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Preface

The John von Neumann-Institut fur Computing (NIC) - a joinstitute of Deutsches

Elektronen-Synchrotron (DESY) and Forschungszentrulichlé supports a large num-
ber of research projects in computational science, mahryugh the Zentralinstitut fur

Angewandte Mathematik (ZAM) in Julich and its superconmpyifacilities. Furthermore,

NIC also plays an active role in the education of young redess in the various areas
of computational science. It may already be called a tradlithat every second year in
February/March NIC offers a Winter School about a topic afstanding methodological
importance to the NIC user community.

This year the focus of the Winter School is on Computatiordt Blatter which has be-
come a very active field of research. Characteristic featofsoft matter simulations are
the nontrivial geometric structures that occur from therastic to the mesoscopic scales,
the importance of entropic effects, and the cooperativeptexndynamics. Different ap-
plication fields profit from the recent progress of simulatinethods.

The Winter School covers the following research topics:
Introduction to Simulation Methods

Polymer Solutions and Melts

Liquid Crystals, Surfactants and Membranes
Biopolymers

The target group of the School are again young scientigtecéally graduate students and
postdocs, in the areas of theoretical/computational gsyshemistry, and biophysics who
have a basic knowledge of classical, statistical, and quantechanics. They benefit from
this School by learning about recent methodological adesméthin and outside their field
of specialization.

The Winter School is organized by the John von Neumanntutsfiir Computing
(Forschungszentrum Jilich), Institut fur Physik (Jates Gutenberg-Universitat Mainz),
Max-Planck-Institut fur Polymerforschung (Mainz), andakPlanck-Institut fur bio-
physikalische Chemie (Gottingen).

Financial support mainly came from the Forschungszentiigiimhl Due to the lack of
additional funding either from the EU or the German MinistfyEducation and Research
(BMBF), the number of participants is restricted to aboup8€icipants compared to about
150 in previous times. This allows for a much closer contativeen the lecturers and the
students and fosters direct discussions between all jpentits throughout the School. Ap-
plicants for the School were selected on the basis of s@iebackground and excellence.
In spite of this barrier, we received a wide-spread natiamna international resonance of
applications, in many cases together with the submissi@pafster abstract. This reflects
the attractiveness of the programme and demonstrates fleetaxion of the participants
to play an active role in this high-level scientific Schoole\&4te sure that the School is
stimulating for both sides, the students as well as the fecdu



This preface also offers an opportunity to thank all thevittlials and institutions that
significantly contributed to the success of the School.tfifsll we wish to thank those
participants for their contribution, who are presentingastpr during the School. We
also wish to thank the Forschungszentrum Julich, whick year was the main sponsor
of the School. For their most valuable help with the locahagements we are greatly
indebted to several staff members of the Forschungszeiilioh, namely Rudiger Esser
(finance), Rene Gail (conference service), and last buteadtithe School’s secretaries
Anke Reinartz and Yasmin Abdel-Fattah. Special thanks gérnke Visser for her
commitment concerning the composition and realizatiomisf Book of Poster Abstracts.

This Book of Abstracts of the poster presentations is alddlighed in the internet at
http://www.fz-juelich.de/nic-series/volume22/.

Julich, Mainz, and Gottingen
February 2004

Norbert Attig

Kurt Binder
Helmut Grubmdiller
Kurt Kremer



Programme

Computational Soft Matter:
From Synthetic Polymers to Proteins

NIC Winter School

29 February - 6 March 2004
Gustav-Stresemann-Institut, Bonn, Germany

Monday, 1 March
09:00-10:30 Daan Frenkel

Introduction to Monte Carlo Methods
10:30-11:00 Coffee Break

11:00-12:30 Jorg Baschnagel
Monte Carlo Simulation of Polymers: Coarse-Grained Models

12:30-13:30 Lunch Break

13:30-15:00 Mike P. Allen
Introduction to Molecular Dynamics Simulations

15:00-15:30 Coffee Break

15:30-17:00 Christian Holm
Dealing with Long Range Interactions: Polyelectrolytes

Tuesday, 2 March

09:00-10:30 Wolfgang Paul
Chemically Realistic Simulations of Polymer Melts: Equilibration Is-
sues and the Study of Relaxation Processes

10:30-11:00 Coffee Break

11:00-12:30 Burkhard Dinweg
Advanced Simulations for Hydrodynamic Problems: Lattice Boltzmann
and Dissipative Particle Dynamics

12:30-13:30 Lunch Break



13:30-21:30 Excursion to the Research Centre Julich

Gerhard Gompper

Soft Matter Research in Jilich

Thomas Lippert

The John von Neumann Institute for Computing
Bernd Mohr

Parallel Programming Models and Tools

Reception and Dinner at the See-Casino

Wednesday, 3 March

09:00-10:30 Klaus Schulten
Protein Mechanics

10:30-11:00 Coffee Break

11:00-12:30 Alan E. Mark
Simulating Self-Organization in Peptide and Lipid Systems

12:30-13:30 Lunch Break
13:30-15:00 Poster Session A
15:00-15:30 Coffee Break

15:30-17:00 Friederike Schmid
Surfactants at Interfaces: Simulation of Structure and Phae Behavior

Thursday, 4 March

09:00-10:30 Alexander Grosberg
Statistical Mechanics Approach to Protein Folding

10:30-11:00 Coffee Break

11:00-12:30 Kurt Kremer
Entangled Polymers: Dynamics and Structure Property Relaibns

12:30-13:30 Lunch Break
13:30-15:00 Poster Session B
15:00-15:30 Coffee Break

15:30-17:00 Helmut G. Grubriiller
Molecular Machines



Friday, 5 March

09:00-10:30 Mike P. Allen
Liquid Crystal Systems

10:30-11:00 Coffee Break

11:00-12:30 Cameron F. Abrams
Inhomogeneous Coarse-Graining of Polymers and Polymer/Mal In-
terfaces

12:30-13:30 Lunch Break

13:30-15:00 Ole G. Mouritsen
A Lattice Model Approach to Biomembranes

15:00-15:30 Coffee Break

15:30-17:00 Marcus Miller
Phase Behavior and Chain Conformations in Polymer Blends adh
Copolymer Mesophases
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Improving the Poisson-Boltzmann Theory by Including
Counterion Correlations on a Density Functional Level

Dmytro Antypov !, Christian Holm !, Markus Desernd', and Marcia Barbosa?

1 Max-Planck-Institut fur Polymerforschung
Ackermannweg 10, 55128 Mainz, Germany
E-mail: {antypov,holm,deser@ mpip-mainz.mpg.de

2 Instituto de Fisica, UFRGS
91501-970, Porto Alegre, RS, Brazil
E-mail: barbosa@if.ufrgs.br

We consider a density functional extension to the PoissoltzBiann (PB) theory?, which
allows taking into account the inter-ionic correlationgleeted in the mean-field approach.
These include both electrostatic correlations treatelimihe recently developed Debye-
Huickel-Hole-Cavity (DHHC) theord® and excluded volume effects treated in the way
proposed by Tarazaohdor hard spheres. While the latter isi@cal density functional
approach, the steric correlations, due to their short raredere, are incorporated using
theweighteddensity method. The results of the free energy functionaimisations are
compared to those obtained from our cell model MC simulatifra single charged colloid
surrounded by its counterions. We find a marked improvemerthe predictions of the
PB theory, which neglects the correlations between coiomgand treats them as an ideal
gas.

References

. M. C. Barbosa, M. Deserno, C. Holm, and R. Messina, Phyg. Rein press (2004).
. M. C. Barbosa, M. Deserno and C. Holm, Europhys. L%2{.80 (2000).
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Statistical Properties of Off-Lattice Heteropolymers

Michael Bachmann', Wolfhard Janke!, and Handan Arkin?

L Institut fur Theoretische Physik, Universitat Leipzig
Augustusplatz 10/11, 04109 Leipzig, Germany
E-mail: {michael.bachmann,wolfhard.jank@itp.uni-leipzig.de

2 Department of Physics Engineering, Hacettepe University
06532 Ankara, Turkey
E-mail: handan@hacettepe.edu.tr

We apply a multicanonical algorithm to variants of the AB raBd being an off-lattice
model for heteropolymers. Heteropolymers are considesathains of hydrophobic (A)
and hydrophilic (B) monomers only. Into the energy functemter the bending energy
and a Lennard-Jones-like potential between nonbonded mersy where short-range re-
pulsion and long-range attraction compete. Contacts letvagdrophobic monomers are
favoured, thereby assuming that the global energy minimate ®f proteins is character-
ized by a compact hydrophobic core screened from the sobseatshell of hydrophilic
residues. We calculate thermodynamic quantities for knesguences by means of a mod-
ified AB modef and identify the temperatures, where conformational psetahsitions
are expected. Since the multicanonical algorithm allowsafoaccurate sampling of the
low-temperature region, we also obtain good estimateshi@rgtobal energy minimum.
Therefore we apply our algorithm to sequences where miniranergies were recently
quoted and compare with lowest-energy states found by minimiziegedures. The fig-
ure shows the flat histograf (£) from the multicanonical sampling of a 20mer and the
density of stateg(FE) that has accurately been determined over 70 orders of maignit
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Folding and Unfolding of an Elastin-Like Oligopeptide

Marcel Baer, Eduard Schreiner, Axel Kohimeyer, Roger Rousseau,
and Dominik Marx

Lehrstuhl fur Theoretische Chemie, Ruhr-UniversitatBam, Germany

Elastin, a principle protein component in vertebrate’sresntive tissues, features unusual
viscoelastic propertiés’. Remarkably, upon increasing the temperature beyof@ 4is
protein folds, while regular proteins would undergo deretion. The term “inverse tem-
perature transition” (ITT) was coined for this apparentragdoxical change from a “dis-
ordered” (extended) to an “ordered” (folded) conformatigoon heating. The origin of
elastin’s properties is controversially discussed, sgléoncepts such as rubber elastitity
librational entropy 3, hydrophobic collapse and multi-phase modél$ ¢ Beyond doubt
is the decisive role of water as a plasticizer (dry elastibrigle®), but the aspect of the
protein’s hydration watedynamicgemains unexplored.

