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MoLECULAR MODELLING WORKSHOP 2015

Computer-Chemie-Centrum
Ndgelsbachstr. 25

91052 Erlangen

Germany

Monday, March, 9" - Wednesday, March 11" 2015

Once again, we in CCC are happy to welcome you to the Molecular
Modelling Workshop 2015. This year, it is the 29" Molecular Modelling
Workshop and the thirteenth time it is hosted by the University of Erlangen-
Nuremberg. The research group of Prof. Tim Clark at the CCC will be
responsible for the technical organization. Dr. Bernd Beck from Boehringer
Ingelheim Pharma GmbH, will be responsible for the scientific organization.

The Molecular Graphics and Modelling Society — German Section (MGMS-
DS e.V.) is, as always the organizer of the Workshop and provides financial
support to enable students to attend the meeting. We especially thank our
sponsors, who have not only this year enabled us to provide an excellent
program at a very low price, but also have supported the Molecular
Modelling Workshop consistently and generously over its entire history.

Scientific program
Dr. Bernd Beck

Boehringer Ingelheim Pharma
GmbH & Co. KG
Lead Discovery

Birkendorfer Str. 65
88397 Biberach

Tel.: +49 (7351) 54-8151
Fax: +49 (7351) 83-8151

bernd.beck@boehringer-
ingelheim.com
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Technical coordination

PD Dr. Harald Lanig

Friedrich-Alexander-Universitét
Erlangen-Niirnberg
Zentralinstitut fiir Scientific
Computing

Martensstr. Sa
91058 Erlangen

Tel:  +49 (0)9131 85 20781
Fax: +49 (0)9131 85 20785

harald.lanig@fau.de
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PREAMBLE

DEAR COLLEGUES,

The 29" Molecular Modelling Workshop (March, 9% - 11%) in
Erlangen provides research students and new postdoctoral scientists
the perfect opportunity to present their research to the molecular
modelling community. Scientists at the beginning of their academic
careers are able to meet new colleagues in academia and industry.

Every year, the organisers welcome both poster or lecture
contributions in English or German from all areas of molecular
modelling including life sciences, physical sciences, material sciences
and the nano sciences.

The aim of the Modelling Workshop is to introduce research in
progress. The workshop is the perfect venue to introduce new
methods in molecular modelling that can be applied to many
disciplines. The workshop is suitable for everyone, those who want to
gain experience in presentation skills and those who just want to
network in a friendly relaxed environment.

Contributions are welcome
from all areas of molecular modelling -

from the life sciences, computational biology,
computational chemistry to materials sciences.

Our plenary speakers this year are (in alphabetical order):

DR. KARL-HEINZ BARINGHAUS
Sanofi-Aventis Deutschland GmbH
Frankfurt am Main

PROF. ANNA LINUSSON
Department of Medicinal Chemistry
University of Umea
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AWARDS

As in the past years, there will be two Poster Awards of 100 Euro each
and three Lecture Awards for the best talks:

Winner
Travel bursary to the Young Modellers Forum in the United Kingdom
(travel expenses are reimbursed up to 500 Euro)
2nd Winner
up to 200 Euro travel expenses reimbursement
3rd Winner
up to 100 Euro travel expenses reimbursement

Only undergraduate and graduate research students qualify for the
poster and lecture awards. A Web Award for WWW-based scientific
applications in the field of molecular modelling will not be awarded
this year.

MGMS-DS E.V. ANNUAL MEETING

The general meeting of the MGMS (German Section) will be held du-
ring the workshop. We invite all conference delegates to participate in
the annual meeting of the society.

FEES

The conference fee amounts to 100 Euro (Students: 50 Euro). This fee
includes the annual membership fee for the MGMS-DS e.V.
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PLENARY SPEAKERS

I PAGE 4

DR. KARL-HEINZ BARINGHAUS

Karl-Heinz Baringhaus obtained his Ph.D. in
synthetic organic chemistry from the University
of Muenster, Germany. After a postdoctoral
fellowship at Stanford University he joined
Hoechst AG where he was working six years in
Medicinal Chemistry. Then he moved into
Molecular Modeling and in 2000 he became
Head of Computational Chemistry at Aventis
Pharma.

From 2005 to 2010 he was Director of Drug Design at Sanofi-Aventis Pharma
Deutschland GmbH. In 2010 he was promoted to Head of Structure, Design &
Informatics consisting of Computational Biology & Bioinformatics, Computer-
aided Drug Design, Scientific Computing & Data Management as well as
Structural Biology. Since October 2012 Karl-Heinz is Site Director of R&D in
Frankfurt.
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PROF. ANNA LINUSSON

Anna Linusson has a master degree in biology at the
University of Gothenburg. She obtained her doctorate
in organic chemistry in 2000 at Umea University with
a thesis on library selection in combinatorial
chemistry. Directly after, Anna Linusson joined
AstraZeneca R&D Molndal for a position as
computational chemist in drug discovery projects.

In 2004, she returned to Umea University for a faculty position in computational
chemistry at the Department of Chemistry. In the summer of 2013, she was appointed
full Professor in Medicinal Chemistry at Umeé& University. The focus of her research is
directed towards fundamental aspects of interactions of small-molecular ligands with
proteins, using both experimental and computational techniques. The research is
performed within pharmaceutical relevant projects to contribute to the discovery of new
molecules against for example rheumatoid arthritis, malaria and dengue fever.

I PLENARY SPEAKERS 29TH MOLECULAR MODELLING WORKSHOP 2015 PAGE 5 I

SUINVIAS AUVNI1d



I OVERVIEW

Program
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OVERVIEW

PROGRAM

Monday, March 9t 2015

11:30-14:00
14:00-14:15

14:15-14:40

14:40-15:05

15:05-15:30

15:30-15:55

15:55-16:15

16:15-16:40

16:40-17:40

17:40-18:45

19:00

Registration

Welcome remarks / Agenda review

Giulia Pagani (Dusseldorf)

Characterization of the HPA-1 polymorphism by MD
simulations and FRET measurements

Hugo Gattuso (Nancy)

Theoretical study of DNA photosensitized by an artifical
nucleobase: a model toward the 6-4 photoproduct

Noureldin Saleh (Erlangen)

Arginine-Vasopressin and its V2 Receptor: Binding Pathways,
Kinetics and Thermodynamics

Tommaso D'Agostino (Cagliari)

Enhanced samping techniques and their application to the study
of small substrate translocation

Coffee Break

Guido Humpert (Essen)

Protein interfaces and assembly of heteromeric Navl.8 ion
channels

Plenary Lecture I:
Prof. Anna Linusson (Umea)

Targeting Fundamental Aspects of Protein-Ligand Interactions
to Improve Computer-Aided Molecular Design

Annual Meeting of the MGMS-DS

Buffet - Dinner
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PROGRAM

Tuesday, March 10t 2015

08:30-08:55

08:55-09:20

09:20-09:45

09:45-10:10

10:10-10:35

10:35-11:00

11:00-12:00

12:00-13:30

I OVERVIEW

Hanno Dietrich (Erlangen)

Modeling Self-Assembly of Phosphonic Acids on a-Aluminum
Oxid

Andreas Krause (Erlangen)

Simulating Nanostructures: 2D-periodic organic semiconductors

Adriana Supady (Berlin)

First principles sampling and representation of a reduced
molecular potential energy surface

Daniel Tomazic (Dortmund)

Integral equation-based quantum solvation model for
quantitative prediction of hydration free energies

Coffee Break & Conference Photo

Benjamin Meyer (Nancy)

Exploiting the Transferability of Extremely Localized Molecular
Orbitals to Study Large Biological Systems

Plenary Lecture ll:
Dr. Karl-Heinz Baringhaus (Sanofi-Aventis)

Molecular Design in Drug Discovery: Applications and
Challenges

Lunch
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OVERVIEW

PROGRAM

Tuesday, March 10t 2015

13:30-13:55

13:55-14:20

14:20-14:45

14:45-15:15

15:15-15:35
15:35-16:35

16:35-17:00

17:00-17:25

18:30

I PAGe 10

Patrick Kibies (Dortmund)

Conformational sampling of drug-like molecules in solution
with quantum-chemical accuracy

Eva Nittinger (Hamburg)

EDIA — A New Estimate of Electron Density of Individual
Atoms for Validating Water Molecules

Daniel Mulnaes (Diisseldorf)

TopModel: A multiple-template meta-approach to homology
modeling

Discussion Session with Prof. Anna Linusson and
Dr. Karl-Heinz Baringhaus; Moderator Prof. Tim Clark

Coffee Break

Poster Session |

Christoph G. W. Gertzen (Diisseldorf)

An experimentally validated binding mode model of TGRS
agonists

Tobias Brinkjost (Dortmund)
On our Way to the Automated Search for Ligand-Sensing Cores

Gasthaus - Steinbachbrau
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PROGRAM

Wednesday, March 11th 2015

08:30-08:55

08:55-09:20

09:20-09:45

09:45-10:10

10:10-10:30
10:30-11:30
11:30-13:00

13:00-13:25

13:25-13:50

13:50-14:15

14:15

I OVERVIEW

Dr. Pavio O. Dral (Miilheim)
The Quest for Accurate Semiempirical Methods

Dr. Harpreet Shah (Miinchen)

Computer-aided modelling of protein conformations and ligand
binding

Dr. Jeremy Richardson (Erlangen)

Including quantum nonadiabatic effects into molecular
dynamics simulations

Dr. Akinjide Oluwajobi (Ife-Ife)

Imperfect Interatomic Potentials in the Molecular Dynamics
Simulation of Copper and Diamond in Nanomachining

Coffee Break

Poster Session Il

Lunch

Dr. Marco Marazzi (Nancy)

Modeling the Electronic Absorption and Circular Dichroism
Spectra of a Photo-switchable Bistable Peptide

Dr. Thomas Steinbrecher (Schrodinger)

Free energy calculations to predict the effect of single point
mutations on protein stability

Dr. German Erlenkamp (Diisseldorf)

Identifying Pathways out of the Aspartate Binding Pocket of the
Phosphoenolpyruvate Carboxylase in C4 Plants

Poster & Lecture awards, Closing
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OVERVIEW

PoOSTER SESSION |
Tuesday, March 10t 2015 15:35-16:35

P01

P02

P03

P04

P05

P06

P07

P08

P09

P10

P11

I PAGE 12

29TH MOLECULAR MODELLING WORKSHOP 2015

Anna BauB (Freiburg)

Storage, transport, release: heme versatility in nitrite reductase
electron transfer studied by molecular dynamics simulations

Frank Beierlein (Erlangen)

The Effects of Alkali Ions on the Aggregation and Interfacial
Adsorption of B-Lactoglobulin

Christiane Ehrt (Dortmund)

Repurposing of known kinase inhibitors for inhibition of
trypanothione synthetase

Hugo Gattuso (Lorraine)

Modeling the Electronic Circular Dichroism of DNA and
photosensitized DNA

Christian A. Hanke (Diisseldorf)

Ligand-mediated and tertiary interactions cooperatively
stabilize the P1 region in the guanine-sensing riboswitch

Anselm H. C. Horn (Erlangen)

A Consistent AMBER Parameter Set for Zwitterionic Amino
Acid Residues

L. Humbeck (Dortmund)
Chemogenomics analysis of small molecule bioactivity data:

Privileged scaffolds and conserved structural elements in
proteins

Michael C. Hutter (Saarbriicken)
Anthraniloyl transfer in PqsD works without a catalytic triad

Christof M. Jager (Nottingham)

Metal binding in the radical SAM enzyme QueE — influencing
the mechanistic outcome of radical reactions

Christophe Jardin (Erlangen)
Binding properties of SUMO-interacting motifs

Anna Kahler (Erlangen)
Dynamics of the Autoinhibited Transcription Factor RfaH
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PoSTER SESSION |
Tuesday, March 10t 2015 15:35-16:35

P12

P13

P14

P15

P16

P17

P18

P19

I OVERVIEW

Patrick Kibies (Dortmund)
Electronic structure at high hydrostatic pressure

Kerstin Klauer (Erlangen)
MD simulations of DNA recognition by the repressor AmtR

Dennis M. Kruger (Dortmund)

In silico affinity optimization of modified peptides using non-
natural amino acids

Marco Marazzi (Lorraine)

Modeling the Electronic Absorption and Circular Dichroism
Spectra of a Photo-switchable Bistable Peptide

Johannes T. Margraf (Erlangen)
Periodic Calculations with NDDO Hamiltonians

Daniel Mulnaes (Diisseldorf)

TopModel: A multiple-template meta-approach to homology
modeling

Andreas M. Krause (Erlangen)
Simulating Nanostructures: 2D-periodic organic semiconductors

Markus Pfau (Erlangen)

Periodic DFT Study on the Adsorption of Different Linker
Moieties on ZnO-Surface

Please remember to remove your posters on tuesday evening!
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OVERVIEW

PosTER SEssION I

Wednesday, March 11t 2015 10:30-11:30

P01

P02

P03

P04

P05

P06

P07

P08

P09

P10

P11

I PAGE 14

Harpreet Shah (Minchen)

Computer-aided modelling of protein conformations and ligand
binding

Isilay Oztiirk (I1zmir)

A Computational Study on Carboxymethylation Mechanism of
Gluconate

Mehmet Ali Oztiirk (Heidelberg)

Brownian Dynamics Simulations of Linker Histone -
Nucleosome Binding

M. Paulikat (Gottingen)

Hybrid QM/MM studies of the UV-Vis absorption spectra of
ThDP-dependent enzymes

J. Riehm (Saarbriicken)

Redox Potentials of Bovine Adrenodoxins: Quantifying the
Effects of Mutations

Anna Rudo (Dortmund)

New approaches towards small molecular protein-protein
interaction modulators

Achim Sandmann (Erlangen)

Investigation of the Protein-DNA Binding Mechanism of
Carbon Catabolite Protein A

Eileen Socher (Erlangen)
pH-Dependent Dissociation of HdeA and HdeB Dimers

Thomas Steinbrecher (Schroédinger Inc.)

Free Energy Calculations in Fragment Based Drug Design:
Applying FEP in Practical Ligand Optimization

Alexander Steudele (Cetara, Miinchen)

MUSE INVENT: Automated Reaction Driven Molecular
Inventions Applied on a Fragment Growing Example

Joachim D. Stump (Erlangen)

Molecular Dynamics of Viral IE1 Protein and Its Relevance for
PML Interaction
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PoSTER SEssION I
Wednesday, March 11t 2015 10:30-11:30

P12

P13

P14

P15

P16

P17

P18

P19

I OVERVIEW

Martin Urban (Dortmund)
Ionic conductance and selectivity of hydrophobic nanopores

S. Weigang (Dortmund)

Design, analysis and virtual screening of an in silico dynamic
combinatorial compound library with focus on protein-protein
interaction inhibitors

Thorsten Will (Saarbriicken)
Batch tautomer generation and more with MolTPC

A. Wuttke (Gottingen)
Dispersion through the eyes of local orbital spaces

Dmitry Sharapa (Erlangen)
Cubic C8 — An Aromatic Carbon Cluster?

Tanushree Jaitly (Erlangen)
Properties of Confined Water Between two Hydrophilic Surfaces

Muhammad Akram (Innsbruck)

Pharmacophore modeling and virtual screening to discover
cytochrome P450 17 inhibitors among environmental chemicals

Lara A. Zimmermann (Florianépolis)

Synthesis of new heterocyclic compound, as analogue derivative
of grandisin and veraguensin neolignans, with potential anti-
trypanosomatid activity

All poster abstracts are available here:
www.mmws2015.mgms-ds.de/
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MARcH, 9™ 14:15-14:40

LECTURES

I PAGE 16

Characterization of the HPA-1 polymorphism by MD
simulations and FRET measurements

Giulia Pagani’, Joana Patricia Ventura Pereira?, Nadine Homeyer', Volker R. Stoldt?,
Rudiger E. Scharf?, Holger Gohlke’

'Dept. of Pharmaceutical and Medicinal Chemistry, Heinrich Heine University, 2Dept. of
Experimental and Clinical Hemostasis, Hemotherapy, and Transfusion Medicine,
Heinrich Heine University Medical Center

The human platelet antipen (HPA)-1 is a diallelic alloimmune system carried by the
megakaryocyte/platelet-specific integrin o3, which mediates platelet adhesion and aggregation;
a3 is essential for hemostasis but can also induce pathological thrombus formation. The HPA1
polymorphism of oy,p: is characterized by a leucine-to-proline exchange at residue 33 of the
mature B; subunit. Consequently, the HPA-1 pattern can be expressed as either HPA-1a (Leu33)
or its variant isoform HPA-1b (Pro33) [1]. This mutation is clinically relevant, since patients with
coronary artery disease, who carry the HPA-1b allele, experience their myocardial infarction 5.2
years earlier than HPA-1a/1a patients [2]. Thus, HPA-1b is a prothrombotic variant of oy,Bs, as
also shown by increased adhesion, increased thrombus stability, and increased outside-in
signaling. However, the underlying mechanism by which the mutation contributes to the
prothrombotic properties of the variant integrin has remained elusive so far.

Integrins exist in two main and mutually exclusive conformations: The bent, closed form and the
unbent, open structure. Local and global structural rearrangements are required in going from the
closed to the open form, thereby leading to integrin activation. In the present study, a combined
strategy, integrating large-scale all-atom molecular dynamics (MD) simulations with FRET
measurements, was used to characterize the consequences of the Leu33—Pro33 exchange on the
structural dynamics of a3 at an atomic level. For MD simulations, the ectodomains of the two
oy variants in the closed conformation were used as model systems, and simulations of in total
3 ps length were carried out. For the FRET measurements, transfected HEK293 cells stably
expressing either the Leu33 or Pro33 isoform of ay,f; were generated; cyan or yellow fluorescent
proteins (CFP; YFP) were cloned to the C-termini of the ayy or B3 subunits prior to transfection,
respectively. FRET measurements were applied to explore conformational changes in the
cytoplasmic tails upon integrin activation.

Comparative analyses of the MD trajectories revealed that Leu33 is involved in stabilizing
interactions connecting the PSI domain in the head region and the nearby EGF-I and EGF-II
domains in the leg region of the B; subunit. The absence of this network of interactions in the
Pro33 variant gives rise to an instability that gradually affects the entire structure, thus leading to
the system being globally less stable. In agreement to our findings, upon integrin activation,
FRET analyses indicated a more extended spatial separation (> 100 A) of the cytoplasmic tails in
Pro33 than in Leu33 cell clones (p = 0.003). Taken together, these results provide an explanation
how the fine-tuned conformational equilibrium of the integrin can be allosterically influenced by
a single-point mutation located more than 90 A away from any ligand binding sites of the
integrin.

