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Foreword

The Christmas Biophysics Workshops organized since 2006 have evolved into a small
but focused annual meeting providing a regional forum for biophysicists from Austria,
Croatia, Italy, and Slovenia. It appears that these meetings are especially important
because of the numerous collaborations among researchers from the four countries,
many of which have been initiated at the Workshops. We have all appreciated the rather
informal but productive style of the past meetings held in Zagreb, Bled, Donja Stubica,
Leibnitz, Ptuj, Varazdin, and Riegersburg, and we are hopeful that you will find the
Dobrna Workshop equally enjoyable.

M. Krajnc and P. Ziherl
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Andreas Ebner: Investigation of the morphological changes and molecular function of
cells, membranes and proteins by single molecule sensing AFM

Peter Heftberger: The evolution of a high resolution global SAXS data analysis for
multilamellar lipid vesicles

Mojca Mally: Partitioning of oleic acid into phosphatidylcholine membranes is amplified
by strain

Benjamin Kollmitzer: Protein partitioning in liquid-ordered (Lo) / liquid-disordered (Ld)
domains depends on lipid composition and protein shape
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Karoline Miithlbacher: Analyzing wear debris of artificial joints using aerosol-physics
technology

Damir Vurnek: Morphogenesis and ageing of MDCK epithelial tissues depend on
substrate elasticity

Matej Krajnc: Continuum theory of finite-thickness tissues
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15.20
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Bojan Bozi¢: Shape characteristics of red blood cells in capillary occlusions
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Sasa Svetina: A possible physical basis for the endocytotic neck constriction
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Stas Bevc: Multiscale modeling and simulation of biomolecular systems

Marco Di Stefano: Colocalization of coregulated genes: a steered molecular dynamics
approach

Daniel SvenSek: Tensorial conservation law for nematic polymers
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12.30

Anze LoSdorfer Bozi¢: Multivalent ion effects on electrostatic stability of virus-like
particles and encapsidated charged droplets

Sanjin Marion: Modeling DNA in viral capsids: Liquid crystal with bending

Guido Polles: Mechanical and assembly units of viral capsids identified via quasi-rigid
domain decomposition

Antonio Siber: Non-toroidal conformations of DNA condensed in spherical confinement
Luca Tubiana: Synonymous mutations affect physical properties of viral RNA genomes

13.00-14.00 Lunch
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Investigation of the morphological changes and molecular function of
cells, membranes and proteins by single molecule sensing AFM

A. Ebner

Institute of Biophysics, Johannes Kepler University Linz, Linz, Austria

andreas.ebner@jku.at

Atomic Force Microscopy (AFM) has developed to an important tool in life sciences. It
allows determining the surface roughness of soft biological samples like cells and
membranes at near physiological conditions, label-free, and with a lateral resolution in
the nanometer range. In addition, upgrading the usually inert AFM tip by tethering
biological molecules to the tip allows gaining more information. Topography and
Recognition Imaging [1] (TREC) combines tapping mode imaging with a biosensing AFM
tip [2] and allows to simultaneously map the surface topography as well as to localize
specific binding partners. A second technique, also based on the use of molecular
sensing bio-functionalized AFM tips, is Molecular Recognition Force Spectroscopy [3-6]
(MRFS). There a biosensing tip is repeatedly approached and withdrawn from a surface
containing the corresponding binding partner of interest. Within every force distance
cycle a ligand-receptor complex can be formed followed by forced rupturing. By varying
the pulling velocities the complex energy landscape can be explored giving insights into
kinetic and energetic aspects of the interaction [3-6].

[1] A. Ebner, L. Chtcheglova, ]. Tang, D. Alsteens, V. Dupres, Y. F. Dufréne, and
P. Hinterdorfer, in P. Hinterdorfer and A. Van Oijen (eds.), Handbook of Single-
Molecule biophysics (Springer, Berlin, 2009), pp. 525.

[2] A. Ebner, L. Wildling, R. Zhu, C. Rankl, T. Haselgrubler, P. Hinterdorfer, and
H. ]J. Gruber, Topics Curr. Chem. 285, 29 (2008).

[3] A. Ebner, R. Nevo, C. Rankl, ]. Preiner, H. Gruber, R. Kapon, Z. Reich, and
P. Hinterdorfer, in P. Hinterdorfer and A. Van Oijen (eds.), Handbook of Single-
Molecule biophysics (Springer, Berlin, 2009), pp. 407.

[4] M. Rangl, M. Leitner, T. Riihimdki, S. Lehtonen, V. P. Hytonen, H. ]. Gruber,
M. Kulomaa, P. Hinterdorfer, and A. Ebner, J. Mol. Rec., in press (2013).

[5] M. Rangl, A. Ebner, ]J. Yamada, C. Rankl, R. Tampé, H. ]J. Gruber, and P. Hinterdorfer,
Angew. Chem. Int. Edit. 125, 10546 (2013).

[6] S. Posch, 1. Neundlinger, M. Leitner, P. Siostrzonek, S. Panzer, P. Hinterdorfer, and
A. Ebner, Methods 60, 179 (2013).



