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Cationic Lipidoids for RNA Interference Therapy

Andreas Zumbuehl, Daniel G. Anderson, Robert Langer
Massachusetts Institute of Technology, Cambridge, MA 02139, USA

RNA interference therapy — the specific inhibition of endogenous protein
expression — shows great promise for the treatment of hitherto untreatable
diseases. As with all nucleotide-based therapy systems, a formulation must
be found to effciently transport the DNA or small interfering RNA
molecules into a cell in vivo. Recently, we have reported on a library of
cationic polymers that act as DNA transfection vectors, protecting DNA
from the degradation in the blood-stream and releasing the DNA-prodrug
into the cytoplasm of target cells[1,2]. At this meeting we would like to
present a new library of hundreds of di erent cationiclipidoid molecules.
All weretested in vitro for their effciency to mediate DNA or siRNA
transfection. We have identified structures that surpass state-of-the-art
delivery systems and we have tested the most promising candidates in an
extensive in vivo study. The communication will reveal powerful systemic
protein knockdown in various disease models.

[1] D. G. Anderson, D. M. Lynn, R. Langer,Angew. Chem. Int.
Ed., 2003, 42, 3153-3158.

[2] D. G. Anderson, W. Peng, A. Akinc, N. Hossain, A. Kohn, R.
Padera, R. Langer, J. A. Sawicki PNAS, 2004, 101, 16028-16033.
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The Emergence of Density Functional Theory in
Computational Quantum Chemistry

Jacques Weber

Department of Physical Chemistry, University of Geneva
Quai Ernest-Ansermet 30, CH-1211 Geneva 4

As a major method of computational quantum chemistry, Density Func-
tional Theory (DFT) has made a remarkable breakthrough during the last
10-15 years. Today, DFT-based methodologies have become de facto stan-
dard techniques for routine modeling of organic, organometallic and inor-
ganic systems, clusters, catalysts, new materials, surfaces, lead compounds
in drug design, etc. In this presentation, some historical landmarks in the
development of DFT will be outlined, emphasizing as well on its differen-
cies with wavefunction-based methodologies. In addition, some recent DFT
applications to large organic and organometallic systems, such as
[CpRu(PP)L] derivatives [1] will be discussed.
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[1] V. Alezra, G. Bernardinelli, C. Corminboeuf, U. Frey, E.P. Kiindig,
A.E. Merbach, C.M. Saudan, F. Viton, J. Weber, J. Am. Chem. Soc.
2004, 126, 4843-4853.
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Modeling Environmental Effects with Frozen Density Embedding

Johannes Neugebauer

ETH Ziirich, Laboratorium fiir Physikalische Chemie,
Wolfgang-Pauli-Strasse 10, HCI, 8093 Ziirich

An efficient implementation of the orbital free frozen-density embedding
(FDE) scheme within density functional theory (DFT) [1] is presented. FDE
is based on the partitioning of the electron density into an active embedded
part and a frozen (environmental) part. It is demonstrated that FDE can, in
combination with efficient approximations for the surrounding density [2].
be used to model environmental effects on molecular properties, e.g.,
solvent effects on electronic spectra [3].

We also discuss the possibility to model the effect of more complex
surroundings. In particular, the phenomenon of induced circular dichroism
(ICD) is investigated, where the chiral compound is only described in terms
of its frozen density. It is demonstrated that FDE can reproduce circular
dichroism spectra of achiral compounds in complexes with chiral partner
molecules very well [4].

The current implementation of FDE assumes excitations which are localized
on the embedded system only. This offers some striking advantages in
comparison to conventional TDDFT calculations for large systems. But
there are also cases in which this approximation does not hold. This is
discussed for the properties of a water molecule surrounded by water in a
comparison of FDE with a classical polarizable force field [5]

[1] T.A. Wesolowski, A. Warshel, J. Chem. Phys., 1993, 97, 8050.

[2] 1. Neugebauer, M.J. Louwerse, E.J. Baerends, T.A. Wesolowski, J.
Chem. Phys., 2005, 122, 094115.

[3] 1. Neugebauer, Ch.R. Jacob, T.A. Wesolowski, E.J. Baerends, J. Phys.
Chem. A, 2005, 109, 7805.

[4] J. Neugebauer, E.J. Baerends, .J. Phys. Chem. A, 2006, accepted.

[5] Ch.R. Jacob, J. Neugebauer, L. Jensen, L. Visscher, Phys. Chem. Chem.
Phys., 2006, 8, 2349,
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From Solvent Fluctuations to Quantitative Redox Properties of
Quinones in Methanol and Acetonitrile

Joost VandeVondele'”, Marialore Sulpizi® and Michiel Sprik”

1) University of Zurich, Winterthurerstrasse 190, 8057 Zurich, CH
2) University of Cambridge, Lensfield Road, CB2 1EW, Cambridge, UK

We have employed a novel combination of density functional theory (DFT)
and classical molecular dynamics simulations (MD) to provide quantitative
values for key parameters of electron transfer reactions[1]. We have been
able to rationalise the difference in redox potentials and reorganisation free
energies of quinones due to chemical substitutions and to changes in their
environments. Using two solvents with very similar dielectric properties, we
are able to highlight the role of hydrogen bonding as a specific interaction
that increases the reorganisation free energy.

Within our approach, redox properties are computed based on Marcus the-
ory. An ensemble of configurations is generated using classical MD, but
redox properties are obtained using the average and fluctuations of the verti-
cal ionisation energy, which is computed using DFT[2]. This combines the
strength of classical models, which lies in the accessibility of long time
scales and thus in the statistical accuracy with which fluctuations can be
evaluated, with the accuracy of the more elaborate quantum mechanical
models. Indeed, DFT includes electronic relaxation and thus describes the
solvent polarisation and changes in hydrogen bonding strength upon reduc-
tion. The new approach is both sufficiently general and efficient to allow
e.g. for further exploration of redox properties of systems of biological in-
terest in their native environment.

[1] VandeVondele 1., Sulpizi M. and Sprik M., Angew. Chem. Int. Ed.
2006, 45, 1936.