[1] Kunicki, T.J., Newman, P.J., Blood, 1992, 80, 1386-1404.
[2] Scharf R.E. et al., J. Thromb. Haemost., 2005, 3, 1522-1593.
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Theoretical study of DNA photosensitized by an artifical
nucleobase: a model toward the 6-4 photoproduct.

Hugo Gattuso?, Emmanuelle Bignon®, Elise Dumont®, Xavier Assfeld?, Antonio Monari@.

#Université de Lorraine/CNRS, Théorie-Modélisation-Simulation, SRSMC, Nancy, France.
b Ecole Normale Superieure de Lyon, Laboratoire de Chimie, Lyon, France.

The photosensibility of DNA may cause structural modifications of its nucleobases structure
under the irradiation of ultraviolet light (UV). This phenomenon can lead to mutations of DNA
genes resulting by example in some cases to skin cancer. One famous lesion is the formation of
thymidine dimers 6-4 photoproduct (6-4PP) which has been deeply studied to understand the
mechanistic details of its formation. From experimental researches [1], it as been described that
the main active chromophore of the 6-4PP is the 1-(f-D-2'-deoxyribosyl)-5-methyl-2-pyrimidone

(Pyo).

According to this, we decided to investigate, in the DNA environment, the photoactivity of Pyo
as a model toward a further study of 6-4PP [2]. This chromophore thus represents an artificial
nucleobase directly integrated in the DNA helix.

The system we choose for this work is a crystallographic structure from the PDB databank of a
double stranded B-DNA dodecamer (the sequence is CGCATPyoACGC). Then, several
properties were obtained by using molecular modeling:

— The stability and the structural global induced distortion of the Pyo-containing double
helix from molecular dynamic simulations (MD).

— Using a QMMM formalism, the absorption, emission and circular dichroim of the
system.

— Finally the triplet energy transfer of Pyo to the close-by thymine (Thy) was
characterized by obtaining adiabatic energy profiles for the phenomenon.

3Py0

Crossing

[1] V. Victoria-Criado et al., Angew. Chem. Int. Ed., 2013, 52, 6476-6479.
[2] H. Gattuso et al. In preparation.
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MARcH, 9™ 15:05-15:30

LECTURES

I PAGE 18

Arginine-Vasopressin and its V2 Receptor: Binding Pathways,
Kinetics and Thermodynamics

Noureldin Saleh,[a] Elke Haensele,[b] Lee Banting,[b] Jana Sopkova-de Oliveira
Santos,[c] David C. Whitley,[b] Giorgio Saldino,[d] Francesco L. Gervasio,[d] Ronan
Bureau[c] and Timothy Clark*[a, b]

[al Noureldin Saleh, Prof. Dr. T. Clark
Computer-Chemie-Centrum and Interdisciplinary Center for Molecular Materials

Friedrich-Alexander-Universitét Erlangen-Niirnberg, Ndgelsbachstral3e 25, 91052
Erlangen, Germany.

[b]  E. Haensele, Dr. L. Banting, Dr. D. C. Whitley, Prof. Dr. T. Clark
Centre for Molecular Design, School of Pharmacy and Biomedical Sciences
University of Portsmouth, Portsmouth PO1 2DY, United Kingdom.

[c] Prof. J. Sopkova-de Oliveira Santos, Prof. R. Bureau
Centre d'Etudes et de Recherche sur le Médicament de Normandie
UPRES EA 4258 - FR CNRS 3038 INC3M
Boulevard Becquerel, 14032 CAEN Cedex, France.

[d]  Dr. G. Saladino, Prof. F. L. Gervasio

Department of Chemistry and Institute of Structural and Molecular Biology, University
College London, London WC1E 6BT, United Kingdom.

G-protein coupled receptors, GPCRs, are a family of highly similar membrane proteins that plays
a critical role in cell communication. However, the crystallization of GPCRs remains far more
challenging than for soluble proteins. Despite the absence of crystal structures for the vasopressin
receptor subtypes, mutagenesis studies aimed at characterizing the receptor-ligand binding and
essential interacting domains have shed some light on interactions between the receptor and the
peptide hormone. Arginine vasopressin (AVP) is a neuropeptide most well known for its
antidiuretic and vasopressor effects. The vasopressin 2 receptor (V2R) is of particular interest
because it is localized in the renal collecting duct and represents a selective target for the
antidiuretic effect of AVP.

We used a neurotensin carrier protein complex (PDB ID: 4GRV)[1] as a template after
reconstruction of a missing N-terminusm that has been described to be essential for AVP binding
[2]. Long-scale molecular dynamics (MD) simulations were used to determine the structure of
the V2R-AVP complex and, in conjunction with enhanced sampling techniques to simulate the
docking event and estimate the binding free energy. Possible binding pathways were thus
identified and potential allosteric binding site for the design of V2R antagonists detected.

[1] White, J. F.; Noinaj, N.; Shibata, Y.; Love, J.; Kloss, B.; Xu, F.; Gvozdenovic-Jeremic, J.;
Shah, P.; Shiloach, J.; Tate, C. G.; Grisshammer, R. Nature 2012, 490, 508.

[2] Hawtin, S. R.; Wesley, V. I.; Parslow, R. A.; Patel, S.; Wheatley, M. Biochemistry 2000, 39,
13524,
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Enhanced samping techniques and their application to the
study of small substrate translocation

Tommaso D'Agostino, Matteo Ceccarelli
Department of Physics, University of Cagliari

In the last years, computational methods have acquired a great importance in the study of
biological processes, allowing to study the differences caused by point-charge mutations and
interactions between single pairs of molecules. One the major problems of molecular dynamics
simulations is that the time scales that are currently accessible through this technique are
restricted to the order of microseconds. Enhanced sampling techniques allow to speed up specific
processes by biasing the evolution over time of the systems of interest, either by forcing the
change of variables that are thought of characterizing the processes under study, or by
periodically changing the temperature of the system, thus enabling increased transition rates
between processes with low probabilities. In this work, we discuss the most known enhancing
sampling techniques, with particular emphasis on metadynamics, see Bonomi et al. [1]. We then
apply this technique to the study of the permeability of the outer membrane of gram negative
bacteria, a problem that is directly correlated to the multidrug resistance that many re-emerging
pathogens are showing in the last decade. We show that metadynamics offers a novel way of
studying processes that are characterized by steep free energy barriers, allowing not only to speed
up the exploration of the system, but also to determine the relative probabilities of different paths
in the exploration of the free energy of the process.

[1] M. Bonomi, D. Branduardi, G. Bussim C. Camilloni, D. Provasi, P. Raiteri, D. Donadio, F.
Marinelli, F. Pietrucci, R.A. Broglia, M. Parrinello, Comp. Phys. Comm., 2009, 180, 1961-1972
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MARCcH, 9™ 16:15-16:40

LECTURES

I PAGE 20

Protein interfaces and assembly of

heteromeric Nav1.8 ion channels

Guido Humpert'?, Daniel Hoffmann? and Achim Kless'

' Griinenthal GmbH, Drug Discovery, Aachen, Germany, Z University Duisburg-Essen,
Center for Medical Biology, Research Group Bioinformatics, Essen, Germany

X

Clockwise (cw) Counter-clockwise (ccw) Cross-linked (cross)

D G I= C

In this work we analyse the formation of heteromeric voltage gated ion channels. In contrast to
bacterial homomeric ion channels that have been investigated in the last decade by
crystallographic methods, the assembly of heteromeric human ion channels has yet to be studied.
Subsequently, we have built homology models of human Navl.8 sodium channels with all
possible associations to study their assembly by computational methods. This includes the
possible orientations of clockwise, counter-clockwise and cross-linked models. The side chain
conformational landscape has been explored with molecular dynamics simulations.

The focus of the presentation will include the analysis of protein interfaces between the domains
as well as the formed patches of these models with various energetic measures. Herein the
Rosetta program suite including implemented scores and forcefield energies at different time
points play a decisive role.

As a result the key drivers for the domain associations will be summarized with respect to the
applied methods.

[1] Rosetta program suite: A. Leaver-Fay, M. Tyka, S. Lewis, O. Lange, J. Thompson, et al.,
Methods Enzymol., 2011, 487, 545-574.

[2] R. A. Li, L. L. Ennis, R. J. French, S. C. Dudley Jr., G. F. Tomaselli, E. Marbén, J. Biol.
Chem., 2001, 276, 11072-11077.

[3] S. C. Dudley Jr., N. Chang, J. Hall, G. Lipkind, H. A. Fozzard, R. J. French, ] Gen Physiol.,
2000, 116, 679-690.

[4] Molecular Operating Environment (MOE), 2013.08; Chemical Computing Group Inc., 1010
Sherbooke St. West, Suite #910, Montreal, QC, Canada, H3A 2R7, 2013.
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Targeting Fundamental Aspects of Protein-Ligand
Interactions to Improve Computer-Aided Molecular Design

Anna Linusson

University of Umeé

Molecular recognition, based on non-covalent interactions between protein and ligands, plays a
key role in biological processes. Currently we lack detailed knowledge and understanding of the
factors influencing protein-ligand binding, which substantially retards rational drug design. Our
approach is to design and synthesize sets of organic molecules that are used as chemical probes to
target fundamental aspects of protein-ligand interactions, including the electronic properties,
enthalpy/entropy components, dynamics, and solvent effects. The experimental data is scrutinized
and used for model building using chemometrics, quantum mechanics and molecular modelling.
The presentation will, for example, include studies of aromatic interactions and non-classical
hydrogen bonds between protein and ligands, using acetylcholinesterase as the model system.
The research is conducted with the objective to contribute to increased mechanistic knowledge,
and to the discovery of antidotes for nerve agent/pesticide intoxication and new insecticides to
combat mosquito-borne vector diseases.
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Modeling Self-Assembly of Phosphonic Acids
on a-Aluminum Oxide

Hanno Dietrich'%, Dirk Zahn'2

" Computer-Chemie-Centrum and Interdisciplinary Center for Molecular Materials,
Friedrich-Alexander-Universitét Erlangen-Niirnberg (FAU), NdgelsbachstraBe 25, 91052
Erlangen, Germany

2 Chair of Theoretical Chemistry, Friedrich-Alexander-Universitdt Erlangen-Niirnberg
(FAU), NdgelsbachstraBBe 25, 91052 Erlangen, Germany

Computational modeling of diffusion-limited processes such as the formation of self-assembled
monolayers (SAMs) is still a challenging task due to the large timescales. [1] Here, we present a
modified Kawska-Zahn approach, [2] in which steered dynamics simulations and Monte-Carlo
steps are combined to mimic chemisorption of various phosphonic acids (PAs) on the o-Al:Os
(0001) surface.

Our studies reveal that in vacuum the aliphatic PA molecules first form patches on the surface,
analogous to the striped phase in the early stage of SAM formation of alkanethiols on gold. [3]
Subsequent adsorption leads to a disordered amorphous phase with a high concentration of
gauche defects from which ordered domains emerge upon further adsorption. In 2-propanol, by
contrast, the unpolar chains do not cling to the polar surface as they are better stabilized by the
solvent. Thus the overall order of the wet SAM is higher than in the dry state.

In agreement with experimental evidence from Peukert et al., the simulations show that
molecules from solution are also incorporated in inverted adsorption geometry with the
PA anchor remaining solvated. These loosely bound molecules increase order when the solvent is
evaporated, but are dissolved again after subsequent re-immersion, whereby the ordering in the
monolayer is diminished. Repeated de-wetting and re-immersion can hence improve the SAM
quality as molecules bound in inverted adsorption geometry are dissolved and reincorporated into
the monolayer in correct binding geometry. [6]

[1] M. L. Klein, W. Shinoda, Science, 2008, 321 (5890), 798-800.

[2] A. Kawska, J. Brickmann, R. Kniep, O. Hochrein, D. Zahn, J. Chem. Phys., 2006, 124,
24513.

[3] G. E. Poirier, E. D. Pylant, Science, 1996, 272 (5265), 1145-1148.

[4] C. M. Jager, T. Schmaltz, M. Novak, A. Khassanov, A. Vorobiev, M. Hennemann, A. Krause,
H. Dietrich, D. Zahn, A. Hirsch, M. Halik, T. Clark, J. Am. Chem. Soc., 2013, 135 (12), 4893-
4900.

[5] C. Meltzer, J. Paul, H. Dietrich, C. M. Jéger, T. Clark, D. Zahn, B. Braunschweig,W. Peukert,
J. Am. Chem. Soc., 2014, 136 (30), 10718-10727.

[6] C. Meltzer, H. Dietrich, D. Zahn, W. Peukert, B. Braunschweig, manuscript submitted for
publication, 2015.
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Simulating Nanostructures: 2D-periodic organic
semiconductors

Andreas M. Krause®P, Thomas Schmaltz®¢, Christof M. Jagera-*4, Marcus Halik?< and
Timothy Clarkab

2Computer-Chemie-Centrum, Universitdt Erlangen-Nirnberg, Ndgelsbachstr. 25 ,91052 Erlangen, Germany.
bEngineering of Advanced Materials, Universitat Erlangen-Nirnberg, Nigelsbachstr. 49b, 91052 Erlangen, Germany.
tOrganic Materials and Devices, Institute of Polymer Materials, Department of Materials Science,
Universitat Erlangen-Nuinberg, Martensstrasse 7, 91058 Erlangen, Germany
9Department of Chemical and Environmental Engeneering, University of Nottingham,
University Park, Nottingham NG7 2RD, England

Organic semi-conductors surround us in daily life. Two years ago we have
presented an n-type semiconductor system of Ceso—-Cis—PA.! Now we have
simulated and analysed a p-type organic semi-conductor system of
benzothieno[3,2—b][1]benzothiophene (BTBT) on an aluminum oxide
surface. Special focus in this part of the work is the structure of organic
molecules. Differences in structure between Ci; and Ci> BTBT have been
worked out which agree with experimental results. In this talk we present
results we have gained from molecular dynamic simulations we have
performed on this 2D system.

Y GEP LIS b

@) Jiger, C. M.; Schmaltz, T.; Novak, M.; Khassanov, A.; Vorobiev, A.; Hennemann,
M.; Krause, A.; Dietrich, H.; Zahn, D.; Hirsch, A.; Halik, M.; Clark, T. J. Am. Chem. Soc. 2013,
135, 4893.
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First principles sampling and representation of a reduced
molecular potential energy surface

Adriana Supady, Matthias Scheffler, Carsten Baldauf

Fritz-Haber-institut der Max-Planck-Gesellschaft, Berlin, Germany

Flexible organic molecules can adopt a variety of conformations that can interconvert. Here we
describe our efforts to employ first principles to study the dynamics of such conformational
ensemble and to investigate the potential energy surface (PES) of a well-characterized synthetic
peptide ya [1].

We utilize a genetic algorithm based search for sampling the conformational space of the ya
peptide. We combine the conformers found by the algorithm with reference conformers [1] and
create a conformational ensemble of 73 conformers with a relative energy below 0.3 eV. A
transition between two conformers can be direct, with a single barrier, or indirect, i.e. combined
from multiple direct transitions. We assume that pairs of conformers connected by a direct
transition are geometrically similar and interconvert via a limited number of rotations around
single bonds. We construct a similarity matrix by calculating torsional RMSD for all conformer
pairs. Subsequently, we remove all values exceeding a threshold of 0.3 rad and convert the matrix
to a network, where the nodes represent conformers and the edges their distance in torsion angle
space. We employ the shortest path Dijkstra algorithm in order to connect the 10 energetically
lowest conformers to obtain a reduced network. For each of the pairs of conformers from the
reduced network we suggest a transition path. The paths are optimized by the aimsChain routine
that implements the string method and the corresponding transition states are identified. We
present the results in form of a barrier tree and in form of a disconnectivity graph. Furthermore
we use the obtained information to verify the conformational coverage of the global search. In
addition we investigate the relation between the alternatives to the torsional RMSD as a similarity
metric and the composition of the reduced network.

Our approach does not only provide a reduced and meaningful representation of the PES, it also
provides an ideal starting point to refer to experiments and towards generation of free energy
surfaces by biased molecular dynamics techniques.

[1] R. Kusaka, D. Zhang, P. S. Walsh, J. R. Gord, B. F. Fisher, S. H. Gellman, T. S. Zwier, .J.
Phys. Chem. A, 2013, 117, 10847-10862.
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Integral equation-based quantum solvation model
for quantitative prediction of hydration free energies

Daniel Tomazic, Stefan M. Kast
Physikalische Chemie Ill, TU Dortmund, D-44227 Dortmund, Germany

The “embedded cluster reference interaction site model” (EC-RISM) [1] combines statistical-
mechanical 3D RISM integral equation (IE) theory and quantum-chemical calculations in a self-
consistent manner. In the past, application of approximate closure relations allowed us to
compute relative thermodynamic quantities such as pK, shifts [1,2] and tautomer ratios [3] in
aqueous and nonaqueous solution with high accuracy; the quality of the wave function in solution
has been demonstrated by successful calculation of chemical shifts related to nuclear magnetic
resonance (NMR) spectroscopy. [4]

However, absolute solvation free energies suffer from well-known systematic deficits with
available closure approximations. One way to semiempirically compensate for these artifacts is to
fit a corrective term related to the partial molar volume (PMV) of the solute [5,6] such that
experimentally measured hydration free energies match IE predictions. Since such an approach
has not been attempted for a self-consistent quantum solvation model, we here present a two-step
correction workflow by fitting EC-RISM hydration free energies to data taken from the MNSOL
database [7]. We demonstrate the promising performance in the context of the chosen levels of
theory, conformational sampling, and different forms of the PMV correction.
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[1] T.Kloss, J. Heil, S. M. Kast, J. Phys. Chem. B, 2008, 112, 4337-4343.

[2] J. Heil, D. Tomazic, S. Egbers, S. M. Kast, J. Mol. Model., 2014, 20, 2161.

[3] S. M. Kast, J. Heil, S. Giissregen, K. F. Schmidt, J. Comput.-Aided Mol. Des., 2010, 24, 343-
353.

[4] R. Frach, S. M. Kast, J. Phys. Chem. A, 2014, 118, 11620-11628.

[5] J. E. Truchon, B. M. Pettitt, P. Labute, J. Chem. Theory Comput., 2014, 10, 934-941.

[6] D. S. Palmer, A. 1. Frolov, E. L. Ratkova, M. V. Fedorov, J. Phys.: Condens. Matter, 2010,
22,492101.

