COMP 1
First principles approaches to design of materials with applications to
catalysis, nanoelectronics, fuel cells, and pharma
William A Goddard III, Materials and Process Simulation Center, California
Institute of Technology, Beckman Institute (139-74), Pasadena, CA 91125,
wag@wag.caltech.edu
In order to apply first principles to predictions of systems and processes in the
Chemical, Biological, and Materials Sciences we build hierarchies of models
each based on the results of more fundamental methods but coarsened to
consider much larger length and time scales. We will highlight recent advances in
methodology and illustrate them with recent applications such as •Mechanisms of
Organometallic reactions (Wacker, IBX, Tsuji) •Mechanisms of Heterogeneous
catalysis: ammoxidation on multimetal oxides •3D structures of agonists,
antagonists bound to GPCRs •Nanoelectronic switches, interconnects •ReaxFF
reactive Force Fields to describe reactions and phase transitions •New
membranes for high temperature PEMFC •Mechanism of oxygen reduction
reaction on Pt alloys and non Pt cathodes •The eFF electron force field for
simulating electron stimulated desorption and plasma etching •The plaquette
polaron theory of cuprate superconductors •Thermoelectric power, electrical and
thermal conductivity of nanowires
COMP 2
Chemical bonding in very tight places
Roald Hoffmann, Department of Chemistry and Chemical Biology, Cornell
University, Baker Laboratory, Ithaca, NY 14853-1301, Fax: 607-255-5707,
rh34@cornell.edu
Diamond anvil cell and shock–wave technologies now permit the study of matter
under multimegabar (i.e. several hundreds GPa) pressures. The properties of
molecules and extended structures in this pressure regime differ drastically from
those known at 1 atm. Just how different chemistry is at high pressure and the
role that a chemical intuition for bonding and structure can have in understanding
matter at high pressures will be explored in this lecture. I will discuss in detail an
overlapping hierarchy of responses to increased density, consisting of (a)
squeezing out van der Waals space (for molecular crystals); (b) increasing
coordination; (c) decreasing the bond length of covalent bonds and the size of
anions; and (d) an extreme regime of electrons moving off atoms and new modes
of correlation. This work is a joint project with Wojciech Grochala, Ji Feng and
Neil Ashcroft.

COMP 3
Electron tunneling through proteins
HB. Gray, Beckman Institutue, California Institute of Technology, Pasadena, CA
91125, hbgray@caltech.edu, and J. R. Winkler, Beckman Institute, California
Institute of Technology, Pasadena, CA 91125
Understanding the underlying physics and chemistry of biological electron
transfer processes is the goal of much of the work in our laboratory. Employing
laser flash/quench triggering methods, we have shown that 20-angstrom,
coupling-limited Fe(II) to Ru(III) and Cu(I) to Ru(III) electron tunneling in Rumodified iron and copper proteins can occur on the microsecond timescale both
in solutions and crystals; and, further, that analysis of these rates suggests that
distant donor-acceptor electronic couplings are mediated by a combination of
sigma and hydrogen bonds in folded polypeptide structures. In recent work, we
have found that 20-angstrom hole hopping through intervening tryptophan
residues is several hundred-fold faster than single-step electron tunneling in Remodified copper proteins. Lessons learned about the control of electron tunneling
and hopping are now being used to design sensitizer-modified protein machines
incorporating catalysts that can generate hydrogen fuel from sunlight and water.
COMP 4
Photoelectron spectroscopy of organic anions
W. Carl Lineberger, University of Colorado, JILA and Dept. of Chemistry and
Biochemistry, 440 UCB, Boulder, CO 80309-0440, Fax: (303) 492-8994,
wcl@jila.colorado.edu, and G. Barney Ellison, Dept. Chemistry & Biochemistry
and JILA, University of Colorado, Boulder, CO 80309-0215
Over the past 30 years, anion photoelectron spectroscopy has been an
especially fertile arena for fruitful interactions between experimental
measurements and quantitative theoretical determinations of the structure and
energetics of small molecules. From the earliest studies of methylene, Bill
Goddard, his students, and his GVB concepts have played prominent roles. In
this lecture, we briefly review some of these past studies, and focus on current
projects where the interplay between theory and experiment is especially
productive. The areas of interest include spin states of carbenes, electron
affinities, bond strengths of radicals, transition state spectroscopy, vibronic
coupling in organic radicals, and Jahn Teller coupling. With the last three topics,
we will emphasize new studies of cyclopentadiene and various azoles.
Supported by NSF and AFOSR.

COMP 5
How insights into bonding of molecules help explain high temperature
evolution of materials
Emily A. Carter, Department of Mechanical and Aerospace Engineering, and
Program in Applied and Computational Mathematics, Princeton University,
Engineering Quadrangle, Princeton, NJ 08544-5263, Fax: 609-258-5877,
eac@princeton.edu
Bill Goddard's powerful insights into chemical bonding from his generalized
valence bond method should be cherished, preserved, and extended. Here we
will show how ideas about metal-oxo bonding in molecules carry over to
materials science problems. Density functional theory is used to uncover
mechanisms by which metal oxide growth and evolution at high temperature (e.g.
creep) in the solid state occurs and may be inhibited by exploiting design
principles based on simple concepts derived by Goddard, Rappe, and Carter in
the 1980s. We celebrate Bill's insights, and look forward to many more years of
such insights in the future.
COMP 6
Application of Ewald summations to long-range dispersion forces
Pieter J. In 't Veld1, Ahmed E. Ismail2, and Gary S. Grest2. (1) PO Box 5800,
Sandia National Laboratories, Albuquerque, NM 87185, (2) Sandia National
Laboratories, PO Box 5800, Albuquerque, NM 87185, aismail@sandia.gov
We present results illustrating the effects of using explicit summation terms for
the r-6 dispersion term on the interfacial properties of a Lennard-Jones fluid and
SPC/E water. For the Lennard-Jones fluid, we find that the use of long-range
summations, even with a short "crossover radius," yields results that are
consistent with simulations using large cutoff radii. Simulations of SPC/E water
demonstrate that the long-range dispersion forces are of secondary importance
to the Coulombic forces. In both cases, we find that the ratio of box size L|| to
crossover radius rck plays an important role in determining the magnitude of the
long-range dispersion correction, although its effect is secondary when
Coulombic interactions are also present. Sandia is a multiprogram laboratory
operated by Sandia Corporation, a Lockheed Martin Company, for the United
States Department of Energy under Contract No. DE-AC04-94AL85000.
COMP 7

Microscopic analysis of the dielectric effect
E. G. Zoebisch, Riparian Software, 1455 Topar Dr, Los Altos, CA 94024,
zoebisch@earthlink.net
The dielectric effect is frequently modeled with macroscopic equations, leading to
incongruities at the molecular scale. Gauss's Law, which is exact at the
molecular scale, is used to examine electronic polarization. Superposition of
polarization is used to separate electronic polarization into pairwise terms. The
separation is formal and the terms may not be transferable. The electrostatic field
at van der Waals distance from a charge is the vacuum field and there is no
dielectric effect, i.e. D=1. The dielectric effect increases with distance until it
reaches the bulk value and is constant thereafter. The results are for enthalpy
(not free energy), they are only valid for electronic polarization, and polarizability
of atoms is assumed to be generally homogeneous.
COMP 8
Canonical sampling through velocity rescaling
Giovanni Bussi1, Davide Donadio2, and Michele Parrinello2. (1) c/o Research
Group Parrinello, ETH Zurich, USI-CAMPUS, via G. Buffi, 13, Lugano CH-6900,
Switzerland, gbussi@ethz.ch, (2) Computational Science, Department of
Chemistry and Applied Biosciences, ETH Zurich, CH-6900 Lugano, Switzerland
We present a new molecular dynamics algorithm for sampling the canonical
distribution. In this approach the velocities of all the particles are rescaled by a
properly chosen random factor. The algorithm is formally justified and it is shown
that, in spite of its stochastic nature, a quantity can still be defined that remains
constant during the evolution. In numerical applications this quantity can be used
to measure the accuracy of the sampling. We also illustrate the properties of this
new method on Lennard-Jones and TIP4P water models in the solid and liquid
phases. Its performance is excellent and largely independent of the thermostat
parameter also with regard to the dynamic properties.
COMP 9
Comparison of the simulated properties of N-methylacetamide and glycine
in water obtained using different force fields
Myungshim Kang and Paul E. Smith, Department of Chemistry, kansas state
university, 111 Willard Hall, Manhattan, KS 66506-3701, Fax: 785-532-6666,
mskang@ksu.edu

