Welcome to the Molecular Modelling Workshop 2009 and
Model(l)ing’09 in Erlangen!
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MGMS-DS e.V.
Computer-Chemie-Centrum
Ndigelsbachstr. 25, 91052 Erlangen
Germany

Sunday, September 6™ - Friday, September 11" 2009

The Molecular Modelling Workshop was formerly known as the Darmstiddter Molecular Modelling
Workshop. The first 16 Workshops took place in Darmstadt and were hosted by Jiirgen Brickmann’s
group. This is the 23rd Workshop in the series and the seventh to take place in its second home, Er-
langen. This year, the Workshop is being held on Sunday and Monday, September 6th and 7th as a
satellite meeting for Model(l1)ing’09. The Molecular Modelling Workshop is the German equivalent
of the Young Modellers’ Forum that has a long tradition in the United Kingdom and has recently been
established in Australia. These meetings are organized by the Molecular Graphics and Modelling
Society in order to allow young researchers (especially graduate students) to present their work to an
audience of active researchers.

Model(I)ing’09 follows Model(1)ing’97 and Model(l)ing 2001 as the third of the Annual International
meetings of the Molecular Graphics and Modelling Society that has taken place in Erlangen. The
Claus-Wilhelm von der Lieth Memorial Medal will be presented for the first time at this meeting.
“Willi” von der Lieth was an active member, committee member and treasurer of the MGMS-DS for
many years. His untimely death robbed the Society of a valued and popular member, an excellent Mo-
lecular Modeler and a good friend to many.

One reason to hold the Annual International Meeting of the MGMS in Erlangen this year is to cel-
ebrate Tim Clark’s 60th birthday — albeit a little belatedly. We are grateful to the many speakers from
all over the world who have agreed to come to Erlangen to ensure that this meeting will be of the very
highest quality.

We wish you a pleasant and memorable stay in our city and region. We will do our very best to make
you welcome and to ensure that your memories of Erlangen are positive. We are only able to do this
because of the generous support of our many sponsors, who have supported us generously despite the
economic crisis. Without them, meetings of this kind would hardly be possible.

So, a big thank you

* to you for coming

* to our sponsors, to the Department of Chemistry and Pharmacy, the Excellence Cluster
Engineering of Advanced Materials and the Friedrich-Alexander-Universitdt Erlangen-
Niirnberg

* to all who have made this meeting possible and especially
* Harald Lanig — organization
» Christof Jager and Sebastian Schenker — Conference booklet, posters and graphics
* Matthias Hennemann — technical support
* Nico van Eikema Hommes — finances

Preamble | Page 1



Molecular Modelling Workshop 2009
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Once again, we in CCC are happy to welcome you to the 23rd Molecular Modelling Workshop. The
goals of the Workshop are to give graduate students and young postdocs an opportunity to present
their work, to provide a forum for molecular modeling and to give young researchers the opportunity
to meet established researchers, both industrial and academic. The Molecular Graphics and Model-
ling Society — Deutschsprachige Sektion (MGMS-DS) 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 many of whom have supported the Molecular Modelling Workshop
consistently and generously over its entire history.
The official language of the Workshop is English.
Contributions from all branches of modeling, from life-sciences to materials modeling, are
welcome.
Our invited speaker this year is
Dr. Peter Ertl

Novartis Institutes for BioMedical Research
Basel, Switzerland

Coordination of scientific program Technical coordination

Dr. Thomas Mietzner Prof. Dr. Tim Clark
Dr. Harald Lanig

BASF SE Computer-Chemie-Centrum
Dep. GVC/C, Bldg. A030 Universitdt Erlangen-Niirnberg
67056 Ludwigshafen,
Germany Nagelsbachstr. 25

91052 Erlangen
Tel.: +49 (0) 621 60 41469 Tel.: +49(0) 9131 85 22948
Mail: thomas.mietzner@basf.com Fax: +49 (0) 9131 85 26565

Mail: clark@chemie.uni-erlangen.de
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Conference Details
Location

This years Modelling Workshop and the main conference Model(l)ing’09 will take place in the
building of the Institute for Organic Chemistry (OC), Henkestra3e 42, 91054 Erlangen.

The lectures of the workshop will take place in the large lecture hall (“groer Horsaal”), located on the
first floor of the Organic Chemistry building, as will the plenary lectures of Model(l)ing’09 and one

of the two parallel sessions. The other parallel session will take place in the small lecture hall located
on the ground level of the building.

Conference Desk
The conference desk will be situated in the Institute for Organic Chemistry in the Foyer of the large

lecture hall from Sunday, September 6th to Friday, September 11th during the lectures. There will be
a pin board for messages close to the conference desk.

Registration
The main registration for both events takes place at the Institute for Organic Chemistry from 12:00

to 14:00 on Sunday, September 6th and from 19:00 to 22:00 on Monday, September 7th during the
welcome mixer. Registration is also possible at the conference desk thereafter.

Badges

Please wear your badge at all times during the conference. Local organizers and helpers will be identi-
fiable by badges with red background color. Please feel free to ask them for any help you may need.

Lunch

Lunch is available in many restaurants in Erlangen. A list of restaurants and a city map will be pro-
vided upon registration.

Poster Sessions

The Poster Session of the Molecular Modelling Workshop 2009 will take place from 19:00 to 20:30
on the evening of Sunday, September 6th, followed by the Workshop Buffet.
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The Poster Sessions of Model(1)ing’09 will take place on Tuesday, September 9th and Wednesday,
September 10th from 17:30 to 19:30. Please put your posters up before the session and do not forget
to remove them at the end of the session.

Authors will find their posters and slot numbers in the lists provided in this booklet. The abstracts of
all posters are available on the conference web site and on a CD provided upon registration.

Complementary beer and soft drinks will be available during all poster sessions. Please also take the
time to visit our commercial exhibitors.

Conference Excursion

The conference excursion on Thursday, September 10th will start at 15:00 at the main Erlangen rail-
way station and we will take the train to Niirnberg (about 25 minutes) leaving at 15:14. At the station
in Niirnberg we will be met by English-speaking guides who will accompany us in groups of about
25 people through the historic old town. The tour (about 3 hours) will include the old town itself, the
three main churches (Lorenzkirche, Sebalduskirche and Frauenkirche) and will end at the imperial
castle where the conference dinner will take place. Please remember that the tour is by foot and for
much of the time outdoors.

The excursion costs 25 EUR including the return train journey and some tickets will be available at
registration for those who have not ordered them in advance.

Conference Dinner

The conference dinner will take place after the excursion in the famous Kaisersaal at the imperial
castle Niirnberg.

The Nuremberg Castle is one of the most important imperial palaces dating from the Middle Ages:
from 1050 to 1571 all the emperors of the Holy Roman Empire stayed in it at various times during
their reign.Friedrich Barbarossa and his successors developed the existing Salian Royal Castle origi-
nating from the mid-11th century into an impressive imperial seat, as reflected in particular by the
double chapel, which has been preserved in its entirety.

We have the opportunity to visit the double chapel in small groups during the dinner!
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Bierkeller Evening

The map below shows the way to the Entla’s-Keller (an den Kellern 5-7), where we have reserved
tables for an informal evening on Wednesday, September 9th.

“An den Kellern” is the traditional street full of sandstone beer cellars on the Burgberg, a hill on the
outskirts of Erlangen. This is the site of the traditional Bergkirchweih, Erlangen’s beer festival, which
takes place for 12 days at Whitsun every year and attracts about 800,000 people. The easiest way to
walk to the Entla’s-Keller is to take the Hauptstrae (the pedestrian precinct) past Hugenottenplatz
and SchloBplatz, out of the end of the pedestrian precinct at the junction with Heuwegstraf3e, on to
Martin-Luther-Platz, where the street runs downhill and becomes Bayreuther Strae. Continue on
Bayreuther Straf3e until you reach the bridge over the River Schwabach. Turn right into Essenbacher
Strafle and then immediately left into Bergstra3e, which is a small street that climbs the hill to An den
Kellern. At the T-junction at the end of Bergstral3e turn left and you will see the Entla’s-Keller after
about 100 m on the right hand side.
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Molecular Modelling Workshop 2009

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

Winner: Travel bursary to the Young Modellers’ Forum in the United Kingdom (travel expenses are
reimbursed up to EUR 500)
2" Winner: EUR 200 travel expenses reimbursement

3" Winner: EUR 100 travel expenses reimbursement

Only undergraduate and graduate research students qualify for the Poster and Lecture Awards.

Model(l)ing’09

A total of three poster prizes of EUR 100 each will be awarded. The winners will be announced at the
end of the meeting.

Travel Bursaries

The following delegates have been awarded an MGMS bursary to support travel to the Erlangen
meeting:

Azam, Syed Sikander
University of Innsbruck, Austria

Fulle, Simone
Heinrich-Heine-Universitéit Diisseldorf, Germany

Kriiger, Dennis
Heinrich-Heine-Universitéit Diisseldorf, Germany

Metz, Alexander
Heinrich-Heine-Universitéit Diisseldorf, Germany

Nadomé, Aymeric
University of Namur, Belgium

Pal, Tuhin Kumar
Indian Institute of Technology, Kanpur, India

We thank the MGMS and the the International Society of Quantum Biology (ISQBP) for financial
suppoort.
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Program Sunday, September 6t 2009
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12:00-13:50 Molecular Modelling Workshop Registration
13:50-14.00 Welcome remarks / Agenda review
14:00-14:25 Caroline Becker

Saarland University, Saarbriicken, Germany

arnpaydg doysyIopm

Design of Protein Interaction Surfaces: Prediction of Mutational Effects on
Protein-Protein Binding.

14:25-14:50 Alexander Metz
University of Diisseldorf, Germany

From structures to hot-spots to inhibitors. Knowledge-driven design of
peptidomimetic modulators of a protein-protein interaction.

14:50-15:15 Gudrun Spitzer
University of Insbruck, Austria

Minor Groove of DNA as Target for Drug Design.

15:15-15:40 Sebastian Schenker
University of Erlangen-Nuirnberg, Germany

The guanidine-thiourea catalyzed nitro-Michael reaction:
An ab initio study

16:00-16:25 Jana Selent
Universitat Pompeu Fabra, Barcelona, Spain

Molecular Simulation of Sodium lons at their Allosteric Binding Sites in the
Dopaminergic D2 Receptor.

16:25-16:50 Simone Fulle
University of Diisseldorf, Germany

Shedding light into the ribosomal exit tunnel via flexibility analysis and
molecular dynamics simulation.

16:50-17:15 Michael Kreim

Technische Universitét Darmstadt, Germany
Equilibration time of transmembrane potentials in ion channel simulations.
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Program Sunday, September 6t 2009

17:15-17:40

17:40-18:05

19:00-22:00

Mima Staikova
University of Toronto, Canada

Utilizing Computational Chemistry Methods as Educational Tools for
Undergraduate Chemistry Courses.

Bjorn Sommer
University of Bielefeld, Germany

CELLmicrocosmos 2.1 Workshop: Applications in simplified Modeling of three-
dimensional PDB Membranes.

arnpayog doysyiom

Poster Presentations / Buffet
Institute for Organic Chemistry, Henkestalle 42
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Program Monday, September 7t 2009

9:00-9:25 Robert Gunther
University of Leipzig, Germany

Comparing Apples and Oranges - How Reliable Are Molecular Docking Tools?

9:25-09:50 Elodie Laine
Institut Pasteur, Paris, France

Structural mobility of the anthrax toxin and search for inhibitors.

AInpaydS doysyIo

09:50-10:15 Michael Hutter
Saarland University, Saarbriicken, Germany

Bioisosteric Similarity of Drugs in Virtual Screening.

10:15-10:40 Thomas Steinbrecher
University of Freiburg, Germany

Towards the Application of Free Energy Calculations in Ligand Protein Binding
Studies.

11:00-11:25 Kerstin Hoehfeld
Boehringer Ingelheim, Biberach, Germany

A Systematic Search for Scaffold Hops in PubChem.

11:25-12:15 Invited Lecture: Peter Ertl
Novatrtis Institutes for BioMedical Research, Basel, Switzerland

Estimation of synthetic accessibility score of drug-like molecules.

14:00-14:25 Daniele Narzi
Saarland University, Saarbriicken, Germany

Evidence for Proton Shuffling in a Thioredoxin-Like Protein during Catalysis.

14:25-14:50 Jochen Heil
Technische Universitat Darmstadt, Germany

Prediciton of aqueous acidities and tautomer ratios by embedded cluster
integral equation theory.

14:50-15:15 Arun Kumar Subramanian

University of Reading, UK
Unique Water Entering Path into Secretary Phospholipase A2 Active Site.
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Program Monday, September 7t 2009

15:15-15:40 Tuhin Kumar Pal
Indian Institute of Technology, Kanpur, India

In silico Mutations of Self-contacting Asp in a Protein DD-transpeptidase:
Effects Probed by Molecular Dynamics Simulations.

anpayog doysyiopm

16:00-16:25 Hakan Kayi
University of Erlangen-Ntrnberg, Germany

Parameterization of AM1*

16:25-16:50 Jorg Grunenberg
Technische Universitdt Braunschweig, Germany

Selectivity in Carbohydrate Recognition: The Role of the Anomeric Effect

16:50-17:00 Poster & Lecture awards
17:00-18:00 Annual MGMS-DS General Meeting
19:00-22:00 Model(l)ing’09 Registration and Mixer / Exposition

Schedule |Page 11



Page 12 | Schedule

o
Q. Program Tuesday, September 8t 2009
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E' 09:00-10:00 Frank Neese
gQ University of Bonn, Germany
) Catalysis with Iron — How does nature do it?
O
0p)]
a
=
& DRUG DESIGN 1 METHODS QUANTUM
=3 10:30-11:00 Curt Breneman Tomasz Wesolowski
a Rensselaer Polytechnic Institute University of Geneva, Switzerland
Troy, NY
11:00-11:30 Robert Klein Andreas Gorling
Bayer CropScience AG, Frankfurt University of Erlangen-Niirnberg,
a. M., Germany Germany
11:30-12:00 Thierry Langer Marek Sierka
University of Innsbruck, Austria Humboldt Universitét Berlin, Germany
12:00-12:30 Frank Bockler Robert Berger
LMU Miinchen, Germany Frankfurt Institute for Anvanced
Studies, Germany
14:00-15:00  Richard Catlow
University College London, UK
Computer Modelling of Microporous and Oxide Catalysts
DRUG DESIGN 2 METHODS - CLASSICAL
15:30-16:00 Peter Gmeiner Jonathan Essex
University of Erlangen-NUirnberg University Southampton, UK
16:00-16:30 David Ritchie Robert Deeth
LORIA, Nancy, France University of Warwick, UK
16:30-17:00 Christian Kramer Matthias Ullmann
University of Erlangen-Niirnberg, University of Bayreuth, Germany
Germany
17:00-17:30 Alex Tropsha Yves Muller
University of North Carolina University of Erlangen-Niirnberg,
at Chapel Hill Germany
17:30-19:30 Poster Session 1



Program Wednesday, September 9t 2009

09:00-10:00

10:30-11:00

11:00-11:30

11:30-12:00

12:00-12:30

14:00-15:00

15:30-16:00

16:00-16:30

16:30-17:00

17:00-17:30

17:30-19:30

20:00

Leo Radom
University of Sydney, Australia

Transition-Metal-Free Hydrogenation and Hydrogenolysis: A Computational

Approach.

DRUG DESIGN 3

Mike Hann
GlaxoSmithKline, Stevenage, UK

Dave Winkler
CSIRO Molecular and Health Tech-
nologies, Clayton South, Australia

Gisbert Schneider
University of Frankfurt/Main,
Germany

Trevor Howe
Johnson & Johnson, Beerse, Belgium

Arieh Warshel
University of Southern California, CA

MATERIALS

Paul Cox
University of Portsmouth, UK

Dirk Zahn
Max Planck Institute for Chemical
Physics of Solids, Dresden, Germany

Christof Jager

University of Erlangen-Niirnberg,
Germany

Klaus Mecke

University of Erlangen-Niirnberg,
Germany

Multiscale Modeling of Biological Functions

BIOPOLYMERS 1

Harald Lanig
University of Erlangen-Ndirnberg,
Germany

Thomas Exner
University of Konstanz, Germany

Johan Aqvist
Uppsala University, Uppsala, Sweden

Rainer Bockmann
Saarland University, Saarbriicken,
Germany

Poster Session 2

Entla’s Keller (Erlangen Biergarten)

PERSPECTIVES

Andrew Torda
University of Hamburg, Germany

Marcus Meuwly
University of Basel, Switzerland

Holger Gohlke
University of Diisseldorf, Germany

Dirk Guldi
University of Erlangen-Niirnberg,
Germany

Schedule |Page 13
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Program Thursday, September 10t 2009

09:00-10:00 Pavel Jungwirth
Academy of Sciences of the Czech Republic, Prague

lons at Aqueous Interfaces: From Water Surface to Hydrated Proteins.

10:00-10:30 Frank Blaney “Historic Reflections”
KA Research, Edmonton, London, UK

3[NPAYDS 60, SUI([)[OPON

BIOPOLYMERS 2 REACTION MECHANISMS 1
11:00-11:30 Frank Blaney Tatyana Shubina
KA Research, Edmonton, University of Erlangen-Niirnberg,
London, UK Germany
11:30-12:00 Heinrich Sticht Per Siegbahn
University of Erlangen-Niirnberg, Stockholm University, Sweden
Germany
12:00-12:30 Jifi Sponer Martin Kaupp
Academy of Sciences of the Czech University of Wiirzburg, Germany

Republic, Prague

12:30-13:00 Charlie Laughton Michael Biihl
University of Nottingham, UK University of St Andrews, UK

14:30-19:00 Excursion (Niirnberg)

19:00 Conference Dinner (Imperial Castle Niirnberg)

Page 14 | Schedule



Program Friday, September 11t 2009

09:00-10:00 Andreas Hirsch

University of Erlangen-Nurnberg, Germany

tba

FUNCTION OF PROTEINS REACTION MECHANISMS 2
10:30-11:00 Kennie Merz Tore Brink

3[NPAY2S 60.3UL(])[OPON

University of Florida, Gainesville, FL Royal Institute ofTechnology (KTH),
Stockholm, Sweden

11:00-11:30 Andreas Goller Rainer Koch
Bayer Schering Pharma AG, University of Oldenburg, Germany
Wuppertal, Germany

11:30-12:00 Nigel Richards Peter Politzer
University of Florida, Gainesville, FL University of New Orleans, LA

12:00-12:30 Wolfgang Brandt Henrik Zipse
Leibniz Institute of Plant Biochemistry, LMU Munich, Germany
Halle(Saale), Germany

14:00-15:00 Claus-Wilhelm von der Lieth Medal (MGMS-DS)

15:00-15:20 Poster prizes and closing remarks
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Molecular Modelling Workshop 2009 Posters

P01 Syed Sikander Azam  Structural and Dynamical Properties of Germanium(ll) in Wa-
ter: an Unusual Hydration Structure Revealed by a Quantum
Mechanical Charge Field Molecular Dynamics Study

P02 Caroline M. Becker Improving the Binding Affinity of the TEM1-BLIP Complex
Using Computational Mutation Scannings

$19)s04 doys3Io p\

P03 Frank Beierlein A DFT-QM/MM-Approach to Consider Polarization in Pro-
tein-Ligand Binding Free Energy Calculations

P04 Rainer A. Bockmann Free energy study of ion permeation through gramicidin

P05 Fabian Bos Multi-Parameter Scoring Functions for Ligand- and Struc-
ture-Based De Novo Design

P06 Claudia Caudai 3D Molecular Animation and Scientific Representation with
Blender
P07 Pia Dirauf Viral Envelope Fusion Proteins: Exploring Conformational

Change with Computational Methods

P08 Simon M. Eckard Saturating Dangling Bonds with GHO — Recent Develop-
ments
P09 Federico Filomia Computational insight into DFG-in/out transition mechanism

in MAPKSs p38a.