A significant experimental finding was the recent finditigat oligopeptides of the kind
GVG(VPGVG), display the ITT even in the limit of only one pentameric repgait. Us-
ing the limiting value n = 1 opens up the possibility to penfianolecular dynamics (MD)
simulations that allow for fairly long simulation times Wisufficiently many solvating
water molecules.

We present classical MD-simulation reséifswhich demonstrate that the peptide
GVG(VPGVG) undergoes an ITT leading to a folding at abouts®€. In addition, an
unfolding transition is identified at unusually high temgteires approaching the boiling
point of water. A detailed molecular view involving a therdymamic order parameter,
or reaction coordinate, for this process is presented alithga time-correlation function
analysis of the hydrogen bond dynamics within the peptideeadksas between the peptide
and solvating water molecules. This picture is emphasittisgole of the hydrogen bond
dynamics at the protein-water interface and peptide baokkibrational entropy.
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d-Amino Acids as Building Blocks for the Structural
Design of Peptides and Foldamers

Carsten Baldauf, Robert Giinther, and Hans-Jorg Hofmann

Institute of Biochemistry
Faculty of Life Sciences, Pharmacy and Psychology, Unityeo$ Leipzig, Germany
E-mail: cbaldauf@uni-leipzig.de

In the last years, numerous studies demonstrated thatnodigpofa-, 8- andy-amino
acids are able to form stable secondary structures withestiag properties. The consis-
tent extension of the homology principle leadsstpeptides, which are solely composed
of §-amino acids. Elements of secondary structures could becteg in this class of com-
pounds, too. In comparison t& and~-amino acidsg-amino acids show a special aspect.
The size of aj-amino acid constituent corresponds approximately to aedimmit in the
native a-peptides. Thus, a singleamino acid could replace a dimer unitdrpeptides
and secondary structures drpeptides should be rather similar to the typical secondary
structures in native peptides.

In this study, we performed a systematic conformationalyeaon hexamers af-amino
acids at the HF/6-31G* and B3LYP/6-31G* level of ab initio Mieory to find the pos-
sibilities of helix formation inj-peptides. Solvation effects were estimated by the polar-
izable continuum approach (PCM//HF/6-31G*). A wide vayief helical structures with
H-bonds pointing forward and backwards along the sequemsefound. The most stable
ones form 10-membered hydrogen bonded pseudocycles k& gkhelix of a-peptides.
Beside the possibility of helix formation in oligomers®@mino acidsg-amino acids can
also serve ag-turn mimetics. Our studies show that the two centtadmino acids in

a g-turn can be replaced bysaamino acid without changes of the structure (see Fig. 1).
However, some alternatives f@rturn formation withd-amino acids appear which are even
more stable than thegeturn analogues.

1

Figure 1. Comparison of dll-type turn (1) in native peptides with a blocke#amino acid 2).






Vanadate Embedded in Hydrogen Bonding Network: DFT
Study of Active Site of Vanadium Haloperoxidase

Masroor A. Bangesh K. Gaus, E. Spielberg, and Winfried Plass

Institut fur Anorganische und Analytische Chemie
Friedrich-Schiller-Universitat Jena
E-mail: masroor.bangesh@uni-jena.de

Vanadium containing haloperoxidases (VHPO) catdtyshe two electron oxidation of a
halide by hydrogen peroxide. The reactive species "hymlsécid’ thus formed, either
haloginates the organic compounds, or in absence of orgabgtrates consumes another
hydrogen peroxide to produce singlet oxygen. Crystal sitrecof chloroperoxidasdrom
Curvularia Inaequaligevealed enzyme’s active site and a vanadate anion was feitmd
vanadium within covalent bonding distance to His496 residinile anionic oxygens of
vanadate engaged themselves in hydrogen bonding with mahielues Lys353, Arg360,
Ser402, Gly403, His404 and Arg490. These residues, in oryeowshe other, optimize
electron density at vanadate centre for peroxide attacksahdequent oxygen-transfer to
halide ion.

Interestingly, amino acid sequence of active site of VHP@s found to be conserved in
three families of acid phosphatases including mammalianagie-6-phosphataseThis
led to anticipation that these phosphatases might exhitbitperoxidase activity, which
actually was shown to be possiblaut observed catalytic rates were much lower than those
for haloperoxidase. At first glance this might seem sumpgisis active site architecture of
two enzymes is astonishingly similar but some subitle diffiees in hydrogen bonding
network in two active sites can prove to be vital for fine tagof haloperoxidase activity.
In present work DFT calculations are carried out to elu@dht hydrogen bonding net-
work in active site of vanadium chloroperoxidésem Curvularia Inaequalisand acid
phosphata$drom Escherichia Blattaglt is shown that the two enzymes, despite having
structural similarities in active site, have differenceshieir hydrogen bonding networks.
Particularly Arg183 in phosphatase is not equivalent ®Arg490 counterpart in VHPO
in this respect.
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Dynamical Properties of the Slithering Snake Algorithm:
A Numerical Test of the Activated Reptation Hypothesis

J. P. Wittmer!, L. Mattioni 2, J.-L. Barrat 2, J. Baschnagel,
A. N. SemenoV, and A. Johner!

L Institut Charles Sadron, 6 rue Boussingault, 67083 Stasgh&rance
E-mail: {jwittmer, baschnap@ics.u-strasbg.fr

2 Département de Physique des Matériaux, Universited@i&ernard
69622 Villeurbanne Cedex, France

Correlations in the motion of reptating polymers in a me#t avestigated by means of
Monte Carlo simulations of the three dimensional slithgramake version of the bond-
fluctuation model Surprisingly, the slithering snake dynamics becomes isistent with
classical reptation predictions at high chain overlapgteé either by chain lengti or
by the volume fractionp of occupied lattice sites), where the relaxation timesdase
much faster than expected. This is due to the anomalousliogai diffusion in a finite
time window whose upper bound (V) is set by the density of chain endgN. Density
fluctuations created by passing chain ends allow a refengoigener to break out of the
local cage of immobile obstacles created by neighboringnsharhe dynamics of dense
solutions of “snakes” at <« 7 is identical to that of a benchmark system where all chains
but one are frozen. We demonstrate that the subdiffusivamjgal regime is caused by
the slow creeping of a chain out of its correlation hole. Gagults are in good qualitative
agreement with the activated reptation scheme proposedttgdy Semenov and Rubin-
stein? Additionally, we briefly comment on the relevance of locdbration pathways
within a slithering snake scheme. Our preliminary resultggest that a judicious choice
of the ratio of local to slithering snake moves is crucialgoiébrate a melt of long chains
efficiently.
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Ab Initio Investigation of Structure and Stability of
Two-Fold Rings in Silicates

Atashi Basu Mukhopadhyay!, Michael Dolg!, and Christina Oligschleger
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We presentb initio many-body calculations on the strain energy of W-silicketaas
a model system for edge-sharing tetrahedral,Si{stems with respect to corner-sharing
ones as im-quartz. The mean-field results were obtained using theictest Hartree-
Fock approach, while the many-body effects were taken iotoant by the second-order
Mgller-Plesset perturbation theory and the coupled-ehupproach. Correlation contri-
butions are found to play an important role to determine tabikty of edge-sharing units.
The most sophisticated method used in our calculation the.coupled-cluster approach
with single and double excitations, yields a strain enef@/@427 a.u. per 304 unit with
respect tax-quartz, which is even smaller than the value obtained bywgipus DFT cal-
culationt. The results indicate that edge-sharing St€trahedra in (partially) amorphous
systems are possible at a modest energetic expense.
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Free Interfaces in Binary Hard-Platelet Mixtures

Markus Bier
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Suspensions of platelike colloids like blood, clay solsliquid crystal dispersions are of
increasing interest because of possible applicationsameédicine, geophysics, or liquid
crystal display technology. So far, most theoretical itigegions on platelets have only
been devoted to bulk properties like the formation of ispitcand nematic phases. In
contrast, this work is dedicated to interfaces between deafiuid-fluid phases of binary
mixtures of hard platelets.

