Monday

BP 8: Posters: Proteins

Time: Monday 17:30-19:30

BP 8.1 Mon 17:30 Poster B2
Effects of ligand binding on cyclophilin A: experimental and
computational studies — eJack HeaL!, STEPHEN WELLs?, CLAU-
piA BLINDAUER®, RuporLr ROMER2, and RoBERT FREEDMAN? —
IMOAC Doctoral Training Center, University of Warwick, Coventry,
UK, CV4 7TAL — 2Department of Physics, University of Warwick,
Coventry, UK, CV4 7TAL — 3Department of Chemistry, University of
Warwick, Coventry, UK, CV4 7TAL — 4Department of Life Sciences,
University of Warwick, Coventry, UK, CV4 7TAL

Cyclophilin A is an enzyme which plays a role in the folding of pro-
teins. It also binds to and aids the function of the immunosuppressant
drug cyclosporin A as well as binding to the HIV-1 capsid protein. We
use the computational tools FIRST and FRODA to model the flex-
ibility and motion of cyclophilin A in order to predict the results of
hydrogen-deuterium exchange NMR (HDX) experiments. The rigidity
analysis software FIRST can be used to predict the ‘folding cores’ of
proteins identified as slowly exchanging residues in HDX. This pre-
diction is improved using the protein mobility software FRODA. We
are using these methods to investigate the effect of ligand binding on
cyclophilin A computationally and experimentally.

BP 8.2 Mon 17:30 Poster B2
Peptide interactions with metal surfaces — eIsipro LorENzO!,
Henprik Heinz?, and MARIALORE SuLpizi' — !Johannes Gutenberg
University Mainz, Staudinger Weg 7 55099 Mainz — 2Departament of
Polymer Engineering, University of Akron, Ohio 44325

Understanding and controlling protein-surface interactions is gaining
increasing fundamental scientific interest, such as in medical, diagnos-
tic and biotechnology applications.

In this work we want to provide a characterization of peptide / gold
interactions at a molecular level in order to explain and interpret recent
surface experiments [1].

Atomistic simulations have been performed with the GROMACS
package using available force field parameters such as CHARMM27
using 12-6 Lennard-Jones potentials [2] force field. We have employed
a recently developed force field which has been extensively tested in
biomolecular-inorganic interactions [3]. This has permitted to iden-
tify the most favorable binding modes on the different surfaces. Both
neutral and zwitterionic forms for each peptide are analyzed .

[1] Anne Vallee, Vincent Humblot, and Claire-Marie Pradier Acc.
Chem. Res., 2010, 43 (10), pp 1297*1306

[2] Heinz H, Vaia RA, Farmer BL, Naik RR J. Phys. Chem. C 2008,
112, 17281 17290

[3] Heinz H, Farmer BL, Pandey RB, Slocik JM, Patnaik SS, Pachter
R, Naik RR. J. Am. Chem. Soc. 2009, 131, 9704-9714

BP 8.3 Mon 17:30 Poster B2
Time-Resolved FTIR Difference Spectroscopy of Vibrational
Control Experiments on Bacteriorhodopsin — eCHRISTIAN
Baugr!'»?2, MicHAEL GENscH?, and JoacHIM HEBERLE! — 1 Freie Uni-
versitit Berlin — 2HZDR

We aim at investigating how photoreactions of proteins can be con-
trolled by means of intense THz radiation tuned in resonance to specific
vibrational modes, much in analogy to coherent control experiments
conducted by fs NIR laser pulses [1]. Bacteriorhodopsin is the sole
protein of the purple membrane of the archaebacterium Halobacterium
salinarum [2|. Upon illumination, its chromophore retinal isomerizes
around the C13-C14 double bond [3]| and the protein undergoes a se-
quence of intermediate states which is called a photocycle. For inves-
tigation of this photocycle we combined a time-resolved IR difference
spectroscopic setup using the step-scan technique [4] with intense, tun-
able narrow bandwidth THz radiation at the ps beamline of the THz
free electron laser FELBE [5]. In our experiments, the photoreaction is
initiated by a visible laser pulse as in standard experiments, but then
the sample will be irradiated by a THz pulse from the free electron
laser tuned into resonance with low-energy vibrational modes which is
supposed to influence the photoreaction [1].

[1] Prokhorenko V.I. et al. Science 313, 1257 (2006) [2] Oesterhelt
D. et al. PNAS 70, 2853 (1973) [3] Stoeckenius W. et al. Biophys.
Struct. Mech. 3, 65 (1977) [4] Radu L. et al. Photochem. Photobiol.
Sci. 8, 1517 (2009) [5] Bauer, C. et al. Journal of Physics Conference
Series, 359, 012011 (2012)

Location: Poster B2

BP 84 Mon 17:30 Poster B2
Dual-Color Fluorescence Cross-Correlation Spectroscopy of

the macromolecular spliceosomal complex — eMira PrIoRr!,
TroMAs OHRT2, JuLiA DANNENBERG2, INGo GREGOR!, REIN-
HARD LUHRMANN?, and JOrG ENDERLEIN' — !Drittes Physikalis-

ches Institut-Biophysik, Gottingen — 2Max Planck Institut fiir Bio-
physikalische Chemie, Géttingen