[7] C.P.Kelly, C. J. Cramer, D. G. Truhlar, J. Chem. Theory Comput., 2005, 1, 1133-1152.
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Exploiting the Transferability of Extremely Localized
Molecular Orbitals to Study Large Biological Systems

Benjamin Meyer @, Benoit Guillot ®, Manuel F. Ruiz-Lopez @, Alessandro Genoni @

@ CNRS and Université de Lorraine, Laboratorire SRSMC - UMR 7565, Nancy, France
® Université de Lorraine, Laboratorire CRM2 - UMR 7036, Nancy, France

Nowadays, one of the goals of theoretical chemistry consists in developing new quantum
mechanical strategies to study large molecular systems at a sensitively reduced computational
cost. In this context several research groups have developed different linear scaling methods [1-3]
that have been successfully used in important fields, such as molecular material modeling and
drug design.

A very interesting option to address this challenge is based on the observation that molecules are
generally constituted by recurrent functional groups that roughly maintain the same properties in
different chemical environments. Therefore, following a sort of LEGO approach [4], one could
imagine to define transferable localized Molecular Orbitals (MOs) describing the above
mentioned functional units, which would allow to almost instantaneously obtain the wave
function (or the electron density) of a very large system.

Unfortunately, the canonical Hartree-Fock MOs and the traditional localized MOs are completely
or partially delocalized on the whole systems on which they are calculated and, therefore, they
are not suitable for our purpose. Nevertheless, it is possible to resort to the concept of Extremely
Localized Molecular Orbitals (ELMOS) [5] that are orbitals strictly localized on small molecular
functional units and can be easily transferred [6, 7] from a molecule to another one.

Our main goal is to construct a database of ELMOs that cover all the possible functional groups
of the twenty natural amino acids. To accomplish this task we have started investigating in detail
the transferability of the Extremely Localized Molecular Orbitals to quite large biomolecular
systems (e.g. Leu-enkephalin polypeptide). In particular, we have compared the resulting electron
densities to charge distributions both calculated by means of more traditional and expensive
methods, and obtained through the transfer of experimental pseudo-atoms [8], which are used to
refine protein crystallographic structures.

The obtained results are in good agreement with the considered benchmarks and a general
database of ELMOs is currently under construction.

[1] S. Goedecker, Rev. Mod. Phys, 1999, 71, 1085-1124.

[2] W. Yang, Phys. Rev. Lett, 1991, 66 ,1438-1441.

[3] S.L. Dixon, K.M. Merz Jr, J. Chem. Phys, 1996, 104, 6643-66489.

[4] T.E. Exner, P.G. Mezey, J. Phys. Chem. A, 2002, 106, 11791-11800.

[5] H. Stoll, G. Wagenblast, H. Preuss, Theoret.Chim. Acta, 1980, 57, 169-178.

[6] M. Sironi, A. Genoni, M. Civera, S. Pieraccini, M. Ghitti, Theor. Chem. Acc, 2007, 117, 685-
698.

[7]1 A. Genoni, M.Ghitti, S. Pieraccini, M. Sironi, Chem. Phys. Lett, 2005, 415, 256-260.

[8] B. Zarychta, V. Pichon-Pesme, B. Guillot, C. Lecomte, C. Jelsch, Acta Cryst. A, 2007, 63,
108-125.
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Molecular Design in Drug Discovery: Applications and
Challenges

Karl-Heinz Baringhaus and Gerhard Hessler

Sanofi-Aventis Deutschiand GmbH,
65926 Frankfurt am Main, Germany

Molecular Design plays an important role in modern Drug Discovery. It is applied in lead
generation for identification and fine-tuning of suitable hits and leads. Furthermore, in lead
optimization Molecular Design plays a pivotal role in turning lead series into preclinical
candidates.

This presentation outlines Molecular Design principles in particular in small molecule lead
optimization. For example, application of our SALI Explorer in structure-activity relationships
(SAR) fosters the early identification of SAR hot spots within lead series. Subsequent
quantitative structure-activity relationship is then applied to optimize compounds against the
target of interest.

Most often lead series suffer from poor ADMET profiles and/or anti-target activities which have
to be taken into account in optimization. We have implemented several predictive data mining
tools in the field of ADMET- and anti-target (e.g. hERG, CYPs) modeling. A few examples
outline the scope and applicability of these tools for Medicinal Chemists and Drug Designers. In
addition, in silico profiling of molecules against off-targets allows fast and early identification of
liabilities of putative lead series.

The ultimate challenge of multidimensional compound optimization (MDCO) requires an early
definition of the candidate profile in order to derive the multidimensionality of the problem.
Suitable fitness functions can then be derived and applied in MDCO.

The increasing interest in peptides and biologicals (e.g. proteins, antibodies) as drugs opens new
opportunities for Molecular Modeling. For example, peptide design becomes more and more
important in order to synthesize only the most important peptides while taking into account their
physicochemical properties. In the field of antibodies, Molecular Design plays an important role
to ensure proper physicochemical properties (e.g. solubility, aggregation) of the biologicals.
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Conformational sampling of drug-like molecules in solution
with quantum-chemical accuracy

Patrick Kibies," Jochen Heil,' Franziska Hoffgaard,” Roland Frach,’ Julian Engel,?
Steven Smith,? Debjit Basu,? Daniel Rauh,? Stefan M. Kast'

'Physikalische Chemie Ill, TU Dortmund, 44227 Dortmund, Germany
2Chemische Biologie, TU Dortmund, 44227 Dortmund, Germany

Accurate assessment of the conformational space of drug-like molecules in free solution is a
frequently underestimated, yet relevant ingredient of molecular design. In particular, predicting
and controlling free ligand conformations is essential for minimizing the entropic penalty to
reorganize a ligand’s geometry upon binding to a protein. Overcoming the deficiencies of
common small molecule force fields represents a particular challenge due to the considerable
computational cost of high-level quantum-chemical calculations for predicting the
conformational manifold.

Here we demonstrate the performance of a hierarchical filtering scheme that allows for the
identification of dominant conformations together with their proper statistical weights measured
by their free energies in solution with quantum-chemical accuracy. The automated workflow
implies a sequence of force field-based high-temperature molecular dynamics simulations using
implicit solvent models, clustering and filtering steps, and high-level geometry optimizations in
solution employing the polarizable continuum model (PCM) as well as the embedded cluster
reference interaction site model (EC-RISM) [1] for scoring and calculation of theoretical NMR
spectra [2] to be compared with experiments. We apply the workflow to variants of the protein
kinase inhibitor WZ4002 that is highly active against a drug-resistant mutant of the epidermal
growth factor receptor (EGFR-T790M). [3,4] The relative significance of conformational pre-
arrangement in comparison with modulation of direct protein-ligand interactions upon chemical
substitution is discussed.

[1] T.Kloss, J. Heil, S. M. Kast, J. Phys. Chem. B, 2008, 112, 4337-4343,
[2] R.Frach, S. M. Kast, J. Phys. Chem. A, 2014, 118, 11620-11628.

[3] W. Zhou et al., Nature, 2010, 462, 1070-1074.

[4] W. Zhou et al., Bioorg. Med. Chem. Lett., 2011, 21, 638-643.
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EDIA — A New Estimate of Electron Density of Individual
Atoms for Validating Water Molecules
E. Nittinger ', N. Schneider', G. Lange®, M. Rarey’

" University of Hamburg, Center for Bioinformatics, BundesstraBe 43, 20146 Hamburg, Germany
2 Bayer CropScience AG, Industriepark Hoechst, G836, 65926 Frankfurt am Main, Germany

|

Water plays a key role in all biological systems. It forms part of the environment for biological
macromolecules, mediates between protein-ligand as well as protein-protein interactions, and is
indispensable for thermodynamic properties such as the hydrophobic effect.

Lately, more attention was put on water molecules being predicted and classified by a broad
range of methods, such as WaterMap [1], SZMAP [2], or WaterScore [3]. Rarely those methods
have been correlated in an extensive statistical analysis with water molecules from PDB
structures. The only experimental evidence available for water molecules is the electron density,
which has so far been completely neglected. Existing measurements concerning electron density
quality like RSR and RSCC show drawbacks especially on single water molecules. [4],[5]

Therefore, we have developed a new estimate of electron density around individual atoms, called
EDIA. It is an intuitive value, taking into account the experimental data from electron density
within the van-der-Waals radius of an atom. A high-resolution subset from the PDB [6] with
resolution better than 1.5 A was compiled, consisting of 5,485 PDB structures containing more
than 2.3 million water molecules. EDIA values were calculated for all water molecules.
According to existing electron density a further characterization was performed into resolved and
unresolved water molecules. In a subsequent analysis diverse structural criteria such as number of
hydrogen bonds, the hydrogen bonding partners, as well as preferred environments, were
evaluated.

About 9% of water molecules of the whole data set were not characterized as well resolved. This
highlights the importance of taking electron density into account in order to avoid incorporating
noise into any analysis concerning water molecules. Our data set will be made freely available,
including EDIA values and our analysis concerning structural characteristics. This data set can
help improving and validating computational methods for placing water molecules.

[1] T.Young,R. Abel, B. Kim, B. J. Berne, and R. A. Friesner, Proc. Natl. Acad. Sci., 2007, 104, 808-813.

[2] J. A.Grant,B.T.Pickup, and A. Nicholls, J. Comput. Chem., 2001, 22, 608-640.

[3] A.T.Garcia-Sosa, R. L. Mancera, and P. M. Dean, J. Mol. Model., 2003, 9, 172-82.

[4] G.L.Warren, T. D. Do, B. P. Kelley, A. Nicholls, and S. D. Warren, Drug Discov. Today, 2012, 17,
1270-1281.

[5] P.C.D.Hawkins, B. P. Kelley, and G. L. Warren, J. Chem. Inf. Model., 2014, 54, 1339-55.

[6] H.M. Berman, J. Westbrook, Z. Feng, G. Gilliland, T. N. Bhat, H. Weissig, [. N. Shindyalov, and P. E.
Bourne, Nucleic Acids Res., 2000, 28, 235-42.
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TopModel: A multiple-template

meta-approach to homology modeling

Daniel Mulnaes, Holger Gohlke

Institute of Pharmeceutical and Medicinal Chemistry,
Department of Mathematics and Natural Sciences,
Heinrich-Heine University, Duesseldorf

Protein structure prediction is one of the most important problems in computational biology, and
is key to understanding structural evolution, protein function, protein-ligand and protein-protein
interactions, and for data-driven protein- or drug-design [1,2]. However, the current rate of
structure determination by experimental methods is far exceeded by that of next-generation
sequencing, to the point where only for 1/1000th of the known protein sequences a structure is
known. For this problem, computational structure prediction is considered the best solution [3]. In
the last decade, many methods have been developed in each of the computational fields necessary
for automated structure prediction. The bi-annual community-wide blind experiment CASP
evaluates the accuracy of work flows that integrate a subset of these methods, and has shown the
value of meta- and consensus-approaches [3,4]. This work presents TopModel, a multiple-
template meta-approach to homology modeling, which combines multiple state-of-the-art
threading, alignment, and model quality assessment programs to provide a versatile work flow
and toolbox for structure prediction. TopModel yields high-quality structures [5,6] and performs
well even for low sequence identities. When benchmarked against CASP10 targets, TopModel
shows an accuracy above the average state-of-the-art work flow. We anticipate that as more
programs are integrated, the accuracy and sensitivity of our methods will improve. Hence, we
aim to expand TopModel to achieve more accurate modeling of proteins with multiple domains
and protein-protein complexes as well as to use it to evaluate alignment and threading software in
a consistent manner based on the quality of models produced by the generated alignments.

[1] Dalton J.A., Jackson R.M., Bioinformatics, 2007, 23, 1901-1908.

[2] Biasini M., ... Schwede T. et al., Nucleic Acids Res., 2014, Web-edition, 252-258.

[3] Moult J, ... Tramontano A. et al., Proteins, 2014, 82 Suppl 2, 1-6

[4] Rychlewski L., Fischer D., Protein Science, 2005, 14, 240-245.

[5] Widderich N., ... Mulnaes D, ... Gohlke H., ... Bremer E, J. Mol. Biol. 2014, 426, 586-600
[6] Gohlke H., ... Mulnaes D., ... Schmitt L., J. Chem. Inf. Model. 2013, 53, 2493-2498
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An experimentally validated binding mode model of TGR5
agonists

Christoph G. W. Gertzen?, Lina Spomer?, Dieter Haussinger?, Verena Keitel?,
Holger Gohlke’

TInstitute for Pharmaceutical and Medicinal Chemistry, and 2Clinic for Gastroenterology,
Hepatology, and Infectious Diseases, Heinrich-Heine-University, Universitétsstr. 1,
40225 Diisseldorf, Germany

The structurally unknown G-protein coupled bile acid receptor (GPCR) TGRS is the first bile
acid sensing GPCR and directly interacts with Gas, Gais, and Gag subunits of the G-proteins [1].
TGRS is highly expressed in the brain, the liver, and the gastrointestinal tract. Furthermore,
TGRS is an emerging target for the treatment of metabolic diseases [2-4]. Hence, much effort has
been dedicated to the synthesis of potent and selective TGRS agonists [5]. However, the lack of
an experimentally determined binding mode makes the rational design of compounds with
improved activity difficult. Recently, Macchiarulo et al. [6] proposed a binding mode of natural
and synthetic bile acids in TGRS based on single template homology modeling, molecular
docking, and mutational analysis. However, this binding mode lacks interactions with
transmembrane helices (TM) 5 and 6, which are considered essential for GPCR activation [7, 8].
Furthermore, the binding mode of Macchiarulo e al. does not address E169 in TM 5, which is a
conserved residue within the TGRS family and important for receptor activation [6].

Here, we present an experimentally validated binding mode of 68 TGRS agonists, including
natural and synthetic bile acids and neurosteroids. We employed a combined strategy of multi-
template homology modeling, molecular docking, and structure-based 3D-QSAR analysis using
the AFMoC approach with subsequent mutational analysis and molecular dynamics simulations.
After two cycles of this strategy, the superimpositioning of all ligands within the orthosteric site
of TGRS results in a good AFMoC model (g = 0.50), thus indicating that differences in the
agonist structures correlate with differences in experimentally determined pECso values in the
predicted binding mode. Based on this binding mode, mutations of eight amino acids were
suggested that should either influence agonist binding or TGRS activation. Activity analysis
using cAMP reporter gene assays and FACS analysis for membrane localization confirmed these
predictions in all cases. This provides strong support to the validity of the binding mode. Our
binding mode differs from the binding mode by Macchiarulo et al. in three important aspects: I)
The cholane moiety is rotated by 180°; II) the sidechains of bile acids bind to R79, which is 12 A
away from the respective interaction partner postulated in [6]; III) agonists address residues in
TM 5 and 6, which are essential for receptor activation. The binding mode is expected to aid in
the structure-based design of new TGRS agonists.

[1] M. Hannah, International Journal of Interferon, Cytokine and Mediator Research, 2014, 6, p.
27-38.

[2] T. W. H. Pols, et al., Cell Metab., 2011, 14, p. 747-757.

[3]1 T. W. H. Pols, et al., J. Hepatol., 2011, 54, p. 1263-1272.

[4] A. Perino, et al., The Journal of Clinical Investigation, 2014, 124, p. 5424-5436.

[5] H. Sato, et al., J. Med. Chem., 2008, 51, p. 1831-1841.

[6] A. Macchiarulo, et al., ACS Med. Chem. Lett., 2013, 4, p. 1158-1162.

[7] B. Zimmerman, et al., Sci. Signal., 2012, 3, p. ra33.

[8] F. Xu, et al., Science, 2011, 332, p. 322-327.
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On our Way to the Automated Search for Ligand-Sensing Cores

T. Brinkjost'?, C. Ehrt', P. Mutzel?, O. Koch'

" Department of Chemistry and Chemical Biology, TU Dortmund, Germany,
2 Department of Computer Science, TU Dortmund, Germany

The investigation of protein-ligand interactions is one of the prerequisites for structure-based
design of small molecule modulators of protein function. These interactions can be regarded
based on structural similarity of secondary structure elements with impact on rational drug design
[1]. The basic idea of the presented approach is the fact that a similar spatial arrangement of
secondary structure elements around the binding site (‘ligand-sensing cores’) can recognize
similar scaffolds independent of the overall fold [2]. The discovery of Namoline as a
lysine-specific demethylase [1] (LSD1) inhibitor, which impairs the growth of prostate cancer
cells, by Willmann et al. demonstrated the pharmaceutical relevance of this concept [3].
However, to date there is no automated procedure available to compare 'ligand-sensing cores' of
various proteins.

We will present the results of our ongoing progress to develop an automated computational
method to identify 'ligand-sensing cores' in binding pockets of otherwise unrelated proteins for all
known protein structures and possibilities. Our current approach is based on detecting maximum
common sub-graphs (MCS) of labeled graphs determined by variants of the Bron Kerbosch [4]
maximum clique detection algorithm in appropriately defined product graphs.

In the end, the complete information of all similar ligand-sensing cores within all known protein
structures will provide access to previously unused data to predict polypharmacology and to
identify new lead structures. Therefore, this development leads to a valuable tool for rational drug
design which will be demonstrated by the presentation of interim results achieved on test data
sets based on different targets. On top of that, we are very confident to be able to determine all
ligand-sensing cores of all known proteins any time soon.

[1] O. Koch, Future Medicinal Chemistry, 2011, 3(6), 699-708

[2] M.A. Koch, H. Waldmann, Drug Discov. Today, 2005; 10(7), 471-483

[3] D. Willmann, S. Lim, S. Wetzel, E. Metzger, A. Jandrausch, W. Wilk, M. Jung, [. Forne, A.
Imhof, A. Janzer, J. Kirfel, H. Waldmann, R. Schiile, R. Buettner, International Journal of
Cancer, 2012, 131 (11), 2704-2709

[4] C. Bron, J. Kerbosch, Communications of the ACM, 1973, 16, 575-579
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The Quest for Accurate Semiempirical Methods

Pavlo O. Dral and Walter Thiel

Max-Planck-Institut fir Kohlenforschung,
Kaiser-Wilhelm-Plaiz 1, 45470 Miilheim an der Ruhr, Germany

Semiempirical quantum chemical (SQC) methods are computationally efficient techniques for
calculating electronic structure properties of very large systems or for a huge number of smaller
systems, for which other quantum chemical methods would not be computationally feasible. Over
the last decades SQC methods were systematically improved mainly using two distinct
approaches, both starting from the MNDO model.