Molecular dynamics simulations of N-methylacetamide (NMA) and glycine in
water at different concentrations were performed using four different
biomolecular force fields (CHARMM, AMBER, OPLS, and GROMOS) in order to
test the ability of the force fields to reproduce the solution thermodynamics. In
particular, we determined the heat of mixing and the Kirkwood-Buff integrals,
both of which appear to be a sensitive test for the quality of a force field. Large
variations in both properties were observed between the different force fields. A
significant degree of self association for one or more of the solutes was predicted
by each force field, in direct contrast to the experimental data. The results
suggest that care must be used when interpreting simulation results on peptide
aggregation.
COMP 10
QTPIE: A new charge model for arbitrary geometries and systems
Jiahao Chen and Todd J. Martínez, Department of Chemistry and the Beckman
Institute, University of Illinois at Urbana-Champaign, 600 S Mathews Ave,
Urbana, IL 61801, Fax: 217-244-3186, cjh@spawn.scs.uiuc.edu
Fluctuating-charge models (FCMs), i.e. chemical potential equilibration models or
electronegativity equalization models, currently are the only available method
that treats both polarization and charge transfer in molecular mechanics. QEq
and fluc-q (FQ) are two popular FCMs. Our previous PE-CC-QVB2 model for
diatomics and statistical mechanical analysis of three-state atomic models
highlighted the importance of pairwise, distance-dependent electronegativity
terms. We use these results to construct our new QTPIE (charge transfer with
polarization current equilibration) model based on QEq and PE-CC-QVB2. Like
QEq and FQ, our QTPIE model is applicable to arbitrary systems; we present
various applications to chemical problems. Unlike previous FCMs, we obtain inplane electric dipole polarizabilities comparable to ab initio calculations, and
capture qualitative aspects of charge distributions for arbitrary geometries.
QTPIE appears to apply to nonequilibrium situations required for simulating a
wide variety of chemical phenomena.
COMP 11
ReaxFF simulations on reactive processes at the water/metal/metal oxide
interface
Adri CT. van Duin, Vyacheslav S. Bryantsev, and William A Goddard III,
Materials and Process Simulation Center, California Institute of Technology,
Beckman Institute (139-74), Pasadena, CA 91125, Fax: 626-585-0918,
duin@wag.caltech.edu

The ReaxFF reactive force field allows for dynamical simulations on large
(>>1000 atoms) reactive systems and has been applied to a wide range of
materials, including molecular, metallic, ceramic and ionic systems. Recently, we
have expanded the ReaxFF method to describe liquid water and reactions
involving proton transfer in the water phase. This expansion, combined with
existing ReaxFF formulations, allows for a wide range of new possibilities for
reactive molecular dynamic simulations at metal/metal oxide/water interfaces and
for biological systems. This presentation will describe the force field development
process and will give examples of recent interface studies.
COMP 12
Simulation of interfacial systems with isotropic periodical sum
Xiongwu Wu1, Jeffery B. Klauda2, Richard W Pastor3, and Bernard R. Brooks1.
(1) Laboratory of Computational Biology, National Heart, Lung and Blood
Institute, National Institutes of Health, Bethesda, MD 20892-8104, Fax: 301-4023404, WuXW@nhlbi.nih.gov, (2) Laboratory of Computational Biology, National
Institutes of Health, NHLBI, Bethesda, MD 20892, (3) NHLBI/Lab of
Computational Biology, National Institutes of Health, Bethesda, MD 20892
Isotropic periodic sum (IPS) is a method for the calculation of long-range
interactions in molecular simulation. The concept of the IPS method is using
isotropic distributed images of a local region around each particle to represent
remote environment to calculate long-range interactions beyond the local region.
The difference between the IPS method and Lattice sum methods like Ewald
summation lies in the shape and distribution of remote images for long-range
interaction calculation. The isotropic and periodic distribution of IPS images
makes the calculation more efficient than lattice sum methods and avoids the
symmetry effect introduces from the underlying lattice structures. This work
extends the IPS method to interfacial simulation systems which is typically
isotropic in two dimensions and periodic in the third dimension. This method
describes an interfacial system as a two dimensional (2D) isotropic periodic
system on two dimensions and a one dimensional (1D) isotropic periodic system
along the third dimension, therefore, is termed as 2+1D IPS. We examined the
surface tensions, electrostatic dipolar potentials, as well as density distribution of
monolayer and bilayer systems as compared with Ewald summation, 3D IPS, 2D
IPS, and cutoff methods. The 2+1D IPS shows little dependence on cutoff
distances in simulation properties and reproduces electrostatic-related properties
with Ewald summation.
COMP 13
The quasi-liquid layer involvement in antifreeze function

Yin Yeh, Department of Applied Science, Univeristy of California-Davis, One
Shields Avenue, Davis, CA 95616, yyeh@ucdavis.edu, Krish Krishnan,
Department of Chemistry, California State University Fresno/Univerisity of
California Davis, Fresno, CA 93740, William H. Fink, Chemistry, University of
California, and Yong Duan, Genome Center and Department of Applied Science,
University of California, Davis, Davis, CA 95616
Feeney et al. had suggested in 1972 that researchers should maintain an open
mind on the possibility that the then only known antifreeze protein, the AFGP,
might function with its hydrophobic methyl facet closer toward the ice than the
disaccharide groups. Experimental evidence is now mounting to suggest that the
mechanism of action in both freezing point depression and ice growth facet
modification requires a close coupling between entropic and enthalpic
contributions. We propose that a strong entropic contribution resides in the
existence of the ubiquitous quasi-liquid layer (QLL), which has been strongly
suggested in studies of the pure ice-water system as well as surface-sensitive
studies involving antifreeze proteins. QLL allows for proteins that are intrinsically
disordered to reside in a favorable entropic environment while contributing to
function, consistent with the idea that the many conformational states may play
important roles in energy exchange when surface binding affinity is low.
COMP 14
A theoretical study of the kinetic effect of AFGP adsorption on ice
Etsuro Yokoyama1, Salvador Zepeda2, and Yoshinori Furukawa2. (1) Computer
Center, Gakushuin University, 1-5-1 Mejiro, Toshima-ku, Tokyo, Japan, Fax:
+81-3-5996-1018, yokoyama@gakushuin.ac.jp, (2) ILTS, Hokkaido University,
Sapporo, Japan
We present a study of the kinetic effect of AFGP adsorption on ice as well as the
self-oscillatory growth of ice crystals in supercooled AFGP solutions. Our model
takes into account the elementary processes relevant to the adsorption : 1) a
diffusion process for the transport of AFGP molecules released at the growing
interface and diffusing towards the stopped interface, 2) a surface diffusion
process of AFGP admolecules on the stopped interface, and 3) a transformation
processes of AFGP admolecules into complete adsorption at the stopped
interface. In our model, the key point for adsorption at the stopped interface is
that there are two kinds of adsorption states, i.e., complete and incomplete
adsorption. On the other hand, complete adsorption degenerates into incomplete
adsorption for the growing interface. We also show that the self-oscillatory growth
can occur due to a kinetic cycle composed of the discrimination between stopped
and growing interface.

COMP 15
Antifreeze fundamentals: Explaining the dependence of freezing point upon
concentration
Charles A. Knight, National Center for Atmospheric Research, Boulder, CO
80307, Fax: 303 497 8181, knightc@ucar.edu, and A. L DeVries, Ethology,
Ecology and Evolution, University of Illinois, Urbana, Urbana, IL 61801
We propose the following reason for the concentration dependence of the
nonequilibrium freezing points of AF solutions. The crystal growth is spicular,
parallel to [0001], and AF adsorption only inhibits growth normal to [0001].
Spicule growth rate depends upon supercooling at the spicule tip and upon the
area of basal face, and is not directly affected by AF. However, AF adsorption at
newly-created, non-basal surfaces limits spicule diameter. This depends upon
adsorption rate, and hence upon AF concentration in solution. The supercooling
at which spicule growth can occur depends upon the spicule diameter being
small enough that the temperature at the tip is cold enough for fast growth
parallel to [0001], yet large enough to provide an area big enough to support that
growth by layer nucleation. This probably is how solution concentration
determines the freezing point. Mechanistically, the nonequilibrium freezing point
is a function of interface orientation, and we hope to provide a means of
measuring that aspect of it.
COMP 16
Fluorescence microscopy and microfluidic techniques for studying
interactions between antifreeze proteins and ice surfaces
Ido Braslavsky1, Natalya Pertaya1, Yeliz Celik1, Alex Groisman2, JS.
Wettlaufer3, and Peter L. Davies4. (1) Physics and Astronomy, Ohio University,
Clippinger Labs 251B, Athens, OH 45701, braslavs@ohio.edu, (2) Department of
Physics, University of California, San Diego, La Jolla, CA 92093-0354, (3)
Departments of Geology & Geophysics and Physics, Yale University, New
Haven, CT 06520-8109, (4) Department of Biochemistry, Queen’s University,
Kingston, ON K7L 3N6, Canada
Antifreeze proteins (AFPs) have many potential applications in systems where
controlling ice crystal growth is desired. However, the mechanisms underlying
the interactions between AFPs and ice surfaces are only partially understood. To
elucidate these interactions, and the factors driving AFP activity, we directly
visualized fluorescently labeled AFPs on ice crystals in supercooled solutions,
using a microfluidics device which allowed high signal-to-noise fluorescence
monitoring combined with the ability to modify the solution around the ice

crystals. This method enabled us to directly examine characteristics such as the
kinetics of attachment, ice orientation preference, and surface density of AFPs,
and thus to assess existing theories for AFP activity. We developed microfluidic
devices for studying systems under both isothermal conditions and with
controlled gradients. The ability to exchange the solute around the crystals while
monitoring the locations and binding kinetics of AFPs opens new avenues for
research into ice crystal growth inhibition. Supported by CIHR, NSF, and OUBNNT.