P10 Juliane Fischer Modelling of a short-chain dehydrogenase/reductase and in
silico screening for potential ligands

P11 Susanne von Structure Based Modeling on Liver X Receptors
Grafenstein
P12 Robert Giinther Docking Reliability (Dr) — A Simple Measure to Compare Dif-

ferent Docking Approaches

P13 Jochen Heil Prediciton of aqueous acidities and tautomer ratios by em-
bedded cluster integral equation theory

P14 Leonhard Matthias Modeling of the influenza A virus protein PB1-F2
Henkes
P15 Matthias Hennemann  CypFit: A Cavity-Based Approach for the Prediction of Sites
of P450-Mediated Metabolism

P16 Thomas Herberg Conformational Analysis of Peptoids
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Molecular Modelling Workshop 2009 Posters

P17

P18

P19

P20

P21

P22

P23

P24

P25

P26

P27

P28

P29

P30

Peter-Paul Heym

Anselm H. C. Horn

Christian Jager

Christophe Jardin

Kristin KaBler

Alrun N. Koller

Hannes Kopitz

Stanislav Kozmon

Kristian Errebo Krantz

Michael Kreim

Zdenék Kiiz

Dennis M. Kriiger

Klaus R. Liedl

Jesper J. Madsen

Protein modelling of Arabidopsis thaliana L. PARP-1 and
pharmacophore design

AB42 Oligomers Emerging from Fibrils: Elucidating Effectors
in Alzheimer’s Disease

s191s04 doysyiopm

Application of Structure and Ligand based Methods for the
Investigation of the Flexibility of Loop Regions within a Cyclin
Dependent Kinase (CDK) and the Prediction of a possible
Binding Mode of Highly Selective Inhibitors

Specific Recognition of STAT Factors by Dual-Specificity
Phosphatases

Elucidation of Oligomerization Differences in Pathogenic
Alzheimer’s AB42-Amyloid Variants

Temperature Jump Simulation of a 3-Hairpin by Molecular
Dynamics Simulations

Neither small nor unimportant, yet overlooked: How much
unbound ligands contribute to the thermodynamic inhibition
profile of thrombin inhibitors

Search for the Potencial Glycosyltransferase Inhibitors
— Docking Study

Controlling the hydrolysis rate of secretory phospholipase
A2 by designing phospholipid analogs: an MD and QM/MM
study

Equilibration time of transmembrane potentials in ion chan-
nel simulations

Investigating effect of ionic strength on conformational be-
havior of beta amyloids

Elastic potential grids: Accurate and efficient representation
of intermolecular interactions for fully-flexible docking

Shape Based Screening and Thermodynamic Characteriza-
tion of Minor Groove Binding Ligands

Enzymatic hydrolysis of cellulose fibers: A computational
study
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Molecular Modelling Workshop 2009 Posters

P31 Daniele Narzi Evidence for Proton Shuffling in a Thioredoxin-Like Protein
during Catalysis

P32 Giil Altinbas Ozpinar  Semi-empirical and DFT Study on Urea Clusters

$19)S04 doys3Io p\

P33 Christopher Pfleger Improved consistency of protein flexibility analyses by fluctu-
ating hydrogen bond networks

P34 Felix Rausch Detailed investigation of the catalytic mechanism of monoter-
pene synthases by combined quantum and molecular me-
chanical calculations

P35 Eva Schulze Modeling of a monoterpene synthase and analysis of product
distribution

P36 Riad Schulz Selectivity of New Fluorogenic Caspase 8 Tetrapeptide
Substrates can be Rationalized with Automated Docking
Analysis

P37 Farag Selim Homology modelling of the human adenosine A2B receptor

based on X-ray structures of bovine rhodopsin, the 32-ad-
renergic receptor and the human adenosine A2A receptor

P38 Bjorn Sommer CELLmicrocosmos 2.1: A Software Approach for the Model-
ing of three-dimensional PDB Membranes

P39 Peter R. Tentscher Aqueous solvation of small anions: polarization of the solvent
due to electron transfer

P40 Panesso Ingrid Liliana Rescuing the p53 Function by Disrupting the MDMX-p53 In-
Vargas teraction via In Silico Screening of Potent Antagonists

P41 Simon Michael Vogel = Towards a Reproducible Generation of Test Sets for the
Evaluation of in silico Screening Methods by Immediate
Neighborhood Classification

P42 Rainer Wilcken Halogen bonding as valuable interaction in drug design — In-
vestigation of interaction types by Quantum Chemical calcu-
lations

P43 Jurgen Wittmann Rational Design of Enzyme Promiscuity by Molecular

Model(l)ing: Theoretical Concepts towards non-Natural Bio-
catalytic Reactions

P44 Marcel Youmbi Foka Solvation Models based on the Multipole Electrostatic Ap-
proach with Minimal Valence spd-basis sets
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P45 Marco Matthies RNA Sequence Design, Newtonian Dynamics and Mean
Fields

s191s04 doysyao
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Model(l)mg 09 Posters (Session 1)

P01 Caroline M. Becker Design of Protein Interaction Surfaces: Prediction of Mutational
Effects on Protein-Protein Binding

P02 Rainer A. Béckmann Free energy study of ion permeation through gramicidin

S19150d 60.3Ul(])[oPON

P03 Claudia Caudai 3D Molecular Animation and Scientific Representation with
Blender
P04 Pia Dirauf Viral Envelope Fusion Proteins: Exploring Conformational

Change with Computational Methods

P05 Guillermina Estiu Computer Aided Molecular Design Studies of HDAC Inhibitors

P06 Federico Filomia Computational insight into DFG-in/out transition mechanism in
MAPKSs p38a.

P07 Georgios Fradelos The cooperative effect of the hydrogen-

bonded chains in the environment of a 1 — 1 chromophore

P08 Robert Giinther Docking Reliability (Dr) — A Simple Measure to Compare Differ-
ent Docking Approaches

P09 Matthias Hennemann  CypFit: A Cavity-Based Approach for the Prediction of Sites of
P450-Mediated Metabolism

P10 Thomas Herberg Conformational Analysis of Peptoids

P11 Anselm H. C. Horn AB42 Oligomers Emerging from Fibrils: Elucidating Effectors in
Alzheimer’s Disease

P12 Christophe Jardin Specific Recognition of STAT Factors by Dual-Specificity
Phosphatases
P13 Antreas Kalli Investigation of Talin Interactions with Lipid Bilayers using

Coarse-Grained Molecular Dynamic Simulations

P14 Thomas W. Keal QM/MM excited state optimisation with DL-FIND and Chem-
Shell
P15 Alexander Klenner Self-organizing binding pose generation for adaptive ligand-re-

ceptor docking

P16 Kristian Errebo Krantz Controlling the hydrolysis rate of secretory phospholipase A2
by designing phospholipid analogs: an MD and QM/MM study
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Model(l)lng 09 Posters (Session 1)

P17

P18

P19

P20

P21

P22

P23

P24

P25

P26

P27

P28

P29

P30

Zdenék Kfiiz

Alexandre S.
Lawrenson

Miguel Machuqueiro

Adrian Malik

Aymeric Nabmé

Chanisorn Ngaojampa

Giil Altinbag Ozpinar

Horacio Pérez-

Sanchez

Felix Rausch

Jeffrey R. Reimers

Tobias Schmidt

Eva Schulze

Farag Selim

Bjorn Sommer

Investigating effect of ionic strength on conformational behav-
ior of beta amyloids

Quantitative-Structure Activity Relationships for a Series of
Aminoquinoline Compounds Against Chloroquine Sensitive
and Resistant Strains of the Malaria Parasite
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The role of the biological membrane on kyotorphin’s conforma-
tional space.

Design of telomere targeting agents

Molecular dynamics simulation of 8-oxoguanine containing
DNA fragment reveals altered hydration and ion binding pat-
terns

Development and validation of a new mesoscopic model for
double helical DNA

Theoretical Investigation on Vilsmeier-Haack Complex Forma-
tion

High throughput in-silico screening against flexible protein
receptors

Detailed investigation of the catalytic mechanism of monoter-
pene synthases by combined quantum and molecular mechan-
ical calculations

Quantum consciousness is shown not to be biologically feasi-

ble by modelling Frohlich condensates, by modelling entangle-
ment at the MP2 and CASPT2 levels, and by consideration of

microtubule dynamics

In Vitro-Driven Virtual Screening for Dengue Virus Methyltrans-
ferase Inhibitors

Modeling of a monoterpene synthase and analysis of product
distribution

Homology modelling of the human adenosine A2B receptor
based on X-ray structures of bovine rhodopsin, the f2-adrener-
gic receptor and the human adenosine A2A receptor

CELLmicrocosmos 2.1: A Software Approach for the Modeling
of three-dimensional PDB Membranes
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Molecular Docking Studies to Gain Insights into Binding Inter-
actions of Novel DACA Analogs - G-Quadruplex DNA.

Systematic Studies on the Influence of Ligand
Protonation in ProteinLigandDocking

RNA Sequence Design, Newtonian Dynamics and Mean Fields

Open3DQSAR: a new open-source pharmacophore explorer
based on chemometric analysis of molecular interaction fields

Prediction of ligand binding free energies of novel thiobarbitu-
rates to the human NAD+ dependent histon deacetylase Sirt2

To Kill the Immortal: Systematic Evaluation and Application of
a Virtual Screening Protocol for Inhibitors of the X-linked inhibi-
tors of Apoptosis

Targeting the Y220C mutant of the tumor suppressor pro-
tein p53: Virtual screening and biophysical testing to-
wards new scaffolds for protein stabilization
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A DFT-QM/MM-Approach to Consider Polarization in Protein-
Ligand Binding Free Energy Calculations

Virtual Screening for R-Groups Including Prediction of Activity
Contributions

Molecular Dynamics Studies on Triply Interlocked Capsule:
Structural and Diffusion Studies
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Saturating Dangling Bonds with GHO — Recent Developments

Using GAFF in Phospholipid Membrane Simulations: the effect
of a calix[4]arene derivative in a DOPC bilayer

Modelling of a short-chain dehydrogenase/reductase and in
silico screening for potential ligands

ProBinder: Protein-Protein Docking
Conformer generation: Identifying and learning from failures

Virtual screening for covalently bound compounds to disrupt
protein dimerization of thymidylate synthase

Protein modelling of Arabidopsis thaliana L. PARP-1 and phar-
macophore design

Bioisosteric Similarity of Molecules Based on Structural Align-
ment and Observed Chemical Replacements in Drugs

Flexible 3D alignment and its application in virtual screening

Elucidation of Oligomerization Differences in Pathogenic
Alzheimer's AB42-Amyloid Variants

New relationships between bond order and bond length

Search for the Potencial Glycosyltransferase Inhibitors — Dock-
ing Study

Expect the Unexpected — Ligand Binding Modes in Pde4
Structural mobility of the anthrax toxin and search for inhibitors

Molecular dynamics-QM/MM Quenching as a Tool for Struc-
ture-based Drug Design: Increasing the Potency of Inorganic
Polyhedral Metallacarboranes as Novel HIV Protease Inhibitors
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Enzymatic hydrolysis of cellulose fibers: A computational study
The Expanded o-Hole Concept

Evidence for Proton Shuffling in a Thioredoxin-Like Protein dur-
ing Catalysis

Multiscale modeling of drug-induced arrhythmia: the hERG
potassium channel level

Understanding Carbonyl-Carbonyl Self-contacts in High Reso-
lution Protein Crystal Structures: Quantum Mechanical Calcula-
tions and Molecular Dynamics Study

Water exchange processes on solvated zinc cations.
[Zn(H,0),L],+-2H,0 with L = sp, sp2, sp3 nitrogen donor
ligands

Increasing the temperature optimum of Pseudomonas fragi
lipase - A molecular dynamics study

Application of Multiple Microsecond Molecular Dynamics Simu-
lations and Quartz Crystal Micxrobalance Experiments to the
Study of Ligand Recognition by the Major Urinary Protein.

Selectivity of New Fluorogenic Caspase 8 Tetrapeptide Sub-
strates can be Rationalized with Automated Docking Analysis

Molecular Simulation of Sodium lons at their Allosteric Binding
Sites in the Dopaminergic D2 Receptor

A Novel Drug for Uncomplicated Malaria: Chemoinformat-
ics Methods for Compound Selection in a High Throughput
Screening Program

Direct simulation of electron transfer reactions in DNA radical
cations

Revisiting EPR pr oper ties of Nitr ic oxide bound Myoglobin
with High Field EPR spectr oscopy and QM/MM calculations

Aqueous solvation of small anions: polarization of the solvent
due to electron transfer
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P33 Frank Tristram Implementation of Backbone Flexibility on In-Silico Drug Dis-
covery

P34 Panesso I. L. Vargas Virtual Screening for novel inhibitors of the pVHL-HIF1a-inter-
action as a therapeutic approach in ischemic diseases

P35 Tim Werner Identification of preferred binding pockets in the Histamine H4
Receptor using pseudoreceptor-based pocket selection and
Molecular Dynamics Simulation
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14:00-14:25

Design of Protein Interaction Surfaces:
Prediction of Mutational Effects on Protein-Protein Binding

Caroline M. Becker?, Alexander Benedix!, Bert L. de Groot2, Amedeo
Caflisch3, and Rainer A. Bockmannt*

'"Theoretical and Computational Membrane Biology, Center for Bioinformatics Saar, Saarbrticken,
Germany

2Computational Biomolecular Dynamics Group, MPI for Biophysical Chemistry, Géttingen, Germany
2Department of Biochemistry, University of Zirich, Zirich, Switzerland

*Correspondence to rainer@bioinformatik.uni-saarland.de
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Proteins are involved in most processes in the cell and therefore an important target in
pharmaceutical research. The activity of processes can be influenced by modifying the
stability or the binding behavior of the involved proteins by mutation. For an efficient
identification of possible mutation-sites a fast calculation of the free energy of proteins is
crucial.

Here we developed and implemented a fast and reliable method (CC/PBSA) [1] for the
prediction of the change in stability of proteins and binding affinity of protein-protein
complexes upon mutation. The energy function of CC/PBSA is based on gas phase
energies, solvation free energies and entropic contributions. The protein flexibility is
taken into account by generating random conformations based on geometrical
constraints only applying the CONCOORDI[2] program. CC/PBSA was developed and
validated on a test set of more than 900 mutants of various proteins and protein-protein
complexes, including non-alanine, non-conservative and multiple mutations.

We applied CC/PBSA on the TEM1-BLIP complex, which is important in bacterial antibiotic
resistance. The results of single- and double-point alanine scanning are used to detect
hot spots, cooperative effects, and the corresponding energy distribution. These binding
propensities allow us to suggest complexes with increased binding affinity and stability.
CC/PBSA is freely accessible on our web-server:
http://ccpbsa.bioinformatik.uni-saarland.de Figure 1. (a) FIeXIbIIIty

included in CC/PBSA by
generating a realistic
conformational
ensemble using
CONCOORDI2].

(b) Color-coded change
in flexibility upon
B_TRP52ALA mutation
in an antigen-antibody
complex (1vfb).
Regions with increased
flexibility

are colored dark.

[1] Benedix A., Becker C. M., de Groot B. L., Caflisch A., and Béckmann R. A. Predicting Free Energy
Changes Using Structural Ensembles, Nature Methods 6 (2009), 3-4.

[2] de Groot B. L., van Aalten D. M. F., Scheeck R. M., Amadei A., Vriend G, and Berendsen H. J. C.
(1997) Prediction of protein conformational freedom from distance constraints, Proteins 29, 240-251.
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14:25-14:50

From structures to hot-spots to inhibitors. Knowledge-driven design of
peptidomimetic modulators of a protein-protein interaction.

Metz, A., Frankfurt am Main/D, Schanda, J., Frankfurt am Main/D,
Becker, Y., Frankfurt am Main/D, Wichmann, C., Frankfurt am Main/D,
Koch, J., Frankfurt am Main/D, Grez, M., Frankfurt am Main/D
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Prof. Dr. Holger Gohlke,
Heinrich-Heine-Universitat Disseldorf, Universitatsstr. 1, 40225 Disseldorf

Homotetramerization of the a-helical NHR2 domain of the AML1/ETO fusion protein is
an essential prerequisite for the onset of acute myeloid leukaemia (AML) in 12 % of all
cases. Inhibiting this tetramerization from NHR2 dimers efficiently prevents
carcinogenesis. " 2 Here, we combine computational and experimental methods with
the aim to design a small molecule binding to the tetramerization interface in order to
inhibit NHR2 tetramerization.

For a rational design of peptidic and peptidomimetic inhibitors of NHR2 tetramerization,
we first determine the hot-spots of binding by a MM-GB/SA binding free energy
decomposition. ! In the second step, we use the hot-spot information to identify a
peptidic lead, which is further optimized by a peptide array affinity assay.” The
optimization cycle is assisted by a sequence-sensitive physicochemical QSAR
(quantitative structure activity relationship) model based on data from the affinity assay.
In the last step, drug-like modulators will be designed by decorating an a-helix mimetic
teroxazole scaffold ™ with analogs of essential side chains identified in previous steps.

RS

determine optimize peptide transfer properties
hot-spots starting from hot-spots  to peptidomimetic

Following this strategy, we were already able to successfully identify hot-spot residues
in the NHR2 tetramerization interface and confirm them in a cell-based assay and
mouse model. Likewise, a 18mer containing these hot-spots was found to inhibit NHR2
tetramerization, albeit at millimolar concentrations.

Literature:

[1] C. Wichmann, L. Chen, M. Heinrich, D. Baus, E. Pfitzner, M. Zérnig, O.G. Ottmann,
M. Grez, Cancer Res. 2007, 67, 2280.

[2] C.Wichmann, Y. Becker, H. Gohlke, M. Grez et al., unpublished data

[3] H. Gohlke, C. Kiel, D.A. Case, J. Mol. Biol. 2003, 330, 891.

[4] O. Brandt, U. Dietrich, J. Koch, Curr. Chem. Biol. (in press)

[5] C.P. Gomes, 2007, Goethe-University Frankfurt am Main (diploma thesis).
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Minor Groove of DNA as Target for Drug Design

Gudrun M. Spitzer, Klaus R. Liedl

Faculty of Chemistry and Pharmacy
University of Innsbruck
Innrain 52a
A-6020 Innsbruck, Austria
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Small minor groove binding molecules have been found to influence DNA-dependent
processes. Their affinity is high enough to prevent transcription factors from interaction
with the DNA. Some of the minor groove binders can be even designed to target only
specific DNA sequences. Thereby, they are able to influence transcription, which
provides the possibility to systematically regulate the synthesis of proteins. Unfortunately,
all highly sequence-selective minor groove binders have the same structural scaffold,
which includes a number of amide bonds, and therefore lack metabolic stability. We
adopted methods originating from chemoinformatics to merge experimental data with our
knowledge on the dynamics of the biomolecular interface of DNA. We demonstrated that
we are able to reproduce sequence specificity by a pharmacophore modeling approach [1]
and built a comprehensive database containing all known minor groove interactions
within complexes of DNA with different ligands [2]. An analysis of the database revealed
that the known minor groove binding scaffolds are far from optimally fitting the
hydrogen bonding patterns presented by DNA [3]. Therefore, screened compound
databases for new ligands. We validated the ligands by isothermal titration calorimetry to
understand the thermodynamics of ligand binding [4].