The spliceosome is the cellular machinery responsible for removing
non-coding introns from precursor mRNA. During its catalytic action
the spliceosome undergoes compositional and conformational changes.
We are investigating the conditions for recruitment and release of
particular proteins during the splicing steps. We determine how the
changes occur (stepwise or in a correlated manner) and the roles of cer-
tain spliceosomal RNA helicases in the restructuring of the complex.
The spectroscopic method we use is Dual-Color-Fluorescence Cross-
Correlation Spectroscopy (2-color-FCCS) which allows for studying
structural and dynamical properties of proteins. We observed the
thermally stable splicing factor Cwc25. We could determine, under
which conditions it binds to the complex, when it is released and the
conditions for stable binding of Cwc25 to the spliceosome. By mea-
suring several mutants we could answer the question whether Cwc25
is released before or during the second catalytic step. Furthermore,
we detected the binding of the proteins Slu7 and Prpl6. These pro-
teins are necessary for the second catalytic step and are involved in
the binding behavior of Cwc25.

BP 8.5 Mon 17:30 Poster B2
Tip-Enhanced Raman Spectroscopy on Membrane Proteins
— eELMAR Hassan HusricH and JoacHim HEBERLE — Freie Uni-
versitdt Berlin, Department of Physics, Exp. Molecular Biophysics,
Arnimallee 14, 14195 Berlin, Germany

Membrane proteins are essential parts of organisms and involved in cell
processes such as transport, signal transmission, catalysis, cell adhe-
sion and (photo-)synthese. Obtaining information on molecular level
of such proteins is one of the major tasks in modern biophysics.

In these research, we attempt to develop tip-enhanced Raman spec-
troscopy (TERS), as a tool to study structure and function of single
proteins. TERS combines high spatial resolution of AFM with struc-
tural sensitivity of surface-enhanced Raman spectroscopy (SERS). Us-
ing a gold-coated AFM tip, it is possible to measure Raman signals
with a spatial resolution up to 20 nm.

Additionally to imaging a SERS probe (=TERS), AFM can be used
induce and messure physical force. The force is used to achieve struc-
tural changes or even unfolding of a protein, namely single-molecule
force spectroscopy (SMFS).

SERS can be used to achieve molecular level information while AFM
applies a physical force. In order to detect single proteins we use the
enhancement of SERS. The Raman signal is enhanced in the vicinity
of silver- or gold-coated surfaces (here: the AFM tip).

Up to now, this technique is mainly applied to inorganic samples.
Here, we introduce the experimental setup and discuss the application
of TERS to the investigation of membrane proteins.

BP 8.6 Mon 17:30 Poster B2
Dynamic force spectroscopy on the binding of monoclonal an-

tibodies to tau peptides — eCarRoLIN WAGNER!, DAVID SINGER?,

Tim STaNGNER!, CurisToF GurscHE!, RaLr HorrMaNN?, and
FriepricH KREMER! — !Leipzig University, Department of Molec-
ular Physics, Leipzig, Germany — 2Leipzig University, Institute for

Bioanalytical Chemistry, Leipzig, Germany

Optical tweezers-assisted dynamic force spectroscopy (DFS) is em-
ployed to investigate specific receptor/ligand bindings on the level of
single binding events [1]. Here, the binding of the phosphorylation-
specific antibody HPT-101, to synthetic tau-peptides with two poten-
tial phosphorylation sites (Thr231 and Ser235) is analyzed. Accord-
ing to ELISA-measurements, the antibody binds only specificly to the
double-phosphorylated tau-peptide. It is shown by DFS that HPT-
101 binds also to each sort of the mono-phosphorylated peptides. By
analyzing the measured rupture-force distributions characteristic pa-
rameters like the lifetime of the bond without force, the characteristic
length and the free energy of activation are determined for all interac-
tions. The longest lifetime is obtained for the specific binding to the
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double-phosphorylated peptide. Furthermore we introduce a method
to estimate the relative affinity of the bonds from dynamic single-
molecule experiments. The result is in accordance with the ELISA
measurements.

[1] C. Wagner et al., Soft Matter, 2011, 7 (9), 4370 - 4378

BP 8.7 Mon 17:30 Poster B2
Hydrophobin adsorption to the air/water interface: Un-
usual adsorption kinetics and their origin — eJoNnas RAPHAEL
Heppre!, SebasTiaN Backes!, Henprik HAuLD2, and KaRrIN
Jacoss! — !Saarland University, Experimental Physics, 66041 Saar-
briicken, Germany — 2University of Zurich, Institute of Physical
Chemistry, 8057 Ziirich, Switzerland

