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Magnetization of metallic carbon nanotubes by paramagnetic centers
Oleg V. Yazyev and Lothar Helm

Laboratoire de Chimie Inorganique et Bioinorganique, Ecole Polytechnique
Fédérale de Lausanne, EPFL-BCH, CH-1015 Lausanne, Switzerland

Gd-loaded carbon nanotubes recently have got interest as potential contrast
agents for magnetic resonance imaging (MRI) [1]. A possible explanation of
experimentally observed high relaxation enhancement is the spin-
polarization of standing-wave-like electronic states of finite metallic nano-
tubes [2]. Perturbation theory calculations show that a paramagnetic center
localized in a metallic nanotube causes a very inhomogeneous magnetiza-
tion of the whole system. The effective spin-polarization potential was esti-
mated from density functional theory calculations on model systems.

[1] Sitharaman et al., Chem. Comm., accepted.
[2] Rubio et. al., Phys. Rev. Lett. 1999, 82, 3520.
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Molecular Dynamics Approach to Characterize the Guanylate Cyclase
PleD

Franziska F.-F. Schmid, M. Meuwly*
University of Basel, Klingelbergstrasse 80, 4056 Basel, Switzerland

Cyclic di-guanosine-monophosphate (c-diGMP) plays an important role in
modulating bacterial growth on surfaces [1]. Thus inhibition of the synthesis
of c-diGMP is a potential target to combat biofilm-related infections. The
recently solved crystal structure of the response regulator PleD from C.
crescentus revealed an allosteric site at the stem-guanylate cyclase interface
[2]. A first step towards medicinal application is a fundamental
understanding of the mechanism of this feedback inhibition, especiallly
since the GGDEF domain is abundant in the bacterial kingdom.

Molecular dynamics (MD) simulations are an ideal tool to gain information
about the structure and the dynamics of the protein at a molecular level.
Normal mode studies on several systems [3] have shown that the character
of low frequency modes is correlated with significant conformational
transitions which may be important for function. Complementary, correlated
motions identify in detail residues which are essential to signal transduction
either within the DGC domain or even from the distant D1 domain where
the activation via phosphorylation occurs. Results on the native protein and
on mutant R390A which is known to have a much lower affinity for c-
diGMP binding will also be presented.

[1] U. Jenal, Curr. Opinion Microbiol. 2004, 7, 185.

[2] C. Chan, R. Paul, D. Samoray. N. C. Amiot, B. Giese, U. Jenal, T.
Schirmer, PNAS 2004, 101, 17084.

[3] M. Karplus, Y. Q. Gao, J. Ma, A. van der Vaart, W. Yang, Phil. Trans.
R. Soc. A 2005, 363, 331.
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Information extraction from the Evolving Factor Analysis

Jean-Nicolas Aebischer, Michael Amrhein*, Gregory Corminboeuf,
Simon Crelier**, Olivier Naef, Ennio Vanoli et Pascale Voirin

Ecole d’ingénieurs de Fribourg, Bd de Pérolles 80, CP 32, 1705 Fribourg
* EPFL — Laboratoire d’ Automatique, Station 9, CH-1015 Lausanne
**HEVs - Sciences de 'ingénieur, Rte du Rawyl 47 - 1950 Sion

The goal of our project (HES-SO n°11246) is to develop chemometric
methods that enhance the development of chemical synthesis.

Semi-batch experiments are performed using a fully automated chemical
reactor. Real-time analytical data, infrared (IR) spectra for instance, are syn-
chronized with standard process variables [1]. In parallel to the on-line
measurements, the reaction is followed by conventional chemical analysis
such as gas chromatography (GC).

We have chosen an aldol condensation as a model reaction. IR spectra are
preprocessed (wave number region selection, filtering) and processed by
Evolving Factor Analysis (EFA) [2] to monitor the chemical reaction.

Influence of the pre-processing on EFA-results for real experimental data as
well as for dynamically simulated data will be presented and compared.

[1] Matthias Otto in ‘Chemometrics, Statistics and Computer Application
in Analytical Chemistry’, Wiley-VCH, 1999, New York.

[2] Malinowski, E. R. in ‘Factor Analysis in Chemistry’, John Wiley &
Sons, 1991 (2™ edition), New York.
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Impact of induced fit for ligand binding to proteins: Development of
multidimensional QSAR technologies

Lill, Markus A.; Dobler, Max; Vedani, Angelo

Biographics Laboratory 3R, Friedensgasse 35, CH-4056 Basel, Switzerland
and Institute for Molecular Pharmacy, University of Basel, Klingelberg-
strasse 50, CH-4056 Basel, Switzerland

Quantitative structure-activity relationships (QSARs) are often employed to
establish a correlation between structural features of potential drug candi-
dates and their affinity towards a macromolecular target. In 3D-QSAR, the
the involved molecules are represented by three-dimensional structures,
allowing to quantify electrostatic forces, hydrogen bonds and hydrophobic
interactions at the atomic level. Receptor models based on 3D-QSAR typi-
cally represent a binding-site surrogate with physico-chemical properties
mapped onto its surface or a grid surrounding the ligand molecules, super-
imposed in 3D space (pharmacophore hypothesis). As such a single con-
struct interacts with all ligands simultaneously, it does not allow for the
simulation of induced fit (receptor-to-ligand adaptation) — a fundamental
shortcoming of the technology. As this entity represents all but a receptor
surrogate, the bioactive conformation, orientation and protonation state of
the ligand molecules might be guessed at best. Multidimensional QSAR
represents a subtle extension of 3D-QSAR attempting to overcome these
limitations.