COMP 17
Behavior of antifreeze proteins and glycoproteins at the ice/solution
interface and ice growth kinetics during one-directional growth
Yoshinori Furukawa1, Salvador Zepeda1, Hiroyuki Nakaya1, Yukihiro Uda1, and
Etsuro Yokoyama2. (1) ILTS, Hokkaido University, Kita19 Nishi8, Kita-ku,
Sapporo, Japan, Fax: +81-11-706-7142, frkw@lowtem.hokudai.ac.jp, (2)
Computer Center, Gakushuin University, Tokyo, Japan
To observe the distribution of antifreeze proteins (AFPs) and glycoproteins
(AFGPs) at the ice/water interface, one-directional ice growth experiments were
carried out with FITC labeled antifreeze protein solutions. Fluorescence images
clearly show the accumulation, distribution, and incorporation of AFGPs at the
interface. For AFGPs, at slow growth velocities the interface is flat and the
proteins accumulate at the interface and are entirely rejected from the crystal. At
higher velocities the interface breaks up and forms finger structures with the
proteins incorporating into veins formed between the ice fingers and none in the
crystal matrix contrary to previously accepted paradigms for AFGP mechanism,
namely a strong irreversible binding between the ice and protein. From the decay
processes of the diffusion field after growth is stopped, we determined the
diffusion and segregation coefficients of AFGPs in the solution.coefficients of
AFGPs in the solution.
COMP 18
Antifreeze Glycoproteins to function as intrinsically unstructured proteins
Krish Krishnan, Department of Chemistry, California State University
Fresno/Univerisity of California Davis, SB-70 East San Ramon Road, Fresno, CA

93740, krish@csufresno.edu, Yin Yeh, Department of Applied Science,
Univeristy of California-Davis, Davis, CA 95616, Yong Duan, Applied Science,
University of California Davis, Davis, CA 95616, and William H. Fink, Chemistry,
University of California
The flexibility of a protein is closely coupled to its function. The structure of
intrinsically unstructured proteins (IUP) resembles the denatured states of
ordered proteins, best described as an ensemble of rapidly inter-converting
alternative structures, which, nevertheless, is their native, functional state. It is
becoming increasingly clear that biological activity is not restricted to compact
semi-rigid proteins. Often, their function is realized via molecular recognition in
which structural disorder confers specific advantages, such as increased speed
of interaction and specificity without excessive binding strength. However, there
is considerable challenge in their nature and how best to characterize them to
understand their functional significance. Our recent NMR based diffusion
coefficient measurements in supercooled water, relaxation rate measurements in
both supercooled water and in the presence of ice and computer simulations
showed that AFGP-8 retains flexible conformations, consistent with the idea they
may function as IUPs.
COMP 19
Dynamics of electrons at interfaces on ultrafast timescales
Charles B. Harris, Department of Chemistry, University of California, Berkeley,
Department of Chemistry, Berkeley, CA 94720, cbharris@berkeley.edu
The application of UV-vis, angle-resolved, two-photon photoemission
spectroscopy (AR-2PPE) to metal interfaces in ultrahigh vacuum allows the
characterization of electron dynamics on an ultrafast timescale. Electron
solvation and localization, charge transfer processes and the interfacial band
structure of a wide range of adsorbed ultrathin films can be studied. Interfacial
electronic processes are of fundamental physical importance in organic
semiconductors, electrochemical solvents and large band gap semiconductors
and have been characterized with AR-2PPE.
COMP 20
Modeling reaction dynamics at liquid surfaces
George C. Schatz, Department of Chemistry and the International Institute for
Nanotechnology, Northwestern University, 2145 Sheridan Rd., Evanston, IL
60208-3113, schatz@chem.northwestern.edu, and Dongwook Kim, Department
of Chemistry, Northwestern University, Evanston, IL 60208-3113

This talk describes QM/MM molecular dynamics studies of the reaction of atomic
oxygen with liquid squalane at hyperthermal energies. Many different reactive
processes are possible, including single and double hydrogen abstraction,
hydrogen elimination, and carbon-carbon bond breakage, and some products are
trapped while others are not. The effect of liquid structure and dynamics on the
results is considered. Detailed comparison with molecular beam measurements
is provided.
COMP 21
Role of molecular anisotropy in electrowetting
Dusan Bratko1, Christopher D. Daub2, Kevin Leung3, and Alenka Luzar2. (1)
Department of Chemical Engineering, University of California at Berkeley, and
Department of Chemistry, Virginia Commonwealth University, 1001 W. Main St.,
Richmond, VA 23284-2006, dbratko@vcu.edu, (2) Department of Chemistry,
Virginia Commonwealth University, 1001 West Main Street, Richmond, VA
23284-2006, Fax: 804-828-8599, aluzar@vcu.edu, (3) Sandia National
Laboratories, Albuquerque, NM 87185
We carried out the first and thorough molecular modeling study of electro-wetting
in a nanopore. Traditionally, electrowetting has been considered a relatively nonspecific phenomenon defined in terms of a material's macroscopic properties. On
a molecular level, where surface molecules represent a significant constituency,
however, we show that the competition between spontaneous water moleculesurface orientations, and molecular dipole alignment in the field play a major role.
Our simulations of wetting/dewetting equilibrium, along with ensuing analysis of
hydrogen bond populations, demonstrate a surprisingly strong effect of field
direction and polarity on nanopore-surface affinity for water. This new
phenomenon is potentially relevant to surface manipulation in nanofluidics, as
well as for basic understanding of field charge effects that modulate local
hydrophilicity of engineered and biological interfaces. Figure: When electric field
is applied in the direction perpendicular to the confining hydrophobic surfaces,
the competition between field-induced alignment and orientational preference of
interfacial water molecules relative to the surfaces results in asymmetric
wettability of opposing surfaces (Janus interface).

COMP 22

Equilibrium and ultrafast phenomena at liquid interfaces
Kenneth B. Eisenthal, Department of Chemistry, Columbia University, 3000
Broadway, Mail Code 3107, New York, NY 10027, kbe1@columbia.edu
Second harmonic and sum frequency studies of phenomena at vapor/liquid and
liquid/liquid interfaces will be discussed. Topics include interfacial structure,
molecular motions, excited state chemistry, and probing the properties of
neurons in live nerve tissue using second harmonic imaging.
COMP 23
Solute rotational dynamics at water surfaces
Ilan Benjamin, Department of Chemistry, University of California, 1156 High
Street, Santa Cruz, CA 95064, Fax: 831-459-2935,
benjamin@chemistry.ucsc.edu
The rotational dynamics of solute molecules adsorbed at the water liquid/vapor
interface and the interface between water and carbon tetra chloride are studied
using molecular dynamics simulations. By varying the dipole moment of the
adsorbed molecule and its location, and by comparing the results with those in
bulk water, the effects of dielectric and mechanical frictions on reorientation
dynamics and on rotational energy relaxation can be elucidated. The results are
discussed in relation to recent progress in understanding the structure of water at
interfaces. In particular, the rotational behavior can be explained by considering
interfacial hydration, surface roughness and surface polarity.
COMP 24
Molecular dynamics simulations of ion adsorption at the mineral-water
interface
Sebastien Kerisit1, Stephen C Parker2, Eugene S. Ilton1, and Chongxuan Liu1.
(1) Chemical and Materials Sciences Division, Pacific Northwest National
Laboratory, Richland, WA 99352, Fax: 509-376-3650, sebastien.kerisit@pnl.gov,
(2) Department of Chemistry, Bath University, Bath BA2 7AY, United Kingdom
A molecular-level description of the mineral-water interface is essential to our
understanding of many geochemical processes such as ion adsorption and
diffusion in microscopic mineral fractures. Molecular dynamics simulations of
electrolyte solutions in contact with a variety of neutral and charged mineral
surfaces were carried out to probe the structure of the mineral-water interface
and gain insight into the adsorption properties of ions. These simulations indicate

that electrolyte ions adsorb in interfacial sites that result from the strong
interaction of water with the mineral surfaces. This phenomenon gives rise to a
structured electrolyte distribution even at neutral surfaces, for which the classical
electrical double layer models predict no specific interaction. Finally, the structure
of the hydrated ion, its effect on the water arrangement at the interface, and the
strength of the ion-water bond were found to be key factors that determine the
location and extent of ion adsorption at the interface.
COMP 25
Two-metal associative catalysis: Phosphodiester cleavage in ribonuclease
H
Marco De Vivo, Matteo Dal Peraro, and Michael L. Klein, Center for Molecular
Modeling, Chemistry Department, University of Pennsylvania, 231 South 34th
Street, Philadelphia, PA 19104, mdevivo@cmm.upenn.edu
Ribonuclease H (RNase H) is a sequence-nonspecific endonuclease, which
catalyzes the hydrolysis of phosphodiester linkages of the RNA strand in
presence of Mg or Mn cations, and degrades RNA·DNA hybrids. RNase H is
involved in a number of biochemical processes such as replication initiation and
DNA topology restore, being also a promising target for anti-HIV drug design.
Based on recent crystallographic structures of Bacillus halodurans RNase H, we
investigate its catalytic mechanism combining classical molecular dynamics (MD)
and first principles quantum mechanics/molecular mechanics (QM/MM)
dynamics. First, the wild type enzyme and relevant mutants are modeled by MD
within different buffer conditions in order to study the still unclear role of second
metal shell residues in tuning the catalysis. Then, the bimetal-aided nucleotidyl
transfer reaction is investigated by QM/MM calculations and discussed on the
basis of experimental evidences. The results evidence the highly associative
enzymatic mechanism for phosphoryl transfer, which involves the formation of a
meta-stable phosphorane intermediate stabilized by the two Mg metal ions.
Importantly, this information might eventually provide a blueprint for the design of
specific inhibitors.
COMP 26
RNA and protein structural requirements in NCp7 chaperoned HIV-1 DIS
maturation
John P. Marino, Center for Advanced Research in Biotechnology, National
Institute of Standards and Technology, 9600 Gudelsky Drive, Rockville, MD
20850, Fax: 2403146255, marino@umbi.umd.edu