Adsorption of proteins to the interface between water and other liquids
(e.g. oil) or air is of major technological interest. Adsorbed proteins
stabilize this interface and hence serve as emulsifying or foaming agent.
In food industry, this characteristic is used for products such as milk,
beer, or coffee. To optimize production sequences and to be able to
give predictions, a deeper understanding of the competitive processes
leading to the final adsorbate is necessary. Hydrophobins are a class of
proteins that have emerged to have a high technological potential and
may also serve as ideal model candidates. Produced by filamentous
fungi, hydrophobins are extremely conformationally stable, particu-
larly amphiphilic, highly surface active, and form ordered layers at
the water surface [1,2]. We studied wild types and specifically de-
signed mutants of hydrophobins featuring different properties, sizes,
and forms. To access the processes involved in the adsorption, we used
ellipsometry to record in situ the adsorbed amount at different ambi-
ent and solution conditions. Our results reveal adsorption kinetics that
significantly differ from that of other systems and cannot be explained
by conventional theoretical models. [1] S. Varjonen et al., Soft Matter
7 (2011) 2402 [2] T. Hakala et al., RSC Advances 2 (2012) 9867

BP 8.8 Mon 17:30 Poster B2
Demonstration of catch bonds between glycosaminoglycan
and positively charged hydrophilic domain from the cell sur-
face sulfatase Sulfl — eA.-K. MOLLER, A. HARDER, F. MiLz,
P. Neunaus, V. WaLHORN, TH. DIERkS, and D. ANSELMETTI —
Bielefeld University, Germany

The unique hydrophilic domain (HD) found in the human sulfatases
Sulfl and Sulf2 is responsible for targeting Sulfl to the cell surface by
interacting with its substrate. The enzymatic activity of Sulfl is known
to be specifically directed towards the 6-O-sulfation sites of heparan
sulfate (HS) within highly sulfated regions of the glycosaminoglycan.
Since the function of many growth and differentiation factors is reg-
ulated by HS, which acts as an essential cofactor for the interaction
with cell surface localized receptors, these molecular and cellular in-
teractions have great influence on embryogenesis and homeostasis. We
used single-molecule AFM force spectroscopy (SMFS) to investigate
the specificity of the interaction between HD and the glycosamino-
glycans dermatan sulfate (DS) as well as heparin (Hep), the latter
serving as model for the interacting regions of HS due to its high
sulfation. Thereby we found an increased binding probability by in-
creasing pulling velocity which is similar to experiments on P-selectin
and its counterligand PSGL-1. We additionally applied AFM force
clamp experiments to measure the force-dependent lifetimes of the in-
teraction. We observed prolonged bond lifetimes under higher tensile
forces between 10-20 pN, which we will discuss within the framework
of molecular catch bonds.

BP 8.9 Mon 17:30 Poster B2
Investigation of enzyme complex dynamics via atomic force
microscopy — eMiTia PraTten!, SABIN PRrRAJAPATIZ, KATHRIN
SCcHRODER-TITTMANNZ, KAl TITTMANNZ, and IwaN ScHaap! — 11II.
Physikalisches Institut, Georg August Universitdt Gottingen, Germany
— 2 Albrecht-von-Haller-Institut, Georg August Universitit Gottingen,
Germany

The pyruvate dehydrogenase multienzyme complex (PDHc) links gly-
colysis to the citric acid cycle by converting central metabolite pyru-
vate into acetyl-CoA, a building block for many fundamental metabolic
pathways. The core of the human PDHc consists of 60 dihy-
drolipoamide acetyltransferase enzymes (E2), which assemble into a
50 nm diameter dodecahedral structure. A key trait vital to PDHc
function is the flexibility of the N-terminal "swinging lipoyl domain”
of E2, which is capable of reaching the active sites of all proximal
enzyme components. Although low resolution structural information
about the PDHc is available, the underlying dynamics of catalysis, in

particular substrate channeling, is not understood.

To be able to observe the structure of single PDH complexes we
are applying AFM in liquid. Ultimately, we aim to observe the core
dynamics at real-time via optimization of imaging techniques by ex-
ploring the limits of amplitude and frequency modulation as well as
jumping mode AFM. We will present our approach to maximize the
spatial and temporal resolution and will present our first results on
this enzyme complex.

BP 8.10 Mon 17:30 Poster B2
Self-diffusion of proteins in solution close to a salt-induced
phase transition — eMaRrRco GRIMALDO.!, VINCENT GLENISSONDZ,
Marcus Hennie!, FeLix Roosen-Runce!, Fajun Zuanc!, TirLo
SEYDEL2, and FRANK SCHREIBER! — 1Fakultit fiir Physik - Univer-
sitdt Tibingen, Auf der Morgenstelle 10, D-72076 Tiibingen, Germany

— 2Institut Laue-Langevin, B.P. 156, F-38042 Grenoble, France

A reentrant phase diagram is observed in aqueous solutions of Bovine
Serum Albumin (BSA) upon addition of a trivalent salt (Yttrium Chlo-
ride) at concentration c¢s . In particular, increasing cs for a certain
protein concentration cp, a phase transition occurs at a characteris-
tic concentration c¢i. For c¢s > c¢* macroscopic aggregates form [1].
Measurements on the neutron backscattering spectrometers IN10 and
IN16 at the Institute Laue-Langevin have shown that the short time
self-diffusion of the proteins in such system decreases when cs ap-
proaches cf. For a better understanding of this phenomenon, data
has been collected also with the backscattering spectrometer BASIS
(SNS, ORNL) in order to increase the accessible time scales. In pre-
senting the data analysis we will also discuss the method adopted to
obtain consistent results from different quasi-elastic neutron scattering
(QENS) instruments.

