplet interface, but we have not seen
measurable deviations from a spherical shape for 50pum droplets in
Hele-Shaw cells due to strong capillary forces. However, in experi-
ments using squeezed droplets, i.e. larger, more disk-shaped objects
in strong two-dimensional confinement, capillary forces are weakened
due to an effective switch from areal to line tension and a decrease of
the deformable interface to volume ratio. We have observed multipolar

Marangoni instabilities, visible deformation during self propulsion and
a spontaneous self division cascade for arrested droplets.

BP 31.11 Thu 12:45 BH-N 243
Dynamical arrest in active emulsions eBABAK VAIDI
HoxkmaBaDp and CorINNA C. Maass — MPI fiir Dynamik und Selb-
storganisation Gottingen

Liquid crystal (LC) droplets self-propel in an aqueous surfactant solu-
tion due to Marangoni flow at the droplet’s interface. This propulsion
is sustained by micellar solubilization of the LC phase. The solubi-
lization leads to a secretion of filled surfactant micelles in the trail of
the swimming droplet. This causes depletion of empty micelles in the
trail and thereby trail avoidance. We have directly imaged the secre-
tion and spreading of the filled micelles by adding fluorescent dye to
the LC phase. The decay of the extracted Gaussian profiles in time
is consistent with the theoretical diffusive spreading. Using this tech-
nique, we are able to visualize the chemotactic interaction of a swimmer
with a trail. To study the collective dynamics of this autochemotaxis-
dominated system we track individual swimmers in dense droplet en-
sembles in 2D and 3D. Results show that in a crowded system, a po-
tential landscape is formed with local minima between the trails. We
report on dynamical arrest of the swimmers in transient cages formed
inside these local minima.

BP 31.12 Thu 13:00 BH-N 243
Active Double Emulsions — eKyLE A. BaLpwin, BABAK VAJDI
HoxmaBabp, and CorINNA C. Maass — MPI fiir Dynamik und Selb-
storganisation, Goéttingen

Active emulsions — solutions containing self-propelling microscopic
droplets — display a rich variety of solo and collective swimming
behaviours, from self-avoiding helices to collective raft formation,
which are strongly influenced by factors such as wall proximity, auto-
chemotaxis, and liquid crystal (LC) structure. Here, we report on the
formation and swimming behaviour of active water-oil-water (WOW)
double-emulsions; swimming LC oil droplets which carry a secondary
inner water droplet. We observe new periodically oscillating swimming
modes, and find that shell stability is strongly influenced by nematic-
ity, which inhibits coalescence of the aqueous phases. The utility of
these double emulsion swimmers as cargo carriers, and the ability to re-
lease this cargo on-demand, makes this system an ideal mechanism for
chemical delivery to localised, switchable reaction sites, with prospects
for drug delivery.

BP 32: Anomalous Diffusion (joint session DY /BP)

Time: Thursday 10:00-13:15

BP 32.1 Thu 10:00 BH-N 334
Frequency-dependent Hydrodynamic Interaction Between
Two Nanocolloids — eGERHARD JUNG and FRIEDERIKE SCHMID
— Institut fiir Physik, Staudingerweg 9, 55128 Mainz

The dynamics of fluids are subject of extensive research since over
300 years. In the second book of the "Principa” Newton investigates
the dynamics of viscous fluids to disprove the Cartesian idea that the
planetary orbits are created by fluid vortices. Since then this problem
has drawn the attention of many great physicists and mathematicians.
However, there are still many fundamental questions in the field of
fluid dynamics like for example the understanding of hydrodynamic
interactions between two particles submerged in a fluid. The first and
most basic analytic derivation was published by Oseen describing the
interaction between two point particles in a steady-state Stokes flow.

Based on work by Ardekani et al. we extended this approach by
considering finite-sized particles in an unsteady compressible flow, de-
scribed by the linearized Navier-Stokes equations [1]. This theoretical
extension enables us to compare results from hydrodynamic theory
to molecular dynamics simulations of nanocolloids in a Lennard-Jones
fluid. We show that the simulation data agree qualitatively and quan-
titatively with our theoretical findings. The analytic results can there-
fore be used to include dynamically consistent hydrodynamic interac-
tions into non-Markovian coarse-grained models.

[1] G. Jung, F. Schmid, accepted by the Journal Physics of Fluids

BP 32.2 Thu 10:15 BH-N 334

Anomalous Diffusion in Complex Dynamical Systems: Dif-
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fusing Diffusivity Models — eRoHIT JAIN and KizHAKEYIL L SE-
BASTIAN — Indian Institute of Science, Bangalore 560012, India

Diffusion inside a crowded, rearranging environment has attracted a
lot of attention recently [1]. In such systems, the mean square dis-
placement of diffusing particle remains Fickian obeying <az2> o« T, yet
the distribution of displacements is not Gaussian. Following the work
of Chubynsky and Slater [2], we have proposed a class of analytically
solvable models where the diffusion coefficient becomes a random func-
tion of time [3]|. The results obtained with our model are in very good
agreement with the simulations of Chubynsky and Slater (see also [4]).
In a different model [5], we have analyzed a case where diffusivity
evolves as a Lévy flight process. That is, the distribution of diffusivity
decays as power-law of the form D~1=% with 0 < o < 1, for large
D. The distribution of displacements with this model is found to be
a Lévy stable distribution with a time dependent width. With this
model, the dynamics is Brownian at short times and superdiffusive at
long times.
References:
[1] Wang et. al., Proc. Natl. Acad. Sci. U.S.A., 106, 15160 (2009).
[2] Chubynsky and Slater, Phys. Rev. Lett. 113, 098302 (2014).
[3] Jain and Sebastian, J. Phys. Chem. B 120, 3988 (2016).
[4] Chechkin et. al., Phys. Rev. X 7, 021002 (2017).
[5] Jain and Sebastian, Phys. Rev. E 95, 032135 (2017).

BP 32.3 Thu 10:30 BH-N 334
First-passage properties of Gaussian interfaces — eMARKUS
Gross — MPI-IS Stuttgart / Uni Stuttgart
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Fluctuating interfaces are relevant in various circumstances, such as
liquid phase separation, nanofluidics, or surface growth. An effective
description of the interfacial dynamics is provided by the Edwards-
Wilkinson and the stochastic Mullins-Herring equations, corresponding
to non-conserved and conserved dynamics. Despite the Gaussian na-
ture of these models, their first-passage properties are highly nontrivial
due to the presence of long-range correlations along the interface. We
study here the full spatio-temporal evolution of an interface until it
reaches a given maximum height for the first time. Analytical pre-
dictions, obtained within weak-noise theory, are contrasted to results
of numerical Langevin simulations of the first-passage problem. It is
shown the averaged profile shape is accurately captured by weak-noise
theory, but the time evolution (specifically, the dynamic exponent) is
not. The latter can instead be accounted for within a reduced model
based on a fractional Brownian walker, which describes the anoma-
lous diffusion of a tagged monomer of the interface as it approaches an
absorbing boundary.
References: M. Gross, arXiv:1708.03466, 1708.03467

BP 32.4 Thu 10:45 BH-N 334
Sinai type diffusion in Gaussian random potentials with
decaying spatial correlations — elcor GovcHuk!, VasvL O.
KHARCHENKOZ, and RALF MEeTzLER! — lInstitute of Physics and
Astronomy, University of Potsdam, Potsdam, Germany — 2Institute
of Applied Physics, Natl. Acad. Sci. Ukraine, Sumy, Ukraine

Logarithmic subdiffusion is usually associated with random force disor-
der and non-stationary potential fluctuations whose root mean squared
amplitude grows with distance. We show that such Sinai type diffusion
also universally emerges at sufficiently low temperatures in station-
ary Gaussian random potentials with spatially decaying correlations,
known to exist in a broad range of physical systems. Combining re-
sults from extensive simulations with a scaling approach we elucidate
the physical mechanism of this unusual subdiffusion. In particular, we
explain why with growing temperature and/or time a first crossover
occurs to standard, power-law subdiffusion and then a second crossover
occurs to normal diffusion with a disorder-renormalized diffusion co-
efficient. Interestingly, the initial, nominally ultraslow diffusion turns
out to be much faster than the universal de Gennes-Béssler-Zwanzig
limit of the renormalized normal diffusion, which realistically cannot
be attained at sufficiently low temperatures and/or for strong disorder.
The ultraslow diffusion is also shown to be non-ergodic and it displays
a local bias phenomenon. Our simple scaling theory not only explains
our numerical findings, but also has a predictive character.

Funded by the DFG, Grant GO 2052/3-1

BP 32.5 Thu 11:00 BH-N 334
Random diffusivity from stochastic equations: two models
in comparison for Brownian yet non-Gaussian diffusion. —
oVITTORIA SPosINIY'2, ALEKSEI V. CHECHKIN''3, FLAvIO SENO?, GI-
ANNI Pacenini?) and RaLF METzLER! — !Institute for Physics and
Astronomy, University of Potsdam, 14476 Potsdam-Golm, Germany
— 2Basque Center for Applied Mathematics, 48009 Bilbao, Spain —
3 Akhiezer Institute for Theoretical Physics, 61108 Kharkov, Ukraine
— 4INFN, Padova Section and Department of Physics and Astronomy
’G.Galilei’, University of Padova, 35131 Padova, Italy

Recently a considerable number of systems have been discovered ex-
hibiting a Brownian yet non-Gaussian dynamics, characterised by a
linear growth in time of the mean-squared displacement yet a non-
Gaussian probability density function of the particle displacement.
This behaviour observed in very different physical systems has been
interpreted as resulting from diffusion in inhomogeneous environments
and mathematically represented through a variability of the diffusion
coefficient. Indeed different models describing a fluctuating diffusivity
have been studied. Here it is presented a set of stochastic equations de-
scribing a time dependent random diffusivity within a broad spectrum
of distributions: the class defined as generalised Gamma distribution.
Two models for particles spreading in such variable environments are
then studied. The first belongs to the class of generalised grey Brow-
nian motion while the second follows from the idea of diffusing diffu-
sivity. We promote these two physical models for the description of
stochastic particle motion in complex environments.

BP 32.6 Thu 11:15 BH-N 334
Infinite invariant densities in intermittent systems — ePHiLIPP
Mever!, Eu1 Barkai?, and HoLger Kantz! — Max Planck In-
stitute for the Physics of Complex Systems, Noethnitzer Str. 38, D
01187, Dresden, Germany — 2Department of Physics, Institute of

83

Nanotechnology and Advanced Materials, Bar-Ilan University, Ramat-
Gan, 52900, Israel

Dynamical intermittency is known to generate anomalous statisti-
cal behaviour of dynamical systems, a prominent example being the
Pomeau-Manneville map. The system exhibits waiting times and
chaotic bursts. For a wide range of parameters no physical invari-
ant density exists. We show how this regime can be characterised
quantitatively using the techniques of infinite invariant densities and
the Thaler-Dynchin limit theorem.

We obtain pseudo Brownian motion by summing up the increments
created by the map. The output corresponds to stochastic processes
like continuous time random walks. We are able to relate infinite er-
godic theory with scale invariant transport. Here time average diffu-
sivities are especially interesting, because they depend not only on the
joint probability density function but also on the exact definition of
the paths during waiting periods.

We also present a nonlinear oscillator, i.e., a physical model in con-
tinuous time, whose properties in terms of weak ergodity breaking
and ageing have a one-to-one correspondence to the properties of the
Pomeau-Manneville map. We see how expectation values exhibit age-
ing in terms of scaling in time.

15 min. break

BP 32.7 Thu 11:45 BH-N 334
Tempered dynamics from fractional Brownian motion and
generalized Langevin equation: Application to lipid molecule
diffusion — eTRIFCE SANDEV}2:3 DANIEL MoLINA-GARcIa®D, GI-
ANNI Pacnint?, ALekser CHECHKIN®, and RaLr MEeTzLER® — 1Ss.
Cyril and Methodius University in Skopje, Macedonia — 2RSD,
Skopje, Macedonia — 3MANU, Skopje, Macedonia — “BCAM -
Basque Center for Applied Mathematics, Bilbao, Basque Country,
Spain — ®University of Potsdam, Germany

Anomalous diffusion is widely observed in many systems. Often, the
system shows a crossover from initial anomalous diffusion to termi-
nal normal diffusion. We consider tempered versions of the fractional
Brownian motion and the generalized Langevin equation (GLE) to de-
scribe this crossover dynamics. For persistent input noise, the former
describes the case when an initially superdiffusive particle switches to
normal diffusive behavior, while the latter exhibits a subdiffusive to
normal diffusive crossover. Both models are characterized by power-
law correlations of the driving noise, i.e., tempered fractional Gaussian
noise, which is a noise with Gaussian amplitude and power-law corre-
lations with a cutoff at some mesoscopic time scale. In both models
we employed either hard (exponential) or soft (power-law) truncation.
We show excellent agreement of the analytical results for the mean
squared displacement obtained from the GLE with those obtained for
the lipid dynamics in simulated model membranes [1].

[1] D. Molina-Garcia, T. Sandev, G. Pagnini, A. Chechkin, and R.
Metzler, in preparation.