The most adequate approach to treat inhomogeneities likefaces is the density func-
tional theory. In order to apply the currently most sopbitiéd excess free energy func-
tional, the fundamental measure functional, plateletsdascribed within the Zwanzig
model, which allows only three mutually orthogonal oridiatas.

Two different binary hard-platelet mixtures have been aered: A mixture of large thin
and small thick platelets as well as a mixture of large andlisthia platelets. Besides
non-fluid phases, the first mixture shows one isotropic aredmamatic phase whereas the
second mixture exhibits one isotropic and two nematic phagelditionally, the second
mixture shows an isotropic-nematic-nematic triple point.

Density and orientational order parameter profiles at faters between coexisting phases
as well as the interfacial tension are determined. In theurof large thin and small thick
platelets, a density inversion, oscillatory density pesjland a Fisher-Widom line have
been found. The lowest interfacial tension correspondsdartean bulk orientation of the
platelets being parallel to the interface. For the mixturtamye and small thin platelets,
an isotropic-nematic interface is completely wetted by m fif a second nematic phase
when approaching the isotropic-nematic-nematic triplepd his has been confirmed by
both the asymptotic logaritmic divergence of the film thieka and the vanishing of the
dihedral angle of a lense of the wetting phase.

For further details se®. Bier, L. Harnau, and S. Dietrich, cond-mat/0310746d the
references therein.
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Molecular Simulation of the Adsorption of Molecules out
of Dilute Solutions
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The minimum in the free energy yields the preferred positiba molecule and in case
of more complex molecules like proteins also its preferredfiguration. The change of
the free energy is obtained by integration over the meareforca molecule. This method
is physically obvious as it says that the change in free gnisrthe work required on a
reversible path. In addition the potential of mean force lsamelated to the logarithm of
the local density. The molecule is fixed in a certain position and the mean fexegted on
it from the surface and the fluid particles is calculated. rTtiee mean force is integrated
over an appropriate path to yield the potential of mean force
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Figure 1. This graphic shows the mean force and the relatival Hensity of a dilute component B as function
of the distance from the wall as obtained by integration efrtiean force. The system is a LJ mixture in contact
with a 9/3 LI wall. The A-particles form the solvent which aather densely packed close to the wall. The blue
dotted circle at the left side represents a B-particle which would intuetively center at the minimum of the
wall potential. The result of the MDS give clear evidence tha B-particle is shielded off from the wall by the
A-particles. The B-particle is centered at the maximum efldtal density. [2].

Based on this theory we first considered rather simple systérarious 1-center Lennard-
Jones (LJ) mixtures at a 9/3-Lennard-Jonesivalk a representative result see Figure 1.
In a second step, we will study the adsorption of 2-centefhiids at those walls. We
will outline the possibilities to handel even more complggtems: like the adsorption of
a bio-molecule at structured carbon surfaces.
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Monte Carlo Simulations for Instantaneous
Electrodeposition Processes

Welchy Cavalcanti
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We introduce a very simple model for the instantaneous reldeposition process that
takes into account the kinetic roughening during the filnmgho The main ingredients
of the model are the characteristic time for the cation pkedito attain their steady state
velocity, and the choice of a velocity dependent probabflir the particles to relax on
the substrate. The model is capable of reproducing the ewmpetal results for the density
current as a function of time for a fixed value of the exterr@teptial during the elec-
trodeposition experiment, as well as typical voltammoggaithe model was investigated
through a suitable continuous Monte Carlo algorithm whieeertumber of particles to be
deposited in a Monte Carlo step (MCs) changes with time. fFallsvalues of the particle
velocities the deposition is essentially described by & pamdom deposition model, while
for high values of velocity a dominant local relaxation pes is assumed. At each MCs
we compute the surface width in order to determine the roeghof the surface. From the
plots of the surface width versus time we found the growinglynamicz and roughness
« exponents for this model.
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Crossover from 2D to 3D Demixing in Binary Polymer
Blends: A Monte Carlo Simulation

A. Cavallo, M. Miiller, and K. Binder

Institut fur Physik
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Monte Carlo simulation of the Bond Fluctuation Model arefpemed in order to study
the unmixing behavior of symmetrical polymer blends (cHeimgth N4 = N = N)
confined in ultrathin films. The critical temperatufg of unmixing has been located by
finite-size scaling analysis for different values of chandth (fromN = 16to N =
256) and film thickness (from D=2 to D=19 in units of lattice spag). A crossover from
two—dimensional to three—dimensional, bulk-like behawothe scaling of the critical
temperature withV is observed forD close to the screening length of the polymer melt,
&s ~ 7. This crossover is independent of the chain length. In thet lof large film
thicknesses) >> £), we show that the critical temperature asymptoticallyrapphes
the linear scaling®d. ~ N) predicted by the Flory-Huggins theory. When we reduce the
film thickness O < 2¢;), we observe a weaker increaseTof with N. Assuming the
power lawT,. ~ N*(P) for (D << &,), our results are compatible with( D) ~ 1/2. For

2 < D < &, the exponent(D) grows from0.68 to 0.83 (15%), instead, fog, < D <

19, it increases only from 0.83 to 0.9%). This allows us to identifyf; as a crossover
length between the two regimes. The anomalous scaling afrttieal temperature with
the chain length for ultrathin films and the crossover from ttwvo—dimensional to the
three—dimensional demixing can be rationalized in terngeofmetrical arguments.
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Static and Dynamic Properties of Tethered Chains at
Adsorbing Surfaces: A Monte Carlo Study

Radu Descad?, Jens-Uwe Sommet, and Alexander Blument
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We present extensive Monte Carlo simulations of tetherathstof lengthvV on adsorbing
surfaces, considering the dilute case in good solventsaaalyze our results using scaling
arguments. We focus on the mean numkbkof chain contacts with the adsorbing wall, on
the chain’s extension (the radius of gyration) perpendicahd parallel to the adsorbing
surface, on the probability distribution of the free end amdthe density profile for all
monomers. At the critical adsorption strengttone has\/,. ~ N¢, and we find (using the
above results) as best candidat® equal 0.59. However, slight changes in the estimation
of e. lead to large deviations in the resultipgthis might be a possible reason for the dif-
ference in the) values reported in the literature. We also investigate ymarchical scaling
behavior at., by focusing on the end-to-end correlation function andrendorrelation
function of monomers adsorbed at the wall. We find that.ahe dynamic scaling expo-
nenta (which describes the relaxation time of the chain as a fonatf V) is the same as
that of free chains. Furthermore, we find that for tetheraarchthe modes perpendicular
to the surface relax quicker than those parallel to it, wiiely be seen as a splitting in the
relaxation spectrum.
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Structural Dependence of the!®N and 27 Al Chemical
Shifts in Solid AIN
A Theoretical Investigation

Markus Doerr and Christel M. Marian

Institut fir Theoretische Chemie und Computerchemie
Heinrich-Heine-Universitat Dusseldorf, Dusseld@grmany
E-mail: doerkinus@theochem.uni-duesseldorf.de

AIN is a IlI-V semiconductor with high thermal conductivjtiow compressibility and a
wide band gap. Thin films of AIN may be produced from molecplacursors by chemical
vapor deposition.

In order to assist the characterisation of the resultingenels we calculated thEN and
27Al chemical shifts in thermodynamically stable wurtzitgpéyAIN and in metastable
zinc-blende AIN. The shifts were computed from H-saturatedters which were chosen
as cutouts from the crystal structure.

Experimental®N and?” Al chemical shifts in wurtzite AIN could be reproduced withayl
accuracy. It was found that tHeN chemical shift is much more sensitive to changes in the
local environment than th& Al chemical shift. The'>N chemical shifts can be classified
according to the number of H-Atoms in the neighbourhood.