The dimerization initiation site (DIS) has been identified as the RNA sequence
primarily responsible for initiating dimer formation between two homologous
strands of HIV-1 genomic RNA. The DIS loop contains a palindromic,
hexanucleotide sequence flanked by conserved 5' and 3' purines and can form a
homodimer through a loop-loop kissing interaction. In a structural rearrangement
stimulated by nucleocapsid protein (NCp7) and suggested to be associated with
viral maturation, DIS converts from a kissing to extended duplex. Using NMR and
fluorescence methods, together with mutagenesis and segmental labeling,
sequence and structural requirements for the interaction of the DIS kissing dimer
with NCp7 have been analyzed using isolated DIS stem-loops and selectively
labeled DIS stem-loops in the context of 5' leader sequences. Results will be
presented showing that DIS can form kissing dimer linkages between 5' leader
sequences with structural features and NCp7 interactions similar to those
observed with isolated stem-loops.
COMP 27
Structural studies of the RNA aptamer drug, Macugen, bound to the
angiogenic protein vascular endothelial growth factor
Arthur Pardi1, Joon-Hwa Lee2, Fiona Jucker1, and Nicole K. Kruse1. (1)
Department of Chemistry & Biochemistry, University of Colorado, Boulder, 215
UCB, Boulder, CO 80309, Fax: 303-492-2439, arthur.pardi@colorado.edu, (2)
Department of Chemistry, Gyeongsang National University, Gyeongnam 660701, South Korea
Macugen is a 2'-fluoro pyrimidine RNA aptamer that binds with high affinity and
specificity to a key regulator of angiogenesis, Vascular Endothelial Growth
Factor, (VEGF). Macugen is approved for treatment of age related macular
degeneration, which is the leading cause of blindness in the elderly. This
aptamer binds specifically to the VEGF165 isoform, which is a dimeric protein with
a receptor-binding domain and a heparin-binding domain (HBD). Binding
experiments show that the HBD contributes the majority of the binding energy to
the VEGF165-Macugen complex. NMR results will be presented which show that
the structural features in the HBD-Macugen complex are also observed in the
VEGF165-Macugen complex. The NMR solution structure of the HBD-Macugen
complex will be presented, and structural studies on the full-length VEGF165Macugen complex are in progress. These structural and biochemical data are
being used to better understand the mechanism by which this RNA aptamer
recognizes its target protein.
COMP 28

Computational prediction of the sequence specificity and binding energy of
protein-RNA complexes
Gabriele Varani1, Timothy Robertson2, Suxin Zheng3, and Yu Chen3. (1)
Departments of Chemistry and Biochemistry, University of Washington, Seattle,
WA 98195-1700, Fax: 206 685 8665, varani@chem.washington.edu, (2)
Department of Biochemistry, University of Washington, Seattle, WA 98195, (3)
Department of Chemistry, University of Washington, Seattle, WA 98195-1700
The sequence-specific recognition of RNA by proteins plays a fundamental role
in gene expression. While many experimental studies have explored the
molecular basis for the sequence dependence of protein-RNA recognition, a few
studies have also explored this problem from a computational perspective.
However, a quantitative description of protein-RNA interactions remains to be
developed. We have developed an orientational dependent hydrogen bonding
potential based on the occurrence of hydrogen bonding contacts and orientation
in the structures of protein-nucleic acid complexes as well as an all-atom
distance-dependent statistical potential function, and applied both to the
prediction of protein-nucleic-acid interactions from structure. In both protein-DNA
and protein-RNA systems, both methods are able to reliably discriminate native
complexes from near-native decoys. The statistical potential can infer the relative
binding energies of a number of experimentally characterized mutations to
protein-RNA complexes as well, and is able to predict the sequence recognized
by RNA-binding proteins. The sensitivity to fine structural details makes this
statistical potential an inviting choice for problems requiring the detailed
computational modeling of protein-DNA and RNA interactions. These include
structure-based genome annotation and the rational design of proteins with
altered nucleic-acid recognition specificities. We are currently applying this
approach to the redesign of the specificity of a set of paradigmatic RNA-binding
proteins.
COMP 29
Dynamics of the assembling ribosome
James R. Williamson, Department of Molecular Biology and the Skaggs
Institute for Chemical Biology, Scripps Research Institute, 10550 North Torrey
Pines Road, La Jolla, CA 92037, Fax: 858-784-2199, jrwill@scripps.edu
We are investigating the assembly of the 30S ribosomal subunit in vitro and in
cells using quantitative mass spectrometry. The 30S subunit is composed of 20
small proteins that bind to the 1542 nucleotide 16S ribosomal RNA in a cascade
of sequential and parallel events. Binding of each protein reports on the local
RNA folding, and monitoring the kinetics of protein binding reveals the overall
progression of RNA folding during 30S assembly. We have developed an isotope

pulse-chase assay to monitor the binding of 20 proteins simultaneously to the
16S rRNA. Most recently, we have extended this experimental approach to
include electrospray ionization and liquid chromatography coupled mass
spectrometry, which provides improved sensitivity and improved accuracy of the
derived rates. We have also adapted this approach to study the assembly
dynamics of ribosomes in rapidly growing E. coli.
COMP 30
U1A-RNA Complex formation: Insights from combining experimental and
computational approaches
Anne M. Baranger, Department of Chemistry, University of Illinois, School of
Chemical Sciences, 600 S. Mathews Ave., Urbana, IL 61801,
baranger@uiuc.edu
RNA-protein complexes are essential contributors to many important biological
processes, including gene expression. An understanding of how proteins
recognize RNA is needed to describe and control processes involving RNAprotein complexes. We are investigating the recognition of RNA by a set of
proteins that contain an RNA recognition motif (RRM), which is one of the most
common RNA-binding domains. The focus of this study is a particularly wellcharacterized system, the complex formed between the N-terminal RRM of the
U1A protein and stem loop 2 of U1 snRNA. We have investigated the binding
and dynamics of wild type and mutant U1A proteins and stem loop 2 RNAs using
both experimental and computational approaches in order to understand and
predict local and long-range energetic contributors to binding affinity and
specificity. We have focused in particular on the roles highly conserved aromatic
amino acids play in determining complex stability.
COMP 31
What can simulation tell us about protein-nucleic acid interactions?
Successes, failures, and our approach to overcome the deficiencies
Thomas E. Cheatham III, Departments of Medicinal Chemistry and of
Pharmaceutics and Pharmaceutical Chemistry, University of Utah, 2000 East, 30
South, Skaggs Hall 201, Salt Lake City, UT 82117, Fax: 801-585-5366,
tec3@utah.edu
Molecular dynamics and free energy calculations have proven to be very
powerful tools for giving insight into nucleic acid and protein structure, dynamics
and interactions. As computer power has increased, the reliability and
predictability has improved, we've been able to approach more biologically

relevant time scales, and we've been able to provide detailed atomistic insight
into protein-nucleic acid interaction, hydration and dynamics. We have also
exposed serious deficiencies in the commonly applied force fields and serious
sampling problems. These deficiencies, such as minor deficiencies in the nucleic
acid backbone parameters and mis-balance in ionic interactions, lead to melting
of characteristic RNA structure, population of anomalous backbone
conformational states, and incorrect interaction of drugs or proteins with nucleic
acids. To better understand these deficiencies, we have started to explore
simulation of both loop and protein-nucleic acid decoy sets, nucleic acid
structures for which detailed NMR data is publicly available, and putative drugnucleic acid interactions with a goal to improve the Amber force fields for nucleic
acids.
COMP 32
Computational methods for protein design applications
Stephen L. Mayo, Divisions of Biology and Chemistry and Chemical
Engineering, California Institute of Technology, MC 114-96, 1200 E. California
Blvd., Pasadena, CA, CA 91125, Fax: 626-568-0934, steve@mayo.caltech.edu
Many areas of chemical simulation require the development of methodology
specifically tuned for the target application. Progress in computational protein
design has relied on both the development of pairwise decomposable force fields
and combinatorial optimization techniques that reflect some of the unique
challenges of macromolecular design. This talk will focus on methods
development for computational protein design as well as applications ranging
from methods validation to the design of protein-based research reagents and
human therapeutics.
COMP 33
Use of protein-ligand docking methods to rank order ligand binding
affinities
Richard Friesner, Department of Chemistry, Columbia University, 116th and
Broadway, New York, NY 10027, Fax: 212-854-7454
We will discuss the use of extra precision (XP) Glide docking and empirical
scoring methodology to rank order compounds with regard to protein-ligand
binding affinity. XP Glide contains novel physical terms, for example the ability to
describe hydrophobic enclosure of lipophilic groups of the ligand, which, in
conjunction with a suitable parametrization, enables a substantial reduction in the
average error in calculating binding affinities. The primary focus of the talk will be

on the ability to compute binding affinities when redocking the ligand into its
cognate protein conformation; however, some discussion of quantitative
treatment of induced fit effects, which is necessary to apply the method robustly
in practical applications, will be presented as well. The most recent development
version of XP Glide represents a significant advance in accuracy and these
advances will be discussed.
COMP 34
My protein folds faster than yours: Using protein folding rates to test
protein folding theory
Kevin W. Plaxco, Department of Chemistry and Biochemistry, University of
California, Santa Barbara, Santa Barbara, CA 93106, kwp@chem.ucsb.edu
Across the universe of simple, single domain proteins, the fastest folds a million
times more rapidly than the slowest. What accounts for this dramatic range of
kinetic behaviors? In this talk I cast an experimentalist's critical eye on recent
theories of protein folding kinetics that address this fundamental biophysical
issue.
COMP 35
DNA: Not merely the secret of life
Nadrian C. Seeman, Department of Chemistry, New York University, Center for
Soft Matter Research, 100 Washington Square East, New York, NY 10003, Fax:
212-260-7905, ned.seeman@nyu.edu
Structural DNA nanotechnology uses reciprocal exchange between DNA double
helices to produce branched DNA motifs. We combine branched motifs to
produce specific structures, using sticky-ended cohesion. We have used this
approach to make DNA stick-polyhedra, a variety of 2D DNA crystalline arrays
and a number of sequence-dependent nanomechanical devices, such as a
bipedal walker and a machine that translates DNA sequences into assembly
instructions. The translation machine is based on a device that rotates one end
relative to another by a half-turn. Recently, we have incorporated this device into
a cassette that includes a domain to insert it into a 2D periodic array, along with a
robotic arm that is reoriented by the motion of the device. By using atomic force
microscopy, we are able to demonstrate that the device is active when it is
inserted into the array, thereby laying the basis for a DNA-based nanorobotics.
COMP 36

