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Preface

Generating and analyzing the dynamics of molecular systems is a true challenge to
molecular simulation. It includes processes that happen on the femtosecond scale,
such as photoinduced nonadiabatic (bio)chemical reactions, and touches the range of
seconds, being e.g. relevant in biophysics to cellular processes or in material sciences
to crack propagation. Thus, many orders of magnitude in time need to be covered either
concurrently or hierarchically. In the latest edition of this series of Winter Schools in 2009
we addressed the topic of Multiscale Simulation Methods in Molecular Sciences with a
strong focus on methods which cover diversities of length scales. The key issue of the
present school is to dwell on hierarchical methods for dynamics having primarily in mind
systems described in terms of many atoms or molecules. One extreme end of relevant time
scales is found in the sub-femtosecond range but which influence dynamical events which
are orders of magnitude slower. Examples for such phenomena might be photo-induced
switching of individual molecules, which results in large-amplitude relaxation in liquids
or photodriven phase transitions of liquid crystals, phenomena for which nonadiabatic
quantum dynamics methods were developed. The other end of relevant time scales is
found in a broad range of microseconds, seconds or beyond and which governs e.g.
non-equilibrium dynamics in polymer flows or blood cells in complex geometries like
microvessels. Special mesoscopic techniques are applied for these time- and length-scales
to couple the atomistic nature of particles to the hydrodynamics of flows.

This Winter School has a daily stratification pattern starting with dynamics within the
realm of Materials Science with a focus on slow processes which nevertheless require most
detailed input at the level of electronic structure and interatomic potentials. In Biomolec-
ular Science one challenge is the concurrent handling of an electronic structure based
description of a “hot spot” within an enzyme with a computationally efficient treatment of
the protein environment in terms of parameterized interactions. Accelerated sampling is a
key issue whenever both slow and fast motion is relevant and applies methods in the fields
of metadynamics, force probe molecular dynamics or nonequilibrium dynamics using
fluctuation theorems. Finally, getting rid of atoms and molecules but still keeping a particle
perspective is achieved by coarse-graining procedures. In Soft Matter and Life Science, the
dynamics is often governed by the hydrodynamics of the solvent. A particular challenge
is here to bridge the large length- and time-scale gap between the small solvent molecules
and the embedded macromolecules or macromolecular assemblies (polymers, colloids,
vesicles, cells). Therefore, several mesoscale simulation approaches have been developed
recently, including Lattice Boltzmann, Dissipative Particle Dynamics and Multi-Particle
Collision Dynamics, which rely on a strong simplification of the microscopic dynamics
with a simultaneous implementation of conservation laws on mass, momentum and energy.

Last but not least most efficient implementation on current-day hardware is a strong
requirement to overcome computational barriers and to tackle large systems in multiscale
environments. Examples will be provided covering basic methods or well-established
optimal numerical methods like multigrid. In addition to lectures and poster sessions



this Winter School offers an introductory course to parallel computing techniques with
practical sessions.

The target group of the IAS Winter School, organized and supported by the Jülich
CECAM Node, are young scientists, especially PhD students and early postdocs. Most of
the participants have presented a poster on their scientific work.

This preface also gives the opportunity to thank all the speakers, having prepared their
lectures and extended lecture notes. We are greatly indebted to Monika Marx, who has put
much effort in the realization of the present book of poster abstracts and lots of plannings.
We are also most grateful to Elke Bielitza and Britta Hoßfeld who were indispensable
for this School by taking care of logistical details, transports, registration and catering.
Furthermore, thanks is expressed to Oliver Bücker for technical and administrational
support.

Jülich and Bochum
February 2012

Johannes Grotendorst
Godehard Sutmann
Gerhard Gompper
Dominik Marx
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Thermal Conductivity Reduction in Potential
Thermoelectrics: Carbon Nanotubes and Electrically

Conducting Polymers

Ganesh Balasubramanian

Eduard-Zintl-Institut für Anorganische und Physikalische Chemie
Technische Universität Darmstadt, 64287 Darmstadt, Germany

E-mail: bganesh@theo.chemie.tu-darmstadt.de

The use of potential thermoelectrics can be facilitated by improving their figure of merit,
which depends on their electrical and thermal transport coefficients. Their performance
can be enhanced if this figure of merit is improved. One way to achieve this is to re-
duce thermal transport by lattice vibrations and/or non-electronic interactions in materials.1

Carbon nanotube (CNT) is one of the most sought after materials for efficient thermal
transport in small scale devices, due to its mechanical strength and excellent transport
coefficients. Although CNTs are electrically conducting, still lattice vibrations or phonons
provide the major contribution to thermal transport through them. Smoothening the chan-
nels for unobstructed motion of phonons could elevate the values of thermal conductivity
while defects and impurities can cause impedance to their passage, consequently dimin-
ishing the value of the transport coefficient. Thus, a fundamental knowledge of the phonon
characteristics allows us to tune a CNT for our specific needs in energy management.
From our theoretical-computational investigation of the lowering of thermal conductivity
in isotope doped CNTs, we attribute the reduced thermal transport to mode softening (and
not scattering) effects, where the peak frequencies at which lattice vibrations occur are
shifted to lower values.2 From our molecular dynamics simulations, thermal conductivity
reductions of more than 50% can be realized, thereby permitting the usage of high strength
CNT for insulation related applications. A mean-field approximation model based on

Thermal conductivity reduction in isotope substituted carbon nanotubes.

1



harmonic vibrational behavior of carbon atoms illustrates the interrelationship between
atomic masses of the isotopes and CNT thermal conductivity. The model offers a quick
and easy quantitative estimation of thermal conductivity for binary dielectric mixtures,
potential thermoelectrics and semiconductors, without resorting to any complex theories.
While the development of the model is based on atomistic observations, it transcends the
barriers of length scales and system dimensions.

Electrically conductive polymers like polyacetylene (PA) and polyaniline (PANI) have
potential use as thermoelectrics if their thermal conductivity can be lowered. Thermal
transport in these polymers is primarily influenced by bonded interactions and chain
orientations relative to the direction of heat transfer. We propose to control phonon
thermal transport in these polymers through the application of mechanical strain, and
combination of polymers. Molecular dynamics simulations are employed on pure PA
and PANI systems as well as their mixtures. Axial thermal conductivity increases when
the materials are stretched axially while it reduces when a transverse tensile strain is
applied. When these polymers are combined, we observe a significant reduction in the
thermal conductivity with the minimum value occurring for PANI containing 60% PA as
impurity.3 The molecular configurations of PA and PANI also contribute in characterizing
their thermal transport behavior.

Acknowledgements: F. Leroy and M.C. Böhm at Technische Universität Darmstadt, Ger-
many and S. Pal and I.K. Puri at Virginia Tech, USA
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Effects of Rational Mutations on the Biological Activity of
Acyltransferase Domains: MD and QM/MM Studies

Kenny Bravo-Rodrı́guez1, Uschi Sundermann2, Hansel Gomez Martinez1,
Elsa Sánchez-Garcı́a1, and Frank Schulz2

1 Max-Planck-Institut f¨ur Kohlenforschung
Kaiser-Wilhelm-Platz 1, 45470, Mülheim an der Ruhr, Germany

2 Technische Universität Dortmund, Otto-Hahn-Str. 6, 44221 Dortmund, Germany
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Polyketide synthases (PKSs) are a family of multi-domain enzymes responsible for
the biological synthesis of secondary metabolites with polyketide structure in bacteria,
fungi, plants and some animals. In the industrial synthesis of drugs like rapamycin
(immunosuppressant), erythromycin (antibiotic), lovastatin (anticholesterol drug), and
epothilone B (anticancer drug) PKSs play an important role.1 Rational mutations of
specific amino acids in the structure of PKSs are of key importance for the synthesis of
novel compounds with enhanced biological activities.

6-deoxyerythronolide B synthase (DEBS) is a type-I PKS that synthesizes the macrocyclic
core of erythromycin. DEBS is formed by 3 large homodimeric units, each unit possess
two modules and each module is formed by, at least, a ketosynthase (KS), an acyltrans-
ferase (AT), and an acyl carrier protein (ACP) domain.2, 3 This study focuses on the AT
domain of module 6 (AT6) of DEBS and its interaction with (2R)-methylmalonyl-CoA.
For this particular module no X-ray structure has been reported. Therefore, a homology
model of the wild type of the AT6 domain was built. In a second step, the AT6 domain
was systematically studied experimentally through site-directed mutagenesis, giving rise to
more than 250 single-site mutants. The effect of point mutations on the properties of AT6
was investigated using MD and QM/MM techniques as well as fermentation assays using
the bacterium Saccharopolyspora erythraea as expression host, with a special concern on
the impact on substrate selectivity. Excellent agreements were found between theoretical
predictions and experimental data on these complex MDa-sized enzymes, suggesting an in-
creasing capability of rational or semi-rational enzyme design. Amino acid residues which
have an impact on the substrate binding and turnover were clearly identified and their role
theoretically explained. In the near future, it may thus be possible to rationally alter the
substrate specificity of PKSs, enabling a biosynthetic access to non-natural polyketide an-
tibiotics.
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Due to the rapid progress in the synthesis methods, TiO2-based nanomaterials are nowa-
days the object of a strong research interest for their promising performances in photo-
catalysis and photovoltaics applications. In particular large quantities of two-dimensional
(2D) nanosheets (NSs) can be produced and used for further assembling of new nanos-
tructured materials with different morphologies and functionalities.1, 2 To investigate the
microscopic nature of their opto-electronic properties is a fundamental prerequisite for
rationalizing experimental data and improving devices performances. By means of first-
principles excited-state simulations we reveal the excitonic nature of radiative transitions
in the VIS-UV spectral range of TiO2-based NSs. Furthermore these calculations on top of
finite temperature molecular dynamics simulations could explain the large Stokes-shifts
experimentally observed, and confirm if the nature of optical transitions in these two-
dimensional oxide materials is due to strongly bound excitons. A simplified but realis-
tic way for evaluate the role of phonons in the optical response is performing ab-initio
molecular dynamics simulations at finite temperature and for selected snapshots compute
the optical response. This approach has been recently used3 to explain the temperature
dependence of the dielectric function of semiconductor bulk compounds. Here we per-
formed first-principles finite temperature molecular dynamics calculations with the soft-
ware package QUANTUM-ESPRESSO4. A limited number of atomic configurations have
been randomly selected and for each structure we have performed the BSE calculations.5, 6