No experimental NMR data for zinc-blende AIN is availabldiumow. From our calcula-
tions we can predict that tH€N chemical shifts in zinc-blende and wurtzite AIN are very
similar.
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The Sequence Design of Heteropolymers with Saturating
Bonds

Olga M. Ermak, Alexander V. Chertovich, V.A. Ivanov, and A.R. Khokhlov
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119992 Moscow, Russia
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Heteropolymers with saturating bonds attract scientista @ery coarse-grained model of
biopolymers like DNA and RNA. In our research we investigite formation of stable
secondary structure caused by the hydrogen bonds betweasponding bases and the
statistical behavior of model energy spectra. Our goal wasalyze the influence of the
initial sequence and other factors on the bottom part otkpectra and to reveal the prop-
erties of the ground state of such systems. The simple nrawitel we use corresponds
to the case of AB-copolymer which can have only saturatingdisdoetween the A- and B-
units. The parameters of our system akeis the number of monomer units in the chajn,
is the number of different interactions afids the dispersion of energies. The energies are
determined from the random matrix of interactiByy which depends on the set of param-
eters. The simplified model we use provides with good acguteeresults close to those
obtained in the exact 3d-simulation, but requires muchdessputational resources. For
small values ofV we use full enumeration of the low-energy structures, wiiteV > 20
we use Monte Carlo simulation. The investigation of the migtd spectra showed that on
average there is only a little difference between the gratatt and the next states. It also
showed that the ground states of the different realizatiamsvary in quite a wide range.
Only an exponentially small part of the random realizatibas the unique and “rough”
enough ground state. The phase diagram in term&/of(6) was obtained. This diagram
shows which combination of these parameters can cause theeuground state. Near-
est perspective is to estimate whether this ground stateasly or not, and if it can be
achieved at finite temperatures within kinetic motion.
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Phase Diagrams of Ising Mixtures
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The mean field theory for the pure Ising fluid was recently edésl to binary mixtures of
an Ising and a van der Waals fldidDepending on three parameters describing the relative
magnetic and nonmagnetic interaction strengths, the ytpredicts a rich multicritical be-
havior in the three dimensional T, p-phase diagrams, featuring tricritical consolute and
plait point lines, lines of critical end points and magnetinsolute point lines. In order
to ascertain if the predicted topologies are also found énptesence of fluctuations we
have performed extensive Monte Carlo simulations, ingasitig both first order (liquid-
vapor and demixing) and second order (paramagnetic-fexgoetic) phase transitions for
mixtures of a Lennard-Jones fluid and a Lennard-Jones Isiidydk well as for the Ising
fluid itself. The computational methods we have used inclaiidss Ensemble MC, Multi-
histogram Reweighting, Hyper-parallel Tempering, the alamt intersection method and
the newly developed Density of States MC technique. We ptdke resulting, 7' phase
diagrams of pure Ising fluids with varying strengths of thegmetic interaction as well as
constant pressure and temperature sections of the phagamd®of Ising mixtures with
different system parameters. The results show that in tbesaible temperature range the
mean field topology is obtained.

References

1. W. Fenz and R. Folk Phys. Re.67, 021507 (2003).

29






Mixed Helices - A Novel General Folding Pattern in
Homologous Peptides
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The periodic structure elements of the nativpeptides are defined by the backbone tor-
sion anglesy, ¢ andiy. All hydrogen bonds in the- and 34-helix point into the backward
direction along the sequence and form pseudocycles witmii3L8 atoms, respectively.
In 5-peptides, which are homologues of thgeptides, a novel unique type of a periodic
secondary structure was found by Seebach and co-workeish ttey named 'mixed he-
lix’. 1 In this structure, the repeating unit is not the monomeralditmer unit. The peptide
bonds are alternately involved in hydrogen bonds pointiagkiivards and forward along
the sequence (see Fig. 1).

i—(i+1)interaction = —————

#—(i+3)-interaction E—

o-peptides B-peptides Y-peptides 8-peptides
Hs/10 Hio/12 Hiz/1a Hia/16

Figure 1. Hydrogen bonding pattern in mixed helices of hagolsa- (n=1), 3- (n=2),~- (n=3) andj-peptides
(n=4).

The finding of mixed helices ofi-peptides might be a hint for the existence of similar
structures ina-peptides and their homologous and §-peptides. The conformational
space of these homologues was screened by a systematitovadfthe backbone tor-
sion angles in the dimeric subunits of hexamers. The regulttructures were starting
points for geometry optimizations at the HF/6-31G* and BBI&-31G* level of ab initio
MO theory. For each of the homologous peptides one or moredielices were found.
Some of them were at least as stable as their classical hedigaterparts. Calculations at
the PCM//HF/6-31G* level reveal, that a polar solvent isauofrable for the formation of
mixed helices due to the low dipole of these structures. @rdyexperimentally described
mixed helix of thes-peptides remains very stable in water.

References

1. D. Seebach, K. Gademann, J. V. Schreiber, J. L. Matthewslinftermann Helv.
Chim. Acta80, 2033 (1997).

31






Comparison of Theory and Experimental Data on the
Rheology of Dense Colloidal Suspensions

Oliver Henrich and Matthias Fuchs
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The rheological properties of soft materials like part&lspensions are a challenge in soft
matter science. While dilute suspensions flow with a viggasily slightly higher than that
of the solvent, concentrated ones behave as weak amorpbials and elastically with-
stand finite stresses. On increasing the external sheax sateng decrease of the viscosity
is observed. This feature of a non-Newtonian fluid is usuafgrred to as shear thinning.
Temperature sensitive core-shell latex partitl@®vide model dispersions that show this
behaviour. Depending on the concentration of suspendéitiparphenomena like shear
thickening and jamming are also observed and can even bgzadajuantitativels.

In principle linear flow theories fail to describe the belwawi of dense suspensions and
have to be abandoned in favour of non-linear ones. The latauat for the crucial role
that the imposed shear itself plays for the internal partiinamics. We compare non-
Newtonian viscosity data with model calculations suggete a recent first-principles
approach to non-linear rheology of dense colloidal suspes$ It predicts a universal
transition between yielding of amorphous solids and shHeaning fluid flow. The signif-
icant mechanism behind is the advection of density fluatnati Hydrodynamic interac-
tions, non-linear flow profiles and ordering phenomena agdecéed. The data analysis
indicates that the predicted transition is experimentdigessible.
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Single three dimensional polymers confined to a slab, i.¢héaegion between two par-
allel plane walls, are studied by Monte Carlo simulationkeyl are described by -step
walks on a simple cubic lattice confined to the region< z < D. The simulations
cover both regiond << Rp andD >> Rp (WhereRrp ~ NV is the Flory radius,
with v ~ 0.587), as well as the cross-over region in between. Chain lergthsip to
N = 80,000, slab widths up taD = 120. In order to test the analysis program and to
check for finite size corrections, we actually studied thadiierent models: (a) Ordinary
random walks (mimicking-polymers); (b) Self-avoiding walks (SAW); and (c) Domb-
Joyce walks with the self-repulsion tuned to the point wHigite size corrections for free
(unrestricted) chains are minimal. For the simulations wmley the pruned-enriched-
Rosenbluth method (PERMyvith Markovian anticipatiofr®. In addition to the partition
sum (which gives us a direct estimate of the forces exertamitbe walls), we measure the
density profiles of monomers and of end points transverdeetslab, and the radial extent
of the chain parallel to the walls. All scaling laws and sonfi¢he universal amplitude
ratios are compared to theoretical predictfons
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Cooperative Dynamics of Multicontact Friction:
Creep and Stress Relaxation

B.A.H. Huisman and A. Fasolino

University of Nijmegen
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It has been recently shown experimentally that the cell estitnds logarithmically under
the application of a constant, unidirectional force. Weehdescribed this phenomenon in
analogy with the frictional dynamics of rough multicontaatfaces, by means of the Bur-
ridge and Knopoff (BK) model at finite temperature. In thisdebcontacts move, driven
by temperature, to relax the internal stresses at the agerbetween two surfaces. We
show that, depending on the strength of interactions betweatacts, different regimes
for the microscopic motion can be identified, which in turfeaf macroscopic friction,
stress relaxation and their temperature dependence. dwy, experimental informa-
tion can be used to get insight on the microscopic structfithi® complex system. We
have also simplified the problem of stress relaxation in tKenBodel by developing an
automaton-like version of the model, and have shown thaBwenodel can also behave
logarithmically slow when driven by a low force and temparat much like the cell wall.
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Bilayer Material Properties from Dissipative Particle
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Dissipative Particle Dynamics simulations are used toagextthe material parameters
(bending modulus and area stretch modulus) of a bilayer mamatpatch. The area stretch
modulus is an important property of biological membranad,some experiments indicate
that it varies little as the chain length of the lipids comipgshe bilayer increases. Here
we show that the interactions between the hydrophilic hemadss of the model lipids must
be proportional to the hydrophobic tail length if the aboesuit on the area stretch modu-
lus is to be observed. We also show the effects of changingrtighiphile architecture on
the membrane material properties.
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Molecular Dynamics Simulations of Polymer Friction
Coefficients and Collision Dynamics in Sieving Media
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We utilize large scale non-equilibrium Molecular Dynam@isiulations with an explicit
solvent to systematically explore the friction coeffici€fV) of polymers in conforma-
tions commonly occurring in sieving media. In particulare@mine i) random coil poly-
mers ii) rigid polymers moving either parallel or perpendér to their major axis and iii)
hydrodynamically coupled molecules. We compare thesgdricoefficients with predic-
tions from macroscopic hydrodynamics. We also examine dission of single polymer
chains with obstacles in three regimes: i) a polymer (in ttes@nce of an external force)
colliding with a fixed obstacle ii) a polymer (in the presenéa fluid flow) colliding with

a fixed obstacle and iii) a polymer (in the presence of an eatdorce) colliding with a
free polymer in solution. We present analytical models fase three regimes and com-
pare them to results from Molecular Dynamics simulationthveixplicit hydrodynamic
interactions.
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DMSO-water mixtures exhibit a marked freezing point degices(60 K at fyys0=0.33).
Additionally, the phase diagrahis very complex at prso=0.25-0.33, in which lies the
possible origin for its cryopreserving ability.