[1] Zhang et al. PRL 101 (2008) 148101

[2] Roosen-Runge et al. PNAS 108 (2011) 11815

BP 8.11 Mon 17:30 Poster B2
Biophysical Characterization of the Platelet Factor 4-Heparin
Complex Responsible for Heparin-induced Thrombocytope-
nia — eMARTIN KREIMANN!, WERNER WEITSCHIESZ, ANDREAS
GrEINACHER?, and MinaeLa DeLceal — 1ZIK HIKE, University
of Greifswald, Greifswald, Germany — 2Department of Biophar-
maceutics and Pharmaceutical Technology, University of Greifswald,
Greifswald, Germany — 3Institute for Immunology and Transfusion
Medicine, University of Greifswald, Greifswald, Germany

The human protein Platelet Factor 4 is known to form complexes with
the polysaccharide heparin when the latter is administered as an an-
ticoagulant during cardiac surgery. This complex is responsible for
the fatal adverse effect known as heparin-induced thrombocytopenia.
The study of the PF4-heparin complex is primordial because heparin
remains one of the most frequently used anticoagulants. To determine
the biophysical basis of the PF4-heparin complexes, the binding inter-
action between PF4 and heparin was investigated by Isothermal Titra-
tion Calorimetry and Quartz Crystal Microbalance and the formed
complexes were imaged by Atomic Force Microscopy. Our data shows
that the binding of PF4 to heparin is mainly driven by electrostatic
interactions. Hydrophobic interactions and conformational restrictions
only play a minor role in the energetics of the process. AFM imaging
shows that the height of PF4 molecules appearing as single features is
reduced when complexed with heparin.

BP 8.12 Mon 17:30 Poster B2
The dynamics and flexibility of protein disulphide-isomerase
(PDI): simulations predict experimentally-observed do-
main motions — J EwmiLio JiMENEZ-RoLDAN', MOITRAYEE
BHATTACHARYYA?, STEPHEN A WELLs!, eRupoLr A ROMERD?,
SARASWATHI VISHWESHWARAZ2, and RoBERT B FREEDMAN? —
IDepartment of Physics, The University of Warwick, Coventry, UK
— 2Department of Biochemistry, IISc, Bangalore, India — 3School of
Life Sciences, The University of Warwick, Coventry, UK — 4Centre

for Scientific Computing, The University of Warwick, Coventry, UK

We simulated the mobility of the folding catalyst, protein disulphide-
isomerase (PDI), by molecular dynamics and by a rapid approach
based on flexibility analysis. We analysed our simulations using mea-
sures of backbone movement, relative positions and orientations of do-
mains, and distances between functional sites. Despite their different
assumptions, the two methods are surprisingly consistent. Both meth-
ods show that motion of domains is dominated by hinge and rotation
motion of the a and a’ domains relative to the central b-b’ domain
core. Both methods identify the a’ domain as showing the greatest
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intra-domain mobility. However, only the flexibility method, which
requires 10%-fold less computer power, predicts some large-scale fea-
tures of inter-domain motion that have been observed experimentally.
We conclude that the methods provide complementary insight into
the motion of this large protein and detailed structural models that
characterise its functionally-significant conformational changes.

BP 8.13 Mon 17:30 Poster B2
Proteinfoldingdynamics of hPinl WW domain studied by sin-
gle molecule FRET. — oePHiLLIP KROEHN and JORG ENDERLEIN —
Universitat Gottingen, Deutschland

Georg-August-Universitat Gottingen, Friedrich-Hundt-Platz 1, 37077
Gottingen

Forster resonance energy transfer (FRET) is the commonly used
method to study fast molecular dynamics in a scale of 1-10 nanome-
ter.

The energy transfer between a donor molecule and an acceptor
molecule e.g. organic fluorophore by dipole interaction depends
strongly on the distance between them.This phenomenon offers the
possibility to use FRET as a nonoscopic ruler.

The primary structure of small soluble proteins is believed to con-
tain all chemical information necessary for proper folding to its native
state.The hPinl WW Domain is a 40 Amino acid all beta sheet protein
that consist of three strands. It can be seen as a simple model system
to investigate the formation of beta fold secondary structures.

The hPinl is involved in cell cycle regulation, the WW domain at
the N terminal site of hPinl is able to bind to proline rich ligands.
Due to its high thermal stability the hPinl WW domain is suitable for
folding/unfolding studies.