In this lecture, we present two novel concepts (Quasar [1] and Raptor [2])
and demonstrate their ability to predict binding affinities of large, chemi-
cally diverse sets of ligand molecules binding to G-protein coupled recep-
tors, nuclear receptors and cytochrome P450 3A4. The results suggest that
our approach may be used for the reliable prediction of binding affinities
and adverse effects of drugs and chemicals prior to their synthesis.
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Computational Chemistry 86

Intermolecular complexes from van der Waals to hydrogen
bonds: benchmark calculations using subsystem formulation
of density functional theory.

Marcin Dulak, Tomasz A. Wesolowski
Univ. of Geneva, 30 quai E.-Ansermet, CH-1211 Geneva 4, Switzerland

Interaction energies in a large set of weak intermolecular complexes were
derived using subsystem formulation of density functional theory [1]. The
results were obtained using our new computer implementation of this for-
malism [2], allowing us to obtain the results close to the basis set limit.
The investigated systems cover a wide range of interactions starting from
the weakest ones comprising noble gas dimers to the hydrogen bonds.
The calculated interaction energies, as well as the complete potential en-
ergy curves were compared with the reference data derived from high level
ab initio calculations. The performance of two levels of approximation
(gradient-free and gradient dependent) is discussed in detail. In view
of practical applications of the formalism in studies of larger systems,
the influence of the additional simplifications such as: using a smaller
basis sets, non-variational, and partially variational 3] calculations, are
discussed. In particular, it is shown that the variational calculations are
indispensable for accurate description of hydrogen bonded complexes but
can be avoided for a large class of complexes formed by rare gas atoms
and non-polar molecules. In an attempt to rationalize the physical ori-
gin of very good numerical values of the interaction energies, the local
behavior of key approximated quantities is analyzed.

[1] P. Cortona, Phys. Rev. B, 1991, /4, 8454.
[2] M. Dulak and T. A. Wesolowski, Int. J. Quant. Chem., 2005,

101, 543.
[1] Vedani, A.; Dobler, M.; Lill, M.A. J. Med. Chem. 48, 2005, 3700-3703. .
[2] Lill, M.A.; Vedani, A.; Dobler, M. J. Med. Chem. 47,2004, 6174-6186. 3] gdsjg‘ Wesolowski and A. Warshel, J. Phys. Chem., 1993, 97,
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Ligand migration in complex environments.
Polina Banushkina, Markus Meuwly*

Department of Chemistry, University of Basel, Klingelbergstrasse 80,
CH-4056 Basel

The notion of smooth and structured (rough) energy landscapes is an im-
portant concept in the discussion of dynamical processes in complex systems.
Examples include the folding of proteins, the reaction of two end-groups in a
polymer chain or the motion in bistable, metastable or periodic potentials.
‘We present results for the migration of CO between the primary binding site
and the Xe4 pocket in myoglobin. For this system free energy surfaces were
calculated using molecular dynamics simulations along one [1] and several re-
action coordinates. The complex environment provided by the protein residues
leads in general to rough free energy surfaces. A useful way to determine the
reaction kinetics for such a system is to follow the temporal and spatial relax-
ation of an initial distribution p(x,0) to the final (equilibrium) distribution.
To this end the Smoluchowski equation (SE) is solved for the particular free en-
ergy function V(z) or the multidimensional energy landscape. A numerically
robust and computationally efficient algorithm to solve the SE for multidi-
mensional systems involving rough interaction potential is employed [2]. The
hierarchical nature of the algorithm (hierarchical discrete approximation or
HDA) fully explores the fine- and coarse-grained structure of the potential
and does not impose any restriction on its topology. The hierarchical grid
allows to fully capture the roughness of the potential and achieve significant
reduction of computational time compared to other discrete approximation
methods. From the behavior of p(z,t) the rebinding time for CO diffusing
between different metastable states in myoglobin is calculated and compared
with experiment.

[1] P. Banushkina and M. Meuwly, submitted
[2] P. Banushkina and M. Meuwly, J. Chem. Theory and Computa-
tion, 2005, 1, 208

Reactive Molecular Dynamics Simulation of Proton Transfer in
Proteins

Sven Lammers, Jonas Danielsson, and Markus Meuwly*

University of Basel, Department of Chemistry,
Klingelbergstrasse 80, 4056 Basel, Switzerland

Proton transfer reactions are of fundamental importance in a wide range of
chemical and biological processes. Theoretical investigations of these dynam-
ical processes are therefore of great interest. The energetic barrier for proton
and hydrogen transfer is often so high that transfer events happen only rarely.
The long time scales involved complicate application of accurate dynamical
studies using QM/MM molecular dynamics simulations.

Based on prototype systems such as the protonated water dimer, protonated
ammonia dimer and protonated ammonia water hetero-dimer, multidimen-
sional potential energy functions have been calculated. Using these, a force
field representation has been developed to study the inter- and intra-molecular
dynamics of the transfer events by molecular dynamics simulations. The flex-
ible and adjustable implementation of the force field makes it transferable to
a variety of systems with hydrogen bonding patterns and can reproduce the
properties of the reaction potential of interest.