[2] DFT calculations have been performed using the Gaussian and plane
waves method (GPW) as implemented in CP2K: http://cp2k.berlios.de/
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Distributed Multipole Potentials for Molecular Dynamics Simulations
N. Plattner, M. Meuwly

Departement of Chemistry, University of Basel, Klingelbergstr. 80,
4056 Basel, Switzerland

Electrostatic force field potentials for Molecular Dynamics (MD)
simulations are commonly represented by atomic point charges. It has been
recognized for some time that this restricted model is not sufficiently
flexible to describe important features of the molecular charge distribution.
A more accurate representation of molecular electrostatic potentials can be
derived directly from ab initio electron density distributions using the
Distributed Multipole Analysis (DMA) [1]. The main difficulty for using
atom-centered

multipoles in MD simulations is the anisotropy of these potentials, which
requires the definition of local molecular reference axis systems. In
particular, the intramolecular axis definition has to be consistent with the
vibrational motions of the molecule.

The DMA formalism has been implemented into the CHARMM force field.
Using water as a test system, small water clusters, bulk water and cavity
waters in cytochrome P450 are investigated. Furthermore, the generalization
of DMA to pharmaceutically relevant molecules is presented.

[11 A.JL Stone, J.Chem.Theory Comput., 2005, 1, 1128.
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Classical Dynamics on Multiple Potential Energy Surfaces

Jonas Danielsson, Stephan Lutz and Markus Meuwly

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

Current standard force fields are in general not flexible enough to describe
processes involving changes in electronic structure, such as the change in
spin state that often occurs upon ligand binding at metal centers or in
clectron transfer reactions inside proteins. We present a general
implementation of a method (reactive molecular dynamics (RMD))[1] that
can treat such processes that can be well described by a diabatic surface
crossing, but can also be seen as a general way to describe a reactive process
such as irreversible ligand binding in terms of surface crossings. As a
prototype problem we apply RMD to cytochrome P450, both in the resting
state and with an inhibitor present in the active site. Results concerning
inhibitor binding to other proteins are presented as well

[1] D.R.Nutt and M.Meuwly, Biophys. J. 2006, 90, 1191.
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Density Functional Studies of Naphthalenediimide Acceptors and
Dialkoxynaphthalene Donors as Building Blocks in Supramolecular
Architecture

Guillaume Bollot, Sheshanath Bhosale, Naomi Sakai, Stefan Matile,
and Jirt Mareda®

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

The creation of synthetic ion channels and pores from building blocks that
are not known to occur in nature is a topic of increasing scientific concern.
Previous work showed that naphthalenediimides (NDI) substituted on p-
octiphenyl rigid-rods, self-assemble into ion channels that open in response
to molecular recognition of dialkoxynaphthalene (DAN) intercalators [1].
Highly cooperative and selective ligand gating by DAN proceeds via
conformational changes of closed supramolecular structure, which untwist
to give open and weakly anion selective ion channel.

In this contribution the electronic structures, energies, and equilibrium
geometries of NDI and DAN were studied by density functional methods.
Impact of different substitution patterns on their electronic structures was
also investigated. Computations on model systems such as NDI-NDI and
NDI-DAN-NDI complexes were undertaken in order to asses their
capability to form the 7 stacks in supramolecular assemblies. Several hybrid
functional methods have been used together with moderate and large basis
sets, Molecular Dynamics simulations of synthetic ion channels, which
incorporate the 7 stacks of NDIs will also be discussed.

[1] P. Talukdar, G. Bollot, J. Mareda, N. Sakai, S. Matile, J. Am. Chem.
Soc. 2005, 127, 6528.

104

Computational Chemistry

The Isomers of the Dimer (ClO); Revisited.
Lubo§ Horny', Martin Quack', Henry F. Schaefer?, and Martin Willeke'

'Physical Chemistry, ETH Honggerberg, CH-8093 Ziirich, Switzerland
2CCC, University of Georgia, Athens, Georgia 30602, USA

The analysis of the first in situ measurements'* of ClO radical dimerization
points to the lack of full understanding of its role in the ozone depletion.
The molecular structures of Cl,O; isomers, and transition states, vibrational
frequencies, vertical excitation energies, and the relative energies of
2C10—-Cl,0,—Cl00+Cl—0CIO+CI reactions are reported employing up
to the CCSD(T)/ aug-cc-pVQZ level of theory. Our best estimate for the
dissociation energy hc Dy of CIOOCI relative to 2CIO is ~ he 6800 cm'],
considerably larger than the most recent experimental estimates™ of ~ hc
5700 cm™. The chlorine chlorite CIOCIO is found to be weakly bound, by ~
he 3400 em™. The chloryl chlorite CICIO; is observed to be stabilized with
respect to the chlorine peroxide CIOOCI , and is predicted to lie ~ 500 cm™
lower than CIOOCI. CICIO; is found not to be significant for CIO self-
reaction due to a high barrier for association. Further, the isomerizations
appear unlikely under stratospheric conditions as the transition states are
found to lie even higher above the reactants than previously reported® by
DFT methods. We also discuss the relation to recent work on parity
violation and sterecomutation tunneling in this molecule®.