The first one concentrated on enhancements within the MNDQO framework, primarily by
modifying the core-core repulsion function and increasing the number of reference data used to
fit the SQC parameters for more and more elements. The most widely used methods of this class
are (in chronological order) AM1, PM3, MNDO/d, PDDG-MNDO and PDDG-PM3, AMI1*,
RM1, PM6, and PM7. [1]

The second methodology focused on introducing explicit corrections to the MNDO model to
account for the non-orthogonality of the basis set. Corresponding orthogonalization-corrected
methods (OMx) OM1, OM2 and OM3 appear to be a practical tool for many applications,
especially in excited-state studies. [1] Early excited-state benchmark studies revealed the higher
accuracy of OMx methods compared to traditional SQC techniques, which is attributed to the
asymmetric MO splitting in OMx methods. [1] Moreover, OMx methods were shown to be robust
techniques for calculating ground-state properties with accuracy often similar to that of DFT. [2]
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Here we significantly extend previous ground-state benchmark studies [1, 2] to test more SQC
methods on huge collections of high-quality reference data. Our studies confirm the high
robustness of OMx methods in comparison with other SQC methods and provide guidelines for
choosing an appropriate SQC method for the problem at hand. [3]

We also benchmarked various explicit dispersion corrections to SQC methods on high-quality
benchmark sets and determined the best combinations of SQC method and dispersion correction
for different types of noncovalent interactions. [3]

Finally we outline current developments for improving the accuracy of SQC methods by using
both traditional techniques and novel approaches based on machine learning.

[1] W. Thiel, WIREs Comput. Mol. Sci. 2014, 4, 145-157.

[2] M. Korth, W. Thiel, J. Chem. Theory Comput. 2011, 7, 2929-2936.

[3] P. O. Dral, X. Wu, L. J. Sporkel, A. A. Nikiforov, A. Koslowski, W. Thiel, J. Chem. Theory
Comput., to be submitted.
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Computer-aided modelling of protein conformations and ligand binding
Harpreet Shah, PhD

Previous affiliations: Technische Universitit Miinchen, Indian Institute of Technology Bombay
Email: harpreetb.shah(@gmail.com
Contact: Winzererstr. 102, 80797 Munich

Abstract

Processes like ligand binding, chemical modifications or changes in environmental conditions
may result in conformational switching in proteins, affecting their function. The loss of
associated function may also result in disease causing pathological conditions. Computer-aided
modelling and simulations of protein systems serve as an important tool to study protein
dynamics. By employing certain proteins and peptide models we have tried to understand two
aspects of protein dynamics: folding and ligand binding. For folding, we modelled systems
involved in local conformational changes such as Alzheimer’s causing a—f transitions and
sequences involved in early events of protein folding. Characterization of these model systems,
with or without the protein context, revealed the importance of primary sequence, environmental
conditions, and tertiary contacts provided by the pre-existing protein environment. In ligand
binding studies, blind docking simulations and structure-based screening methods were used.
Investigation of structural features and specific protein-ligand interactions determined binding
pose and hence distinguished binders from non-binders. These features may be used to design

scoring functions for developing accelerated screening methods and drug designing.

Keywords Protein Folding, Conformational Modelling, Ligand Binding, Molecular Dynamics,
Molecular Docking
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Including quantum nonadiabatic effects into molecular
dynamics simulations
Jeremy O. Richardson and Michael Thoss

Institiit fir Theoretische Physik und Interdisziplindres Zentrum flir Molekulare
Materialien, Friedrich-Alexander-Universitét Erlangen-Nirnberg
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Nonadiabatic processes, such as those induced by photoabsorption or which describe electron
transfer, are present in many areas of physical and biological science including chemical
reactions, solar cells, vision, photosynthesis, DNA radiation damage and electronic spectroscopy.
It is necessary to consider the excited electronic states in order to describe such processes
correctly, and thus standard molecular dynamics techniques, which rely on the
Born-Oppenheimer approximation, are not appropriate.

We have recently developed a nonadiabatic dynamics method [1], which like molecular dynamics
simulations is based on trajectories and can therefore be applied to complex systems of interest.
This new method employs a ring-polymer molecular dynamics (RPMD) [2] formulation of the
nonadiabatic mapping approach [3] and is capable of describing the quantum effects of
delocalization, zero-point energy and tunnelling as well as nonadiabaticity, without requiring the
expensive propagation of nuclear wavefunctions.

We employ our nonadiabatic RPMD method to compute the rates of electron-transfer reactions
and show how the important concept of the transition-state can be generalized to this type of
reaction. This provides a simple extension to the commonly-used Marcus theory for systems
with free-energy surfaces which cannot be described as harmonic oscillators [4].

The method also has the ability to simulate electronic spectroscopy in the condensed phase and
describes the dynamics in a novel way with the ring polymer delocalized simultaneously over
both the ground- and excited-states. As the method can in princple be efficiently combined with
an on-the-fly calculation of the potential energy surfaces, it provides an excellent opportunity to
interpret the absorption spectra of a wide variety of complex molecular systems.

[1]1J. O. Richardson and M. Thoss, J. Chem. Phys., 2013, 139, 031102.

[2] S. Habershon, D. E. Manolopoulos, T. E. Markland and T. F. Miller III, Annu. Rev. Phys.
Chem., 2013, 64, 387-413.

[3] G. Stock and M. Thoss, Phys. Rev. Lett., 1997, 78, 578-581.

[4] J. O. Richardson M. Thoss, J. Chem. Phys., 2014, 141, 074106.
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Imperfect Interatomic Potentials in the Molecular Dynamics
Simulation of Copper and Diamond in Nanomachining

Akinjide Oluwajobi

Department of Mechanical Engineering, Obafemi Awolowo University, lle-Ife, 220005,
Nigeria email: j.oluwajobi@gmail.com and aocgunjob@oauife.edu.ng
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(a)
Figure 1: Simulation results with (a) LJ potential (b) EAM potential

One crucial task in classical Molecular Dynamics (MD) simulation is the selection of appropriate
interatomic potentials for the materials under investigation. If this is not properly done, it may
lead to nonsensical results. In view of this, three popular interatomic potentials, namely the
Lennard-Jones (LJ), Morse and Embedded Atomic Method, were used for the modeling of copper
workpiece in nanometric machining. (The diamond cutting tool was treated as a rigid body).
Figure 1 [1], [2] clearly shows the effects of the various potentials in the simulation. The EAM
appears to model the copper atoms most accurately, as it best describes the metallic bonding of
the atoms.

In other set of simulations, the effect of interatomic potentials on the prediction of the onset of
plastic deformation in nanomachining was studied [3]. The pile-up volume and the force ratio
were indicative of the onset of plasticity during the machining. The pile-up volume showed that
ploughing starts from around 0.2 — 0.3nm, whereas the force ratio predicted the onset of plastic
deformation from 0.1nm — 0.3nm. Also, the effects of interatomic potentials on the determination
of the minimum depth of cut in nanomachining were investigated [4]. It was observed that the
formation of chip initiates from the depth of cut thickness of 1.5nm. It is evident that for the MD
method to be a viable predictive tool, suitable potentials are needed and the simulation results
must be validated by experiments.

[1] A.O. Oluwajobi and X. Chen, Int J. Abrasive Technology 3 (2010) 354-381.
[2] A. Oluwajobi and X. Chen, Int. J. of Automation and Comp. 8 (2011) 326-332.
[3] A. Oluwajobi and X. Chen, Key Eng. Materials 535-536 (2013) 330-333.

[4] A.O. Oluwajobi and X. Chen, Int J. Abrasive Technology 6 (2013) 16-39.
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Modeling the Electronic Absorption and Circular Dichroism
Spectra of a Photo-switchable Bistable Peptide

Marco Marazzi," Cristina Garcia-Iriepa,®> Hugo Gattuso,’ Diego Sampedro,? Antonio
Monari

" Université de Lorraine — Nancy & CNRS, Théorie — Modélisation — Simulation SRSMC,
Vandoeuvre-lés-Nancy, France

= Departamento de Quimica, Universidad de La Rioja, Madre de Dios 54, 26006
Logrono, Spain
3 Departamento de Quimica Analitica, Quimica Fisica e Ingenieria Quimica, Universidad
de Alcala, 28871 Alcala de Henares, Spain

The control of biomolecular systems can be achieved through the application of photo-switches.
Especially, a retinal like photo-switch based on E/Z photo-isomerization was experimentally
shown to be a relevant candidate for reversible control of the alpha helix peptide conformation

[1].

Here, we focus on the understanding of the mechanism leading to the final response of the overall
peptide. More in detail, molecular dynamics simulations were performed for the E- and Z-isomer
linked peptide, as well as for the unlinked peptide, in order to reveal the overall conformational
changes induced by the attachment of the photo-switch. Our results, supported by experimental
data [1], show on average how the unlinked peptide is partially unfolded in water, whether the E-
isomer linked peptide tends to increase the helical content, and the Z-isomer linked peptide
produces peptide bending leading to an alpha hairpin conformation (see Figure).

In order to monitor the photo-switch conformation, its electronic absorption properties were
calculated along the trajectory at the CASPT2//CASSCF/AMBER level of theory, while a
spectral signature of the overall peptide conformational change was recorded by modeling the
circular dichroism spectra in the framework of the Frenkel exciton theory [2,3] at the
MO062X/AMBER level of theory, including a polarizable force field.

—— Trans isomer _— Cis isomer

{

a-helix conformation

' g-hairpin conformation

[1] M. Blanco-Lomas, S. Samanta, P. J. Campos, G. A. Woolley, D. Sampedro, J. Am. Chem.
Soc., 2012, 134, 6960-6963.

[2] V. L. Prokhorenko, D. B. Steensgaard, A. R. Holzwarth, Biophys. J., 2003, 85, 3173-3186.
[3] H. Gattuso, X. Assfeld, A. Monari, Theor. Chem. Acc., submitted.
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Free energy calculations to predict the effect of single point
mutations on protein stability

Thomas Steinbrecher
Schrédinger

Predicting the effect of amino acid point mutations on protein stability via structure based
computational modelling is a difficult but potentially very valuable task for protein engineering.
Over the last few years, substantial experience has been accumulated in the related field of
predicting ligand binding strengths from MD-based free energy (FEP+) calculations and we have
found the overall approach to be highly transferable to questions of protein energetics. The
general idea of mutating protein side chains via free energy simulation tool is not new, but has
never been rigorously tested in practice. We have undertaken a large scale study of applying
FEP+ to over 200 protein side chain mutations and have found very encouraging results on
established public test data sets. The method matches or outperforms the predictive power of
several alternative computational tools and is capable of correctly categorizing mutations as
stabilizing or destabilizing in >85% of cases. We now aim at applying FEP+ for protein stability
on real-world protein engineering questions.
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Identifying Pathways out of the Aspartate Binding Pocket of
the Phosphoenolpyruvate Carboxylase in C4 Plants

German Erlenkamp, Holger Gohlke

Institute for Pharmaceutical and Medicinal Chemistry,
Heinrich-Heine-University Diisseldorf and
Bioeconomy Science Center (BioSC), c/o

Forschungszentrum Jiilich

Phosphoenolpyruvate carboxylase (PEPC) is an important enzyme for the process of carbon-
fixation in plants. While in C3 plants carbon is stored in 3-phosphoglyceric acid, in C4 plants
carbon is fixated as oxaloacetic acid. Most severe weeds known today are C4 plants. Therefore,
inhibiting PEPC of C4 plants is a promising strategy for the development of novel and selective
herbicides [1]. The activity of PEPC is negatively allosterically regulated by aspartate [2]. We
aim at targeting the aspartate binding site of PEPC by structure- and ligand-based inhibitor
design, making use of a recent crystal structure of PEPC from the C4 plant Flaveria trinervia [3]
and initial hits identified recently [1]. However, visual inspection of the crystal structure revealed
a very tight entrance region into the aspartate binding site. We thus investigated possible
pathways out of this binding site in order to identify conformational adaptations of PEPC that
may facilitate ligand escape and, in tum, to estimate which inhibitor size can still be
accommodated for access.

We applied RAMD (Random Acceleration Molecular Dynamics) simulations implemented in
NAMD [4] starting from complex models of aspartate or the inhibitor AG1433 [1] bound to
PEPC. We performed 100 RAMD simulations of 1 ns length each. We investigated PEPC in the
monomeric and dimeric state in order to investigate if and how the oligomeric state influences the
escape.

We identified two main pathways out of the binding site, which are differently populated for
agpartate and AG1433. The one uninfluenced by a second protomer passes by a positively
polarized surface region of PEPC, which suggests favorable access for aspartate that way.
Currently, the energetics of ligand access/escape along this pathway is investigated by MD
simulations employing umbrella sampling, aiming at computing a potential of mean force.

1. Paulus, J.K., K. Forster, and G. Groth, Direct and selective small-molecule inhibition of
photosynthetic PEP carboxylase: New approach to combat C4 weeds in arable crops.
FEBS Lett, 2014. 588: 2101-6.

2. Nimmo, H.G., Control of the phosphorylation of phosphoenolpyruvate carboxylase in
higher plants. Archives of Biochemistry and Biophysics, 2003. 414: 189-196.
3. Schlieper, D., et al., Resolving the activation site of positive regulators in plant

phosphoenolpyruvate carboxylase. Mol Plant, 2014. 7: 437-40.
4. Vashisth, H. and C.F. Abrams, Ligand escape pathways and (un)binding free energy
calculations for the hexameric insulin-phenol complex. Biophys J, 2008. 95: 4193-204.
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Storage, transport, release: heme versatility in nitrite
reductase electron transfer studied by molecular dynamics
simulations

Anna Bauf3, Thorsten Koslowski
Institut flr Physikalische Chemie, Universitét Freiburg, Germany

Nitrite reductases play an impaortant role in the bacterial assimilation of nitrogen and the global
nitrogen cycle. They use a notably large number of six electrons to reduce nitrite to ammonia.
Applying molecular dynamics simulations of the thermodynamic integration type [1,2], we study
the energetics and kinetics of electron transfer through the nitrite reductase enzyme of
Sulfospirillum deyleianum, Wolinella succinogenes and Campylobacter jejuni. In all of these
five-heme proteins, the storage of an even number of electrons within a monomeric chain is
thermodynamically favoured. Kinetically, electrons are usually transferred in pairs. Although the
free energy landscape for charge transfer varies significantly from organism to organism, the
heme cofactor closest to the interface of a protein dimer always exhibits a particularly low AG,

suggesting that protein dimerization is functional.

[1] S. Krapf, T. Koslowski, T. Steinbrecher, The thermodynamics of charge transfer in DNA
photolyase: using thermodynamic integration calculations to analyse the kinetics of electron
transfer reactions, Phys. Chem. Chem. Phys. 12, 9516-9525 (2010)

[2] F. Burggraf, T. Koslowski, Charge transfer through a cytochrome multi-heme chain: Theory
and simulation, BBA Bicenergetics 1837, 186-192 (2014)
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The Effects of Alkali lons on the Aggregation
and Interfacial Adsorption of B-Lactoglobulin

Frank Beierlein,®° Bjorn Braunschweig,® Kathrin Engelhardt,® Lena Glas,® Wolfgang
Peukert,”° Timothy Clark®®

#Computer-Chemie-Centrum, Universitdt Erlangen-Nirnberg, Ndgelsbachstr. 25, 91052
Erlangen, Germany
bEngineering of Advanced Materials, Universitét Erlangen-Niirnberg, Négelsbachstr. 49b,
91052 Erlangen, Germany
“Lehrstuhl fiir Feststoff- und Grenzfidchenverfahrenstechnik, Universitét Erlangen-
Nimberg, Cauerstral3e 4, 91058 Erlangen, Germany

We report a combined experimental and computational study of the whey protein -
lactoglobulin (BLG) in different electrolyte solutions. Vibrational sum-frequency generation
(SFG) and ellipsometry were used to investigate the molecular structure of BLG modified
air-water interfaces as a function of LiCl, NaCl and KCl| concentrations. Molecular
dynamics (MD) simulations and thermodynamic integration provided details of the ion
pairing of protein surface residues with alkali-metal cations. Our results at pH 6.2 indicate
that BLG at the air-water interface forms mono- and bilayers preferably at low and high
ionic strength, respectively. Results from SFG spectroscopy and ellipsometry are
consistent with intimate ion pairing of alkali-metal cations with aspartate and glutamate
carboxylates, which is shown to be more effective for smaller cations (Li* and Na®). lon
pairing has several consequences: macroscopically, charge neutralization and even
overcharging of the protein can be observed, while microscopically the local chemical
environment of a solvated carboxylate is dramatically changed by complexation with a
cation. MD simulations show not only carboxylate-alkali-metal ion pairs, but also ion
multiplets with the alkali-metal ion in a bridging position between two or more carboxylates.
Consequently, alkali-metal cations can bridge carboxylates not only within a monomer but
also between monomers, thus providing an important dimerization mechanism between
hydrophilic surface patches. Using MD simulations, we have investigated three protein
surface areas involved in the formation of dimers, and identified one that is rich in
carboxylate groups and thus likely to be involved in the formation of alkaline-bridged
dimers.
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Repurposing of known kinase inhibitors for inhibition of
trypanothione synthetase

Christiane Ehrt', Tobias Brinkjost"?, Nana Boateng', Dennis M. Kriiger', Oliver Koch'

" Department of Chemistry and Chemical Biology, TU Dortmund
2 Department of Computer Chemistry, TU Dortmund

Trypanothione synthetase (TryS) catalyzes the two-step biosynthesis of trypanothione, which is a
key intermediate in trypanosomatid parasites of the species Trypanosoma and Leishmania. Thus,
TryS is an attractive drug target to cope with diseases like Chagas disease, leishmaniasis, or
African trypanosomiasis that affect approximately 15 to 20 million people worldwide.
Interestingly, paullones, a chemical class of potent kinase (GSK-3) inhibitors, were shown to
inhibit TryS. [1] Based on a comparison of available X-ray structures, the binding of paullones to
TryS seems to be in accordance with the principle of 'ligand-sensing cores'. [2] The spatial
arrangement of secondary structure elements around the ATP binding sites of TryS and kinases is
quite similar, independent of the overall fold, which indicates binding of similar ligands.

Unfortunately, the available Leishmania major TryS X-ray structure (pdb-id 2vps) was solved
without substrates and an important loop region of the ATP grasp fold is missing. Preliminary
modeling and molecular dynamics (MD) simulation studies revealed possible binding modes of
ATP, GSH and glutathionylspermidine (GSP). However, the bound state of the loop region
remained unexplained. [3] A more detailed analysis that utilizes X-ray structure information of a
related GSP synthetase from E. coli (pdb-id 2i07) led to a complete model of LmTryS,
containing all substrates and the closed ATP grasp fold loop. Exhaustive MD simulations have
confirmed this model as reasonable and revealed that the presence of ATP leads to a partial
closure of an associated p-sheet over the bound triphosphate. Furthermore, this validated model
gave us the possibility to model the structures of TryS from other pathogenic species of
Trypanosoma and Leishmania and to compare their ATP binding sites with respect to rational
drug design.