As explanation stable 1DMSO-28 (1-2), 2DMSO-3HO (2-3) and especially 1DMSO-
3H,O (1-3) cluster were suggested. Whereas the 1-2 and the @si&rsl were seen
in traditional (based on pair potential) molecular dynar(i@D) simulation studies, the
presence of a 1-3 cluster was not established.

Static quantum chemical calculation identified the striadtpatterns of small clustets
These are spatially very different from those formed in MBgliation. In accordance
with the discussion of the weak C-H O hydrogen bond by Steiner et‘ainteraction en-
ergies of the methyl groups with water up to 8 kJ/mol are fodrdidentify characteristic
structural features of the DMSO—water mixtures tempeeatlapendent high-resolution
FT-Raman spectfaare compared to DFT calculations, which also consider anbaicity
effects.

Finally, the mixture is studied with Car—Parrinello MD silation®. A 3-fold coordination
at the DMSO oxygen, C-H- O contacts, and 1-3 clusters are observed. The angular
distribution for different distant water molecules arouinel methyl group shows a complex
behavior: Close water molecules orient with the oxygenkéaethyl hydrogen, far water
molecules vice versa.
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Polymers in DPD

Evert Koopman
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DPD! is a novel method to describe systems on mesoscopic lendtliraa scales with
the correct thermo and hydrodynamics. After applying a fevdifications to the original
DPD scheme we can accurately model long polymer chains. OiPBists of two parts,
a set of interaction forces and a thermostat. Normal DPD asesdom and dissipative
force as a thermostat. The problem with this type of theratdstthat it does not even
guarantee a correct temperature. To solve this we use aatifftnermostat which acts like
an Andersen thermostat from molecular dynamics but thepdtticle pairs.

Polymers are included in this model by attaching fluid eletsi¢ém each other with har-
monic springs. If we choose the resulting Kuhn length fomet larger than the hydrody-
namic radius of a single element, we can show that relatstetyt chains (N=16) already
behave similar to very long chains.

Another modification is the lack of the conservative forcpafymer simulations. This still
gives the correct thermo and hydrodynamics but makes foryasmple algorithm. We
do this because it is the only way to model something whichesmonds to a real system
(a polymer in a theta-solvent). If we include the conseweatorces also we still model
polymers in some solvent, but it is not possible to relatdsusystem to reality.

Note that even though we lose all the original ingredienf8®D, we end up with a model
which is similar to it, but actually simulates a real system.
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Studies on the liquid structure of alcohol-water mixtureside important insights in the
role of hydrophobic interactions that are believed to cariggregation of amphiphilic
molecules in biological systems. Especiaigyt-butanol is of great interest as it is the
largest monohydric alcohol that remains fully misciblelwitater at room temperature.
Hydrophobic interactions betweg¢ert-butyl moieties cause highly non-ideal solution be-
haviour, which depends strongly on the solution compasitiod temperature.

Our goal is to parameterise an atomiggct-butanol (ba) model capable of reproducing
the non-ideal solution behaviour over the full compositiange. For water the single-
point-charge (SPC) model is used. We make use of the Kirkwuft theory of solu-
tion,>*2 which provides relations between thermodynamic quast{i®@own from experi-
ment) and molecular distribution functions. The molecdiatribution functions obtained
from our simulation relate to thermodynamic quantitie®tlgh Kirkwood-Buff (KB) in-
tegrals, which reveal whether a solution component is peet@&lly solvated by molecules
of the same species or by the other component. Our optimisel@hguantitatively repro-
duces the excedba-tbaassociation observed experimentélit low tba concentrations
while stronger excess water association at slightly higlb@&concentrations is underesti-
mated.
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A New Polarizable and Dissociable Potential for Water:
Clusters and Transferability to Bulk Water

Enrico Lussetti
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A new polarizable and dissociable potential for water issprdéed and validated through
the study of microclusters. Itis shown that several prapetompares well to the available
experimental data and the results of ab initio studies. ttiqudar, the geometries and the
vibrational properties of the ground states and of severaliminima and the molecular
dipole moments are satisfatorily reproduced.

With regard to transferability to the description of bulktesa we remark that the employed
potential keeps a relatively simple and physically transpform; the small number of
parameters it contains makes it more likely that they arsecto the real ones. Besides,
the range of predicted physical properties is rather widentjtatively and qualitatively,
compared to other studies of this kind. Finally, the trerfd®me important quantities, like
the average oxygen-oxygen distances and the average raoldqole moment- with in-
creasing numbar of molecules in the clusters- are in agreement with ab is#ioulations
and clearly show that the absolute errors decreasenwith
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Flory-Huggins Parameter from Atomistic Molecular
Dynamics Simulations

Giuseppe Milano
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International University Bremen, Germany
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The miscibility of two polymers is determined by the free myyeof mixing which includes
both entropic and enthalpic terms, modelled in the Florg#ios approximation as:

Ag;w = (if—j) In®, + (‘;{\)7—2) In®p + xra®Pa®Pp
where R is the gas constardt, the volume fraction of polymer A angry the Flory-
Huggins parameter. The first two terms of the right hand sidta@® equation above re-
ported represent the combinatorial contribution to theggntof mixing the last term is the
enthalpic contribution.

In principle, once the Flory-Huggins parameter is knownehére phase diagram of the
system can be calculated.

Different approaches can be implemented to extract Flarggihs parameter from molec-
ular simulations. Different applications to systems ofr@asing complexity, going from
mixtures of low molecular weight organic molecules to po&faolvent systems will be
presented.
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On the Curvature of Oceanic Arcs: New Insights from a
3-D BEM-FEM Method for Subduction

Gabriele Morra! and Klaus Regenauer-Liel3
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A well known feature of subduction zones is the curvaturesgfamic arcs. Arc curvature is
often held to be due to the Earths sphericity. This would intpét the radius of curvature
is everywhere similar to the order of the radius of the Eaklowever, the observation
shows that there is a significant departure of smaller amwartds higher curvature. We
investigate this problem using our newly developed couplealytical-solid-mechanical
FEM model for the dynamics of slab-mantle feedback durirggsietion.

The method consists of embedding a solid lithosphere, neddeith a Lagrangian finite-
element code, into a creeping flow mantle, where the dragh®danalytically by the
Stokeslet method. Such a method consists of calculatintytaradly the stress profile
on the subducted plate, using a second order approximatiomantle drag flow. The
solution is obtained by a so-called lubrication theory vehttre stress profile is given by
the volumetric flow constraints of the subduction procedse 3olution is discretized and
applied as different singular solutions (Stokeslet) focteaode of the boundary of the
FEM model. The new tool permits to perform three-dimendigoaduction simulations
at reasonable computation cost, because solutions foarthedt domain in the calculation,
the mantle, is obtained analytically.

We analyze separately, two effects being lateral densktgrimogeneities of the slab and
side flow of the mantle on the ends of the arc and consider toanpetition. It is shown
that the oceanic arcs can be obtained as the effect of thallatantle flow on the side of
the slab, without the necessity to consider the Earth curgatlt is also shown, that the
lateral density inhomogeneities in the slab play an esslerdie in controlling the trench
dynamics, the trench shape and the plate motion and it idifidehas the dominant effect
for open subduction systems.
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Hydrogen Bonding Properties of Sphingomyelin Bilayers -
A Molecular Dynamics Simulation Study
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Sphingomyelin molecules are, among phosphatidylcholmescholesterol, most impor-
tant components of cellular plasma membranes. Sphingamsfedres many common fea-
tures with other lipids, although significant differenceisafrom a few specific details in
molecular structure Especially, the higher hydrogen bonding capacity togetlith the
higher degree of saturation in fatty acyl chains, as conpaiith phosphatidylcholines,
makes them most likely to interact with cholesterol. Thigiaction has been postulated
to be the driving force in formation of lateral domains (siih biomembranés

Only a few molecular simulation studies have been carriggoisphingomyelins® and
yet no studies have concentrated on the interaction of gphigelins with other lipid
components in biological membranes. Our aim is to first eraa validate a molecular
dynamics model for sphingomyelins and then create a cordibileyer model of sphin-
gomyelins together with phosphatidylcholines and cheletimolecules. Later on, coarse
graining techniques will be applied to finally achieve bgitally relevant time scales and
system sizes.

The presentation at the NIC Winter School 2004 in Bonn willcdiss some aspects and
structural properties of sphingomyelin molecules andykite.

References

Barenholz Y, Thompson TE, Chemistry and Physics of Lifidg 29 (1999).
Ramstedt B, Slotte JP, FEBS Lett&fl, 33 (2002).

Mombelli E, Morris E, Taylor W, Fraternali F, Biophys.84, 1507 (2003).
Hyvonen MT, Kovanen PT, J. Phys. Chem1®7, 9102 (2003).

Chiu SWet.al, Biophys. J85, 3624 (2003).