‘We present the application of the reactive force field to the dynamics of proton
transfer in ferredoxin I. Proposed mechanisms [1] of the proton pathway from
the protein side chain to a buried [3Fe-4S] cluster are investigated in terms of
the dynamics and transfer rates. The role of functional water molecules [2] in
the active side is discussed.

(1] B Shen, LL Martin, JN Butt, FA Armstrong, CD Stout, GM
Jensen, PJ Stephens, GN La Mar, CM Gorst and BK Burgess;
J. Biol. Chem., 1993, 268,34, 25928

(2] M Meuwly and M Karplus; Faraday Discussions, 2003, 124, 297
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Pre- and Post-processing Molecular Interaction Fields Tools in Recep-
tor-based Drug Design Strategy towards Neurodegenerative Diseases.

Antoine Daina, Sébastien Rey, Laura Novaroli, Marianne Reist,
Pierre-Alain Carrupt

Ecole de Pharmacie Geneve-Lausanne, LCT - Pharmacochimie, Section des
sciences pharmaceutiques,Université de Geneve, Quai Ernest-Ansermet 30,
CH-1211 Geneve 4, Suisse, http://www/unige.ch/pharmacochimie.

It is nowadays of common sense that receptor-based virtual screening and
molecular docking need meticulous post-processing analysis to be fully effi-
cient [1]. With this aim in view, an assessment of binding mode predictions
by a precise description of the physics of ligand/protein intermolecular in-
teractions is proposed [2]. This technique called ScoreMxP is based on Mo-
lecular Interaction Fields (MIFs): the Molecular Lipophilicity Potential
(MLP) and the Molecular Hydrogen-Bond Potentials (MHBPs). ScoreMxP
appears to be highly complementary to consensus scoring strategies and
could in a near future be integral part of it.

Another commonly accepted paradigm is that docking is less important than
scoring in virtual screening campaigns [3]. Our drug design work towards
biotargets known to be of crucial importance in human neurodegenerative
pathologies such as Alzheimer and Parkinson’s disease seems to be in dis-
agreement with this opinion. Indeed, pre-processing refinement procedures
in term of i) better description of hydrophobicity of the binding sites [4] and
ii) keeping selected crystallographic water molecules inside the protein cavi-
ties not only yielded more accurate binding modes, but also greatly im-
proved the prediction of inhibitor activity ranking.

[1] P.D.Lyne, Drug Discov. Tod. 2002, 7, 1047

[2] P. A. Carrupt, I. Raynaud, D. McLoughlin, G. Bouchard Doulakas, P. Gaillard, F.
Billois, P. Crivori, P. G. Strange, B. Testa, Int. El. J. Mol. Des. 2004, 3, 443

[3] C. Bissantz, G. Folkers, D. Rognan, J. Med. Chem. 2000, 43, 4759

[4] A.Daina, S. Rey, F. Ooms, P. A. Carrupt J. Mol. Mod. to be submitted
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A 3D Solvatochromic Model of Blood-brain Barrier Permeation Based
on Molecular Interaction Fields Descriptors

Fania Bajot, Fanchon Bourasset*, Salvatore Cisternino*,
Jean-Michel Scherrmann*, Pierre-Alain Carrupt

Ecole de Pharmacie Geneve-Lausanne, LCT - Pharmacochimie, Section des scien-
ces pharmaceutiques, Université de Geneve, Quai Ernest-Ansermet 30, CH-1211
Geneve 4, Suisse, http://www.unige.ch/pharmacochimie

*Unité INSERM U 705, CNRS 7157 Université Paris 5 et Paris 7, Hopital Fernand
Vidal, 200 rue du Faubourg St-Denis, 75475 Paris cedex 10

Recently, a 3D solvatochromic model based on four molecular interactions
fields, namely the Molecular Lipophilicity Potential (MLP), the acceptor
and donor Molecular Hydrogen Bond Potential (MHBP) and the polarisabil-
ity/dipolarisability GRID "DRY" field was developed to predict skin per-
meation [1].

This new 3D approach was applied to study BBB permeation of a series of
compounds. The resulting model was validated with the transport coeffi-
cients kin measured on rat by in situ brain perfusion for an external set of
compounds with high chemical diversity.

This 3D solvatochromic model points out the effect of intermolecular inter-
actions on permeation (e.g. hydrophobicity) not only in term of the intensity
of interaction but also in term of the radiance of fields. The spatial localiza-
tions of some molecular properties explain the improved predictive power
of this 3D approach able to discriminate BBB permeation of external com-
pounds. This work offers a novel tool useful in the early virtual screening of
drug candidates.

[1] F. Bajot, S. Geinoz, S. Rey, G. Cruciani, R.Guy, P.A. Carrupt, in prepa-
ration.