[1] R. M. Stimpfle, D. M. Wilmouth, R. J. Salawitch, and J. G. Anderson,
J. Geophys. Res. 2004, D03301 .
[2] M. von Hobe, J.-U. Grool3, R. Miiller, et. al., Atmos. Chem. Phys. 2005,
5,693 .
] J. Plenge, S. Kiihl, B. Vogel, et. al. J. Phys. Chem. A 2005, 109, 6730.
] R. Broske, F. Zabel, J. Phys. Chem. A 2006, 110, 3280.
JR.S. Zhu, M. C. Lin, J. Chem. Phys. 2003, 118, 4094.
] M. Quack and M. Willeke, J. Phys. Chem. A 2006, 110, 3338.
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REMD simulations of Prion Protein Misfolding: Towards the
Serapie Isoform

Pascal Baillod, Maria-Carola Colombo, Ivano Tavernelli, Ursula
Rothlisberger

Laboratory of Computational Chemistry and Biochemistry, Federal
Institute of Technology, Lansanne, Switzerland

Protein misfolding, associated with an increase of G-sheet content and
nonomer aggregation, are hallmarks of a number of neurodegenerative
lisorders. Prion protein (PrP) misfolding plays a key role in several
ransiissible spongiform encephalopathies, among which Creutzfeld-Jakob
wmd bovine spongiform encephalopathies [1]. Currently, many compu-
sational efforts are devoted to elucidating structural properties of the
lisease-transmitting scrapie isoform (PrP*¢), of which no experimental
structure is available. In the present study, full atom, explicit solvent
rion misfolding simulations were condueted at high temperature, start-
ng from the NMR structure of the benign cellular isoform (PrP®) of the
rion protein. In order to characterize the specificities of prion misfold-
ng and to validate the molecular dynamics protocols, similar simulations
vere performed with the doppel protein, a prion analog possessing a very
similar fold but low sequence homology (26%) that is not involved in amy-
oid fibril dise 2].

wvere adapted in order to explore the multitude of prion misfolding path-

Replica exchange molecular dynamies [3] protocols

wvays and to assess the energetic barriers underlving the conversion of
2P into PrP®°. The rarely sampled d-sheet rich conformations could
e segregated into high energy (putative transition state) and low energy
structural models of different folds, Monitoring the secondary structure
:ontent during the simulations enabled to evaluate the 3 conformation
ropensity along the sequence for the prion and for the doppel control
eference.

[1]  H. Mo, R. C. Moore et al., Proc Natl Acad Sei U5 A, 01, 98,
2352.

[2] K. ML Pan, M. Baldwin et al., Proc Nafl Acad Sci U S A,93,90,
10962,

[3] Y. Sugita and Y. Okamoto, Chem. Phys. Lett. 99,314, 141.
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Electron Transfer Properties of Azurin from Pseudomonas
Aeruginosa by Hybrid QM/MM Molecular Dynamics
Simulations

Michele Cascella*, Ivano Tavernelli*, Alessandra Magistrato!, Paolo
Carlonif and Ursula Rothlisberger*

* Laboratory of Computational Chemistry and Biochemistry, Ecole
Polytechnique Fédérale de Lausanne (EPFL)
 International School for Advanced Studies (SISSA/ISAS) and

INFM-Democritos center, Trieste, Italy

The reduction potential and the reorganization energy of Azurin from
Pseudomonas Aeruginosa [1] has been investigated by Grand Canoni-
cal hybrid Car-Parrinello/molecular mechanics simulations [2,3]. Our
simulations point out that an accurate description of the environment
surrounding the metal binding site and of the finite-temperature fluctua-
tions of the protein structure are fundamental for a correct quantitative
description of the electronic properties of this system. Our results, in ex-
cellent agreement with experiments [4], reveal that the small reorganiza-
tion energy, which is erucial for efficient electron transfer rates, is mainly
due to solvent reorganization at the protein surface. Our calculations
open the way to theoretical investigations on key issues in photoactive
metalloproteins, like biological redox reactions and biological electron
transfer.
[1] H. Nar, A. Messerschmidt, R. Huber, M. Van de Kamp, G.W.
Canters, J. Mol. Biol., 1991, 221, 765.
[2] J. Blumberger, L. Bernasconi, I. Tavernelli, R. Vuilleumier, M.
Sprik, J. Am. Chem. Soc., 2004, 126, 3928.
[3] A. Laio, J. Vandevondele, U. Rothlisberger, J. Chem. Phys.,
2002, 116, 6941.
[4] B.R. Crane, A.J.D. Bilio, J.R. Winkler, H.B. Gray, J. Am.
Chem. Soc., 2001, 123, 11623.
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Intramolecular Electron Transfer in Bis(methylene)
Adamantyl Radical Cation: A Finite Temperature Study
using SIC Corrected DFT

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

Self-interaction corrected (SIC) DFT has been used to investigate the
first principle molecular dynamics of intramolecular hole transfer (HT)
in Bis(methylene) Adamanthyl Radical Cation (BMA). This approach
allows the investigation of the topology of the free energy surface that
governs the HT process at room temperature (300 K). The thermal acti-
vation of all degrees of freedom provides an important additional infor-
mation about the mechanisms involved in the HT process, which goes
bevond the zero temperature vibration analvsis on the potential energy
surface. The efficient sampling of the region of intersection between the
ground state and the first excited state is obtained with the addition of
a restrained potential which forces the system near the seam of intersec-
tion. Our study confirms and extends the previous obtained CASSCF
results and shows that there is no predominant degeneracy-lifting mode
even at room temperature. On the contrary, the regime of HT in BMA
is strictly nonadiabatic as in the low temperature energy driven regime
(adiabatic trapping hypothesis). In addition, we performed a thermo-
dynamic integration along selected reaction coordinates to estimate the
activation free energy barrier, which, together with the magnitude of the
nonadiabatic coupling matrix element, is essential for the computation
of the HT rate at room temperature.

Computational Chemistry 108

Full-Featured Simulation of Reconstructive Phase Transitions
Stefano Leoni

Max-Planck-Institut fiir Chemische Physik fester Stoffe, Néthnitzer Str. 40,
01187 Dresden, Germany

Reconstructive phase transitions are of fundamental importance. The sim-
plicity of the structural types involved contrasts with the theoretical and
experimental difficulty in assessing their mechanisms. Combining advanced
molecular dynamics simulations and modeling approaches [1-6] we eluci-
date mechanisms at the atomic level of detail, without overdriving of simu-
lation parameters or imposing artificial constraints on the system. This al-
lows an unbiased identification of the mechanisms of phase transitions in
ionic and semi-conducting materials at experimental conditions [1-4.7].
Apart from isolated nucleation events, also multiple, coexisting nuclei are
accessible. This opened the study of the morphogenesis of interface and
grain boundary formation from coalescing domains of different orientations.
The latter act as preferred nucleation centers, and cause an asymmetry be-
tween forward and backward transition [8]. The role of chemical composi-
tion in driving domain formation and interface propagation can be investi-
gated [9]. New perspectives for simulations of phase transitions in periodic
and finite systems at an unprecedented level of detail are being developed.