Niemela P, Hyvonen MT, Vattulainen I, Manuscript ungdegparation (2004).

ok wnhpE

55






Fusion and Fission of Bilayer Membranes:
Brownian Dynamics

Hiroshi Noguchi
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We have studied the dynamics of vesicles, closed bilayermanes, by three-dimensional
Brownian dynamics simulations: (1) self-assembly intdsles', (2) spontaneous fusién
(3) the adhesion of a nanopartit|€4) fissiort or fusior? induced by mechanical force,
and (5) the formation of polyhedral vesicles

We have clarified the two pathways of spontaneous fdsidhe contacted vesicles form
neck-like structure connecting only outer monolayerssTihiermediate agrees with stalk
intermediate predicted by the stalk hypothesis. At highgerature, a pore on a vesicle by
the side of stalk opens, and the elliptic stalk bends arourfdhien a fusion pore connecting
insides of vesicles is formed. On the other hand, at low teatpee, the fusion pore
opens through the trans monolayer contact from the statk.stA nanoparticle, which
interacts attractively with the hydrophilic segments,uoes fusion-pore opening through
stalk-bending process from stalk intermediates.
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Effect of Surface Topology on Hydrophobicity by
Atomistic Molecular Dynamics Simulation

Sandeep Pal

School of Engineering and Science
International University Bremen, Germany
E-mail: s.pal@iu-bremen.de

My work is to understand the superhydrophobic 'lotus effatthe nanometer level. The
strongly reduced wettability of leaves is an obvious andyjlanown phenomenon. The
theory of wettability was to a large extent worked out in thstlcentury, but in detail
it is still subject to intensive research today. As a rulefthilowing can be stated: The
wettability of a material with air and water as the surroumgdinedia depends on the ratio
of the interfacial tension between water/air, materialénv@and material/air. The ratio of
the tensions determines the contact angle of a water driodie¢ surface. A contact angle
of 0 indicates complete wetting, the water droplet spregdint into a mononuclear film.
A contact angle of 180 means complete unwettability, thg@létanaking contact with the
surface in only one point. Materials with a high interfa¢edsion are more wettable than
those with a low interfacial tension, such as Teflon. The bielhaf water on a surface is
to a large extent dependent on the roughness of the surfégewd@ttability of a smooth,
easily wettable surface is even improved through rouglgerdn a smooth, hydrophobic
surface, roughening results in a superhydrophobic (i.remely unwettable) surface. In
the latter case air is enclosed between the droplet and ttr@shiuctures. A single water
droplet applied to a waxy leave rolls off the leave like on apfaie. The roughness of
the surface minimizes the contact area between leave amdetironaking a seemingly
frictionless rolling possible.

We investigate the static properties of water at the wayerdphobic surface interface
with respect to the surface topology of the hydrophobicaeefby molecular dynamics
simulation. The model of the hydrophobic surface, in outtedys is a crystal made up
of the n-eicosane molecule. The properties we are intetéstare the density, chemical
potential, hydrogen bonds and the orientation of wateretrtterface.
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Condensation Phenomena in Nano-Pores
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The non-equilibrium dynamics of condensation phenomernaim-pores is studied via
Monte Carlo simulation of a lattice gas model. Domains panfa random walk in the
pores with a diffusion constant that turns out to grow withdomain sizé asD(l) ~ 1°-76.
The evaporation of particles from a pore is described byetadted exponential decay of
the particle density(t) ~ exp [—(t/7)"] with 3 ~ 0.74. Moreover, it is found that the
domain growth is significantly slowed down in the presencamiugh wall. Finally results
for the hysteretic behavior of the particle density as a fionmf the density of a reservoir
are presented for various pore geometries in two and threerdiions.

References

1. L. Monette, A. J. Liu and G. S. Grest, Phys. Rev@&\ 7664 (1992).

2. A.J. Liu, D. J. Durian, E. Herbolzheimer, and S. A. Safianys. Rev. Let65, 1897
(1990).

3. E. Kierlik, P. A. Monson, M. L. Rosinberg, L. Sarkisov, a@d Tarjus, Phys. Rev.
Lett. 87, 055701 (2001).

4. L. Sarkisov and P. A. Monson, Langmuir, 7600 (2001).

5. P. Huber and K. Knorr, Phys. Rev.@®, 12657 (1999).

61






Orientational and Positional Phase Transitions in
Geometric
Confined Systems of Alkanes - A Numerical Study

Frank O. Pfeiffer
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A classical phenomenological atom-atom potential is usedutdy alkane chains in a sin-
gle 2D hexagonal pore via the Monte Carlo method. We find difiephases characterized
by orientational and positional order and discuss the infteeof (1) the surface structure
of the pore wall and (2) the pore diameter on the correlatimefions. Our calculations for

the confinement are compared to the bulk scenario and totrexperiments on n-alkanes
in nano-pores by Huber and Knorr.
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Simulation of Micelle Formation
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Above the Critical Micelle Concentration (CMC), amphipsle.g. surfactants) in solu-
tion are no longer presentonly as isolated monomers, buirabggregated form: micelles.
A micellar cluster can be described as a hydrophobic coreldgd from the aqueous envi-
ronment by a hydrophilic corona. The CMC is an important diyafor surfactants and it
is difficult to determine theoretically. As far as we knowe t6MC for a molecular model
has not yet been determined.

Using molecular simulations of solvent/surfactant miggiwe aim to obtain the CMC
for various surfactants and acquire information on freegnbarriers involved in micelle
formation.

The truncated and shifted Lennard-Jones (LJ, 12-6) patestised to describe the molec-
ular interactions. Solvent) molecules are represented as single LJ particles andcsurfa
tants consist of head] and tail ¢) LJ particles, connected by a harmonic potentiahnd
hs interactions are treated the samesainteractions, while for thes and¢h interactions
only the repulsive part of the potential is usete have also performed simulations where
the st interaction in the above parameter set has a small attrexdi.

A hybrid Monte Carlo program which samples the semi-gramsho&al ensemble was de-
veloped. By imposing a chemical potential differerkg between surfactant and solvent,
the identity of a randomly picked molecule can be swapped golvent— surfactant or
vice versa). During one MC cycle, particle displacemenesparformed using molecular
dynamics and volume changes are attempted in addition tdgitgeswaps. The free en-
ergy as a function of cluster size is obtained from clustas distributions, calculated from
simulation data. The CMC can be calculated from this freegngrofile’.
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Hydrogen Bonding Between Histidine and Lignin Model
Compounds or Redox Mediators as Calculated with the
DFT Method
Effects on the Ease of Oxidation
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Using the Density Functional Theory, the effect of hydrogending between imidazole
(IM) and ten benzyl alcohol derivatives (BA) on the ionizattipotentials of the latter is
calculated. IM is used as a model for histidine, which is fum the reaction sites of
laccases and lignin peroxidadesd the BA-derivatives serve as lignin model compounds.
A marked decrease~(15 kcal mot!) is found for the IPs of the BA-derivatives when
paired with IM. This should facilitate the one-electronaedion of BA in the reaction site
of the enzyme. The same effect was found for the known redakatas violuric acid,
1-hydroxybenzotriazole and N-hydroxyacetanilide assigmhat they enter the reaction
site of the enzymes. Furthermore, upon one-electron drid#te strength of the H-bond
from BA to IM is considerably increased and in the case of tegliators this effect is so
pronounced that the relevant proton shifts from them to fthik occurs in the active site
of the enzyme then the oxidized redox mediators are releasedhe aqueous phase in
their neutral form rather than as radical cations (depration of the radical cations). The
oxidation power of the neutral radical mediators, howegdno low to initialize oxidation
of lignin. A more likely reaction pathway is oxidation of tleribstrates via hydrogen
abstractioA. The pertinent bond dissociation energies are similariferBA-derivatives
and the redox mediators, which in principle allows the rieadio occur.
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Experimental Analysis of Catalitic Processes of the
Glutathione S- Transferase Enzyme Through Mass
Spectrometry
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Enzymes are biological macromolecules consisting of pretevhich act as catalysts in
most chemical reactions occurring in living systems, andtthey play a vital role in
many life processes. Enzymes increase the rate of a chemalon also by one million
times with respect to the corresponding uncatalysed @abtcause they lower the activa-
tion energy, by introducing an energetically more favouesttion path from reagents to
products; moreover these macromolecules intervene irhalihical processes in a highly
stereospecific way, based on structural complementarydagiwhe reagent molecules (or
substrates), and the active site of the enzyme. In this siiedlgave examined some reac-
tions catalysed by the enzyme Glutathione S- transferaSa@)Gvhich belongs to a large
family of enzymes involved in the translocation of cellutaaterial and in detoxification
processes of many vegetable and animal systems, incluténigumans. In particular, the
studied reactions are the dehalogenation of haloaromatizédne and naphthalene com-
pounds by conjugation with the natural tripeptide glutakio.e. the same reaction at the
basis of the detoxification of human liver. Alternativelythe traditional UV spectroscopy,
for the analysis of these catalytic processes we have aditexperimental technique of
mass spectrometry (MS), which is not much applied to theysticgnzymatic reactions,
but particularly useful in the cases where reagents or fotsdaf reaction are not easily
detectable with UV-VIS detectors, or where they exhibitrtsygping UV absorption peaks
like it happens in the reactions with naphthalene substtatee examined. The mass spec-
trometer was coupled to electrospray ionisation sourcé)(B@ich uses a soft method for
the ionisation of compounds, and this is particularly iladécl for organic and biological
molecules and macromolecules, such as proteins, peptidesiuleic acids. We will il-
lustrate some details of the experimental procedure dpedlfor an accurate quantitative
analysis with ESI-MS technique, and subsequently we witvsithe results obtained in
this way, as well as the hypothesis advanced in order to exibla experimental data. The
most interesting of our results regard: (a) the relativeititplorder of halogen atoms sub-
stituted on the aromatic ring, for catalysed and uncatdlysactions, which gives useful
information about the effect of enzyme presence on the nuwhbsteps of the reaction;
(b) the values of kinetic parameters appearing in the Milifiddenten rate equation, in
particular the Michaelis-Menten constants which are aitpisle measure of the stability
of intermediate enzyme-substrate complex formed duriag#talytic process; and (c) the
influence of a variation of temperature on the catalytic pos¥&sST.