[2] S. Cisternino, F. Bourasset, Y. Archimbaud, D. Sémiond, G. Sanderink,
J.M. Scherrmann, Brit. J. Pharmacol. 2003, 38, 1367.
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Atom centered potentials for London dispersion forces in density
functional theory

L Lin, O. A. von Lilienfeld, M. D. Coutinho-Neto, I. Tavernelli,
U. Rothlisberger*

Ecole Polytechnique Fédérale de Lausanne (EPFL), Laboratoire de Chimie
et Biochimie Computationelle, CH-1015 Lausanne, Switzerland

Density functional theory (DFT) has been very successful in understanding
and predicting electronic structure properties of molecules. However, while
some DFT exchange-correlation potentials show spurious binding for many
van der Waals (vdW) complexes, it is generally not yet possible to correctly
describe these nonlocal correlation effects within DFT using the local den-
sity approximation (LDA), the generalized gradient approximation (GGA) or
the hybrid exchange-correlation functionals [1]. Recently, a scheme has been
introduced to optimize atom centered nonlocal external potentials within the
framework of DFT in order to systematically improve the description of molec-
ular properties [2]. Here, a small library of dispersion corrected atom centered
potentials (DCACPs) is obtained by the calibration of some typical vdW com-
plexes such as (N2)2, (COg2)2, and benzene dimer. The DCACPs are then
tested on (i) different configurations of (Ng)2, (CO32)2 and (H2CO)q (ii) on
aromatic heterocycles stacking such as pyridine dimer, pyrimidine dimer and
furan dimer, and (iii) on the potential energy surface of interaction for the
parallel displaced benzene dimer [3]. While the additional computational cost
is negligible for the DCACP-DFT calculations compared to conventional DFET
calculations, the performance and transferability of the DCACPs are remark-
ably good [4] [5].

[1] W. Koch and M. C. Holthausen, A Chemist’s Guide to Density
Functional Theory, 2002

[2] O. A. von Lilienfeld et al., Phys. Rev. B. accepted, 2005.

[3] E. Tapavicza et al., submitted, 2005.

[4] O. A. von Lilienfeld et al., J. Chem. Phys., 2005. 122, 14113.
(5]

ot

O. A. von Lilienfeld et al., Phys. Rev. Lett., 2004, 93, 153004.
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Response properties of liquid water using Time Dependent
Density Functional Theory

Ivano Tavernelli* and Ursula Rothlisberger

Ecole Polytechnique Fédérale de Lausanne (EPFL),
Laboratoire de Chemie et Biochemie Computationelle, CH-1015
Lausanne, Switzerland

Time dependent density functional theory (TDDFT) is used to compute
the linear response of a sample made of 32 water molecules periodically
replicated. We study the relaxation effects following two different pertur-
bation schemes, namely a point charge disturbance and a sudden switch
of an external electric field [1]. The approach, based on the real-time
propagation of the Kohn-Sham equations, is used to compute the re-
sponse and dielectric functions of liquid water. Results are compared
with available experimental data [2,3].

[1] I Tavernelli, U. Rothlisberger, Phys. Rev. Lett., in prepara-
tion.
G.F. Bertsch, J.-I. Iwata, A. Rubio, K. Yabana, Phys. Rev.
B, 2000, 62, 7998.

[2] P. Abbamonte, K.D. Finkelstein, M.D. Collins, and S.M.
Grunter, Phys. Rev. Lett., 2004, 92, 237401.

[3] H. Hayashi, N. Watanabe, Y. Udagawa, C.-C. Kao, Proc. Nat.
Acad. Sci., 2000, 97, 6264.



COMPUTATIONAL CHEMISTRY

604

Computational Chemistry 93

Computation of Non-Adiabatic Coupling Using Time-Dependent DFT
Enrico Tapavicza, Ivano Tavernelli, Ursula Rothlisberger

Swiss Federal Institute of Technology, EPFL, CH-1015 Lausanne,
Switzerland.

Many chemical reactions that occur after electronic excitation can pass
through different reaction branches. A proper description of this type of re-
actions, for example the prediction of reaction rates, can only be achieved if
non-adiabatic effects are taken into account. Time-dependent (TD) DFT [1]
facilitates the calculation of electronic spectra and nuclear forces in elec-
tronically excited molecules. Several approaches have been undertaken to
include non-adiabatic effects in ab initio molecular dynamics (AIMD) codes
based on surface hopping (SH) [2], Ehrenfest dynamics [3] or Landau-Zener
theory [4]. Here we present a TDDFT based method for the calculation of
the non-adiabatic coupling (NAC) between electronic states. Similar to the
SH approach of Tully [7], the NAC is used to calculate switching probabili-
ties between different electronic states and incorporate Quantum Transitions
in AIMD simulations. The method has been implemented in the plane wave
code CPMD [8,9] and applied to intramolecular photoinduced electron
transfer and cis-trans isomerisation in organic compounds.

[1] E. Runge, E.K.U. Gross, Phys.rev.Lett., 1984, 52, 997.

[2] L. Tavernelli, U. F. Rohrig, U. Rothlisberger, Mol. Phys., 2005, in
press.

[3] N.L. Doltsinis, D. Marx, Phys.Rev.Lett., 2002, 88, 166402.

[4] L. Tavernelli, E. Tapavicza, U. Rothlisberger, 2005, in preparation.
[5]1J.C. Tully, J.Chem.Phys., 1990, 93, 1061.

[6] Car Parrinello Molecular Dynamics code, http:/www.cpmd.org.
[71J. Hutter, J.Chem.Phys., 2003, 118, 3928.
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A study of the structural stability of the C-terminal domain of the
mouse prion protein

P. Baillod, M.C. Colombo, I. Tavernelli and U. Rothlisberger
EPFL, SB-ISIC-LCBC, Lausanne, Switzerland

Despite the increasing amount of chemical knowledge on the C-terminal
domain of the cellular isoform of the prion protein (PrP°) and on its conver-
sion into the scrapie isoform (PrP*), the atomistic details are still elusive [1].
Three different approaches have been used to investigate this intriguing
problem and are here reviewed.