Here we present the results of different MD simulations and show how the obtained models can
be used to identify further (kinase) inhibitors that own a similar molecular scaffold. These
inhibitors can then be diversified to obtain selective TryS inhibitors. The approach includes a
detailed comparison of the full ATP binding pocket of TryS to known kinase X-ray structures as
well as docking studies of kinase inhibitors received from different kinase databases.
Biochemical testing of newly identified kinase inhibitors for inhibition of TryS will be carried
out.

[1]1 O. Koch, Drug Discovery in Infectious Diseases; Wiley-VCH, 2013, 429-443,

[2] O. Koch, Future Med. Chem., 2011, 3, 699-708.
[3] O. Koch, PLoS One, 2013, 8, 1-10.
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Modeling the Electronic Circular Dichroism of DNA and
photosensitized DNA
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The modeling of DNA photochemistry and its interactions with photosensitizers have recently
gained interest because it allows the understanding of DNA photodegradation processes.

Moreover photosensitization can be exploited for cancer treatment or simply DNA probing. One

v0d

of the key aspects that need to be better characterized are the specific modes with whom
sensitizers interact with DNA as well as the structural modifications induced in its global

structure.

To do so, we studied the electronic circular dichroism (ECD) of two types of B-DNA, the
poly(d[AT]) and poly(d[CG]) double strands, with and without photosensitizers and we compared
the evolution occurring in the spectra. ECDs were simulated using the Frenkel exciton theory and
the conformational space was explored using classical molecular dynamics. Excited states were
obtained using QM/MM methods at the TD-DFT level of theory.
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Ligand-mediated and tertiary interactions cooperatively
stabilize the P1 region in the guanine-sensing riboswitch

Christian A. Hanke, Holger Gohlke

Institute of Pharmaceutical and Medicinal Chemistry, Heinrich-Heine-University
Diisseldorf, Germany

Riboswitches, short genetic regulatory elements, are commonly found in the 5' untranslated
region of bacterial mRNA. These regulatory mRNA segments usually consist of two domains: the
aptamer domain, which binds small ligand molecules with high specificity, and the expression
platform, which, upon binding of the ligand to the aptamer domain, undergoes a conformational
change and subsequently alters the expression of the downstream genes.

Transcriptionally acting riboswitches, like the guanine-sensing riboswitch from the xpt-pbuX
operon of Bacillus subtilis, typically only have a short time window for folding, binding a ligand
molecule, and transferring the information about the bound ligand to the expression platform and
the subsequent conformational change. If this process is not fast enough, the conformational
change will happen too late to influence the transcription by the RNA polymerase. In order to
understand the decision for one of the two mutually exclusive folding pathways, detailed
knowledge about the unbound state of the riboswitch is required.

While crystal structures of guanine-sensing and related riboswitches are available in their ligand-
bound state, atomic level information about the unbound state and its dynamics is still scarce.
Furthermore, knowledge about the interplay of tertiary interactions in the loop region and ligand
binding site on the stabilization of the terminal P1 region would be beneficial towards the
understanding of the regulatory decision.

In order to shed light on the complex network of long-range interactions in the unbound state of
the guanine-sensing riboswitch aptamer domain (Gsw), we performed molecular dynamics (MD)
simulations in explicit solvent of the wildtype Gsw and a mutant, which exhibit different stability
of the tertiary interactions in the loop region. We simulated six variants of the system with three
replications each, yielding a total simulation time of more than 10 us. Using the wildtype and the
mutant of Gsw, we are able to observe a dynamic coupling between the tertiary interactions in the
loop region and the ligand binding region, which is located ~25 A away. Furthermore, we found
this coupling to be dependent on the presence of Mg®" ions. We performed rigidity analyses with
a modeled ligand in the binding site in order to investigate the influence of the presence of a
ligand on the rigidity of the aptamer domain. Results from these rigidity analyses indicate a
cooperative effect between the tertiary interactions in the loop region and the distant ligand
binding site on the terminal P1 region of the aptamer domain.

Our results indicate that information on ligand binding to the binding site, in connection with that
on the stability of the tertiary interaction, is transferred across the aptamer domain via changes in
the domain’s dynamics, rather than by conformational changes. This would allow for a quick
response of the riboswitch upon ligand binding, in accordance with the kinetic control mechanism
found for this riboswitch.
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A Consistent AMBER Parameter Set for

Zwitterionic Amino Acid Residues

Anselm H. C. Horn

Bioinformatik, Institut fiir Biochemie, Friedrich-Alexander-Universitdt Erlangen-Niirnberg
Fahrstr. 17, 91054 Erlangen, Germany

Isolated amino acids play an important role in biochemistry e.g., as neurotransmitter transporters,
transcriptional regulators, or disease-mediators. They are therefore an interesting object of study.
Molecular dynamics (MD) simulations can provide detailed insights into the dynamics of these
species, especially in their biological environment.

Unfortunately, most standard force field packages lack predefined parameter libraries for isolated
amino acids in their zwitterionic form. Although several MD studies have used ad-hoc
parameterizations for single amino acids, a consistent force-field parameter set for these
molecules is still missing.

Here, we present such a parameter library derived from and compatible with the widely used
parm99SB set from the AMBER program package.[1] The parameter derivation for all 20
proteinogenic amino acids transparently followed established procedures. For the sake of
completeness, histidine was treated in three different protonation states.

For comparison, MD simulations of all amino acids in four different forms were performed:
zwitterionic, N-teminally capped with acetyl, C-terminally capped with N-methyl, and capped at
both termini. Simulation results show similarities between the different forms. A subset of five
zwitterionic amino acids (E, F, G, L, R) was simulated in its respective protein environment,
where proteins and ligands generally retained their initial structure.

Additionally, a set of eight isolated zwitterionic amino acids (A, C, I, K, L, M, R, T, R) was
simulated in a aqueous solvent and their orientations were utilized as a pseudo-random number
generator.

The new parameter set is freely available [2] and will thus facilitate future atomistic simulations
of these species.
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[1] A. H. C. Homn, J. Mol. Model., 2014, 20, 2478.
[2] R. Bryce, AMBER Parameter Database, www.pharmacy.manchester.ac.uk/bryce/amber
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Chemogenomics analysis of small molecule bioactivity data:

Privileged scaffolds and conserved structural elements in
proteins

L. Humbeck, O. Koch
Department of Chemistry and Chemical Biology, TU Dortmund, Dortmund, Germany

The term “privileged scaffolds” is often used for multiple molecules that show bioactivity on
different targets but consist of the same scaffold. [1] Within proteins, conserved structural
elements can also be found in different proteins, ranging from conserved motifs that interact with
specific functional groups to similar spatial arrangements of secondary structure elements around
the ligand binding site (the “ligand sensing core™) in proteins with different folding patterns that
can bind similar scaffolds. [2] Information about similar ligand sensing cores can be useful for
rational identification of new lead structures [3] or predicting polypharmacology. [2]

Chemical compound databases like DrugBank (http://www.drugbank.ca/y or ChEMBL
(https://www.ebi.ac.uk/chembl/) contain a huge amount of data about molecules and their
bioactivity on different protein targets. Therefore we decided to develop a python based tool for
knowledge discovery to get new insights about the relationship of privileged scaffolds and
conserved structural elements in proteins. The main idea of this data mining approach is the
identification of scaffolds that bind to different and unrelated protein targets for analyzing
potential conserved structural elements.

In a first step, a command line version of Scaffold Hunter [4] is used to reduce all molecules in a
database to their containing scaffolds. The second step analyses the sequence similarity of protein
targets of all molecules sharing a common scaffold. Only protein targets with identity below
40 % are regarded as unrelated. The last step visualizes the results for an in-depth analysis of the
results.

We will present the overall workflow and the result of an exhaustive chemogenomics analysis of
the DrugBank. Around 1500 scaffolds were identified that are active against different protein
targets. An analysis of one example already ended up in a new ligand sensing core that is shared
between four different protein targets and can help to identify new lead structures for the
respective targets.

[1] M. E. Welsch, S. A.Snyder, B. R. Stockwell, Curr Opin Chem Biol, 2010, 14(3), 347-361.
[2] O. Koch, Fut Med Chem, 2011, 3(6), 699-708.

[3] D. Willmann, S. Lim, S. Wetzel, E. Metzger, A. Jandausch, W. Wilk, M. Jung, 1. Forne, A.
Imhof, A. Janzer, J. Kirfel, H. Waldmann, R. Schiile, R. Buettner, Int J Cancer, 2012, 131(11),
2704-9.

[4] K. Klein, O. Koch, N. Kriege, P. Mutzel, T. Schifer, Mol Inf, 2013, 32, 964-975.
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Anthraniloyl transfer in PqsD works without a catalytic triad

Michael C. Hutter "', Christian Brengel?, Matthias Negri®, Claudia Henn?, Christina
Zimmer?, Rolf W. Hartmann?2, Martin Empting®, Anke Steinbach?

* corresponding author: michael.hutfer@bioinformatik.uni-saarland.de
1 Center for Bioinformatics, Saarland University, Campus E2.1, 66123 Saarbriicken
2 Pharmaceutical and Medicinal Chemisitry, Saarland University, Campus C2.3
3 Helmholtz-Institute for Pharmaceutical Research Saarland, Campus C2.3

PgsD mediates the conversion of anthraniloyl-coenzyme A (ACoA) to 2-heptyl-4-hydroxy-
quinoline (HHQ), a precursor of the Pseudomonas quinolone signal (PQS) molecule. [1] Due to
the role of the quinolone signaling pathway of Pseudomonas aeruginosa in the expression of
several virulence factors and biofilm formation, PgsD is a potential target for controlling the
nosocomial pathogen that exhibits a low susceptibility to standard antibiotics. [2] PgsD belongs
to the B-ketoacyl-ACP synthase family and is similar in structure to homologous FabH enzymes
in E. coli and Mycobacterium tuberculosis. We used molecular dynamics simulations to obtain
the structural position of the substrate ACoA in the binding pocket of PgsD and semiempirical
AM1 molecular orbital calculations to study the reaction mechanism of the catalytic cleavage of
ACoA. [3] Our findings suggest a nucleophilic attack of the deprotonated sulfur of Cys112 at the
carbonyl carbon of ACoA and a switch of the protonation pattern of His257 whereby N9 is
protonated and the proton of Ng is shifted to the sulfur of CoA during the reaction. In contrast to
a catalytic triad, the doubly protonated histidine is stabilized by hydrogen-bonds with water
molecules instead of aspartate. Furthermore, we found that the reaction barrier for the proton shift
from Cys112 to His257 is lowered upon inclusion of the electrostatic interactions exerted by the
o-helix that spans from Cys112 to Alal28. This indicates a facilitated deprotonation of Cys112
due to the helix dipole. Experimentally we found a decreased catalytic activity of the Cys112Ser
mutant that goes along with a strongly increased activation barrier, whereas the Cysl12Ala,
His257Phe, and Asn287Ala mutants are all inactive. ESI mass spectrometric measurements of the
Asn287Ala mutant show that anthraniloyl remains covalently bound to Cys112, thus further
supporting our computed mechanism that Asn287 does not take part in the cleavage of ACoA.
Consequently, this mutant is inactive.

[1] M.P.Storz, C.K. Maurer, C. Zimmer, N. Wagner, C. Brengel, J.C. de Jong, S. Lucas, M.
Miisken, S. Hiussler,S. Steinbach, RW. Hartmann, J. Am. Chem. Soc., 2012, 134, 16143-16149.
[2] E. Weidel, J.C. de Jong, C. Brengel, M.P. Storz, A. Braunshausen, M. Negri,A. Plaza, A.
Steinbach, R. Miiller, R.W. Hartmann, J. Med. Chem., 2013, 56, 6146-6155.

[3] M.C. Hutter, C. Brengel, M. Negri, C. Henn, C. Zimmer, R.W. Hartmann, M. Empting, A.
Steinbach, J. Mol. Model., 2014, 20, 2255-2264.
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Metal binding in the radical SAM enzyme QueE - influencing
the mechanistic outcome of radical reactions

Christof M. Jager and Anna K. Croft

Department of Chemical and Environmental Engineering
University of Nottingham

Christof Jaeger@nottingham.ac .uk

Radical enzymes have attracted recent interest because of their involvement in chemical
processes leading to products of potential use for anti-viral, anti-cancer and antibiotic treatments.
As such, they are excellent targets for protein engineering to access a variety of new drugs that
are difficult to access via traditional synthetic methods. One of the most diverse radical enzyme
families is the so-called radical SAM enzyme family,[1] the members of which all share a central
S-adenosyl methionine (SAM) molecule as either a cofactor or co-substrate for catalysis. The
manifold diversity of chemical reactions catalysed by these enzymes is outstanding, including
methyl transfer, sulphur insertion and complex chemical rearrangements. While a general
framework for the initial catalytic mechanism has been established over the past years[2] (see
Figure), much less is known about the subsequent chemical rearrangements in most cases.

7 carboxy-7-deazaguanine (CDG) synthase (QueE) is one of the very recently solved enzyme
structures that uses SAM as cofactor.[3] It catalysis the rearrangement of 6-carboxy-5,6,7,8-
tetrahydropterin (CPH4) into CDG and also shows a clear dependence on the presence of Mg?* in
the active site - a complete novel feature reported for radical SAM enzymes. Still unclear is how
the ion influences the catalysis of the chemical rearrangement.

We show first results from ab initio and DFT calculations on a model system to investigate effect
of the ion on the chemical rearrangement and first molecular-dynamics simulations of the enzyme
to investigate the dynamical behaviour of the entire protein-substrate complex and its influence
on metal and substrate binding. Further, we will outline our systematic approach to investigate
the enzyme’s catalytic mechanism in detail.
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[1] Sofia, H. J.; Chen, G.; Hetzler, B. G.; Reyes-Spindola, J. F.; Miller, N. E. Nucleic acids
research 2001, 29, 1097.

[2] Broderick, J. B.; Duffus, B. R.; Duschene, K. S.; Shepard, E. M. Chem. Rev. 2014, 114, 4229,
[3] Dowling, D. P.; Bruender, N. A.; Young, A. P.; McCarty, R. M.; Bandarian, V.; Drennan, C.
L. Nat. Chem. Biol. 2014, 10, 106.
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Binding properties of SUMO-interacting motifs

Christophe Jardin, Anselm H. C. Horn and Heinrich Sticht

Bioinformatik, Institut fiir Biochemie
Friedrich-Alexander-Universitét Erlangen-Niimberg
Fahrstralle 17, 91054 Erlangen
A large number of yeast proteins is known to interact non-covalently with Small Ubiquitin-like Modifiers
(SUMOQ) via short SUMO-interacting Motifs (SIMs), but the structural details of this interaction were
poorly characterized. The sequence analysis of a large dataset of 148 yeast SIMs [1] revealed the existence
of a hydrophobic core binding motif and a preference for acidic residues either within or adjacent to the
core motif. Thus the sequence properties of yeast SIMs are highly similar to those described for human.
We performed Molecular dynamics simulations to investigate the binding preferences for four
representative SIM peptides differing in the number and distribution of acidic residues and assessed the

relative stability of the two observed alternative binding orientations (parallel, antiparallel).

Structure of yYSUMO in complex with different ligands. Left: detailed view of the Srs-2
SIM (yellow) bound to the ySUMO (red) in a parallel orientation [2]. Right: detailed view
of the Fibronectin II-derived monobody SIM (yellow) bound antiparallel to ySUMO (red)
[3]. The SUMO structural elements involved in SIM binding are highlighted in darker color

For all SIMs investigated, the antiparallel binding mode remained stable in the simulations and the SIMs
were tightly bound via their hydrophobic core residues supplemented by polar interactions of the acidic
residues. In contrary, the stability of the parallel binding mode is more dependent on the sequence features
of the SIM motif like the number and position of acidic residues or the presence of additional adjacent
interaction motifs. This information should be helpful to enhance the prediction of SIMs and their binding

properties in different organisms to facilitate the reconstruction of the SUMO interactome.

[1] T. Srikumar et al., Mol Syst Biol, 2013, 9, 6.
[2] A. Armstrong et al., Nature, 2012, 483, 59-63.
[3] R. Gilbert et al., Proc Natl acad Sci USA, 2011, 108, 7751-7756
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Dynamics of the Autoinhibited Transcription Factor RfaH

Anna Kahler, Anselm H.C. Horn, Heinrich Sticht

Bioinformatik, Institut fiir Biochemie, Friedrich-Alexander-Universitat Erlangen-Niirnberg,
FahrstralBe 17, 91054 Erfangen, Germany

Transcription factors control the flow of genetic information from DNA to messenger RNA ren-
dering understanding of their function highly important for the modulation and optimization of
protein expression. Molecular and structural biology have provided a wealth of information
for transcription factors, however, the dynamic processes underlying their activation are yet not
fully understood.

We applied molecular dynamics (MD) simulations to supplement the structural information
available for the transcription factors RfaH from Escherichia coli and NusG from Thermotoga
maritima. Both proteins are autoinhibited proteins; in NusG, the -barrel C-terminal domain
(CTD) is tightly bound to the larger N-terminal domain (NTD), whereas RfaH consists of a
structurally similar NTD and a bound CTD in @-helical conformation[1]. Upon activation of
RfaH, the CTD is released and undergoes a large-scale & — [ structural transition[2].

Investigation of RfaH under different environmental conditions revealed that not only high
temperatures, but also a decrease in ionic strength significantly enhances CTD dynamics. De-
spite this enhanced dynamics, none of the conditions investigated caused CTD dissociation
suggesting that this process needs to be triggered by the interaction with DNA or other pro-
teins of the transcription machinery. Further, we were able to see a transition from the @- to a
B-conformation in a microsecond long MD simulation of the isolated CTD.
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[1] Belogurov, G.A., Mooney, R.A., Svetlov, V., Landick, R. and Artsimovitch, I., EMBO J,
2009, 28, 112-122.

[2] Burmann, B.M., Knauer, S.H., Sevostyanova, A., Schweimer, K., Mooney, R.A.,
Landick, R., Artsimovitch, I. and Roésch, P., Cell, 2012, 150, 291-303.
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Electronic structure at high hydrostatic pressure

'Roland Frach," Patrick Kibies," Steven Strohfeldt,” Franziska Hoffgaard,?
Dominik Horinek,? Stefan M. Kast'

' Physikalische Chemie IlI, TU Dortmund, D-44227 Dortmund, Germany
ZInstitut fiir Physikalische und Theoretische Chemie, Universitit Regensburg,
D-93040 Regensburg, Germany

While the majority of life on earth is adapted to ambient pressure conditions, on average about
88% of the oceanic water on earth is 3800 m deep, corresponding to a hydrostatic pressure of 380
bar, which is by far not the highest value on earth. [1] Biochemical processes for the vast number
of lifeforms accommodated to these extreme conditions are barely understood.