[1] D. Zahn, S.Leoni, Phys. Rev. Lert. 2004, 92, 250201.

2] S. Leoni, D. Zahn, Z. Kristallogr. 2004, 219, 345.

[3] D. Zahn, S. Leoni, Z. Kristallogr. 2004, 219, 339,

(4] D. Zahn, O. Hochrein, S.Leoni, Phys. Rev. B. 2005, 72, 94106.

[5] S. Leoni, R. Nesper, Acta Cryst A 2000, 56, 383.

[6] P.G. Bolhuis, C. Dellago, D. Chandler, D. Faraday Discuss. 1998, 110,421.
[7] D. Zahn, Yu. Grin, S.Leoni, Phys. Rev. B. 2005, 72, 64110.

[8] S. Leoni, D. Zahn, submitted.

[9] D. Zahn, S. Leoni, The Journal of Phys. Chem. B 2006, accepted.
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Probing combined proton and electron transfer along a
hydrogen-bonded ammonia wire using time dependent density
functional theory

Matteo Gugliehni, Ivano Tavernelli, Ursula Rothlisberger®

Laboratoire de Chimie et Biochimie Computationelle, Ecole
Polytechnigue Fédérale de Lansanne (EPFL), CH-1015 La

e

The mechanisms and dynamics of proton and hydrogen atom transfer are
of great importance in biosystems, and in general, acid-base chemistry,
Recently, the entrance channel, reaction threshold, and mechanism of an
excited-state hydrogen atom transfer reaction along a unidirectionally
hydrogen-bonded ammonia *wire’ have been characterized both experi-
mentally and with ab initio single point caleulations [1].

Time dependent density functional theory (TDDFT) combined with
molecular dynamics (MD) offers a possibility to investigate the above
mentioned reaction at finite temperature. Furthermore, this provides an

opportunity to sample the multi-dimensional configurational space of this
specific process.

Here, we will first show that TDDF'T gives a gualitatively correct de-

seription of the potential energy surface in agreement with the CASSCF
single point calculations. After having validated the TDDFT result, we
have carried out molecular dynamics simulations in the 77 /7me* excited
state manifold. The initial configuration for the simulations were taken
from an equilibration run performed at 300 K. A reaction profile of the
joint proton and electron transfer process will be presented.

[1] €. Tanner et al., Science, 2003, 302, 1736.
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Sink or Swim? Weighing Interations in a Hydrophobic Environement.
Anne Dara Bowen , Kim Baldridge*

University of Zurich, Winterthurerstrasse 190, 8057 Zurich, Switzerland

Many significant drug-receptor interactions involve small-molecules
interacting with a protein embedded in a hydrophobic lipid bi-layer. Here,
protein-membrane and membrane mediated protein-protein interactions
found in a non-uniform system such as a membrane bilayer are investigated
by applying the GAMESS-COSab quantum mechanical implementation of a
dielectric continuum solvation model. Special focus is placed on evaluating
the energetic contributions arising from non-electrostatic interactions of the
membrane with an embedded protein as well as calculated thermodynamic
quantities. These factors are analyzed both qualitatively and quantitatively
in order to assess the importance of these factors in contributing to drug-
receptor specificity as well as calculated properties such as binding
strength. These results will inform future developments to the GAMESS-
COSab algorithm that will be better suited for studying molecular systems
of this kind. An overview "flow-chart" formulation of how these theoretical
improvements might be implemented directly into the GAMESS-COSab
SCF procedure will also be presented.

[1] Gregerson L, Baldridge K, Helv. Chim. Acta. 2003, 86, 4112.
[2] Klamt A, Eckert F, Hornig, M, J. Phys. Chem. 2005, 109, 11285.
[3] Klamt A, J. Phys. Chem. 19955, 99, 2235,
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An ab initio study of binding energies of hydrogen bonded dimers of
formamide

Jann A. Frey and S. Leutwyler
Universitit Bern, Freiestrasse 3, 3012 Bern

Among the high-level correlated ab initio approaches, the CCSD(T) (cou-
pled-cluster with singles, doubles and noniterative triple excitations)
method has proven to give excellent results for structures and binding ener-
gies of molecules and dimers. However, the steep dependence of the
CCSD(T) method on the number of basis functions (~ N?) precludes the use
of large basis sets for all but the smallest systems. It has been noted that the
ACCSD(T) correction term, given by the difference of the MP2 and
CCSD(T) stabilization energies, ACCSD(T)=AEmp2-AEccsnir, becomes
nearly constant for basis sets of quite moderate size. This suggests that the
CCSD(T) interaction energy at the basis set limit, D", cespery can be esti-
mated sufficiently accurately from the MP2 interaction energy at the com-
plete basis set (CBS) limit D" yp2> and the ACCSD(T) calculated with a
smaller basis set.

Here, we calculated the MP2 binding energies of five hydrogen bonded
dimers of formamide using aug-cc-pVXZ basis sets up to quintuple zeta
(X=2,3,4,5). The binding energies are extrapolated to the complete basis set
(CBS) and vary over the range between -14.9 and -5.6 kcal/mol. ACCSD(T)
terms are evaluated using the 6-31G(d.p). 6-31G*(0.25), 6-31+G(d.p),
aug-cc-pVDZ and the aug-cc-pVTZ basis sets. The 6-31+G(d.p) basis set
already gives reliable ACCSD(T) correction terms. The correction energies
are between -0.10 and -0.42 kcal/mol. For the strongest dimer this correc-
tion is 0.7% of the MP2 CBS limit binding energy, for the weakest it is
8.1%. This latter result implies that weak hydrogen bonding interactions
tend to be severly underestimated by MP2 calculation. B3LYP, PBE and
PWO91 density functionals are benchmarked against those energies, of which
the PW91 functional performs best.
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DNA-Binding of Ruthenium-Arene Anticancer Drugs
Christian Gossens, Ivano Tavernelli, Ursula Rothlisberger

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

Organometallic ruthenium(Ilarene complexes have emerged as promising
novel anticancer compounds. However, little is known about their molecular
mechanism of action.