[1] Spitzer GM, Wellenzohn B, Laggner C, Langer T, Liedl KR, J. Chem. Inf. Model.
2007 May;47(4):1580-15809.

[2] Spitzer GM, Fuchs JE, Markt P, Kirchmair J, Wellenzohn B, Langer T, Liedl KR,
ChemPhysChem. 2008 Sep;9(18):2766-2771.

[3] Spitzer GM, Wellenzohn B, Markt P, Kirchmair J, Langer T, Liedl KR, J. Chem. Inf.
Model. 2009 Mar;49(4):1063-1069

[4] Spitzer GM, Fuchs JE, Biela A, Wellenzohns B, Klebe G, Liedl KR, to be published.
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15:15-15:40

The guanidine-thiourea catalyzed nitro-Michael reaction:

An ab initio study

Sebastian Schenker,” Tatyana E. Shubina,” Matthias Freund,* Svetlana B. Tsogoeva® and
Timothy Clark®

Chair of Organic Chemistry I, University of Erlangen-Nuremberg, Henkestrasse 42, 91054 Erlangen, Germany
®Computer Chemistry Center University of Erlangen-Nuremberg, Nigelsbachstr. 25, 91052 Erlangen, Germany
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Brenstedt-basic, Lewis-acidic bifunctional catalysts are gaining importance in organocatalysis. The
possibility of tuning the properties of bifunctional catalysts by modifying the spatial orientation of the
two active functional groups is highly attractive for organic chemists. A large number of successive
approaches have been reported up to date [1].

Recently, our group and that of Jacobsen reported the first successful application of primary amine-
thiourea organocatalysts with the synchronous dual activation of a nucleophile and an electrophile in
nitro-Michael addition reactions [2]. Based on this catalyst, a new type of chiral guanidine-thiourea
catalyst has been developed in our laboratory. In comparison to literature known thiourea-amine
catalysts, the catalyst shows superior activity, but only low enantioselectivity. An extensive DFT study
was carried out to rationalize the experimental findings. The study is based on a Model by Hamza et
al.[3] for amine thiourea catalysts which had to be extended due to the higher complexity and
flexibility of our system. With the computational data we are able to describe the effect of the unique
H-bond patterns formed by these types of catalysts and employ them to reproduce the experimental
findings. Based on the computational data, we propose an improved catalyst that will be investigated
in out laboratories.
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[1] a) J.-A. Ma and D. Cahard, Angew. Chem., 2004, 116, 46, b) M. Shibasaki and N. Yoshikawa,
Chem. Rev., 2002, 102, 21.

[2] a) S. B. Tsogoeva, S. Wei, Chem. Commun., 2006, 1451; b) H. Huang, E. N. Jacobsen, J. Am.
Chem. Soc., 2006, 128, 71; ¢) D. A. Yalalov, S. B. Tsogoeva, S. Schmatz, Adv. Synth. Catal.,
2006, 348, 826; d) M. P. Lalonde, Y. Chen, E. N. Jacobsen, Angew. Chem., 2006, 118, 6514;
Angew. Chem. Int. Ed., 2006, 45, 63; ) S. Wei, D. A. Yalalov, S. B. Tsogoeva, S. Schmatz,
Catalysis Today, 2007, 121, 151; f) K. Liu, H.-F. Cui, J. Nie, K.-Y. Dong, X.-J. Li, J.-A. Ma, Org.
Lett., 2007, 9, 923; g) D. A. Yalalov, S. B. Tsogoeva, T. E. Shubina, I. M. Martynova, T.
Clark, Angew. Chem. 2008, 120, 6726; Angew. Chem. Int. Ed. 2008, 47, 6624.

[3] Hamza, G. Schubert, T. So6s, 1. Papai, J. Am. Chem. Soc., 2006, 128, 13151.
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MOLECULAR SIMULATION
OF SODIUM IONS AT THEIR ALLOSTERIC BINDING SITES IN
THE DOPAMINERGIC D, RECEPTOR

$2IN)99T doysyIo M\

Jana Selent, Gianni De Fabritiis, Ferran Sanz and Manuel Pastor

Computer-Assisted Drug Design Laboratory, Research Unit on Biomedical Informatics
(GRIB), IMIM, Universitat Pompeu Fabra, Barcelona, Spain

Sodium ions have been shown to play an important role in the modulation of agonist and
antagonist binding to the well-known D3.32 of various G-protein coupled receptors
(GPCRs)'. The putative sodium binding site is assumed to be in the center of a pyramidal
hydrogen-bonding network formed by the residues D2.50, S3.39, N7.45, and S7.46% In
an effort to understand the mechanism of the sodium-induced effect on receptor function,
we investigated computationally the mobility of sodium ions in the sodium-sensitive D,
receptor embedded in a membrane bilayer environment under physiological ionic
strength conditions. Using long-term unconstrained molecular dynamics simulations for a
total of 10 ps, we studied for the first time the pathway of a sodium ion entering the
GPCR from the extracellular site along negatively charged residues into the receptor and
its electrostatic interaction in the pyramidal hydrogen-bonding network at D2.50. The
simulation reveals on one hand the energetics which drives sodium ion’s mobility. On the
other hand, the study discloses diverse sodium ion binding sites in between D3.32 and
D2.50 which we propose as being part of the sodium-induced effect on ligand binding in
the D, receptor.

Our finding supports the existence of a sodium ion trapped in the pyramidal hydrogen-
bonding network and provides novel implication of a sodium ion as an allosteric

modulator for sodium-sensitive GPCRs, an issue highly relevant in drug design.

1. Ericksen, S.S. et al. Ligand Selectivity of D2 Dopamine Receptors Is Modulated by Changes in Local
Dynamics Produced by Sodium Binding. J Pharmacol Exp Ther 328, 40-54 (2009).

2. Neve, K.A. et al. Pivotal role for aspartate-80 in the regulation of dopamine D2 receptor affinity for
drugs and inhibition of adenylyl cyclase. Mol Pharmacol 39, 733-9 (1991).
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Shedding light into the ribosomal exit tunnel via
flexibility analysis and molecular dynamics simulation

$2IN)09 T doysyIo M\

Simone Fulle, Holger Gohlke

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

The ribosome is a large ribonucleoprotein complex that carries out protein synthesis in all
kingdoms of life by translating genetic information encoded in mRNA into the amino
acid sequence of a protein. The nascent polypeptides escape the peptidyl transferase
center through the ribosomal exit tunnel that spans the entire large subunit. The tunnel is
involved in the control of co-translational protein folding processes, the regulation of
elongation and inhibition of the protein synthesis by antibiotics [1,2]. Most of the present
knowledge about the function of the ribosomal exit tunnel is derived from X-ray
crystallography. This only provides us with static snapshots along conformational
transitions, whereas the underlying dynamical processes remain largely unclear. E.g.,
there is still some disagreement over whether the ribosomal tunnel dynamically promotes
the passage of the nascent peptide chain or whether the peptides pass passively through
the tunnel.

First, I present global and local flexibility characteristics of the ribosomal exit tunnel
revealed by constraint counting on new topological network representations of large
ribosomal subunits from four different organisms [3,4]. The analyses provide critical
insights into the role of the ribosomal exit tunnel during protein synthesis. The flexibility
characteristics of the tunnel will be used to answer questions such as: Does the ribosomal
tunnel dynamically promote the passage of the nascent peptide chain or does it act as a
passive tube? To what degree can proteins fold in the tunnel? What is the origin of
species-selectivity of antibiotics binding?

The above flexibility analysis says nothing about the direction and amplitude of existing
motions and thus, questions related to the collective dynamics within the tunnel remain
unresolved. To bridge this gap, I will present results from an all atom MD simulation of
the large ribosomal subunit in explicit solvent.

[1] H. Nakatogawa, K. Ito, Cell/, 2002, 108, 629-636.

[2] S. Etchells, U. Hartl, Nat. Struct. Mol. Bio., 2004, 11, 391-392.
[3] S. Fulle, H. Gohlke, Biophy. J., 2008, 94, 4202-4219.

[4] S. Fulle, H. Gohlke, J. Mol. Biol., 2009, 387, 502-517
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Equilibration time of transmembrane potentials in ion channel
simulations
M. Kreim(%2), G. Thiel®, S. M. Kast(?

(1) Institut fiir Botanik,

Technische Universitat Darmstadt, Schnittspahnstr. 3, 64287 Darmstadt, Germany
(2) Eduard-Zintl-Institut fiir Anorganische und Physikalische Chemie,

Technische Universitat Darmstadt, Petersenstr. 20, 64287 Darmstadt, Germany
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The transmembrane potential in double lipid bilayer simulations arises physically from charge imbalan-
ces between cations and anions [1]. Although one would expect rapid equilibration of the ion distribu-
tion in a pure electrolyte solution, this is not the case if the ion density fluctuations are coupled to the
slow protein/membrane dynamics near the interface. Therefore, very long equilibration times can be
expected for properties such as the transmembrane potential that is given by inverting Poisson's equa-
tion using the average charge density as input.

Here we extend the blocking analysis for computing the statistical inefficiency [2, 3] in order to derive a
rigorous error estimate for equilibrium observables that are important for analyzing simulations of ion
channels in a solvated membrane environment. The inefficiency allows for an estimation of the correla-
tion time connected with fluctuating properties and serves as a correction in order to calculate reliable
error bars from variances. By treating the statistical inefficiency as a dynamic variable, we show that
equilibration times for electrolyte solutions exposed to a protein/membrane interface are much longer
than suggested by bare analysis of typical protein descriptors, such as backbone root mean square de-
viations. Results are presented for the Kev channel [4, 5] embedded in a lipid membrane in KCI solution,
subjected to both single as well as double bilayer geometry. For the latter, equilibration times and error
estimates for the transmembrane potential under various conditions are discussed.

Please note that the content of the talk is also presented as a poster.

[1] Sachs, J. N., Crozier, P. S., Woolf, T. B. (2004) Atomistic simulations of biologically realistic transmembrane
potential gradients. /. Chem. Phys. 121:10847-10851.

[2] Allen, M. P., Tildesley, D. J. (1989) Computer simulation of liquids. Oxford University Press.

[3] Jacucci, G., Rahman, A. (1984) Comparing the efficiency of Metropolis Monte-Carlo and molecular-dynamics

methods for configuration space sampling. Nuovo Cimento Della Societa Iltaliana Di Fisica D-Condensed Matter
Atomic Molecular and Chemical Physics Fluids Plasmas Biophysics. 4:341-356.

[4] Tayefeh, S., Kloss, T., Thiel, G., Hertel, B., Moroni, A., Kast, S. M. (2007) Molecular dynamics simulation of the
cytosolic mouth in Kcv-type potassium channels. Biochemistry46:4826-4839.

[5] Tayefeh, S., Kloss, T., Kreim, M., Gebhardt, M., Baumeister, D., Hertel, B., Richter ,C., Schwalbe, H., Moroni,
A., Thiel, G., Kast, S. M. (2009) Model development for the viral Kcv potassium channel. Biophys. J. 96:485-498.
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Utilizing Computational Chemistry Methods as Educational Tools
for Undergraduate Chemistry Courses

Mima Staikova

Chemistry Department, University of Toronto

$2IN)09 T doysyIo M\

Student exposure to computational methods as part of the undergraduate
curriculum became a reality in the Chemistry Department, University of Toronto, during
the last few years. Recently, one 300-level course, and three 400-level courses included
“hands-on” quality quantum mechanical computational methods based on the Gaussian
computational suite of programs which proved to be extremely beneficial to the learning
process.

Expanding further the involvement of theoretical methods to additional senior
level courses through new approaches for computer modeling, particularly in the fields of
bioorganic and bioinorganic chemistry will enrich the undergraduate learning, and make
the graduates more competitive on the job market in the areas of biotechnology,
pharmaceutical drug development, and materials science.

Several examples will be presented to illustrate the involvement of molecular
modeling applications in the Chemistry curriculum.
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17:40-18:05

CELLmicrocosmos 2.1 Workshop:
Applications in simplified Modeling of three-dimensional PDB Membranes

Sommer, B.*, D-33615, Dingersen, T., D-33615, Schneider, S., D-85748,
Rubert, S., D-33615, Gamroth, C., D-33615

*Bjorn Sommer, University of Bielefeld, Universitatsstralie 25, 33615 Bielefeld,
bjoern@CELLmicrocosmos.org

Background: Only a few programs support membrane computation and/or modeling. They
enable the user to create very simple structured membrane layers and usually assume a
high level of knowledge. Much work need to be invested, before the sophisticated work
dealing with algorithms can begin. The CELLmicrocosmos 2 project develops a tool
providing a user-optimized, modular and scalable concept for the computation of
membrane (bi-)layers: The MembraneEditor (CmME).

$2IN)99T doysyIo M\

Results: To accelerate the membrane generation process, the computation is geometry-
based, supporting fast to more complex membrane generations. CmME is based on the
integration of two different types of PDB [1] models: Lipid models, provided for example by
the HIC-UP database [2], are integrated with editable percental distribution values and
algorithms. Proteins are inserted and aligned manually into the bilayer by a user interface.
The resulting membrane is exported in PDB format. Compatibility with other programs is
provided by extensive export settings. High lipid densities are possible through advanced
packing algorithms. A Plugin-Interface supports the development of applied distribution
algorithms.

Conclusions: CmME has been extended and tested to meet the requirements of different
PDB visualization programs as well as molecular dynamics (MD) simulation environments
like Gromacs [3]. The documentation and a Java Webstart version, requiring only an
internet connection and Java 6, are accessible at:

http://Cm2.CELLmicrocosmos.org o g g el K

Workshop: The workshop will focus at different application areas:
- How to model and visualize different Membrane Compositions.
- How to choose the appropriate algorithm.

- How to generate MD compatible membranes.

- How to develop own algorithms using the Plugin-Interface.

Outlook: The support of multilayers, an automatization
process for protein placement and access to the atomic 2 e
level for the membrane algorithms will be integrated to meet the
advanced requirements of the simulation community. In the near future,

exported membranes additionally could be integrated into virtual cell environments.

References:

[1] Berman HM, Westbrook J, Feng Z, Gillland G, Bhat TN, Weissig H, Shindyalov IN, Bourne PE: The
Protein Data Bank. In: Nucleic Acids Research, Volume 28. Oxford University Press, Oxford, 2000: 235-242.
[2] G.J. Kleywegt and T.A. Jones: Databases in protein crystallography. Acta Cryst, D54:1119-1131. CCP4
Proceedings, 1998.

[3] Lindahl E, Hess B, van der Spoel D: GROMACS 3.0: A package for molecular simulation and trajectory
analysis. In: J. Mol. Mod. 7, 2001: 306-317.
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Comparing Apples and Oranges —
How Reliable are Molecular Docking Tools?

Vigneshwaran Namasivayam, Robert Giinther*

Institute of Biochemistry, Faculty of Biosciences, Pharmacy und Psychology,
Leipzig University, Leipzig, Germany

*E-mail: robguent@uni-leipzig.de
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The development a novel drug is a time consuming and expensive process. Besides the
identification of the target, a significant amount of time and money is required to screen large
libraries of compounds for drug candidates. Computational methods, namely molecular docking
techniques, play, thus, an important role in the drug discovery process. Employing these techniques,
scientists hope to identify novel drug candidates by screening chemical libraries in silico.

2 <0
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A number of different molecular docking approaches have emerged in the last two decades. As all
of these methods employ different algorithms and methods to create and evaluate the proposed
protein-ligand complexes, a direct comparison is difficult. Moreover, some programs might be
particularly more suited for docking on certain classes of proteins, e.g., kinases or proteases.

In this presentation, we will introduce a novel measure to compare the reliability of docking
methods: the Docking Reliability (DR). This measure can be regarded as a standard deviation of all
predicted protein-ligand poses of a data set with respect to the experimentally determined structures.
In contrast to the commonly used average rmsd value, it considers wrongly predicted poses of a
data set more stringent.

Based on a highly diversified data set comprising 100 protein-ligand complexes from the Protein
Data Bank, numerous well-established docking programs will be compared. The resulting DR
values will help the scientist to determine that particular docking program, which delivers the most
reliable results with respect to the target under investigation.

Acknowledgement. The author acknowledges support of this work by the Deutsche Forschungs-
gemeinschaft (SFB 610).
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Structural mobility of the anthrax toxin
and search for inhibitors
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T.E. Malliavin!

I Structural Bioinformatics Unit, URA CNRS 2185, Institut Pasteur, 25-28, rue
du Dr. Roux, F-75015 Paris, France.

2 Biochemistry of Macromolecular Interactions, URA CNRS 2185, Institut Pasteur,
25-28, rue du Dr. Roux, 75015 Paris, France.

Among the toxins secreted by Bacillus anthracis, responsible for anthrax dis-
ease, the oedema factor EF is an adenylate cyclase that overproduces cAMP
from ATP. The accumulation of cAMP provokes cellular dysfunction and en-
ables EF to impair host immune defences (V). EF is activated by calmodulin
(CaM), involved in many calcium signalling pathways. The level of calcium
bound to CaM was shown to influence the stability and even the formation of
the EF-CaM complex (123),

The analysis of 15-ns molecular dynamics simulations of EF-CaM, CaM be-
ing loaded with zero, two or four Ca?* ions, permitted to characterise CaM
conformational plasticity and to propose a model for the EF-CaM interac-
tion ®). The electrostatic effect of calcium throughout the residue network of
the complex was also modelled, within a framework unifying dynamical cor-
relations and energetic influences (. Furthermore, the large conformational
transition undergone by EF upon interaction with calmodulin was described.
Calculations based on the Conjugate Peak Refinement algorithm (7 enabled
to obtain plausible intermediate conformations. Such conformations were used
to drive the search for inhibitors of the toxin, in an approach combining both
computational and experimental methods. The in silico strategy, involving
virtual screening of an allosteric pocket at the surface of the protein, identified
several active molecules able to fully inhibit EF activity ().

(1) Liddington (2002), Nature. 415:373-4. () Laine et al. (2008), Proteins. 71:1813-29.
(2) Drum et al. (2002), Nature. 415:396-402. (6) Laine et al. (2009), Biophys. J. 96:1249-63.
(3) Shen et al. (2005), EMBO .J. 24:929-41. () Fischer & Karplus (1992), Chem. Phys.