Applying high hydrostatic pressure to biomolecules has substantial impact on their free energy
surfaces that govern structure, function, dynamics, and thermodynamics. This poses a challenge
to computational modeling approaches since the applicability of conventional empirical
molecular interaction functions (force fields) is not known. As a step toward clarifying the
situation, we need to account for high pressure in quantum-chemical calculations. A suitable
methodology is provided by molecular integral equation theories, in particular the “embedded
cluster reference interaction site model” (EC-RISM) [2,3] that combines statistical-mechanical
3D RISM integral equation theory and quantum-chemical calculations self-consistently. In this
context the impact of pressure is naturally accounted for since the solvent susceptibility function
that enters the theory contains the pure solvent correlation functions at the pressure chosen,
derived from either an integral equation theory or molecular simulations. Here we illustrate the
methodology for several benchmark applications in a pressure range of 1 bar up to 10 kbar,
including the effect of pressure on molecular structure, the relevance of electronic polarizability
under extreme conditions, and the pressure dependence of nuclear magnetic resonance shieldings.

[1] L Daniel, P. Oger, R. Winter, Chem. Soc. Rev, 2006, 35, 858-875.
[2] T.Kloss, J. Heil, S. M. Kast, J. Phys. Chem. B, 2008, 112, 4337-4343.
[3] R.Frach, S. M. Kast, J. Phys. Chem. A, 2014, 118, 11620-11628.
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MD simulations of DNA recognition by the repressor AmiR

Kerstin Klauer, Achim Sandmann, Heinrich Sticht

Bioinformatik, Institut fir Biochemie, Friedrich-Alexander-Universitdt Erlangen-Nirnberg,
Fahrstr. 17, 91054 Erlangen, Germany

The protein AmtR occurs in the gram positive Corynebacterium glutamicum in which it is a
master regulator and represses genes of the nitrogen metabolism and the signal transduction
pathway. Each subunit of the dimeric AmtR recognizes a conserved four base motif (“CTAT”). A
comparison between the known binding sites and those genomic sites that are not regulated by
AmtR reveal significant differences for those bases that are adjacent to the CTAT recognition
motif. Therefore, we investigated whether these adjacent bases also play a role for AmtR binding

specificity.
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Molecular simulations (MD) of free DNA and AmtR-DNA-complexes were used to study the
dynamics of these two systems and the interactions between DNA and AmtR. There are several
specific contacts to the flanking bases formed during the MD simulation. Besides direct base
recognition also unspecific contacts to the phosphate backbone of the DNA were detected. These
contacts correlate with a local deviation from the ideal B-DNA geometry which is not observed
in the simulation of free DNA. This suggests that the specific DNA recognition by AmtR relies
on a larger binding motif than previously known.
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In silico affinity optimization of modified peptides
using non-natural amino acids

Dennis M. Krliger*?, Adrian Glas!, David Bier*, Oliver Koch? Tom Grossmann*?

I Chemical Genomics Centre of the Max Planck Society, Otto-Hahn-Straf3e 15, 44227
Dortmund, Germany; 2 Technische Universitét Dortmund, Department of Chemistry and
Chemical Biology, Otto-Hahn-Stral3e 6, 44227 Dortmund, Germany

Bioactive peptide conformations can be stabilized by macrocyclization resulting in increased
target affinity and activity. In this regard, a 12mer peptide from the C-terminal end of
Pseudomonas aeruginosa virulence factor exoenzyme S binding to its human adaptor protein 14-
3-3 was stabilized by introduction of a hydrophobic cross-link,[1] thus providing the basis for in
silico optimization.

Computational protein-peptide docking is still a challenging task because exposed solvent plays
an important role in protein-protein interfaces and water is usually not considered during docking.
More important, long peptides imply a large number of computational degrees of freedom where
current docking approaches reach their limit.[2] Beside these docking limitations, currently
available computational approaches for peptide affinity optimization are only based on the 20
canonical amino acids.

In this work, we try to overcome these issues by (1) developing a molecular docking strategy
suitable to handle large peptide ligands, and (2) optimizing the affinity of modified peptides by
introducing side-chain mutations from a library of non-natural amino acids.

Figure: Residue-based screening of a library of non-natural amino acids by peptide-adapted
molecular docking leads to optimized modified peptides with improved affinity.

Left: X-ray structure depicted in yellow. Right: docking prediction depicted in green.

[1] Glas, A., Bier, D., Hahne, G., Rademacher, C., Ottmann, C., Grossmann, T., Angew. Chem.,
2014, 53(9),2489-93.

[2] Kriiger, D.M., Jessen, G., Gohlke, H., JCIM, 2012, 52(11), 2807-11.
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Modeling the Electronic Absorption and Circular Dichroism
Spectra of a Photo-switchable Bistable Peptide

Marco Marazzi," Cristina Garcia-Iriepa,®> Hugo Gattuso,’ Diego Sampedro,? Antonio
Monari

" Université de Lorraine — Nancy & CNRS, Théorie — Modélisation — Simulation SRSMC,
Vandoeuvre-lés-Nancy, France

= Departamento de Quimica, Universidad de La Rioja, Madre de Dios 54, 26006
Logrono, Spain
3 Departamento de Quimica Analitica, Quimica Fisica e Ingenieria Quimica, Universidad
de Alcala, 28871 Alcala de Henares, Spain

The control of biomolecular systems can be achieved through the application of photo-switches.
Especially, a retinal like photo-switch based on E/Z photo-isomerization was experimentally
shown to be a relevant candidate for reversible control of the alpha helix peptide conformation

[1].

Here, we focus on the understanding of the mechanism leading to the final response of the overall
peptide. More in detail, molecular dynamics simulations were performed for the E- and Z-isomer
linked peptide, as well as for the unlinked peptide, in order to reveal the overall conformational
changes induced by the attachment of the photo-switch. Our results, supported by experimental
data [1], show on average how the unlinked peptide is partially unfolded in water, whether the E-
isomer linked peptide tends to increase the helical content, and the Z-isomer linked peptide
produces peptide bending leading to an alpha hairpin conformation (see Figure).

In order to monitor the photo-switch conformation, its electronic absorption properties were
calculated along the trajectory at the CASPT2//CASSCF/AMBER level of theory, while a
spectral signature of the overall peptide conformational change was recorded by modeling the
circular dichroism spectra in the framework of the Frenkel exciton theory [2,3] at the
MO062X/AMBER level of theory, including a polarizable force field.

~___ Cisisomer

— Transisomer

{

a-helix conformation

' g-hairpin conformation

[1] M. Blanco-Lomas, S. Samanta, P. J. Campos, G. A. Woolley, D. Sampedro, J. Am. Chem.
Soc., 2012, 134, 6960-6963.

[2] V. L. Prokhorenko, D. B. Steensgaard, A. R. Holzwarth, Biophys. J., 2003, 85, 3173-3186.
[3] H. Gattuso, X. Assfeld, A. Monari, Theor. Chem. Acc., submitted.
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Periodic Calculations with NDDO Hamiltonians

Johannes T. Margraf, Matthias Hennemann, Timothy Clark
Computer Chemie Centrum, Nagelsbachstr. 25, Erlangen

We have implemented periodic boundary conditions (PBC) in the massively parallel
semiempirical MO theory code EMPIRE using the cyclic cluster approach. By using sufficiently
large unit cells, the calculations are performed entirely in real space. This is easily affordable due
to the low computational cost of these methods, and the efficient parallelization of EMPIRE[1].
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Specific features of PBCs in EMPIRE include the treatment of very large systems in 1-, 2- or 3D,
and the calculation of local properties such as the molecular electrostatic potential and the local
electron affinity and ionization potentials. The figure shows the 2D periodic unit cell of a lipid
bilayer membrane in water, containing more than 25,000 atoms. On the right, the molecular
electrostatic potential of the system is shown on a slice cutting through the unit cell.

[1] M. Hennemann and T. Clark, J. Mol. Model. 2014, 20, 2331 (11 pages).
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TopModel: A multiple-template

meta-approach to homology modeling

Daniel Mulnaes, Holger Gohlke

Institute of Pharmeceutical and Medicinal Chemistry,
Department of Mathematics and Natural Sciences,
Heinrich-Heine University, Duesseldorf

Protein structure prediction is one of the most important problems in computational biology, and
is key to understanding structural evolution, protein function, protein-ligand and protein-protein
interactions, and for data-driven protein- or drug-design [1,2]. However, the current rate of
structure determination by experimental methods is far exceeded by that of next-generation
sequencing, to the point where only for 1/1000th of the known protein sequences a structure is
known. For this problem, computational structure prediction is considered the best solution [3]. In
the last decade, many methods have been developed in each of the computational fields necessary
for automated structure prediction. The bi-annual community-wide blind experiment CASP
evaluates the accuracy of work flows that integrate a subset of these methods, and has shown the
value of meta- and consensus-approaches [3,4]. This work presents TopModel, a multiple-
template meta-approach to homology modeling, which combines multiple state-of-the-art
threading, alignment, and model quality assessment programs to provide a versatile work flow
and toolbox for structure prediction. TopModel yields high-quality structures [5,6] and performs
well even for low sequence identities. When benchmarked against CASP10 targets, TopModel
shows an accuracy above the average state-of-the-art work flow. We anticipate that as more
programs are integrated, the accuracy and sensitivity of our methods will improve. Hence, we
aim to expand TopModel to achieve more accurate modeling of proteins with multiple domains
and protein-protein complexes as well as to use it to evaluate alignment and threading software in
a consistent manner based on the quality of models produced by the generated alignments.

[1] Dalton J.A., Jackson R.M., Bioinformatics, 2007, 23, 1901-1908.

[2] Biasini M., ... Schwede T. et al., Nucleic Acids Res., 2014, Web-edition, 252-258.

[3] Moult J, ... Tramontano A. et al., Proteins, 2014, 82 Suppl 2, 1-6

[4] Rychlewski L., Fischer D., Protein Science, 2005, 14, 240-245.

[5] Widderich N., ... Mulnaes D, ... Gohlke H., ... Bremer E, J. Mol. Biol. 2014, 426, 586-600
[6] Gohlke H., ... Mulnaes D., ... Schmitt L., J. Chem. Inf. Model. 2013, 53, 2493-2498
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Simulating Nanostructures: 2D-periodic organic
semiconductors

Andreas M. Krause®P, Thomas Schmaltz®¢, Christof M. Jagera-*4, Marcus Halik?< and
Timothy Clarkab

2Computer-Chemie-Centrum, Universitdt Erlangen-Nirnberg, Ndgelsbachstr. 25 ,91052 Erlangen, Germany.
bEngineering of Advanced Materials, Universitat Erlangen-Nirnberg, Nigelsbachstr. 49b, 91052 Erlangen, Germany.
tOrganic Materials and Devices, Institute of Polymer Materials, Department of Materials Science,
Universitat Erlangen-Nuinberg, Martensstrasse 7, 91058 Erlangen, Germany
9Department of Chemical and Environmental Engeneering, University of Nottingham,
University Park, Nottingham NG7 2RD, England

Organic semi-conductors surround us in daily life. Two years ago we have
presented an n-type semiconductor system of Ceso—-Cis—PA.! Now we have
simulated and analysed a p-type organic semi-conductor system of
benzothieno[3,2—b][1]benzothiophene (BTBT) on an aluminum oxide
surface. Special focus in this part of the work is the structure of organic
molecules. Differences in structure between Ci; and Ci> BTBT have been
worked out which agree with experimental results. In this talk we present
results we have gained from molecular dynamic simulations we have
performed on this 2D system.
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@) Jiger, C. M.; Schmaltz, T.; Novak, M.; Khassanov, A.; Vorobiev, A.; Hennemann,
M.; Krause, A.; Dietrich, H.; Zahn, D.; Hirsch, A.; Halik, M.; Clark, T. J. Am. Chem. Soc. 2013,
135, 4893.
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Computer-aided modelling of protein conformations and ligand binding

Harpreet Shah, PhD

Previous affiliations: Technische Universitit Miinchen, Indian Institute of Technology Bombay
Email: harpreetb.shah(@gmail.com
Contact: Winzererstr. 102, 80797 Munich

Abstract

Processes like ligand binding, chemical modifications or changes in environmental conditions
may result in conformational switching in proteins, affecting their function. The loss of
associated function may also result in disease causing pathological conditions. Computer-aided
modelling and simulations of protein systems serve as an important tool to study protein
dynamics. By employing certain proteins and peptide models we have tried to understand two
aspects of protein dynamics: folding and ligand binding. For folding, we modelled systems
involved in local conformational changes such as Alzheimer’s causing a—f transitions and
sequences involved in early events of protein folding. Characterization of these model systems,
with or without the protein context, revealed the importance of primary sequence, environmental
conditions, and tertiary contacts provided by the pre-existing protein environment. In ligand
binding studies, blind docking simulations and structure-based screening methods were used.
Investigation of structural features and specific protein-ligand interactions determined binding
pose and hence distinguished binders from non-binders. These features may be used to design

scoring functions for developing accelerated screening methods and drug designing.

Keywords Protein Folding, Conformational Modelling, Ligand Binding, Molecular Dynamics,
Molecular Docking
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A Computational Study on Carboxymethylation Mechanism of
Gluconate

Isilay OZTURK?, Armagan KINAL?, Giiliz AK®, Habibe YILMAZ®, Senay SANLIER®

afEge University Science, Faculty Department of Chemistry, Bornova IZMIR, TURKEY
bEge University Science Faculty Department of Biochemistry, Bornova IZMIR, TURKEY

Pharmacologically active anticancer drugs reach to tumor tissue with low specificity; therefore
they frequently damage healthy tissues. Nowadays, it is possible to reduce these harmful side
effects by using nano particle containing drug delivery systems [1,2]. For example, when a-D-
glucose coated iron oxide (magnetite) nanoparticles are loaded with doxorubicin, an anticancer
drug, this drug loaded iron oxide nanoparticles can be directed to tumor tissues via an external
magnetic field by mostly eliminating the side effects of classical oral treatment [3-5]. During the
loading, the doxorubicin molecules must be somehow connected to gluconate molecules on the
surface. The first step on this bonding passes through the carboxymethylation of gluconate.
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In the present study, we have computationally investigated the carboxymethylation mechanism of
gluconate bonded to the surface. The gluconate coated iron oxide nanoparticle systems are
enormously large for quantum chemical calculations. Therefore, to model the system, the two
oxygen atoms in carboxyl group of gluconate bonded to the surface were frozen instead of using
whole gluconate coated iron oxide nanoparticle system. The semiempirical PM6 and DFT-M06-
2X methods were employed in the reaction mechanism calculations. The results of the
calculations are revealed that the reaction between gluconate and chloroacetate has one step
mechanism passing through a low energy transition state while it is a highly exothermic reaction.

[1] Deflora, A. 1985. The technology of carrier erythrocytes: A versatile tool for diagnosis and therapy. In
Biotechnalogy in Diagnosis, eds. H. Koprowski, S. Ferrone, and A. Albertini, 223-236, Plenum press.

[2] Deloach, J. R. 1983. Encapsulation of exagenous agents in erythrocytes and circulating survival of carrier
erythrocytes. J. Appl. Biochem. 5:149-157.

[3] P. R. Mishra, N. K. Jain, Drug Delivery, 10:277-282, 2003

[4] Lu D.X., Wen X.T., Liang J., Zhang X.D., Gu ZW., Fan Y.J., Chinese Journal of Polymer Science, 26(3),

369-374, (2008).

[5] Ak G., Hamarat Sanlier S., Prep. Biochem. Biotech., 42(6), 551-563, (2012).
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Brownian Dynamics Simulations of Linker Histone - Nucleosome Binding

Mehmet Ali Oztiirk '* , Rebecca C. Wade'

1- Molecular and Cellular Modeling Group, Heidelberg Institute for Theoretical Studies (HITS),
Heidelberg, 69118, Germany

2- The Hartmut Hoffmann-Berling International Graduate School of Molecular and Cellular Biology

(HBIGS), Heidelberg University, Heidelberg, 69120, Germany

Abstract:

The binding of linker histone (LH) proteins to nucleosomes plays an important role in chromatin
compaction and regulation of transcription. Currently, the sequence determinants of the binding site,
orientation and dynamics of different LHs to nucleosomes are not well understood. In this study,
Brownian dynamics (BD) simulations were performed to simulate the association of the globular
domains of H1 and H5 LH wild-type and mutant proteins with a 167 bp nucleosome, including two
flanking 10 bp long linker-DNAs. Diffusional encounter complexes were obtained and the results were
compared for the LHs and their mutants. The results give insights into important interactions that

determine LH-nucleosome binding.
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Hybrid QM/MM studies of the UV-Vis absorption spectra of
ThDP-dependent enzymes

M. Paulikat, R. A. Mata

Institut fiir Physikalische Chemie, Georg-August-Universitét Goéttingen

The identification of reaction intermediates in enzymatic systems is a continuing challenge, both
for theoretical and experimental approaches. UV-Vis and circular dichroism (CD) spectra are
commonly used to follow the progression and the appearance of such intermediates. However, the
unequivocal assignment of a band to a particular compound can be a difficult task. Electronic
structure methods can provide invaluable informations in this context, but only when an adequate
description of the environment effects and the chromophore itself are available.

The thiamin diphosphate (ThDP) coenzyme participates in a multitude of enzymatic reactions and
their progression is commonly followed by absorption spectra. [1] Even in the resting state of
such enzymes, ThDP can be present in three different protonation states each having its own
signature in the absorption spectra. [2] Therefore, a detailed knowledge about these native forms
of ThDP is warranted to identify reaction intermediates by absorption spectroscopy. In order to
better understand the signature of the different states, we have carried out time-dependent density
functional theory (TDDFT) calculations for model systems, as well as for the pyruvate
decarboxylase system in a QM/MM approach.

[1] H. Patel, N. S. Nemeria, F. H. Andrews, M. J. McLeish, F. Jordan, Biochem., 2014, 53, 2145-
2152.