Using Car-Parrinello molecular dynamics (CP-MD), we calculated the free
energy profile for the hydrolysis reaction of [(arene)Ru(Il)(en)(CI)] (1) in
explicit quantum water. Gas phase CPMD simulations and potential energy
calculations at the DFT and MP2 level of theory rationalize the exclusive
chemoselectivity of 1 towards guanine. Three different reaction pathways
and the corresponding transition states have been identified.

Subsequently, we performed classical MD and mixed QM/MM CPMD
simulations to characterize the binding mode of two series of ruthenium(Il)
arene-complexes to dsDNA. The monofunctional 1 and the bifunctional
[(arene)Ru(PTA)(L):] (2) series of compounds were both bound to a 12-
mer.[1] The free energy profile for the reaction of 1 with dsDNA has been
obtained. A tailor made force field for compound 1 was derived from our
QM/MM trajectories using a new force matching approach.

The local and global structural modifications of DNA upon complexation
were analysed in detail and linked to experimental observations. In particu-
lar, an atomistic description of a Watson-Crick base-pair break upon binding
of 2 to dsDNA is proposed. Fundamental differences between binding of 1
or 2 to single stranded DNA (ssDNA) and dsDNA are rationalized.[2,3]

[1] Colombo, Gossens, Tavernelli, Rothlisberger “Modelling Molecular
Structure and Reactivity in Biological Systems™ Editors Naidoo, Hann, Gao,
Field, Brady (in print).

[2] Dorcier, Gossens et al. Organometallics 2005, 24, 2114,

[3] Scolaro, Dorcier, Gossens et al. Organometallics 2006, 25, 756.
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Theoretical investigations on strained silicon semiconductors.

Jakub W. Kaminski’, Robert W. Gora”

“ Department of Physical Chemistry, University of Geneva, 30 quai
Ernest-Ansermet, CH-1211 Geneva 4, Switzerland
" Institute of Physical Chemistry, Wroclaw University of Technology,
Wyb. Wyspianskiego 27, 52-370 Wroclaw, Poland

Nowadays, silicon is one of the most popular semiconductor materials. Due
to its availability and properties, it is widely used as a basis of various elec-
tronic devices, computers or transistors. However growing demands for
computational performance brings new challenges for material science and
engineering to develop and apply a novel solutions that would, at least tem-
porary, satisty the needs. One of such solutions, is a long known concept of
minimization of electronic devices, which among its obvious advantages,
has a limitation given by properties of given material. In case of silicon this
barrier can be partially overcome by inducing strain in this compound,
commonly on Si(j.y,Ge, alloy.

In such strained silicon, electrons flow up to 70% faster, which results in
increase of performance of electronic devices build in this technology for
about 30-40%.

In present work we have studied effects of strain on band-structure of silicon
and distribution of forces in Si - Si(;./Ge, structures by applying pseudo-
potential plane-wave density functional theory.[1] For accurate estimations
of bandgap energies we have used GW-approximation,[2] which is proven
to give very reliable results. Our long-stand aim is construction of theoreti-
cal model of Metal-Oxide Semiconductor Field-Effect Transistor
(MOSFET) with strained silicon channel, which will allow us to get insight
into distribution of pressure in such devices.

[1] M. C. Payne et. al., Rev. Mod. Phys., 1992, 64, 104
[2] M. S. Hybertsen, S. G. Louie, Phys. Rev. B, 1985, 32, 7005
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Dynamics and Free Energy Profiles of Proton Transfer
Pathways in Ferredoxin I

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. The energetic barrier for proton and
hydrogen transfer is often so high that transfer is a rare process. The long
time scales involved complicate application of accurate dynamical studies
using QM /MM molecular dynamics simulations. Based on prototype sys-
tems multidimensional potential energy functions have been calculated.
The flexible and adjustable implementation of the force field makes it
transferable to a variety of systems where proton/hydrogen transfer is
involved.

We present the application of the reactive force field to the dynamics
of proton transfer in ferredoxin I. Proposed mechanisms [1] of the pro-
ton pathway from the protein side chain to a buried [3Fe-4S] cluster are
investigated. In partieular the role of functional water molecules [2] in
the active side is explored by molecular dynamics simulations. Using a
combination of the reactive force field with transition path and umbrella
sampling methods provides the free energy profiles of possible reaction
pathways of the proton transfer step.

[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, 268,54, 25928

2] M Meuwly and M Karplus; Faraday Discussions, 2003, 124,
297
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Ab initio water using dispersion corrected atom centered
potentials within density functional theory

I-C. Lin. I. Tavernelli, M. D. Coutinho-Neto, Ursula Rothlisherger*

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

Even though water has been the most studied liquid by molecular simu-
lations, its microscopic nature remains elusive. Water displays intricate
behaviours as a result of the delicate interplay between different types of
interactions such as H-bonding and many-body polarisation.

Density functional theory (DFT) employing generalised gradient ap-
proximation (GGA) has been the ab initio method of choice in solid-state
and liguid studies due to its computational efficiency. For DFT-GGA
water, the first peak in the oxygen-oxygen radial distribution function is
over-structured compared to diffraction data and the diffusion constant
is too low [1]. In addition, ab initio Monte Carlo results indicate that
DFT-BLYP water may be less dense than the true liguid [2].

Due to the importance of non-bonded interactions in water, the effect
of dispersion corrected atom centered potentials (DCACPs) [3] on the
description of DFT-BLYP water is of great interest. Here we report the
structural and dynamic properties of liquid water from our Car-Parrinello
molecular dynamics studies using the DCACP-augmented BLYP func-
tional. Properties such as radial distribution functions, mean square
displacements, molecular dipole moments, and hyvdrogen bond statistics
will be presented.