Lett. 194:252.
() Ulmer et al. (2003), J. Biol. Chem. 278:29261-6. () Laine et al. (2009), (in preparation).
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Bioisosteric Similarity of Drugs in Virtual Screening

Markus Kier, Michael C. Hutter*
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Center for Bioinformatics, Building C 7.1, Saarland University, Germany

Choosing compounds for screening is difficult problem due the vast chemical space. The
question is thus which compounds are most likely to be hits. The comparison of drugs
that all target the same enzyme, however, shows reoccurring chemical modification
throughout all therapeutic categories. These so-called bioisosteric replacements'
comprise simple exchanges of terminal atoms as well as more complex structural
modifications, such as ring closures or rearrangements of larger fragments. To detect and
evaluate all kinds of replacements we have designed an approach that adopts the
algorithmic concept used to assess the homology of amino acid sequences to chemical
molecules. The mutual exchange frequencies between distinct atom types are expressed
in a substitution matrix.”” Likewise, pair-wise alignment between the molecules is
constructed using dynamic programming,l3J with the compounds being represented as
unique SMILES. To obtain the actual exchange frequencies, we refined an initial matrix
based on observed chemical replacementsw by collecting the generated alignments of
1353 drugs from 33 therapeutic categories in an automated procedure. To compute the
mutual bioisosteric similarity between two molecules a specific function has been derived
that makes use of the alignmen‘[.ls J

To asses the suitability of this bioisosteric similarity for virtual screening, we compared
the recovery of known drugs against the background of other substances. The majority of
drugs possess a higher similarity within the same class than compared to substances from
the ZINC!® or the Prous Science Drugs of the Future database.” Likewise, drugs for the
same target are usually recovered at higher values of similarities than compared to other
methods based on most common substructure and fingerprint approaches. Moreover,
nondrugs without any pharmaceutical function exhibit considerably lower similarities
than actual drugs.

Furthermore, this bioisosteric similarity can be used to express the chemical diversity
within a given compound class. We found that e.g. inhibitors of the HIV Reverse
Transcriptase are more divers than Angiotensin-II Antagonists and Tetracycline
Antibiotics.

[1] G.A. Patani, E.J. LaVoie, Chem. Rev. 1996, 96, 3147.

[2] S. Henikoff, J.G. Henikoff, Proc. Natl. Acad. Sci. U.S.A. 1992, 89, 10195.
[3] T.F. Smith, M.S. Waterman, J. Mol. Biol. 1981, 147, 195.

[4] R.P. Sheridan, J. Chem. Inf. Comput. Sci. 2002, 42, 103.

[5] M. Krier, M.C. Hutter, J. Chem. Inf. Model. 2009, 49, 1280.

[6] http://zinc.docking.org

[7] taken from http://pubchem.ncbi.nlm.nih.gov/
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Towards the Application of Free Energy Calculations in Ligand Protein Binding Studies

Thomas Steinbrecher and Andreas Labahn

Universitét Freiburg, Institut fiir physikalische Chemie, Albertstr. 23a, 79104 Freiburg
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Abstract

Cells contain a multitude of different chemical reaction paths running simultaneously and
without interference next to each other. This amazing feat is enabled by molecular recognition, the
ability of biomolecules to form stable and specific complexes with each other and with their
substrates. A better understanding of this process, i.e. of the kinetics, structures and thermodynamic
properties of biomolecule binding, would be invaluable in the study of biological systems. In addition,
as the mode of action of many pharmaceuticals is based upon their inhibition or activation of
biomolecule targets, predictive models of small molecule receptor binding are very helpful tools in
rational drug design. Since the goal here is normally to design a new compound with a high inhibition
strength, its most important thermodynamic property is the binding free energy AG’. The prediction of
binding constants has always been one of the major goals in the field of computational chemistry,
because the ability to reliably assess a hypothetical compound's binding properties without having to
synthesize it first would save a tremendous amount of work. The different approaches to this question
range from fast and simple empirical descriptor methods to elaborate simulation protocols aimed at
putting the computation of free energies onto a solid foundation of statistical thermodynamics. While
the later methods are still not suited for the screenings of thousands of compounds that are routinely
performed in computational drug design studies, they are increasingly put to use for the detailed study
of protein ligand interactions. This talk will focus on molecular mechanics forcefield based free energy
calculations and their application to the study of protein ligand interactions. We will describe recent
advances in methodology and some exemplary studies of molecular dynamics simulation based free

energy calculations.
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A Systematic Search for Scaffold Hops in PubChem

Kerstin Hohfeld,** Andreas Teckentrup” and Timothy Clark™*

“ Computer-Chemie-Centrum, Department Chemie und Pharmazie, Friedrich-
Alexander-Universitdt Erlangen-Niirnberg, Négelsbachstrafie 25, 91052 Erlangen,
Germany .
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b Boehringer Ingelheim Pharma GmbH & Co. KG, Department of Lead Discovery,
Boehringer Ingelheim Pharma GmbH & Co. KG. 88397 Biberach, Germany

Scaffold hopping is the bioisosteric replacement of structural elements of a molecule
and plays an important role in lead optimization. The focus of this study was the
replacement process in which only the central core of a compound is substituted.'”
There are several computational ligand-based methods that propose these scaffold
replacements for a given query using different theoretical backgrounds. Surprisingly,
retrospective examples to validate the output of these programs are rare.

A systematic search for scaffold replacements was developed to extend the number of
known retrospective examples of scaffold hops. It was performed in datasets of active
compounds of 71 selected PubChem bioassays. The method searches for molecule
pairs with common but disconnected substructures because these are candidates for
scaffold hopping. A set of selected scaffold hop candidates was aligned with the
programs FieldAlign® and ParaFit* to explore the agreement in interaction potential of
the according scaffold pairs. As both programs use a combination of electronic
features and shape information for the alignment, a scaffold hop is supposed to show a
high score for the alignment that conserves the orientation of the common
substituents.

The search identified several scaffold replacements in the PubChem experimental data
that also possess bioisosteric similarity and that therefore represent retrospective
examples of successful scaffold hops.

[1] Mauser, H., Guba, W. Recent developments in de novo design and scaffold hopping (2008)
Current Opinion in Drug Discovery and Development, 11 (3), pp. 365-374.

[2] Bohm, H.-J., Flohr, A., Stahl, M. Scaffold hopping (2004) Drug Discovery Today:
Technologies, 1 (3), pp. 217-224.

[3] FieldAlign Version 2.0.1, Cresset BioMolecular Discovery Ltd., UK

[4] ParaFit’08, Cepos InSilico Ltd., UK
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Estimation of synthetic accessibility score
of drug-like molecules
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Peter Ertl
Novartis Institutes for BioMedical Research, Basel, Switzerland

peter.erti@novartis.com
http://peter-ertl.com

Ranking, or prioritization of molecules is needed in many areas of modern drug
discovery process. Molecules are normally prioritized according to criteria such as
drug-like properties, natural-product likeness, predicted biological activity or freedom
to operate with respect to intellectual property. Since sooner or later the selected
structures will be resynthesized or derivatized, prioritization also by their synthetic
accessibility, should be included early on.

The method for estimation of synthetic accessibility score (SAscore) which we have
developed at Novartis and is presented here is based on a combination of fragment
contributions and a complexity penalty. Fragment contributions have been calculated
based on the analysis of fragments in one million representative molecules from
PubChem and therefore one can say that they capture historical synthetic knowledge
stored in this database. The molecular complexity score takes into account the
presence of non-standard structural features, such as large rings, non-standard ring
fusions, stereocomplexity and molecule size. The method has been validated by
comparing calculated SAscores with ease of synthesis as estimated by experienced
medicinal chemists for a set of 40 molecules. The agreement between calculated and
manually estimated synthetic accessibility is very good with = 0.89.

Various possible applications of the new synthetic accessibility score in drug
discovery processes will be also discussed, including purchasing samples for
screening, selecting hits from high-throughput screening for follow-up, or ranking
molecules generated by various de novo design approaches.

See also:

P. Ertl and A. Schuffenhauer, Estimation of synthetic accessibility score of drug-like
molecules based on molecular complexity and fragment contributions, Journal of
Cheminformatics, 1:8 2009 (open access)

http://www.jcheminf.com/content/1/1/8
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Evidence for Proton Shuffling in a Thioredoxin-Like Protein
during Catalysis
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Daniele Narzi*, Shirley W. L. Siu*, C. U. Stirnimann, J.P.A. Grimshaw, R. Glockshuber,
G. Capitani, and Rainer A. Bockmann*

*Theoretical & Computational Membrane Biology,
Center for Bioinformatics, Saarland University,
P.O. Box 1511 50, 66041 Saarbriicken, Germany
E-mail: {narzi,rainer}@bioinformatik.uni-saarland.de

Proteins of the thioredoxin (Trx) superfamily catalyze disulfide-bond formation, reduction and
isomerization in substrate proteins. All members of the Trx family with thioldisulfide oxidore-
ductase activity contain the characteristic Cys-X-X-Cys motif in their active site. Here, using
Poisson-Boltzmann-based protonation-state calculations based on 100-ns Molecular Dynamics
simulations, we investigated the catalytic mechanism of DsbL, the most oxidizing Trx-like pro-
tein known to date!. We observed several correlated transitions in the protonation states of the
buried active-site cysteine and a neighboring lysine coupled to the exposure of the active-site
thiolate. These results support the view of an internal proton shuffling mechanism during oxida-
tion crucial for the uptake of two electrons from the substrate protein. Intramolecular disulfide-
bond formation is probably steered by the conformational switch facilitating interaction with the
active-site thiolate. A consistent catalytic mechanism for DsbL, probably conferrable to other
proteins of the same class, is presented®. Our results suggest a functional role of hydration en-
tropy* of active-site groups.

Figure 1. Switches in the active
site cysteine dihedral angles of
the thioredoxin-like protein DsbL

" R are suggested to induce a protein
o internal proton shuffling crucial
for the function of this enzyme.
4
~ _é_—,—
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380, 667-680, 2008.
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Eng. 10, 809-814, 1997.
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Prediciton of aqueous acidities and tautomer ratios by embedded
cluster integral equation theory
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The "embedded cluster reference interaction site model" (EC-RISM) approach combines statistical-
mechanical integral equation theory and quantum-chemical calculations in order to predict thermody-
namic data for chemical reactions in solution [1]. The electronic structure of the solute is determined
self-consistently with the structure of the solvent which is described by 3D RISM integral equation the-
ory. The coupling is achieved by mapping the continuous solvent-site distribution onto a set of discrete
background charges ("embedded cluster") and using it as an additional contribution to the molecular
Hamiltonian. Recent progress in the understanding of conceptual and numerical features of the integral
equation approximations [2] allows computations on hundreds of compounds in a reasonable time with
good accuracy.

We report results from the application of the EC-RISM methodology to the prediction of aqueous pA;
values and of tautomer ratios for small organic molecules. We discuss critically important parameters
that influence the accuracy of the approach, such as the adequate treatment of multiple conformations,
the choice of the quantum-chemical level of theory, as well as the force field governing nonpolar solute-
solvent interactions.

Please note that the content of the talk is also presented as a poster.

[1] Kloss, T., Heil, J., Kast, S. M. (2008) Quantum chemistry in solution by combining 3D integral equation theory
with a cluster embedding approach. J. Phys. Chem. B. 112:4337-4343.

[2] Kast, S. M, Kloss, T. (2008) Closed-form expressions of the chemical potential for integral equation closures
with certain bridge functions. /. Chem. Phys. 129:236101.
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Unique Water Entering Path into
Secretary Phospholipase A, Active Site

Arun K. Subramanian!?* and Giinther H. Peters?

1. School of Chemistry, University of Reading,Reading RG6 64D, Berkshire, UK,
2. MEMPHYS-Center for Biomembrane Physics, Department of Chemistry, Technical University of Denmark, DK-2800, Kgs. Lyngby, Denmark

Secretory phospholipases A, (sPLA,s) constitute a family of interfacially active mammalian
enzymes that catalyze the cleavage of sn-2 ester bond of glycerophospholipid substrates resulting
in lysophospholipid and free fatty acid [1]. sSPLA»-IIA has proven to be especially interesting in
therapeutic intervention since elevated levels of sPLA,-IIA is present in the microenvironment
surrounding different types of tumors [2]. This has provided the basis of a new tumor activated
drug delivery concept, which relies on the administration of sPLA, degradable liposomes, which
deliver and release the therapeutics at the site of the target tumor [3]. We have previously shown
that sPLA, can hydrolyze different phospholipid analogs with varying efficiency. The observed
differences in activities could be explained in terms of substrate-protein interactions impairing
with the catalytic reaction or steric hindrance interfering with an incoming water molecule that
acts as a nucleophile in the enzymatic reaction [4]. This observation raised the question whether
water molecules that act as the nucleophile enter the active site through a unique passage. To
address this question, we have performed a series of molecular dynamics simulations of sPLA,
complexed with natural substrate or a prodrug (chlorambucil covalently bound to phospholipid)
and focused mainly on the water movement. We have included the prodrug, since it has
experimentally been shown that the prodrug is more efficiently hydrolyzed by sPLA, than the
natural substrate. The simulations revealed that there is no “in-built” water channel in the
protein, but a previously reported hydrogen bonding network of sPLA, [5] acts as the water
attraction site (referred as anchor site — Fig.1A). Once water molecules are attracted into the
anchor site, they are guided by a diagonally placed aromatic residue located below it to move
towards His47. Upon forming contacts with His47 N, the catalytic water molecule gets adjusted
to sit in the right orientation with substrate C22 such that hydrolysis can occur. MD simulations
highlighted that binding of the prodrug results in displacing an aliphatic amino acid forming the
active site boundary, leading to enlargement of the anchor site cavity. Thus a 2 fold increase in
the inflow of bulk waters was observed into the active site of sPLA; - drug complex (Fig.1B).
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Fig.1. A. The geometry of amino acids inside the active site, B. Plots of relative water
counts into the active site.

[1] Murakami M., and Kudo, 1. (2004) Biol. Pharm. Bull. 27, 1158-1164.
[2] Laye, J. P., and Gill, J. H. (2003) Drug Discovery Today 8, 710-716.
[3] Andresen, T. L. et al. (2005) Curr. Drug Delivery 2, 353-362.

[4] Linderoth, L. et al. (2008) Biophys. J. 94, 14-26.

[5] Kanagaraj, S. et al. (1997) Biochem., 36, 3104-3114.
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In silico Mutations of Self-contacting Asp in a Protein DD-transpeptidase: Effects
Probed by Molecular Dynamics Simulations

Tuhin Kumar Pal? and R. Sankararamakrishnan®
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Non-covalent interactions have significant influence on the folding, structural stability and biological
function of proteins. They are also known to modulate the biomolecular dynamics. Majority of non-
covalent interactions occur between amino acids that are sequentially well separated. However,
certain amino acids can participate in non-covalent interactions due to intra-residue contacts. For
example, sidechains of Asp residues can interact with their own backbone functional groups. Our
earlier studies!! on two independent datasets of high-resolution protein crystal structures
demonstrated that a significant number of Asp residues are involved in sidechain (Oxy)...mainchain
(Nit) [SC(O)...MC(N)] type of self-contacts within a stringent cutoff of < 2.75A, many of them could
be attributed to self-hydrogen bonds. Residue accessible surface area calculations show that when
the self-contacting residues are buried they have less number of neighbouring polar contacts,
indicating they might exist in a relatively more hydrophobic environment. Such self-contacts
presumably occur to optimize the polar interactions with the exposed polar groups in a hydrophobic
environment. To keep the sidechain at close proximity to its mainchain, they exhibit a preference for
gauche® (g*,+60°) sidechain dihedral (N-C°~CP—CY, Chi1). Thus, it could be anticipated that their
role in maintaining local structural stability is of importance.

Crystal structures are snapshots and thus, represent a protein as a static molecule. But
in normal physiological conditions, proteins are in constant motion. To ascertain whether self-
contacts are maintained in a dynamic system and to unravel the structure-function relationship we
took to in silico mutations followed by molecular dynamics simulation (MD). We carried out multiple
MD on DD-transpeptidase'® (PDB: 1ES5) in which the self-contacting Asp residue (D97 in wildtype
protein, WT) is mutated to Ala (D97A), Thr (D97T) and Leu (D97L) based on structural studies on
DD-peptidase/p-lactamase superfamily. In another incidence we even changed the sidechain
dihedral from g* to g~ (—60°, the most preferred for Asp in general, CHI) to check the dihedral
preference to maintain self-contact. Intra-residue hydrogen bond due to SC(O)...MC(N) in self-
contacting D97 was restored (CHI) and was stable throughout the simulations for both CHI and WT.
For D97A the structure is highly destabilized as evident from the RMSD plot (red worm in Fig.1 and
D in panel figure). The structural deformation in helix-5 (blue in Fig.1) is quite distinct in D97A. Such
destabilization is due to loss of self-contact which instigate disruption of helix-helix interactions and
occurs almost 20A away from the mutation site (shown in arrow). Thus "in silico" mutation studies
reveal the importance of self-contacting residues in the structure and stability of proteins and their
possible role in the function of this protein. Our investigation hold promises to give structural insight
into conformational restructuring, active site modulation and drug resistance.
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References

[ 1]Pal, T.K. and Sankararamakrishnan, R. (2008). J. Mol. Graph. Model., 27: 20-33.
[2] Fonzé, E. et al. (1999). J. Biol. Chem., 274: 21853-21860.
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Parameterization of AM1*

Hakan Kayi1 and Timothy Clark
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Our extension of the AM1 ! semiempirical molecular orbital theory, named AM1* 12!, uses the original
AMI1 parameters and theory unchanged for the elements H, C, N, O and F, and d-orbitals for the
elements starting from second long row on the periodic table *>*>*7 In addition to using of s, p and
d-orbitals, new elements have been parameterized with two-center core-core parameters, rather than
Gaussian functions used to modify the core-core potential in AM1. Now AMI1* parameters are
available for H, C, N, O and F (which use the original AM1 parameters), Al, Si, P, S, Cl, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Br, Zr, Mo (slightly modified Voityuk and Rosch's AM1(d) (8] parameters for Mo),
I and Au. The performance and typical errors of AMI1* are discussed and compared with available
NDDO Hamiltonians.

[1] M.J.S. Dewar, E.G. Zoebisch, E.F. Healy, J.J.P. Stewart, J. Am. Chem. Soc., 1985, 107, 3902-3909.
[2] P. Winget, A.H.C. Horn, C. Selguki, B. Martin, T. Clark, J. Mol. Model., 2003, 9, 408-414.

[3] P. Winget, T. Clark, J. Mol. Model., 2005, 11, 439-456.

[4] H. Kayi, T. Clark, J. Mol. Model., 2007, 13, 965-979.

[5] H. Kayi, T. Clark, J. Mol. Model., 2009, 15,295-308.

[6] H. Kayi, T. Clark, J. Mol. Model., 2009, 15,1253-1269.

[7] H. Kayi, T. Clark, J. Mol. Model., 2009, /5, (online first), DOI: 10.1007/s00894-009-0503-4.

[8] A.A. Voityuk, N. Rosch, J. Phys. Chem. A., 2000, 104, 4089-4094.
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Selectivity in Carbohydrate Recognition: The Role of the Anomeric Effect.
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Jorg Grunenberg

PD Dr. Jérg Grunenberg, Institut fir Organische Chemie, TU Braunschweig,
Hagenring 30, 38106 Braunschweig

Selectivity in carbohydrate recognition holds great promise in various medical
applications. We have chosen the experimentally well established a/f anomer
selectivity of artificial receptors as a theoretical case study in order to debunk the
reason for the B anomer preference. The artificial receptor sugar complexes are
promising models for a better understanding of the natural carbohydrate recognition
by proteins, because their size allows for a detailed analysis on the atomistic
resolution using 1) empirical force fields and 2) more rigorous quantum chemical
methods. The relative energies of association have been evaluated in the gas phase
and in chloroform since non-polar solvents mimic the absence of water in globular
proteins with buried binding pockets. It has been observed that the o/ anomer
complexes are iso-energetic, while the measured selectivity stems solely from the
solvated carbohydrates mirroring just the anomeric energy differences. Further
analysis of the non-covalent interactions by means of generalized compliance
constants!! (relaxed force constants) assign the anomeric effect to significant

differences in intra-carbohydrate hydrogen bond strengths.