[2] D. Meyer, P. Neumann, C. Parthier, R. Friedemann, N. Nemeria, F. Jordan, K. Tittmann,
Biochem., 2010, 49, 8197-8212.
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Redox Potentials of Bovine Adrenodoxins: Quantifying the
Effects of Mutations

J. Riehm', M.C. Hutter', T. Sagadin?, F. Hannemann?, R. Bernhardt?

1 Center for Bioinformatics, Saarland University, Campus E2.1, 66123 Saarbriicken
2 Department of Biochemistry, Saarland University, Campus B2.2, 66123 Saarbriicken

Adrenodoxin (Adx) belongs to the family of vertebrate [2Fe2S]-cluster ferredoxins and plays an
essential role in the steroid biosynthesis. Its task is to supply electrons from a NADPH-dependent
Adx reductase (Adr) to Cytochrome P450 enzymes. The next step includes activation of
molecular oxygen whereby one oxygen atom is introduced into the substrate and the other one is
reduced to water [1]. The efficiency of the electron transfer also depends on the redox potential of
the Adx. In the past years many different Adx mutations from bovine have been established and
quantified [2]. To elucidate the effects of a certain mutation at the protein level we investigated
the set of Adx mutants listed in [2] and computed the individual energy contributions to the redox
potentials. Solvation effects were obtained via the Poisson-Boltzmann theory by applying the
APBS program [3]. The electronic reorganization energy that comes along with the reduction of
the Adx [2Fe2S]-cluster was derived from density functional theory calculations on
[Fe2S,(SC2Hs)s] model compounds at B3LYP/cc-pVTZ level of theory. Surface analysis of the
homology models of the Adx mutants was performed via the VADAR webserver [4]. Our
findings show that the energy gap between the reduced and the oxidized state of the [2Fe2S]-
cluster is caused by the different orientations of the ligating sulfur atoms. This was clearly shown
when comparing the geometrical non-constraint energy optimization of the [Fe,S;(SC;Hs)s]
model compounds vs. the constraint ones. Also the local protein environment plays an important
role. Investigation of the T49 deletion mutant showed a substantially lower redox potential
compared to the wildtype, essentially due to the rearrangement of the [2Fe2S]-cluster and the
surrounding geometry, ending up in a change of 0.08 eV of the adiabatic ionization potential.

[1] R. Bernhardt, V. B. Urlacher, App! Microbiol Biotechnol, 2014, 98, 6185-6203.

[2] K. M. Ewen, M. Kleser, R. Bernhardt, Biochimica et Biophysica Acta, 2010, 1814, 111-125.
[3] T.J. Dolinsky, J. E. Nielsen, J. A. McCammon, N. A. Baker, Nucleic Acid Res, 2004, 32,
Wo665-Wo667.

[4] L. Willard, A. Ranjan, H. Zhang, H. Monzavi, R. F. Boyko, B. D. Sykes, D. S. Wishart,
Nucleic Acids Res, 2003, 31,3316-3319.
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New approaches towards small molecular
protein-protein interaction modulators.

Anna Rudo', Jan Schuhmacher?, Gert Bange?, Oliver Koch'

' Faculty for Chemistry and Chemical Biology, TU Dortmund, Germany
2l OEWE Center for Synthetic Microbiology, Philipps-University Marburg, Germany

Protein-protein interactions (PPIs) are ubiquitous in nature and essential to almost all biological
processes including signal transduction, gene-expression and pathogenicity. Therefore,
modulation offers attractive therapeutic opportunities. [1] One major challenge of targeting PPIs
arises from the chemical space of appropriate molecules which differs from the chemical space of
conventional small molecule drugs in a way that is not yet completely understood. Thus, the hit
rate of commercial compound collections is typically rather low since these are designed around
the traditional drug’s chemical space. [2] A reason for this observation is the intrinsic planarity
of these interfaces and their lack of well-defined binding-pockets.

Our approach for the design of PPI inhibitors is to elucidate and mimic the important, limited-
sized elements that actually act as protein recognition motifs. [3] Up to now, only strand and
helix mimetics were successfully used as interaction inhibitors, although irregular turn structures
prevail as regions of high affinity binding in weak and transient heterodimer interfaces of greater
pharmacological interest. [4] The turn backbones provide valuable information for the design of
new drugs since they act as scaffolds for positioning the relevant side chains in the correct
specific orientation. [5]

As a first example, our analysis of a bacterial GTPase-activating PPI [6] (responsible for the
correct formation of flagella) leads us to a crucial interaction turn entity of type n(4)I. This type
of B-turns is already known to be well-replaced by the benzodiazepine scaffold. The synthesis of
the basic scaffold has been successfully established and now our focus is on identifying the
required functionalization pattern using structure-based design and docking. Subsequently, the
synthesis of these rationally designed benzodiazepine-based turn mimetics will lead to a small
library to be tested for its capability to modulate the bacterial GTPase-activating PPL

[1]1Y. Che, B. R. Brooks, G. R. Marshall, J. Comput. Aided Mol. Des., 2006, 20, 109-130.

[2] O. Sperandio, C. H. Reynés, A. C. Camproux, B. O. Villoutreix, Drug Discov. Today, 2010,
15, 220-229.

[3] M. Pelay-Gimeno, A. Glas, O. Koch, T. N. Grossmann, Angew. Chem. Int. Ed., just accepted.
[4] M. Guharoy, P. Chakrabarti, Bioinformatics, 2007, 23, 1909-1918.

[5] O. Koch, G. Klebe, Proteins, 2009, 74, 353-367.

[6] G. Bange, N. Kiimmerer, P. Grudnik, R. Lindner, D. Kressler, E. Hurt, K. Wild, 1. Sinning,
Nat. Struct. Mol. Biol., 2011, 18, 1376-1380.
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Investigation of the Protein-DNA Binding Mechanism of
Carbon Catabolite Protein A

Achim Sandmann, Christophe Jardin, Heinrich Sticht

Bioinformatik, Institut fiir Biochemie, Friedrich Alexander University, Fahrstr. 17,

91054 Erlangen, Germany

The global regulator Carbon catabolite Protein A (CcpA) controls carbon metabolism in Bacillus
subtilis. Tt does so by binding to the degenerate consensus sitt WTGNNARCGNWWWCAW .
To investigate how CcpA can bind to such diverse sequence motifs, we tried to identify
contributions to binding selectivity. On the one hand, direct contacts via hydrogen bonds and
nonpolar interactions to the nucleotide bases (‘base readout’) strongly influence the preference of
proteins for specific sequences. On the other hand, the base composition also influences the shape
and flexibility of the DNA, thereby modulating the strength of the interactions.

The strongest conserved bases of the consensus site are the central CG bases, at which the DNA
is bent in the complex structure. The direct contacts of the bases are hydrogen bonds with the
CcpA backbone via a guanine amine group in the centre of the minor groove and two intercalated
leucine side chains. In addition, CG represents a pyrimidine-purine base step, which is known to
facilitate kinks, which might favour shape readout at this site.

To dissect the individual contributions of base and shape readout, the CcpA-DNA complex was
simulated as wild type and compared to a mutant, in which the central CG base step was replaced
by GC. Interestingly, the CcpA-DNA hydrogen bonds remained stable throughout the simulation
of the mutant, whereas MMPBSA analyses showed a higher energy requirement to bend the
mutant DNA sequence.

[1] M. A. Schumacher, M. Sprehe, M. Bartholomae, W. Hillen, R. G. Brennan, Nucleic acids
research 2011, 39, 2931-2942,
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pH-Dependent Dissociation of HdeA and HdeB Dimers

Eileen Socher, Heinrich Sticht

Bioinformatik, Institut fiir Biochemie,
Friedrich-Alexander-Universitédt Erlangen-Niirnberg, Germany

Enteric bacteria, like Escherichia coli, have to pass through the stomach before they can infect
the intestinal mucosa. However, the lumen of the stomach is a very acidic environment with a pH
usually between 1 and 3. To survive this acid trip, £. coli has evolved different systems to tolerate
acid stress in the cytoplasm and periplasm, which is enveloped by an outer membrane permeable
for protons. As consequence, the pH in the periplasm decreases rapidly to the same level as the
environmental pH when E. coli enters the stomach and the proteins in the periplasm are
vulnerable to acid-induced damage. In order to prevent denaturation and aggregation of
periplasmic proteins, E. coli has two acid-activated chaperones, HdeA and HdeB, which support
acid resistance in the periplasm. Their genes are encoded in the AdeAB operon in the genomic
acid fitness island.

Despite their low sequence identity (< 20%), HdeA and HdeB monomers are structural homo-
logues, which was proven by the crystal structures. However, the Hde A dimer (left picture) uses a
different dimerization interface than the HdeB dimer (right picture). Both have in common that
the well-folded dimers, which were mainly observed at neutral pH, are inactive. If the pH
decreases, the dimers dissociate to partially disordered and chaperone-active monomers. These
HdeA and HdeB monomers then bind to other proteins using a hydrophobic surface and prevent
the aggregation of their substrates. After neutralization, HdeA monomers release these proteins
and refold back into the inactive conformation.

In our study, we have investigated the behavior of the HdeA and HdeB dimers over a broad pH
range. We developed, therefore, a new MD simulation protocol, which allows the imitation of pH
titrating experiments resembling the entering of E. coli into the acidic stomach. For both proteins
we were able to monitor their dissociation at low pH values and to characterize the titration
properties of individual ionizable groups. The observed differences between HdeA and HdeB
suggest a fine-tuning in the pH response of E. coli.

[1] W. Hong, Y. E. Wu, X. Fu, Z. Chang, Trends Microbiol., 2012, 20, 328-335.
[2] A. K. Mates, A. K. Sayed, J. W. Foster, J. Bacteriol., 2007, 189, 2759-2768.
[3]1 K. S. Gajiwala, S. K. Burley, J. Mol. Biol., 2000, 295, 605-612.
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Free Energy Calculations in Fragment Based Drug Design: Applying FEP in Practical
Ligand Optimization

Thomas Steinbrecher

Schrodinger

It has long been considered the holy grail of computational drug design to accurately predict binding free
energies for novel compounds. This task is of special importance in fragment-based drug design, where
multiple rounds of potency improvement starting from initial weak binders are necessary to generate
highly active lead structures. Molecular Dynamics based free energy calculations (or FEP for free energy
perturbation) are among the most suitable methods to reach this goal, which would significantly impact the
modern drug design process. Many of the issues previously encountered with FEP have been mitigated by
our introduction of the FEP+ (free energy perturbation plus REST, i.e. replica-exchange with solute
tempering) methodology along with the OPLS2.1 force field, together with the computational power
offered by GPU computing.

The lack of large scale validation studies on diverse series of ligands are another obstacle for the practical
application of FEP, due to the lack of computational resources and the time consuming process of
simulation setup and analysis. Recently, we have conducted a validation study of FEP results on more than
10 targets and more than 500 compounds, offering an order of magnitude more data than typical FEP
studies and allowing statistically valid conclusion about their efficacy.

Here, we extend this validation study to several fragment hit series, among them the Mcl-1 protein, HSPS0
and DNA Ligase A. Relative binding free energies can be calculated with good accuracy, typically with R2
values in the range of 0.5-0.8 and mean unsigned errors (MUE) of less than 1 kcal/mol when comparing to
experimental data. This shows that FEP binding energy predictions offer unsurpassed accuracy for
fragments and lead precursors as well as for drug-like molecules.
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MUSE INVENT: Automated Reaction Driven Molecular
Inventions Applied on a Fragment Growing Example

A. Steudle’, S. Nagy?, D. Baker?, F. Soltanshahi®, R. Dorfman?, B. Masek?®

'Certara Spain SL, Martin-Kollar-Strasse 17, 81829 Munich, DE
2Certara USA Inc., 210 N. Tucker Boulevard, St. Louis, Missouri 63101, USA

Successful drug discovery often requires optimization against a set of biological and physical
properties. Muse Invent is a molecular invention tool that operates on an initial population of
structures for the invention of new structures with improved characteristics. It is possible to
combine almost any property calculation and scoring function to guide the invention process to
molecules that are in accordance with the desired attributes. Ligand- and structure-based methods
may be applied as well as a combination of them.

Molecular invention experiments on PPAR-y will be presented in order to grow a
thiazolidinedione fragment back into full molecules. A “reaction driven” evolutionary algorithm
approach to de novo molecular design was applied to generate new structures and propose a
synthesis path at the same time intended to aid the medicinal chemist in assessing the synthetic
feasibility of the ideas that are generated.

Reactions can be adjusted to make use of specific chemistry or fragments. The methodology for
reaction driven molecular evolution we have developed is independent of how the design ideas
are scored..
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Molecular Dynamics of Viral IE1 Protein and Its Relevance for
PML Interaction

Joachim D. Stump, Heinrich Sticht

Bioinformatik, Institut fliir Biochemie, Friedrich-Alexander-Universitdt Erlangen-Ndrnberg

The recently solved crystal structure of the immediate-early protein 1 of rhesus cytomegalovirus
(IE1) revealed a novel protein fold with an elongated, all a-helical homodimeric topology
(Figure 1). [1] Interestingly, IE1 crystallized in two slightly different dimeric forms indicating a
certain degree of conformational flexibility, which was further investigated by molecular
dynamics (MD) simulations.

i o - &
Sanaan 9
AR S YV Y Vinay,

All MD simulations were performed with AMBER/parm99SB force field in an octahedral box of
explicit solvent. We simulated the two dimeric structures for 50 ns and three monomers for 100
ns, which were taken from the dimer structures.

Our results show that the interface of the asymmetric dimer is more stable indicating that IE1 has
the propensity to form asymmetric protein-protein complexes probably also with other proteins.
MD simulations of monomeric IE1 revealed hinge-like motions that explain the occurrence of
slightly different backbone conformations of IE1 in the crystal. Interestingly, we detected a local
structural similarity to the evolutionary conserved coiled-coil domain (CCD) of TRIM (tripartite
motif family) proteins (Figure 2), which is also present in PML (TRIM19) a target protein of IE1.
Our computational study suggests that the detected dynamics of the IE1 fold might enable a
better interaction with the elongated, a-helical CCD of PML.

[1] M. Scherer, S. Klingl, et al., PLoS Pathog., 2014, 10, 10.1371/journal.ppat.1004512
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lonic conductance and selectivity of hydrophobic nanopores

Leonhard M. Henkes,' Martin Urban," Florian Mrugalla,’ Serena Smeazzetto,?
Gerhard Thiel,? Stefan M. Kast'

' Physikalische Chemie IlI, TU Dortmund, D-44227 Dortmund, Germany
2Dipartimento di Chimica, Universita di Firenze, 1-50019 Sesto Fiorentino, Italy
SFachbereich Biologie, TU Darmstadt, D-64287 Darmstadt, Germany

Over the last years various hydrophobic pores with selectivity features were identified, including
ion channels. [1-3] Yet the origin of their intrinsic ion discrimination is still not understood, while
properties such as overall pore geometry, chemical detail of the interior, or wall charges all play a
role for modulating ion conductance. One controversially discussed example of a hydrophobic
nanopore that exhibits ion channel properties is the pentameric membrane protein
phospholamban (PLN) [4], for which available structures reveal a narrow constriction that is only
slightly larger than the diameter of passing ions. [5]

Here we apply three-dimensional reference interaction site model (3D RISM) integral equation
theory for deriving the relevant free energy surface governing ion translocation, the potential of
mean force (PMF) at finite electrolyte concentration. Combined with an expression connecting
the equilibrium PMF with ion conductance [3] we obtain selectivity orders in agreement with
experimentally measured values. Together with ion-specific partition coefficients along the
translocation pathway we construct a coherent picture of ionic selectivity for this particular
channel, supplemented by results from a simplified nanopore model comprised of hard-wall
interactions between pore lining and the solvent.

_
-

[1] C. Song, B. Corry, J. Phys. Chem. B, 2009, 113, 7642-7649.

[2] S. M. Kast, T. Kloss, S. Tayefeh, G. Thiel, J. Gen. Physiol., 2011, 138, 371-373.

[3] F. Zhu, G. Hummer, J. Chem. Theory Comput., 2012, 8, 3759-3768.

[4] K. Oxenoid, J. J. Chou, Proc. Nat. Acad. Sci. USA, 2005, 102, 10870-10875.

[5] S. Smeazzetto, A. Saponaro, H. S. Young, M. R. Moncelli, G. Thiel, PLoS ONE, 2013, 8§,
e52744.
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Design, analysis and virtual screening of an
in silico dynamic combinatorial compound library
with focus on protein-protein interaction inhibitors

S. Weigang, L. Humbeck, O. Koch
Department of Chemistry and Chemical Biology, TU Dortmund, Dortmund, Germany

Enabling the protein target to direct the synthesis of its strongest binder via dynamic
combinatorial chemistry is an interesting strategy for de-novo design and identification of new
bioactive compounds. Employing a reversible reaction in solution with different building blocks
an enrichment of the strongest binder occurs, since it is removed from equilibrium during binding
to the protein target. One successful example is the formation of acylhydrazones from aldehydes
and hydrazides which led to the identification of new inhibitors of endothiapepsin. [1]

As commercial compound collections show low hit rates for protein-protein interaction (PPI)
targets due to a non-suitable chemical space, de-novo design of small molecule libraries within a
new chemical space is of uttermost importance for the elucidation of PPI inhibitors. [2] For this
purpose chemoinformatics tools were utilized for the analysis of the acylhydrazone libraries
chemical space. Usage of an ir-silico reaction between all available aldehydes and hydrazides
contained in the ZINC database (http://zinc.docking.org) created a virtual library of about 1.2
billion highly diverse acylhydrazones of appropriate physicochemical properties.

Previous high-throughput docking studies by Koch et al. identified an acylhydrazone based
inhibitor of the PPI between mycobacterial thioredoxin reductase and thioredoxin. [3] Therefore
it can ideally be screened for new inhibitors of the thioredoxin reductase as proof of concept
study employing the dynamic combinatorial chemistry approach for a highly diverse subset of the
newly obtained acylhydrazone library.

We will present the results of the exhaustive chemoinformatics based analysis of the virtual
acylhydrazone library together with the docking results leading to aldehyde and hydrazide
building blocks for in-vitro application of the dynamic combinatorial chemistry approach.

[1] M. Mondal, N. Radeva, H. Késter, A. Park, C. Potamitis, M. Zervou, G. Klebe, A. K.H.
Hirsch, Angew. Chem. Int. Ed. Engl., 2014, 53 (12), 3259-3263.

[2] O. Sperandio, C. H. Reynés, A.-C. Camproux, B. O. Villoutreix, Drug Discov. Today., 2010,
15 (5-6), 220-229.