BP 32.8 Thu 12:00 BH-N 334
Kinetics of an enzymatic reaction under anomalous diffusion
- A case study — eDaNIELA FROEMBERG and FeELix HOFLING —
Freie Universitdt Berlin, Department of Mathematics and Computer
Science

The interior of biological cells constitutes a crowded environment in
which diffusion of organelles or macromolecules is anomalous([1|. Con-
sequently, such heterogeneous conditions also alter the kinetics of the
chemical reactions taking place.

Here, we report on simulations of the reaction-diffusion dynamics of
an enzyme-catalyzed reaction using a particle-based scheme. The par-
ticles diffuse in space and reactions occur with a certain microscopic
propensity if the reaction partners are within a prescribed reaction
distance. To mimick a crowded environment, we implement the subd-
iffusion by a fractional Brownian motion.

For anomalous diffusion, it is well-known that the the diffusion coef-
ficient is a function of the lag time. Similarly, the coefficient k(t) of the
effective reaction rate can adopt a timescale dependence. Preliminary
results from extensive simulations suggest a power law dependence of
k(t), slowing down the reaction as compared to the normal diffusive
case.

We detail the behavior of k(t), elucidate the role of the subdiffusion
parameter, and test for an old prediction originally made for reactions
on fractals.

[1] F. Hofling, T. Franosch, Rep. Prog. Phys. 76 (2013) 046602



Berlin 2018 — BP

Thursday

(50pp)

BP 32.9 Thu 12:15 BH-N 334
Obstructed Motion — from frozen to mobile obstacles —
CHRISTOPH ZUNKE, RENE HERMANN, MANUEL A. EscoBEDO-
SANCHEZ, JORG BEWERUNGE, eFLORIAN PLATTEN, and STEFAN U.
EcELHAAF — Condensed Matter Physics Laboratory, Heinrich Heine
University, Diisseldorf, Germany

Many natural and industrial processes rely on transport through con-
fined spaces. Confinement by obstacles, for example in porous ma-
terials or crowded environments, leads to anomalous diffusion. An
idealized situation, the diffusion of point-like tracers through the voids
between randomly-placed fixed obstacles, is described by the Lorentz
model. Beyond a critical obstacle concentration, the obstacles perco-
late and hence form finite voids that confine the tracers. Thus the
tracer motion becomes localized. However, often the obstacles are mo-
bile, e.g., proteins in biological membranes or organelles in cells. We
developed a colloidal model system which permits to tune the particle
dynamics through the application of a laser light field. It allows us to
study the effect of obstacle mobility. If the obstacles are sufficiently
mobile, localization of the tracers is avoided and transient subdiffusion
is observed.

BP 32.10 Thu 12:30 BH-N 334
Scaled Brownian motion with resetting — eANNA Bobproval,
ALExE!I CHECHKINZ 3 and Icor SokoLov! — 'Humboldt University,
Department of Physics, Newtonstrasse 15, 12489 Berlin, Germany —
2Institute of Physics and Astronomy, University of Potsdam, 14476
Potsdam, Germany — 3Akhiezer Institute for Theoretical Physics,

Kharkov Institute of Physics and Technology, Kharkov 61108, Ukraine

In the intermittent stochastic processes the dynamics of the system
may be interrupted and recommenced at random times from the initial
condition. Examples of such processes are found in many fields such as
chemistry, biology, ecology and computer science. The time between
resetting events may be distributed according to the exponential law
or according to the power law. It may be shown that random resetting
fundamentally changes the properties of the diffusion process. In the
presence of resetting there is a competition between the tendency of
diffusive spreading and confinement around the initial state. In our
study during the resetting events the particle performs scaled Brown-
ian motion: diffusive motion with time-dependent diffusion coefficient.
We calculate mean-squared displacement and probability density func-
tion as main characteristics of this process.

BP 32.11 Thu 12:45 BH-N 334
Self-trapping self-repelling random walks — ePETER GRASs-
BERGER — Juelich Research Center, Juelich, Germany

The model studied in this talk is a seemingly minor modification of the

“true self-avoiding walk" (TSAW) model of Amit, Parisi, and Peliti in
two dimensions. The walks in it are self-repelling up to a characteristic
time T* (which depends on various parameters), but spontaneously
(i.e., without changing any control parameter) become self-trapping
after that. For free walks, T* is astronomically large, but on finite
lattices the transition is easily observable. In the self-trapped regime,
walks are subdiffusive and intermittent, spending longer and longer
times in small areas until they escape and move rapidly to a new area.
In spite of this, these walks are extremely efficient in covering finite
lattices, as measured by average cover times.

Basically, the phenomenon is due to a delicate balance between two
opposite effects of landscape gradients and roughnesses on random
walks: While a gradient enhances diffusion, roughness slows it down.
Initially, the walker creates a hill by depositing debris, and the hill
gradient wins. But the hill surface is also rough. When roughness be-
comes too large, the walk becomes subdiffusive which increases further
the roughness, leading finally to catastrophic trapping.

The phenomenon seems to be described by scaling laws, and some
exponent and critical parameter values seem to be simple rationals.
In addition, the deposited debris forms (on square lattices and for
some parameter values) non-trivial patterns that suddenly re-arrange
at sharp times.

BP 32.12 Thu 13:00 BH-N 334

Non-Gaussian Brownian and viscoelastic diffusion — eRALF
METZLER — Institute of Physics & Astronomy, U Potsdam, Potsdam

Brownian motion as well as viscoelastic anomalous diffusion are
stochastic processes driven by Gaussian noise. A growing number of
systems is reported in which the mean squared displacement is linear or
anomalous, yet the associated probability densities are non-Gaussian.
Examples include Brownian motion with exponential probability den-
sity for the motion of colloidal beads along tubular structures or in
semiflexible polymer networks. Stretched Gaussian shapes along with
Brownian motion are seen for the motion of cells on surfaces. Vis-
coelastic, anomalous motion is observed for submicron tracers in both
bacteria and yeast cells. In many systems, at sufficiently long times a
crossover to Gaussian behaviour is observed.

In this presentation I will introduce the various observations of non-
Gaussian diffusion. In particular, I will report large scale simulations of
lipid bilayer systems: in the dilute case viscoelastic and Gaussian dif-
fusion is observed, while in protein-crowded situations stretched Gaus-
sians are observed. This behaviour can, to a good extent, be explained
due to geometric constrictions on the motion. I will then introduce
a mathematical model for the description of non-Gaussian motion in
terms of a stochastically varying diffusion coefficient. In the short time
limit this approach is equivalent to the known approach of superstatis-
tics, while at long times a crossover to Gaussian statistics with an
effective diffusivity is found.

BP 33: Cytoskeletal Filaments I

Time: Thursday 15:00-17:15

BP 33.1 Thu 15:00 H 1028
High resolution three-dimensional tracking with optical
tweezers reveals protofilament switching of the kinesin-8 Kip3
— eMIicHAEL BuGIEL and ERIK SCHAFFER — Zentrum fiir Moleku-
larbiologie der Pflanzen (ZMBP), Universitit Tiibingen, Auf der Mor-
genstelle 32, 72076 Tiibingen, Germany

The budding yeast kinesin-8 Kip3 is a highly processive motor pro-
tein that walks to the ends of cytoskeletal microtubules and short-
ens them in a collective manner. Microtubules consist of circularly
arranged tubulin polymer chains, called protofilaments. How exactly
Kip3 reaches the end is unclear. Left-handed rotations of microtubules
in Kip3 gliding assays indicated sideward motion of Kip3 perpendicular
to the microtubule axis, i.e. switching between single protofilaments.
We used high resolution optical tweezers in a force-feedback mode to
track the trajectories of single Kip3 motors. Previous 2D assays with
alternating sideward loads showed that Kip3 performs sideward steps
in both directions, consistent with a diffusive sideward motion on the
microtubule lattice. Here, we topographically suspended microtubules
such that Kip3-coated microspheres can freely rotate around the mi-
crotubules in three dimensions. Tracking these motor driven micro-
spheres with a 3D, zero-load force-clamp showed that Kip3 switched
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Location: H 1028

protofilaments in discrete steps equally frequent in both directions.
A statistical analysis confirmed a diffusive sideward motion of Kip3,
consistent with the 2D results. The diffusive protofilament switching
may enable Kip3 to bypass obstacles and reach the microtubule end
for length regulation.

BP 33.2 Thu 15:15 H 1028
Visualizing acto-myosin dynamics and vortices at a mem-
brane surface using interferometric scattering microscopy —
eDaRrius V KosTter!2, NikoLas Hunpy3, GaviN Young3, Apam
FiNEBERG3, PuiLipp Kukura3, and Saryasr Mayor!4 — INCBS,
Bangalore, India — 2Warwick Medical School, Warwick, UK —
3University of Oxford, Oxford, UK — 4InStem, Bangalore, India

The plasma membrane and the underlying cytoskeletal cortex consti-
tutes an active platform for many cellular processes. Recent work has
shown that acto-myosin dynamics modify the local membrane organi-
zation, but the molecular details are not well understood due to dif-
ficulties with experimentally accessing the associated time and length
scales. Here, we use interferometric scattering (iISCAT) microscopy
to investigate a minimal acto-myosin network linked to a supported
lipid bilayer membrane. Using the magnitude of the interferometric
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contrast, which is proportional to molecular mass, we detect, image
and distinguish actin and myosin filaments. As a result, we can follow
the diffusion of single actin filaments attached to the bilayer revealing
different types of diffusion depending on filament length and quan-
tify binding kinetics and processivity as a function of ATP concentra-
tions, providing new evidence for the theoretically predicted behavior
of ensembles of myosin head domains. Simultaneous observation of
long-term network flow and organization enables us to link changes in
myosin II filament dynamics with decreasing ATP concentrations to
a switch in the acto-myosin network from a remodeling, fluid state to
a contractile, and observe the formation of vortices as predicted by
theory.

BP 33.3 Thu 15:30 H 1028
Size-dependent phagosomal transport depends on micro-
tubules, actin filaments and associated motors — eSTEVE
KEeLLER, KoNrRAD BERGHOFF, and HoLGER KREss — University of
Bayreuth, Bayreuth, Germany

The internalization and intracellular degradation of pathogens by
macrophages is an essential part of the mammalian immune response.
The associated intracellular transport of the phagosome from the cell
periphery to the perinuclear region is crucial for the phagosome mat-
uration. To date biochemical factors are known to influence the fate
of phagosomes. Here we show that the phagosomal transport is also
strongly influenced by the size of the phagosomes and that this size-
dependent transport depends on microtubules, actin filaments and as-
sociated motors. We found that large phagosomes are transported very
persistently to the nucleus with almost no centrifugal motion, whereas
small phagosomes show strong bidirectional transport. Our investiga-
tion of the molecular basis of this size-dependent transport suggests
that dynein motors and the intracellular distribution of microtubules
strongly influence the centripetal transport of large phagosomes. Ad-
ditionally, our findings indicate that actin filament-associated motors
and the distribution of actin filaments strongly influence the bidirec-
tional transport of small phagosomes. Our findings suggest that a
simple size-dependent cellular sorting mechanism might exist that sup-
ports inward transport of large phagocytosed bacteria for facilitating
their digestion and that simultaneously supports outward transport of
small bacterial fragments for example for antigen presentation.

Invited Talk BP 33.4 Thu 15:45 H 1028
Dynamics and instabilities of contractile actin networks in ar-
tificial cells — e KINNERET KEREN — Physics Department, Technion-
Israel Institute of Technology, Haifa 32000, Israel

Contractile actin network have an essential role in many cellular pro-
cesses including cell division, intracellular transport and cell motility.
While the molecular components involved are largely known, we still
do not understand what controls the large scale properties of these
networks. We generate bulk actin networks by introducing cytoplas-
mic Xenopus egg extracts, which contain all the components of the
actin machinery, into cell-sized water-in-oil droplets. Importantly, the
presence of turnover in our system allows these networks to attain a
dynamic steady state characterized by contractile actin flows which
persist for hours. We find that under a broad range of conditions, the
network undergoes homogenous contraction despite large spatial vari-
ations in network density, and that this contraction rate is inversely
proportional to the actin disassembly rate. We observe either a sym-
metric state in which the network contracts towards the center of the
droplets and exhibits a spherically symmetric density and flow pat-
tern, or a polar state in which the contraction center is localized near
the droplet’s boundary. In the symmetric state, the contraction center
is actively maintained near the middle of the droplet, reminiscent of
actin-based centering mechanisms found in living cells. During sym-
metry breaking, the system transitions from this symmetric state to a
polar state, mimicking cellular symmetry breaking as seen for example
during motility initiation or spindle migration in mammalian oocytes.