[1] Brandhorst, K. & Grunenberg, J.: How strong is it? The interpretation of force and compliance
constants as bond strength descriptors. Chemical Society Reviews 37, 1558-1567 (2008).
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Catalysis with Iron — How does nature do it?

F. Neese
Department of Chemistry, University of Bonn, D-53115 Bonn

e-mail: theochem@thch.uni-bonn.de

High-valent iron sites play a fundamental role in bioinorganic chemistry as reaction
intermediate in heme- and nonheme iron enzymes. To elucidate their geometric and electronic
structure and function is therefore a key in understanding the reaction mechanisms of these
enzymes. In recent years, we have — in close collaboration with our experimentally working
project partners - studied a variety of mono- and dinuclear iron sites in proteins and model
complexes. The lecture will stress the impact of the combination of quantum chemistry and
spectroscopy for the elucidation of the structures of short lived intermediates that are not
amenable to crystallographic studies.

References

1) Ye, S.; Neese, F (2009) Curr. Op. Chem. Biol., in press

2) Ye, S.; Tuttle, T.; Bill, E.; Gross, Z.; Thiel, W.; Neese, F. (2008) Chem. Eur. J., 14, 10839

3) Altun, A.; Kumar, D.; Neese, F.; Thiel, W. (2008) J. Phys. Chem., 112, 12904

4) DeBeer-George, S.; Petrenko, T.; Aliaga-Alcade, N.; Bill, E.; Mienert, B.; Sturhan, W.;
Ming, Y.; Wieghardt, K.; Neese, F. (2007) J. Am. Chem. Soc., 129, 11053

5) Sinnecker, S.; Svensen, N.; Barr, EEW.; Ye, S.; Bollinger, J.M.; Neese, F.; Krebs, C. (2007)
J. Am. Chem. Soc., 129, 6168
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(2006) Science, 312, 1937
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Modeling °09 Title and Abstract
Curt M. Breneman, Professor
Director, RECCR Center
Rensselaer Polytechnic Institute
110 8" St

Troy, NY 12180

Title: “Advancing the state of the art in prospective statistical learning and data mining;:
A critical look at multi-task learning (MTL) methods, validation strategies and
appropriate applications.”

Abstract: The perceived value and acceptance of statistical learning methods within
integrated drug discovery strategies has historically been uneven, but is now following a
generally upward trend. This increase can be attributed to several factors, including
widespread adoption of more robust learning methods, proper application of modeling
results and appropriately managed expectations. This presentation will focus on four
important new technologies being developed in our group that address these issues,
including multi-task learning (MTL) for gHTS data extraction and biological response
profiling, the Rank Order Entropy (ROE) technique for model validation and the RS-
Predictor algorithm for making CYP metabolic site predictions. Each of these
methodologies has a specific place within the drug discovery workflow, and provides an
example for a specific type of learning method, domain of applicability, and level of
expectation.
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ABSTRACT:

Title: Docking and Scoring Protocol for Structure-based Virtual Screening
Authors: Robert Klein, G. Lange, J. Albrecht, M. Rarey, I. Reulecke, N. Schneider

Docking protocols and scoring functions for structure-based virtual screening and
ligand design are aiming at identifying the preferred ligand orientations and
conformations (poses) within a protein and estimating the protein-ligand binding
affinities. Classical force field approaches perform quite well in pose prediction, i.e.
they provide binding energies suitable to compare different conformations and poses
of one ligand. However, force field energies are too inaccurate to reliably compare
complexes with different ligands. Moreover, solvent effects are usually taken into
account as corrections to the force field terms at the cost of significantly more
computational effort and/or additional inaccuracies. We present a virtual screening
protocol which uses an empirical pose generator and a classical force field for
refining and filtering the poses. The poses are then scored with our novel scoring
function HYDE. HYDE evaluates hydrogen bonds and solvent effects solely based
upon solvent accessible surfaces, exp. logP values of small molecules and a new
water theory. HYDE parameters are not fitted towards experimental protein-ligand
binding energies. Nonetheless, our docking protocol provided superior hit
enrichments in various validation runs.
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Pharmacophore-based Activity Profiling:
Efficient Guidance for Medicinal Chemists

Thierry Langer
Prestwick Chemical Inc.

Parc d’Innovation, Boulevard Gonthier d’Andernach
67400, lllkirch, France
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Targeted Rescue of the Destabilized p53 Mutant Y220C -
In silico and Biophysical Screening in a “Novel” Binding Site

Boeckler F."?, Joerger A.C.", Wilcken R."?, Jaggi G.", Fersht A.R.

' Centre for Protein Engineering, Medical Research Council Centre, Hills Road, Cambridge,
CB2 0QH, United Kingdom
2 Department of Pharmacy, Center for Drug Research, Ludwig-Maximilians University,
Butenandtstr. 5-13, 81377 Munich, Germany

The tumour suppressor p53 is inactivated because of mutations in some 50% of human
cancers. About a third of the mutations lower the melting temperature of the protein, leading to
its rapid denaturation. Small molecules that bind to those mutants and stabilize them could be
effective anti-cancer drugs.!"! The mutation Y220C, which occurs in ~75,000 new cancer cases
per annum, creates a surface cavity that destabilizes the protein by 4 kcal/mol, at a site that is
not functional.”! Using a structure-based in-silico screening approach, we were able to identify
a structural scaffold binding to this “novel” binding site. The virtual high throughput-screening
was complemented by biophysical screening and characterisation of the hits and was followed
by rational and computational drug design.”! PhiKan083, a leadlike structure containing the
carbazole scaffold, binds to the “novel” cavity with a dissociation constant of ~150 uM. It raises
the melting temperature of the mutant and slows down its rate of denaturation. We have solved
the crystal structure of the protein-PhiKan083 complex at 1.5 A resolution. The structure
implicates key interactions between the protein and ligand and conformational changes that
occur on binding, which provide a basis for lead optimization. We have studied structure-activity
relationships of various carbazole derivatives to learn more about the binding site. Further
rounds of in silico screening and design have yielded additional scaffolds with interesting new
binding modes. We have found that the Y220C mutant is a “druggable” target well suited for
developing and testing novel anti-cancer drugs based on protein stabilization.

Literature:
[1] Joerger A.C., Fersht, A.R., Annu. Rev. Biochem. 2008, 77, 557.
[2] Joerger A.C., Ang H.C., Fersht A.R., Proc. Natl. Acad. Sci. U S A 2006, 103, 15056.

[3] Boeckler F.M., Joerger A.C., Jaggi G., Rutherford T.J., Veprintsev D.B., Fersht, A.R., Proc.
Natl. Acad. Sci. U S A 2008, 105, 10360.
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The use of the orbital-free effective embedding potential in
modeling electronic excitations in condensed phase

Tomasz A. Wesolowski !

I'Université de Geneve,
Département de Chimie Physique
30, quai Ernest-Ansermet,
CH-1211 Geneve 4, Switzerland

The orbital-free effective embedding potential is a local multiplicative potential which can
be expressed as is a functional of two electron densities: that of the investigated embedded
subsystem (p4) and that of the environment (pp) [1]. The analytic form of this functional is
not known although it known for some particular analytically solvable cases [2]. In practical
applications, this potential is approximated using some explicit analytical expressions for its
the kinetic- and exchange-correlation components of unknown analytic form (v}%[pa, pp] =

9T (p] _ 0T [p] nad 5Egc[ﬂ] ’
)

and (Ua:c [pAva] =
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where tildas denote analytic expressions approximating the exact quantity. The potential
DemblpA, pB;T) can be used in the whole family of computational schemes differing in:

e The choice for the auxiliary quantities to represent the density p4: either orbitals of the
non-interacting reference system as introduced in our original work [1], the ”wavefunction” of
the multiconfigurational form [3], or the one-matrix [4]. In all the above cases, the potential
Vemblpa, pB; 7] (but not necessarily its approximant Oemp|pa, pB;7]) assures that a given compu-
tational method leads to the density p4 + pp which minimized the ground state energy of the
total system under the following constraint: piota; > pB-

e The way the density pp is generated.

e The subsequent use of the embedded orbitals (or embedded wavefunction or embedded one-
matrix) to derive observables.

In the present work, we provide examples of recent studies using the potential Demplpa, pB; 7]
to obtain electronic spectra of organic molecules in various environments [5, 6].

[1] T.A. Wesolowski, A. Warshel, J. Phys. Chem., 97 (1993) 8050-8053.

[2] A. Savin, T.A. Wesolowski, Prog. Theor. Chem. and Phys., (2009) in press

[3] T.A. Wesolowski, Phys. Rev. A, 77 (2008) 012504.

[4] K. Pernal, T.A. Wesolowski, Intl. J. Quant. Chem., 109(2009) 2520-2525.

[5] G. Fradelos, J.W. Kaminski, S. Leutwyler, T.A. Wesolowski, J. Phys. Chem. A, (2009) in press
[6] J. Kaminski et al. to be published
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A. Gorling

Lehrstuhl fiir Theoretische Chemie, Universitat Erlangen-Niirnberg,
Egerlandstr. 3, 91058 Erlangen, Germany

Orbitals, on the one hand, are often considered as auxiliary quantities
without physical meaning for various reasons. Slater determinants, e.g.,
Hartree-Fock or Kohn-Sham determinants, are invariant with respect
to unitary transformations of the occupied orbitals. Within density-
functional theory (DFT) orbitals frequently are considered as quantities
that merely generate the electron density but have no other meaning. In
the limit of a full configuration interaction wave function orbitals just
serve as one-electron basis functions. On the other hand, orbitals un-
derly the thinking of quantum chemists. The concept of bonding or anti-
bonding orbitals, the definition of electronic configurations, or the char-
acterization of electronic transitions as excitations of electrons between
occupied and unoccupied orbitals are examples that show the ubiquitous
use of orbitals in quantum chemistry. Indeed orbitals in some sense can
even be ’observed’ in experiment. To demonstrate this point, examples
of STM images that can be directly related to individual orbitals ob-
tained by DFT methods are presented [1]. A crucial question is which
orbitals are those corresponding to the thinking of quantum chemists
or to experimental results. It is shown that one choice could be Kohn-
Sham orbitals obtained by novel DF'T methods which treat the local
Kohn-Sham exchange potential exactly and thus are free of unphysical
Coulomb self-interactions [2]. The concept of a new generation of DFT
methods based on orbital-dependent functionals is presented [3].

[1] F. Buchner, K.-G. Warnick, T. Wélfle, A. Gérling, H.-P. Steinriick,
W. Hieringer, and H. Marbach, J. Phys. Chem. C, in press.

[2] A. HeBelmann, A. W. Gotz, F. Della Sala, and A. Gorling, J. Chem.
Phys. 127 054102 (2007).

[3] A. Gorling, J. Chem. Phys. 123 062203 (2005).
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Recent Developments in Solid-State Quantum Chemical Methods
Within the TURBOMOLE Program Package

SQINJ09

Marek Sierka

Institut fiir Chemie, Humboldt-Universitét zu Berlin, Unter den Linden 6, 10099 Berlin

This talk will address recent developments in solid-state computational methods
within the TURBOMOLE' program package. One of them is the periodic electrostatic
embedded cluster method (PEECM).? It is an electrostatic embedding scheme which
takes advantage of the periodic fast multipole method (PFMM) and is particularly
designed for combined QM/MM approaches. The PFMM is based on the multipole
expansion and used in the PEECM to provide the correct Madelung potential within
the local quantum mechanical (QM) region due to a periodic array of point charges of
any dimensionality, i.e., three-, two-, and one-dimensional periodicity. In contrast to
embedding methods based on Ewald summation the PEECM approach takes only a
negligible fraction of the total computational cost of a QM calculation. Even for the
largest calculations presented here, which involve QM clusters with over 8000 basis
functions, the total CPU time spent on the embedding part did not exceed 30
seconds on a single CPU.

In the second part of the talk, a new formulation of the resolution of identity
approximation for the Coulomb term® will be presented, which uses atom-centered
basis and auxiliary basis functions and treats molecular and periodic systems of any
dimensionality on an equal footing. Converged Coulomb lattice sums are obtained
using chargeless linear combinations of the atom-centered auxiliary basis functions.
The Coulomb series are partitioned in near- and far-field portions which are treated
through an analytical integration scheme employing two- and three-center electron
repulsion integrals and the PFMM, respectively, operating exclusively in real space.
Our preliminary implementation demonstrates consistent accuracy of the method
across molecular and periodic systems.

[1] http://www.turbomole.com
[2] A. M. Burow, M. Sierka, J. Débler, J. Sauer, J. Chem. Phys. 130, 174710 (2009).
[3] A. M. Burow, M. Sierka, F. Mohamed, J. Chem. Phys., submitted.
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Quantum chemical methods

for modelling of vibrational-electronic transitions
in systems with hundreds of atoms

Robert Berger

Frankfurt Institute for Advanced Studies, Johann Wolfgang Goethe-University,
Ruth-Moufang-Str. 1, D-60438 Frankfurt am Main, Germany

Vibrational-electronic (vibronic) transitions are involved in a number of key phenomena
including electron transfer, energy transfer, light absorption and photoluminescence. One
of the complicating factors in the detailed modelling of these processes is the huge density
of vibronic states that imposes severe constraints on the applicability of state resolved
vibronic structure methods.

We have developed recently a unifying framework for the time-dependent and time-
independent treatment of such processes, which combines the efficiency of time-dependent
approaches in obtaining vibronic spectral profiles with the possibility to conveniently ex-
tract state resolved information [1]. Besides sum rules for rigorous prescreening of Franck-
Condon and Herzberg-Teller integrals in the harmonic approximation at finite tempera-
ture [2,3], we employ also time-independent cumulant expansions that provide access to
vibrational-electronic spectra at low resolution [4]. This scheme has been implemented in
the vibronic structure program hotFCHT [1,5].

In this presentation, the underlying methodological framework will be outlined and
its application to various types of spectroscopy will be presented.

[1] J.S. Huh, H.-C. Jankowiak, J.L. Stuber and R. Berger, (submitted for publication).
[2] H.-C. Jankowiak, J.L. Stuber and R. Berger, J. Chem. Phys., 127 (2007) 234101.
[3] J.S. Huh, J.L. Stuber and R. Berger, (to be published).

[4] J.S. Huh and R. Berger, (to be published).

[5] R. Berger, C. Fischer and M. Klessinger, J. Phys. Chem. A, 102 (1998) 7157.
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Computer Modelling of Microporous and Oxide Catalysts

Richard Catlow, Department of Chemistry, University College London

Computer modelling provides a range of powerful tools for exploring catalytic
processes at the molecular level. In particular, modelling allows detailed
characterisation of active site structures and of reaction mechanisms; and the
techniques are particularly powerful when used in conjunction with
experimental investigations. We will illustrate the current state-of-the-art of
this field by summarising recent work in two classes of heterogeneous
catalyst:

e Microporous materials, where the catalytic action is due to the
presence of acid or metal sites. We will describe how the structures,
properties, reactivities and formation mechanisms of such centres can
be investigated in detail using a range of electronic structure
techniques. We will show how, in addition to the conventional Bronsted
and centre, reaction of water with zeolites can generate a fascinating
range of hydrogen containing defect centres. We will also describe
modelling of metal centres based on transition metal substititutionals in
framework sites, with strong emphasis on microporous titanosilicate
catalysts, where we will again show that reaction with water can create
a range of sites which play important roles in catalytic processes.

¢ Metal oxide and oxide supported metal catalysts, where we will present
modelling studies both of active site structures and reaction
mechanisms in a range of systems including methanol synthesis
catalysts.
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Using Spherical Harmonic Virtual Screening Tools to Compare and Classify
HIV Entry Inhibitors for the CXCR4 and CCR5 Co-Receptors

SQINJ09

Dave Ritchie, INRIA Nancy Grand-Est, Vandoeuvre-lés-Nancy

Violeta Pérez-Nueno, Institut Quimic de Sarria, Barcelona

HIV entry inhibitors have emerged as a new generation of anti-retroviral drug that block viral fusion with
the CXCR4 and CCR5 membrane co-receptors. In the last few years, many such entry inhibitors have
been developed, and several are currently in clinical trials. However, because no crystal structures
for the co-receptor proteins are available, the binding modes of the known inhibitors within the co-
receptor extracellular pockets need to be analyzed using site-directed mutagenesis and computational
experiments.

Here, we present a comparison of the performance of computational ligand-based and receptor-based
virtual screening (VS) approaches to find CXCR4 and CCR5 antagonists that could potentially serve
as HIV entry inhibitors [1]. In particular we describe the use of the spherical harmonic (SH) based
ParaSurf and ParaFit programs [2,3] as a fast and robust way to calculate and compare the shapes
of multiple small molecules [4], and we present a novel SH consensus-shape clustering technique to
cluster and classify the diverse families of CCR5 antagonists in order to help understand the topology
and occupation of the CCR5 exrta-cellular pocket [5].

The VS comparison was carried out using a library assembled by us consisting of 672 known CXCR4
and CCRS5 inhibitors and some 4700 similar presumed inactive molecules [1]. For each receptor,
the library was queried using known binders, and the enrichment factors of the resulting virtual hit
lists were analyzed. Overall, ligand-based shape-matching searches yielded higher enrichments
than receptor-based docking. Receiver-operator-characteristic performance analyses for both the
CXCR4 and CCRS receptors showed that the consensus shape matching technique gives better VS
enrichments than the other shape-matching and docking VS techniques studied. Furthermore, the
consensus-shape clustering results show that the CCRS5 ligands may be grouped into four structural
families which appear to bind within three main sub-sites within the extra-cellular receptor pocket.

1. Pérez-Nueno, V. 1., Ritchie, D. W., Rabal, O., Pascual, R., Borrell, J. I., & Teixidd, J. (2008). Comparison of
ligand-based and receptor-based virtual screening of HIV entry inhibitors for the CXCR4 and CCR5 receptors
using 3D ligand shape matching and ligand-receptor docking. J. Chem. Inf. Model. 48 (3), 509-533.

2. Lin, J.-H., & Clark, T. (2005). An analytical, variable resolution, complete description of static molecules and
their intermolecular binding properties. J. Chem. Inf. Model. 45, 1010-1016.

3. Ritchie, DW., & Kemp, G.J.L. (1999). Fast Computation, Rotation and Comparison of Low Resolution
Spherical Harmonic Molecular Surfaces. J. Comp. Chem. 20, 383—-395.

4. Mavridis, L., Hudson, B. D., & Ritchie, D. W. (2007). Toward high throughput screening using spherical
harmonic surface representations. J. Chem. Inf. Model. 47 (5), 1878-1796.

5. Pérez-Nueno, V. I., Ritchie, D. W., Borrell, J. I., & Teixido, J. (2008). Clustering and classifying diverse HIV
entry inhibitors using a novel consensus shape-based virtual screening approach: Further evidence for multiple
binding sites within the CCR5 extracellular pocket. J. Chem. Inf. Model. 48 (11), 2146-2165.
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A Surface-Integral Model for logPow and a Local Hydrophobicity

Christian Kramer,®" Bernd Beck,” Timothy Clark®

@ Computer-Chemie-Centrum and Interdisciplinary Center for Molecular Materials, Friedrich-Alexander
Universitat Erlangen-Nurnberg, Nagelsbachstrasse 52, 91052 Erlangen (Germany)

b Department of Lead Discovery, Boehringer-Ingelheim Pharma GmbH & Co. KG, 88397 Biberach
(Germany)

Surface-integral models are quantitative structure-property relationships QSPRs in
which a local property is integrated over the entire surface of a molecule to obtain the
target property

where P is the target property, 1,0, ......I,) is a function of the n local properties
I, ...... [, and the integral runs over the molecular surface O. In practice, the integral
is replaced by a numerical integration over a triangulated surface consisting of ntri
tesserae. The local properties are obtained from an evaluation of the electronic
orbitals calculated semiempirically with AM1.