(1] T. Todorova et al., J. Phys. Chem. B, 2006. 110, 3685.
[2] M. .1 MeGrath et al., ChemPhysChem, 2005. 6, 1894.
[3] O. A.von Lilienfeld et al., Phys. Rev. Lett.. 2004, 93, 153004,
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Competition Between Proton and H-Atom Transfer in Green
Fluorescent Proteins

Carine Manca
Physical Chemistry, ETH Ziirich, CH-8093 Ziirich, Switzerland

The Green fluorescent proteins (GFPs) have been found in numerous
bioluminescent organisms, like the jellyfish Aequorea victoria'. They can be
used as fluorescent marker in cell biology and therefore, many studies are
devoted to understand their complex photochemistry. The chromophore
responsible for the green fluorescence is involved in a hydrogen bonded
wire composed of a water molecule, a serine, and a glutamate residue.

It exhibits two absorption maxima at ~395 nm and 475 nm which corre-
spond to the neutral and anionic forms of the chromophore, respectively:
The second absorption band is the experimental proof of the deprotonation
of the chromophore, induced by expected proton transfer along the wire.
Nevertheless, recently, Vendrel er. al.” have shown that rather H-atom trans-
fer occurs between the chromophore and the water molecule in the C, sym-
metry, analog to the "photoacid” 7-hydroxyquinoline involved in a H
bonded wire of three ammonia molecules”. Based on the knowledge of the
latter system, questions are arising: Does the GFP chromophore exhibit the
same behavior as 7-hydroxyquinonline, i. e. nn*-no* crossing, which can
be predicted with a computational "low cost" method? Is there any competi-
tion between Proton and H-atom transfer and does the environnement of the
water molecule play a role in this competition? First results using CIS calcu-
lations are shown for the first step of the reaction path as well as SAC-CI
calculations to compare with experimental electronic excitations.

[1] D. Davenport, J. A. Nicol, Proc. R. Soc. London Ser. B, 1995, 144, 399.
[2] O. Vendrell, R. Gelabert, M. Moreno, I. M. Luch, J. Am. Chem. Soc.,
2006, 128, 3564.

[3] Ch. Tanner, C. Manca, S. Leutwyler, Science, 2003, 302, 1736. C.
Manca, Ch. Tanner, S. Leutwyler, Int. Rev. Phys. Chem., 2005, 24, 457 (and
citations therein).
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Continuous Symmetry Measure and Molecule symmetrization
Fabio Mariotti
Laboratory of Physical Chemistry, ETH Zurich, Zurich, Switzerland

Continuous Symmetry Measure (CSM)[1.2] aim to define near symmetry
and correlations with symmetry dependent molecular properties. In this con-
tribution it is introduced a definition of CSM which makes use of the point
group theory projection operator. The application of this definition to the
clectronic density is straightforward. A symmetric clectronic density with
respect the group G of order is defined as

I L
plry = — > Sup(r)
e
where S, identify one of the nG symmetry operations of the group G. The

CSM is then obtained via a minimization of a distance function. In a simple
case it is an Euclidean distance

D= f |plr) = pl(r) dr

This definition can be extended[4]. It is possible to introduce, within this
formalism, a CSM using geometrical points or a wave function which re-
duces to the previously proposed measures respectively by D.Avnir[1] and
S.Grimme[3].

In the particular case of geometrical points this procedure can be used for
graphical tools: It will allow a user to ask for a symmetrization of an input
structure with respect a given point group. The current implementation (lim-
ited to few groups) will still require a chemical knowledge but should de-
termine a much faster graphical interface user interaction.

[1] D. Avnir, H.Z. Hel-Or and P.G. Mezey, Encyelopedia of Computational
Chemistry 1998, 2890.

[2] M. Petitjean, Entropy 2003, 5,271-312.

[3] S. Grimme, Chem.Phys.Lett. 1998, 297, 15-22

[4] F. Mariotti, J.Chem.Phys. To be published.
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An ab initio Investigation of the DNA Photolyase Repair
Activity

Fanny Masson”, Marcella Tanuzzi®, Ivano Tavernelli’, Ursula
Réthlisberger®, and Jiirg Hutter®

“Institute of Physical Chemistry, University of Zurich, CH-8057 Zurich,
Switzerland
"Laboratory of Computational Chemistry and Biochemistry, Federal
Institute of Technology (EPFL). CH-1015 Lausanne, Switzerland

The most common type of DNA damage caused by UV radiation is the [2
+ 2] eycloaddition of two adjacent pyrimidine bases which yields cyclobu-
tane pyrimidine dimers (CPDs) [1]. DNA photolyases use light energy
to repair the CPD lesions by transfering an electron to the eyclobutane
ring. The resulting radical anion then splits into two pyrimidines and
transfers back the excess electron to the enzvme. The purpose of our
work is to shed light on the atomistic details of the reaction mechanisim,
first in vacuo and then in its natural environment, i.e. within DNA. We
address this issue by using a hybrid Car-Parrinello quantum mechani-
cal/molecular mechanical (QM/NMM) approach, in which the splitting of
the cyclobutane ring is described at the density functional (BLYP) level
of theory while the complex DNA environment and solvent are treated
with a classical force field.

[1] A, Sancar, Chem. Rev., 2003, 103, 2203-2237.