BP 33.5 Thu 16:15 H 1028
Rotational movement of microtubules driven by thermal
forces and by kinesin-5 motors leads to mitotic spindle for-
mation 2

elvana Ban!, MArRcEL PreLoGoOVIG!, Lora WINTERS?,
Iva Torié?3, and NENAD Pavin! — 1Faculty of science, University
of Zagreb, Croatia — 2Max Planck Institute of Molecular Cell Biology
and Genetics, Dresden, Germany — 3Division of Molecular Biology,
Ruder Bogkovié¢ Institute, Zagreb, Croatia

During mitosis, the spindle divides chromosomes between two daughter
cells. In the fission yeast Schizosaccharomyces pombe, the rod shaped
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mitotic spindle is composed of antiparallel microtubules (MTs) ema-
nating from two opposite spindle poles, whose formation is mediated
by motor proteins. A key question is what are the physical principles
underlying the formation of a mitotic spindle. Here we show, experi-
mentally and theoretically, that MTs at one pole search for a MT from
the other pole by performing random rotational movement around the
spindle pole. When MTs from opposite poles get into close proxim-
ity, motor proteins start to accumulate in the region where MTs are
close to each other. In our model, minus end directed motors generate
forces that drive the formation of an antiparallel MT bundle, thereby
forming the mitotic spindle. We identified experimentally the kinesin-5
motor Cut7 as the main force generator in this process. In conclusion,
random rotational motion helps MTs from opposite poles to find each
other and subsequent accumulation of kinesin-5 motors allows them to
generate forces that drive spindle formation.

BP 33.6 Thu 16:30 H 1028
Bistability and oscillations in cooperative microtubule and
kinetochore dynamics in the mitotic spindle — eFELIX ScHWI-
ETERT and JAN KiErRFELD — TU Dortmund University, 44221 Dort-
mund, Germany

In the mitotic spindle microtubules attach to kinetochores via catch
bonds during metaphase. We investigate the cooperative dynamics of
a one-sided spindle model consisting of a microtubule ensemble which
is attached to a kinetochore via elastic linkers. The model includes
the dynamic instability of microtubules, forces on microtubules and
kinetochores from elastic linkers, and an external force on the kineto-
chore. We use a mean-field approach based on Fokker-Planck equations
to analytically solve the one-sided spindle model, which establishes a
bistable force-velocity relation of kinetochore motion. All results are
in agreement with stochastic simulations. We derive constraints on
linker stiffness and microtubule number for the occurrence of bistabil-
ity. In the full two-sided spindle model, two such bistable systems are
coupled in a tug-of-war. This leads to stochastic chromosome oscilla-
tions in metaphase (directional instability), which have been observed
in several experiments. We also derive constraints on linker stiffness
and microtubule number for metaphase chromosome oscillations. With
certain modifications the model can be used to explain the effects of
additional processes, e.g. microtubule poleward flux or polar ejection
forces.

BP 33.7 Thu 16:45 H 1028
Bending dynamics of single-walled carbon nanotubes in vis-
coelastic media — eKengo Nisur!, FREp MacKintosnu?34, and
CuristopH ScHMIDT!® — 1Third Institute of Physics - Biophysics,
University of Gottingen, 37077 Gottingen, Germany — 2Department
of Chemical & Biomolecular Engineering, Rice University, Houston,
TX 77005, USA — 3Center for Theoretical Biological Physics, Rice
University, Houston, TX 77030, USA — 4Department of Physics and
Astronomy, Vrije Universiteit, 1081HV Amsterdam, The Netherlands
— 5Department of Physics, Duke University, Durham, NC 27707, USA

The mechanics and dynamics of cells and tissues are dominated by
semi-flexible polymer networks, whose bending stiffness leads to non-
trivial dynamics. Micron-sized beads are commonly used in microrhe-
ology approaches to measure the viscoelasticity of such systems. In-
sertion of such probes can lead to artefacts and is often not possi-
bly in confined geometries in living cells. Here we introduce the use
of single-walled carbon nanotubes (SWNTs), themselves semi-flexible
polymers with non-photobleaching near-infrared fluorescence, as mul-
tiscale stealth probes for microrheology. We investigate the bending
dynamics of SWNTs embedded in viscoelastic media and analyze their
thermally driven shape fluctuations. We find that we can describe the
bending dynamics of SWNTs by a Langevin equation with a bending
term and a time-dependent memory function.

BP 33.8 Thu 17:00 H 1028
Tensile elasticity of a hinged wormlike chain — ePaNAvoOTIS
BeNETATOS — Kyungpook National University, Daegu, South Korea

It is known that local defects in the bending rigidity of double-stranded
DNA, such as denaturation bubbles or singe-stranded nicks, signifi-
cantly affect its configurational properties and elastic response. In this
talk, we present an analytic calculation (within the weak bending ap-
proximation) of the force-extension relation of a wormlike chain with
a fixed hinge defect. We show that the gain in configurational entropy
allowed by the defect has a significant effect on the stretching com-
pliance of the polymer. Our results apply to any pair of semiflexible
segments connected by a hinge. As such, they may also be relevant
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to cytoskeletal filaments (F-actin, microtubules), where one may treat
the cross-link connecting two filaments as a hinge defect.
P. Benetatos, Phys. Rev. E 96, 042502 (2017)

BP 34: Neuroscience

Time: Thursday 15:00-17:30

Invited Talk BP 34.1 Thu 15:00 H 1058

How do we learn? Synaptic Plasticity across multiple time
scales — eWULFRAM GERSTNER — EPFL Lausanne

If we memorize a French word that is new to us, if we learn to play table
tennis, if we meet our new boss, at all these occasions the connections
between neurons in our brains change. These changes, called synap-
tic plasticity, happen on several different time scale: induction can be
rapid (sometimes a single event is sufficient), but the stabilization of
changes takes much longer. In this talk, I will overview mathematical
models of synaptic plasticity that cover different temporal scales - and
I will indicate how plasticity models can (or cannot) lead to functional
memories.

BP 34.2 Thu 15:30 H 1058
Spike rate models derived from recurrent networks of adap-
tive neurons — eMOoRITZ AUGUSTIN, JOSEF LADENBAUER, FABIAN
Baumann, and KLaus OBERMAYER — Technische Universitdt Berlin,
Germany

The spiking activity of single neurons can be well described by a nonlin-
ear integrate-and-fire model that includes somatic adaptation. When
exposed to fluctuating inputs sparsely coupled populations of these
model neurons exhibit stochastic collective dynamics that can be effec-
tively characterized using the Fokker-Planck equation. Here we derive
from that description four simple models for the spike rate dynamics
in terms of low-dimensional ordinary differential equations using two
different reduction techniques: one uses the spectral decomposition
of the Fokker-Planck operator, the other is based on a cascade of two
linear filters and a nonlinearity, which are determined from the Fokker-
Planck equation and semi-analytically approximated. We evaluate the
reduced models for a wide range of biologically plausible input statis-
tics and find that both approximation approaches lead to spike rate
models that accurately reproduce the spiking behavior of the underly-
ing adaptive integrate-and-fire population. The low-dimensional mod-
els also well reproduce stable oscillatory spike rate dynamics that are
generated either by recurrent synaptic excitation and neuronal adap-
tation or through delayed inhibitory synaptic feedback. The derived
spike rate descriptions retain a direct link to the properties of single
neurons, allow for convenient mathematical analyses of network states,
and are well suited for application in large-scale brain network models.

BP 34.3 Thu 15:45 H 1058
Modeling the electrical activity of pacemaker neurons: from
milliseconds to days — ePaBLo Rosas and MARTIN GARCIA —
Theoretical Physics, Universitdt Kassel, 34132 Kassel, Germany

Molecular circadian oscillators in pacemaker neurons consist of inter-
locked feedback loops in gene transcription. Membrane electrical ac-
tivity is regulated by genetic, and consequently exhibits a circadian
pattern, but the mechanisms for this are object of current research [1].
Despite the usefulness of Hodgkin-Huxley model, few work has been
done to account for a long-time behavior of membrane electrical activ-
ity[2]. Pacemaker neurons show autonomous circadian oscillations, but
new properties emerge in the collective behavior [3]. Several properties
found in electrophysiology recordings have been suggested to be linked
to functional biological implications [4]. We propose an extension of
the Hodgkin-Huxley scheme, that allows for computing the dynamics
of electrical activity over long times, enabling inputs from molecular
clock as well as coupling between neurons. Our results and predictions
are discussed with the analysis of long-term in vivo electrophysiology
recordings from Leucophaea maderae accessory medulla. Our model
has been able to reproduce distinct patterns found in experimental
data, and hint possible functional implications for the described be-
havior.

[1] CN Allen et al. Cold Spring Harb Perspect Biol 2017;9:a027714

[2] C Vasalou and MA Henson . PLoS Comput Biol 6(3) (2010)

[3] DK Welsh et al. Annu Rev Physiol. 2010 ; 72: 551-577.

[4] G Werner. Front Physiol. 2010; 1: 15.
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BP 34.4 Thu 16:00 H 1058
Optimal detection of a localized perturbation in random net-
works of integrate-and-fire neurons — eDAvIDE BERNARDI''? and
BeNjaMIN LiNDNERD'2 — 1Bernstein Center for Computational Neu-
roscience, Berlin, Germany — 2Humboldt University, Berlin, Germany

Cortical networks operate in a chaotic regime, as both theoretical and
experimental studies have shown. Therefore, neural coding is believed
to rely on the mean activity of many cells. However, there is evidence
that the brief stimulation of a single neuron can elicit a behavioral
response, a theoretically unexplained result. We study how large re-
current networks of integrate-and-fire neurons react to the perturba-
tion of one single cell and propose a simple readout mechanism to
detect the perturbation. Biasing the readout towards specific neurons
leads to detection rates similar to experimentally observed values, as
our numerical simulations and analytical estimates show. We observe
near-optimal detection for intermediate values of the mean coupling
between neurons. Current research aims to capture how detection
rates depend on the temporal structure of the stimulation.

Ref: Bernardi and Lindner, Phys. Rev. Lett. 118 (2017)

BP 34.5 Thu 16:15 H 1058
Nonlinear response of noisy neurons — e BENJAMIN LINDNER and
SERGEJ VORONENKO — Humboldt Universitit Berlin

We study the firing rate modulation of stochastic neurons in response
to mixtures of periodic signals. For the leaky integrate-and-fire neuron
with white Gaussian background noise, we calculate analytically the
second order (weakly nonlinear) response of the instantaneous firing
rate. We inspect several situations in which the nonlinear contributions
shape the response significantly and a purely linear analysis would fail
qualitatively. We demonstrate that similar effects are observed for a
biophysically more realistic system, the NaK Izhikevich model endowed
with channel noise.
Ref.: Voronenko & Lindner New J. Phys. 19, 033038 (2017)

BP 34.6 Thu 16:30 H 1058
A memristive plasticity model of voltage-based STDP suit-
able for recurrent bidirectional neural networks in the hip-
pocampus — eNick DiepericH"2, THORSTEN Barrscu?, HER-
MANN KoHLsSTEDT!, and MARTIN ZIEGLER! — 1Technische Fakultét,
Christian-Albrechts-Universitit zu Kiel — 2Neurologie, Universitét-

sklinikum Schleswig-Holstein

Memristive systems have gained considerable attention in the field of
neuromorphic engineering, since they allow the emulation of synaptic
functionality in solid state nano-physical systems. In this talk it will
be shown that memristive behaviour provides a working framework for
the phenomenological modelling of cellular synaptic mechanisms. For
this purpose, the basic characteristics of memristive systems, i.e. the
volatility and history-dependence of prior applied electrical signals, are
used to derive a voltage-based plasticity rule. We show that this model
is suitable to account for a variety of electrophysiology plasticity data.
To show the network capabilities of the plasticity model, the plasticity
model was incorporated into the circuitry of the hippocampal subfields.
The obtained results are discussed in the framework of the processing
of mnemonic information in the hippocampus.

Financial support by the German Research Foundation through
FOR 2093 is gratefully acknowledged.

BP 34.7 Thu 16:45 H 1058
Interkinetic nuclear migration as a stochastic process in the
zebrafish retina — e ANNE HERRMANN!, AFNAN Azizi%2, SALVADOR
J. R. P. Buse?, YiNaN WanN3, PuiLipp J. KeELLERS, WiLLIAM A.
Harris?, and Raymonp E. GoLpsTEIN! — 1Department of Applied
Mathematics and Theoretical Physics, University of Cambridge, Cam-
bridge, United Kingdom — 2Department of Physiology, Development
and Neuroscience, University of Cambridge, Cambridge, United King-
dom — 3Howard Hughes Medical Institute, Janelia Research Campus,
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Ashburn, VA, USA

In recent years evidence has been increasing that retina development is
governed by stochastic processes rather than being tightly regulated.
In this context, both the varying numbers of offspring from a single
progenitor cell as well as the distributions of final cell fates have been
explained using simple probabilistic models. We focus on interkinetic
nuclear migration (IKNM), a movement of nuclei between the apical
and basal surfaces of the cells in developing pseudostratified epithelia,
that was first observed more than 80 years ago. Since, IKNM has been
studied in multiple organisms but despite these efforts many questions
about the role and precise mechanism of this process remain unsolved.
We combine in vivo light sheet microscopy and theoretical models and
develop a quantitative description of IKNM in the zebrafish retina.
Our findings support the hypothesis of IKNM as a stochastic process.
Given that IKNM has been suggested to play a regulatory role in cell
differentiation, these results have important implications for under-
standing the organisation of developing vertebrate tissues.