69






Off-Lattice Monte Carlo Simulations of Diffusion Limited
Cluster Aggregation of Hardspheres

Manuel Rottereau
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Many systems such as silica gels, globular proteins gelengodan aggregation process
and lead to a gel formation. Monte Carlo algorithm allows imin such a behavidr?
Simulations of hard spheres aggregation was performed) wminoff-lattice diffusion-
limited cluster-cluster-aggregatio®{.C' A) model inside a cubic box. After the initial
stage consisting of randomly distributifgo spheres in the simulation box of siZdead-
ing to a concentration = Ny /L3, the DLC A process is applied and a Brownian motion
is assumed for each cluster. Nearest neighbors clust&rsgiirreversibly and continue to
diffuse inversely proportional to their size.

The simulation is stopped either when the number of clustenity or when a three di-
mensional network arises. We have simulated aggregatidrgatation over a range of
volume fractiong betweerD.1% to 50%. Our simulations clearly show different regimes
during the aggregation process and the crossover betweanaflion and percolation is
well defined. We analysed the kinetic evolution in term ofregates size and distribution
and the structure through the pair correlation funcén leading to a fractal dimensién
dy and a correlation lengtfu
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Development of a Genetic Algorithm for Studying the
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The Genetic Algorithm (GA)?2 is a search technique, based on the principles of natural
evolution, which uses operators that are analogues of thlatganary processes of genetic
crossover, mutation and natural selection to explore rdifiensional parameter spaces.
A GA can be applied to any problem where the variables to bieniged (genes) can be
encoded to form a string (chromosome). Each string reptesernial solution of the prob-
lem. The GA operators exchange information between thegsttio evolve new and better
solutions. A crucial feature of the GA approach is that itrapes effectively in a parallel
manner, such that many different regions of parameter spacevestigated simultane-
ously. Furthermore, information concerning differentioeg of parameter space is passed
actively between the individual strings by the crossoverator, thereby disseminating ge-
netic information throughout the population. The GA is atelliigent search mechanism
that is able to learn which regions of the search space reprgsod solutions.
Determination of the native state of a protein from its amac@ sequence is the goal of
protein folding simulations, with potential applicatiomsgene therapy and drug design.
Location of the global minimum structure for a given struetuhowever, is a difficult
optimisation problem. Minimal models, such as the 2D HRdatbead protein mod&tan
be used to develop search techniques to determine the s#ieeand gain insights into
folding pathways. A local coordinate system is used to reduprotein’s structure into a
set of directions for use within the GA, which then searchésdirection space to find the
lowest energy structure corresponding to the proteinweatate. Investigatiofi$ have
shown that a GA is an effective technique for predicting tivedst energy states with this
simple model. A 3D HP lattice bead protein model based on mail lattice represents
a more realistic model and is currently under investigation
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Benzene, in contrast to small aliphatic hydrocarbons, hasgative Gibbs energy of hy-
dration when transferred from the gas phase to water. It bas proposed that the main
force contributing to this stabilisation is the formatiohhydrogen bonds between water
and the aromatic ring

The theoretical background of the solvation of benzene iemt@as previously been stud-
ied via several approaches, such as thermodynamical niiadelsy looking at the struc-
tural information found via Molecular Dynamits

In the current study, the solvation process is looked at mpparing the equilibrated sol-
vation of a hypothetical benzene without any charges busainee structural properties as
benzene, with the equilibrated solvation of the common rhotibenzene as a partially
charged molecule.

The thermodynamic integration as well as the radial distidm and angular correlation
analysis performed here show even more convincingly thentation dependence as found
by Linse et af, but present a different view on the contributions of ergand entropy
in hydrogen bond formation than the one proposed in the muadglosed by Graziano et
al?
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Glycine on a Wet Pyrite Surface at Extreme Conditions
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The recently proposed “iron-sulfur world” (ISW) scenaris an intriguing contribution to
the controversial field of “Origin of Life” research. At thesy heart of the ISW is the idea
that prebiotic chemistry might have taken place near deapsgkcanoes (hydrothermal
vents) at extremely high pressures and temperatures. ticydar, the interface between
hot pressurized water and Fe/S minerals, such as pyriteSfés crucial to this scenario.
A key step for buildingproteinsis the formation of the peptide bond. It has been demon-
strated that this reaction, which is usually unfavorablev@tier, can be carried out in the
presence of FeS, %, and CO in aqueous solution at elevated temperature assipée
While this is a major success for the ISW, the mechanism efithusual reaction is not yet
understood. Furthermore, pressure and temperature oéxperiment were much lower
than the ISW requires.

In an effort to contribute to this discussion we present &mimolecular dynamics (MD)
simulation$* of the simplest amino acid, glycine(y: CH;NH,COOH) at the pyrite /
water interface under ISW conditions. Our aim is to undexsthe very first step of pyrite-
assisted peptide bond formation, which is the adsorptiasLgfon the pyrite surface and
its possible activation. The results are not only intengsin the context of the ISW, but
also explore unusual chemistry.

The simulations show thatLy bound by one carboxylate oxygen and the Ngroup
easily desorbs from a pyrite / water interface, while themgbn time ofcLy bound by
both carboxylate oxygens is much longer. The desorptionge®is water-assisted, and
the surface bonding is best understood as an electrositgi@action. We have also found
indications of aGLy activation due to the interaction with the surface. Thismigpen
an avenue into the experimentally observed peptidizatimhia the subject of ongoing
research.
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Migration of DNA in Structured Microchannels
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Electrophoresis is still one of the main techniques wherdliag DNA molecules. How-

ever, many important aspects are still only poorly undectoTherefore much effort has
been spent on the investigation of electrophoresis in rfiiddic channel devices®.

In this work, DNA migration in structured microchannels vigestigated with computer
simulations and in experiment. The results are in good ageeé with experimental
data. Both computational and experimental data show that€fdain geometries, DNA
molecules of certain chain length exhibit two different rifities, which are very stabfe
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Parallelization of YASP Molecular Dynamic Package
Using OpenMP Technique

Konstantin Tarmyshov
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Sequential version of package for molecular modeling YASP leen parallelized to in-
crease computed time scales are still within reasonabldine@ ranges that is spent for
calculations. Previous results of molecular modeling gigimis package showed that most
of wasted CPU time (70 % of all time) is spent for calculatimn+bonded forces. Then
calculation of constraints, dihedral angle forces, borgleforces follow. OpenMP tech-
nigue was used to parallelize this parts of the software ggeknamely, cycles that do
these tasks were parallelized using OpenMP philosophyauid.tlt was also found that
parallelizing of simple cycles such as integration of motéguation is not feasible. Ex-
ecuted tests showed that total spent CPU time slightly as=é comparing to sequential
version of package. They also revealed that with increasimgber of processors used for
calculations real times drops with behavior that is sligitbrse that linear one.
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Modeling Dielectrophoresis of Colloidal Particles
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Dielectrophoresis is a phenomenon that has been knownveradelecades. It has been
applied to biological and medical research to separatéestiased on their polarizability.
In particular, it can be used in micromanipulation and safdan of viruses, latex spheres
and polyelectrolytes such as segments of DNA. Further egipbins include such diverse
fields as nanotechnology.

Polarizable particles experience a dielectrophoreticRpférce in a non-uniform electric
field. The force is either attractive or repulsive, causiagiple motion towards or against
the electric field gradient, depending on the polarizabiit the particle with respect to
the medium. In the case of an external AC electric field, thé®D&ce changes sign at
the crossover frequendgi- 2. In electrokinetic experimental measurements, the viloci
of propagation of the colloids in solution can be determiaed hence the mobility of the
particles extracted. A further advantage is that DEP, atagetome other electrokinetic
measurements can be miniatyrized and performed on miadafldevices.