We have developed a new scheme to calculate a local hydrophobicity based on
binning the range of local surface properties instead of using polynomial expansions
of the base terms. The basic local properties used are molecular electrostatic
potential (MEP), local ionization energy (IEL), local electron affinity (EAL), local
hardness (HARD), local polarizability (POL) and the local field normal to the surface
(FN).

The model has been fitted to the integral of the local hydrophobicity, the distribution
coefficient between octanol and water logPow, based on ~10.000 compounds
available from literature. It has been validated on ~1.250 compounds from literature
and an inhouse validation set of ~750 compounds from Boehringer-Ingelheim. The
model compares similar or slightly favorable to the best models commercially
available. It is independent of previously unknown substructures and enables plotting
the local hydrophobicity to the molecular surface to illustrate hydrophobic hotspots
and pinpoint favorable modifications.

Acetone

. Izocurmol Octanal
:23&535%% 014 logP(calc): 3.69 logP(calc): 2.44
o ) logPlexp): 3.44- 306 logPlexp): 2.14-3.15

Figure 1: Hydrophobic Surfaces and logPow calculated for some sample molecules
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Chem(o)informatics exploration of the entire biological data continuum
for building predictive chemical toxicity models

Hao Zhu, Liying Zhang, Ivan Rusyn, and Alexander Tropsha

Carolina Center for Computational Toxicology and Carolina Environmental
Bioinformatics Research Center
University of North Carolina at Chapel Hill
Chapel Hill, NC 27599, U.S.A.

A wealth of available biological data such as those from EPA’s ToxCast Phase I
(http://www.epa.gov/ncct/toxcast/)  requires new computational approaches to link
chemical structure, short-term bioassay results, and chronic in vivo toxicity responses.
We advance the predictive QSAR modeling workflow that relies on effective statistical
model validation routines and implements both chemical and biological (i.e., in vitro
assay results) descriptors of molecules to develop in vivo chemical toxicity models. We
have developed two distinct methodologies for in vivo toxicity prediction utilizing both
chemical and biological descriptors. In the first approach, we employ biological
descriptors directly in combination with chemical descriptors to build models. Obviously,
this approach requires the knowledge of biological descriptors to make toxicity
assessment for new compounds. Our second modeling approach employs the explicit
relationship between in vitro and in vivo data as part of a two-step hierarchical modeling
strategy. First, binary QSAR models using chemical descriptors only is built to partition
compounds into classes defined by patterns of in vitro — in vivo relationships. Second,
class specific conventional QSAR models are built, also using chemical descriptors only.
Thus, this hierarchical strategy ultimately affords the external predictions using chemical
descriptors only. We will present the results of applying both strategies to ToxCast Phase
I and similar data. Our studies suggest that utilizing in vitro assay results as biological
descriptors afford prediction accuracy that is superior to both the conventional QSAR
modeling that utilizes chemical descriptors only or in vivo effect classifiers based on in
vitro biological response only.
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Multi-resolution modelling of membrane-drug permeation

Prof Jonathan W. Essex
School of Chemistry
University of Southampton

Drug permeation is critically important for determining the efficacy of a
pharmaceutical compound — drugs must cross cell membranes to reach their binding
sites. While the theoretical framework for calculating small molecule permeabilities
through lipid bilayers is well understood, the computational cost of performing the
necessary computer simulations using all-atom molecular dynamics is prohibitive for
its general use. Methods of simplifying these simulations are therefore urgently
needed.

Coarse-graining is one such approach. Groups of atoms are subsumed into single
interaction sites, interacting through modified intermolecular potentials. In this talk,
the development of a novel coarse-grain membrane model is presented, which
includes shape anisotropy and a realistic treatment of electrostatics. This model is
compatible with standard atomistic potentials, and it has therefore been combined
with atomistic representations of small molecules to allow permeability coefficients to
be calculated. The physical properties of the membrane model will be reported and
discussed, along with the calibration of the coarse-grain/atomistic potential, and its
use in the context of multi-resolution modelling of drug permeation.

References

J. Michel, M. Orsi, J.W. Essex “Prediction of Partition Coefficients by Multiscale
Atomic-Level/Coarse-Grain Simulations” Journal of Physical Chemistry B 112, 2008,
657-660

M. Orsi, D.Y. Haubertin, W.E. Sanderson, J.W. Essex “A Quantitative Coarse-Grain
Model for Lipid Bilayers” Journal of Physical Chemistry B 112, 2008, 802-815 (3)

M. Orsi, W.E. Sanderson, J.W. Essex “Permeability of Small Molecules through a

Lipid Bilayer: A Multiscale Simulation Study” Journal of Physical Chemistry B, in
the press
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Computer Modelling for Transition Metal Systems: DFT Accuracy at MM Prices
Robert J Deeth*
Department of Chemistry
University of Warwick, UK

Open-shell transition metal complexes are often associated with complicated
electronic structures. Consequently, theoretical coordination chemistry has tended to
focus on quantum methods, e.g. density functional theory (DFT), which treat these
electronic effects explicitly. However, while DFT has revolutionalised the application
of quantum methods in transition metal (TM) chemistry, ALL QM approaches,
including DFT, are relatively slow compared to classical simulation methods like
molecular mechanics (MM). However, conventional MM is, in general, not suited to
TM systems since it has a poor description of the all-important d electron effects. Our
solution is to marry a simple model of d-electrons — ligand field theory — with
conventional MM to generate ligand field molecular mechanics (LFMM).! The
LFMM method captures the essential physics of metal-ligand binding and thus
emulates DFT but at least three orders of magnitude faster. Moreover, the unique
nature of the coordinate bond does not limit LFMM simply to modelling minimum-
energy structures — we can also treat reaction mechanisms in which metal-ligand
bonds are made and broken. This presentation will describe the unique features of the
LFMM model and illustrate its application to coordination complexes,2 copper
metalloenzymes,’ Jahn-Teller effects* > and water exchange at divalent metal centres.’

Calculated Models for Transition States

Associative Dissociative

1. R. J. Deeth, A. Anastasi, C. Diedrich and K. Randell, Coord. Chem. Rev.,
2009, 253, 795-816.

2. R. J. Deeth, Inorg. Chem., 2008, 47, 6711-6725.

R. J. Deeth, Inorg. Chem., 2007, 46, 4492-4503.

4. A. Bentz, P. Comba, R. J. Deeth, M. Kerscher, B. Seibold and H. Wadepohl,

Inorg. Chem., 2008, 47, 9518-9527.

R. J. Deeth and L. J. A. Hearnshaw, Dalton Trans., 2006, 1092-1100.

6. R. J. Deeth and K. Randell, /norg. Chem., 2008, 47, 7377-7388.
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pH-dependent pK, Values in Proteins — A Theoretical
Analysis of Protonation Energies with Practical
Consequences for Enzymatic Reactions'

Elisa Bombarda and G. Matthias Ullmann

Structural Biology / Bioinformatics, University of Bayreuth,

Universititsstr. 30, BGI, 95447 Bayreuth, Germany

Because of their central importance for understanding enzymatic mechanisms, p/, values
are of great interest in biochemical research. It is common practice to determine pK, values
of aminoacid residues in proteins from NMR or FTIR titration curves by determining the pH at
which the protonation probability is 50%. The pH dependence of the free energy required to
protonate this residue is then determined from the linear relationship G0t = R7'In 10 (pH —
pK,) where R is the gas constant and 7' the absolute temperature. However, this approach
neglects that there can be important electrostatic interactions in the proteins that can shift the
protonation energy. Even if the titration curves seem to have a standard sigmoidal shape, the
protonation energy of an individual site in a protein depends non-linearly on pH. To account for
this non-linear dependence, we define p/, values for individual sites in proteins that depend on
pH. Two different definitions are discussed. One definition is based on a rearranged Henderson-
Hasselbalch equation, the other definition is based on an equation that was used by Tanford and
Roxby to approximate titration curves of proteins. In the limiting case of weak interactions,
the two definitions are equivalent. We discuss how these two differently defined pK, values
are related to the free energy change required to protonate a site. Using simple examples, we
demonstrate that the interactions between protonatable residues in proteins can help to maintain
the energy required to protonate a site in the protein nearly constant over a wide pH range. We
show with the example of RNase T1 that such a mechanism to keep the protonation energy
constant is used in enzymes. The pH dependence of pK, values may be an important concept
in enzyme catalysis. Neglecting this concept, important features of enzymes may be missed and

the enzymatic mechanism may not be fully understood.
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The protein design program MUMBO and its application for the
design of discriminative heterodimeric proteins.

Martin Stiebritz and Yves Muller
Department of Biology, Friedrich-Alexander-University Erlangen-Nuremberg

Computational protein design is getting beyond the teenage phase, yet, until today only few
computer programs are available that allow for the design of proteins with specific properties.
We have developed the computer program MUMBO written in FORTRAN95 and which
combines a number of established design algorithms. Based on a rigid backbone approach,
side chains are built using either backbone-dependent or independent rotamer libraries. The
best combination of amino acids and side-chain orientations is selected using the dead end
elimination (DEE) algorithm and variations thereof (pioneered by the Steven Mayo group)
[1]. Selection stringency is further enhanced by combining DEE and Monte-Carlo simulated
annealing (pioneered by the David Baker group) [2]. The force field includes standard
interaction potentials (based on the CHARMMI19 parameters), a solvation model [3] and
either empirical or geometry-derived estimates for hydrogen bond interactions [4].

In the past we have demonstrated the usefulness of the program MUMBO for the
refinement of protein models in crystallography [5] as well as for the docking of substrates
into the active sites of enzymes [6]. We have now used MUMBO for the design of specific
heterodimeric variants of the bacterial transcription regulator TetR. The goal was to create
two different variants A and B that no longer form AA and BB homodimers but which
selectively combine to yield heterodimers. To do so, we only had to substitute three residues
in one chain and two residues in the second. The designed A and B chains were characterised
by producing the proteins recombinantly in E. coli and using an in vivo transcription assay.
Crystal structure analyses showed that while in case of the BB versus AB dimer, selectivity is
achieved through van der Waals repulsion, in case of the A chain, selectivity is actually
achieved through the under-packing of the interface, which leads to a decrease in thermal
stability and a drastic reduction in solubility of the AA homodimer compared to the AB
heterodimer.

References:

1. Dabhiyat BI & Mayo SL (1997) De novo protein design: fully automated sequence
selection. Science 278, 82-87.

2. Kuhlman B, Dantas G, Ireton GC, Varani G, Stoddard BL & Baker D (2003) Design of a
novel globular protein fold with atomic-level accuracy. Science 302, 1364-1368.

3. Lazaridis T & Karplus M (1999) Effective energy function for proteins in solution.
Proteins 35, 133-152.

4. Kortemme T, Morozov AV & Baker D (2003) An orientation-dependent hydrogen
bonding potential improves prediction of specificity and structure for proteins and protein-
protein complexes. J Mol Biol 326, 1239-1259.

5. Stiebritz MT & Muller YA (2006) MUMBO: a protein-design approach to
crystallographic model building and refinement. Acta Crystallogr D Biol Crystallogr 62,
648-658.

6. Thorn A, Egerer-Sieber C, Jager CM, Herl V, Muller-Uri F, Kreis W & Muller YA (2008)
The crystal structure of progesterone Sbeta-reductase from Digitalis lanata defines a novel
class of short chain dehydrogenases/reductases. The Journal of biological chemistry 283,
17260-17269.
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TRANSITION-METAL-FREE HYDROGENATION AND
HYDROGENOLYSIS: A COMPUTATIONAL APPROACH

Leo Radom

School of Chemistry, University of Sydney, Sydney, NSW 2006, Australia
radom@chem.usyd.edu.au

Catalytic hydrogenation is an important chemical reaction in a wide variety of
areas, such as industrial processes, organic synthesis, and biological sciences.
Most of these reactions are catalysed by transition metal complexes. For
example, compounds that contain platinum-group metals have been used
extensively in the hydrogenation of fats in the food industry. In microorganisms,
catalytic hydrogenation is carried out by enzymes known as hydrogenases,
metalloenzymes that normally contains nickel and/or iron-sulfur clusters.
Catalytic hydrogenation without transition metals is much less prominent.
Among such studies, it has been found that strong acids can be used as
catalysts for the hydrogenation of unsaturated hydrocarbons with molecular
hydrogen. It has also been demonstrated that zeolites catalyse the
hydrogenation of alkenes. Furthermore, it has been observed that some
carbonyl compounds undergo catalytic hydrogenation in the presence of a
strong base. In recent years, we have been using quantum chemistry
computations to examine the fundamentals of transition-metal-free
hydrogenation and hydrogenolysis.™ In this presentation, | will describe
highlights from our studies in this area.

(1) Scott, A. P.; Golding, B. T.; Radom, L. New J. Chem. 1998, 22, 1171.
(2) Senger, S.; Radom, S. J. Phys. Chem. A 2000, 104, 7375.

(3) Senger, S.; Radom, L. J. Am. Chem. Soc. 2000, 122, 2613.

(4) Chan, B.; Radom, L. Aust. J. Chem. 2004, 57, 659.

(5) Chan, B.; Radom, L. J. Am. Chem. Soc. 2005, 127, 2443.

(6) Chan, B.; Radom, L. J. Am. Chem. Soc. 2006, 128, 5322.

(7) Zhong, G.; Chan, B.; Radom, L. J. Am. Chem. Soc. 2007, 129, 1623.
(8) Chan, B.; Radom, L. J. Am. Chem. Soc. 2008, 130, 9790-9799.

(9) Zhong, G.; Chan, B.; Radom, L. Org. Lett. 2009, 11, 749-751.
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Bayesian methods for structure-property modelling

David A. Winkler!2, Frank R. Burden!3
1CSIRO Molecular & Health Technologies, Private Bag 10, Clayton South MDC, Australia;
2Monash Institute for Pharmaceutical Sciences, Parkville 3052, Australia; 3Scimetrics,
Carlton North, Australia.
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Detailed atom- or molecule-level modelling studies of complex biological and materials
properties have undoubtedly been useful for understanding mechanisms, and for
building predictive models. However the very complexity of these systems has also
required complementary coarse-grained (mesoscale) pattern recognition approaches to
find robust, predictive models that relate the microscopic (atomic and molecular)
properties of molecular components to their macroscopic properties.

Well-known examples of this coarse-grained modelling approach include mesoscale
representations of polymers and proteins commonly adopted in molecular dynamics
calculations!, multipole representations of ligands for docking? and quantitative-
structure-activity and structure-property relationships (QSAR/QSPR) methods. The
QSAR method has been particularly useful over several decades in providing a simple
way of developing predictive models of complex biological properties such as drug
efficacy, ADME properties, and toxicity. Modern mathematical techniques such as neural
networks, genetic algorithms, and support vector machines have added substantial
value to the QSAR method3.

However, most QSAR models require some form of regression or classification. Such
mathematical methods are ‘ill posed’ and can suffer from instability such as overfitting*.
In addition, although neural networks are very useful in generating objective, nonlinear
QSAR models, they are also prone to overtraining, interpretation, and validation
difficulties. Bayesian methods are a powerful adjunct to these very useful regression and
classification methods that transform them into mathematically ‘well posed’ robust
methods®. Properly applied, Bayesian methods can be used to very effectively select
relevant features or descriptors for QSAR/QSPR modelling without the risk of chance
correlations, and can provide nonlinear models relating molecular structure to
macroscopic properties that optimize the complexity of the models®?. This results in
models with the best balance between bias (model too simple and not capturing
underlying structure-activity relationship) and variance (model too complex and fitting
noise). This paper will describe how Bayesian methods are applied to modelling, and
illustrate the performance with data sets.

1. Izvekov, S.; Voth, G. A. A. Multiscale Coarse-Graining Method for Biomolecular Systems, /. Phys. Chem.
B, 109, 2469-2473 (2005).

2. Glick, M.; Grant, G.H.; Richards, W.G. Docking of Flexible Molecules Using Multiscale Ligand
Representations. J. Med. Chem., 45, 4639-4646 (2002).

3. Winkler, D.A. Neural Networks as Robust Tools in Drug Lead Discovery and Development, Mol.
Biotech, 27,139-167 (2004).

4. Tikhonov, A.; Arsenin, V. Solution of Ill-posed Problems; Winston: Washington, DC, 1977.

5. Burden, F.R;; Winkler, D.A. Robust QSAR Models Using Bayesian Regularized Artificial Neural
Networks, J. Med. Chem., 42,3183-3187 (1999).

6. Burden, F.R;; Winkler, D.A. An optimal self-pruning neural network that performs nonlinear
descriptor selection for QSAR, QSAR Comb. Sci., 28, in press (2009).

7. Burden, F.R.; Winkler D.A. Optimum QSAR Feature Selection using Sparse Bayesian Methods, QSAR
Comb Sci. 28, 645-653, (2009).
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Atomistic Molecular Modelling: Applications in
Pharmaceutics
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Paul A Cox

School of Pharmacy and Biomedical Sciences, St Michael’s Building,
White Swan Road, Portsmouth, PO1 2DT

Abstract

Recent work has shown that
molecular modelling at the
atomistic level has an important
role to play in both understanding
and designing complex systems of
importance in pharmaceutics.

Several examples will be used to
illustrate the value of different
modelling methodologies by
highlighting the key information
each method can yield. Examples Figure 1: The drug molecule
will include the use of molecular theophylline diffusing through a
dynamics methods to select materials microporous host.

for use as drug
delivery agents,
the use of
polymers to
enhance the
dispersion of
carbon nanotubes
in solution and the
design of
conducting
polymers to aid
drug release.

Figure 2: Polymeric molecules can be used to enhance

the solubility of carbon nanotubes.

Lectures | Page 73



MATERIALS

SOIN)09]

From lons in Solution to Nanocrystals and Composite

Materials: Insights from Atomistic Simulations

Priv.-Doz. Dr. Dirk Zahn
MPI CPfS, Nothnitzer Str. 40, 01187 Dresden

We present a recently developed simulation method for exploring the mechanisms of
crystal nucleation from solution. By efficient tackling of the time-length scale problem,
molecular dynamics simulations allow very detailed insights into the association of ions
from solution and the development of structural motifs resulting in the nucleation of
nanocrystals. Our studies of ionic self-organization include ripening reactions, such as
proton transfer events and the interplay with growth-controlling molecules. The former

issue is illustrated by the example of Zn2* and OH- association in ethanolic solution,

condensation reactions leading to 02- ions and the nucleation of ZnO domains in the
aggregate core. The interplay of ionic ordering and growth-controlling molecules is of
particular interest for the investigation of composite materials. By the example of
biomimetic apatite-collagen models, we demonstrate the design of crystal motifs induced
by ion association to the protein fibers.