The average of the obtained optical spectra for various configurations is used to estimate
the lattice vibrations role. Results are discussed in comparison with T=0 K spectra and
experimental data of optical absorption.
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Understanding the collective motion of self-propelling organisms in confined geometries,
such as that of narrow channels, is of great theoretical and practical importance. Although
not yet fully understood and quantitatively scrutinized, transport properties of active
particles through thin channels have a great potential for developing microfluidic devices
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Left: Snapshot of simulations (cutout of the full simulation box). Wide channel (Lx = 20)
with external fluid flow, and small channel (Lx = 5) without external flow. Walls at
x = ±Lx/2 and periodic boundary conditions along y. Right: Density profile ρb (top
panel), vertical velocity profile vy and vertical orientation profile ey (bottom panel) with
(red lines) and without (black lines) shear flow (fluid speed at the center V0 = 1). Channel
with walls at x = ±Lx/2 = ±2.5 and periodic boundary conditions along y (Ly = 62.5).
In the case of shear flow the tumbling is deactivated (N = 234 particles and ρ = 0.75).
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that are able to control and sort motile cells. Moreover, it provides new and intriguing
examples of the very unusual behavior of active matter (e.g. migration phenomena,
spontaneous ratchet effect).

Using numerical simulations the authors studied the motion of model bacteria in
2D channels with Poiseuille flow. The two main findings are: (i) bacteria tend to
accumulate on the channel walls where they start swimming upstream; (ii) the net
bacterial flux changes sign, from upstream to downstream, depending on the presence or
absence of random tumble events, by which each cell changes its own swimming direction.

Detailed analysis of bacterial velocity and orientation fields allows to quantify the
phenomenon by varying cell density, channel width and fluid velocity. Based on this
knowledge, a time dependent flow protocol is developed that can enhance the flux of
bacterial cells through the channel. By performing periodic inversions in the direction of
the solvent’s flow, one can observe a particle flux which is three times greater than that
corresponding to steady solvent flow. These findings suggest possible promising strategies
to enhance the flow of active tracers in microfluidic channels. Moreover, the reported
results could suggest novel strategies to design lab-on-chip devices that are capable of
sorting living and non-living organisms as well as tumbling and non-tumbling bacteria.

Transport techniques of passive matter could also be developed using active-matter-
mediated transport mechanisms.
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S-Adenosylmethionine (SAM) is ubiquitous within biological systems, being pertinent to
a wide range of cellular functionalities, key reactions and synthetic pathways1. While this
substrate is most commonly recognized for its role in methylation, the sulfonium moiety
allows for a diverse range of reactivity. Previously, it has been shown that SAM can partake
in nucleophilic attack at the C5’ position with a suitable halogen-nucleophile, a reaction
that is labilized by enzymes with the residues necessary to stabilise a bare anion2. Genetic
sequencing of the bacteria which produce such halogenase enzymes, Streptomyces cat-
tleya, revealed a similarity to the DUF-62 (domain of unknown function) genes though
over-expression studies and subsequent analysis showed that the DUF-62 protein per-
formed a reaction that yielded L-methionine and adenosine, thus incorporating hydroxide
as a nucleophile3.

Trimeric structure of the hydroxide adenosyltransferase enzyme.

Using QM/MM methodologies4 we have explored alternative routes through which the
hydroxide adenosyltransferase can facilitate the activation of water for nucleophilic attack.
The enzyme acting through a proximate method wherein water attacks the electrophilic
carbon and the resulting protonated adenosine product is then deprotonated by means of
the nearby aspartate residue has been investigated. Alternatively, the surrounding aspartate,
arginine and histidine residues acting to produce a stabilised hydroxide which then partakes
in the suspected SN2 reaction has also been subjected to scrutiny.
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Transition State for the attack of water upon SAM within the active site of the protein. The
nucleophilic water is assisted by a partner molecule undergoing proton transfer with Asp
68.

By conducting initial investigations at the PM3/CHARMM level whereby the QM region
is described by semi-empirical methods, we have been able to afford the luxury of mod-
elling the three residues considered to be key to the enzymatic activity in addition to por-
tions of the amide backbone which may serve a prominent hydrogen bonding role. These
low level calculations have been supported by a M06-2X/6-311+G**/CHARMM//B97-
D/6-31+G**/CHARMM protocol. Our results have thus far shown relatively high barriers
and explorations are continuing to assess how the system may respond to an alteration in
protonation state at the active site and to characterize the intermediate proton transfer steps.
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We formalize the process of discretization and continuation of a concentration field for the
diffusion equation. By defining a discretization operator Dx and a continuation operator
C which satisfies a Petrov-Galerkin finite element scheme, we are able to generalize
the discretization process, ensuring the conservation of the number of particles for the
non-linear diffusion equation and a H-theorem.

We perform simulations for the non-linear diffusion process starting from the following
equation

∂tc(r, t) = ∇µ(c(r, t))∇ δF
δc(r)

[c] , (1)

where µ(c) is a mobility coefficient and F [c] is the free energy functional. This equation
can be explicitly written for the discrete field using a Delaunay tesselation.1 We choose, as
examples, two separated models:

• A gaussian model with a quadratic free energy and a concentration independent mo-
bility, µ(c) = µ0, whose results was previously studied.2

• An ideal gas model.

Both models has the advantage that, in the continuum limit, they produce exactly the same
diffusion equation.

In a 1D situation, we study the behaviour of the evolution for the discrete concentration
field cµ(t) for both models. It is showed some relevant properties which match the contin-
uum exact equation with an error that scales with the lattice spacing.
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Phospsholipids are an important class of compounds having both important biological
function (cell membrane) and techonological applications (liposome and micelle). The
phospholipids can undergo different phase transition in aqueous enviroments characterized
by different morphologies (mesomorphism and polymorphism). They form lipid bilayer
structure that are fundamental building blocks of cellular membranes. For this reason,
lipid bilayer have been attracting the interest of computational biophysics community,
where people perform atomistic and coarse-grained molecular dynamics simulations of
these systems for long time1.

Although atomistic simulations can provide very detailded and chemically consitent mod-
els of biological phospholipids, they are very expensive way of studing the assembling
process2, 3.

Recently, a hybrid simulation technique where self-consistent field theory and molecular
dynamics simulation are combined (MD-SCF) has been developed by Milano and
Kawakatsu4, 5. The main idea behind this simulation technique is to obtain a strategy, as
far will be possible, having the main advantages and avoiding the main disadvantages
of both SCF and atomistic approaches. The computational efficiency of this method is
due to the fact that the calculation of intermolecular forces (the most demanding part
of a simulation) that in classical MD is calculated by double loop over particle pairs is
completely skipped. These interactions are calculated at mean field level considering the
interactions, at mean-field level, between single particles in a density field.

Very recently we developed specific coarse-grained models for phospholipids and water.
We optimized the model parameters, which are necessary in evaluating the interactions
between the particles and the density fields, so that the coarse-grained model can reproduce
the structural properties of the reference particleparticle simulations6.

One interesting application of these methods is the understanding of interactions of
biocompatible block polymers with biological interfaces. The use of synthetic polymers
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for biotecnological and biomedical applications has rapidly grown in the last years.7

Synthetic polymers are particularly well suited for implementing physical, chemical, and
biological functions at the same time and they permit the length scales to be greatly varied,
the superstructure to be controlled, and specific functions to be performed. There is a wide
variety of polymers able to adopt functions such as drug encapsulation, protein stabilizer,
cell adhesion, and cell recognition. These features are influenced predominantly by the
polymer surface. Polymers with hydrophilic surfaces are often well suited and so are
those with an inert surface. Hydrophilic, noninteracting materials cannot be recognized by
living systems (stealth systems) and therefore have low cytotoxicity. Among the polymers
that have a broad use in this sector, polyethyleneoxide (PEO) (or polyethylene glycol,
PEG) as homopolymer, grafted or as block-copolymer (with polypropilenoxyde, PPO), are
the most popular8. In fact, PEO is highly hydrophilic and shows a very low toxicity with
respect to similar polymers. Amphiphilic polymers and their association structures are of
increasing interest as carriers of active ingredients9. Block copolymer micelles are being
investigated in many research groups as nanocarriers of hydrophobic active agents and
genes. Their core/shell structure resembles that of lipoproteins and viruses10. The micelle
shell causes the interaction with proteins and cells. These interactions determine the
biodistribution of the active component. Despite these applications, molecular details on
interaction mechanism of these polymers with the biological system are not yet completely
understood.

The present work presents the investigation, using hybrid particle-field molecular dy-
namics simulations technique, of the interactions between block polymers and biological
interfaces.