We have investigated analytically and computationalfthe electrokinetic effects of col-
loidal particles in stationary liquid in the dilute limit der non-uniform electric fields. In
particular, we have analyzed the dielectric propertiesotibial particles in terms of the
crossover frequenéyand multipolar interactions between the coll@id¥he results com-
pare favourably to experiments. We also suggest new expatsto test our findings. The
phenomena discussed there are closely related to eletiord and stability of charge
inversion in electrophoresis
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Control of Electroosmotic Flow in a Nanofluidic Channel
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Electroosmotic flow (EOF) refers to fluid flow past a surfaaduiced by an external elec-
tric field. It initially arises near a solid-fluid boundaryelto the net charge density in the
Debye layer, but the bulk of the fluid is eventually dragget ia uniform flow by vis-
cosity. The phenomenon plays a critical role in capillagcéiophoresis experiments for
the analysis of DNA molecules, but ways in which it may be colifed or quenched rest
mostly on empirical evidence. The most common approachitsria coating the inner
capillary surface with adsorbed or grafted polymer chdbus the definite mechanism by
which this affects EOF remains elusive. We report on lagesMolecular Dynamics
computer simulations of EOF in a nanoscale cylindrical kayi and discuss the impact
of grafted polymers chains on the properties of EOF. Theipaestion we address
is: are simple steric interactions between solvent mokcahd grafted polymer chains
sufficient to prevent the generation of EOF?
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Molecular Dynamics of Biological Molecules at the
Water —Membrane Interface

Ye. V. Tourleigh and K. V. Shaitan

Department of Bioengineering, Biological Faculty,
Moscow Lomonosov State University, Moscow, Russia
E-mail: yegr@moldyn.ru

Molecular dynamics of different molecules including pdps and molecular oxygen was
studied. Model membranes were bilayers of two types — hydlmmn (n-tetradecane)
and lipid (1-palmitoyl—2—oleyl—phosphatidylcholine). Calculation of membrane dy-
namics was carried out in NVT and N PT ensembles (at isotropieal pressure and
at anisotropic, taking into account surface tension). frustat used was on the base of
collisional dynamics (frequency of collisions 105 mass of collisional particles 1 amu)
and forcefield employed most ly was that of Amber (Amber99je Tollowing adjectives
of the membranes were considered: specific surficial arealansity of the media, dif-
fusion parameters and parameters of lipid conformatiorsoAlynamics of molecules at
water—membrane interface a nd inside the last one was examinedicAppn of exter-
nal linear field enabled consideration of membrane penetratStructural (micre- and
macroscopic) characteristics are found to be in a good egreewith experimental data.
Dynamics of molecules a t interface are determined by pglaize and charge ratio. Free
energy of transfer of charged molecules from water to mengrrelates with Born
energy. Behavior of the molecules at interface indicateg $urface-active properties.
Studies at di fferent temperatures revealed that hydrapledtect decreases with increase
of temperature.

The work was supported by RFBR (project No-804—49302), Ministry of Industry, Sci-

ence, and Technology of Russian Federation (No 40.165.02)0Ministry of Education
of Russian Federation (Ne-0431), and Moscow Government (No 1.1.49 and No 1.2.8).
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Dense Nematically Ordered States of a Single Semiflexible
Macromolecule: Extended Ensemble Monte Carlo
Simulation
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Using a coarse-grained model of a semiflexible macromodeegjuilibrium shapes of the
chain have been studied varying the temperature and tfireestsf. A novel enhanced sam-
pling Monte Carlo technique for the bond fluctuation modekvapplied: an expanded
ensemble which allows the molecules to occupy positions @irdensions in junction
with the Landau-Wang algorithm to generate the weights eetwdifferent subensembles
which are characterized by different values of the chenpo#éntial of monomers in the
4th dimension. Chain consisting of 256, 512, 1024 monomis lias been studied. Two
different types of interactions were taken into accountogptial depending on the angle
between successive bonds along the chain to control tha slifiness, and an attractive
interaction between non-bonded effective monomers to ivadiable solvent quality. The
enhanced sampling technique allows the fast equilibraifalense spatial conformations
of long enough chains and the location of transition lingsveen different structures.

We acknowledge financial support by DFG, INTAS, DAAD, RFBR.
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Annealed Polyelectrolytes in Poor Solvent
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Polyelectrolytes (PELs) in poor solvent are known to exhibther complex phase be-
haviour due to the competition between the effectivelyaattve short-range interaction
and the repulsive Coulomb interaction.

For annealed PELSs, as polyacids and polybases, an addiiegiee of freedom becomes
into play. In contrast to quenched or strong PELS, the tdtatge on the polymer is not
fixed, but can be tuned by changing the pH of the solution. Tdsitions of the charges
along the polymer chain are not fixed. The charges can movednynbination and redis-
sociationt.

The pronounced plateau in titration curves of annealed PEhere the pH remains almost
constant, is related to a discontinuous transition betvea#iapsed and stretched confor-
mationg.

We present Monte Carlo simulations on annealed PELs in palwest. Increasing the
chemical potential of the charges, which is equal to the pHhefsolution, we obtain the
transition between a weakly charged globule and a highlyggthextended chain. For the
first time, we show that this transition is indeed a first-onglease transition as predicted
by theory. In addition to that we demonstrate the existence of peackiace conforma-
tion 7 in annealed PELs. However, compared to the quenched casesximence is
restricted to a rather small parameter réhge
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The simplified polymer modé&P appeared to be extremely efficient for the study of poly-
mer crystallization in molecular dynamics simulations. @is poster, we show the in-
fluence of different simulation parameters, and in paréicof the angular potential. Our
model goes one step further than usual united-atom moddlsemumes all atoms of a
monomer into one sphere. A mapping was made for poly(virgdtadl) which appears
to be very similar to polyethylene at this level of approxiioa (after a rescaling of en-
ergy or temperature scale). One sphere contains thus twdbae-carbon atoms, these
spheres are connected by harmonic springs and an angutatipht This angular potential
is the result of two successive dihedral angles on the atmnsisale. It has three minima
corresponding to trans-trans (tt), trans-gauche (tg) autlge-gauche (gg) torsions of the
backbone.

To get a better understanding of the stability of the usedehand of the essential param-
eters for crystallization, we vary the depths of these minas well as the barrier heights
between them. The completely stretched tt state is alwastgetically preferred, however,
since there are less states accessible, the folded stadesl tgg prevail in the melt. We
characterized the melt at a reference temperature andddokeorrelations with the crys-
tallization temperature determined during continuoudingo For most quantities as per-
sistence length, radius of gyration or relaxation timestrivial correlation can be found,
except for the fraction of tt conformations in the melt: thighter this fraction, the easier
is the crystallization and thus the higher the temperaturerevordering starts. Note that
there is no trivial correlation between persistence lesagiththis tt fraction.

The morphology of crystals where chain-folding is invol{@d = 100) seems to be con-
trolled by the depth of the gg-minimum rather than by the isezace length or the radius
of gyration in the melt. The more pronounced this gg-minimtime easier it is to retain
folds in the crystal and consequently there are more hairgoin shorter stems.
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We present investigations of HP protélina three dimensions on simple cubic and fcc
lattices as well as on the triangular lattice in two dimensio Employing the nPERM
algorithn? to selected sequences, we searched for ground states erttihes lattices and
compared the density of states and the heat capacity of segsi@vhich are designed on
the simple cubic lattice.

PERM is a chain growth algorithm which combines the Rosehbiwethod with the “Go
with the Winners” strategy, proposed by Grassberger soraesyayo® Population con-
trol is implemented by cloning and pruning growing confotimas depending on variable
thresholds which are computed adaptively during the sitiula

The figure illustrates two of our resultsThe left hand side shows a conformation of a HP
protein with 124 monomers on the triangular lattice in twmednsions, which is not yet the
ground state for this lattice type. There are still thredweparated hydrophobic domains,
which upon merging lower the energy. On the right hand sictate of a HP protein with
136 monomers on the three-dimensional fcc lattice withgnér= —168 a.u. is shown,
which is the lowest energy we found for this protein up to now.

Figure 1. HP proteins on the triangular (left) and fcc (r)dhattice. Hydrophobic (H) residues are depicted by
dark (red) spheres and polar (P) ones by light (gray) spheres
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A Computational Study of Chiral Discrimination: The
Lindner Stationary Phase in Chiral Chromatography
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The discrimination of a series of enantiomeric 3, 5-difignzoyl (DNB) derivatives of
leucine and alanine by a derivatized quinine chiral statigmphase (Lindner CSP) were
simulated by computational studies. The conformationhefdiastereomeic complexes
formed between the CSP and the analytes were modified fromvrknGray structures
and from NMR data. 1 ns of molecular dynamics of the diasteex@c complexes in a
continuum model of water solvent was carried out using Misladel 7. The computed re-
tention order and enantiodiscrimiating energy differeragree with the chromatographic
data. The total energies and the intermolecular energipensible for complex formation
and for chiral discrimination are evaluated. Molecular ayrics trajectories and distribu-
tions of the stabilizing and destabilizing intermolecUlarces are presented. The role of
each fragment of the CSP molecule in complexation and ctd@calgnition is analyzed and
described.
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