The evolution of a high resolution global SAXS data analysis
for multilamellar lipid vesicles

P. Heftberger,! B. Kollmitzer,! A. Rieder,! H. Amenitsch,? M. Rappolt,3
and G. Pabst!

Unstitute of Molecular Biosciences, University of Graz, Graz, Austria
2[nstitute of Inorganic Chemistry, Graz University of Technology, Graz, Austria
3University of Leeds, Leeds, United Kingdom

peter.heftberger@uni-graz.at

The spatial organization of lipids in biological membranes plays an important role in
diverse cellular processes. Of particular interest are membrane rafts which are
considered to enable cellular signaling and transport. Such membrane rafts are
currently mimicked by liquid ordered (Lo) domains, observed in several lipid-only
mixtures. The physical properties of such Lo domains and the coexisting liquid
disordered (Ld) phase are presently not well known. We developed a global small-angle
x-ray scattering data analysis for multilamellar vesicles that allows to determine
membrane structural parameters and bending fluctuations of coexisting lipid domains.
Different scattering length density profiles were used for modeling the lipid bilayers
with increasing details and complexity. The technique was applied to different ternary
and quarternary phospholipid mixtures. We determined membrane thickness as well as
bending elasticity for Lo and Ld phases as a function of lipid composition and
temperature.



Partitioning of oleic acid into phosphatidylcholine membranes
is amplified by strain

M. Mally,! P. Peterlin,? and S. Svetinal?3

Unstitute of Biophysics, Faculty of Medicine, University of Ljubljana,
Ljubljana, Slovenia
2[nstitute of Oncology, Ljubljana, Slovenia
3JoZef Stefan Institute, Ljubljana, Slovenia

mojca.mally@mf.uni-1j.si

Partitioning of fatty acids into phospholipid membranes is studied on giant unilamellar
vesicles (GUVs) utilizing phase-contrast microscopy. Using a micropipette, an individual
GUV is transferred from a vesicle suspension in a mixed glucose/sucrose solution into an
isomolar glycerol solution with a small amount of oleic acid added. Oleic acid molecules
intercalate into the phospholipid membrane and thus increase the membrane area,
while glycerol permeates into the vesicle interior and thus via osmotic inflation causes
an increase of the vesicle volume. The conditions are chosen at which a vesicle swells as
a sphere. At sufficiently low oleic acid concentrations, when the critical membrane strain
is reached, the membrane bursts and part of vesicle content is ejected, upon which the
membrane reseals and the swelling commences again. Vesicle’s radius before and after
the burst is determined at different concentrations of oleic acid in suspension. The
results of our experiments show that the oleic acid partitioning increases when the
membrane strain is increased. The observed behavior is interpreted on the basis of a
tension-dependent intercalation of oleic acid into the membrane.
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Protein partitioning in liquid-ordered (Lo) / liquid-disordered (Ld)
domains depends on lipid composition and protein shape

B. Kollmitzer?, P. Heftberger?, M. Rappolt?, G. Khelashvili3, D. Harries?,
and G. Pabst!

Unstiute of Molecular Biosciences, University of Graz, Graz, Austria
2University of Leeds, Leeds, United Kingdom
3Weill Medical College of Cornell University, New York, USA
4The Hebrew University of Jerusalem, Jerusalem, Israel

benjamin.kollmitzer@uni-graz.at

The lack of transmembrane proteins partitioned in the current lipid-only models for
membrane rafts, i.e. Lo phases, calls for close scrutiny of raft mimetics. Using small angle
X-ray scattering and molecular dynamic simulations, we determined structural and
elastic parameters (spontaneous curvature, bending rigidity, Gaussian curvature modu-
lus) for coexisting Lo/Ld domains in ternary mixtures of dioleoylphosphatidylcholine/
dipalmitoylphosphatidylcholine/icholesterol (DOPC/DPPC//Chol) and dioleoylphosphati-
dylcholine/distearoylphosphatidylcholine/cholesterol (DOPC/DSPC//Chol) [1,2]. Substi-
tuting these values into theoretical calculations yields the energy penalty upon insertion
of transmembrane proteins into Lo and Ld phases, and consequently the preferred
partitioning in one of these domains. We discuss our findings for different geometric
protein shapes.

This work is supported by the Austrian Science Funds FWF, Project No. P24459.

[1] B. Kollmitzer, P. Heftberger, M. Rappolt, and G. Pabst, Soft Matter 9, 10877 (2013).
[2] G. Khelashvili, B. Kollmitzer, P. Heftberger, G. Pabst, and D. Harries, J. Chem. Theory
Comput. 9, 3866 (2013).



Analyzing wear debris of artificial joints using
aerosol-physics technology

G. v. Skrbensky,! K. Miihlbacher,23 G. Reinisch,* A. Kolb,! G. Reischl,?
R. Windhager,! and E. Bencal

1Medical University of Vienna, Vienna, Austria
2Ingeneursbiiro ftir Technische Physik Univ. Prof. Dr. Georg Reischl
3Universitdt Wien, Vienna, Austria
“Biomechanische Forschungs-Gesellschaft m.b.H., Vienna, Austria

karokaffelyahoo.de

Aseptic loosening is responsible for up to 44% revisions of knee and up to 70% of hip
arthroplasties, whereas wear is a common cause. The characterization of wear particles
in terms of number and size is essential for the study of their biological effects on cells
and indicate possible revision surgery of artificial joints. The purpose of this study was
to develop an efficient automated diagnostical method for number size distribution of
wear debris. The presented electro spray setup, an automated counting method
commonly applied in aerosol physics, mass spectrometry, was successfully used
and validated for the first time to characterize wear debris from total joint replacement.
The advantages of this diagnostic method over the conventional methods are its time
and financial efficiency, low requirement of testing fluid (e.g. synovial fluid) and its
suitability for testing of different materials.