BP 8.14 Mon 17:30 Poster B2
Reaction mechanism of the enzyme PHM: quantum tunnel-
ing and origin of kinetic isotope effects — eENRIQUE ABAD, Ju-
pITH RoMMEL, and JoHANNES KAsTNER — Computational Biochem-
istry Group, Institut fiir Theoretische Chemie, Universitat Stuttgart,
Stuttgart, Germany

Copper proteins catalyze important biochemical reactions, in partic-
ular in the nervous system of higher eukaryotes. PHM is a binuclear
Cu protein that stereospecifically hydroxylates one C-H bond of small
peptides (such as oxytocin), as a intermediate step for its later amida-
tion.

The reaction mechanism of PHM is still not understood. Several
proposals have been made [1, 2|, but they have not taken explicitly
into account the strong kinetic isotope effects (KIE) present in this
reaction [3]. In this work, we perform QM/MM calculations at the
DFT level, and tunneling rates for a set of possible reaction paths. We
suggest a new reaction mechanism in which tunneling of a H atom is
crucial for explaining the KIE.

[1] A. Crespo, et al. (2006) J. Am. Chem. Soc. 128, 12817

[2] P. Chen and E. I. Solomon (2004) J. Am. Chem. Soc. 126, 4991

[3] W. A. Francisco, et al. (2002) J. Am. Chem. Soc. 124, 8194

BP 8.15 Mon 17:30 Poster B2
Intracellular crowding effects on cellular metabolism —
oFLORENCIA NORIEGA!, MARCIO ARGOLLO?, and ALEXEI VAzZQUEZ>
— IMPI for Dynamics and Self-Organization, Gottingen, Germany
— 2UFF, Niteréi, Brazil — 3UMDNJ-Robert Wood Johnson Medical
School, New Brunswick, USA

70 to 90% of the dry weight in the cell is occupied by the 3 types of
macromolecules: DNA, RNA and proteins. The high density levels of
macromolecular components in the cellular cytoplasm, also known as
molecular crowding, is important for the development of many cellular
functions like protein folding, protein protein association and dissoci-
ation, biochemical reactions rates, molecular diffusion within the cell,
among others. It has been shown that molecular crowding acts also at
a global scale limiting the cytoplasm solvent capacity [1], due to the
limited available volume in the cell. To estimate the molecular crowd-
ing global effect on a simple cellular metabolic network we develop a
flux balance model considering the macromolecular concentrations at
different growth rates and determine the metabolic steady states, given
by the fluxes of the metabolic reactions. We found a metabolic switch,
activation and inactivation of the fluxes, in a simple cell model, when
is shifted from low to high growth rates. Such behavior is observed
in yeast cells and is called crabtree effect, where at high growth rates
acetate compound is secreted by the cell, indicating the activation of
the fermentation pathway of glucose consumption.

[1] Beg QK, et al.(2007) PNAS 104: 12663-12668. Vazquez A, et al.

(2008) BMC Systems Biol 2: 7.

BP 8.16 Mon 17:30 Poster B2
Robust signatures in the current-voltage characteristics of
DNA molecules oriented between two graphene nanorib-
bon electrodes — Carvros J. Paez!, PETer A. Scuurz!:2, NEIL
WiLson3, and eRupoLr A. ROMER3* — lInstituto de Fisica Gleb
Wataghin, Universidade Estadual de Campinas, 777 Cidade Universi-
taria 13083-859 Campinas, SP Brazil — 2Faculdade de Ciencias Apli-
cadas, Universidade Estadual de Campinas, 13484-350 Limeira, SP
Brazil — 3Department of Physics, University of Warwick, Coventry,
CV4 TAL, UK — *Centre for Scientific Computing, University of War-
wick, Coventry, CV4 7AL, United Kingdom

In this work we numerically calculate the electric current through three
kinds of DNA sequences (telomeric, A-DNA, and p53-DNA) described
by different heuristic models. A bias voltage is applied between two
zig-zag edged graphene contacts attached to the DNA segments, while
a gate terminal modulates the conductance of the molecule. We show
that a telomeric DNA sequence, when treated as a quantum wire in
the fully coherent low-temperature regime, works as an excellent semi-
conductor. Clear steps are apparent in the current-voltage curves of
telomeric sequences and are present independent of lengths and se-
quence initialisation at the contacts. independent of length and se-
quencing initialisation at the contacts. The difference between telom-
eric DNA and other DNA, such as A-DNA and DNA for the tumour
suppressor p53, is particularly visible in the length dependence of the
current.

BP 8.17 Mon 17:30 Poster B2
Video-based and interference-free axial force detection and
analysis for optical tweezers — eSEBASTIAN KNUST, ANDRE
SPIERING, ANDY SiscHKA, and DARIO ANSELMETTI — Experimen-
tal Biophysics & Applied Nanoscience, Faculty of Physics, Bielefeld
University, 33615 Bielefeld, Germany

For measuring the minute forces exerted on single molecules during
controlled translocation through nanopores with sub-piconewton pre-
cision, we have developed a video-based axial force detection and anal-
ysis system for optical tweezers [1].