Acknowledgment: The activities were performed in the frame of the FIRB project ITAL-
NANONET (RBPR05JH2P) granted to IMAST S.c.a.r.l. and funded by the M.I.U.R.
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Over two thirds of human proteins and many bac-

Rigid body fitting into a
GroES/GroEL complex cryoEM
map of 7Å resolution.

terial proteins are composed of multiple modular
interacting domains1 and contain a significant por-
tion of intrinsically disordered regions2. Obviously,
these proteins are unsuitable for experimental
structure determination in the full-length form.
Thus, in most of the cases, only individual domain
structure at high resolution for these proteins is
known3. Cryo-electron microscopy (cryoEM)
is a popular experimental method, which yields
electron densities of large multi-domain proteins
at low-to-mid resolution. This method allows to
capture macromolecular complexes in different
conformational or structural states, which are
physiologically more relevant compared to struc-
tures obtained by X-ray crystallography. Various
computational methods exist for post-processing
of electron densities4. They either model the 3D
structure of the whole complex starting, if resolu-
tion allows, from the amino acid sequence, or more
often fit known structures of smaller templates into
the electron density of the whole complex. All
fitting algorithms start with a first guess assembly obtained by a 6D exhaustive search
rigid-body fitting.

Exhaustive 6D search in cryoEM applications, similar to rigid-body protein docking5,
can also be accelerated by means of FFT in the translational space6 or in the rotational
space7. The latter is possible thanks to the spherical harmonics decomposition of the
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electron density. The local minimization method developed by Navaza8 also makes use of
spherical harmonics in order to efficiently treat symmetrical constraints. Cartesian basis
functions, to the best of our knowledge, have never been exploited in this domain.

Here, we demonstrate a framework for fast rigid body fitting of atomistic structures into
cryoEM density maps using Cartesian Hermite basis functions. These basis functions have
been already successfully exploited in 2D image analysis. In the presented work we gen-
eralize 2D algorithms to the case of functions defined in 3D space. Precisely, we derive a
fast exact decomposition of a superposition of Gaussian functions into the Hermite basis.
Then, we use this decomposition to represent the electronic density of a protein. Then,
we derive an exact decomposition of a superposition of stepwise 3D functions. This de-
composition is used to represent electronic cryoEM density maps and to regularize voxel
representation of 3D models. Finally, we derive a windowed convolution of two Hermite
representations and propose a new 6D exhaustive search algorithm using Hermite basis
functions. We demonstrate the accuracy and efficiency of the new method on a number of
examples.
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Conformational transitions of biological macromolecule, especially proteins, with atom-
istic precision are very difficult to characterize by the experimental techniques like X-ray
crystallography and NMR spectroscopy. Molecular dynamics (MD) simulations are well-
established methods for modelling the intermediate transitions. These transitions are col-
lected as trajectories - a series of ’snap shots’ - over the simulation time. They are huge
in size (Tera bytes in the case of long simulations) and the analysis may take longer time
than the data generation. Analyzing these trajectories with standard parameter like root
mean square deviation (RMSD) - calculated after an optimal rotation and translation of
one structure to another - does not reveal the most interesting properties of the simulation.
Moreover, RMSD only provides information on the absolute deviation of the coordinates
and does not provide any directionality of the structural changes.

To analyze MD generated trajectories by grouping them into different clusters of similar
conformations is one of the main objective of this project. Managing the large amount
of data and presenting them in a comprehensive manner are the major challenges. To
over-come these challenges, C-alpha torsion angle1 - pseudo dihedral angle defined by
four successive C-alpha atoms - used as a parameter and the differences in C-alpha torsion
angles between each steps help to identify the conformational changes over the simulation
time. Clustering of relatively similar conformations is done by binning the differences of
C-alpha torsion angles with respect to the previous snap shot or with respect to the first
snap-shot of the MD simulation.

DNA polymerase I from Thermus aquaticus (Klentaq1)2 - a highly conserved structure
resembling a hand-like arrangement, including a thumb, a palm and a finger domain - was
identified with two distinct conformational states of the finger domain, namely open and
closed forms. The catalytic cycle leading to nucleotide insertion comprises of several steps
including a large structural rearrangement leading to a movement of the finger domain
towards the thumb domain. To see this major structural changes, a 10ns targeted MD
(TMD)3 simulation were carried out using AMBER4 - a package of molecular simulation
programs - by keeping the closed form as the starting structure and the open form as the
target structure. The analysis using C-alpha torsion angle method helps to identify the
structural changes locally and gives an overview of the whole MD simulation.
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The ability to combine a detailed description of the chemistry of a molecular model with
an efficient exploration of the conformation space is a key point in simulating realistic
systems. All-atom (AA) simulations, which naturally describe the chemical detail, are a
well established tools for the description of soft materials phenomena. However they are
often constrained in time scale up to 100 ns and limited in the number of atoms. In order
to overcome this problem coarse-grained (CG) methods have been developed1, 2 to expand
at the same time the size and the time scale of the simulations. These reduce the degrees
of freedom (DOF) of the model collecting several atoms in one superatom. However,
in some cases the lack of atomistic details is such a limitation that the AA simulations
are preferred, even though their use reduces the dimension of the system and the type of
phenomena that can be investigated.

We present a hybrid coarse-grained-atomistic model for soft materials that enables a
seamless coupling of the atomistic and coarse-grained approach allowing to keep the
advantages of the two model and overcome the limitations. The model employs the
coarse-grained force fields developed using the Iterative Boltzmann Inversion and classical
atomistic force fields. The model is used on melt of atactic polystyrene showing that the
soft coarse-grained potential merges extremely well with the atomistic force field. The
method has been implemented in our simulation code IBIsCO3 and can be readily used to
simulate any kind of material interface allowing a proper multiscale approach to material
science.

Our hybrid model consists of beads and atoms embedded into the same macromolecular
chain. There are three types of interaction to consider: Atom-Atom (AA), Bead-Bead
(BB) and Atom-Bead (cross interaction). AA and BB interactions are treated by using an
atomistic4 and CG5 potential respectively. Bonded cross interaction are described using
an harmonic potential whilst the non-bonded cross interaction are mediated by the center
of mass of the group of atoms of the atomistic part of each chain which represents a bead
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mapped in the CG descriptions (Virtual Bead). Hence non-bonded cross interaction acts
between CG beads in the low resolved region and the center of mass in the atomistic one
and is set equal to the non-bonded IBI potential acting among pairs of beads. The resulting
forces acting on the center of mass is then distributed among the atoms belonging to the
Virtual Bead weighing on their masses.

In order to test the robustness of the hybrid model, structural properties, are compared
with the corresponding ones calculated on the mono-resolved, both fully atomistic and CG,
models showing (see Figure 1) a good agreement of the hybrid model with mono-resolved
ones.
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On the left: Intra chain RDF between carbon atom in the high resolution part of the hybrid
model and the fully atomistic simulation. On the right: inter chain RDF between pseudo-
CG chains in the hybrid model and the fully CG simulation
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Addressing the mesoscale morphology in organic semiconductors present a twofold
problem. On the one hand, the models must be sufficiently coarse-grained, to allow for an
efficient simulation of systems with dimensions on the order of a few hundred nanometers.
On the other hand, those materials are characterized by complex multiphase morphologies
created by an intricate balance between molecular structure, interactions and process-
ing protocols. Thus, albeit coarse grained, the models must account for the above interplay.

For this purpose, we develop here a strategy based

Figure 1. The P3HT molecule
can be seen as a chain of con-
nected plate-like segments. In
our hybrid simulation scheme, for
each segment of the molecule, a
set of three orthogonal directions,
{~nX , ~nY , ~nZ}, enters the orienta-
tion dependent part of the interac-
tions.

on the concept of hybrid simulations,1, 2 which in-
voke a particle-based description while defining
some interactions via collective variables. For poly-
meric, liquid-crystalline materials, those collective
variables can be the scalar local liquid density, as
well as tensorial quantities which express the local
liquid-crystalline order and which are related to the
local orientation of the polymer segments.3, 4

A broad class of polymers used in organic semi-
conducting devices have a rather flat molecular
backbone. The P3HT molecules for example con-
sist of linked thiophene rings, which are essentially
planar objects. Those highly asymmetric molecules
tend to order locally in stacks, due to their molecu-
lar shape and the effect of π-π-stacking. Currently,
we focus on P3HT melts and describe the polymer
chains as flat and semi-flexible ribbons which tend
to order along two independent spatial directions.
To capture some features of the mesoscale orga-
nization of the molecules, a functional has been formulated which depends on the local
density and orientation tensors which introduce the behaviour of a biaxial liquid crystal.
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Figure 2. A representative configuration for a system of chains in the biaxial phase obtained
in the mean field limit. The bending stiffness of the chains reproduces the persistence
length of a P3HT molecule.

The tensorial quantities are related to the local orientation of the plate-like segments of the
chain, which is schematically shown in Fig. 1.