Morphogenesis and ageing of MDCK epithelial tissues
depend on substrate elasticity

S. Kaliman,! D. Vurnek,! C. Jayachandran,? F. Rehfeldt,?
and A.-S. Smith?

Unstitute for Theoretical Physics, University Erlangen-Nliirnberg, Erlangen,
Germany

23rd Institute of Physics-Biophysics, University of Gottingen, Gottingen,
Germany

vurnek@yahoo.com

Morphogenesis of epithelial tissues is the key to understanding tissue development and
regeneration, or tumor growth. It is believed to be dominated by intercellular
interactions, and hence, independent of substrate rigidity. However, here we show that
different regimes of growth occur on soft and hard substrates. Substrates with a rigidity
higher than 5 kPa promote radially growing clusters, which in early stages expand
exponentially with a persistently low density of cells. When the cluster grows
sufficiently large its area increases linearly in time. During that period, a bulk tissue of
higher density forms in the center of the cluster, whereas the edge remains at a constant
low density, independently of the cluster size. On 1 kPa substrates the cells initially form
small multilayered droplets that, if sufficiently large, nucleate a very dense and well
structured monolayer in its center. These clusters expand to macroscopic sizes by
adopting irregular shapes, while maintaining the initial monolayer morphology. In both
cases, tissues age, the signature of which are (i) an inhomogeneous density, and (ii)
nuclei that deform strongly due to the substrate sensitive restructuring of the actin
cortex. Furthermore, dome-like and tubule-like structures are found on hard substrates,
while soft substrates promote cell extrusion.



Continuum theory of finite-thickness tissues
M. Krajnc?, N. Storgel’2, and P. Ziherl!?2

JoZef Stefan Institute, Ljubljana, Slovenia
2Faculty of Mathematics and Physics, University of Ljubljana, Ljubljana,
Slovenia

matej.krajnc@ijs.si

We derive the continuum theory of 2D finite-thickness tissues. Besides bending and
stretching elasticity, energy functional contains a term describing the coupling between
local curvature and local thickness. The microscopic origin of this theory is in the
discrete model of simple epithelial tissues, where each cell carries a surface energy
associated with cortex and interfacial tension as well as cell-cell adhesion [1]. We use
this theory to qualitatively model the equilibrium shapes of corrugated simple
epithelia [2] as well as to calculate the optimal shapes of 2D vesicles with finite
thickness [3].

[1] ]. Derganc, S. Svetina, and B. Zeks, J. Theor. Biol. 260, 333 (2009).

[2] M. Krajnc, N. Storgel, A. HoCevar Brezavscek, and P. Ziherl, Soft Matter 9, 8368
(2013).

[3] A. HoCevar Brezavscek, M. Rauzi, M. Leptin, and P. Ziherl, Biophys. J. 103, 1069
(2012).



Mechanics of epithelial tissues with basement membrane
N. Storgel, 2 M. Krajnc,? and P. Ziherl!?2

1Faculty of Mathematics and Physics, University of Ljubljana, Ljubljana,
Slovenia
2JoZef Stefan Institute, Ljubljana, Slovenia

nick.storgel@gmail.com

Morphogenesis of epithelial tissues is a fundamental biological process in the
development of all living creature yet it is still not entirely understood. We propose a
simple mechanical model of a single-layered epithelium consisting of incompressible
cells associated with cortex and interfacial tension as well as cell-cell adhesion. The
basal, the lateral, and the apical cell faces are each characterized by a specific effective
surface tension. To make a model more realistic, cells are attached to a basement
membrane, adding an additional bending elasticity energy ter proportional to the
curvature squared. We explore the periodic minimal-energy configurations of an infinite
2D epithelium, observing the transition between corrugated and flat shapes. As the
bending modulus of basemant membrane is increased, the corrugated epithelium is
stretched and eventually replaced by the flat state. Finally, using the proposed
continuum version of the discrete model, we analyze the shapes, explaining the coupling
between epithelial curvature and thickness, as well as observed symmetry breaking
caused by basement membrane.



SAXS study of a binary mixtures of DNA and hyaluronic acid

I. Dela¢ Marion,! K. Salamon,! D. Grgicin,! S. Bernstorff,2 and T. Vuleti¢?

Unstitute of Physics, Zagreb, Croatia
2Elettra-Sincrotrone Trieste, Basovizza, Italy

idelac@ifs.hr

In a living cell a multitude of biomacromolecules create a crowded, strongly interacting
environment in which variety of cellular mechanisms take place. Blomacromolecules in
question are mainly polyelectrolytes (PE), ie. they dissociate in polar solvents (e.g.
water) into polyions and small counterions. The effects of the long-range electrostatic
interaction render these environments more complex than those provided by neutral
polymers [1]. The interaction between charged polyion chains leads these systems to
spatially arrange themselves in a multitude of ways which strongly depend on the PE
and added salt concentration, PE rigidity, or valence of counterions [2]. In the so-called
semidilute regime the mesh-like arrangement can be described with a single parameter
which is de Gennes correlation length &, also known as the mesh size [3].