As the bandwidth of the system is not as high as in backscattered
light based systems, we integrated Allan variance analysis [2] for trap
stiffness calibration.

Upon manipulating a microbead in the vicinity of a weakly reflect-
ing surface with simultaneous axial force detection, interference effects
have to be considered [3]. We measured and analyzed the backscatter-
ing light properties of polystyrene and silica microbeads with different
diameters and propose distinct and optimized experimental configura-
tions (microbead material and diameter) for minimal light backscat-
tering and virtually interference-free microbead position detection.

As a proof of principle, we investigated the nanopore threading forces
of a single dsDNA strand attached to a microbead with an overall force
resolution of +£0.5 pN at a sample rate of 123 Hz.

[1] S. Knust et. al., Rev. Sci. Instrum. 83, 103704 (2012)

[2] B. Lansdorp, O. Saleh, Rev. Sci. Instrum. 83, 025115 (2012)

[3] A. Sischka et. al., Rev. Sci. Instrum. 79, 63702 (2008)

BP 8.18 Mon 17:30 Poster B2
Mechanical properties of sister chromatids studied by a poly-
mer model — eSEBASTIAN ISBANER, YANG ZHANG, and DIETER W.
HEeEERMANN — Institute for Theoretical Physics, Heidelberg University,
Germany

A chromosome in metaphase consists of two highly condensed sister
chromatids forming a chromosome. In experiments, chromosomes show
characteristic force-extension curves with a linear region followed by a
plateau. However, where and how exactly sister chromatids are linked
to each other and how these links influence their overall organization
and mechanical properties is still not well understood. In this work,
we use a dynamic folding model for mitotic chromatids and investi-
gate the influence of dynamic cross-links between two model sister
chromatids. Our results show that the number of sister links has se-
vere influence on the overall organization of the model chromatids.
Too few cross-links cause the model chromatids to drift apart due to
entropic repulsion, whereas many links result in an agglomeration. We
characterize these different states in a phase diagram. We further
investigate the force-extension behavior and find that it qualitatively
reproduces experimental results. Our results also demonstrate that in-
ter sister cross-links decrease the elasticity compared to isolated model
chromatids. In summary, we show that only a limited range for the
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concentration of inter sister chromatid cross-links can exist to result
in observed chromosome shapes and our model is able to reproduce
experimental findings for the elasticity of chromosomes.

BP 8.19 Mon 17:30 Poster B2
Computational Analysis of Co-transcriptional Riboswitch
Folding — eBenJaMIN LuTzh2, ABHINAV VERMA!, and ALEXANDER
SchuG! — Steinbuch Centre for Computing (SCC), Karlsruher Insti-
tut fiir Technologie (KIT), 76128 Karlsuhe, Germany — 2Fakultit fiir
Physik, Karlsruher Institut fiir Technologie (KIT), 76128 Karlsruhe,
Germany

Structured RNA in non-coding regions often plays crucial regulatory
roles. Riboswitches are an important example that can prevent expres-
sion of the downstream gene by terminating transcription or transla-
tion. Typically, one out of two distinct conformations is formed de-
pending on ligand binding. The extrusion out of RNA polymerase
(RNAP) takes place at time scales comparable to those of folding and
binding. We investigate these interdependent processes by simulating
the extrusion out of RNAP and concurrent folding for the SAM-I and
adenine riboswitches with molecular dynamics. Atomically resolved
structure-based models reduce the computational effort sufficiently to
simulate different extrusion velocity scenarios. Depending on the sce-
nario, we observe and quantify different pathways in structural forma-
tion. Considering the inherent link of folding and binding, this un-
derlines modulation of extrusion velocity as another degree of freedom
in genetic evolution. Our simulational findings therefore complement
experimental measurements to understand the dynamic behavior of
nascent RNA.

BP 820 Mon 17:30 Poster B2
Ubiquitin dynamics in complexes investigated using Molec-
ular Dynamics simulations — eJaNn HENNING PETERs and BERT
DE GrRoOT — Max Planck Institute fiir Biophysikalische Chemie, Got-
tingen, Germany

Protein-protein interactions play an important role in all biological
processes. However, the principles underlying these interactions are
only beginning to be understood. Ubiquitin is a small signalling pro-
tein that is covalently attached to different proteins to mark them for
degradation, regulates transport and other functions. As such, it in-
teracts with and is recognised by a multitude of other proteins. We
have conducted molecular dynamics simulations of ubiquitin in com-
plex with several different binding partners on a microsecond timescale
and compared them with ensembles of unbound ubiquitin to investi-
gate the principles of their interaction and determine the influence of
complex formation on the dynamic properties of this protein. Along
the main mode of fluctuation of ubiquitin, binding in most cases re-
duces the conformational space available to ubiquitin to a subspace of
that covered by unbound ubiquitin. This behaviour can be well ex-
plained using the model of conformational selection. For lower ampli-
tude collective modes, a spectrum of zero to almost complete coverage
of bound by unbound ensembles was observed. The significant differ-
ences between bound and unbound structures are exclusively situated
at the binding interface.