BP 34.8 Thu 17:00 H 1058
Control of Wave Propagation in Neural Field Equations —
ALEXANDER ZIEPKE, ®STEFFEN MARTENS, and HARALD ENGEL —
Technische Universitat Berlin, Institut fiir Theoretische Physik, 10623
Berlin, Germany

The investigation of neural fields, describing dynamics of large net-
works of synaptically coupled neurons by means of continuous field
equations, has gained interest over the last decades. In particular,
neural field systems exhibit self-organized spatio-temporal structures,
such as stationary and traveling fronts and pulses, spiral waves, and
localized spot-like bump solutions. This makes them a convenient tool
to describe various neural processes, such as working memory, motion

perception and visual hallucinations, to name a few. Due to the im-
portant applications of neural field models, the question arises how to
effectively control solutions in these systems.

In order to address this problem, we extend analytic control tech-
niques, previously derived for reaction-diffusion systems [J. Lober,
PRL 112, 148305; arXiv:1703.04246], to neural field equations. The
proposed open-loop control scheme enables shifting and rotating trav-
eling bump and wave solutions according to a prescribed protocol of
motion while simultaneously conserving their shape. Noteworthy, the
control signal solely depends on the profile and velocity of the unper-
turbed solution, and thus, for applying the control scheme, a detailed
knowledge of the internal dynamics is not required.

BP 349 Thu 17:15 H 1058
Predicting animal behavior from neural dynamics — eMoNIKA
ScHoLz, AsHLEY N. LINDER, and ANDREW M. LEIFER — Department
of Physics and Princeton Neuroscience Institute, Princeton, NJ, USA

How does a nervous system control animal behavior? While models
of behavior and neural computation exist, investigating the connec-
tion experimentally is challenging in even the simplest organisms. It is
only recently that tools have become available to image the behavior
and neural dynamics simultaneously in the roundworm C. elegans. Its
small nervous system with only 302 neurons and stereotyped behaviors
allow us to probe how well simple models perform in predicting behav-
ior from neural dynamics alone. We use a suite of microscopy tools
and a calcium-sensitive fluorescent protein to image the activity of a
large number of neurons in the animal’s brain during locomotion. Us-
ing a linear model, we predict forward and backward velocity as well as
turns and turn direction from neural activity. I will show our progress
and discuss the implications for understanding neural computation in
a model organism.

BP 35: Statistical Physics of Biological Systems Il (joint session BP /DY)

Time: Thursday 15:00-17:15

BP 35.1 Thu 15:00 H 2013
Do Predator attacks tune a collective of interacting agents
to criticality and why? — ePascaL Kramser2 and PawEkL
Romanczuk!2 — lInstitute for Theoretical Biology, Department of
Biology, Humboldt-Universitit zu Berlin — 2Bernstein Center for
Computational Neuroscience, Humboldt-Universitdt zu Berlin

Based on theoretical considerations it is hypothesized that biological
systems self-tune to criticality [1]. Motivated by this, we investigate the
collective behavior of self-propelled agents at the phase transition from
an ordered (parallel moving agents = school) to a disordered move-
ment (swarm) and their reaction to a predator. Systematic numerical
simulations show that at the phase transition the performance of the
predator decreases. However, this decrease is not only caused by a bet-
ter response of individuals to the predator, but also by complex spatial
structures of the collective at the transition. This finding emphasizes
the need of explicitly considering spatial models to describe biologi-
cal systems, e.g. fish swarms. Beside different interaction-networks
(voronoi, k-nearest neighbor, visual-field) an evolutionary algorithm
was used to check for the relevance of the results.

[1] Mora, T. and Bialek, W. J Stat Phys (2011) 144: 268.

BP 35.2 Thu 15:15 H 2013
Intermittent collective behavior in small groups of gregari-
ous animals — eLuis A. GéMEz!, RicHARD BonZ?, and FERNANDO
PeruaNI! — !Laboratoire J. A. Dieudonné, Université Cote d’Azur,
Nice, France — 2Centre de Recherches sur la Cognition Animale, Uni-
versité Paul Sabatier, Toulouse, France

Collective behavior of small groups of gregarious animals is our sub-
ject of interest. Experiments with small groups of merino sheep showed
interesting features like periodicity of moving and resting phases, syn-
chronization of these phases at the individual level, collective stick—slip
dynamics and cohesivity of the group around the center of mass. We
show some experimental evidence obtained from the tracking of indi-
vidual sheep that suggests that the no motion phase of the individuals
is qualitatively different to the motion phase. In particular, we discover
that a refractory period can be associated to the no motion phase. We
propose the introduction of a 3-state model in order to describe the
experimental observations for several group sizes (2, 3, 4 and 8 in-
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dividuals) and study the temporal evolution. Although the model is
proposed at the individual level, repercussions at the collective level
emerge.

BP 35.3 Thu 15:30 H 2013
How a well-adapting immune system remembers — ¢ ANDREAS
MavYER!, VIJAy BALASUBRAMANIAN?, THIERRY MoRra3, and ALEK-
SANDRA WaLczak® — lPrinceton University, Princeton, USA —
2University of Pennsylvania, Philadelphia, USA — 3Ecole normale
superieure, Paris, France

The adaptive immune system uses its past experience of pathogens
to prepare for future infections. How much can the adaptive immune
system learn about the statistics of changing pathogenic environments
given its sampling of the antigenic universe? And how should it best
adapt its repertoire of lymphocyte receptor specificities based on its
experience? Here, to answer these questions we propose a view of adap-
tive immunity as a dynamic Bayesian machinery that predicts optimal
repertoires based on past pathogen encounters and knowledge about
typical pathogen dynamics. Two key experimentally observed charac-
teristics of adaptive immunity emerge naturally from this model: (1) a
negative correlation between fold change of protection upon a challenge
and preexisting immune levels and (2) differential regulation of mem-
ory and naive cells. We argue that to explain the benefits of immune
memory, antigenic environments need to be highly sparse. We derive
experimentally testable predictions about the diversity of the mem-
ory repertoire over time in such sparse antigenic environments. The
Bayesian perspective on immunological memory provides a unifying
conceptual framework for a number of features of adaptive immunity
and suggests further experiments.

BP 35.4 Thu 15:45 H 2013
Asymmetric Link detection via a generalized ESABO ap-
proach — eJENS CHRISTIAN CLAUSSEN — Computational Systems
Biology, Jacobs University Bremen, Germany

Mutualisms in biological populations are widespread from bacteria to
mammals. Mutualistic interactions can be positive (synergistic) or
negative. Often even in microbial data the number of available samples
is marginally sufficient to allow for detection of interactions, especially
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for the low-abundance species that may carry important information in
clinical context. The recently introduced ESABO method (PloS Comp
Biol 13: €1005361 (2017)) utilizes an information-theoretic approach to
evaluate binarized abundances and was demonstrated to detect inter-
action links that were not apparent in the classical correlation analyses.
ESABO provides high (resp. low) scores if joint occurence is higher
(resp. lower that in surrogate data. As so far, ESABO concludes
on negative interactions when co-occurrence is lower than expected.
However, this can be due to asymmetric (unidirectional parasitic) in-
teraction in any of two directions, or due to symmetric interactions.
Here we generalize the ESABO method to analyze co-abundance data
resolving for asymmetry between the interactions.

BP 35.5 Thu 16:00 H 2013
Modelling the Emergence of Robustness and Evolvability in
Genotype-Phenotype Maps — eMaARCEL WEIss!'2 and SEBASTIAN
E. AnNERT!'2 — 1Theory of Condensed Matter Group, Cavendish
Laboratory, University of Cambridge, UK — 2Sainsbury Laboratory,
University of Cambridge, UK

Genotype-Phenotype (GP) maps play an important role in evolution
and their properties fundamentally affect the outcome of evolutionary
processes. A striking property found in several GP maps, such as that
of RNA secondary structure, is the positive correlation between the
robustness and evolvability of phenotypes, meaning that a phenotype
can be strongly robust against mutations and at the same time evolv-
able to a diverse range of alternative phenotypes. By introducing two
analytically tractable GP map models that follow the principles of real
biological GP maps, we study the characteristics that cause this pos-
itive correlation between phenotype robustness and evolvability. We
find that it only emerges if mutations can have non-local effects on
sequence constraints, highlighting that these effects are likely to be an
important feature of many biological GP maps.

Invited Talk BP 35.6 Thu 16:15 H 2013
Out-of-equilibrium response of soft and biological matter to
forces and deformation — eCrLaus HEUSSINGER — Institut fiir the-
oretische Physik, Universitdt Gottingen

In the talk I will give a few examples from our research concerning
the complex dynamical response of soft and biological materials to
perturbations via forces or deformation. The systems we study are,
in general, far from thermal equilibrium. Phenomena will range from
the emergence of flow instabilities (shear-banding, rheo-chaos) in com-
plex fluids, over the visco-elasto-plastic behavior of biological cells and
their sub-cellular components, to the fluid-to-solid jamming transition
in a-thermal granular particles. The goal is to define suitable model
systems where the relevant physical mechanisms can be identified and
understood. To this end we use different simulation tools going hand
in hand with analytical modeling and, whenever possible, experimental
verification.

BP 35.7 Thu 16:45 H 2013

Mechanical tuning of synaptic patterns enhances immune
discrimination — eMiLos Knezevicl? and SHENSHEN Wancl —
1Department of Physics and Astronomy, University of California Los
Angeles, Los Angeles, CA 90095, USA — Z2Institut fur Theoretis-
che Physik, Technische Universitat Berlin, Hardenbergstr. 36, 10623
Berlin, Germany

An immunological synapse is an adhesive intercellular junction that
forms between B cells and antigen-presenting cells (APCs) during
recognition. This dynamic surface contact is patterned with com-
plementary receptors and ligands on the apposing membranes, thus
specifically regulating directed information transfer. Via synapses, B
cells use mechanical pulling forces to extract antigen (Ag) from APCs
for subsequent processing and presentation. Recent experiments show
that, depending on the stage in its life cycle, a B cell exhibits distinct
synaptic patterns accompanied with different strength and timing of
force usage, which appears to lead to varied stringency of affinity dis-
crimination. Using a minimal model of membrane adhesion, we study
how the observed synaptic architectures can originate from normal me-
chanical forces coupled to lateral organization of mobile receptors, and
show how this coupling might affect the efficiency and selectivity of Ag
acquisition. We conclude that cytoskeletal forces could play an impor-
tant role in tuning the synaptic patterns, which in turn enlarges the
dynamic range of immune recognition with enhanced discrimination.

BP 35.8 Thu 17:00 H 2013
Specialisation and plasticity in interacting biological pop-
ulations SOLENN PaTaLANO!, eADOLFO ALSINA2, STEFFEN
Ruranps?, and WoLr Reixk! — !Babraham Institute, Cambridge,
UK — 2Max Planck Institute for the Physics of Complex Systems,

Dresden, Germany

The structure and dynamics of biological systems are tightly regulated
on multiple scales, from transcriptional and epigenetic regulation to
population level feedback. While many biological systems are surpris-
ingly robust against environmental fluctuations they, simultaneously,
exhibit a remarkable plasticity in response to changes in their environ-
ment. Using the social wasp Polistes as an example we combine experi-
mental and theoretical methods to study how a primitive society simul-
taneously achieves phenotypic specialisation and a remarkable degree
of plasticity. After perturbing the society by queen removal, we exper-
imentally follow the relaxation dynamics into the social steady state
across scales, from social and behavioural measurements to physiolog-
ical measurements and detailed molecular characterisations of single
wasps. We develop a theoretical framework that explains the emer-
gence of the social structure of Polistes as a result of opposing dynam-
ics on the molecular and the population scales. We show that such
dynamics provide a general principle of how both specialization and
plasticity can be achieved in biological systems. As well as elucidating
mechanisms of epigenetic plasticity in wasps and other biological sys-
tems this study shows that the multiscale dynamics in primitive social
insects provide a laboratory for non-equilibrium physics.