Millisecond-scale molecular dynamics simulations of proteins: Algorithms,
architectures and applications
David E. Shaw, D.E. Shaw Research, LLC and Columbia University, 120 W.
45th St., 39th Floor, New York, NY 10036, david@deshaw.com
A wide range of biologically important phenomena involving proteins and other
biological macromolecules occur over time scales of up to a millisecond -- about
three orders of magnitude beyond the duration of the longest current MD
simulations. To facilitate the exploration of such phenomena, our research group
is currently building a specialized, massively parallel machine that, when
completed in late 2008, should be capable of executing millisecond-scale
classical MD simulations of explicitly solvated proteins. We have also recently
completed a parallel MD package, called Desmond, that uses novel algorithms
and numerical techniques to achieve unprecedented simulation speed on an
ordinary commodity cluster. This talk will provide an overview of our work on
parallel algorithms and machine architectures for high-speed MD simulation, and
will describe research conducted recently within our lab in which lengthy
Desmond simulations helped elucidate the dynamics and functional mechanisms
of two biologically important proteins.
COMP 37
A new implicit solvent model for protein-ligand docking
Angel R. Ortiz, Bioinformatics Unit, Centro de Biologia Molecular "Severo
Ochoa" (CSIC-UAM), Universidad Autonoma de Madrid, Cantoblanco 28049,
Spain, Fax: 34-91-497-4799, aro@cbm.uam.es
new implicit solvent model for computing the electrostatics binding free energy in
protein-ligand docking is proposed. The new method is based on an adaptation
of the screening coulombic potentials proposed originally by Hassan et al. (J
Phys Chem B 2000;104:6490-6498). In essence, it relies on two basic
assumptions; (i) solvent screening can be accounted for by means of radially
dependent sigmoidal dielectric functions and; (ii) the effective atom Born radii can
be expressed only as a function of the exposed atom surface. Parameters of the
model other than radii and charges are generic. These were optimized for a
dataset of 826 protein-ligand complexes, comprising both X-ray complexes for 23
receptors as well as decoys generated by docking computations. We show that
the new model provides satisfactory results when benchmarked against
reference values based on the numerical solution of the Poisson equation, with a
root mean square error of 4.2 kcal/mol over a range of approximately 40 kcal/mol
in electrostatics binding free energies, a cross-validated r(2) of 0.81, a slope of
0.97, and an intercept of 1.06 kcal/mol. We show that the model is appropriate
for ligands of different sizes, polarities, overall charge, and chemical composition.

Furthermore, not only the total value of the electrostatic contribution to the
binding free energy, but also its components (coulombic term, receptor
desolvation, and ligand desolvation) are reasonably well reproduced.
Computation times of approximately 0.030 s per pose are obtained on a single
processor desktop workstation
COMP 38
Explicit and implicit solvation binding free energies of FKBP-12
Michael R. Shirts, Department of Chemistry, Columbia University, New York,
NY 10027, michael.shirts@columbia.edu, Guha Jayachandran, Department of
Computer Science, Stanford University, Stanford, CA 94305, Christopher D.
Snow, Division of Chemistry and Chemical Engineering, California Institute of
Technology, Pasadena, CA 91101, Vijay S. Pande, Departments of Chemistry
and Structural Biology, Stanford University, Stanford, CA 94035, and Richard A.
Friesner, Department of Chemistry and Center for Biomolecular Simulation,
Columbia University, New York, NY 10027
Recent developments in computational processing power and in theoretical
methods have made it possible to compute absolute ligand binding free energies
to a precision of under 1 kcal/mol. This level of precision makes it possible to
separate errors in sampling from inadequacies of molecular mechanics force
fields, and begins to make absolute binding free energy calculations relevant in
drug design. We compare experimental free energies of binding of FKBP-12 with
a number of ligands with extensive explicit solvent absolute free energies and
with a novel configuration bias method for sampling protein complexes and
ligands with continuum solvent, with many of the calculations being within 1
kcal/mol of experiment. The focus is primarily on the methodology that makes
these types of calculations possible.
COMP 39
All-atom semiempirical LocalSCF quantum-mechanical protein-ligand
docking
Victor M. Anisimov, Department of Pharmaceutical Sciences, University of
Maryland, 20 Penn Street, Room 601, Baltimore, MD 21201,
victor@outerbanks.umaryland.edu, and Vladislav L. Bugaenko, Quantum
Biochemistry Group, Moscow, Russia
In silico screening of drug candidates is a common attribute of the modern drug
discovery process. In the never ending competition of empirical vs physics-based
docking methodologies the latter gradually expand into the area of quantum-

mechanical (QM) theory. The area of QM was only recently restricted to small
molecule applications but with the advent of novel linear scaling methodologies
QM became a powerful tool for modeling realistic protein-ligand complexes at the
fraction of time necessary for conventional methods. QM methods eliminate the
problem of charge dependence on conformation of ligands. Charge transfer and
charge polarization, transition metal complexes, and structural variety of ligands,
influencing the reliability of docking, find elegant solution at the QM level of
theory. The involvement of more physics-based principles into docking
apparently brings new problems to resolve, e.g. the previous models of proteinligand interactions have to be carefully reconsidered in favor of more realistic
ones.
COMP 40
Improving the accuracy of MM-GBSA binding energy predictions through
parameter optimization
B. Woody Sherman1, Jianxin Duan1, and Matthew P. Repasky2. (1)
Schrödinger, Inc, 120 West 45th Street, New York, NY 10036-4041,
sherman@schrodinger.com, (2) Schrödinger, Inc, New York, NY 10036
Recent work has shown that the MM-GBSA method is capable of rapidly and
accurately predicting trends in binding activity of molecules within a congeneric
series. While these findings are encouraging, little work has gone into optimizing
parameters within the MM-GBSA methodology to improve the reliability and
accuracy of the calculations. In this work, we study factors influencing the
predictive capabilities of MM-GBSA, such as the internal molecular dielectric
constant, the extent of allowed protein flexibility, and the ligand charge model.
Diverse targets and ligand sets are studied in order to better understand the
optimal settings to be used in MM-GBSA studies.
COMP 41
Using diverse computational approaches to understand protein/ligand
binding affinities in structure-based drug design: A cross-docking study
Johannes H. Voigt1, Carl Elkin2, and Jose S. Duca1. (1) Structural Chemistry,
Schering-Plough Research Institute, 2015 Galloping Hill Rd, Kenilworth, NJ
07033, Fax: 908-740-4640, johannes.voigt@spcorp.com, (2) Schering-Plough
Research Institute Cambridge, Cambridge, MA 02141
Predicting protein/ligand binding affinity is one of the most challenging
computational chemistry tasks. Numerous methods have been developed to
address this challenge, but they all have limitations. Addressing protein flexibility

has been a shortcoming of many methods. In this study, we used cross-docking
of ~150 inhibitors into the full set of crystal structures for each inhibitor
complexed with the kinase CDK2. In scoring relative binding potency based on
multiple combinations of several target proteins, the dangers of over-fitting
became apparent. The performance of the GOLD and GLIDE docking programs
was compared in this exhaustive study. The estimation of protein/ligand binding
affinities from QM-MM calculations will also be discussed. Finally various
methods of computing binding affinities will be assessed vis-à-vis their speed and
accuracy.
COMP 42
TAE Augmented scoring functions: Two approaches, atom and surface
based
M. Dominic Ryan1, Theresa Hepburn2, N. Sukumar3, Sourav Das2, and Curt M.
Breneman2. (1) DRI, 544 Newtown Road, Littleton, MA 01460,
dominic.ryan@comcast.net, (2) Department of Chemistry / RECCR Center,
Rensselaer Polytechnic Institute, Troy, NY 12180, (3) Department of Chemistry
and Center for Biotechnology and Interdisciplinary Studies, Rensselaer
Polytechnic Institute / RECCR Center, Troy, NY 12180-3590
Transferable Atom Equivalents have been used to supply properties derived from
electron density data. These properties are not available to mechanics or
empirical functions. Two approaches have been the subject of ongoing work,
atom-based, and surface projection based. Each brings advantages to protein
ligand scoring and both will be compared and updated results presented.
COMP 43
Docking ligands into challenging targets using single interactions and an
appropriate metal description
Carsten Detering1, Christian Lemmen1, Markus Lilienthal2, and Marcus
Gastreich1. (1) BioSolveIT GmbH, An der Ziegelei 75, 53757 Sankt Augustin,
Germany, Fax: +49 2241 2525 525, detering@biosolveit.de,
marcus.gastreich@biosolveit.de, (2) BioSolveIT GmbH, 53757 St. Augustin,
Germany
We report on strengths and challenges of the Single Interaction Scan (SIS), a
placement strategy that has recently been implemented into the well established
ligand docking software FlexX. The method uses only a single interaction within
the active site to accurately place the very first fragment of an incremental buildup process.