BP 8.21 Mon 17:30 Poster B2

Discerning overall and internal motion of flexible molecules
— oFLORIAN SITTEL and GERHARD STOCK — University of Freiburg

Classical molecular dynamics (MD) simulations allow us to study the
structure and dynamics of biomolecules in microscopic detail. To ex-
tract the internal molecular motion from an MD trajectory, first the
overall motion of the molecule needs to be removed. This procedure
is well established in the case that the molecule is almost rigid, i.e.
if the vibrational dynamics is well described by small-amplitude mo-
tion around an equilibrium structure. In the case of a flexible molecule,
however, the transformation does not completely decouple internal and
rotational motion due to rotovibrational coupling. In this work, we
study the range of validity and applicability of commonly used rota-
tional fitting techniques. To this end, we adopt previously performed
MD simulations of polyalanine and villin and compare their conforma-
tional distribution in internal and Cartesian coordinates. The study
reveals that the free energy landscape of a Cartesian PCA can ex-
hibit remarkable artifacts. Cartesian coordinates on the other hand,
may be superior for the study of small-amplitude functional motions
in proteins.

BP 8.22 Mon 17:30 Poster B2

Langevin simulations of proteins using models in generalized

coordinates — eSINA ZENDEHROUD, ANNE MULLER, and MARTIN E.
Garcia — Theoretische Physik, Fachbereich 10, Universitit Kassel.
Kassel, Germany

Using the the coarse-grained protein model developed by Nan-Yow
Chen et al. [Phys. Rev. Lett. 96, 078103 (2006)|, we derived the
Langevin equation of motion in generalized coordinates, namely the
Ramachandran angles. We developed a code to integrate the afore-
mentioned equation for small real proteins. The interaction potential
does not need any a priori information about the native conformation.
We have studied the folding behavior of different proteins.
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Langevin simulations of conformational changes in proteins
under non-equilibrium conditions — e ANNE MULLER, BERNHARD
REUTER, and MARTIN E. Garcia — Theoretische Physik, Universitét
Kassel, Fachbereich 10, Kassel, Germany

Using the potential of a coarse-grained model of proteins developed by
Nan-Yow Chen et al. [PhysRevLett.96.078103(2006)|, we developed
a program to simulate the folding dynamics of small, real proteins
through integration of the Langevin equation of motion. The force
field does not need any a priori information about the native state
and is known to be able to describe the folding of proteins to both
alpha-helices and beta-sheets. We have studied the folding behavior of
proteins which present both secondary structures in their native state.
In particular we investigated the influence of temperature gradients on
the dynamics of the proteins during conformational changes.
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Adjusting a Langevin model to Molecular Dynamics —
eNORBERT SCHAUDINNUS!, ANDRZEJ RzEPIELA!, RAINER HEGGERZ,
and GERHARD STock! — !Biomolecular Dynamics, Physikalisches In-
stitut, Universitat Freiburg, Hermann-Herder-Str. 3, 79104 Freibur —
2J.W. Goethe University, Institute for Physical and Theoretical Chem-

istry, Max-von-Laue-Str. 7, 60438 Frankfurt/Main

Molecular Dynamics simulations (MD) are nowadays routinely used
to investigate the behaviour of proteins, employing huge amounts of
resources to propagate the Newtonian equations of motion for each
atom. The Langevin formalism provides a method to recover those
dynamics, based on a reduced subset of collective coordinates. De-
scribing the time evolution as a superposition of drift and diffusive
motion, the Langevin approach has been shown to correctly reproduce
the conformational dynamics of polyalanines [1]. Using local estimates
to compute the corresponding fields from MD trajectories, the method
contains parameters, which determine the accuracy of the Langevin
approach. We investigate this dependence providing a strategy to op-
timize the Langevin technique. We further demonstrate a method to
reduce the amount of underlying data used to compute our estimates
in a reliable way to further increase the efficiency of our method. We
show the application of our method for various peptide systems. [1] R.
Hegger and G. Stock, J. Chem. Phys. 130, 034106 (2009)
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Thermal, Autonomous Replicator Made from Transfer RNA
— HuBERT KRAMMER, eFRIEDERIKE M. MOLLER, and DIETER
Braun — Systems Biophysics, Physics Department, Center for
Nanoscience, Ludwig Maximilians Universitdt Miinchen, Amalien-
strasse 54, 80799 Miinchen, Germany

Evolving systems rely on the storage and replication of genetic informa-
tion. Here we present an autonomous, purely thermally driven repli-
cation mechanism. A pool of hairpin molecules, derived from transfer
RNA replicates the succession of a two-letter code. Energy is first
stored thermally in metastable hairpins. Thereafter, energy is released
by a highly specific and exponential replication with a duplication time
of 30 s, which is much faster than the tendency to produce false posi-
tives in the absence of template. Our experiments propose a physical
rather than a chemical scenario for the autonomous replication of pro-
tein encoding information in a disequilibrium setting.