BP 36: Cell Adhesion and Migration, Multicellular Systems Il

Time: Friday 9:30-12:00

Invited Talk BP 36.1 Fri9:30 H 1028
Physical forces driving migration, division and folding in ep-
ithelial sheets — eXaviErR TrREPAT — IBEC, Baldiri Reixac 15-21,
08028 Barcelona

Biological processes such as morphogenesis, tissue regeneration, and
cancer invasion are driven by collective migration, division, and fold-
ing of epithelial tissues. Each of these functions is tightly regulated by
mechanochemical networks and ultimately driven by physical forces. I
will present maps of cell-cell and cell-extracellular matrix (ECM) forces
during cell migration and division in a variety of epithelial models, from
the expanding MDCK cluster to the regenerating zebrafish epicardium.
These maps revealed that migration and division in growing tissues are
regulated cooperatively. I will also present direct measurements of ep-
ithelial traction, tension, and luminal pressure in three-dimensional
epithelia of controlled size and shape. By examining epithelial tension
over time-scales of hours and for nominal strains reaching 300%, we
establish a remarkable degree of tensional homeostasis mediated by
cellular adaptations.
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BP 36.2 Fri 10:00 H 1028
Simultaneous Modeling of Random Crawling and Internal
Polarization of Motile Amoeboid Cells — eSErciO ALONSO!,
MAIKE STANGE2, and CARsSTEN BETA? — !Department of Physics,
Universitat Politecnica de Catalunya, Barcelona, Spain — 2Institute
of Physics and Astronomy, Universitat Potsdam, Potsdam, Germany

The amoeboid motion of certain cells gives rise to different dynamics
depending on the level of starvation. This motion is correlated with the
patterns of diverse biochemicals in the interior of the cells. We com-
pare first the displacement and the velocity of vegetative and starving
cells of Dictyostelium discoideum with a simple model of individual
cells. Second, the deformations of the membrane is studied in the nu-
merical model and in the living cells, and finally, we study the patterns
originated in the interior of the simulated cells and compare them with
the actin patterns observed in the experiments. Therefore, we fit and
adapt the parameter values of the model to correctly account for the
motion of the centre of mass of the cell and the intracellular pattern
formation.
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BP 36.3 Fri 10:15 H 1028
Intricate features of 3D cancer cell invasion — eFRANK SAUER!,
STEFFEN GROsSER?, JosEF A. Kis2?, and Craupia T. MiErke!
!Biological Physics Division, Peter Debye Institute for Soft Matter
Physics, University of Leipzig, Germany — 2Soft Matter Physics Di-
vision, Peter Debye Institute for Soft Matter Physics, University of
Leipzig, Germany

The invasion and the motility of cells into 3D tissues is often connected
to cell shape changes and pathologists typically diagnose cancer from
cell shape or tissue architecture anomalies. However, the correlation
between cell shapes and tissue properties and their influence on cancer
cell motility is still not well understood. We developed live invasion
assays that allow us to analyze the 3D migration pathway of single cells
or cells invading from spheroids into tunable collagen gels on statisti-
cally relevant cell numbers. Cell shape information can be correlated
with migration patterns, invasion depth and matrix properties. Our
results show that the invasiveness and the aspect ratio of single inva-
sive MDA-MB-231 cells is drastically reduced by increasing collagen
concentration, whereas clusters of the same cells show a distinct con-
traction and densification of the collagen network prior to invasion
followed by a subsequent degradation. On spheroids from non-invasive
MCF7 cells only minor network deformations and no invasion or fiber
degradation was observed. Our findings support the view that the
mechanical properties of the extracellular matrix are a key factor to
initiate cancer cell evasion from cell masses such as spheroids, however,
they can also act as an obstacle for single cell migration.

BP 36.4 Fri 10:30 H 1028
The Physics of Blastoderm Flow during Early Gastrula-
tion of Tribolium castaneum — eSTEFAN MUNSTERD23, ALEXAN-
DER MIETKE!, AkANKsHA JAINZ, PavEL TomANCAK?, and STEPHAN
GriLL3 — 'MPI for Physics of Complex Systems — 2MPI of Molec-
ular Cell Biology and Genetics — 3TU Dresden

The early embryo of the red flour beetle, Tribolium castaneum, initially
consists of a single-layered blastoderm covering the yolk uniformly that
differentiates into an embryonic rudiment as well as extraembryonic
amnion and serosa. The germband anlage forms inside the egg during
gastrulation when the embryonic rudiment condenses and folds along
the ventral midline; this process is accompanied by large-scale flow
and expansion of the extraembryonic serosa which ultimately covers
the entire surface of the egg, thus engulfing the growing embryo. The
mechanical properties of these tissues and the forces governing these
processes in Tribolium, as well as in other species, are poorly under-
stood. Here, we present our findings on the dynamics of myosin in the
early blastoderm of Tribolium using multiview lightsheet live imaging
of transiently labeled wild type embryos. We quantitatively measure
the global distribution of myosin throughout the flow phase and present
a physical description that couples the contractile forces generated by
myosin to the mechanical properties of the blastoderm. In particular,
we describe the overall tissue as a thin, actively contractile, viscous
bulk medium that exhibits friction with the vitelline membrane. This
description accurately captures the large-scale deformation the tissue
undergoes during the initial stages of gastrulation.

BP 36.5 Fri 10:45 H 1028
Force generation during collective migration of bacteria —
eBENEDIKT SABASS — Forschungszentrum Jiilich, Germany

Bacterial migration, aggregation, and even host infection depend on
the generation of mechanical force. Here, we present a first study of
bacterial cell-substrate traction using Myxococcus xanthus as a model
organism. M. xanthus exhibits two common mechanisms of motility,
namely, twitching and gliding. We find that these two mechanisms
lead to complementary dynamics and traction patterns. Twitching
leads to local, uncoordinated traction while gliding in groups allows
for collective emergence of directional traction. The forces generated
by each cell are significantly upregulated when cells contact each other
in groups, which highlights the importance of cell-cell signaling for
collective motility.

Force generation by groups of migrating bacteria
B. Sabass, M.D. Koch, G. Liu, H.A. Stone, J.W. Shaevitz
PNAS, 114(28) : 7266, 2017

BP 36.6 Fri 11:00 H 1028
Integrated Heart-on-a-Chip systems: In situ characterization
of contractile forces in 3D cardiac p-tissues — ¢ OLIVER SCHNEI-
DER, STEFANIE FucHs, CHRISTOPHER PROBST, and PETER LOSKILL —

89

Department of Cell and Tissue Engineering, Fraunhofer Institute for
Interfacial Engineering and Biotechnology IGB, Stuttgart, Germany

Human induced pluripotent stem (iPS) cells possess the power to rev-
olutionize medicine and basic biological research by opening path-
ways for individualized medicine and large-scale animal-free drug test-
ing. Over the last years, microfluidic Organ-on-a-Chip (OoC) sys-
tems evolved from a conceptual idea to a feasible alternative for an-
imal models. OoCs combine iPS-based tissues with microfabrication
technologies to create microphysiological in vitro models featuring hu-
man genetic background, physiologically relevant tissue structure and
"vasculature-like" perfusion. Most of these systems, however, lack the
ability to thoroughly analyze the integrated tissues and their response
to administered drugs. We present a novel integrated device enabling
the parallelized cultivation and characterization of human cardiac mi-
crotissues in a physiological, precisely controlled environment. By
combining traction force microscopy with microfluidic OoC-systems,
we are able to extract in situ information about the spatial and tem-
poral force distribution in cardiac microtissues. The developed system
enables the multiplexed automated analysis of many individualized
tissues in parallel, thus bridging the gap from basic tissue creation to
viable big data collection.

BP 36.7 Fri 11:15 H 1028
Dynamics of Cell Jamming: Disentangling the Shape and
Density Dependences — oJURGEN LIPPOLDT, STEFFEN GROSSER,
Paur HEINE, LINDA OswAaLD, and Joser KAs — Peter Debye Institute
for Soft Matter Physics, University Leipzig, Leipzig, Germany

Cellular dynamics have been shown to display characteristics of jam-
ming transitions, which originally had been observed as a function of
cell number density (Angelini et al., PNAS 2011). Recently, the Self-
Propelled Voronoi (SPV) model has predicted a density-independent
transition as a result of the counter play of adhesion and contractile
forces (Bi et al., Nat. Phys. 2015), visible in the dimensionless shape
parameter.

We use cell tracking combined with Voronoi tessellation of the nu-
clei to estimate the probability of T1 transitions and neighborhood
exchanges. Thereby, we can describe the local fluidity of a cell layer
and look for the onset of cellular jamming. A moderately high den-
sity is required for epithelial-like MCF-10A cells to jam. Within this
high-density regime, the correlation of fluidity and shape of the indi-
vidual local cells is stronger than the correlation of fluidity and local
density. Mesenchymal-like MDA-MB-231 cells stay fluid even for very
high densities and never reach the round configurations that corre-
late to jamming for epithelial-like MCF-10A. In co-culture, both cell
types demix and MDA-MB-231 cells form unjammed islands within
the jammed collective of MCF-10A cells.

BP 36.8 Fri 11:30 H 1028
Temperature gradients characterize, counteract and rescue
P granule segregation in C. elegans — eAnaTorL W. FriTscu!,
MarTHAUS MiTTascu!, CARSTEN HokGE!, FRANK JULICHER?, AN-
THONY HyMmAN!, and MoriTz KrEYsiNg! — 1MPI-CBG, Dresden,

Germany — 2MPI-PKS, Dresden, Germany

Recent studies report on membrane-less condensates in cells, that are
formed by liquid-liquid phase separation. In C. elegans zygotes con-
densates, named P granules, segregate asymmetrically to one daughter
cell during the first cell division. This process is involved in the devel-
opment of a functional germ line. More specifically, the asymmetric
localization of P granules depends on a protein gradient of MEX-5
along the long axis of the zygote. MEX-5 in turn, is thought to act
through an mRNA competition mechanism and locally regulates the
phase separation of the of the condensates.

Using a strategy based on the physical principles of phase-separation,
we are able to rescue the asymmetric localization of P granules in
MEX-5 RNAi mutants with defective segregation in vivo. We replace
the protein gradient with a localized temperature gradient that mimics
the physical mechanisms of the local regulation in phase separation.
Furthermore, with this approach, we are able to invert the endogenous
spatial distribution of P granules in zygotes. This enables us to study
the dynamics of in vivo phase separation via controlled physical per-
turbations. In this study we conclude, that P granule segregation is
a spatially tuned, diffusive-flux dependent, evaporation-condensation
phenomenon.

BP 36.9 Fri 11:45 H 1028
Inversion of rod photoreceptor nuclei improves retinal light
transmission by 50% — eKAUSHIKARAM SUBRAMANIAN', MARTIN
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WEIGERT!, HEIKE PETZOLD!, MARIUS ADERZ, IRINA SOLOVEI®, and
Moritz Krevysing! — 'MPI-CBG, Dresden, Germany — 2CRTD,
Dresden, Germany — 3LMU, Munich, Germany

Vertebrate retina has a puzzling inverted structure, with 100s of mi-
crons of living neural tissue in the light path before its detection by
rods and cones. Large number of rods result in densely packed, light
scattering nuclei. In nocturnal mammals rods postnatally undergo a
hallmark process of nuclear architecture inversion [1]. Previous stud-
ies suggest,reduced forward light scattering in isolated rod nuclei and
their predicted light focusing was experimentally verified [2].

Now, with high-throughput analysis of wild type and transgenic

mouse retina nuclei we establish causality in large angle light scatter-
ing and sub nuclear architecture. Using modulation transfer analysis
at tissue level, we demonstrate nearly 50% reduction in image detail
transfer (Strehl ratio) in transgenic retina lacking nuclear inversion.
Modelling and simulation of light propagation reveal a mechanistic
relation between single cell scattering and emergent tissue optics. Fi-
nally, behavioral studies confirm the visual benefit of inverted nuclear
organization for motion detection in low light conditions. Thus, in-
verted nuclear architecture in mouse retina conclusively improves reti-
nal image transfer and visual function.

References: [1] Solovei et al, Cell(2009) [2] Blaszczak et al, Opt
Express(2014) (3] Solovei, et al, Cell(2013)

BP 37: Active Matter (joint session BP/CPP /DY)

Time: Friday 9:30-12:00

BP 37.1 Fri9:30 H 1058
Collective cell behavior - a phase field active polar gel model
— oAXEL VoicT, SIMON PrRAETORIUS, and DENNIS WENZEL — TU
Dresden, Institut fiir Wissenschaftliches Rechnen

We consider a continuum model for collective cell movement. Each
cell is modeled by a phase field active polar gel model and the cells
interact via steric interactions. We provide a finite element implemen-
tation with a parallel efficiency in the number of cells. This is achieved
by considering each cell on a different processor and various improve-
ments to reduce the communication overhead to deal with the cell-cell
interactions. We demonstrate results for up to 1.000 cells.

BP 37.2 Fri 9:45 H 1058
Statistical physics and hydrodynamics of passive/active
mixtures — eRAPHAEL JEANNERET!, ARNOLD MATHIIJSSEN2, and
Marco PorLin® — 1IMEDEA-UIB, Esporles, Spain — 2Stanford Uni-
versity, Stanford, US — 3Warwick University, Coventry, UK

In this talk I will present a series of experimental and theoretical re-
sults regarding the dynamics of passive particles in liquid bath of ac-
tive ones. The active particles act here, via the flows they generate,
as localized and erratic sources of momentum for the passive beads
leading to non-trivial dynamics. Beyond their exciting features for the
physicist, active/passive systems are worth studying quantitatively for
applications as diverse as the transport of passive entities in cells,
biogenic mixing (i.e. mixing of the ocean by living creatures), virus
infection, cargo transport (e.g. drug delivery) or self-assembly (e.g.
via motility-induced phase separation). The model system I consider
is composed of the motile micro-alga Chlamydomonas reinhardtii, a
model organism at numerous levels, and polystyrene beads. I will first
show that the effective diffusion of micron-sized beads embedded in ho-
mogeneous suspensions of algae is greatly enhanced compared to their
thermal counterpart. I will then demonstrate how this coarse-grained
dynamics can be understood from the near-field hydrodynamics of the
swimming organisms via hydrodynamical entrainment events. Finally
I will talk about recent results regarding systems of weakly Brownian
colloids in spatially heterogeneous suspensions of algae and show how
our findings can be used to induce the spontaneous demixing of the
two kinds of particles.