[3] O. Koch, T. Jiger, K. Heller, P. C. Khandavalli, J. Pretzel, K. Becker, L. Flohé, P. M. Selzer,
J. Med. Chem., 2013, 56 (12), 4849-4859.
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Batch tautomer generation and more with MolITPC

Thorsten Will', Michael C. Hutter', Johann Jauch? and Volkhard Helms'

"Center for Bioinformatics, Saarland University, Saarbriicken, Germany
2Chair of Organic Chemistry Il, Saarland University, Saarbriicken, Germany

Besides all their conformational degrees of freedom, drug-like molecules and natural products
often also undergo tautomeric interconversions. Compared to the huge efforts made in
experimental investigation of tautomerism, open and free algorithmic solutions for prototropic
tautomer generation are surprisingly rare. The few freely available software packages limit their
output to a subset of the possible configurational space by sometimes unwanted prior
assumptions and complete neglection of ring-chain tautomerism.

We described an adjustable fully automatic tautomer enumeration approach, which is freely
available and also incorporates the detection of ring-chain variants. [1]

Furthermore, we provide functionality for the generation of reasonable protonation variants and a
fast unified conformational as well as configurational search procedure.

All algorithms are implemented in the MolTPC framework and accessible on SourceForge via
https://sourceforge.net/projects/moltpc/.

[1] Will, T., Hutter, M., Jauch, J., and Helms, V., J. Comp. Chem., 2013, Vol. 34, p. 2485-2492.
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Dispersion through the eyes of local orbital spaces

A. Wuttke, R. A. Mata
IPC Géttingen

As the saying goes, ,,one look is worth a thousands words®. This principle can also be applied to
the study of chemical phenomena. There are several visualization techniques in chemistry which
are used to ease the interpretation of “raw data” (MEP, Orbitalmaps, and so on). Our work is
inspired by the idea of MEP’s, which visualize electrostatic potentials of molecules by color
coding a predefined electronic density. These images help to design novel compounds or to
understand transition state stabilization effects.

London dispersion is a significant driving force for molecular aggregation, ubiquitous in
molecular systems. Representations targeting such interactions are definitely warranted. Based on
local orbital approaches we are able to restrict electron correlation to a certain region of a
molecule.[1] The calculated correlation energy can then be split up in physically meaningful
contributions, including dispersion effects.[2,3] These two properties of local correlation methods
lead us to the proposal of a straightforward method to represent what could be described as a
dispersion interaction density (DID) in molecules. This method will help us to obtain a better
understanding of intra- and intermolecular interactions. Examples are given for the benzene
dimer, a typical benchmark system for dispersion, as well as selected dispersion-driven
aggregation phenomena.

[1] C. Hampel, H. J. Werner, J Chem Phys, 1996, 104(16), 6286-6297.
[2] M. Schiitz, G. Rauhut, H. J. Werner, .J Phys Chem A, 1998, 102(29), 5997-6003.
[3] M. Andreji¢, R. A. Mata, Phys Chem Chem Phys, 2013, 15(41), 18115-18122.
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Cubic C8 — An Aromatic Carbon Cluster?

Dmitry Sharapa' and Timothy Clark'2

1. Computer-Chemie-Centrum, Department Chemie und Pharmazie, Friedrich-
Alexander-Universitét Erlangen-Niimberg, Ndgelsbachstralle 25, 91052 Erlangen

2. Centre for Molecular Design, University of Portsmouth, King Henry Building,
Portsmouth PO1 2DY, United Kingdom.

The cubic Cg unit is represents the proposed primitive cell of the high-density
carbon allotrope first described in 1978. Cubic Cg and its isomers have been the subject
of several theoretical studies.”? This cluster obeys Hirsch’s 2(N+1)? rule of spherical
aromaticity. According to our high-level calculations On-symmetrical Cg is a relatively
stable strained cluster. The bond length is quite independent of the calculation level but
unusually sensitive to the basis set used and varies between 1.47 and 1.51 A. The
lowest frequency normal vibration calculated with different levels of Maller—Plesset
perturbation theory is degenerate and inconsistent with the results of coupled-cluster
calculations.

The calculated electron affinity of cubic Cg is 69 kcal/mol and ionization potential
over 226 kcal/mol. The singlet-triplet gap is 17 kcal/mol, both the triplet and the cation
radical are Jahn-Teller species with Dz, and D4y, symmetry, respectively. The cubic
cluster is 100 kcal/mol more strained than the global minimum (C4,-symmetrical ring)
and can transform to it with a 62 kcal/mol barrier.

Rearrangement pathway Non-covalent interaction in C8@C80

The exothermic reaction of Cg with 20, has a low barrier; 7 kcal/mol. The product is
a triplet peroxide (energy gain 13 kcal/mol in comparison to separated molecules). The
next step of the oxidation sequence is formation of dioxetane cycle, breaking of the
propellane bond (to form a molecule familiar as to 9,10-dioxa-perdehydro-basketane)
and further fragmentation. The barrier of this process is around 24 kcal/mol and is
followed by spin-crossing from the triplet to the singlet state.

The cubic Cg cluster can be encapsulated in Cgp and Cgo fullerenes (Russian doll
structures), accompanied by strong electron transfer from C8 to fullerenes.

UV-spectra predicted by TDDFT and CASPT2 approaches are rather similar and
exhibit peaks near 6.0, 7.9, 8.5, and 9.0 eV.

! Minyaev, R. M. Zhurnal Organicheskoi Khimii 1981, 17(12), 2486-2492.
2 Jensen, F. Chem. Phys. Lett. 1993, 209, 417-422
? Manaa, M. R. J. Mol. Struct. (Theochem) 2001, 549, 23-26.
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Properties of Confined Water Between two Hydrophilic Surfaces

Tanushree Jaitly', Ozlem Ulucan?, Volkhard Helms?, and Julio Vera Gonzalez'

" Laboratory of Systems Tumor Immunology, FAU Universitétsklinikum Erlangen, Erlangen
Germany

2 Center for Bioinformatics, Saarland University, Saarbrucken, Germany

Hydrophilic protein-protein interfaces constitute a major part of protein-protein interfaces and thus are
of great importance. However, the qualitative characterization of their association is still an ongoing
challenge, and the driving force behind their association remains poorly characterized . Here we
present a study of the association of hydrophilic proteins and the role of water through the analysis of
extensive molecular-dynamics simulations using three well studied protein complexes: Barnase —
Barstar, Cytochrome c¢ — Cytochrome c peroxidase, and the N-terminal domain of enzyme I -
Histidine-containing Phosphocarrier protein. We investigated the properties of interfacial water
confined between two protein surfaces, which is very important for protein-protein association. The
analysis was performed using newly implemented Gromacs plug-ins. Our analysis shows that the
confined water between the hydrophilic partners deviates from the bulk values, especially at close
separation of the confined proteins.

1. Ulucan 0, Jaitly T, Helms V. Energetics of hydrophilic protein-protein association and the
role of water. J Chem Theory Comput., 2014, 10, 3512-3524.
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Pharmacophore modeling and virtual screening to discover
cytochrome P450 17 inhibitors among environmental
chemicals

Muhammad Akram, Daniela Schuster

Institute of Pharmacy / Pharmaceutical Chemistry and Center for Molecular Biosciences
Innsbruck, University of Innsbruck, Innrain 80/82, 6020 Innsbruck, Austria.

The modulation of endocrine receptors by environmental chemicals is intensively studied.
However, the inhibition of cytochrome P450 17 (CYP17) by environmental chemicals is not very
well investigated. CYP17 is a central enzyme for steroid synthesis and has a critical role in
androgen production in humans. The inhibition of CYP17 has a strong impact on androgen
synthesis and on sperm count [1]. It has been known recently that the inhibition of CYP17 is also
an important option for the treatment of castration-resistant prostate cancer [2,3,4,5].

In this study, we have generated structure-based and ligand-based pharmacophore models for
CYP17 inhibition. These pharmacophore models were used to perform a virtual screening to
identify potential CYP17 inhibitors from environmental chemical databases like food contact
compounds, food flavoring agents, cosmetic ingredients, industrial chemicals, endocrine
disruptors, approved drugs, and pesticides. The most relevant hits will be tested for CYP17
inhibition via an enzymatic assay. Molecular docking studies will be performed to propose
protein-ligand interactions of the experimentally tested hits.

Acknowledgements: Daniela Schuster and Muhammad Akram are grateful to the Austrian
Science Fund FWF (P26782 to DS) and a Young Talents Grant from the University of Innsbruck
for supporting this study. DS is financed by the Erika Cremer Habilitation Program of the
University of Innsbruck.

[1] Yin. L, Hu. Q, Nat. Rev. Urol., 2014, 11,32-42.

[2] Mariano. A. E, Pinto-Bazurco. Mendieta, Qingzhong. Hu, Matthias. Engel, Rolf. W.
Hartmann, J.Med.Chem., 2013, 56, 6101-6107

[3] Sebastian. J. Krug, Qingzhong. Hu, Rolf. W. Hartmann, J. Steroid Biochem. Mol. Biol., 2013,
134, 75-79.

[4] Qingzhong. Hu, Lina. Yin, Carsten. Jagusch, Ulrike. E. Hille, Rolf. W. Hartmann

J Med .Chem., 2010, 53, 5049-5053.

[5] Qingzhong. Hu, Carsten. Jagusch, Ulrike. E. Hille, Jorg. Haupenthal, Rolf. W. Hartmann,
JMed.Chem., 2010, 53, 5749-5758.

[6] Lina. Yin, Qingzhong. Hu, Rolf. W. Hartmann, Int. J. Mol. Sci., 2013, 14, 13958-13978.
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Synthesis of new heterocyclic compound, as analogue
derivative of grandisin and veraguensin neolignans, with
potential anti-trypanosomatid activity

Zimmermann, L. A".; Morotti, A.L".; Schuster, D?.; Schenkel, E. P."; Bernardes, L. S. C'.

! Postgraduate Program in Pharmacy, Federal University of Santa Catarina,
Florianépolis, Brazil. # Institute of Pharmacy / Pharmaceutical Chemistry, Computer-
Aided Molecular Design Group, University of Innsbruck, Austria

The currently available compounds for the treatment of Chagas disease (Trypanosoma cruzi) are
not satisfactory, limited, and can have toxic side effects. There is the urgent need to develop new
drugs and tools for the treatment of trypanosomatids. [1] Thus, we synthesized analogs of the
anti-trypanosomatid lignans grandesin and veraguensin. The synthetic strategy involved the
synthesis of the intermediate azide isoxazole, which is prepared in four steps, and it is used to
make a cycloaddition reaction with an sugar alkyne, catalyze by copper (I), under heating by
microwave irradiation, resulting the bisheterocyclic compound in good yield (17%). [2;3:4;5;6;7]
Their antichagasic properties on trypomastigotes of T. cruzi and cellular toxicity activity has been
evaluated. While the antichagasic effects of 7 were confirmed in vivo, there is currently no
information on the actual drug target. Therefore, we will use publicly available virtual prediction
tools to find the targets that this compound could act on in this parasite. The anti-trypanosoma
targets suggested by the target fishing tools will be presented and discussed.

Figurel: Synthetic route to obtain the bisheterocyclic compound.

N-© OH N
bl L i N’
@CHO ——
1 3

(i) NH;OH.HCI, DABCO,70° C, 100 W, 1’
(i) NCS, DMF, ASC, CuS0O,4 NaHCOj3 t-BuOH:H,0 alkyne, t.a.
(iii) TsCl, Et3N, K;CO3 CH,Cl3:H;0 t.a. (iv) NaN; DMF, IMO, 70 °C, 150 W. OAC

(iv) CuSOQy, allkyne, sodium ascorbate, DMF, IMO, 70 °C, 100 W, 10’ - OAc
(]

We gratefully acknowledge the financial support and the research stipend of CAPES, CNPqg and FAPESC.

[1] Souza, V. A.; Nakamura, C. V.; Corréa, A. G. Rev. Virt. Quim. , 2012, Volume 4, from 197
to 207.

[2] Hansen, V. T.; Wu, P.; Fokin, V. V. J. Org. Chem., 2005, Volume 70, from 7761.

[3] Morita, J.; Nakatsuji, H.; Misaki, T.;Tanabe, Y. Green Chem., 2005, Vomule 7, from 711 to
715.

[4] Hartung, J.; Hiinig, S.; Kneuer, R.; Schwarz, M.; Wenner, H.. Synthesis, 1997, from 1433 to
1438,

[5] Carvalho, I.; Andrade, P.; Campo, V.L.; Guedes, P.M.M.; Sesti-Costa, R.; Silva, I.S.;
Schenkman, S.; Dedola, S.; Hill, L.; Rejzek, M.; Nepogodiev, S.A.; Field, R.A. Bioorganic
Medicinal Chemistry, 2010, Volume 18, from 2412 to 2427.

[6] Kolb, H. C.; Sharpless, K. B. Drug Discovery Today, 2003, Volume 8, from 1128 to 1137.
[7] Aragdo-Leoneti, V.; Campo, V.L.; Gomes, A.S.; Field, R.A.; Carvalho,l. Tetrahedron, 2010,
Volume 66, from 9475 to 9492.
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The chemist and Nobel Prize wiriner Professor Heinrich Wieland
ghtd was'in charife of Setting up the company’s first scientific
(/ department in the:1920s. -

Research for health calls for endurance.
The best thing is to make an early start.

For Boehringer Ingelheim, success as a pharmaceutical
company for more than 129 years has been synonymous
with introducing innovative medications. In researching
and developing new therapies and dosage forms the
company invested around €2.7 billion in 2013 alone.
This investment in the future has a long tradition. Soit’s
no coincidence that Boehringer Ingelheim is one of the
20 most successful companies in pharmaceuticals
worldwide.

Research is our driving force. Some 47,400 employees
around the globe, of whom more than 13,900 are in
Germany, are working to improve the prospects for

healthier lives.

~\ Boehringer
I"ll Ingelheim

www.boehringer-ingelheim.com
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Complex biomedical analyses

OUR MAIN OFFERINGS :

1. Biomedical data analyses
® NGS data analysis
e Microarray analysis
e Small molecule activity analyses
(target prediction, polypharmacology, QSAR)
® Drug Design
* pathway-centric analyses

 Bio- and cheminformatics-applications in general

2. Software development
* Focus: Usability of large data environments

BioVariance GmbH Office Munich

Managing Director: Garmischer Str. 4/V
Dr. Josef Scheiber D-80339 Miinchen

3. Preparing data for analysis
* data curation
e data standardization
e vocabulary development
e vocabulary mapping to standard vocabularies
(e.g. MeSH, MedDRA, biomedical antologies)

4. Big Data analyses

e data set development
e Text Mining

e Predictive Modeling

e complex visualizations

Office Waldsassen Phone. +49 89/1 896 582-80
Fax. +4989/1 896 582-99

Konnersreuther Str. 6g info@biovariance.com

D-95652 Waldsassen www.bigvariance.com
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Auf einen Blick: Sanofi-Aventis Deutschland GmbH

Medizinischer Fortschritt fir Gesundheit und Lebensqualitat

Die Sanofi-Aventis Deutschland GmbH ist ein Unternehmen der Sanofi-Gruppe, eines
weltweit fihrenden, integrierten Gesundheitskonzerns. Sanofi beschéftigt weltweit mehr als
110.000 Mitarbeiter, in Deutschland etwa 9.000. Davon sind 8.100 bei der Sanofi-Aventis
Deutschland GmbH beschéftigt, die Gibrigen bei anderen Tochterunternehmen des Konzerns.

Es gibt nur wenige Gesundheitsunternehmen, die innovative Arzneimittel hierzulande auch
erforschen und entwickeln. Die Sanofi-Aventis Deutschland GmbH ist eines davon.
Standorte sind Frankfurt-Héchst und Berlin.

Die Bereiche Marketing und Vertrieb der Sanofi-Aventis Deutschland GmbH sind in Berlin
angesiedelt. Rund 1.200 Mitarbeiter im Innen- und AuRendienst arbeiten hier an der
Vermarktung und medizinischen Betreuung der innovativen Therapien und bewéhrten
Medikamente von Sanofi und der Generikamarke Zentiva (Winthrop Arzneimittel GmbH). Sie
informieren (ber die therapeutischen und wirtschaftlichen Vorteile der Produkte und stehen
in engem Kontakt mit Arzten, Apothekern, Krankenkassen und den Institutionen der
Selbstverwaltung im Gesundheitswesen.

Frankfurt-Hochst ist Sitz und grodter Standort der Sancfi-Aventis Deutschland GmbH und
zugleich ein im Konzern einmaliger Verbund, in dem von ersten Forschungsansatzen bis
zum Versand von Fertigarzneimitteln alle Voraussetzungen gegeben sind, um den
deutschen Markt ebenso wie 85 weitere Lénder weltweit mit Medikamenten zu versorgen.
Etwa 6.900 Mitarbeiter arbeiten hier in Forschung und Entwicklung, Produktion und
Fertigung sowie in der Verwaltung.

Frankfurt-Hochst ist zudem ein wichtiger Teil des europédischen Forschungsnetzes sowie der
grofdte integrierte Produktions- und Fertigungsstandort innerhalb der Sanofi-Gruppe. Vor
allem werden hier die Forschungsschwerpunkie Diabetes und Alterserkrankungen
bearbeitet. Zugleich ist Frankfurt mit anderen Forschungsstandorten der Sanofi-Gruppe
weltweit vernetzt und steht in stdndigem Austausch mit Universitdten, Forschungs-
einrichtungen und Biotechfirmen. Frankfurt ist einer der finf R&D Hubs, der integrierten
Zentren fur Forschung- und Entwicklung des Konzerns, in denen die hauseigene Forschung
und die der externen Partner gebiindelt werden.

Sanofi entwickelt, produziert und vertreibt in Deutschland aber nicht nur verschreibungs-
pflichtige Arzneimittel, sondern bietet auch Impfstoffe, Generika und rezeptfreie
Medikamente an. Damit verbessert das Unternehmen die medizinische Versorgung der
Patienten dauerhaft, reagiert auf steigende Kosten im Gesundheitswesen und leistet einen
wesentlichen Beitrag fir den Standort Deutschland.

Weitere Informationen im Internet: www.sanofi.de
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A scientific leader in computational chemistry, providing
software solutions and services for life sciences and
materials research

Schrodinger aims to provide integrated software | ForMore Information:
solutions and services that truly meet its customers’
needs. We want to empower researchers around the
world to achieve their goals of improving human health
and quality of life through advanced computational
techniques that transform the way chemists design
compounds and materials.

info@schrodinger.com
www.schrodinger.com

By building and deploying breakthrough scientific
software solutions and forming collaborations and
partnerships, we help scientists accelerate their
research and development activities, reduce costs, and
make novel discoveries that might otherwise not be
possible.
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