For a simple reference system, which is a liquid of biaxial, plate-like particles, we
performed order parameter analysis5, 6 in the mean-field limit, setting the interaction to
infinite range, and compared our results with similar findings in the literature.7

Subsequently we considered the phase behaviour of polymer chains of plate-like particles
in the mean field limit. A representative configuration of a system in a biaxial phase is
shown in Fig. 2. We currently investigate the proposed method by applying it to systems
with finite range of interactions, to study its behaviour beyond the mean-field approxima-
tion.
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Dimension reduction is often necessary when attempting to reach longer length and time
scales in molecular simulations. It is realized by constraining degrees of freedom or by
course-graining the system. When evaluating the accuracy of the dimensional reduction,
one encounters a practical challenge: models that have a different number of degrees of
freedom yield displacement vectors of different lengths. Thus direct comparison between
the two models is challenging, if not impossible. We have investigated mapping proce-
dures for normal mode analysis, a technique that allows vibrational characterization of a
molecule by diagonalizing its mass-weighted Hessian1. We review a horizontal mapping
procedure for the reduced Hessian techniques, which project out degrees of freedom2. We
then design a vertical mapping procedure for the implosion of the all-atom (AA) Hessian
to a coarse-grained (CG) scale that is based upon Vibrational Subsystem Analysis3. This
latter method derives both effective force constants and an effective kinetic tensor.
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The normal mode matrices have different sizes because of reduced Hessian techniques or
coarse-graining. Comparison of normal modes thus requires horizontal or vertical map-
ping, respectively. An implosion procedure between the AA and CG scale transforms the
vectors to equal length.
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Next, a series of metrics is developed for comparing frequencies and normal modes across
different scales, where special attention is given to proper mass-weighting. These metrics
can be categorized as dimension dependent and dimension independent. The frequencies,
the normal mode vectors, the Hessian similarity, and the thermal fluctuations all belong
to the former group, and require prior mapping for proper evaluation, whereas the elastic
modulus, the shape derivatives, the vibrational free energy differences and projection, are
all techniques belonging to the latter group. The power of these metrics to distinguish
between reasonable and unreasonable models is tested on a toy alpha-helix system
represented at several scales: the all-atom scale, a Gō-like model, a canonical Elastic
Network Model, and a network model with intentionally unphysical force couplings.

From the set of metrics, the following successfully discriminate between the good and bad
models: frequencies, overlap plots, fluctuation profiles, total thermal fluctuations, normal-
ized Hessian similarity, locality of modes, lack of globality of modes, total (frequency-
weighted) shape derivatives, elastic modulus, and difference in vibrational free energy. In
contrast, the density of states profile, entropy of modes, difference in shape derivative, and
projection on a spherical harmonics basis set metrics are hardly able or unable to differen-
tiate the unphysical model.
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The crystallisation of inorganic compounds such as calcium oxalate, zinc oxide or calcium
carbonate is of great academic and industrial relevance. Biomacromolecules such as
proteins can have a tremendous influence on the kinetics of crystal growth and resulting
morphologies of the crystals formed in solution. This complex process is governed by
many physical and chemical phenomena that occur on different time and length scales.
Understanding these phenomena and their interplay would provide a great contribution
towards the design of new materials.

Atomistic simulations can be a valuable tool to analyse the dependence of resulting

Ramachandran plots of the dihedral angles φ and ψ of a trimer of glutamic acid in the
presence of one calcium ion. Left: GROMOS 53 A6 force field with SPC/E water model.
Right: OPLS-AA force field with TIP4P-Ew water model.
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material properties of these crystals from processes on a molecular scale. Our current
research activities are concerned with molecular modeling of the crystallisation of
calcium-containing minerals in the presence of peptides such as oligoglutamates. The
early stages of this biomineralisation process are controlled by interactions of single ions
and peptide molecules in solution. Therefore, we perform classical atomistic Molecular
Dynamics calculations to analyse the mutual influence of the adhesion of calcium ions to
oligoglutamates and the conformations of the peptides. The dynamics of such molecular
processes are assumed to strongly influence phenomena that occur on larger time scales
such as nucleation and crystal growth processes.

As the dynamics of the system critically depend on some few interatomic potentials the
choice of force field is of major importance. This is demonstrated by our simulations
in which we applied two different well-established biomolecular force fields. Due to
differences in the interactions between water, calcium ions and carboxylate groups of
oligoglutamates, the conformational phase space and dynamics that are observed differ
significantly for both cases (figure).

Apart from an accurate description of interatomic potentials it is necessary to ensure a
sufficient sampling of conformational phase space. As some of the dynamic processes of
interest proceed on large time scales, advanced sampling techniques are required. First
results of Temperature Replica Exchange Molecular Dynamics Simulations reveal that the
saltbridges that are observed in the system under investigation are stable over a wide range
of temperatures, thus illustrating the need for different advanced sampling techniques.

With the information obtained through these studies it will be possible to investigate the
adhesion of peptides to the crystal surface which presumably alters crystal growth. In order
to validate the applied methods and forcefields through comparison between simulation
results and experimental data, cooperation with experimentalists has been initiated.
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University of Jyväskylä, Finland
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DF-optimized sample: (a) overview, (b-c) Te-atoms not bonded to Ge from front and right,
(d-e) Ge atoms and Te atoms bonded to them from front and right, (f) the largest cluster
of ABAB rings. Red (thick): Ge atoms in ABAB rings, magenta: other Ge, yellow: Te
bonded to germanium, white: Te with nearest germanium as a second nearest neighbour,
blue: other Te
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Introduction and Methods

The amorphous structure and electronic properties of Ge15Te85 have been studied by com-
bining the results of density functional (DF) simulations and high-energy x-ray diffraction
(XRD) and neutron scattering (NS) measurements. Three different atomic models of 560
atoms have been constructed with the aid of reverse Monte Carlo method to satisfy several
criterions: Good agreement with the experimental structure factors S(Q), low total energy
according to DF, and correct electronic properties (with band gap). Two of the models
were based on a DF structure which was heated up to viscous regime at 500K and cooled
in 5 subsequent simulation steps at 500, 450, 400, 350 and 300 K (simulated annealing)
for 20 ps each and optimized. One of the models was based on a hard-sphere RMC run
and geometry optimization. The base structures were refined with RMC to produce a close
fit to the experimental NS and XRD structure factors, S(Q), while requesting that the DF
potential energy of the RMC models had to remain close to (100± 5 meV/atom above) the
DF-optimized base energy.

Results and Conclusions

All the structures display semiconductor properties close to the Fermi energy, and the elec-
tronic spectra are consistent with the base structures.The best structure model is based
on the melt-quenched DF structure and has a small number of Ge-Ge bonds. The agree-
ment of S(Q) is good for both XRD and NS. The atomic structure can be characterized
as two interlocked networks of GeTe and pure Te with a considerable amount (22-24%)
of free space, cavities. Approximately one half of Te atoms are in direct contact with Ge,
and forms a GeTe network throughout the sample. This network is interlocked with Te
domains (Te which are not in direct contact with Ge) which form a similar network and
are not able to grow spatially large locally. The Ge coordination displays an interesting
co-existence between tetrahedral fourfold coordination and defective octahedral 3+3 coor-
dination as observed for the GeTe and Ge2Sb2Te5 alloys previously1–4, and both situations
are equally likely to occur. The obtained bond orders confirm that there is a difference in
chemical bonding between the two types of Ge and illustrate the variation of bond strength
as a function of distance. Te is slightly overcoordinated in comparison with the 8 − N
model. Clusters of ABAB squares (A=Ge, B=Te) can be observed in the GeTe network.
The nearly-covalent bonding of the material is characterized in terms of chemical bond
orders.
This finding suggests that Ge-Ge bonds, albeit their small number, should not be excluded
from the amorphous structure.
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Recent advancements in the synthesis of particles with anisotropic shape open up new
possibilities in material design. Nanocrystals and anisotropic colloids then act as building
blocks for novel materials with interesting and useful properties. Experiments have
demonstrated that the electronic, optical and dynamic properties of those assembled
materials are highly dependent on the size and shape of their building blocks. Hence, an
important aim of this field of research is to establish a conceptual relationship between the
physical properties of the materials and the anisotropy of the particle shape or interaction
strength between the particles. In this context, computer simulations offer the possibility
to study the underlying physics in a controlled environment.

In our recent project we study the order and disorder transition of hard particles of con-
vex polyhedral shape like cubes, hexagonal prisms and truncated octahedra. By the means
of pseudo-dynamic Monte Carlo simulations we explore the phase behavior and transi-
tion dynamics of those convex shapes. The phase behavior is determined by various or-
der parameters as bond-order parameters, translational mobility coefficients and rotational
auto-correlation functions.
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Voltage-gated ion channels (VGCs) are transmembrane proteins involved in electrical sig-
naling in excitable cells. They enable rapid and coordinated passage of selected inorganic
ions along their pore and therefore across the cell membrane. During their working cycle
voltage-gated ion channels can be in their closed or open states. The transition between
two states called channel gating is regulated by the value of the transmembrane potential
and involves movement of S4 a specific helices of the peripheral voltage sensor domains.

The process of VCGs gating appears to strongly depend on the lipid composition sur-
rounding the channel. One of the known channel modulators as was previously shown is
phosphatidylinositol-(4,5)-bisphosphate (PIP2), a negatively charged phospholipid of the
inner leaflet of the plasma membrane that plays key roles in a variety of cellular processes.
Functional and later structural studies have indeed revealed that PIP2 has major impact
on the stabilization of the open state of several potassium VGCs. Application of PIP2 to
patch-clamp cells increases the ionic current. On the contrary, depletion of PIP2 leads to
a decrease of the ionic current. More recently, it was also shown that in addition to open
state stabilization PIP2 has an opposite effect involving putatively action on the voltage
sensor movement. When applied to patch-clamp cells PIP2 slows down indeed the process
of activation.