BP 37.3 Fri 10:00 H 1058
Got worms? Collective feeding in C. elegans — e¢ROBERT EN-
DRES, LINUS SCHUMACHER, SERENA DING, and ANDRE BRrRowN —
Imperial College, London, United Kingdom

Collective behaviour, a hallmark of complex living systems, is often
studied in groups of large animals or small cells, but less at the meso-
scopic scale. Here, we investigate the collective feeding of the nematode
C. elegans, known for its easy genetic manipulation and stereotypic
worm postures. In this system, small genetic perturbations can lead
to strikingly different population-level behaviors. First, we quantified
behavioral differences between the ’solitary’ lab strain and a ’social’
aggregating mutant strain, using fluorescence imaging and many-worm
tracking to probe the dynamics inside aggregates. Second, to un-
derstand the mechanism of aggregation, we drew on concepts from
motility-induced phase transitions and developed a minimal model.
Finally, using this model, we investigated the potential benefits of col-
lective feeding to explain the predominance of aggregating strains in
the wild.
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BP 37.4 Fri 10:15 H 1058
A continuum model to study coordination of tissue growth
— eMAaRrvyaM ALIEE, DAMIR VURNEK, SARA KALIMAN, and ANA-
Suncana SMmiTH — Cluster of Excellence: Engineering of Advanced
Materials, Friedrich-Alexander-University of Erlangen-Niirnberg

Living organisms represent fascinating and precise structures. It is still
a big challenge to understand the mechanisms though which cells inter-
act with each other and the environment to form reproducible patterns.
We analyze how tissue growth is controlled by cell properties putting
together a theoretical model and quantitative analysis of experiments.
We measure carefully growth properties of a single-layered epithelium,
cultured MDCK cells. In these experiments a group of several cells
grows to a bigger colony. We observe the density of cells increases and
a bulk region with a high constant density is established in the cen-
ter, surrounded by the edge where cell density decreases. Our results
demonstrate a gradual transition from an early exponential growth to
a non-linear regime when growth speed increases with colony size.
‘We develop a continuum model to take into account cell mechanics
and growth to study dynamics of tissues. We consider balance of cell
number and forces for viscoelastic materials modified by active terms
coming from cell division and apoptosis. We solve the equations with
analytical and numerical methods. Our results show establishment of
bulk and edge regions independent of many details. We study how the
dynamics of the colony is controlled by cell characteristics and their
interactions with surroundings. Remarkably, our model reproduces the
nontrivial properties of MDCK growth in different experiments.

BP 37.5 Fri 10:30 H 1058
Synthetic reconstitution of beating cilia — eIsaBeLLA GUIDO,
SMRITHIKA SUBRAMANI, CHRISTIAN WESTENDORF, and EBERHARD
BobpenscHaTz — Max Planck Institute for dynamics and self-
organization, Gottingen, Germany

Cilia are microscopic hair-like structures that present a rhythmic wav-
ing or beating motion and are found on the surface of almost all mam-
malian cells and on the body of some protozoan organisms. They are
used for fluid flow based transport (e.g. removal of pollutants in the
trachea) or for the locomotion in viscous fluid environments.

In our work we aim to develop synthetic ciliated systems able to
propel themselves or to move fluids across a fixed surface. For this
purpose we employ a bottom-up approach for assembling a simple sys-
tem made of few building blocks adapted from natural cilia, namely
microtubules and motor proteins. Using Kinesin-1, a processive motor
powered by ATP hydrolysis, we synthesized a system containing MT
bundles that are free to move in all planes, deviating from the con-
ventional gliding assay. By binding them to a surface using a suitable
anchor system, we are able to observe the microtubules-motor protein
system oscillations in a manner that closely mimics ciliary movement.

The issue that we are addressing in our experiments is: how simple
is the simplest system that is able to beat?

BP 37.6 Fri 10:45 H 1058
DNA in the cell nucleus is organized similar to an ac-
tive microemulsion — eLeENNART HiLBERT!'2:3, YUuko Saro?, Hi-
rosui Kimura*, Frank JoLicaEr!3:%, ALr HoNiGMANNZ, VASILY
ZABURDAEV!3, and NaDINE VAsTENHOUW? — !Center for Systems
Biology Dresden — 2Max Planck Institute of Molecular Cell Biology
and Genetics — 3Max Planck Institute for the Physics of Complex
Systems — 4Tokyo Institute of Technology — Center for Advancing
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Inside cell nuclei, DNA is stored in the form of chromatin. Chromatin
is three-dimensionally organized in response to transcription of DNA
into RNA. Here, we studied the mechanisms by which transcription
organizes chromatin, using experiments in zebrafish embryonic cells
and theory. We show that transcription establishes an interspersed
pattern of mutually exclusive chromatin-rich domains and RNA-rich
domains. Ongoing transcriptional activity stabilizes the interspersed
domain pattern by establishing contacts between the RNA and tran-
scribed parts of chromatin. We explain our observations with an active
microemulsion model based on two macromolecular mechanisms: (i)
RNA/RNA-binding protein complexes and chromatin undergo phase
separation, while (ii) transcription tethers RNA /RNA-binding proteins
to chromatin and thereby forms amphiphile particles that intersperse
the phases. Thus, three-dimensional DNA organization in the cell
nucleus is an example of an unconventional, active microemulsion, sta-
bilized by a catalytically active amphiphile that produces one of the
emulsified phases.

BP 37.7 Fri 11:00 H 1058
Size increases produce coordination trade-offs in a simple

multicellular animal near criticality — Mircea R. Davipescul,

ePawEL Romanczuk?3, THomas GREGOR*, CorRINA E. TARNITA!,
and Iain D. Couzin®% — 1Dept. of Ecology and Evol. Biology,
Princeton University ,USA — 2Institute for Theoretical Biology, Dept.
of Biology, Humboldt Universitiit zu Berlin, Germany — 3Bernstein
Center for Computational Neuroscience, Berlin, Germany — 4Joseph
Henry Laboratories of Physics, Princeton University, USA — %Dept.
of Collective Behavior, MPIORN, Konstanz, Germany — SDept. of

Biology, University of Konstanz, Germany

Based on theoretical arguments from statistical physics, it has been
suggested that collective systems in biology should operate close to
criticality in order to maximize their susceptibility to external signals
[Mora & Bialek, J Stat Phys, 144, 2 (2011)]. Recently, this hypothe-
sis received increased attention in the context of collective behavior in
biology. However, it is still rather controversial and up to know most
support for it comes from idealized mathematical models and few ex-
perimental systems. Here, we will discuss some recent experimental
observations of Placozoa (Trichoplax Adhaerens), a simple multicellu-
lar animal effectively corresponding to a quasi two-dimensional cellu-
lar sheet. By combining experimental data with simple mathematical
model of Placozoa motion as a collective system, we find that the ob-
served dynamics are indeed consistent with the criticality hypothesis,
but as a consequence these simple animals without a central nervous
system have to face a fundamental size-coordination trade-off.

BP 37.8 Fri 11:15 H 1058
Harnessing emergence in bacterial populations: From bio-
logical mixing to active mechanics — eANUPAM SENGUPTA —
Institute for Environmental Engineering, ETH Zurich, Switzerland —
Physics and Materials Science Research Unit, University of Luxem-
bourg

At the scale of a single cell, interactions between a bacterium and
its micro-environment represent a complex biophysical interface be-
tween phenotypic states (free-living planktonic or surface-attached ses-
sile state) and external cues. In this talk I will discuss two recent works
where we use experiments and modeling to elucidate how bacterial phe-
notype cross-talks with immediate micro-environment, and harnesses
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the emergent physics for biological functions. In the first case, we will
see how Chromatium okenii, a 10 pm long purple sulphur bacterium, is
capable of mixing over a meter thick layer of water in the Swiss Alpine
lake, Lago di Cadagno. By changing the local fluid density, C. okenii
is able to trigger convection rolls, creating a sustained well-mixed nu-
trient layer within an otherwise stratified lake. In the second instance,
we will examine emergent geometrical and mechanical properties of
a bacterial colony growing on a soft substrate. We show that such
an expanding colony self-organizes into a “mosaic” of micro-domains
consisting of highly aligned cells, before emerging into an active ne-
matodynamic system. Interestingly, phenotypic traits - motility in the
first and growth-induced stresses in the latter - couple with local hy-
drodynamics, to elicit important ecological functions at scales that can
be orders of magnitude higher than single cells.

BP 379 Fri 11:30 H 1058
Hydrodynamic theory of aster positioning by motor proteins
— o ANDREJ VILFAN — J. Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia

In fertilized egg cells of certain species the male pronucleus is trans-
ported to the center of the cell by growing an asymmetric microtubule
aster, which then serves as a track for motor proteins carrying vesicles
towards the center. Because these vesicles experience a viscous drag in
the surrounding cytoplasm, the motors exert the opposite force on the
microtubules. The asymmetry of the aster then leads to a net pulling
force towards the cell center. Yet hydrodynamic interactions make the
understanding of the process difficult.

Here we discuss a coarse-grained approach where we describe the
aster as a porous medium and the moving vesicles as sources of an
active pressure gradient. In parallel, we use computational models to
determine the parameters of the continuum model. For realistic pa-
rameters, we show that a significant proportion (10-20%) of the motor
force is converted to a pressure gradient and contributes to aster cen-
tering. We conclude that vesicle transport in a viscous environment is
a surprisingly efficient way of force generation.

BP 37.10 Fri 11:45 H 1058
Active polymer models for the 3D organization of chromo-
somes — eJoHANNES NUEBLER!, GEOFFREY FUDENBERGZ, MaXIM
ImakAEV!, NEzZAR ABDENNUR!, and LeoNID MIrRNY! — lInstitute
for Medical Engineering and Science, Massachusetts Institute of Tech-
nology, Cambridge, MA 02139, USA — 2University of California, San
Francisco, Gladstone Institutes, San Francisco, CA 94158, USA

Eukaryotic chromatin is far from being a randomly arranged poly-
mer in the cell nucleus. Rather, a high degree of spatial organization
on various length scales is revealed by Hi-C and imaging techniques.
We show that the organization on intermediate scales emerges from
the interplay of two mechanisms, one active and one passive: first,
on the scale of one million basepairs and below, active formation of
growing chromatin loops emerges as a general organizational princi-
ple throughout the cell cycle. Second, a block-copolymer based phase
separation explains chromatin compartmentalization on larger scales.
Interestingly, these processes interact: only the interplay of loop ex-
trusion and spatial segregation explains a large number of experimen-
tal perturbations, namely removal of the loop extruder cohesin, re-
moval of the cohesin boundary element CTCF and removal of the co-
hesin unloader Wapl, and it makes specific predictions for variations
in the compartmental interaction and topological constraints (bioRxiv:
https://doi.org/10.1101/196261).
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BP 38: Membranes and Vesicles Il (joint session BP/CPP)

Time: Friday 9:30-12:00

BP 38.1 Fri 9:30 H 2013
Change of thermodynamic state of cell membrane during an
action potential — eSiMoN FABIUNKE, CHRISTIAN FILLAFER, and
MAaTTHIAS SCHNEIDER — Medizinische und Biologische Physik, TU-
Dortmund

Nonlinear pulses like action potential are considered to be purely elec-
trical phenomena. However, it has been shown that thermal, mechani-
cal, chemical and optical changes also occur at the excitable membrane.
From a thermodynamic perspective such pulses have been described
as a propagating state change in the cell membrane.

In the present work, we investigated the emission properties
of a commonly used potential-sensitive dye (di-4-ANEPPDHQ) as
a function of state in phospholipid vesicles and cell membranes.
When the thermodynamic state of vesicles made from di-myristoyl-
phosphatidylserine (DMPS) was changed by temperature or pH, the
fluorescence intensity and spectrum of the embedded dye under-
went characteristic changes. During the transition from the liquid-
disordered to the liquid-ordered phase, the fluorescence intensity ex-
hibited a maximum and the emission spectrum shifted to shorter wave-
lengths (by about 26 nm). Subsequently, the same dye was incorpo-
rated into the plasma membrane of an excitable cell (Chara Braunii).
When an action potential was triggered the emission spectrum shifted
to shorter wavelengths. This indicates that propagation of an action
potential is associated with a significant change of state of the excitable
cell membrane.