1. Among the factors compromising the structural stability of the PrP® and
initiating the refolding to the PrP* isoform, are the pH of the solution and
the presence of salt [2]. In order to shed some light on the combined effect
of both, we systematically simulated different protonation states (at pH2,
pH4, pH7 as determined by Poisson-Boltzmann calculation) and ionic
strength (0.0 M, 0.05 M, 0.1 M, 0.2 M in NaCl) using molecular dynamics
(MD).

2. The propensity of the protein to misfold at pH4 was also investigate by
means of the explicit solvent parallel tempering scheme [3] to enhance the
sampling of the torsional conformational space at 300K.

3. Since the surface of the PrP° is characterized by a markedly uneven dis-
tribution of positively and negatively charged residues [4], the effect of the
electrostatic interaction due to a prion protein in proximity of another was
probed. The protein-protein docking approach was used to produce some
likely configurations that have been subsequently assessed by means of the
MD.

[1] Weissmann C, Nature Rev. 2005, 2, 861.

[2] Swietnicki W. et al., Biochem., 2000, 39, 424
[3] Pitera J W, PNAS, 2003, /00, 7587

[4] Riek R. et al., Nature, 1996, 382, 180
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Theoretical Studies on the Electronic Properties and the Chemical
Bonding of Transition Metal Complexes using DFT and Ligand Field
Theory

M. Atanasov*®“*, C. Daul® and P. Comba ©

* Département de Chimie, Université de Fribourg, Chemin du Musée 9,
CH-1700 Fribourg, Swizterland
® Institute of General and Inorganic Chemistry, Bulgarian Academy of
Sciences, Acad. G.Bontchev Str. Bl.11, 1113 Sofia, Bulgaria
¢ Anorganisch-Chemisches Institut, Ruprecht-Karls-Universitat Heidelberg,
Im Neuenheimer Feld 270, D-69120 Heidelberg, Germany

In this oral presentation, we give a brief outline of a recently proposed
Ligand Field Density Functional Theory (LFDFT) model for single nuclear
complexes and its extension to dimer transition metal complexes. Applica-
tions of the model to dinuclear complexes are illustrated for the interpreta-
tion of exchange coupling in the bis-u-hydroxo-bridged dimer of Cu(Il), to
the magnetic exchange across the cyanide bridge in 3d-TM ion complexes.
The same model has been applied to the description of the quadruple metal-
metal bond in Re,Cl,> .Our analysis of the chemical bonding are compared
with results obtained using other approaches: i.e. the Extended Transition
State model and the Electron Localization Function. It is shown that the
DFT supported Ligand Field Theory provides consistent description of the
ground and excited state properties of transition metal complexes. The ad-
vantages of this new approach in comparison to other method for the de-
scription of the ground and excited state electronic structure of TM com-
plexes, such as ab-initio multireference CI and time-depending DFT meth-
ods will be discussed.
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Asymmetric po-1,1-azido bridged copper(II) complex:
Experimental and DFT studies

Mohamed Zbiri®, Claude Daul®, Subratanath Koner?

“Department of chemistry, University of Fribourg —Pérolles, CH-1700
Fribourg, Switzerland
*Department of Chemistry, Jadavpur University, Jadavpur, Calcuta 700
032, India

A new rare variety asymmetric po-1,1-azido bridged copper (II) complex
has been synthesized and characterized structurally and magnetically.
X-ray study reveals that the Cu-N(azide)-Cu angles in this complex is
90.1°. This is unusually low in comparison to that of the same angle in
other end-on azido-bridged binuclear complexes reported so far. Though
a strong ferromagnetic interaction between the metal centers is expected
in the complex the coupling has actually been found to be antiferro-
magnetic (J = -8.9 em™1), instead. To rationalize this paradoxical mag-
netic behavior, DFT calculation of this and other four complexes with
very similar structure have been performed within broken symmetry (BS)
framework and a magnetostructural correlation has been derived. The
calculated magnetic coupling constants (J) are in excellent agreement [1],
both in sign and in the magnitude of the exchange interaction, with the
experimental data, and the spin density map is correctly reproduced.

[1] M. Zbiri et al., Submitted.
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The Myoglobin Cyanide complex - electronic structure,
dynamics and IR spectra

Jonas Danielsson, Markus Meuwly*

University of Basel, Department of Chemistry, Klingelbergstrasse 80,
CH-4056 Basel, Switzerland

Ligand binding to Myoglobin is one of the best studied problems in molec-
ular biology, with an exceptional wealth of experimental and theoretical
information available [1]. However there are still issues which are not
yet well understood in terms of ligand binding and dynamics. Here we
investigate the binding of cyanide in the active site by computational
means using both quantum chemistry and molecular dynamics in order
to characterize this complex.

To understand the influence of the protein, the heme-cyanide interaction
potential was calculated and fitted to an empirical form which was sub-
sequently implemented into CHARMM. The influence of the protein was
introduced both by performing MD simulations and by performing DFT
calculations including the point charge electrical field of the protein envi-
ronment. It was found that the two possible binding modes of the ligand
differs considerably in electronic structure and that the protein clearly
is biased to bind only one form. Other changes included an increased
barrier to isomerization in the protein environment. A 3-center charge
model [2] to describe the iron-ligand core of the complex is developed to
include polarization as well as charge transfer effects. This model is then
used to compute IR spectra, which relates experiment [3] to dynamical
processes and structural information in the active site.