Despite the importance of PIP2 modulation in a variety of biological processes, the
molecular mechanism involved remains elusive. In order to shed light on these effects,
we resort here to atomistic molecular dynamics simulations: We studied the structural
properties of the voltage-dependent potassium channel Kv1.2. We considered both the
crystal structure of Kv1.2 open state and a model of the closed state channel previously
obtained in our group1. Both structures were studied in their membrane environment (a
lipid bilayer) considering a presence of PIP2 in an inner leaflet of membrane.

We have found that PIP2 molecules interact with positively charged residues of the
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Voltage-gated potassium channel Kv1.2 embedded in the membrane (for clarity only two
of four subunits are presented here). In the inner leaflet of the membrane, there is a ring of
PIP2 lipids surrounding the channel (red spheres represent phosphorus atoms of the head
groups).

Kv1.2 channel in a state-dependent manner. In particular, we show that PIP2 interact
with two different sites in the channel that bear an excess amount of positive charges:
Site (1) composed by the basic residues of VSDs and Site (2) located at the end of the
transmembrane helices forming the channel pore (the gate). In the closed state PIP2
is shown to interact with residues of Site (1) stabilizing thereby the closed state of the
channel. In the open the transmembrane helices surrounding the pore, come closer to
the membrane allowing direct interaction of their positive residues with PIP2 which in
turn stabilizes the open state of the channel. Hence, our model seems to agree well with
the experimental data and provides a further an insight into the molecular mechanisms
involved in the modulation of VGCs by PIP2.
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The Poiseuille flow is stable under the perturbations of the velocity field for the channel
Reynolds numbers < 57801. Microfluidic devices like T-sensors and H-filters operate in
such overwhelming laminar conditions where particles migrate across streamlines either
through Brownian motion or shear-induced diffusion (SID). Particle-particle and particle-
fluid interactions can significantly affect the efficiency of SID.

Despite the apparent stability of low-Renolds flows, some transient substructures like rip-
ples and sharp near-wall features on concentration profiles2, 3 are observed in experimental
data. Substructures can be long-lived or unstable modes. They are most likely excited by
particle concentration anomalies, wall roughness, particle-particle and particle-wall inter-
actions, and influence both the velocity field and the spatial distribution of particles. On
the other hand, the anomalies of velocity profile or particle volume fraction induced by in-
terfaces4, massive sedimentation5, 6, or the influence of gravity7 can trigger instabilities so
that neither viscous forces nor particle migrations can regulate/suppress growing velocity
fluctuations.

We investigate the stability of the pressure-driven flow of Brownian suspensions with
spherical particles in microchannels. We adopt the constitutive model of Phillips et al.8. We
find two general families of modes in the spectrum of suspension flows: (i) low-frequency
modes that appear as degenerate pairs with symmetric and anti-symmetric patterns; (ii)
high-frequency modes that are either symmetric or anti-symmetric. Both families can be
stable or unstable depending on the characteristics of the fully developed steady-state so-
lutions. Once excited, stable modes with the least decay rates can live for about ∼ 60
seconds, and are detectable through high-speed imaging. Flows with cuspy concentrations
near the channel center are generally stable. Unstable modes occur in highly concentrated
suspensions whose velocity profiles are sufficiently flattened near the channel centerline.
The patterns of rapidly growing unstable modes suggest that they are Kelvin-Helmholtz
instabilities emerged between the central bulk that moves with an almost constant velocity,
and highly sheared region near the wall.
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Fibrinogen is a large, dimeric glycoprotein in the vertebrate blood. When activated
due to, i.e. a wound or blood coming into contact with external bodies, fibrinogen is
converted to fibrin, a net-shaped moecular formation to which blood cells attach, resulting
in blood clotting1 and/or immune response. A precise understanding of the adsorp-
tion on material surfaces and aggregation properties of human fibrinogen is therefore
crucial in a number of circumstances in the clinics, i.e. the choice of materials for implants.

To address this problem, we are using a multi-scale simulation approach where atomistic
molecular dynamics simulation are being used to determine with high accuracy the dy-
namics of single fibrinogen monomers or dimers and the early stages of adsorption of the
macromolecules on specific material surfaces, while coarse grained models will be devel-
oped based on the atomistic simulation results to describe multimolecular dynamics and
aggregation. The simulations are being benchmarked with the experimental data on ad-
sorption of fibrinogen on material surfaces made available by our collaborators2, 3.

Simulation box with a fibrinogen dimer and salt solution. The water molecules are not
shown for clarity.
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Crystal growth is of uttermost interest for many disciplines, including material, at-
mospheric and food science. Theoretical approaches complement experiments in the
understanding of underlying processes involved in crystal growth. This knowledge not
only yields insights into structures and kinetics, but also aid the design of strategies to
control and optimize of crystal growth.

We investigate crystal growth in Lennard-Jones systems and in explicit water models by
means of non-equilibrium molecular dynamics simulations. MD simulations provide an
insight to processes at time and length scales that experiments cannot reach.

Using Lennard-Jones as a model system we established a reliable protocol to compute
crystal growth rates that exploits the two-phase approach. We set up a simulation
cell made of a crystalline and liquid block in contact and equilibrate it at coexistence
conditions. We then perform non-equilibrium simulations supercooling or superheating
the system, so to probe the dynamics of the crystallization front. By an effective use of a
thermostat we managed to disentangle the effect of mass and heat transport on the kinetics
of crystallization/melting.

Crystal growth rate R of a binary Lennard-Jones system as a function of impurity size
σ, concentration c and interaction. Left: Hydrophilic interaction. The example snapshot
shows dispersed impurities causing a reduced growth rate. Right: Hydrophobic interac-
tion: The impurities segregate in clusters (visualized in snapshot).
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Furthermore, we have considered the effect of additives at low concentration (< 2%) in
the crystallization of a Lennard-Jones fluid. Size, concentration and interaction parameters
with the solvent of the additives have been varied, so that they affect the dynamics of
crystallization in different ways. We can resolve cases in which additives are incorporated
in the growing crystal or they accumulate at the crystallization front hindering crystal
growth and we have quantified their effect on growth rates.

The general concept can then be readily applied to models with more specific chemical
details, such as the rigid TIP4P water model and we are specifically considering the case
of small hydrophobic molecules (methane) modifying the crystallization of hexagonal ice.
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Molecular Simulation Studies is an approach to understand the macroscopic properties of
a molecular system in terms of interactions among its constituting atoms with the help of
model building and computation1. The previous computional research in the insulin family
has been limited to the studies of hormone insulin2, and no theoretical or computional
investigations have been reported on the insulin family to date. Experimental structures
of the ligand-bound receptors are also elusive, due likely to which the atomic picture of
ligand-recognition in the family is yet emerge3.

We have taken a computional strategy to gain a better understanding of the mechanisms
underlying hormone-recognition by IR and IGF1R. We have extensively studied the
dynamics of ligands and receptors of the insulin family using molecular simulations.
The central goal of our work was to develop an understanding of the structure-function
relationships in the insulin family. Using the crystal structure of the IR ectodomain
(IR∆β), and a homology model of the IGF1R ectodomain with the help of molecu-
lar dynamics simulations, we have extensively studied the flexibility mechanisms of
these proteins that can allow binding of their cognate ligands. We observe that the
apo ectodomains of both receptors display asymmetric flexibility mechanisms that are
consistent with previously proposed notion of a see-saw mechanism of receptor activation4.

The present work presents detailed molecular simulation studies on insulin monomer, in-
sulin hexamer, type 1 insulin like growth factor (IGF1), type 2 insulin like growth factor
(IGF2), insulin receptor (IR), and insulin-like growth factor 1 receptor (IGF1R), which pro-
vide new insights into the ligand-recognition in the insulin family, and can also be useful
for the treatment of Type I diabetes.
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This poster presents results of Molecular Dynamics in the study of mass transport through
biological membranes and of global optimization in the prediction of protein structures.
A biological cell membrane is considered, which is modelled as a phospholipid bilayer,
as described as a fluid mosaic. This is a two dimensional fluid, along the cell surface,
composed of freely diffusing phospholipids with embedded proteins and other complex
molecules such as cholesterol, glycolipids, carbohydrates and filaments of cytoskeleton.
The behavior of this biological structure is studied using Molecular Dynamics methods5.
Regarding to the first topic, it is known that the lipids which conform the cell membrane
can freely diffuse. This behavior of the lipids, called lateral diffusion, can be increased by
the introduction of a shock wave into the system2. The purpose of the work is to model
and understand this diffusion of the lipids and the affection of different shock waves. We
recall that the main ingredient of the Molecular Dynamics simulation is the definition of
the potential function which provides the internal forces driving the system.
The interaction among the atoms which conform a molecular model can be non-bonded
(Electrostatical and van der Walls) and bonded (Bonds, Urey Bradley, Angles, Dihedrals,
Impropers). And therefore, the potential function, which has a term for each one of
these interactions, can be formulated as the sum of non-bond energy and bond energy
using the potential energy function Chemistry at HARvard Macromolecular Mechanics
(CHARMM)3.
The second part of the poster is devoted to our work on Protein Structure Prediction (PSP),
which can be formulated as a mathematical optimization problem where the non-bond and
bond energies of the molecule become the objectives of a Multi-Objective Optimization
Problem (MOOP)1.
It is known that molecules make transitions to a lower state of energy and this is the
reason why most experts expect that the geometry defined by its global minimum is the
correct geometry to describe the conformation observed in folded proteins. The PSP
problem consists of predicting the folded, native, tertiary structure of a protein from a
given sequence of amino acids, correspoding to the minimal conformation energy4.
For this purpose, the http://www.mathematik.uni-wuerzburg.de/ lechugaAminoas
(Aminoacid assembler) code has been developed to sequentially search for the minimum
energy of the chosen protein. This PSP algorithm iterates through different conformations
and choses the one which satisfies the objectives of the optimization process better. The
chosen conformation is called Dominant and it becomes the current solution for the next
iteration.
The results for protein 1PLW (Met-Enkephalin) are presented in the following table:
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Algorithm Energy (kcalmol ) RMSD (Å)
Aminoas -48.84±12.36 1.598±0.266
I-PAES -20.47±1.54 2.835
REGAL -23.55±1.69 3.230
Lamarkian -28.35±1.29 3.330
Baldwinian -22.57±1.62 3.960

The results calculated with Aminoas present lesser minimum energy as the Random Mean
Square Displacement (RMSD) indicates that the obtained solution is closer to the native
structure that the ones presented by other authors.