We investigated binary mixtures [4] of two salt-free biopolyelectrolytes, DNA and
hyaluronic acid (HA) with small angle x-ray scattering (SAXS). In a previous study [5],
we have shown by SAXS that the semidilute DNA and HA can be simply described, due to
the relative rigidity of these macromolecules, with the mesh size given by § = (bn)-1/2,
where b and n are monomer size and number concentration, respectively. Scattering
intensity of DNA features a PE correlation peak at a wave vector g* which directly
relates to this mesh size as § = 2w/q* = (bn)-1/2, while for HA this feature is lacking. Thus,
when studying DNA+HA mixtures, SAXS measurements show only the peak at a g*
defined by the density of DNA mesh. Interestingly, SAXS showed DNA mesh to have
higher densities than expected from a nominal concentration of DNA. This would be
possible if DNA+HA mixtures were microphase separated. We confirmed by polarizing
microscopy that this separation occurs, contrary to some theoretical expectations for
PEs [4]. These subphases should be in an osmotic pressure equilibrium but our data
additionaly indicate that HA osmotic pressure scales simply with monomer
concentration as for DNA i.e, IT ~ c%8 [6,7]. Description of DNA and HA subphase
osmotic pressures via separate counterion and polyion contributions [1] does not seem
to explain the data.

[1] A. V. Dobrynin and M. Rubinstein, Prog. Polym. Sci. 30, 1049 (2005).

[2] G.C. Wong and L. Pollack, Annu. Rev. Phys. Chem. 61,171 (2010).

[3] P.-G. de Gennes, P. Pincus, R. M. Velasco, and F. Brochard, J. Phys. (Paris) 37, 1461
(1976).

A. R. Khokhlov and I. A. Nyrkova, Macromolecules 25, 1493 (1992).

K. Salamon, D. Aumiler, G. Pabst, and T. Vuleti¢, Macromolecules 46, 1107 (2013).

P. L. Hansen, R. Podgornik and V.A. Parsegian, Phys. Rev. E 64, 021907 (2001).

4
5
6
7] T. Odijk, Macromolecules 12, 804 (1979).
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Kirkwood-Shumaker interaction
N. AdZi¢! and R. Podgornik?2

JoZef Stefan Institute, Ljubljana, Slovenia
2Faculty of Mathematics and Physics, University of Ljubljana,
Ljubljana, Slovenia

natasa.adzic@ijs.si

In order to find the exact form of the Kirkwood-Shumaker interaction [1], describing
perturbatively the electrostatic interaction between two proteins in aqueous solution,
we have studied two macroscopic surfaces with proton adsorption sites, immersed in a
counterion-only ionic solution. Field-theoretic representation of the grand canonical
partition function was derived and evaluated at saddle point approximation, giving the
mean-field free energy leading to repulsive interaction pressure. Gaussian fluctuations
around the saddle point then give the lowest order correction. We calculated this
correction analytically using path integral for a harmonic oscillator with time-depended
frequency. We obtained the first order free energy correction consisting of the surface
self-energy and the interaction free energy. Taking the proper limits, the interaction part
of the free energy reduces to the zero-frequency van der Waals term, but also gives the
correct Kirkwood-Shumaker result. Our general form of the interaction free energy gives
attractive, long-ranged, monopolar surface charge fluctuation interactions which depend
on the pH of the solution. This result shows that the model introduced is a good starting
point for investigating the electrostatic interactions in protein physics.

[1] J. G. Kirkwood and J. B. Shumaker, Chemistry 38, 855 (1952).



Force spectroscopy of marine biopolymers
assembled into gel network

G. Pletikapi¢,1 V. Svetlic¢i¢,! M. Kellermayer,? and J. Brujié3

I Division for Marine and Environmental Research, Ruder Boskovic Institute,
Zagreb, Croatia
2 Department of Biophysics and Radiation Biology, Semmelweis University,
Budapest, Hungary
3 Center for Soft Matter, New York University, New York, USA

gpletik@irb.hr

Marine gel biopolymers were recently visualized at the molecular level using atomic
force microscopy (AFM) to reveal fine fibril-forming networks with low to high degrees
of cross-linking (Figure 1). Due to the inherent complexity and heterogeneity of the
marine gel phase it is difficult to isolate the physical forces in the biopolymer network
assemblies. In this work, we used force spectroscopy to quantify the intra- and
intermolecular forces within the marine gel network. Combining force measurements
with AFM imaging allowed us to identify the microscopic origins of distinct mechanical
responses. At the single fibril level we uncovered force-extension curves that resemble
those of individual polysaccharide fibrils. They exhibit entropic elasticity followed by
extensions associated with chair-to-boat transitions specific to the type of
polysaccharide at high forces. Surprisingly, a low degree of cross-linking led to sawtooth
patterns that are for the first time attributed to the unraveling of polysaccharide
entanglements. At a high degree of cross-linking, we observed force plateaus that arise
from the unzipping of helical bundles. Finally, the complex 3D network structure gave
rise to force staircases of increasing height that may correspond to the hierarchical
peeling of fibrils away from the junction zones. In addition, we showed that these
diverse mechanical responses also arise in reconstituted polysaccharide gels, which
highlights their dominant role in the mechanical architecture of marine gels.

Marine gel fibrils at micro- and nanometer scales: (a) a polysaccharide network of
marine gel aggregate imaged in seawater by confocal microscopy after FITC-Concavalin
A staining; (b, c) high resolution AFM images of marine gel fibrils with different degrees
of cross-linking. AFM images were acquired in tapping mode in air using mica as a
substrate.