[1] Frauenfelder, H., Fenimore, P.W & McMahon, B.H Biophys. Chem,
2002, 98, 35-48.

[2] Nutt, D.R & Meuwly, M., Biophys J., 2003, 85, 3612-3623

(3] Helbing, J et al, Biophys. J., 2004, 87, 1881-1891
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Theoretical Design and Computational Analysis of Solvation Effects of
Corannulene

Yohann Potier, Kim Baldridge*

University of Zurich, Winterthurerstr. 190, CH-8057 Zirich, Switzerland

The molecular structure of corannulene (C, H,,) has been investigated by
quantum mechanical studies using a wide variety of basis set in order to
study the correlation between the structure (bowl depth) and energy barrier.
Previous work showed a correlation between the structure and the energy
for a class of corannulene structures [1]. Theoretically, we have determined
that the MP2/cc-pVDZ//B3LYP/cc-PVDZ methodology offers the best
agreement with experiment, across a wide variety of functionalized coran-
nulene.

A predictive theory is being developed for the modeling of the structures
and dynamics of polynuclear aromatic hydrocarbon systems including the
influence of solvation, based on some new experimental observations in-
volving penta-arylcorannulene. In particular, investigations are made into
the molecular nature of conformational gas and solution phase equilibria for
corannulene-based structures affected by charge separation and influence of
solvation. Modifications are being made to our general quantum chemical
solvation algorithm, COSab [2], offering increased accuracy in assessments
of solvent effects in electronic structure computations,

1. Seiders, T.J., K.K. Baldridge, and J.S. Siegel, Corannulene: Struc-
turelenergy correlations. Abstracts of Papers of the American
Chemical Society, 2001. 221: p. U163-U164.

2. Gregerson, L.N. and K.K. Baldridge, Outlying charge, stability, effi-
ciency, and algorithmic enhancements in the quantum-mechanical
solvation method, COSab-GAMESS. Helvetica Chimica Acta, 2003.
86(12): p. 4112-4132.
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Investigation of Protein-Ligand Interactions Using Combined Quan-
tum-Mechanical/Classical and Mechanical/Electrostatics Pipeline Aided
by Intelligent Grid-Infrastructure Deployment

Amoreira Celine, Wibke Sudholt, Kim Baldridge

Institute of Organic Chemistry, Winterthurerstrasse 190, 8057 Zurich,
Switzerland

Many important and fundamental questions in biology and biochemis-
try can be better understood by investigations at the protein-ligand or drug-
receptor level. A key goal in the proposed work is the development of new
algorithms for the prediction of the binding phenomenon between proteins
and ligands. While there are many possibilities for such a design, our choice
is focused on a strategy that includes continuum models to account for the
large-scale electrostatic interactions involved in the complex, combined
with quantum mechanics for the more detailed analysis of the ligand and the
direct protein-ligand interactions. We investigate the possibilities for em-
bedding an adaptative Poisson-Boltzmann estimate of biological environ-
ment into the self-consistent field quantum mechanics for assessment of
ligand-environment interactions.

The evolution of the theoretical method development is guided and re-
fined based on the parallel investigation of a Pyridoxal 5’-phosphate(PLP)-
dependent alanine racemase enzyme from Geobacillus stearothermophillus
that gains considerable retro-aldol activity after a single active site mutation
(Tyr** Ala).

The theoretical method involves multiple tools and resources, including
molecular modeling software, databases, and auxiliary tools. Therefore, an
integrated pipeline using grid technology is currently under development,
which will greatly facilitate the use of the sequence of tools, and will allow
access to remote resources in real time. The grid infrastructure will be fur-
ther enabled by scientific grid workflows involving high performance and/or
high throughput computational tasks.
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DNA-BINDING OF RUTHENIUM-ARENE ANTICANCER DRUGS

Computational Chemistry

C. Gossens, 1. Tavernelli, U. Rothlisberger

Laboratory of Computational Chemistry and Biochemistry, Ecole
Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland.

The discovery of cisplatin as an anticancer drug led to considerable interest
in metallopharmaceuticals. Problems remain associated with their use, in-
cluding general toxicity, drug resistance and low selectivity. Recently, or-
ganometallic ruthenium(Il)-arene complexes showed their potential to over-
come this drawback. Rational drug design requires a detailed understanding
of structure-property relationships at an atomistic level.

We performed classical MD and mixed QM/MM Car-Parrinello MD simu-
lations'"! to rationalize the binding mode of two series of anticancer ruthe-
nium arene-complexes to DNA. The bifunctional® [Ru(n’-arene)X,(PTA)]
(1) and the monofunctional® [Ru(n’-p-cymene)Xen]* (2) series of com-
pounds were both bound in different ways to the sequence
d(CCTCTG*G*TCTCC)/d(GGAGACCAGAGG), where G* are guanosine
bases that bind to the ruthenium compounds through their N7 atom. As ref-
erence, the same sequence was also simulated without any drug and in its
canonical, unperturbed B-DNA form.

The local and global structural modifications of DNA upon complexation
were analysed in detail. The differences of the DNA-interaction-properties
between the two series of compounds as well as with respect to the canoni-
cal B-DNA are discussed and linked to experimental observations. In par-
ticular, an atomistic description of a Watson-Crick base-pair break upon
binding of 2 to dsDNA is proposed. The selectivity of 2 for guanine was
shown by MD docking studies. Fundamental differences between binding of
1 and 2 to single stranded DNA (ssDNA) and dsDNA are rationalized."”!