Literature:

[1] A. Kawska, J. Brickmann, R. Kniep, O. Hochrein, D. Zahn, J. Chem. Phys., 2006, 124
24513. [2] H. Tlatlik, P. Simon, A. Kawska, D. Zahn, R. Kniep, Angew. Chem. Int. Ed.,
2006, 45, 1905. [3] A. Kawska, O. Hochrein, J. Brickmann, R. Kniep, D. Zahn, Angew.
Chem., Int. Ed., 2008, 120, 5060. see also Research Highlights: Nature Materials 2008, 7,
517. [4] D. Zahn, O. Hochrein, A. Kawska, J. Brickmann, R. Kniep, J. Mater. Sci. 2007,
42, 8966. [5] A. Kawska, P. Duchstein, O. Hochrein, D. Zahn, Nanoletters, in press (asap
article online).
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The Role of Specific Ion Effects on the Self-Assembly of Structured
Polycarboxylate Micelles
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* Computer-Chemie-Centrum, Friedrich-Alexander-Universitdit Erlangen-Niirnberg, Néigelsbachstr.

25,D—91052 Erlangen, Germany

Y Interdisciplinary Center for Molecular Materials (ICMM), Friedrich-Alexander-Universitdt Erlangen-

Niirnberg, Négelsbachstr. 25, D-91052 Erlangen, Germany

?F, orschungszentrum fiir Elektronenmikroskopie, Freie Universitit Berlin, Fabeckstr. 36a, D—14195

Berlin, Germany

© Lehrstuhl Organische Chemie I1, Friedrich-Alexander-Universitdit Erlangen-Niirnberg, Henkestr. 42,

D-91054 Erlangen, Germany

The effect of counterions on the controlled self
assembly of structurally persistent micelles has been
investigated in detail by long-time-scale atomistic
molecular-dynamics simulations and cryo-Transmission
Electron Microscopy (cryo-TEM) experiments.

NMR and cryo-TEM investigations of the
aggregation behavior of the specifically designed T-shaped
amphiphilic calix[4]arene derivative 1 with subsequent 3D-
reconstruction of the cryo-TEM images revealed that 1
forms structurally persistent micelles in water."” These
micelles consist of seven or twelve monomers and show a
highly conserved topological arrangement of the monomers
with almost no tendency to dissociate.

MATERIALS

SQIN)0d

The MD simulations allow a detailed interpretation of the cryo-TEM 3D-reconstructions
of the micelles. Several fascinating details of the structure of the solvent around the micelles and

the factors that affect the structure of the micelles were revealed.

The simulations first revealed the dominant effect of sodium counterions in stabilizing the
known heptameric micelles. This was subsequently confirmed by cryo-TEM experiments. The
simulations suggest that the stabilization is due to the formation of strongly conserved hydrated

contact ion pairs with sodium but not with potassium.’

The factors governing the stability of the micelles will be discussed. In particular the
effect of metal cations on the interplay between the hydrophobic effect and the head-group
repulsion of the polycarboxylates will be discussed in detail and compared with the second class
of larger micelles, which undergo an additional stabilization by hydrophobic guest molecules.

1 M. Kellermann, W. Bauer, A. Hirsch, B. Schade, K. Ludwig and C. Béttcher, Angew. Chem. Int. Ed Engl..
2004, 42, 2959.

2 K. Ludwig, B. Baljinnyam, A. Herrmann and C. Béttcher, EMBO J. 2003, 22, 3761.

3 C. M. Jager, A. Hirsch, B. Schade, C. Bottcher and T. Clark , Chem. Eur. J. 2009, 15, 8586.

Lectures | Page 75



MATERIALS

SOIN)09]

Density Functional Theory for Fluids at the Nanoscale
Klaus Mecke

Institut fiir Theoretische Physik, Universitit Erlangen-Niirnberg
Staudtstrasse 7, 91058 Erlangen, Germany

The interplay of thermal noise and molecular forces is responsible for
surprising features of liquids on sub-micrometer lengths - in particular
at interfaces. Not only does the surface tension depend on the size of
an applied distortion [1], but also the dispersion relation of capillary
waves differ from the familiar macroscopic behaviour and nanoscopic
thin liquid films dewet faster than would be expected from hydrody-
namics [2]. Also in equilibrium, fluids open up new astonishing per-
spectives when confined to small containers. Nanobubbles seem to be
more stable than thermodynamically allowed and free energies of con-
fined fluids seem to depend only on four thermodynamically relevant
shape variables [3]. This allows the modeling of solvation energies of
proteins [4] and of nematic phases in liquid crystals [5]. Some answers
to these phenomena can be given by density functional theory, which
has become the standard approach to describe fluids at the nanoscale.

[1] C. Fradin, A. Braslau, D. Luzet, D. Smilgies, M. Alba, N. Boudet, K. Mecke,
and J. Daillant, Reduction in the surface energy of liquid interfaces at short length
scales, Nature 403, 871-874 (2000).

[2] R. Fetzer, M. Rauscher, R. Seemann, K. Jacobs, K. Mecke, Thermal noise in-
fluences fluid flow in thin films during spinodal dewetting, Physical Review Letters
99, 114503 (2007).

[3] P.-M. Konig, R. Roth, and K. Mecke, Morphological thermodynamics of fluids:
shape dependence of free energies, Physical Review Letters 93, 160601 (2004).

[4] Hendrik Hansen-Goos, Roland Roth, Klaus Mecke and S. Dietrich, Solvation of
proteins: linking thermodynamics to geometry, Physical Review Letters 99, 128101
(2007).

[5] Hendrik Hansen-Goos and Klaus Mecke, Fundamental measure theory for in-
homogeneous fluids of non-spherical hard particles, Physical Review Letters 102,
018302 (2009).
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Multiscale Modeling of Biological Functions
Arieh Warshel, Department of Chemistry USC
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Modeling the function of biological systems is a major conceptual and computational challenge .
Using fully atomistic models with rigorous simulation treatments might prevent one from
reaching clear conclusions about the action of the given system , whereas the construction of
oversimplified models without sufficient physical basis might lead to irrelevant conclusions .
This talk will review our progress in multiscale modeling, emphasizing the physical reality and
the connection between the different modeling levels. We will start with a brief description of
simplified folding models ( 1) ,which are perhaps the first examples of multiscale (Coarse
Grained (CG)) modeling in studies of proteins, and describe a connection between the simplified
and the all atom models (2) . We will then consider very briefly QM/MM calculations ( 3,4) of
proteins, which also provide examples of multi scale studies. Next we will move to the main
topic, which will be the demonstration of the use of consistent multiscale modeling of ion current
in ion channels and of the action of proton pumps. In both cases we will explain how can one
moves from a fully atomistic microscopic treatment ( sometimes with quantum mechanical
elements) to semimacroscopic free energy surfaces and eventually to Brownian Dynamics or
Monte Carlo simulations of slow events (5,7). We will thus provide examples of consistent
simulations of millisecond biological processes using various multiscale strategies .We will also
demonstrate the use of CG modeling in enzyme design and related problems ( 8).

References
1 Computer Simulations of Protein Folding, M. Levitt and A. Warshel, Nature 253, 694
(1975).
2 Using Simplified Protein Representation as a Reference Potential for All-Atom

Calculations of Folding Free Energy, Z.Z. Fan, J.-K. Hwang and A. Warshel, Theor.
Chem. Acc. 103, 77 (1999).

3 Theoretical Studies of Enzymatic Reactions: Dielectric Electrostatic and Steric
Stabilization of the Carbonium Ion in the Reaction of Lysozyme, A. Warshel and M.
Levitt, J. Mol. Biol. 103, 227 (1976).

4 Structure/Function Correlations of Enzymes using MM, QM/MM and Related
Approaches; Methods, Concepts, Pitfalls and Current Progress, A. Shurki and A.
Warshel., Advances in Protein Chemistry, 66,249-313 (2003).

5 Exploring the origin of the ion selectivity of the KcsA potassium channel, A. Burykin
, M. Kato and A. Warshel, PROTEINS Structure, Function and Genetics, 52, 412-426
(2003).

6 Studies of Proton Translocations in Biological Systems: Simulating Proton Transport

in Carbonic Anhydrase by EVB Based Models, S. Braun-Sand, M. Strajbl, and A.
Warshel. Biophys. J.87,2221-2239, (2004).

7 Monte Carlo simulations of proton pumps: On the working principles of the
biological valve that controls proton pumping in cytochrome c¢ oxidase; M. H. M.
Olsson and A. Warshel, Proc. Natl. Acad. Sci. USA ,103, 6300-6305 (20006).

8 On the relationship between folding and chemical landscapes in enzyme catalysis, M.
Roca, B. Messer, D. Hilvert and A. Warshel, Proc. Natl. Acad. Sci. USA 105, 13877-
13882 (2008)
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Molecular Dynamics Simulations and Signal Transduction

Harald Lanig

Computer-Chemie-Centrum
Friedrich-Alexander-Universitit Erlangen-Niirnberg

Erlangen, Germany

The tetracycline repressor TetR is in many ways representative for signal-transduction proteins. It
can be used as a switchable gene regulator for both eukaryotic and prokaryotic organisms, which

encouraged many structural, mechanistic, and theoretical investigations.

Molecular dynamics simulations on several variants (normal and reverse phenotype) of TetR, both
in the absence of an inducer and complexed with the inducers tetracycline and 5a,6-
anhydrotetracycline, show significant differences in the structures and dynamics of the induced and
non-induced forms of the protein. In this talk, I will discuss how we can use MD simulations to gain
atomistic insight into the mechanism of induction of this important class of regulatory protein

complexes.
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DNA Polymerase Fidelity and
Human Telomeric Quadruplex Conformations

Thomas E. Exner

Universitit Konstanz, Fachbereich Chemie, 78457 Konstanz, Germany,
thomas.exner@uni-konstanz.de

Molecular dynamics simulations on two different systems will be presented. The first is a mutant of
DNA polymerase I from Thermus Aquaticus (Taq) with higher fidelity compared to the wild type.
The accurate replication of DNA is of the utmost importance for the maintenance of genomic
integrity. Polymerases have evolved a very high fidelity with error frequencies of approximately
one in 10°-10° bases synthesized. The even better mutant was identified by an efficient automated
high-throughput setup for the rapid parallel screening of mutant libraries [1] developed to respond
to the demands of numerous biotechnical applications like polymerase chain reactions (PCR) with
their unnatural conditions. Simulations of Watson-Crick and mismatched incoming
deoxyribonucleoside-triphosphates show that the high fidelity of the mutant can be partly explained
by different specific interactions between amino acids of the enzyme and the DNA primer end as
well as, in some mismatches, a displacement of the primer relative to the incoming nucleotide and
the catalytic magnesium ion [2].

Guanosine-rich nucleic acids are known to fold into four-stranded structures called quadruplexes
Particular sequences, namely the telomeric repeats at the end of the chromosomes, have generated
much interest. Due to the potential to switch between folded and unfolded state, the formation of
quadruplex structures is suspected to play important roles in telomere maintenance and cell cycle
control. The human telomeric repeat is known to adopt drastically different conformations
depending on parameters such as the type of monovalent ions coordinated by the guanine tetrads
and the nature of the examined sequence. Long-range distance measurements by spin-label EPR for
investigating quadruplex structures suggest the presence of a 1:1 mixture of a parallel propeller and
an anti-parallel basket structure in K solution [3]. Molecular dynamics calculations show that it is
really possible to discriminate between these structures by the EPR-based distance measurements,
so that they can be used to identify and quantify structural mixtures of DNA or RNA quadruplex
with respect to experimental conditions.

[1] Summerer D, Rudinger NZ, Detmer I, Marx A (2005) Angew Chem Int Ed 44(30):4712-4715

[2] Exner TE, (2009) J Mol Model DOI: 10.1007/s00894-009-0491-4.
[3] Singh V, Azarkh M, Exner TE, Hartig JS, Drescher M (2009) submitted.
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Computer Simulations of Processes Involved in mRNA Translation
on the Ribosome

Johan Aqvist

Department of Cell and Molecular Biology
Uppsala University, Uppsala, Sweden

We will present an overview of our recent calculations on the different processes involved in
mRNA translation on bacterial ribosomes. Key topics such as the peptidyl transfer step in the
elongation reaction and peptidyl-tRNA cleavage in termination of protein synthesis will be
discussed. We will also address the mechanism whereby ribosomal release factors are able to
specifically recognize stop codons.
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Influence of Anesthetics on Membranes and Membrane
Proteins: Implications for Anesthesia

Beate Griepernau, Shirley W. L. Siu, and Rainer A. Bockmann

Theoretical & Computational Membrane Biology,
Center for Bioinformatics, Saarland University,
P.O. Box 151150, 66041 Saarbriicken, Germany
E-mail: rainer@bioinformatik.uni-saarland.de

Although anesthesia is widely used in clinical applications, the underlying molecular mech-
anisms are not yet known. It is generally assumed that anesthetics act by either binding
specifically to membrane proteins, or by changing the properties of biological membranes
involved in signal transduction, thereby affecting the function of embedded proteins indirectly.

Here, the effect of 1-alkanols of different chain lengths — some of them anesthetics, others
not — on the lateral pressure profile across pure dimyristoylphosphatidylcholine (DMPC) bi-
layers was studied by long-term molecular dynamics (MD) simulations. The simulations were
performed at normal and enlarged external pressure to elucidate also the experimentally demon-
strated pressure reversal of anesthesia, i.e. the effect that anesthesia in animals can be reversed
by external pressures between 70 and 350 bar. It is shown that 1-alkanols and external pressure
may shift conformational equilibria between hypothetical open and closed states of membrane
proteins in opposite directions.

In addition, the influence of some anesthetics on an ion channel-membrane system was in-
vestigated using MD simulations. We found a strong decrease of drug adsorption close to the em-
bedded ion channel (gramicidin). In agreement with lipid-mediated theories, the drug molecules
influence both the structure and dynamics of the ion channel by modulating the properties of
the surrounding lipid environment. Ethanol decreased the pore radius coupled to an increase in
protein fluctuations while decanol increased the pore radius.

In summary, our results lend support to Cantor’s model that anesthesia is mediated by local
pressure changes in the membrane and probably not by specific binding to ion channels.

References

1. B. Griepernau and S. Leis and M. F. Schneider and M. Sikor and D. Steppich and R. A.
Bockmann, /-Alkanols and Membranes: A Story of Attraction, BBA - Biomembranes 1768,
2899-2913, 2007.

2. B. Griepernau and R. A. Bockmann, The Influence of 1-Alkanols and External Pressure on
the Lateral Pressure Profiles of Lipid Bilayers, Biophys. J. 95, 5766-5778, 2008.

3. B. Griepernau and S. W. L. Siu and R. A. Bockmann, Influence of Anesthetics on a Mem-
brane lon Channel Studied by Molecular Dynamics Simulations, submitted.
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Mean field Methods abused and confused — RNA base pairing and design

Andrew E. Torda

Centre for Bioinformatics, University of Hamburg, Bundesstrasse 43, 20146 Hamburg, Germany

torda (@ zbh.uni-hamburg.de

RNA structural calculations have long suffered under the tyranny and cruelty of computer
scientists. Firstly, the molecule is usually regarded as being two-dimensional. Next, base-pairs
are usually predicted with dynamic programming methods that are fast, but only because they
search an embarrassingly small subset of possible solutions (ignoring pseudoknots). Finally, the
most popular energy functions are so ugly, they would cause a dead computational chemist to

turn in his or her grave.

For the moment, we are also calculating in a two-dimensional world and we have not done
anything about the beauty of the energy functions. We have, however, used mean-field methods
to predict optimal base-pairings. The result is a method which can find good base-pairs in terms
of the way the problem is posed and . The bad news is that they may not be entirely believable

and suggest that popular energy terms are as evil as a room full of North Korean presidents.
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Fullerenes and nanotubes see the light (!)
Dirk M. Guldi

Department of Chemistry and Pharmacy and
Interdisciplinary Center for Molecular Materials
Friedrich-Alexander-Universitat Erlangen-Nlrnberg
Egerlandstr. 3, Erlangen, Germany

Multifunctional carbon nanostructures are currently under active investigation for
producing innovative materials, composites, and optoelectronic devices, whose unique
properties originate at the molecular level. Among the wide variety of carbon allotropes
recently discovered, Cg, single wall carbon nanotubes (SWNT) and single wall carbon
nanohorns (SWNH) are of particular interest. Cg is entirely made of pentagons and
hexagons resulting in 0.78 nm sized truncated icosahedral carbon spheres. In contrast,
the structure of SWNT has a cylindrical shape, which can be conceptually generated by
wrapping a one-atom-thick layer of a graphene sheet into a seamless cylinder. The
diameter of most SWNT is around 1 nm — similar to that of Csy — with a tubular length
that can reach many thousands of times their diameter. Importantly, based on different
arrangements, SWNT possess different electrical properties, which are the result of the
electrons moving differently in the tube depending on the SWNT arrangement. SWNH,
on the other hand, are typically constituted by tubes of about 2-5 nm of diameter and 30
to 50 nm long, which associate with each other to give rise to round-shaped aggregates
of 100 nm of diameter. Their large surface areas and inner nanospaces are of great
importance, since they ensure a great affinity, for example, with organic electron donors.

The accomplishment of multiple-performance objectives in a single system necessitates
combining these carbon allotropes with other classes of materials. Our past work has
mapped out compounds that proved particularly useful: active organic materials such as
porphyrins / phthalocyanines and oligomers / polymers. We have demonstrated that
linking these molecular building blocks creates enormous synergisms in going much
beyond just harnessing the features of the individual subunits or constituents.
Eventually it enables the control over molecular arrangement — well-defined ensembles
and superstructures with widely differing property values — and results in the
development of the necessary tools for fine-tuning properties on the molecular,
nanoscale level.

I will highlight the opportunities that rest on fullerenes and single wall carbon nanotubes
within the context of charge transfer reactions in novel chemical as well as light driven
systems with high tensile strength. A fundamental aspect of our research is to integrate
such functions without sacrificing the structural and electronic integrity of the material. In
this context, | will survey our concepts to generate functional entities using the bottom up
approach, that is, to design, manipulate, characterize, examine, and understand the
potential of carbon materials as a novel platform for stable electron donor-acceptor
hybrids and conjugates. Important aspects will include the impact, the benefits and
some of the promises that evolve from charge transfer reactions involving carbon
nanostructures with high tensile strength on i) the stabilization of radical ion pair states,
i) multi electron catalytic reactions, and iii) photoelectrochemical / photovoltaic solar
energy conversion.
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Atomistic simulations for complex systems with chemical

SQIN)0d

accuracy

Markus Meuwly
Chemistry Department, University of Basel, Klingelbergstrasse 80, CH-405 6 Basel
(August 10, 2009)
With recent advances in both, experiment and computer simulations, it has become
possible to investigate the dynamics of small molecules in heterogeneous environments. This
is of particular interest because small ligands can be used as an experimental probe to

investigate the interior of proteins or other disordered materials.