Technical improvements in bio AFM techniques
M. Leitner

Center for Advanced Bioanalysis, Linz, Austria
michael.leitner@ecbl.at

Since its invention in the middle of the 1980°s the atomic force microscope has
developed to one of the key techniques in nanoscience. Especially in life science the main
benefit is the ability to take images of biological samples under aqueous, near
physiological conditions at nanometer resolution. Enhancement of the cantilever to a
molecular biosensor yields to techniques which allow the detection of forces in the
piconewton range [1]. The combination of recognition and topographical measurements
(TREC) has been developed to determine receptor distributions on surfaces [2].
Nevertheless there are several limitations for a much wider use of these techniques in
applied life science. Topographical imaging is time consuming, molecular recognition
force spectroscopy (MRFS) and TREC suffer from complex cantilever functionalization
and also the handling limits these techniques to experts in basic science.

But exchanging the conventional cantilevers to smaller, faster and more sensitive ones
increases the imaging speed by a factor of ten and the sensitivity by a factor of five [3].
Using DNA building blocks in combination with DNA aptamers to functionalize
cantilevers for MRFS and TREC simplifies the complex standard functionalization to
simple incubation steps [4]. To improve the general tip handling and stability, active
cantilevers for electronic, instead of optical readout have been developed. The newest
generation of active cantilevers can be used for bio imaging in liquid and are nearly as
sensitive as commercial bio cantilevers [5].

[1] P. Hinterdorfer, W. Baumgartner, H. ]. Gruber, K. Schilcher, and H. Schindler, Proc.
Nat. Acad. Sci. USA 93,3477 (1996).

[2] C. M. Stroh, A. Ebner, M. Geretschlager, G. Freudenthaler, F. Kienberger, A. S. M.
Kamruzzahan, S. J. Smith-Gill, H. J. Gruber, and P. Hinterdorfer, Biophys J. 87, 1981
(2004).

[3] M. Leitner, G. E. Fantner, E. J. Fantner, K. Ivanova, T. Ivanov, I. Rangelow, A. Ebner,
M. Rang], ]. Tang, and P. Hinterdorfer, Micron 43, 1399 (2012).

[4] M. Leitner, N. Mitchell, M. Kastner, R. Schlapak, H. ]J. Gruber, P. Hinterdorfer,
S. Howorka, and A. Ebner, ACS Nano 5, 7048 (2011).

[5] G. Fantner, W. Schumann, R. Barbero, A. Deutschinger, V. Todorov, D. Gray,
A. Belcher, I. Rangelow, and K. Youcef-Toumi, Nanotechnology 20, 434003 (2009).



Amyloid forming proteins: in vitro and ex vivo studies
E. Zerovnik

JoZef Stefan Institute, Ljubljana, Slovenia
eva.zerovnik@ijs.si

[ will present our work on a model protein, a simple globular protein of 98 amino acids,
humans stefin B. It served as a useful model protein thus far for folding [1] and
aggregation [2] studies. The protein is very well characterized structurally [3], whereas
its physiological role apart from cathepsins inhibition, is still being researched. Among
other alternative functions it was shown to reduce oxidative stress, to act as an amyloid-
beta-binding protein [4] and to be involved in innate immunity. It is not reported to
cause any amyloid disease, however, its gene is mutated in an inherited progressive
myoclonus epilepsy (EPM1), which also is a neurodegenerative condition. In the first
part, in vitro studies of morphology and the mechanism of amyloid fibril formation by
this protein will be shown. As well, how it interacts with lipid membranes in oligomer
specific manner, resembling pore forming toxins (reviewed in Ref. [5]). In the second
part, cellular studies will be shown, where stefin B mutants prone to form aggregates
were over expressed in cells. It proved that the aggregates cause an increase in oxidative
stress and lead ultimately to cell death in the form of necrosis. The toxicity of the
aggregates was not correlated with their abundance but rather with their other
properties. So, more scattered and smaller aggregates of the mutants which retain the
protein fold were found more toxic than the bigger perinuclear aggresome-like
aggregates. These latter are a way for the cell to sequester the protein aggregates and
degrade them by autophagy. The presentation will end with the open, hot questions we
want to address in the future studies.

[1] C. Jelinska, P. ]. Davis, M. Kenig, E. Zerovnik, S. Jenko Kokalj, G. Guncar, D. Turk,
V. Turk, D. T. Clarke, J. P. Waltho, and R. A. Staniforth, Biophys. J. 100, 2268 (2011).

[2] A. Taler-Vercic, T. Kirsipuu, M. Friedemann, A. Noormagi, M. Polajnar, M. TuSek
Znidari¢, M. Skarabot, A. Vilfan, R. A. Staniforth, P. Palumaa, and E. Zerovnik, Int. ]
Mol. Sci. 14, 18362 (2013).

[3] S. Jenko Kokalj, G. Guncar, 1. Stern, G. Morgan, S. Rabzelj, R. A. Staniforth, ]J. P. Waltho,
E. Zerovnik, and D. Turk, J. Mol. Bio. 366, 1569 (2007).

[4] K. Skerget, A. Taler-Ver¢i¢, A. Bavdek, V. Hodnik, S. Ceru, M. Tu$ek Znidari¢, T. Kumm,
D. Pitsi, M. Pompe-Novak, P. Palumaa, S. Soriano, N. Kopitar-Jerala, V. Turk,
G. Anderluh, and E. Zerovnik,]. Bio. Chem. 285, 3201 (2010).

[5] G. Anderluh and E. Zerovnik, Front. Mol. Neurosci. 5, 85 (2012).



The influence of protein crowding on membrane bending
.Derganc! and A. Copi¢?