[1] Laio, VandeVondele, Rothlisberger J. Chem. Phys. 2002, 116, 6941.
[2] Allardyce, Dyson, Ellis, Heath Chem. Commun. 2001, 1396.

[3] Sadler et al. J. Med. Chem. 2001, 44, 3616.

[4] Dorcier, Gossens et al. Organometallics 2005, 24, 2114.
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Large amplitude motion on the SecA protein: A molecular dynamics
study of the Bacillus Subtilis SecA motor protein

Mauricio D. Coutinho-Neto, Patrick Maurer, and Ursula Rothlisberger

Ecole Polytechnique Fédérale de Lausanne, Institute of Chemical Sciences
and Engineering, CH-1015 Lausanne, Suisse

The ATPase protein SecA is the “motor” that drives the bacterial protein
secretion system. By successive ATP binding cycles the SecA protein is
able to transform chemical into mechanical energy and translocate proteins
across the periplasmatic membrane. Starting from a recently determined
crystal structure from Bacillus Subtilis [1] (PDB 1TF2), molecular dynamics
simulations performed in our laboratories show a large conformational
change when ADP is replaced by ATP in the binding pocket indicating a
possible mechanism for the functioning of the motor. We are also able to
reconcile structural differences between ADP bound crystal structures sub-
ject to monomeric and dimeric crystalization conditions [1,2].

Normal mode analysis and domain motion (Dyndom) [3] studies are pre-
sented in detail in order to characterize the large conformational changes of
the protein. Results from these studies together with electrostatic analysis
for the ADP/ATP binding site are used to suggest a possible mechanism for
the functioning of the SecA motor.

[1] Osborne, A. R.; Clemons Jr., W. M.; Rapoport, T. A., PNAS, 2004,
101, 10937.

[2] Hunt, J.F. ; Wikauf, S.; Henry, L.; Fak, J. J.; McNicholas, P.; Olivier,
D. B.; Deisenhofer, J. , Science, 2002, 297, 2118.

[3] Hayward, S.; Berendsen, H.J.C.; Proteins, 1998, 30, 144.
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Computational Studies of CgHy 1+ and C4H7+ Species in Solution Us-
ing the Explicit Solvent Model

Guillaume Bollot and Jiri Mareda*

Department of Organic Chemistry, University of Geneva,
CH-1211 Geneva 4, Switzerland

Computational studies in vacuo on potential energy surfaces relating
to substituted CgH ;" and C4,H;* cationic species revealed the presence of
several conformers where the cationic moiety adopts the form of a proto-
nated cyclopropane and of bicyclobutonium, respectively. These species are
stabilized by the high degree of charge delocalization and in addition incor-
porate the pentavalent carbon.

To determine whether these carbocations are also stabilized in solu-
tion, we investigate in the present contribution the behavior of these species
in the presence of explicit solvent molecules in order to study the media
effects. In the cation-water supermolecules thus generated, the solvent
molecules are hydrogen-bonded to the central cationic moiety of the cluster,
thus mimicking the first solvation shell. This methodology was further im-
proved by combining the fully optimized cation-water cluster geometry with
the reaction field model (PCM method) where a continuous dielectric field
was used to simulate the bulk of the solvent. Several density functional
methods were used for these investigations and their results will be com-
pared with the post-Hartree Fock computations. The structure, properties
and relative stabilities of reaction intermediates that revealed extended
charge delocalisations and sometimes-unusual bonding properties will also
be discussed.

Computational Chemistry 103
Integration of MLP and MHBPs molecular interaction fields into Vol-
Surf environment for the prediction of solubility

Daniel Zuabonilz Christophe Cleval, Pierre-Alain Carruptz,

'Serono Pharmaceutical Research Institute,
14 Chemin des Aulx, 1228 Plan les Ouates, Switzerland
LCT-Pharmacochimie Université de Gengve,
30 Quai Ernest Ansermet., CH-1211 Geneve 4, Switzerland

VolSurf' is a widely used computational tool that explores the physico-
chemical property space of a molecule starting from 3D interaction energy
grid maps. The basic concept of VolSurf is to compress the information pre-
sent in 3D grid maps into few quantitative 2D numerical descriptors. Vol-
Surf is basically integrated with GRID' Molecular Interaction Fields
(MIFs). Molecular Hydrogen-Bonding Potentials (MHBPs?) is a tool that
explores three-dimensional H-bonding properties while Molecular Lipo-
philicity potential (MLP?) offers a three-dimensional representation of lipo-
philicity. These molecular interaction fields were successfully related with
pharmacokinetic properties of drugs candidates®. This work is devoted to
extend the integration of the MxPs (MLP and MHBPs) fields into VolSurf
environment and to determine their ability to predict water solubility using
Quantitative Structure-Activity Relationships (QSAR) models.

[1] G. Cruciani, P. Crivori, P.A. Carrupt, B. Testa, J Mol. Struct. (Theo-
chem) 2000, 503, 17; P.J. Goodford, J. Med. Chem. 1985, 28, 849.

[2] S.Rey, G. Caron, G. Ermondi, P. Gaillard, A. Pagliara, P.A. Carrupt, B.
Testa, J. Mol. Graph. Mod. 2001, 19, 521.