119

Electronic structure of Di-cyano Di-iminophosphorane Ethylene and
DFT study

Computational Chemistry

Adil Matni. Grosshans Philippe. Gerald Bernardinelli, Michel Geoffroy®

“Departement of Physical Chemistry, 30 Quai Ernest Ansermet,
University of Geneva, 1211 Geneva 4 (Switzerland)

The synthesis of two Di-cyano Di-iminophosphorane Ethylene A and B is
reported as well as the crystalline structure of A.
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The cyclic voltammograms of these compounds are characterized by two
oxidation waves at Ej2(1)= 0.4545 (A) and 0.809 (B) V/SCE, E;»(2)= 0.314
(A) and 0.53 (B) V/SCE. Electrochemical and chemical (ferrocénium
hexafluoro phosphate) oxidations of A and B lead to EPR spectra exhibiting
hyperfine interaction with four "N and two *'P nuclei. These coupling agree
with those predicted by DFT calculation for the corresponding radical
monocation. As shown by the SOMO, the unpaired electron is delocalized
on the full IT system. The stability of the cation is dependant upon the
substituant on the phosphorus.
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Properties of hydration water at the ice-binding face of
antifreeze proteins

Carola von Deuster, Jeremy C. Smith and David R. Nutt

Computational Molecular Biophysics. University of Heidelberg,
Im Neuenheimer Feld 368, 69120 Heidelberg, Germany

The crystal structures of antifrecze proteins from the beetle Tenebrio
molitor[1] and the caterpillar from Choristoneura fumiferana[2] both
contain structural water molecules in the region of the ice-binding surface.
These water molecules have been suggested to play a role in the protein-ice
recognition process by increasing the size and specificity of the ice-binding
site[2]. Although the two protein structures have many features in common,
the structural waters are found in different locations.

Using  both Molecular Mechanical (MM)  and Quantum
Mechanical/Molecular Mechanical (QM/MM) methods, we have calculated
the binding energies of hydration water in the crystallographically observed
positions in order to determine whether the observed differences are due to
energetic or crystal packing effects.

We have also investigated the dynamical properties of the hydration waters
at a range of temperatures using Molecular Dynamics (MD) simulations.
Finally, the effect of the choice of water model on the results has been
assessed.

[1] Liou et al., Nature, 2000, 406, 322-324.
[2] Leinala et al.. Structure, 2002, 10, 619-627.
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The description of water in biomolecular simulations

David R. Nutt and Jeremy C. Smith

Computational Molecular Biophysics, University of Heidelberg,
Im Neuenheimer Feld 368, 69120 Heidelberg, Germany

It is now well-known that water molecules at protein surfaces exhibit
different behaviour to bulk water[1]. However, Molecular Dynamics (MD)
simulations of solvated proteins routinely use water models originally
designed for bulk water simulations. This is mainly due to the fact that
forcefields for biomolecular simulations have been parameterised for use
with a specific water model in order to obtain a balance between water-
water and protein-water interactions. The Charmm22 forcefield[2], for
example, was designed for use with a modified TIP3P model[3].

In order to assess whether the Charmm22 forcefield can be safely
used with other water models (such as TIP4P or TIP5P[3.,4]) and whether
any of these water models are indeed capable of accurately describing the
energetics and dynamics of hydration water, we have investigated the effect
of the choice of water model on the solvation structure around small model
compounds such as N-methyl-acetamide as well as on the dynamics of small
proteins.

[1] S.K. Paletal.,J. Phys. Chem. B, 2002, 106, 12376.

[2] A.D.MacKerell et al., J. Phys. Chem. B, 1998, 102, 3586.

[3] W.L.Jorgensen et al., J. Chem. Phys., 1983, 79, 926.

[4] M. W. Mahoney and W. L. Jorgensen, .J. Chem. Phys., 2000, 112, 8910,
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Theoretical Ab-initio Study of Triaziridines
Roberto Peverati, Kim Baldridge*

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

The primary goal of this work is to study with high level computa-
tional methods the chemical system N3Hji, with particularly emphasis on
the triaziridine class of molecules, to better understand the synthetic chal-
lenges to these species. Triaziridines are cyclic compounds with two stereoi-
somers (cis and trans). They have 6 T electrons, a number that fits the fa-
mous Hiickel law of aromaticity (4n + 2), but their geometry, as shown by
Gimarc and Trinajsti¢ [1] should not be planar because both bonding and
anti-bonding Molecular Orbital (MO) in the 7 system are filled.
Triaziridines are label structures that are very difficult to synthesize. The
first experimental evidence of Triaziridines (1977) was the complex Tri-
aziridine-Ag-zeolite [2], and subsequently, (1980-1982) only a few organic
substituted triaziridines have been prepared [3 a,b]. An additional motiva-
tion for such pursuits is the potential use of triaziridines as high energy ma-
terials [4].

We present a full ab-initio study of structure, mechanism, and rele-
vant properties for a complete set of N3Hsz isomers and their substituted ana-
logues in order to answer some of these questions of stability and reactivity.

[1] Gimarc, B.M., Trinajsti¢, N., Pure Appl.Chem., 1980, 52, 1443,

[2] Kim, Y., Gilje, J.W., Seff, K., J.Am.Chem.Soc., 1977, 99, 7057,

[3] a) Leuenberger, C., Hoesch, L., Dreiding, A., J.Chem.Soc.Comm., 1980,
24, 1197. b) Hoesch, L., Leuenberger, C., Hilpert, H., Dreiding. A.,
Helv.Chim.Acta, 1982, 65, 2682,

[4] Karahodza, A.. Knaus, K.J., Ball, D.W.. J. Mol Struc.-Theochem. 2005,
732, 47.
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Theoritical study of Corannulene: Solvent Effects, Reactions at
Solid/Liquid Interfaces and Crystal Packing

Yohann Potier, Kim Baldridge*

University of Ziirich, Winterthurerstr. 190, CH-8057 Ziirich, Switzerland

The molecular structure of corannulene (¢20H10) has been investigated by
quantum mechanical studies in order to study the structure of the molecule,
its dynamic behavior and its properties [1].

Investigations are made into the conformational gas and solution phase
equilibria for corannulene based structure. An effect computational solva-
tion method has been developed in our group (COSab), which enable a more
accurate assessment of molecular properties from first principles in a solvent
environment [2].

The possibility to use this method for modelling reactions at solid/liquid
interfaces has been examined. And new possibilities in theoretical modeling
of structures in their crystalline environment has also been explored.