Unstitute of Biophysics, Faculty of Medicine, University of Ljubljana,
Ljubljana, Slovenia
2[nstitut Jacques Monod, University Paris Diderot and CNRS, Paris, France

jure.derganc@mf.uni-1j.si

A recent study of COPII vesicle formation in yeast indicated that crowding of membrane
proteins can have an important effect on membrane remodeling in physiological
processes [1]. Here we present a theoretical analysis of how the crowding of membrane
proteins influences the membrane bending [2]. The proteins diffusing in the membrane
are modeled as a hard-sphere gas exhibiting a lateral pressure that increases non-
linearly with the protein density (Figure a). Consequently, if the proteins have large
extra-membrane domains on only one side of the membrane, the membrane
spontaneously bends away from the protein mass (Figure c). In contrast, bending the
membrane towards the protein mass is energetically unfavorable because it involves
compression of the protein gas (Figure b). We show how the crowding effect depends on
the lateral confinement of proteins.

(b)

[1] A. Copié, C. L. Latham, M. A. Horlbeck, ]. G. D’Arcangelo, and E. A. Miller, Science 335,
1359 (2012).
[2] ]. Derganc, B. Antonny, and A. Copi¢, Trends Biochem. Sci. 38, 576 (2013).
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The shape transformations of red blood cells stuck in capillary narrowings where the
maximum deformations occur are analyzed. The membrane skeleton deformations are
described within the effective network model and the continuum elastic model, whereas
the area-difference elasticity model is applied to describe the phospholipid bilayer. A
minimization of the total energy is performed to determine cell shapes in a stopped flow.
The shapes are calculated by a triangulated representation of the membrane surface.
They are asymmetric, characterized by a single invagination, which decreases with
decreasing radii of the narrowing and vanishes at its critical radius. The largest
stretching deformations of the skeleton are at the ends of the elongated shape and
remarkable shear deformations appear around the invagination. The membrane's
mechanical energy increases with the decreasing radius of the narrowing,
predominantly due to the deformation of membrane skeleton. The increase in the shear
energy is significantly larger than any other energy contribution within both models.
The pressure differences needed for the penetration into the narrowing are strongly
coupled with the membrane's mechanical energy. Their values were found to be of the
order of ten pascals. Both models correspond well.
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We propose a theoretical model of lipid vesicles confined to a spherical cavity in limit of
tight confinement. We derive the ADE energy of several limiting shapes composed of
planar and quadric surfaces and we calculate their phase diagram. The phase diagram is
compared to the numerically obtained results and the limiting shapes of free vesicles,
and the limiting shapes are classified according to their symmetry and the number of
compartments.
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The neck which connects in the endocytosis formed bud to the parent membrane has
initially in general a finite radius. For the membrane to reform so that the nascent
vesicle can be pinched off, it has to be constricted. In cells, neck constriction is believed
to be controlled by protein complexes. However, some of the mechanisms that have
been proposed to explain neck constriction have also an analogy in the behavior of
simple lipid vesicles. Vesicles can be studied by applying rigorous approaches which is
useful because the exact knowledge about membrane shape transformations can reveal
some fine details of studied phenomena which due to the complexity of cellular
processes might be otherwise overlooked. Here we examine, in a simple lipid vesicle,
neck constriction by applying radial forces on the bud equator. We fix the volume and
spontaneous curvature at values giving a stable axially symmetric shape in the absence
of external forces. This shape consists of two sphere-like regions, one large and the other
small (the bud) connected by a narrow neck. This vesicle is now deformed by a rigid ring
of a fixed radius dilating the bud along its equator. The corresponding vesicle shape is
determined by solving the shape equation with the appropriate boundary conditions.
Our principal result is that the neck radius decreases monotonically with increasing ring
radius, attaining the value zero with a finite radial force on the bud equator. It can be
concluded from this model that it is possible to narrow the neck not only by forces that
constrict its radius directly but also by remote forces reshaping the vesicle. These results
provide a new perspective on the role played by actin polymerization in the process of
vesicle formation
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Biomolecular systems are very challenging systems for computer simulation due to their
complexity and related number of degrees of freedom. Despite the increasing computer
power there are still many problems that are beyond the possibilities of current and
near future computers. Multiscale modeling techniques have become increasingly
important to bridge the vast span of spatial and temporal scales in these systems. Here,
we present recent results of our multiscale simulations of biomolecular systems, e.g., salt
solutions [1], DNA, etc.

[1] S.Bevg, C.Junghans, K. Kremer, and M. Praprotnik, New J. Phys. 15, 105007 (2013).
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The observation that the concerted activity of certain groups of genes significantly
correlates with their proximity in the nucleus [1] poses the general question of whether
it is at all feasible to bring close together the numerous coregulated gene pairs on a
chromosome. We tackled this problem by using steered molecular dynamics simulations
of a coarse-grained (30nm) model for the gene-rich human chromosome 19. We
enforced the colocalization of ~ 1500 pairs of genes, whose expression patterns over
~ 20000 microarray experiments are significantly correlated (coregulation).
Remarkably, we showed that most (~82%) of the target gene pairings can be
accomplished. This was found to depend on: (i) the low degree of entanglement in
chromatin fibers, and (ii) the large number of cliques (genes coregulated all together as
groups) in the gene coregulatory network. Finally, chromosome organization from the
steering procedure was shown to be arranged in spatial macro-domains, similar to those
inferred from recent HiC experiments. These findings indicate that gene coregulation
and colocalization are largely compatible, and that our computational strategy can be
further applied to draft the spatial organization of chromosomes in other eukaryotes [2].