BP 8.26 Mon 17:30 Poster B2
Analyzing protein folding by high-throughput simulations
— oCraupe SINNERDZ, BensamIN Lurzb?2, ABHINAV VERMA!,
and ALEXANDER Scnug! — 1Steinbuch Centre for Computing
(SCC),Karlsruher Institut fiir Technologie (KIT), 76128 Karlsuhe,
Germany — 2Fakultét fiir Physik, Karlsruher Institut fiir Technologie

(KIT), 76128 Karlsruhe, Germany

Molecular Dynamics allows investigating the dynamical properties
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of biomolecules. Protein folding simulations are computationally
challenging when simulating all involved (solvent) atoms considering
timescales of ms or slower. Native structure based models (SBM,’Go-
models’) reduce computational complexity and have shown to be a ro-
bust and efficient way for exploring the protein folding process. They
are based on energy landscape theory and the principle of minimal
frustration. Using this framework, we simulate protein folding for a
large set (~ 200) of non-homologous monomeric proteins sized from
50-150 amino acids in coarse-grained simulations. A fully automatized
workflow implemented with the help of gSBMTools guides these sim-
ulations. From the simulations, we extract typical folding properties
like phi-values, folding free energy landscape and transition state en-
sembles. We repeat the simulations for a variant SBM with flavored
contact strengths pending on amino acid composition. The resulting
database estimates the robustness of folding parameters, quantifies the
folding behavior, compares the behavior to existing experimental data
and can serve as a baseline for comparison to future experiments or
simulations of protein folding.
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Inhibition of HIV-1 protease: the rigidity perspective
— eJack HeaL!, EmiLio JiMENEz-RoLDANZ3, STEPHEN WELLS?,
RoBERT FREEDMANS®, and RuboLpH ROMER? — 'MOAC Doctoral
Training Center, University of Warwick, Coventry, UK, CV4 TAL —
2Department of Physics, University of Warwick, Coventry, UK, CV4
7AL — 3Department of Life Sciences, University of Warwick, Coven-
try, UK, CV4 TAL

HIV-1 protease is a key drug target due to its role in the life-cycle of
the HIV-1 virus. There are more than 200 high resolution (< 2 A)
X-ray crystal structures of the enzyme in complex with a variety of
ligands. We have carried out a broad study of these structures using
the rigidity analysis software FIRST. This approach allows us to make
inferences about the effect of ligand binding upon the rigidity of the
protein. The protease inhibitors currently used as part of antiretro-
viral treatments can be split into two categories, which may offer an
explanation for the efficacy of particular combination therapies.
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Distance Dependency And Minimum Amino Acid Alphabets
for Decoy Scoring Potentials — eKay HamacHER — TU Darm-
stadt

Protein scoring potentials are a valuable tool in molecular biophysics
to assess the quality of, e.g., a protein structure. Among those several
knowledge-based potentials were developed in the past. However, con-

tinuous distance information have not been suggested yet. Here, we
propose to close this methodological gap. This becomes possible as the
parametrization problem can be formulated as a linear program, for
which even large-dimensional instances can be solved efficiently. This
allowed us to extended the study into assessing the usability of reduced
amino acid alphabets.

[1] S. Pape, F. Hoffgaard, M. Diir, K. Hamacher, "Distance De-
pendency And Minimum Amino Acid Alphabets for Decoy Scoring
Potentials”, J. Comp. Chem., 34: 10-20, 2013.
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Non-Equilibrium MD simulations of intramolecular signaling
in allosteric proteins — eSEBAsTIAN WaLTz — Biomolecular Dy-
namics Physik Institut Uni-Freiburg

The interaction of a protein with another protein or ligand causes lo-
cal energetic and or conformational changes of the protein around the
binding side. This structural changes may propagate through the pro-
tein and produce functional changes at the distant side. This process
is often referred to as allostery. There is an ongoing discussion about
the signaling pathway and on the timescale on which the information
travels along the protein. To resolve this open question, we perform
intensive Non-equilibrium molecular dynamic simulations of a photoin-
duced conformational change and intramolecular signaling, that allow
us to observe the functioning of the protein in real time. The goal
is to directly prove the existence of dynamically driven pathways of
intramolecular signaling.
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Pitfalls and artifacts in two-focus fluorescence fluctuation
spectroscopy — ®ANDREAS VERES and MarTHIAS WEISs — Ex-
perimental Physics I, University of Bayreuth, Germany

Fluorescence fluctuation spectroscopy is a powerful technique to quan-
tify intracellular transport on the almost single-molecule scale. Going
beyond a single observation volume, temporally cross-correlating the
fluorescence from two separated foci can be exploited to obtain large-
scale transport coefficients, and to detect transport barriers or directed
flow. Using mean-field theory and simulations in combination with ex-
periments on a laser scanning microscope (LSM), we have investigated
which artifacts and pitfalls may hamper this promising approach. We
find that the unavoidable bleaching of fluorophores only has a minor
influence on the results, whereas the typically poor statistics in com-
mercial LSMs severely limits the applicability of the approach to in
vitro systems.