For cases in which few or no hydrogen bonds are formed between ligand and
protein, the method has shown to provide a significant rise in accuracy compared
to the existing algorithms implemented.
Typical application scenarios include hydrophobic pockets, lipophilic ligands, or
bonding to metals, for example in cytochromes. For the latter, the coordination
chemistry is fully taken into account on-the-fly. The SIS algorithm has been
added to FlexX's two existing base placement strategies, including an extensive
parameterization on validated, high quality datasets.
COMP 44
Development of customized scoring function for the prediction of binding
affinities of Aurora Kinase inhibitors
Shashidhar N Rao1, B. Woody Sherman2, and Ramy Farid1. (1) Schrödinger,
Inc, 120 W 45th Street, New York, NY 10036, rao@schrodinger.com, (2)
Schrödinger, Inc, New York, NY 10036-4041
We present investigations on the development of customized scoring function for
the prediction of binding affinities of Aurora Kinase (AK) inhibitors, deemed to be
potential anti-cancer agents. Toward this, we have docked a training set of
known thiazoloquinazoline inhibitors using XP Glide protocol in the binding
pocket of Aurora Kinase protein structure (2CE6). In this X-ray complex, the
bound ligand (also characterized by a quinazoline moiety) demonstrates
hydrogen bonding interactions with the hinge region backbone N-H, typical of
many kinase inhibitors. The docked poses of AK inhibitors characterized by
hydrogen bonding to hinge region N-H and hydrophobic interactions similar to the
X-ray ligand were selected for two sets of calculations: (a) Prime-MMGBSA
binding energy, (b) XP descriptors and (b) interaction energies with individual
residues in the active site of AK. The resultant terms were employed as
independent variables in the development of a scoring function to predict the
pIC50 of enzyme inhibition, using multiple linear regression methods. The
characteristics of the model developed and its application to a test set of AK
inhibitors will be described
COMP 45
Knowledge-based docking for kinases with minimal bias
Sarah Wittkopp, Julie E. Penzotti, Robert V. Stanton, and Scott A. Wildman,
Molecular Informatics, Pfizer Research Technology Center, 620 Memorial Drive,
Cambridge, MA 02139, sarah.wittkopp@pfizer.com

Utilizing knowledge from preexisting crystallographic structures is routinely done
in a wide variety of docking protocols, including those implemented during pose
generation as well as post-processing filters. Kinases provide a unique focal area
for knowledge-based efforts due to the high conservation of interactions present
in the hinge region of the ATP binding site as well as the multitude of data
available, both of which are routinely exploited. Implementation of this knowledge
in a general kinase protocol dissipates the bias that may arise when utilizing data
from a congeneric series of ligands or within single kinases. As opposed to
filtering poses using interactions that are common to a large number of co-crystal
structures, which may narrow the search space, utilizing structural information
from all kinase co-crystal structures provides the possibility to increase the range
of poses generated. Core substructures common to kinase ligands have been
defined and the placement of these substructures over all kinase co-crystal
structures has been determined. Utilization of these core placements as starting
poses in the docking protocol results in greater reproducibility of the
crystallographic pose without limiting the possibility for less frequently observed
poses. Additionally, coupling this docking protocol with a scoring function that is
optimal for the description of kinase-ligand interactions improves the ability to
retrieve well-docked poses.
COMP 46
Species selectivity of the Urotensin II receptor: Molecular Modeling study
Soo-Kyung Kim, Youyong Li, Chang Moon Park, Ravi Abrol, and William A.
Goddard III, Materials and Process Simulation Center, California Institute of
Technology, 1200 East California Blvd., Beckman Institute (Mail Stop: 139-74)
Rm. 054a, Pasadena, CA 91125, Fax: 626-585-0917, skkim@wag.caltech.edu
Urotensin-II (UT-II) is a disulfide bridged cyclic peptide. UT-II has shown to be
the most potent mammalian vasoconstrictor. Thus, a UT-II antagonist could be of
therapeutic value in a number of cardiovascular disorders. A novel non-peptidic
Urotensin II receptor (UT2R) antagonist, ACT-058362, exhibited marked species
selectivity, with >400-fold higher affinities for the human receptors than for rat
receptors. In contrast, SB-706375 is a selective antagonist against both human
(Kd ~ 9 nM) and rat (Kd ~ 21 nM). To understand the species selectivity of the
UT2R, MembStruk and MSCDock were used to predict the UT2R and the binding
site. Based on the binding energy, two binding modes with crucial anchoring
point constituted by D3.32 were suggested. Various mutations were proposed to
further validate the binding site of UR2R. Success of this combined
computational and experimental study would help to predict novel preclinical
useful UR2R antagonists with high cross-species affinity.
COMP 47

Study of antimalarial activity of pyrimethamin and flavonoïds by molecular
docking
Abderrahmane Bensegueni, Abdelouahab Chikhi, and Mustapha Bencharif,
Laboratory of Materials Chemistry, Faculty of Science, Mentouri University
Constantine, Constantine, Algeria, Fax: xxx-xxx-xxxx,
m.bencharif@caramail.com
Dyhydrofolate reductase (DHFR) is an important enzyme in DNA synthesis.
Therefore it is a privileged target for a drug development. In this work we
describe a molecular modeling of the Plasmodium vivax's dihydrofolate
reductase inhibition by pyrimethamin (PYR), and two natural flavonoïds : 6methoxyapigenin (6MAPI) and dimethoxy-6,5' tricetin (DIM6.5'TRI). Docking
results show that the binding energy of 6MAPI (-18.296 kJ/mole) and DIM6.5'TRI
(-26.000Kj/mole) are lower than PYR (-10.990 Kj/mole). The flavonoïds establish
the most stable complexes with DHFR Docking simulation can be used as a fast
and efficient method to calculate the best enzyme-inhibitor interaction and to find
new antimalarial drugs . Keywords: drug resistance, dihydrofolate reductase,
antimalarial, docking, FlexX program, binding energy, enzyme-inhibitor
interaction, modelling, Artemisia heba alba, flavonoïds
COMP 48
Design of small band gap conjugated ladder polymers using acetylenic
crosslinks
Miklos Kertesz and Shujiang Yang, Department of Chemistry, Georgetown
University, 644 Reiss, Washington, DC 20057-1227, Fax: 202-687-6209,
kertesz@georgetown.edu
We explore ladder architecture for designing intrinsically small band gap
conjugated polymers. Using conventional small band gap conjugated polymers,
polyacetylene and polydiacetylene as backbone chains, we propose a series of
novel types of ladder polymers with acetylenic units serving as crosslinks. First
principles hybrid density functional theory calculations are performed to
investigate the effects of the acetylenic crosslinks using the periodic boundary
conditions and the 6-31G* basis set in combination with full geometry
optimization. Various levels of theory are compared and substantial bandgap
reduction is obtained for several ladder polymers. The bandwidths remain large
indicating appreciable electron delocalization. The gap reduction is interpreted by
using orbital arguments. Unusual electronic and optical properties are expected
from these conjugated ladder polymers.
COMP 49

Air-stable, high performance, rigid [:4,5]thieno[2,3-d]thiophene-derivative
organic semiconductors
Joshua Schrier1, Sule Atahan2, Lin-Wang Wang1, and Alán Aspuru-Guzik2. (1)
Computational Research Division, Lawrence Berkeley National Laboratory, 1
Cyclotron Road, Mailstop 50F-1650, Berkeley, CA 94720, jschrier@lbl.gov, (2)
Department of Chemistry and Chemical Biology, Harvard University, Cambridge,
MA 02138
There is a wide interest in finding new high performance, air-stable organic
semiconductors for applications including organic field effect transistors (OFETs)
and organic photovoltaics. Stimulated by recent experimental work on
naphtho[2,3-b]naphtho[2',3':4,5]thieno[2,3-d]thiophene, which has demonstrated
stability in air and relatively high (2-3 cm^2/V.s) hole mobility, we have
computationally explored a number of related compounds using a combination of
density-functional theory and molecular mechanics simulations. We predict that
anthra[2,3-b]anthra[2',3':4,5]thieno[2,3-d]thiophene and pyreno[1,2b]pyreno[2',1':4,5]thieno[2,3-d]thiophene will have hole mobilities, up to three
times as the naptho compound, twice as high as pentacene, and will be stable in
air. Moreover, analysis of the HOMO levels indicates that these can be
substituted for tetracene in C60/tetracene/PEDOT:ITO organic photovoltaics,
where the air stability and greatly improved hole mobilities will dramatically
increase the performance of these devices.
This work was supported by the U. S. Department of Energy under Contract No.
DE-AC03-76SF00098 and the Faculty of Arts and Sciences of Harvard University
and the Henry Beck Fund at the Harvard Center for the Environment.
COMP 50
Electron transport through carbon nanotubes connected by conjugated
molecules
Rajeev R. Pandey, Nicolas A. Bruque, and Roger K. Lake, Department of
Electrical Engineering, University of California, Riverside, Riverside, CA 92521,
raj@ee.ucr.edu
The carbon-nanotube (CNT) conjugated-molecule interface has received
relatively little attention compared to metal-molecule and metal-semiconductor
interfaces. The CNT contacts are a π-bond surface and, as such, they are both
chemically and geometrically different from metal contacts or sp3 semiconductor
contacts. CNTs connected by conjugated molecules have been experimentally
demonstrated and their current-voltage response has been measured [1]. To
understand electron transport through such systems, we consider a model
system consisting of two metallic (12,0) CNTs connected by a trans-