Met-Enkephalin
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The crystallization of a single, flexible homopoly-

Typical transition state for the
N = 128 system with λ = 1.04.
Crystalline particles are colored in
red and chain-like particles in blue.

mer chain is investigated using transition path
sampling (TPS). The chain consists of N iden-
tical spherical monomers evolving according to
Metropolis Monte Carlo dynamics. While neigh-
boring monomers have a fixed distance, the non-
neighboring monomers interact via a square-well
potential. For a sufficiently small interaction range
λ, the system undergoes a first order freezing tran-
sition from an expanded, unordered phase to a com-
pact crystalline state1, 2. It can therefore serve as a
model for small chain-like proteins with a similar
structural transition.

Transition path sampling and committor analysis3, 4

are used to study the transition state ensemble of the chain. Earlier observations by Tay-
lor et al.1 concerning the structural properties of the transition states are confirmed by our
calculations: The typical transition states indeed
consist of a crystalline nucleus attached to
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one or more chain fragments.

Furthermore, we calculate p(r|TP), the
probability to find the configuration r in a
transition pathway. This probability is cal-
culated as a function of the potential energy
U and the radius of gyration R2

g .

We use the final results of our simulations
to search for possible reaction coordinates of
the transition. For that task, we also exper-
iment with applying machine learning algo-
rithms such as neural networks and support
vector machines.
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SIRT2 protein is a NAD+-dependent deacetylase that has recently emerged for its high
therapeutic potentials in several age-related diseases1. These includes diabetes2, cardio-
vascular disease3, neurodegeneration4 and cancer5. However, up to now, the complete un-
derstanding of its mechanism was hampered by the lack of its full-length structure. Only
the catalytic core of SIRT2 (residue 57-356) is indeed crystallized (PDB ID: 1J8F6). The N-
and C- terminal regions, whose role has been recently linked to SIRT2 catalytic activity7,
are so far missing. This extremely limits the understanding of the regulatory mechanism
of SIRT2 activity. We provide the first full-length molecular structure of SIRT2 (the cat-
alytic core along with the N- and C-terminal regions) using computational methods. We
(i) apply bioinformatics tools to assign secondary structure elements of N- and C-terminal
regions. (ii) Use homology and ab initio modeling to construct models of SIRT2. (iii)
Perform molecular dynamics simulations of the full-length protein in aqueous solution.
Our calculations allow to identify key residues on the catalytic core surface involved in the
interaction with C-terminal region. This may provide a rationale for a variety of experi-
mental facts including regulation of SIRT2. It might also have important implications for
SIRT2 target-specific drug design. Our findings are currently being validated or disproved
site-directed mutagenesis experiments performed by us at the RWTH-clinics.
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Crazing and shear-yielding are two complementary types of failure of glassy polymers1.
While the former leads to localization of deformation in form of cavitation induced fib-
rillated zones, the later causes concentrated deformation in shear zones with negligible
volume change. In contrast to shear yielding2, 3, the atomic-scale mechanisms leading to
initiation of crazing4, 5 are currently not understood. Here we show that local heteroge-
neous deformation leads to craze initiation in glassy polymers. Using molecular dynamics
simulations of crazing failure in glassy polymers, we found that the zones of high plastic
activity are constrained by low plastic activity zones and become unstable under local neg-
ative bulk modulus thus initiating crazing from these zones. These conditions are similar
to cavitation instabilities observed in ductile metals under highly constrained plastic flow6.
Furthermore, based on the constant shear stresses we found that micro-cavitation is the
essential local deformation mode for crazing to happen in glassy polymers. Our results
demonstrate the basic difference in the local deformation mode as well as the conditions
that leads to either shear yielding or crazing type failure in glassy polymers. We anticipate
our assay to help devise new criterion for craze initiation that not only considers stress state
but also local deformation heterogeneities that forms the necessary conditions for crazing
in glassy polymers.
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When a membrane of narrow carbon nanotubes is immersed in water, its pores are filled
and the spatial confinement within the tubes leads to the formation of single-file water
chains. These hydrogen bonded chains show ordering at room temperature such that the
average dipole moment of the water molecules in the pores points along the tube axis.
This order causes unique properties in comparison to bulk water, such as rapid proton
transport along the water wires1.

We study membranes of parallel water wires by use of a dipole lattice model which
accurately captures the energetics of single-file water. This model allows the investigation
of large systems and can be mapped onto a 2D spin model. We show that this model is
equivalent to a system of effective charges located at opposite sides of the membrane
which provides a physically transparent picture of the system since the coupling switches
from dipolar to Coulombic with increasing membrane thickness.

Schematic representation of a membrane of parallel water-filled pores arranged in a square
geometry. All hydrogen bonds within a chain point into the same direction and chains
in adjacent pores are oriented in opposite directions, representing the low-temperature or-
dered state.
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Our simulations show a continous order-disorder transition on square membranes to an
anti-ferroelectrically ordered low-temperature-phase, in which water wires in adjacent
pores are oriented in opposite directions. The critical temperatures for various pore lengths
and pore spacings are obtained and we derive an analytic expression for corresponding
states of a lattice of ordered chains which makes our simulation results applicable to a
wide range of parameters.

Analysis of the susceptibilities of square and triangular lattices shows the strong influence
of inter-chain coupling on the dielectric response of the system, effectively lowering the
dielectric constant even for temperatures far above the critical regime. This unexpected
behavior could also significantly affect proton transfer rates across such membranes.
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Understanding the unique properties of water still represents a significant challenge for
theory and experiment. Molecular dynamics (MD) simulations are a valuable tool to study
water at the atomic level but realistic MD simulations of large systems require efficient and
reliable potentials to describe the atomic interactions. To date, numerous water potentials
have been developed, but most of them have a very simple functional form and keep the
water monomers frozen.
In recent years, artificial neural net-

Binding energy as a function of the oxygen-
oxygen distance ROO for four stationary points
(sp) of the water dimer potential-energy sur-
face. The solid diamonds represent DFT ener-
gies while the lines correspond to the neural net-
work (NN) potential-energy surface.

works (NNs) have become a promising
method for the development of accu-
rate potential-energy surfaces (PESs)
for a wide range of systems1. Due
to their flexible functional form NNs
are able to represent even most compli-
cated PESs using a set of energies and
forces obtained from electronic struc-
ture calculations. Once constructed,
they can be evaluated several orders of
magnitude faster than the underlying
electronic structure data.
Using a generalized NN scheme
for multicomponent systems2, 3, we
present a full-dimensional NN poten-
tial for water clusters4. This poten-
tial is based on environment-dependent
atomic energy contributions and incor-
porates long-range electrostatic inter-
actions employing environment depen-
dent atomic charges. We show that properties like binding energies and vibrational fre-
quencies are in excellent agreement with the underlying reference density-functional the-
ory data.
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Attaching DNA strands to colloidal particles is a possible way to novel matrials. Here, we
investigate a coarse-grained model motivated by effective potentials of a detailed model.
Inspired by the structural diversity of water and carbon we focus on colloids with four
DNA strands located in a tetrahedral symmetry.

We find that the colloidal systems share structural features with their atomic analogue. This
includes: i) hexagonal and cubic diamond phases, ii) amorphous structures iii) fullerenes
(exemplified by clusters of dodecahedra), and iv) graphene sheets (when attaching three
DNA strands in a plane). These structure form spontaneous in Monte Carlo simulations,
and in some cases without being the thermodynamical stable state. Selected configurations
are shown in the figure below.

Interestingly, the colloidal systems also exhibit features quite different from their atomic
counterpart due to more specific and short-range interactions. This allow additional par-
ticles in the structures of carbon. As an example, crystal structures are penetrated by gas
particles (see figure). Also, the symmetry of the cubic diamond structure allow several
interpenetrating lattices (when increasing pressure).