BP 38.2 Fri 9:45 H 2013
Vesicle adhesion and fusion studied by small-angle x-ray scat-
tering — eKARrRLO KoMoROWSKI', ANNALENA SALDITT!, Yinur Xul,
HALENUR Yavuz2, MARTHA BRENNICH®, REINHARD JAHNZ, and T1m
SaLprrT! — lInstitut fiir Réntgenphysik, Georg-August-Universitit
Gottingen, Gottingen, Germany — 2Department of Neurobiology,
Max-Planck-Institute for Biophysical Chemistry, Géttingen, Germany
— 3Buropean Molecular Biology Laboratory, Grenoble, France

Membrane fusion takes place in numerous physiological processes on
the cellular and subcellular level as in the case of synaptic neurotrans-
mission. The merger of two membranes generally involves a highly
complex interplay on the molecular level among lipids, membrane fu-
sion proteins, ions of the aqueous environment and water molecules.
We aim at the structure of intermediate states of a vesicle and mem-
brane fusion pathway. A main emphasis is laid on adhered vesicles.
Recent observations indicate that such a docking state, showing two
flattened membranes in close proximity, plays a role in vesicle fusion.
For this purpose, we have studied adhesion and fusion of lipid vesi-
cles induced by CaCla/MgCl,, and show that a stable adhesion state
can be induced under certain conditions. The bilayer structure and
the inter-bilayer distance between adhered vesicles was analyzed by
small-angle x-ray scattering (SAXS). From the obtained structural pa-
rameters we aim at an understanding of inter-membrane potentials in
adhesion and in fusion. Finally, we have studied structural dynamics
of lipid vesicle fusion using time-resolved SAXS techniques, and show
that intermediate states can be distinguished over time.

Invited Talk BP 38.3 Fri 10:00 H 2013
The role of dynamin twist in membrane fission — MARTINA
Pannuzzo!, ZacHARY A. McDaRrGH!2, and eMARKUS DESERNO! —
IDepartment of Physics, Carnegie Mellon University — 2Department
of Chemical Engineering, Columbia University

The final step of many biological membrane fission events involves the
GTPase dynamin, which assembles into a helical filament around the
neck of a nascent vesicle and somehow severs this remaining connec-
tion. But despite about two decades of research, the actual physical
processes that lead to fission are still a matter of debate. Dynamin’s
action occurs on the scale of a few tens of nanometers over just a
few milliseconds, which is too small and fast for many experimental
techniques, but too large and slow for atomistic simulations. Here
we present coarse-grained simulations that are specifically designed
to capture the interplay of geometry and elasticity. We argue that,
within reasonable experimental limits, the two widely discussed con-
formational changes of shrinking the radius or increasing the pitch
of a dynamin helix are insufficient to trigger fission. However, a third
change, reminiscent of an effective twist of the filament, which accounts
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for the experimentally observed asymmetric unbinding of dynamin’s
PH-domains, turns out to efficiently drive the neck into the hemifis-
sion state. Following the retraction of the substrate, the remaining
dynamin coat can unbind, and the tensile force in the connecting mi-
cellar string draws the almost severed membranes together one more
time, until bilayer contact catalyzes the scission of the micelle.

BP 38.4 Fri 10:30 H 2013
Appling forces to model cells using microfluidic systems —
eTom RoBiNsoN — Max Planck Institute of Colloids and Interfaces,
Potsdam, Germany

Biological cells in their natural environment experience a variety of
external forces such as fluidic shear stress, osmotic pressures, and me-
chanical loads. While membrane proteins are a crucial part of the
cellular response to external stimuli, in recent years so called *lipid
rafts* have been thought to play an important role in the spatial or-
ganization of membrane proteins. Synthetic membranes such as giant
unilamellar vesicles (GUVs) offer a reduced cell model, whereby indi-
vidual components can be isolated and studied without interference
from the complexity of the natural cell. However, applying specific
forces to these delicate objects in a controllable manner is non-trivial.
To this end, we report a microfluidic method to capture GUVs and
apply a variety of forces. The first device contains micro-patterned
electrodes which allows the application of electric fields and observa-
tions of the subsequent membrane fusion (Robinson et al. Lab on a
chip 2014). The second device uses a valve-based system to apply
specific fluidic shear forces to membranes (Sturzenegger et al. Soft
Matter 2016). Our latest microfluidic design comprises an integrated
micro-stamp which is able to mechanically compress GUVs to study
the effects of deformation. We investigate the effects of these forces on
the behaviour of lipid domains as a model for lipid rafts in cells.

BP 38.5 Fri 10:45 H 2013
Design of a switchable DNA origami structure for shaping
lipid membranes — eALENA KHMELINSKAIA!, MEGAN ENGELZ3,
GARIMA MisHRA®, JonaTHAN Dove3, and PETRA ScHWILLE! —
IMax Planck Institute of Biochemistry, Planegg, Germany — 2Rudolf
Peierls Centre for Theoretical Physics, University of Oxford, Oxford,
United Kingdom — 3Department of Physical and Theoretical Chem-
istry, University of Oxford, Oxford, United Kingdom

Biological membranes are dynamic cellular barriers that suffer de-
formation and bending. In recent years, due to its exclusive nano-
engineering properties, the DNA origami technology has been vastly
used to build synthetic scaffolds that partially recapitulate curvature-
inducing mechanisms. Nonetheless, the control over such shaping phe-
nomena is yet scarce. Here, we design a DNA based nanostructure
with an integrated conformational switch, with the goal to deform free-
standing lipid membranes. Using site-directed single-strand displace-
ment reactions as force elements, DNA nanostructures change their
conformation into a bent state. Simulations of the DNA-based nanos-
tructures using the oxDNA coarse-grained model confirm the experi-
mentally observed bending. A complementary approach of nucleotide
sequence variation and simulation is used to balance the implemented
force elements and consequently optimize the conformational switch.
We show that bent DNA-based structures are capable of inducing large
scale deformations on free-standing lipid bilayers. Furthermore, our re-
sults may confirm theoretical predictions of membrane bending based
on the free energy changes of the bound DNA structures.

BP 38.6 Fri 11:00 H 2013
FCS analysis of protein mobility on lipid monolayers — eJoNAs
MuockscH! 2, ALENA KuMELINSkAIAL2, FrRaNco Conci!, GRZEGORZ
CuwasTEK!, and PETRA ScHwiILLE! — Max Planck Institute of Bio-
chemistry, Am Klopferspitz 18, 82152 Martinsried — 2authors con-
tributed equally

In vitro membrane model systems are used to study complex bio-
logical phenomena under controlled unadulterated conditions. Lipid
monolayers are particularly suited to study lipid packing in an unbi-
ased manner. To explore the effect of lipid packing on protein mobil-
ity, we used miniaturized chambers instead of conventional Langmuir-
Blodgett troughs. This assay requires only minute amounts of protein
and is ideally suited to be combined with single molecule sensitive
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fluorescence correlation spectroscopy (FCS) to characterize diffusion
dynamics. Our results confirm the influence of lipid packing on lipid
mobility and validate the use of FCS as an alternative to conventional
surface pressure measurements. Furthermore, we study the effect of
lipid density on the diffusion of membrane binding biomolecules, rang-
ing from small peptides to large DNA-based nanostructures. We ex-
ploit the sensitivity of FCS to characterize protein interactions with
the lipid monolayer in a low concentration regime, which is inaccessible
to conventional surface pressure measurements. Finally, we relate our
measurements to the characteristic hydrodynamic length of the lipid
monolayer. Our work provides a detailed strategy for the conduction
of point FCS experiments on lipid monolayers, which is the first step
towards extensive studies of protein-monolayer interactions.

BP 38.7 Fri 11:15 H 2013
Structure and Conformation of Single and Interacting Bac-
terial Surfaces — elaNacio RoDRIGUEZ LoUREIRO', VICTORIA
Latzal, Giovanna FragNETO?, and EMANUEL ScHNECK! — !Max
Planck Institute of Colloids and Interfaces, Potsdam, Germany —
2Institut Laue-Langevin, Grenoble, France

The outer surfaces of Gram-negative bacteria are composed of
lipopolysaccharide (LPS) molecules exposing oligo- and polysaccha-
rides to the aqueous environment. This unique, structurally complex
biological interface is of great scientific interest as it mediates the inter-
action of bacteria with antimicrobial agents as well as with neighbor-
ing bacteria in colonies and biofilms. Structural studies on LPS sur-
faces, however, have so far dealt almost exclusively with rough mutant
LPS of reduced molecular complexity and limited biological relevance.
Here, using neutron reflectometry we structurally characterize planar
monolayers of wild-type LPS from Escherichia Coli O55:B5 featuring
strain-specific O-side chains in the presence and absence of divalent
cations and under controlled interaction conditions. For interacting
LPS monolayers we establish pressure-distance curves and determine
the distance-dependent saccharide conformation.

BP 38.8 Fri 11:30 H 2013

instabilities and organelle biogenesis eSAMI

Osmotic

Avr-Izz112, GEorcE RowrLaNnDs2?, PIERRE SENs!, and MATTHEW

TurNER? — !Institut Curie (UMR. 168), Paris, France — 2University
of Warwick, Coventry, Uk

We study theoretically a membrane tube with unidirectional ion pumps
driving an osmotic pressure difference. A pressure driven peristaltic
instability is identified, quantitatively distinct from similar tension-
driven Rayleigh type instabilities on membrane tubes. We discuss
how this instability could be related to the function and biogenesis of
membrane bound organelles, in particular the contractile vacuole com-
plex found in protists. The unusually long natural wavelength of this
instability is in close agreement with that observed in cells. We also
consider extensions of this result to more complex/realistic systems.

BP 38.9 Fri 11:45 H 2013
Cholesterol effects on lateral structure formation — eFaBIAN
KeLLER, Davit HakoByaN, and ANDREAS HEUER — Institut fiir
Physikalische Chemie, Miinster, Deutschland

Cholesterol is essential for, e.g. , the domain formation of lipid mem-
brane mixtures and is thus at the heart of many basic properties of
lipid membranes.

In recent studies we could show that cholesterol is able to inter-
calate between DPPC molecules without changing the mean distance
of their head groups and, surprisingly, not changing the number of
DPPC or DLiPC neighbors. Additionally the presence of cholesterol
was found to decrease the lipid-lipid interactions of nearby lipids, in-
dicating the complex interaction mechanisms in cholesterol containing
bilayers. Our findings support the observations of cholesterol’s con-
densing capabilities and DPPC-cholesterol interaction to be the driv-
ing force for domain formation.

To further understand the underlying mechanisms of cholesterols
unique properties it is an essential step to include cholesterol to a
formerly introduced Monte Carlo lattice model mapping MD data of
DPPC and DUPC bilayers to a lattice [1]. Using this model one will
be able to study cholesterol structure formation for decisively greater
length and time scales, thereby completely resorting to input from
short-time MD data.

[1] D. Hakobyan, A. Heuer, J. Chem. Phys. 146, 064305 (2017)

BP 39: Focus Session: Complex Contagion Phenomena Il (joint session SOE/DY /BP)

Session organizers and chairs: Philipp Hoével, Pawel Romanczuk, and Jonathan Donges. See part I of

the session for a synopsis.
Time: Friday 9:30-13:15

Topical Talk BP 39.1 Fri 9:30 MA 001
Network reconstruction for the prediction of spreading pro-
cesses — #DIEGO GARLASCHELLI — Lorentz Institute for Theoretical
Physics, University of Leiden, The Netherlands

Financial contagion is an epidemic-like phenomenon whereby financial
distress can propagate across a network of banks connected by credit
relationships, possibly leading to the collapse of the entire system. In
order to estimate the systemic risk of financial contagion, the knowl-
edge of the entire interbank network is required. However, due to
confidentiality issues, banks only disclose their total exposure towards
the aggregate of all other banks, and not their individual exposures
towards each bank. A similar problem is encountered in epidemiol-
ogy. Is it possible to statistically reconstruct the hidden structure of
a network in such a way that privacy is protected, but at the same
time higher-order properties are correctly predicted? In this talk, I
will present a general maximum-entropy approach to the problem of
network reconstruction and systemic risk estimation. I will illustrate
the power of the method when applied to various economic, social,
and biological systems. Then, as a counter-example, I will show how
the Dutch interbank network started to depart from its reconstructed
counterpart in the three years preceding the 2008 crisis. Over this
period, many topological properties of the network showed a gradual
transition to the crisis, suggesting their usefulness as early-warning
signals. By definition, these signals are undetectable if the network is
reconstructed from partial bank-specific information.

BP 39.2 Fri 10:00 MA 001
Agent-based modeling of innovation spreading in ancient

times — eNaTasa DJurpJEvac CoNrRaD', Luzie HELFMANNDZ,
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Jonannes ZonkerD2, STEFANIE WINKELMANN!, and CHRISTOF
ScuUuETTE! 2 — 1Zuse Institute Berlin — 2Freie Universitaet Berlin

Modeling of spreading processes has gained a lot of attention in the
last decades, since these processes play a crucial role in understand-
ing a wide range of real-world systems that span biological, technical,
economical and social sciences. However, very little is known about
processes/systems that have happened in ancient times, available data
is sparse and we can not observe these systems again.

In this talk, we will present an agent-based model for the spreading
of the wool-bearing sheep in a population of herders in the Near East
and Europe, between 6200 and 4200 BC. In our model, the herders are
represented by agents moving diffusively in a geophysical landscape
and simultaneously interacting with other agents. The diffusion of the
innovation is thus happening on a spatial network that is changing in
time, as the connections between the agents are changing in time due
to their movements. We will use our model to explore the dynamical
properties of the spreading process and to study the qualitative effect
of different aspects affecting the speed and spatial evolution of this
spreading process.