[3] P. Gaillard, P.A. Carrupt, B. Testa, A. Boudon, J. Comput.-Aided Mol.
Design 1994, 8, 83.

[4] F. Bajot, S. Geinoz, S. Rey, G. Cruciani, R. Guy, P.A. Carrupt, in
preparation.
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Quantum Chemistry evaluation of pi character on Metals - ligands
bonding in transition metal Complexes with [MC13Y]'I (M= Pt, Pd, Ni
and y = pyridine, carbene)

Emmanuel Penka Fowe, Claude Daul

Département de Chimie, Université de Fribourg, chemin du Musée 9, CH-
1700 Fribourg, Switzerland

Density functional studies have been carried out for bond decompositions
analysis of the [MCI3Y]-1 (M: Pt; Pd, Ni and Y: pyridine, carbene) complex
based on the local density approximation including nonlocal corrections for
correlation and exchange self-consistently. Influence of steric effect has
been investigated, both in plane structure (all atoms are in the same plane)
and out of plane structure (two chlorines are perpendicular to the plane of
the Y ligands) of [MCI3Y]™. The electron donation from pyridine or carbene
ligands make the metal more electron rich (sigma donation), and in order to
compensate this increasing electron density, a filled metal d-orbital may
interact with the empty pi* orbital on the Y ligand(pi back donation).
The computed results show that the contribution of the pi back-donation to
the orbital energy term is slightly the same with Pd and Pt metals for both
carbene and pyridine ligand while this contribution increases with Ni.
Pyridine has been found to be good acceptor than carbene and the steric
interaction is little dominated by Pauli repulsion that implies a strong
destabilizing of orbital molecular orbital of the complex.

It’s also shown that the repulsive interactions between occupied nd metal
orbital and occupied onc orbital were found weak in the M-Y bond for
pyridine compared to carbene. Influence of the variation of bond length, the
basis sets and the relativity effect of the M-Y (and thus the orbital energy) to
be done.

Keywords: Bonding analysis, Donor-acceptor bonds; Energy partitioning;
Transition metal complexes; ELF; Density; Mulliken Population Analysis
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Spin-Densities and Magnetic Exchange in Transition Metal Dimers
M. Atanasov**, P.Comba®, C.A.Daul°

“Institutute of General and Inorganic Chemsitry, Bulgarian Academy of
Sciemces, "Anorganisch Chemisches Institut, Universitit Heidelberg, ¢ De-
partement de Chimie, Universite de Fribourg, Switzerland.

A new conceptual model of calculating magnetic exchange integrals based
on spin-densities of the magnetic building blocks of a transition metal dimer
complex is presented. It a first step the spin density on the bridging ligand
Y resulting from charge transfer and spin polarization due to the open shell
M, in a M, XY moiety is calculated. In a second step, the coupling of the
same ligand Y with a single electron open shell configuration (radical) with
the metal on a neighboring M,X,|Y moiety is calculated. Finally, the spin-
density from the first step is utilized to properly reduce the exchange inte-
gral of the X M,-Y metal-ligand radical coupling bringing it in line with
the spin-density distribution in the dimer complex. An application of this
recipe to the calculation of the exchange coupling between square planar
CuX,” entities, sharing a common corner or edge (Cu,X,” or Cu,X.”, re-
spectively, X=F,CI) is given. Results are discussed in comparison with the
broken symmetry method "' and a recently proposed DFT-based ligand field
computational scheme. ?! The new approach allows to deduce and analyze
in a rough but theoretically justified way exchange coupling integrals within
a small fraction of computational times compared to usual ab-initio or DFT
approaches.

o X A
X—M —Y + M—mX = X—M——Y—M,— X
/ / /
X X X X

[1] L. Noodlemann, J.Chem.Phys. 1981, 74, 5737.
[2] M.Atanasov, C.A.Daul, Chem.Phys.Lett. 2003, 379, 209.
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The Cycloaddition of Acridizinium cation with Ethylene and
Allene: A Theoretical Study

V.Tamilmani*#, C. A. Daul*, P.Venuvanalingam#

*Department of Chemistry ,University of Fribourg, Fribourg, Switzerland
#Department of Chemistry, Bharathidasan University, Tiruchirappalli, India

Acridizinium (ACR) cation undergoes cationic Diels-Alder cycloaddition with
allene and ethylene. Positive charge on ACR is expected to strongly influence
the mechanism of the reaction. Bradsher and coworkers have performed the
reaction between ACR and ethylene[1] and proposed concerted mechanism for
this reaction because the intermediate carbonium ion could not be detected

during the reaction[2].
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The cycloaddition of ACR with ethylene and allene have now been modeled
at DFT level. Computed Frontier Orbital Energy analysis predict that these
reaction are expectedly inverse electron demand type and follows concerted
mechanism with extremely asynchronous transition structures. Both frontier
orbital control and electrostatic interaction favors high reactivity of C9 over
C10 in ACR. The effect of peri strain in ethylene reaction and the regio se-
lectivity in allene reaction are examined. Computed bond orders show bond
making and breaking in the reaction path in greater detail.

(1] I J. Westerman, C. K. Bradsher, J. Org. Chem, 1978, 43, 3002.
[2] C. K. Bradsher, G. L. B. Carlson, N. A. Porter, 1. J. Westerman,
J. Org. Chem, 1978, /3, 828.