[1] Seiders, T.J.. K.K. Baldridge, and J1.S. Siegel. Journal of the American
Chemical Society. 2001 123 (4), 517

[2] Gregerson, L.N. and K.K. Baldridge, Helvetica Chimica Acta. 2003.
86(12).4112
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Wavelet Investigation of LaysCaysCoQ0s.; X-Ray Absorption Data

M. Sahnoun *, C. Daul *, O. Haas"

* Department of chemistry, University of Fribourg, CH-1700 Fribourg,
Switzerland
® Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland

Fourier-transformation (FT) of X-ray absorption fine structure spectra
(EXAFS) has been widely used to obtain structural information from X-ray
absorption data. However, using FT it is not possible to separate the scatter-
ing contributions of nearest neighbor atoms with similar distances.

Due to recent success in wavelet analysis of extended X-ray absorption fine
structure data (EXAFS) we analyzed the EXAFS data of LagsCagsCoOx.
We used Morlet wavelets to see if it is possible to distinguish between the
Co-La and Co-Ca scattering paths. Applied to EXAFS spectroscopy. the
wavelet transform is decomposing the EXAFS signal in the wave vector (k)
and in the radial dimensions. With FT analysis of an EXAFS signal we ob-
tain only information about the distances of the back scattering atoms, while
WT shows additionally at which energies the back scattering takes place.
The obtained result shows that some scattering paths can be separated in
LagsCapsCoOs.;, but the Co-La scattering path is too much overlapping
with the Co-Ca scattering path to be separated unambiguously.
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Molecular Dynamics Simulations of CaCl; Aqueous Solutions
Teodora Todorova, Jiirg Hutter

Institute of Physical Chemistry, University of Zurich, Winterthurerstrasse
190, CH-8057 Zurich

Car-Parrinello Molecular Dynamics simulations have been used to investi-
gate structural and energetic properties of CaCl, aqueous solutions. Results
of 1 M CaCl, solutions are consistent with a previous study of a single Ca
ion in a periodic box of 54 water molecules [1] and show no effect of the
chlorine at low concentrations.
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2 M CaCl, water solutions have been studied in terms of radial distrubution
functions and coordination numbers (figure). Contact and solvent separated
Ca-Cl ion pairs formation have been observed, as in XRD experiments.

[1] L Baké, I. Hutter, G. Pilinkds J. Chem. Phys. 2002, 117, 9838.
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Towards Rational Design of Ruthenium CO;-Hydrogenation Catalysts:
Elucidation of Reaction Pathways

Atsushi Urakawa , Marcella Tannuzzi | ,Jiirg Hutter ", and Alfons Baiker

" Institute for Chemical and Bioengineering, Department of Chemistry and
Applied Biosciences, ETH Zurich, Hinggerberg, HCI, 8093 Zurich
t Physical Chemistry Institute, University of Zurich, Winterthurerstrasse
190, 8057 Zurich, Switzerland

Complete reaction pathways relevant in homogeneous CO; hydrogenation by
a Ru dihydride catalyst (Ru(dmpe):H,, dmpe = Me;PCH,CH:PMe») are
investigated by ab initio metadynamics [1]. We are able to reproduce the
main steps of the processes, identify the reaction intermediates, and evaluate
the corresponding free energy profiles. Our simulations indicate that the CO»
insertion for the formation of formate complex proceeds via a con-
certed-insertion mechanism. It is a rapid and direct process, throughout a
relatively small activation barrier, which is in agreement with what observed
experimentally. The Hs insertion to the formate-Ru complex and the forma-
tion of formic acid, instead, occurs via an intermediate Ru(EIE—Hg) complex,
where the molecular hydrogen interacts with the Ru center. This step has been
identified as the rate-limiting step of the reaction. Hence, we propose a simple
measure of the catalytic activity based on the analysis of the electronic
structure of the corresponding transition-state. Taking this measure, the re-
lation between different ligands and the experimental catalytic activities can
be well-explained.

[1] M. Iannuzzi, A. Laio, and M. Parrinello, Phys.Rev.Let. 2003, 90, 238302,
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First principles molecular dynamics study of
radiation damage of graphite and carbon nanostructures

Oleg V. Yazyev, Ivano Tavernelli, Ursula Rothlisberger, and Lothar Helm

Ecole Polytechnique Fédérale de Lausanne (EPFL),
Institute of Chemical Sciences and Engineering, CH-1015 Lausanne

Understanding the mechanisms of radiation-induced defect formation in
carbon materials is crucial in nuclear technology [1] and for the manufactur-
ing of nanostructures with desired properties [2]. Using first principles mo-
lecular dynamics we performed a systematic study of the non-equilibrium
processes of radiation damage in graphite on the picosecond timescale. Our
study reveals a rich variety of defect structures (Frenkel pairs, in-plane topo-
logical defects) with formation energies of 5-15 eV. In addition, the study
clarifies the mechanisms underlying their creation and predicts unexpected
preferences towards certain structures.

[1]1J. H. W. Simmons, Radiation Damage in Graphite (Pergamon, London,

1965).
[2] F. Banhart, Rep. Prog. Phys. 1999, 62, 1181.
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Applications of Tris(mercaptoimidazolyl)hydroborato Ligands for
Modeling Sulfur Rich Active Sites and For the Synthesis of
Metallaboratranes

Gerard Parkin

Department of Chemistry, Columbia University, New York,
New York 10027, USA.

The tris(2-mercapto-1-R-imidazolyl)hydroborato ligand, [Tm"], is a ver-
satile tripodal ligand that provides an [S;] coordination mode that has
diverse applications which range from modeling the active sites of zinc
enzymes to the synthesis of olefin polymerization catalysts. In the vast
majority of cases, the [TmR] ligand coordinates in a tridentate manner via
the three sulfur atoms (Figure a), but more complex coordination modes
have also been observed. For example, one of [Tm™] ligands of the lead
complex [Tm™],Pb coordinates with an “inverted” “-configuration
(Figure b). An important recent development in the application of [Tm"]
ligands, as observed by several research groups, is concerned with the
discovery that the B-H entity is reactive and may be cleaved by a metal
center to generate “metallaboratranes™ (Figure ¢) which feature a M—B
dative bond. The bonding and reactivity of these novel compounds will be
described.
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