polyacetylene chain (CH)n [n = 10, 20, and 40]. The system is relaxed using the
ONIOM model in Gaussian03, and the electron transmission through the
structure is calculated with our own density functional theory (DFT) nonequilibrium Green function (NEGF) software built upon the FIREBALL DFT code.
The structures relax such that the dihedral angle between the plane of the
polyacetylene and the plane of the CNT at the point of contact is between 17 and
30 degrees depending on the structure which provides good overlap between the
π orbitals of the polyacetylene and the π orbitals of the CNTs. For these
structures, the polyacetylene provides good transmission between the CNT
contacts. For comparison, we took the same 3 structures and forced the
polyacetylene to be perpendicular to the CNTs, and the transmission was
reduced approximately 3 orders of magnitude. The effect of chain length on
conductance is found to be the opposite of that observed for alkanes. The
conductance increases with chain length. This same trend has also been
observed experimentally for oligothiophenes [2]. This is attributed to the length
dependence of the HOMO-LUMO gap and the closer position of the HOMO to
the Fermi level for the longer chains.
[1] Guo, X et al., Science, 311, 356 (2006).
[2] Xu, B. et al., Nano Lett., 5, 1491 (2005).
COMP 51
On the acidic properties of conventional and novel zeolitic materials: A DFT
investigation
Mohamed Elanany and Daniel P. Vercauteren, Department of Chemistry, PCI
labo, University of Namur, 61 Rue de Bruxelles, Namur 5000, Belgium, Fax:
3281725466, mohamed.elanany@fundp.ac.be
The acidic properties of zeolitic materials play an important role regarding their
applications. Therefore, we carried out reliable density functional calculations to
measure the relative acid sites strength of various zeolitic structures using the
DMol3 program. Results show that: (a) MnIIAlPO4-34 possesses the strongest
Brønsted acid sites in the investigated series, viz., CrII, FeII, MnII, CoII, and NiII;
(b) In H-MOR structure, Brønsted acid sites in the main channels are stronger
than acid sites in the side pockets; (c) The strength of acid sites in MIVAlPO4-5
(M= Si, Ti or Zr) has been correlated to the M-O-Al bond angle and decrease in
the order SiAlPO4-5> TiAlPO4-5> ZrAlPO4-5. Finally, organic moieties, viz., CH2
or NH incorporation into the chabazite framework decreases the strength in the
order: CHA> ZOL-CH2 > ZOL-NH. Extension to MFI structure and multi-dopant
AlPOs will also be addressed.

COMP 52
Quantum chemical molecular dynamics simulations of carbon nanotube
self-assembly on transition metal catalysts
Stephan Irle1, Yasuhito Ohta2, Yoshiko Okamoto2, Zhi Wang3, Guishan Zheng3,
and Keiji Morokuma2. (1) Institute for Advanced Research and Department of
Chemistry, Nagoya University, Furu-cho, Chikusa-ku, Nagoya 464-8602, Japan,
Fax: +81-52-788-6151, sirle@iar.nagoya-u.ac.jp, (2) Fukui Institute for
Fundamental Chemistry, Kyoto University, Kyoto 606-8103, Japan, (3) Cherry L.
Emerson Center for Scientific Computation and Department of Chemistry, Emory
University, Atlanta, GA 30322
Molecular dynamics simulations using potential energy surfaces obtained with
the density functional tight binding (DFTB) quantum chemical method (QM/MD)
have recently shown that fullerene formation is a dynamic self-assembly process
far from thermodynamic equilibrium, with fullerene cages emerging as dissipative
structures during the cooling of hot carbon vapor.[1]
In an extension of these fullerene formation studies we present quantum
chemical molecular dynamics simulations of synthesis of carbon nanotubes from
carbon-containing feedstock gases in the presence of transition metal (Fe/Co/Ni)
catalysts,[2] using DFTB parameters developed in the Morokuma group.[3]
These simulations suggest that growth of the sidewalls is likely made possible by
the presence of polyyne chains attached to the ends of the nucleated cap, similar
as in the case of “octopus on the rock” structures during fullerene formation, but
with slower pace due to the presence of the metal catalyst particles, and lower
temperatures. We observe noticeable differences in catalyst melting and SWNT
nucleation regarding Fen/Con/Nin particles with n ranging from 38 to about 200.
We also report important differences when CVD gases such as acetylene are
used instead of laser evaporation/carbon arc-simulating C2 vapor.
[1] S. Irle, G. Zheng, Z. Wang, K. Morokuma, J. Phys. Chem. B 110, 21135
(2006), highlighted in: Nature materials, Nanozone, August 10, 2006. [2] S. Irle,
G. Zheng, Y. Okamoto, and K. Morokuma, J. Comput. Theor. Nanosci.,
submitted [3] G. Zheng, H. Witek, P. Bobadova-Parvanova, S. Irle, D. G.
Musaev, R. Prabhakar, K. Morokuma, M. Elstner, C. Köhler, and T. Frauenheim,
J. Chem. Theory Comput., submitted.
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Theoretical studies on phenyl cored thiophene dendrimers

Muhammet Erkan Kose1, Kwiseon Kim1, Sean E. Shaheen2, Garry Rumbles3,
and Nikos Kopidakis3. (1) Scientific Computing Center, National Renewable
Energy Laboratory, Golden, CO 80401, Muhammet_Kose@nrel.gov, (2) National
Center for Photovoltaics, National Renewable Energy Laboratory, Golden, CO
80401, (3) Center for Basic Sciences, National Renewable Energy Laboratory,
Golden, CO 80401
We present a theoretical investigation of the optical response and of the excited
state properties of 3-arm and 4-arm phenyl cored dendrimers. A variety of
theoretical methods are used and evaluated to calculate the vertical transition
energies, absorption and excitation spectra with vibronic bands, charge transport
and excitonic behavior upon photo-excitation and photo-emission processes.
Photophysical phenomena in dendrimers are, in general, better explained with ab
initio methods rather than with the semiempirical techniques. Reorganization
energies in charge transport calculations were found to correlate well with the
experimental charge mobility data. The excitons formed after light absorption are
estimated to be more delocalized over the dendrimers than the ones responsible
for fluorescence formed after vibrational relaxation in the excited state.
COMP 54
Philip S. Magee: A life in QSAR
Marvin Charton, Pratt Institute, 200 Willougby Avenue, Brooklyn, NY 11205,
mcharton@pratt.edu
Philip S. Magee: A Life in QSAR
A brief review of the work of Phil Magee on various aspects of QSAR and of the
founding of the Cheminformatics and QSAR Society.
COMP 55
Molecular surfaces, QSAR, QSPR and reactivity
Tim Clark, Friedrich-Alexander-Universitaet Erlangen-Nuernberg, ComputerChemie-Centrum, Naegelsbachstrasse 25, 91052 Erlangen, Germany, Fax: +499131-8526565, clark@chemie.uni-erlangen.de
In principle, local properties at or near the surface of a molecule should be
adequate to define intermolecular interactions and therefore also most properties
of interest in QSAR and QSPR. However, properties such as the local hardness,
electronegativity and polarizability also allow us to model reactivity effectively.
Furthermore, these local properties represent an interesting alternative to

interaction energies with probes such as those used in CoMFA or GRID. This
lecture will describe some of the more unusual applications of the surfacemodeling approach using the local properties derived from semiempirical
molecular orbital theory.
COMP 56
CoMFA investigation of Taft Es values
Yvonne C. Martin, 2230 Chestnut St., Waukegan, IL 60087, Fax: 847-937-2625,
yvonnecmartin@comcast.net, and Ki H. Kim, Hope Drug Discovery Research
Laboratory, Vernon Hills, IL 60061
Es values are the classic linear free energy parameter to describe the steric
effect of substituents. With the advent of 3D QSAR, CoMFA in particular, we
investigated whether Es is purely steric. We modeled the data on which Es is
based, acid-catalyzed hydrolysis of esters, and found that although the majority
of the differences between compounds can be explained by steric fields, there is
a statistically significant contribution of electrostatic fields. Our work settles the
long-standing debate as to whether or this hydrolysis is free of electronic effects
Taft originally proposed.
COMP 57
Conformation independent QSAR Descriptor, scaffold hopping with surface
property based eHiTS LASSO
Zsolt Zsoldos, Darryl Reid, Bashir S. Sadjad, and Aniko Simon, SimBioSys Inc,
135 Queen's Plate Dr, Suite 520, Toronto, ON M9W 6V1, Canada
The novel Interacting Surface Point Type (ISPT) descriptor used in eHiTS
LASSO is independent of the underlying scaffold. Similarity is measured based
on the surface properties of potential ligands, disregarding the 2D topology and
the conformation of the ligands. This "fuzzyness" makes the descriptor suitable
for scaffold hopping applications.
An automated non-linear learning model extracts the key binding patterns from
the chemical interaction properties encoded in the ISPT descriptor value vector
of a set of compounds with known biological activity. The acquired knowledge is
applied to evaluate the surface interaction models of the screened chemical
compounds. The advantage of the ISPT descriptor of eHiTS LASSO over the 2D
fingerprint based descriptors is the independence from the underlying 2D
structural motifs allowing the recognition of structurally diverse ligands with
similar interaction profiles. On the other hand, the eHiTS LASSO ISPT descriptor

does not dependent on the 3D shape of the surface, thus the descriptor values
are independent of the conformation of the ligand, which is an advantage over
other surface based descriptors that are biased by the specific input
conformation.
The method has been validated on a variety of practical virtual screening tasks.
Results will be presented demonstrating the ability of the software to retrieve the
majority of actives from the screening essay at the top of the ranking list. Cluster
analysis using traditional 2D structural descriptors is used to highlight the scaffold
differences in the actives retrieved by eHiTS LASSO with high ISPT similarity
scores. The scaffold hopping ability of the descriptor makes LASSO a powerful
tool for finding new leads without the same toxicity or potential intellectual
property issues as the query.