[1] G. Cavalli, Curr. Opin. Genet. Dev. 17, 443 (2007).
[2] M. Di Stefano, A. Rosa, V. Belcastro, D. di Bernardo, and C. Micheletti, PLoS Comput.
Biol. 9,e1003019 (2013).
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We derive the “conservation law” for nematic polymers in tensorial form valid for
quadrupolar orientational order [1], in contradistinction to the conservation law in the
case of polar orientational order [2,3]. Due to microscopic differences in the coupling
between the orientational field deformations and the density variations for polar and
quadrupolar order, we find that the respective order parameters satisfy fundamentally
distinct constraints. Being necessarily scalar in its form, the tensorial conservation law is
obtained straightforwardly from the gradients of the polymer nematic tensor field and
connects the spatial variation of this tensor field with density variations. We analyze the
differences between the polar and the tensorial forms of the conservation law, present
some explicit orientational fields that satisfy the tensorial constraint, and discuss the
role of singular “hairpins,” which do not affect the local quadrupolar order of polymer
nematics, but nevertheless influence its gradients.

[1] D. Svensek, G. M. Grason, and R. Podgornik, Phys. Rev. E 88, 052603 (2013).
[2] D. SvenSek, G. Veble, and R. Podgornik, Phys. Rev. E 82,011708 (2010).
[3] D. Svensek and R. Podgornik, Europhys. Lett. 100, 66005 (2012).
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The formation of stable clusters by ultrasoft repulsive particles has received much
attention in the field of soft matter physics during recent years [1]. One of the most
intriguing features of ordered cluster phases is the density independence of the lattice
constant: the cluster occupation increases linearly with the density, inducing thereby a
density-independent value for the lattice constant. So far, this behaviour has been
verified via NVT simulations carried out at isolated density-values. Under a continuous
increase of the density, as, for instance, induced by an external, variable pressure the
system is expected to respond by dissolving a sufficient amount of clusters and
reassigning the liberated particles to other clusters. We have studied the effect of a
pressure- and temperature-bath on a system of ultrasoft, repulsive, cluster-forming
particles. The pressure and the temperature are tuned via a combined thermo-barostat,
formed by ideal gas particles which interact with the ultrasoft colloids via an inverse
power law [2]. We have studied the two-dimensional case where the system undergoes
with increasing pressure a transition from a fluid to a hexagonal lattice. Once the system
as reached the ordered cluster phase an increase of the pressure causes particles with
the highest thermal agitation to abandon their host cluster and to start a trajectory
through the crystal, looking for a new hosting cluster. Clusters which have lost a
sufficient amount of particles will melt, the liberated particles will rearrange in existing
clusters and volume will be freed for the clusters to rearrange. The use of molecular
dynamics simulations allows to investigate this process in detalil, to trace the trajectories
of the individual particles and to study the temperature distribution within the system.

Snapshots during a compression process of a two-dimensional system of ultrasoft,
cluster-forming particles. Pressure increases from left to right, transforming the fluid to
the hexagonal ordered phase.

[1] B. Mladek, D. Gottwald, G Kahl, M. Neumann, and C. N. Likos, Phys. Rev. Lett. 96,
045701 (2006).
[2] M. Griinwald and C. Dellago, Mol. Phys. 104, 3709 (2006).
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Hard nanoparticles such as colloids form close-packed structures (e.g. FCC) at high
densities. It appears that this is not the case for soft colloids such as dendrimers and star
brush polymers that at high densities form open lattices, such as BCC and the A15
phase [1,2]. In our work we try to explain this behavior by modeling the soft
nanoparticles as soft spheres that interact via elastic interactions [3]. Using the theory of
elasticity to describe the behavior of a soft sphere system at high density and at zero
temperature we construct the phase diagram of packing at different densities for
different values of the Poisson’s ratio. The contact problem is solved numerically using
the finite element analysis [4].

[1] X. Zeng, G. Ungar, Y. Liu, V. Percec, A. E. Dulcey, and ]J. K. Hobbs, Nature 428, 157
(2004).

[2] C. R. Iacovella, A. S. Keys, and S. C. Glotzer, Proc. Natl. Acad. Sci. USA 108, 20935
(2011).

[3] J. Bonet and R. D. Wood, Nonlinear Continuum Mechanics for Finite Element Analysis
(Cambridge University Press, Cambridge, 1997).

[4] www.FreeFEM++.0rg
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Over the past decade quasicrystalline order was reported in many soft-matter systems
including dendritic micelles, star and tetrablock terpolymer melts, and diblock
copolymer and surfactant micelles, establishing soft quasicrystals (QCs) as an integral
part of the field. The existence of QCs in fuzzy macromolecular micelles suggests that
they must be induced by a generic mechanism rather by specific chemistry. Indeed,
micellar softness has been postulated and shown to lead to QC order. We
comprehensively explore this link by studying two-dimensional hard disks decorated
with square-shoulder repulsion mimicking, e.g., the soft alkyl shell around the aromatic
core in dendritic micelles. We find a family of QCs with 10-, 12-, 18-, and 24-fold bond
orientational order which originate from mosaics of equilateral and isosceles triangles
formed by particles arranged core-to-core and shoulder-to-shoulder. The pair
interaction responsible for the novel phases emphasises the role of local packing
geometry in quasicrystallinity in soft matter, complementing the principles leading to
QCs in hard tetrahedra. Based on simple interparticle potentials, quasicrystalline
mosaics may well find their way to diverse applications ranging from improved image
reproduction to advanced photonic materials.
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We investigate the electrostatic stability of charged virus-like nanoparticles and
encapsidated charged droplets immersed in a neutralizing asymmetric electrolyte
background. The charged droplet and the encapsidating particle are modeled as
permeable, charged spheres/shells, and the theoretical description within the “dressed
multivalent ion approximation” is compared with implicit Monte-Carlo simulations.
Phase diagrams involving electrostatic pressure exhibit positive and negative values,
corresponding to outward and inward facing forces on the particles, respectively. This
provides an explanation for the high sensitivity of viral capsid stability and self-
assembly on the ionic environment. The counter-intuitive effects of multivalent
counterions also include the increased stability of a charged droplet with large charge
density, increased stability in the case when the droplet is encapsidated by a shell of
charge density of the same sign as the charged droplet, as well as the possibility to
dispense altogether with the encapsidating shell, its confining effect being taken over by
the multivalent ions.