Atomistic Simulations are an established computational method to investigate gas- and
condensed-phase systems. Recent extensions to force fields incorporate more details in
capturing electrostatic interactions and allow to more quantitatively understand particu-
lar processes. Here, I will describe some of these methods and their use to understand
the energetics, [vibrational|spectroscopy and reactions in biological and physico-chemical
systems. For myoglobin interacting with diatomic ligands the vibrational spectroscopy of
the ligand[1,3,4,5] and its rebinding kinetics are long-standing problems in biophysics which
continue to attract the attention of experimentalists and computational chemists. The re-
lationship between spectroscopy and structure is an interesting problem in the physical

chemistry of doped ices which play an important role in astrophysics.|[2,3]

References

[1] N. Plattner and M. Meuwly, Biophys. J., 94, 2505 (2008)

[2] N. Plattner and M. Meuwly, ChemPhysChem, 9, 1271 (2008)

[3] M. Devereux, N. Plattner and M. Meuwly, J. Phys. Chem. B, in print (2009)
[4] M. Devereux and M. Meuwly, J. Phys. Chem. B, in print (2009)
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Surfaces of aqueous solutions are traditionally viewed as devoid of inorganic ions.
Molecular simulations and surface selective spectroscopic techniques show, however, that
large polarizable anions and hydronium cations can be found (and even enhanced) at the
surface and are involved in chemistry at the air/water interface. Here, we present recent
studies of ions at the water/vapor interface and compare from this perspective more complex
aqueous interfaces, such as those of hydrated proteins. We critically examine the suitability of
dielectric models for the description of the protein/water interface in analogy to the
water/vapor interface. Little correlation is found between these two interfaces in terms of ion
segregation. Therefore, a local picture of pairing of ions from the solution with charged and
polar groups at the protein surface is advocated and combined with a model for segregation of

large soft ions at hydrophobic patches of the protein surface.
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Membrane Transport Proteins - an understudied class of drug targets
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Structure and Dynamics of Alzheimer’s AR ,-Amyloid Oligomers

Heinrich Sticht
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FahrstraBle 17, 91054 Erlangen, Germany

Converging lines of evidence suggest that soluble AB-amyloid oligomers play a pivotal role in
the pathogenesis of Alzheimer’s disease, and present direct effectors of synaptic and cognitive
dysfunction. To address the effect of the oligomerization state on A structure, we performed
systematic molecular dynamics simulations of 0.5 ps in total on five A4, oligomers (monomer
through pentamer). While the conformation of the trimer to pentamer remains similar to the fibril
structure, the dimer forms a distinct barrel-like structure with mixed [B-sheets shielding a
hydrophobic core. The fact that the dimer predominantly exists in conformations clearly distinct
from the fibril may offer an explanation for dimer stability and neurotoxicity.

The present study also assessed the effect of four pathogenic mutations at position 22 from 20-ns
molecular dynamics simulations and subsequent structural and energetic analyses. Our data
shows that E22 plays a unique role in wildtype AP, since is has a destabilizing effect on the
oligomer structure due to electrostatic repulsion between adjacent E22 sidechains. Consequently,
mutations, which replace E22 by a non-charged residue, result in higher oligomer stability. The
effect is also observed for lesser extent for the E22K mutation and is consistent with the lower
pathogenicity compared to other mutants. Interestingly, the deletion of E22 does not destabilize
the amyloid fold but is compensated by local structural rearrangements including changes of
dihedral angles and the formation of alternative hydrogen bonds at the site of mutation. The
finding that all mutants investigated exhibit a higher internal stability than the wildtype offers an
explanation for the experimentally observed enhanced oligomer formation and stability. The
correlation between internal stability, aggregation tendency and pathogenicity and might be

helpful for the design of drugs targeting small but toxic AB-amyloid compounds.
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RNA molecules are characterized by astonishing variability of molecular interactions. While
the biology of RNA is being rapidly discovered, the understanding of physics and physical
chemistry of RNA is lagging behind, and in this area computations can help. Computational
techniques such as explicit solvent molecular dynamics (MD) and quantum chemistry (QM)
can fill some of the many gaps in our knowledge (1,2). Computational techniques have
numerous limitations and are notoriously prone to over-selling and misuse (1,3).
Nevertheless, when properly applied, computations can provide data that cannot be harvested
by other techniques (1-3). Thus, MD can classify strikingly variable structural flexibilities of
RNA building blocks which are of functional importance for stochastic biomolecular
machines (4,5). MD is instrumental in studies of long-residency hydration that can be of
structural (1), dynamical (4,5) and catalytic relevance (6). Simulations can map major binding
sites of (monovalent) cations including those that are delocalized (1,3). MD is efficient in
testing effects of base substitutions and modifications, including variable protonation states.
QM techniques are primarily designed to investigate the nature and magnitude of molecular
interactions in nucleic acids and provide link between molecular structures and energies (7,8).
Proper application of computational methods requires close cooperation with bioinformatics
and experiment. I will briefly summarize advantages, limitations and areas of application of
these methods, and illustrate their relation with structural bioinformatics, crystallography,
cryo-electron microscopy and biochemistry for ribosome and ribozymes. The examples will
include dynamical functional centers of ribosome, structural dynamics and chemistry of
catalytic centers of ribozymes, and classification of structures, energetics and evolutionary
patterns of molecular interactions in RNAs.
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I will discuss some of our recent work looking at how protein-DNA and ligand-DNA
interactions are modulated by changes in nucleic acid flexibility. Specifically, I will describe
our recent investigations of how formamidopyrimidine-dG (FapydG) lesions change local DNA
flexibility and how this may contribute to selective recognition by the repair protein FPG. I will
then describe our latest work investigating methodologies for the accurate prediction of the
sequence-selectivity of DNA minor groove ligands, where again subtle changes in DNA
flexibility with sequence may play a key role in modulating affinity.
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Nitric oxide (NO) is an important bioregulatory agent, and structural studies of the interactions
of hemes and heme models with NO have played a major role in elucidating the activation mechanism
of the NO-receptor enzyme guanylate cyclase. Emphasis has also been placed on various NO carriers
and how such entities function to release NO. Previously it was shown that the Drago R N[N,O, ]
anions (“NONOates”) are smooth nonenzymatic releasers of nitric oxide in physiological media.

The NO derivative of vitamin B12, known as nitrosylcobalamin (NOCDI), has recently
attracted a lot of attention in the literature. The first efficient procedure to synthesize NOCbl was
reported in 2007 and was based on reaction of the NO donor 2-(N,N-diethylamino)diazenolate-2-
oxide (DEA-NONOate) with hydroxycobalamin hydrochloride.[1]

Provided the importance of the understanding mechanisms of such reactions, we have
preformed extensive DFT and MP2 calculations on possible DEA-NONOate decomposition

pathways and its reaction with NOCbL.
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Hybrid density functional theory has been used to study the mechanisms of a large number
of transition metal containing enzymes. The present strategy for treating these systems
will be described, with comparison of large DFT and QM /MM models. DFT studies on the
mechanism for dioxygen formation in photosystem II is then described. After the first X-ray
structures of PSII appeared a few years ago, the understanding of this fundamental reaction
has improved significantly. A detailed mechanistic proposal will be presented including a
complete energy diagram. During the past year major progress has also been made con-
cerning the structure of the oxygen evolving complex. It will be argued that the theoretical
prediction of the structure is at present more accurate than, and even qualitatively different
from, what is obtained by X-ray crystallography. Finally, a mechanism for proton pumping
across the membrane for cytochrome ¢ oxidase will be presented. Quantitative reasoning,
rather than large calculations, has been particularly fruitful in this case.
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Computational Uranyl Chemistry: Heavyweights in Silico.

M. Biihl
University of St. Andrews, School of Chemistry, North Haugh, St. Andrews, Fife KY16 95T,
United Kingdom

Recent progress in the application of Car-Parrinello molecular dynamics (CPMD) simulations
to uranyl(VI) complexes is reviewed. Special attention is called to the speciation of aqueous
uranyl(VI) complexes with water and halide, nitrate, or pertechnetate ligands. Coordination
numbers about uranyl, the binding mode of chelating ligands, monodentate vs. bidentate, as
well as the mechanism of ligand exchange are assessed in terms of free energies computed
from suitable thermodynamic integration schemes. According to these simulations, per-
technetate should bind less strongly to uranyl than nitrate [1], and the affinity of the tetra-
fluoride to bind an additional water ligand affording [U02F4(H20)]2' (eq 1) is much lower than
hitherto assumed [2]. The role of counterions in stabilizing such a five-coordinate species in

the solid state [3] and in aqueous solution is discussed.
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[3] M. Biihl, Can. J. Chem. 2009, 87, 818.
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A Quantum of Common Sense in Protein
Crystallography

Professor Kenneth M. Merz Jr.
Colonel Allan R. and Margaret G. Crow Term Professor
Department of Chemistry
Quantum Theory Project
2328 New Physics Building
P.O. Box 118435
University of Florida

Gainesville, Florida 32611-8435

The starting point for structure-based drug design (SBDD) efforts is a high
quality structural model obtained using X-ray crystallography or NMR
spectroscopic techniques. Recently, it has become clear that many available
protein/ligand complexes have structural inconsistencies that limit their usefulness
in developing and validating SBDD tools like docking and scoring methodologies.
In most instances classical tools are used as structural surrogates in X-ray and
NMR refinement protocols in order to improve the parameter to observation ratio
realized from these experimental techniques. While classical approaches are useful
structural surrogates, they do suffer from a number of issues that affect their
performance including: electrostatic modeling, parameter defects and missing
parameters. The way in which these issues can be mitigated is to use more robust
structural theories like quantum mechanical (QM) methods, which have had a
tremendous impact on our understanding of “small” chemical and biological
systems. In this presentation we will focus on some of the first applications of ab
initio QM methods to refine protein/ligand complexes for use in SBDD
applications. In our first example, we will describe the use of computational NMR
spectroscopy tools to place or “pose” ligands in the active site of a protein, while in
the second example we will discuss the use of QM in X-ray structure refinement.
Finally, we will briefly summarize our vision of the future application of quantum

chemistry to structure refinement as well as SBDD.
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Pharmaceutical drug research is a multi-objective optimization problem not only concerned with
potency, efficacy, and selectivity, but additionally with finding a suitable compromise also by
reducing physicochemical and pharmacokinetic liabilities of early hits.

Phaenomenological models that describe chemical features responsible for a pharmacological
effect and provide an optimization rationale are highly desired over classical black box QSAR
models that connect molecular descriptors with some target property. Nevertheless, fast and
effective alerts with about eighty percent accuracy can be obtained by classical QSAR and allow
for priorization within HTS analysis, compound purchase and virtual compound profiling datasets,
when applied in the context of clusters and not taken literally for any specific compound.

Most important for predictive models are high quality data sets. These should be acceptably large,
internally diverse and with similar profile to the warehouse to predict. With our dataset for human
serum albumine binding it is not only possible to create a highly predictive HSA model but also an
satisfactory model for fraction unbound in human as derived from caclulated HSA.

On the other hand, the dataset used for the creation of CypScore as a tool for the prediction of
cytochrome P450 mediated metabolic lability prediction is much smaller, but favorably matches
the observed variety of metabolic reations. CypScore is presented as an example for a
phaenomenological model, based on specific AM1 quantum-chemical atomic reactivity models for
the most important phase-| reactions. Instead of a diffuse metabolic stability value, it hints to the
most attractive molecular regions for chemical modifications.

The dataset avaible to us for hERG inhibition is much too limited to create global models of the
quality needed for lead optimization. topoHERG, a knowledebase approach for the classification
of hERG inhibition based on pharmacophore-similarity which allows to learn from successful
chemical modifications in near neighborhoods, is presented as a proof-of-concept study that
currently lacks from the small structural data basis. topoHERG is compared with decision tree

and SVM black box models with larger applicability domain but lower accurcy.

Hennemann, M.; Friedl, A.; Lobell, M.; Keldenich, J.; Hillisch, A.; Clark, T. & Goller, A. H.
CypScore: Quantitative Prediction of Reactivity toward Cytochromes P450 Based on
Semiempirical Molecular Orbital Theory, ChemMedChem, 2009, 4, 657 — 669
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Nisius, B.; Goller, A. H. J.Chem. Inf. Model. 2009, 49, 247-256.
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’Depan‘ment of Chemistry, University of Florida, Gainesville, FL 32611-7200, USA, and 2Department of
Medical Biochemistry & Biophysics, Molecular Structural Biology, Karolinska Institutet, S-17177
Stockholm, Sweden

Oxalate is the primary energy source for Oxalobacter formigenes,' a bacterium that is present in the gut
of several mammalian species including humans.? There is a striking correlation between the absence
of this microorganism and kidney stone disease,® perhaps because Oxalobacter plays a symbiotic role
in controlling oxalate homeostasis in humans.* Oxalate is converted into formate and CO; in a catalytic
cycle that is mediated by two enzymes: oxalyl-CoA decarboxylase® and formyl-CoA transferase.® The
active site of the latter lies at the interface of two monomers in the “interlocked” homodimer,” and X-ray
crystal structures have been obtained for several intermediates in the acyl transfer mechanism showing
conformational changes that must take place to mediate catalysis.? In addition to outlining the
consequences of these structural alterations for catalysis, normal-mode analysis (NMA) calculations® to
evaluate the extent to which these motions are a consequence of intrinsic protein dynamics will be
described. These computational studies also provide new insights into how global, low-frequency
protein motions may act to correlate catalysis in the two active sites.

HTSCOA N 'O\Hj\o_

0 0 Formyl—CoA
Transferase

H®, - 605

Oxalyl-CoA
Decarboxylase

(Left) Oxalate degradation in bacteria. (Right) A cartoon representation of the formyl-CoA transferase/coenzyme A
complex, showing the location of the active site between the large and small sub-domains of monomers A and B,
respectively. Protein monomers are shown in green or blue ribbon representations. Bound coenzyme A in the active site is
rendered in a space-filling representation, and atoms are colored according to the following scheme: C, grey; N, blue; O, red;
P, purple; S, yellow.
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D-06120 Halle (Saale), Germany
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Prenyltransfering enzymes are at the basis of the vast isoprenoid natural product diversity.
They include, e.g., aromatic prenyl transferases, prenyl diphosphate and terpene synthases, all
of which activate an (olig)prenyl diphosphate to form a stabilized prenyl cation reactive
intermediate, that after addition to a nucleophile (C=C bond) and deprotonation delivers the
product(s). So far, aromatic amino acids have been suggested to stabilize the cation
intermediate. In this paper their role is elucidated further, but most importantly, other
nucleophilic amino acids, specifically methionine are suggested as additional or alternative
aids for cation stabilization. This suggestion is supported by site directed mutagenesis,
bioinformatics and modelling studies. In addition, a new catalytic diad composed of Tyr and
Asp, represented by a Yx(x)xxD-motif, is identified as important player for deprotonation and
proton-relay in intermediates and finalizing deprotonation steps of many prenyl transferring

and cyclizing enzymes.
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The last decades of biocatalytic research has demonstrated that enzymes often can use
alternate catalytic mechanisms and catalyze more than one chemical transformation. Such
catalytic promiscuity, which is inherent to many biocatalysts, may be utilized in the redesign
of enzymes to obtain new catalytic activities. We have found the catalytic machinery of serine
hydrolases particularly suited for the transformation of carbonyl compounds. Using a
combination of quantum chemical calculation and molecular dynamic simulations, we have
shown that mutating a single residue, the catalytic serine, in Candida antarctica lipase B
(CALB) results in an enzyme that can catalyze a number of reactions important in organic
synthesis, including, aldol addition, Michael type additions and epoxidation [1-4]. In addition,
the mutant shows no activity for the natural reaction of CALB, i.e. ester hydrolysis.

In this lecture we will demonstrate that the catalytic promiscuity of lipases also
extends to reactions of compounds with a nitrile functionality. In particular we will report on
catalysis of carbon-carbon bond formation/breaking in nonpolar environments. Molecular
dynamics (MD) simulations show that solvents of low polarity induce structural changes in
the active site geometry that result in substrate binding and activation. Subsequent quantum
chemical calculations based on the MD structures reveal the details of the catalytic
mechanism. The computational results together with experimental findings indicate that the
entire catalytic machinery of the lipase, including both the catalytic triad and the oxyanion
hole, participates in the catalysis of the promiscuous reaction.

[1] Branneby, C.; Carlqvist, P.; Magnusson, A.; Hult, K.; Brinck, T.; Berglund, P. J Am
Chem Soc 2003, 125, 874-875.

[2] Branneby, C.; Carlqvist, P.; Hult, K.; Brinck, T.; Berglund, P. J Mol Catal B-Enzym
2004, 317, 123-128.

[3] Carlgvist, P.; Svedendahl, M.; Branneby, C.; Hult, K.; Brinck, T.; Berglund, P.
Chembiochem 2005, 6, 331-336.

[4] Svedendahl, M.; Carlqvist, P.; Branneby, C.; Allnér, O.; Frise, A.; Hult, K.; Berglund,
P.; Brinck, T., Chembiochem 2008, 9, 2443-2451.
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This talk deals with the application of mainly density functional and perturbation theoretical
methods for the elucidation of reaction mechanisms. It covers the range of stereoselective
reactions over reactive intermediates to catalytic cycles.

The asymmetric SAMP-assisted C-C bond formation, a synthetically successful reaction for
several decades now, is investigated for the first time. Both a proposed mechanism as well as

the semiquantitative prediction of the stereochemical outcome is presented.

Iminopropadienones, reactive heterocumulenes formed in flash vacuum pyrolysis, can react at

very low temperatures with nucleophiles to yield regiospecific products.
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The reaction force F(R) is the negative gradient of the potential energy V(R) of a
chemical process along its intrinsic reaction coordinate R. F(R) normally has one or
more maxima and/or minima which represent a natural division of the process into
regions. Some of these are dominated by structural changes in the reacting system, while
others feature electronic as well as structural factors. Since activation barriers include
contributions from both types of regions, it is possible to determine whether the effects of
catalysts, solvents, etc. are primarily structural or electronic.? F(R) defines a
“transition-to-products” region, which is characterized by the reaction force constant [the
second derivative of V(R)] being negative throughout its entirety, not just at the
maximum of V(R).? This is consistent with the concept of a continuum of transient states
that comes out of transition state spectroscopy.*

1. A. Toro-Labbé, S. Gutiérrez-Oliva, J. S. Murray and P. Politzer, Mol. Phys., 105,
2619 (2007).

2. J. V. Burda, A. Toro-Labbé¢, S. Gutiérrez-Oliva, J. S. Murray and P. Politzer, J. Phys.
Chem. A, 113, 6500 (2009).

3. P.Jaque, A. Toro-Labbé, P. Politzer and P. Geerlings, Chem. Phys. Lett., 456,
135 (2008).

4. J. C. Polanyi, A. H. Zewalil, Acc. Chem. Res. 28, 119 (1995); A. H. Zewalil, J. Phys.
Chem. A, 104, 5660 (2000).
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The acceleration of a variety of group transfer reactions by Lewis bases such as
amines and phosphines represents an important part of the field of contemporary
organocatalysis, with particularly interesting applications in the area of stereoselective
transformations. In recent years simple affinity numbers such as the affinity towards methyl
cations (MCA) or the affinity towards acetyl cations (ACA) have been used to rationalize the
catalytic performance of known pyridine bases and predict new, more highly active
catalysts.'™ These studies have also been extended to include prochiral cation probes.
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A good number of organocatalytic transformations involve the intial reaction of neutral
nucleophilic catalysts with neutral electrophiles, generating zwitterionic intermediates as the
first discrete species in the catalytic cycle. Using methyl vinyl ketone (MVK) as a sample
electrophile we have now evaluated theoretical methods suitable for the calculation of the
corresponding affinity numbers, and have also explored the correlation of such affinity values
with those derived for cationic electrophiles.

References

1) I. Held, S. Xu, H. Zipse, Synthesis 2007, 1185.

2) Y. Wei, T. Singer, H. Mayr, G. N. Sastry, H. Zipse, J. Comp. Chem. 2008, 29, 291.
3) Y. Wei, G. N. Sastry, H. Zipse, J. Am. Chem. Soc. 2008, 130, 3473.

4) Y. Wei, G. N. Sastry, H. Zipse, Org. Lett. 2008, 10, 5413.

Lectures | Page 103