Structures formed in a model of DNA tethered colloidal particles. (left) A cubic diamond
structure in coexistence with a fluid phase. Unlike the cubic diamond of carbon, gas par-
ticles penetrate the crystal lattice. (middle) Spontaneously formed graphene sheet. (right)
Particles in an amorphous rigid state. Particles in the lower part of the box have formed a
dodecahedron. Colors indicate local orientational order.
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The choice of an appropriate potential for a given system is a crucial part of any molecular
dynamics (MD) simulation and determines if critical parts of the true dynamics are cor-
rectly reproduced or missed. While the combination of ab initio methods and MD provides
high accuracy its application is restricted to small system sizes due to computational cost.
Empirical potentials available for lots of systems are much faster but their fixed functional
form inevitably introduces inaccuracies. The recently developed neural network poten-
tial method1 combines several positive aspects of both worlds. Here we present a neural

Typical low- and high-chalcocite configurations from MD simulation, with copper atoms
colored according to mean square displacement (top). Flow chart for the implementation
of the neural network potential method into LAMMPS (bottom).
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network potential for the multi-component system copper sulfide. Depending on tempera-
ture one finds two possible Cu2S phases commonly named low- and high-chalcocite. For
both cases we compare trajectories and radial distribution functions from a neural net-
work potential energy surface with data obtained from VASP reference calculations and an
empirical EAM potential. In addition we present a MPI/OpenMP implementation of the
neural network potential method into the MD software LAMMPS2 and test its scalability
on a typical cluster setup.
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The appropriate modeling of matter is becoming an increasingly unavoidable step in the
predictive numerical simulations of phenomena like adhesion/adherence taking part of in-
dentation (or scratch) tests and cracking or damage of polymers. In such modeling, the
matter is considered from two points of view: (1) from a continuum point of view, i.e. as
a homogeneous or heterogeneous continuous medium with the assumption of mean values
for the material behavior and (2) from a discrete point of view in relation to the fact that
microscopically the medium consists of particles. These points of view are related to two
familiar simulation techniques: (1) the finite element method (FE simulations, for large
systems) based on continuum mechanics (CM) and (2) the molecular dynamics method
(MD simulations, for small systems) based on the forces acting between the particles at a
molecular level. For example, Fig. 1 recapitulates the scale transition from the macroscopic
to the microscopic point of view.

First, this poster presentation illustrates former

Figure 1. Various techniques for the numer-
ical simulation of matter with their corre-
sponding characteristic length scales L (VE
= volume element; RVE = representative
volume element; DEM = discrete element
method; DFT = density functional theory).

works1–4 on the rheology of polymer melts and
films in the glassy and near the rubbery domain
using two different methods: molecular dynam-
ics (MD) and finite element (FE) simulations. In
a first step, the uniaxial mechanical behavior of
a bulk polymer sample was studied by means of
particle based MD simulations. The results were
in good agreement with experimental data and
mechanical properties may be computed from
the simulations. This uniaxial mechanical be-
havior was then implemented in FE simulations
using an elasto-viscoelasto-viscoplastic consti-
tutive law in a continuum mechanics (CM) ap-
proach. In a second step, the mechanical re-
sponse of a polymer film during an indentation
test was modeled with the MD method and with
the FE simulations using the same constitutive
law. Good agreement was found between the MD and CM results (see Fig. 2, left).

These previous works1–4 provided evidence in favor of using MD simulations to investi-
gate the local physics of contact mechanics, since the volume elements studied were repre-
sentative and thus contained enough information about the microstructure of the polymer
model, while surface phenomena (adhesion, surface tension) were naturally included in
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Figure 2. Left: panel (a), modeling of adherence during unloading with FE simulations. Panel (b),
modeling of an indentation test with an attractive tip in MD simulations. In both cases, the tem-
perature was T = 0.2 (< Tg). Strong similarities are observed, although surface tension was not
accounted for in the FE simulations. Right: straining of a coarse-grained system with two melts
linked together by connectors. The system is pulled at both sides with a velocity vpull/2, the corre-
sponding response is the force f on each wall.

Figure 3. The separation energy Gsep = Wsep (squares), the adhesion energy Gadh = Wadh (circles),
the energy dissipated in the melts WM (triangles) and the difference ‘Gsep −Gadh’ (filled rhombs) as
a function of the strain rate ε̇33. The snapshots of debonding MD simulations are taken at the failure
of adhesion and illustrate the increase of the bulk dissipation with strain rate.

the MD approach. Thus, this poster presentation illustrates then MD simulations of the
failure of adhesion (complex phenomenon involving bulk dissipation, i.e., shear yielding,
cavitation and crazing, surface adhesion through Van der Waals interactions and connector
chain pull-out) between two polymer melts stitched together with connector chains5 (see
Fig. 2, right). The contributions to the separation energy from the dissipation in the bulk
and at the surface were studied, in dependence of the separation rate at constant tempera-
ture and at fixed basic molecular parameters (see Fig. 3). The results will be key to future
developments of continuum cohesive models for adhesion on polymer surfaces.
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Temperature dependence of the total kinetic en-
ergy deposited in the photodissociation frag-
ments of Rg+

3 → Rg+ + 2 Rg obtained for the
DIM+SO model: Ar+3 - � T = 50K,© T =
150K, ∇ T = 225K; Kr+3 - � T = 100K,
© T = 150K, ∇ T = 200K; Xe+3 - � T =
100K,© T = 200K, ∇ T = 250K. Experi-
mental points by Haberland et al. (•) and the-
oretical estimates for Rg+(2P3/2) (upper · · · ),
Rg+(2P1/2) fragments (lower · · · ), as well as
for the fragments of the DIM model without in-
clusion of the spin-orbit coupling (middle · · · )
are also included for comparison.

Ionic rare-gas clusters present various in-
teresting particularities. As clusters, they
are aimed to improve the understanding of
the transition between the gas and the con-
densed phases of matter. The charge is lo-
calized on a small chromophoric subunit,
mainly trimer, but also tetramer or dimer,
while the surrounding atoms are almost neu-
tral. Therefore, the ionic rare-gas clusters
are bound by heterogeneous interactions,
with strong chemical interactions between
the core atoms and loosely bound neutrals.
However, the charge may migrate, particu-
larly after the clusters are excited. Reflecting
their heterogeneity, when excited by photons
or impacting electrons, they undergo nona-
diabatic dynamics, which is imprinted by a
competition between the fission of the core,
evaporation of neutrals, internal conversion,
and relaxation over various electronic or nu-
clear degrees of freedom. Consequently a
variety of fragment types is produced. More-
over, the ionic rare-gas clusters can be eas-
ily produced and analyzed in experiments.
Therefore, they have been intensively stud-
ied for more than 20 years, both in experi-
ment and in theory.

In our work, we focus on the modeling of ionized Rg+
n clusters because a reliable and com-

putationally cheap interaction model with a sufficient number of excited states is available.
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This allows us to study various non-adiabatic phenomena like post-ionization fragmenta-
tion, photodissociation, and atom-cluster collisions.

Initial conditions (nuclear coordinates and velocities and electronic amplitudes) for the
dynamics are generated using microcanonical Monte Carlo sampling. Because the initial
conditions are independent, computation of their time evolution can be done in parallel.

The equations of motion for a system of classical nuclei surrounded by a cloud of electrons
can be written within the mean-field approximation as coupled classical Hamilton equa-
tions for the nuclei, and the time dependent Schrödinger equation for electrons.

For solving the equations we need a reliable and computationally feasible electronic Hamil-
tonian. We use the DIM (diatomics-in-molecules) approach, where the electronic hamilto-
nian is written as a sum of diatomic and atomic contributions,

Ĥ =

n−1∑
p=1

n∑
q=p+1

Ĥpq − (n− 2)

n∑
p=1

Ĥp, (1)

where n denotes the number of atoms. The wavefunction basis set consists of 3n valence-
bond Slater determinants and represents states with the positive charge localized on a par-
ticular atom in a valence pm-orbital.

The model has been further extend by including the spin-orbit coupling using a semiem-
pirical atoms-in-molecules scheme, which doubles the basis set, and the inclusion of three-
body polarization forces of the induced dipole-induced dipole type. Recently a new ap-
proach for hybrid quantum-classical dynamics has been developed, which includes quan-
tum decoherence by introducing periodic collapse of the electronic wave function. This is
called the MFQ (mean field with quenching) method.

The implementation is written in FORTRAN 90 and parallelized using MPI. Integration of
trajectories is distributed using task management, where trajectories are distributed among
CPU cores by a single master process. Scalability has been tested for up to 16384 CPU
cores, on PRACE Tier-0 supercomputers JUGENE and HERMIT.
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In classical constant-temperature (NVT) thermodynamic simulations of physical systems
using both Monte Carlo or molecular dynamics approaches, mean values of thermody-
namic quantities (internal energy, heat capacity, etc.) are obtained only for temperatures
for witch simulations are carried out. If the complete temperature dependence of the
measured quantity is needed, an appropriate interpolation and/or extrapolation technique
has to be used. Of course, schemes based on physical assumption should be preferred to
those purely mathematical. In 1988, Ferrenberg showed how to calculate the classical
density of states of the system, Ω(E), from a single temperature Monte Carlo simulation
(carried out at specific temperature TS) and how to determine the mean value of any
variable 〈X〉T which depends on system coordinates and momenta only through the
instanteous energy, X(q, p) = X(E(q, p)), for an arbitrary temperature T close to TS
(the single histogram method1 ). Later on, Ferrenberg derived a more general scheme,
the multiple histogram method2, within which the classical density of states Ω(E) is
calculated from energy histograms hI(E) obtained from simulations at several different
temperatures TI covering the temperature range of interest and mean values are calculated
at essentially any temperature from this range by means of the 1D numerical integration.