[1] L. Javidpour, A. Losdorfer BoZi¢, A. Naji, and R. Podgornik, J. Chem. Phys. 139, 154709
(2013).

[2] L. Javidpour, A. LoSdorfer Bozi¢, A. Naji, and R. Podgornik, Soft Matter 9, 11357
(2013).
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The problem of the encapsidation and subsequent ejection of DNA in bacteriophages is
still an unsolved problem. It is known that, depending on both the length of the
encapsidated genome as well as the physicochemical environment, the viral DNA
undergoes several phase transitions [1]. There are currently two predominant models of
the DNA packaging and ejection in bacteriophages [2]: the continuum mechanics model
and the hydrodynamic model. Both models do not take into account the phase changes
seen in the conformation of DNA in partially filled capsids - as the capsid is emptied
DNA undergoes a series of transitions from a densely packed hexagonal state trough a
liquid crystal and ending in an isotropic state before the last of the DNA is ejected. The
problem of the DNA organization in the presence of monovalent and divalent
counterions at low packing densities is approached using the Onsager approach to
lyotropic polymer liquid crystals [3]. We obtain the free energy of the encapsidated
genome in confinement with added contributions from DNA bending. Implications for
DNA ejection in bacteriophages are discussed.

[1] A. Leforestier, J. Biol. Phys. 39, 201 (2013).
[2] 1. Molineux and D. Panja, Nat. Rev. Microbiol. 11, 194 (2013).
[3] T. Odijk, Macromolecules 19, 2313 (1986).
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Key steps in a viral life-cycle, such as self-assembly of a protective protein container or
in some cases also subsequent maturation events, are governed by the interplay of
physico-chemical mechanisms involving various spatial and temporal scales. These
salient aspects of a viral life cycle are hence well described and rationalised from a
mesoscopic perspective. Accordingly, various experimental and computational efforts
have been directed towards identifying the fundamental building blocks that are
instrumental for the mechanical response, or constitute the assembly units, of a few
specific viral shells. Motivated by these earlier studies we introduce and apply a general
and efficient computational scheme for identifying the stable domains of a given viral
capsid. The method is based on elastic network models and quasi-rigid domain
decomposition. It is first applied to a heterogeneous set of well-characterized viruses
(CCMV, MS2, STNV, STMV) for which the known mechanical or assembly domains are
correctly identified. The validated method is next applied to other viral particles such as
L-A, Pariacoto and polyoma viruses, whose fundamental functional domains are still
unknown or debated and for which we formulate verifiable predictions.
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When condensed in free space, long DNA typically assumes a shape of a toroid. The
geometry of the toroid, its inner and outer radii and the shape of its cross-section can be
understood from a phenomenological model, describing condensation as an interplay
between the (unfavorable) surface energy of the toroid and the (unfavorable) bending
energy of the DNA strands in it - the only favorable contribution to the free energy is the
volume term, requiring that the DNA strands be next to each other [1]. When condensed
in confinement, e.g. in virus capsids, it is known that the, sufficiently short, DNA also
assumes toroidal conformations, but the free energy balance is in that case additionally
complicated by the adsorption energy (DNA-capsid interaction) and by the capsid
confinement [2]. It has been proposed in the literature that the, sufficiently long DNA,
may condense in conformations which are non-toroidal, i.e. which do not have the
cylindrical axis of symmetry [3]. Nevertheless, such propositions were never tested in a
suitable model, explaining the free energies of all the conformations that can be
envisioned. I will show a generalization of the previously proposed models [1] to
account for non-toroidal conformations of DNA condensed in spherical confinement.
Such conformations may occur in viruses when they are completely filled. The model
that [ will present reproduces conformations that were previously predicted [3], but also
several intriguing conformations that were never predicted in the context of viruses.

[1] ]J. Ubbink and T. Odijk, Europhys. Lett. 33, 353 (1996).
[2] A. Leforestier, A. Siber, F. Livolant, and R. Podgornik, Biophys. J. 100, 2209 (2011).
[3] N. V. Hud, Biophys. J. 69, 1355 (1995).
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Recent studies of RNA viruses showed that their genomes fold in compact structures;
this compactness has been argued to arise from an evolutionary pressure to facilitate
the virus assembly process. However, up to now, explicit studies on evolutionary fitness
of RNA viruses ignored such physical characteristics of the virion assembly to focus on
the properties and viability of viral proteins and how mutations affect them. Implicit in
those studies lies the assumption that synonymous mutations, which do not affect
amino-acid sequences, are evolutionarily neutral. Here we show that such assumption is
untenable, as synonymous mutations, performed both at fixed chemical composition or
fixed dinucleotides frequencies, completely erase the characteristic compactness of viral
RNAs, making them physically indistinguishable from random RNAs.