BP 39.3 Fri 10:15 MA 001
Identifying the source of large-scale outbreaks of infec-
tious disease — ABiGa. Horn' and eHaNNo FRIEDRICH? —
! Bundesinstitut fiir Risikobewertung, Berlin, Germany — 2Kiihne Lo-
gistics University, Hamburg, Germany

We study the problem of identifying the source of emerging large-scale
disease outbreaks: given a model of the underlying network and re-
ports of illness, determine the outbreak source location. Existing work
on the network source identification problem has focused on studying
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this problem in trees and extending to general network structures in
an ad hoc manner; this is to assume the contamination travels along a
specific set known paths through a network, which may be an unreal-
istic approximation. In this work we develop a novel, computationally
tractable solution that accounts for all possible contagion transmission
paths through the network. We formulate a probabilistic model of the
contamination transmission process as a random walk on a network
and derive the maximum likelihood estimator for the source location.
If the temporal dimension of the spreading process is well understood,
we also estimate the epidemic start time. We demonstrate the ben-
efits of this approach to source detection through application to var-
ious real network and outbreak contexts, including the 2011 STEC
outbreak in Germany spread through the food supply network and
ongoing outbreaks of cholera in Mozambique spread through human
travel, showing significant improvements in accuracy and robustness
compared with the relevant state-of-the-art methods.

BP 39.4 Fri 10:30 MA 001
Spreading of multiple pathogens and their evolutionary sta-
ble strategies — eKar SEEGERs!, FAKHTEH GHANBARNEJAD!,
ALEssio CARDILLO2, and PriLipp HoVEL! — lInstitut fiir Theoretis-
che Physik, TU Berlin — 2Institut Catala de Paleoecologia Humana i
Evolucié Social (IPHES)

Different pathogens usually spread simultaneously in a host population
and thus often influence each other. They can either be competitive,
e.g. due to cross immunity, or cooperative, e.g. by suppressing the
immune system of the host. The latter can lead to unexpectedly large
outbreaks [EPL 104, 50001 (2013),Nature Physics 11, 936-940 (2015)]
as it has been seen in the Spanish Flu pandemic in the early 20th cen-
tury and it has been recently on serious warning alarm for co-infection
of HIV and tuberculosis or hepatitis, for instance. However coopera-
tion might not always be the best strategy for pathogens to survive, due
to death of the host population or enforced countermeasures. There-
fore we combine in a novel approach spreading dynamics of different
strains of multiple pathogens with evolutionary game theory. We show
bistability of strategies in the parameter space and finally discuss the
emergence of competition and cooperation of pathogens.

BP 39.5 Fri 10:45 MA 001
Complex Social Contagion of Structural Discrimination —
eGorM GRUNER JENSEN and STEFAN BornNHOLDT — Institute for
Theoretical Physics University of Bremen Otto-Hahn-Allee D-28359
Bremen Germany

One approach within evolutionary game theory study the spreading of
contagious behaviors in populations of agents distributed on a graphs.
Typically the agents interact in well defined games with their nearest
neighbors, and the evolutionary dynamics are implemented by letting
agents copying the behavior of their neighbors. Here we demonstrate
that this modelling approach can be applied in studying the complex
social contagion of structural discrimination. Starting from established
models designed to study the evolution of behaviors like cooperation
and altruism, we split the agents into groups distinguished only by an
observable labels. This generally entails an increased strategy-spaces,
as strategies may now be discriminating, ie. imply different behaviors
towards agents from different groups. Our model approach is funda-
mentally different from previous theories of the emergence and persis-
tence of discrimination, which usually rely on on an intrinsic preference
for helping your own kind, on games with asymmetric Nash equilibria
- like the Hawk-Dove Game, or on self-fulfilling prophecies. We do,
however, find a strong connection between the evolutionary stability
of discriminating strategies and the strength of the evolution pressure,
which indicates that an evolutionary perspective coul be an important
compliment to the existing theories.

BP 39.6 Fri 11:00 MA 001
Making rare events happen: prediction and control of net-
work extinction, switching, and other extreme processes. —
eJasoN Hinpes — U.S. Naval Research Lab, Washington D.C., United
States of America

Many complex networks must operate in uncertain and dynamic en-
vironments. Over long time scales, combinations of random internal
interactions and dynamical perturbations can organize to drive a net-
work from one collective state to another. Such noise-induced large
fluctuations may be associated with desirable outcomes, such as epi-
demic extinctions, or undesirable ones, such as switching in collective
order, or loss of network synchrony. In this talk I will discuss a gen-
eral formalism for predicting rare events in networks with internal and
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external noise, the role of topology in facilitating the most extreme
network events, techniques for optimal network control that leverage
uncertainty, and numerical solutions for the aforementioned when ex-
plicit formulas are unknown. Along the way, I will consider many
examples: from epidemic dynamics to opinion formation and synchro-
nization of coupled oscillators.

15 min. break

BP 39.7 Fri 11:30 MA 001
Complex contagion in social media — ePuiLiPP LorRENZ!, JONAS
Braun?, and PriLipp Hover! — lInstitute of Theoretical Physics,
Technische Universitat Berlin, Hardenbergstrafe 36, 10623 Berlin,
Germany — 2Department of Physics, Humboldt-Universitét zu Berlin,
Newtonstrafte 15, 12489 Berlin, Germany

Spreading processes on a network of individuals can be described either
under the assumption of independent interaction with equal transmis-
sion rates, like the classic SIS/SIR models (simple contagion) or one
can take the structure of an individual’s neighborhood into account
(complex contagion). A very interesting model is sociologically in-
spired and includes the relative threshold of a node’s surrounding re-
quired to change its state to infected (convinced). For the online world,
especially social platforms, which became the stage of opinion spread-
ing, these models have to be extended. We propose two extensions of
the classical threshold model:

e Reposting, the state of a node can be multiple infected (convinced)
changing the binary state variable to an integer.

e Recovery, a saturation of exposure, introducing a second threshold
that turns nodes into a recovered (immune) state.

We investigate the interplay of these ingredients, separated and in
combination with respect to the spreading dynamics and the role of
initiators by the quantitative comparison of various scenarios.

BP 39.8 Fri 11:45 MA 001
Flockworks: A class of dynamic network models for
face-to-face interactions — eBeNjaMIN F. Maier"? and Dirk
BrockMann®? — 1TRobert Koch-Institut, Nordufer 20, 13353 Berlin
— 2Institut fiir Physik, Humboldt-Universitét zu Berlin, Newtonstrafe
15, 12489 Berlin — 3Institut fiir Theoretische Biologie, Humboldt-
Universitat zu Berlin, Philippstr. 13, 10115 Berlin

Studying the dynamics of face-to-face interaction networks is essential
for a better understanding of contact mediated processes, contagion
processes, and disease spreading. In many studies regarding social sys-
tems, networks are reconstructed using time averages in which links
reflect an interaction likelihood, although this measures serves as a
qualitative feature from which network properties are computed. Dur-
ing the last years a significant effort was made to resolve this issue
by developing algorithms to analyze dynamic processes on the actual
time-dependent contact patterns of social systems. However, there
is still a lack of simple dynamic network models generating temporal
networks of typical behaviour observed in real systems.

We introduce a class of minimal dynamic network models that natu-
rally yield group formation and are easy to control with a small number
of parameters. We discuss a variety of properties of those models and
show that they reflect the character of real-world temporal data as well
as the properties of dynamic processes on this data remarkably well,
up to the prediction of epidemic curves.

BP 39.9 Fri 12:00 MA 001
Cooperation vs. defection in an evolutionary ecological
framework — eFELIXx KOSTER and FAKHTEH (GHANBARNEJAD —
Technische Universitdt Berlin, Hardenbergstrafe 36, 10623 Berlin,
Germany

In this work, we first extend the CGB model [1] by considering each
pathogen has two different strategies: cooperation or defection. Then
we analyse the fundamental properties of the interacting contagious
processes in a well-mixed population, i.e. homogeneous mean field
approximation. Altering parameters we discover new discontinuous
phase transitions for which we investigate the multi-stability shift in
the phase diagram. We show also qualitatively same results by stochas-
tic simulations. Furthermore, an evolutionary game is introduced to
mimic conditions, which force agents to adept their strategies by min-
imizing their payoff. This study improves our understanding of the
natural dynamics of species populations in an evolutionary ecological
framework
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[1] L. Chen, F. Ghanbarnejad, D. Brockmann ”Fundamental prop-
erties of cooperative contagion processes”’; New J. Phys. 19,
103041(2017)

key words; SIS, interacting dynamics, co-infection, complex conta-
gions, discontinuous transitions

BP 39.10 Fri 12:15 MA 001
Effective Distances for Epidemic Spreading — eANDREAS
Kouer!, Fravio IannNeLni?, Icor M. Soxorov?, and PHILIPP
HovVEL! — !Technische Universitit Berlin — 2Humboldt Universitét

zu Berlin

The analysis of global epidemics revealed that physical distances can
hardly be used to forecast the arrival time of the first infected per-
son. Instead, recent results on the global air traffic network suggest
that network based measures, so called effective distances correlate
well with actual detection times.

We compare numerical simulations on the global air traffic network
with different measures that are based on shortest distances, parallel
paths and the recently proposed random walk effective distance [1].
Furthermore, we extend the latter and propose an effective distance
that is based on non-backtracking walks. This simple diffusion model
allows to consider the directed nature of epidemic spreading and relates
the hitting probability to the infection arrival time.

[1] F. Iannelli, A. Koher, D. Brockmann, P. Hével, and I.M. Sokolov,
Effective distances for epidemics spreading on complex networks, Phys.
Rev. E 95, 012313 (2017).

BP 39.11 Fri 12:30 MA 001
Modeling of Behavioral Cascades in Fish Schools — ePawEkL
Romanczuk!2, MaTrT GroBis®, BRyan DanieLs?, WinniE PorL!»2,
CoLiN TwoMEY?, and Iain Couzin®7 — lInstitute for Theoretical
Biology, Dept of Biology, Humboldt Universitdt zu Berlin, Germany
— 2Bernstein Center for Computational Neuroscience, Berlin, Ger-
many — 3Dept. of Ecology and Evol. Biology, Princeton University,
USA — #ASU-SFI Center for Biosocial Complex Systems, Arizona
State University, USA — ®Dept. of Biology, University of Pennsylva-
nia — %Dept. of Collective Behavior, MPIORN, Konstanz, Germany
— "Dept. of Biology, University of Konstanz, Germany

Recently, it was shown that the spreading of stereotypical escape be-
havior (startle) in fish schools corresponds to a complex contagion
process [1]. Here, we will discuss the modeling of such behavioral
cascades using an extension of the generalized contagion model pro-
posed by Dodds & Watts [2]. In particular, using networks extracted
from experimental data, we will identify and discuss parameter regions
providing best agreement with experimentally observed cascades. Fur-
thermore, we will apply our modeling ansatz to new experiments on
the impact of different risk perception on the behavioral contagion
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dynamics in fish schools.
[1] Rosenthal, S.B., et al., PNAS 112, 15, 4690-4695 (2015)
[2] Dodds, P. & Watts, D.J., Phys Rev Lett, 92, 218701 (2004)

BP 39.12 Fri 12:45 MA 001
The effect of compatibility and heterogeneous adoptability in
contagion processes — eByuNnGijooN MIN and Max1 SAN MIGUEL
— Instituto de Fisica Interdisciplinar y Sistemas Complejos (CSIC-
UIB), Campus Universitat Illes Balears, E-07122 Palma de Mallorca,
Spain
While competition and compatibility of multiple contagious entities
and heterogeneous adoptability of agents are omnipresent in social
contagions, so far these factors are overlooked in traditional models of
contagion processes. Here, we study generalized contagion processes
in two directions: i) unifying simple and complex contagions reflecting
heterogeneous adoptability and ii) considering competition and com-
patibility among multiple transmittable entities. For a generalized con-
tagion model unifying simple and complex contagion processes, we find
a rich variety of phase transitions such as continuous and discontinuous
phase transitions, criticality, tricriticality, and double transition. We
also examine the role of dual users who possess multiple contagious
technologies simultaneously, and find that the compatibility induced
by the dual user facilitates spread of innovation and extinction of pre-
existing technology.

BP 39.13 Fri 13:00 MA 001
Modeling of startling cascades and information transfer in
fish — eHaipErR KLENZ! and PaweL Romanczuk!2 — Department
of Biology, Humboldt-Universitdt zu Berlin, Berlin 10115, Germany
— 2Bernstein Center for Computational Neuroscience, Humboldt-
Universitat zu Berlin, Berlin 10099, Germany

Animals come together in groups, e.g. school of bird or swarms of
fish, in which information is processed collectively. Especially in situ-
ation where the collective is exposed to a threat, this information and
the speed with which it propagates through the collective is of great
importance to the individual.

This work focuses on shoals of Poecilia Sulphuraria and their reac-
tion to danger. Through environmental dependencies the fish can only
swim at the surface and therefore forms a 2D-system. When attacked
by preying birds the fish dive down. This diving behavior then spreads
through the swarm in a wave like fashion and is repeated for several
minutes without further triggers.

We explored the mechanism behind wave spreading with agent-based
modeling. We propose a stochastic contagion process and show that
the speed of the wave depends on the underlying information net-
work. Furthermore we study different possible explanations for re-
peated waves.