In the present work, we introduce a modification of the multiple histogram methods for
the isothermal - isobaric (NPT) ensemble. Two-dimensional classical density of states,
Ω(E, V ), is calculated from energy - volume histograms, hIJ(E, V ) drawn from simula-
tions performed at temperatures TI and pressures PJ and using an isothermal - isobaric
parallel tempering Monte Carlo method3. The value of a variable dependent only on the
system energy and volume, X(E, V ), can be then easily determined for any temperature
and pressure from density of states Ω(E, V ) by means of the computationally still very
cheap 2D integration. Nevertheless, compared with the multiple histograms method for
the NVT ensemble, the two-dimensional histograms used in the present approach impose
high demands on the computer memory, in particular, at low temperatures and high
pressures. This is because energy and volume fluctuations are very small in this case and
very fine grids of energy and volume are needed. In this work, we show that non-uniform
grids of energy and volume used in histograms can reduce these demands to an acceptable
level. This is mainly because regions of the system phase space corresponding to
low energies and small volumes are sampled at low temperatures and high pressures,
respectively, and, consequently, denser grids are needed exactly near the minimum of
the energy and near the minimum of the volume while sparse grids are sufficient elsewhere.
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 Interaction part of constant pressure heat capacity CINT
P of (H2O)15 cluster as a function

of temperature T and pressure P .

We have performed this method to study thermal properties of water clusters exposed to
high pressures. After isobaric isothermal parallel tempering Monte Carlo simulations we
have used multiple histogram methods for calculations of constant pressure heat capacity
and Pearson correlation coefficient for energy and volume. Local maximum of heat capac-
ity on the temperature axes correspond to the temperature intervals of cluster phase changes
(phase coexistence regions). As an example, constant pressure heat capacity of (H2O)15
cluster is illustrated in the figure. Pressure conditioned structural changes occurred at pres-
sure intervals, where PV therm of enthalpy is high enough to become comparable with
cluster interaction energy and structures with smaller volume may by favored over those
with low interaction energy. It can be expected that in the structural transformation region
on the pressure axis energy and volume will be strongly anti-correlated and hence the cor-
relation coefficient approaches the value −1. Both, heat capacity and Pearson coefficient
has been used to figure phase diagram of water clusters.
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Lattice defects such as vacancies, grain boundaries and cracks are inevitably present in
technical materials. We conduct non-equilibrium molecular dynamics simulations to cal-
culate the thermal conductivity of different materials and to study the influence of lattice
defects. In order to test the microstructural effects on thermal conductivity for a broad
range of interatomic bond types, we chose several model materials: silicon with covalent
bonds, calcium-fluoride with ionic bonds and copper with metallic bonds. The results show
that there is a strongly non-linear response of the thermal conductivity with respect to va-
cancy concentration. Concerning grain boundaries and micro cracks a sharp drop of the
thermal conductivity at the interface is observed, which leads to the definition of a effec-
tive interfacial thermal conductivity. The results of this study can be used to estimate the
influence of lattice defects on the thermal conductivity of technical materials.
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The conventional way of starting chemical reactions is to use thermal, photochemical,
or electrochemical activation. Recently developed atomic force microscopy and sono-
chemical processes in an ultrasonic bath provide the possibility of applying mechanical
forces to molecules while monitoring the change in the molecules’ structure and reaction
behaviour. Therefore, it is now well appreciated that external mechanical forces can be
applied to specific covalent bonds within molecular systems, defining the field of covalent
mechanochemistry.

Under mechanical forces, gem-dichlorocyclopropanes incorporated along the backbone
of cis-polybutadiene exhibit an electrocyclic ring opening accompanied with a chlorine
migration1.

Besides the practical results, theoretical investigations on cis- and trans-1,1-dichloro-2,3-
dimethylcyclopropane have revealed some striking features, such as a lack of selectivity
at high forces or unexpected branching ratios2. We used static calculations to investigate
changes in electronic properties along the reaction pathways under a variety of forces. The
analysis of wavefunction and electron density was performed using Natural Bond Orbitals
and Quantum Theory of Atoms In Molecules.
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Systems biology is the study of the dynamic interactions of molecular components of
biological systems. Through integration of computational and experimental approaches
a model of the structure and dynamics of a biological system is generated, shedding
light on inter- and intra-cellular behavior. When high-resolution crystal structures of
biological molecules are not available, computational molecular modeling techniques
are used to generate a structural model based on homologous molecules with existent
crystal structures. The dynamic interactions of a system is studied with simulation
techniques that sample the conformational flexibility of molecules. Over the past decades
molecular modeling/simulation has emerged as a very powerful tool to analyze features of
biomolecular structures that are difficult or impossible to capture experimentally, ranging
from ranking of interaction strengths and affinity calculations to the mapping of transition
states and pathways involved in conformational changes.

The focus of a current study involves studying the ubiquitination of the transcription
factor NF-κB inhibitor, IκBα; a process catalyzed by the ubiquitin-protein ligase
known as SCF. The SCF is a four-subunit RING-type ligase which is active at the last
of a three step ubiquitination process. SCF complexes are composed of the scaffold
protein Cul1, the RING-domain protein Rbx1/Roc1, the adaptor protein Skp1, and an
F-box protein that binds a substrate. The F-box protein β-TrCP recognizes a doubly
phosphorylated DpSGϕXpS destruction motif, present in IκBα, which is followed by
ubiquitination of these proteins at specific lysines by the SCF complex. Cytokines induce
the phosphorylation of the two serine residues in the IκBα destruction motif, essential for
β-TrCP binding, signaling for its ubiquitination and destruction by the proteasome and
ultimately activation of NF-κB. To better understand the mechanisms of recognition of
doubly phosphorylated IκBα by β-TrCP and the influence of phosphorylation on rates of
association, we are modeling the interaction between β-TrCP and phosphorylated IκBα
by employing Brownian and molecular dynamics.

In another study, we are investigating the molecular basis for antigenic shift and antigenic
drift in haemagglutinin (HA), the glycoprotein in the membrane of type A influenza viruses
which binds to sialic acid attached to host cell-surface glycoproteins thereby mediating re-
ceptor binding and membrane fusion in influenza. We will also design an anti-viral drug for
treatment of influenza in a process where identification of a peptidic ligand will ultimately
act as an HA inhibitor. A thorough investigation of the structure and receptor binding prop-
erties of HA together with a structural mapping of mutations in the HA binding pocket is
a crucial initial step in this process. Through generation of homology models of influenza
HA proteins, a detailed analysis is then carried out of the properties of salic acid binding
site in different influenza viruses in human, identifying mutations and key residues taking
part in binding. Only then can the design and docking of peptides to the HA binding pocket
take place.
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To calculate nonlinear spectra from equilibrium simulations response functions are needed.
In the classical limit the quantum commutator is replaced by Poisson brackets and the third
order response function obeys:

R
(3)
cl (t, t3, t2; t1) = −〈{{{µ(t), µ(t3)}, µ(t2)}, µ(t1)}ρeq〉 ,

where 〈 〉 indicates averaging over the phase space. The key element to calculate these clas-
sical response functions are stability (monodromy) matrices. They measure how chaotic a
system behaves. The stability matrix M is definded as

M(t, t′) =

( ∂qt
∂q

t′

∂qt
∂p

t′
∂pt
∂q

t′

∂pt
∂p

t′

)
,

with q and p being position and conjugate momenta. The elements show how each
coordinate of the system responds at a time t to small initial offsets at an earlier time
t′. For deterministic, quasi-periodic systems, like a 1D harmonic oscillator or Morse
potential, the elements stay finite and small. But for chaotic systems the elements diverge
in t − t′. It was proposed by van Kampen that this is a fundamental limitation arising
from the perturbative ansatz, which should not be valid in chaotic systems for long times1.
This would make the computation of response functions unstable for longer times and
hence limits the resolution in the frequency domain. On the contrary it is argued that upon
calculating the response functions from the stability matrices and averaging over the phase
space the divergence is lost, and the response functions behave nicely2.

In the present contribution this issue is studied for simple model systems. In a 1D Morse
potential, as expected, the linear classical response decays upon averaging. But, even
so the stability matrix stays finite, the third order response functions for two pulse echo
measurements diverge linearly. This divergence is also reported for other 1D anharmonic
oscillator systems4 . In contrast, dissipative and chaotic systems do not show a divergence
of response functions.3
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g.derevyanko@fz-juelich.de

Devadoss V., Fredrick Robin
Universität Konstanz, Konstanz Research School Chemical Biology, Konstanz, Germany
Fredrick.Devadoss@uni-konstanz.de

Di Pasquale, Nicodemo
Politecnico di Torino, Institute of Chemical Engineering
Department of Applied Science and Technology, Torino, Italy
nicodemo.dipasquale@polito.it

Doltsinis, Nikos. L.
Universität Münster, Institut für Festkörpertheorie, Münster, Germany
nikos.doltsinis@wwu.de

74



Dünweg, Burkhard
Max Planck Institute for Polymer Research, Polymer Theory, Mainz, Germany
duenweg@mpip-mainz.mpg.de

Eckhardt, Wolfgang
Technische Universität München, Institut für Informatik, 85748 Garching, Germany
eckhardw@in.tum.de

Eisbein, Emanuel
Technische Universität Dresden, Physikalische Chemie, Dresden, Germany
emanuel.eisbein@chemie.tu-dresden.de
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Forschungszentrum Jülich, Institute for Advanced Simulation (IAS)
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janne.kalikka@jyu.fi

Karner, Carina
University of Vienna, Faculty of Physics, Vienna, Austria
carina.karner@univie.ac.at

76



Kasimova, Marina A.
Lomonosov Moscow State University
Department of Biophysics, Faculty of Biology, Moscow, Russia
marina.kasimova@gmail.com

Khoshnood, Atefeh
Sharif University of Technology, Department of Mechanical Engineering, Teheran, Iran
atefeh khoshnood@mech.sharif.ir
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VŠB - Technical University of Ostrava
Department of Applied Mathematics, Ostrava-Poruba, Czech Republic
martin.stachon@vsb.cz

79



Sutmann, Godehard
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