COMP 58
Approaches to the use of quantum mechanical modeling in QSAR analysis
of agrochemicals
Donald W. Boerth1, Todd C. Andrade1, and Erwin Eder2. (1) Department of
Chemistry and Biochemistry, University of Massachusetts Dartmouth, North
Dartmouth, MA 02747, Fax: 508-999-9167, dboerth@umassd.edu, (2) Institute of
Toxicology, University of Würzburg, D-8700 Würzburg NA, Germany
Theoretical molecular modeling has been widely used in the design and
discovery of new pharmaceuticals in medicine and to a somewhat lesser extent
in the development of new pesticides for agriculture. Our research has sought to
utilize computational modeling as a means of developing molecular descriptors
for screening pesticides for genotoxic potential and induction of stress in crop
plants, as well as for bioactivity. A combination of semi-empirical and ab initio
theory coupled with density functional methods have been employed to
characterize these interactions in several classes of pesticides. Electrostatic
potentials have been used to establish putative sites for interactions of pesticide
molecules with DNA bases and other biomolecules. These studies have been
followed by modeling of the energetics of pesticide binding at these sites in the
biological systems. A QSAR analysis is constructed by correlation of the
computed results with available experimental descriptors.
COMP 59

QSAR without arbitrary descriptors: The electron-conformational method
Isaac B Bersuker, Department of Chemistry & Biochemistry, Institute for
Theoretical Chemistry, The University of Texas at Austin, 1 University Station
A5300, Austin, TX 78712, Fax: 512-471-8696, bersuker@cm.utexas.edu
It is shown that the electronic structure and geometry of the molecular system
obtained from conformational analysis and quantum-chemical calculations and
presented in a matrix form serves as a unique, most accurate descriptor in its
interaction with the bioreceptor instead of arbitrary descriptors in conventional
QSAR methods. By processing such electron-conformational (EC) matrices of a
set of molecules in relation to their known activities in comparison with EC of
inactive compounds by means of special programs, a common submatrix of
activity is revealed, the pharmacophore (Pha). The latter is thus unique with a
theoretically 100% qualitative (yes, no) prediction of the activity. The second part
of the EC method takes into account the influence of Pha flexibility and the outof-Pha groups on the activity quantitatively by means of regression analysis.
Specific calculations are presented for antimitotic antitumor activity, glutamate
receptor agonists, and antidiabetics.
COMP 60
New approaches to quantitative modeling that span the periodic table: The
correlation consistent Composite Approach (ccCA)
Nathan DeYonker, Thomas R. Cundari, and Angela K. Wilson, Department of
Chemistry, University of North Texas, Box 305070, Denton, TX 76203-5070, Fax:
940-565-4318, ndeyonk@unt.edu, akwilson@unt.edu
Modern computational chemistry has become a viable approach to address a
wide range of chemistry that is difficult or cost-prohibitive to evaluate by other
means – from the description of short-lived excited states, to the understanding
of complex interactions. Ab initio computational chemistry approaches have now
reached the level where they are an invaluable aid in quantitative predictions of
kinetic and thermodynamics properties. For the majority of small molecules (~210 main-group atoms), the accuracy obtainable by ab initio computational
chemistry rivals, and sometimes even surpasses experiment. Computational
cost, however, quickly becomes problematic for quantitative predictions, as
molecule size increases, and, as the level of sophistication of methodology
required increases. Composite methods have emerged as a way to reduce
computational cost requirements, while still achieving quantitative accuracy in
energetic predictions. Unfortunately, overall, many composite methods are still
plagued with problems such as computational cost, required modifications for
different portions of the periodic table (e.g., s-block elements), inability to address
transition metal species, and/or significant parameterization. We have developed

a composite method, the correlation consistent Composite Approach, which can
be used throughout the periodic table without modification, does not require
parameterization, and does address the thermochemistry of metal complexes.
COMP 61
Accurate coarse-grain modeling of biomembranes
Julien Michel1, Mario Orsi1, Wendy Sanderson2, and Jonathan W Essex1. (1)
School of Chemistry, University of Southampton, Highfield, Southampton SO17
1BJ, United Kingdom, mail@julienmichel.net, (2) Molecular Informatics, Johnson
& Johnson Pharmaceutical Research & Development, Beerse 2340, Belgium
An efficient and accurate model of a fluid phase DMPC lipid bilayer is presented.
The lipid molecules are represented by a combination of Lennard Jones and
anisotropic Gay Berne potentials. Unlike many existing coarse-grain models,
electrostatic interactions are fully retained through inclusion of dipoles and
charges. Water is modeled by the soft sticky dipole potential. The methodology is
orders of magnitude more efficient than atomistic simulations. Starting from a
random solution, lipids spontaneously self-assemble into a bilayer that
reproduces quantitatively all major experimentally-determined physical properties
of membranes. Furthermore, the potentials employed are compatible with all
atom force fields. We show that interactions between atomistic and coarse-grain
particles can be tuned until water-octane partition coefficients of small molecules
are predicted with good accuracy. We discuss applications to drug permeability
studies and how the present approach can be extended to model other
components of biological membranes.
COMP 62
Reaction path methods based on holonomic constraints
Jhih-Wei Chu, Department of Chemical Engineering, University of Carlifornia,
Berkeley, 101A Gilman, UC Berkeley, Berkeley, CA 94720, jwchu@berkeley.edu
The requirements of equal distances between replicas during reaction path
optimization are formulated as holonomic constrains. This scheme thus
eliminates the need of using penalty functions; as a result, the quality of
convergence of path optimization can be greatly improved compared to
conventional methods such as the nudged elastic band (NEB) method. In
addition to minimum energy paths (MEP), we also derived a formulation for
optimizing dynamic paths based on the least action principle. Moreover, this
holonomic constraint formation also allows a straightforward implementation of
super-linear minimization schemes such as the Adopted Basis Newton Raphson

(ABNR) method. Therefore, MEPs and dynamic paths can now be obtained with
much fewer energy and force evaluations. Performance of this method on the
isomerization of alanine dipeptide and the structural transition of amyloid beta
peptides will be presented. Combining this method with a planer constraint
formulation in calculating minimum free energy pathways will also be illustrated.
Using this method to develop effective force fields for describing complicated
reactions will also be discussed.
COMP 63
Conformational sampling by self-organization
Fangqiang Zhu and Dimitris K. Agrafiotis, Johnson & Johnson Pharmaceutical
Research & Development, L.L.C, 665 Stockton Drive, Exton, PA 19341,
fzhu2@prdus.jnj.com
The generation of 3D conformations for organic molecules is of critical
importance in ligand docking, 3D pharmocophore, and other applications in
molecular modeling and computer-aided drug design. Traditionally, two types of
methods have been applied to sample the conformational space, involving either
the systematic enumeration of torsional angles or the stochastic perturbation of
existing conformations. In recent years, new techniques based on selforganization emerged as an alternative solution to the conformational sampling
problem, in which the atomic coordinates of the molecule are assigned random
initial values and then gradually refined toward a feasible geometry. Stochastic
proximity embedding (SPE) is the first algorithm using such an approach. SPE
refines the geometry by repeatedly adjusting the pair-wise distance between two
randomly selected atoms. Recently, we proposed a self-organizing
superimposition (SOS) algorithm, where precomputed conformations of rigid
fragments are used as templates to enforce locally optimal geometry. Compared
to SPE, the SOS algorithm was shown to generate conformers of better quality at
a faster speed. The SPE and SOS algorithms can be applied to any molecule,
including those containing many rotatable bonds or macro-cycles, which are
more challenging to traditional methods. We also introduced a novel heuristic
that can be used to bias the sampling toward more extended geometries, thereby
boosting the range of sampled conformational space. Most recently, the SPE
algorithm has been adapted for 3D pharmacophore alignment of flexible
molecules using an ensemble approach. These self-organizing methods have
been shown to outperform a number of established methods, and promise
potential applications on more challenging problems such as the NMR structure
determination, protein loop modeling, and many others.
COMP 64

Generalization of the Gaussian Electrostatic Model: A molecular density
based force field
G. Andres Cisneros1, Jean-Philip Piquemal2, and Thomas A. Darden1. (1)
Laboratory of Structural Biology, National Institute of Environmental Health
Sciences, Box 12233, MD F0-08, Research Triangle Park, NC 27709, Fax: 919541-0779, cisnero1@niehs.nih.gov, (2) Laboratoire de Chimie Théorique,
Université Pierre et Marie Curie (Paris VI), Paris, France
We have recently introduced a force field that relies on the reproduction of
molecular electronic densities by means of density fitting methods to calculate
intermolecular interactions, the Gaussian electrostatic model (GEM). In the initial
implementation (GEM-0), the auxiliary basis sets (ABS) used for the fit included
only s-type Gaussian functions. GEM-0 employs the fitted electronic densities to
reproduce each contribution of the Constrained Space Orbital Variation (CSOV)
energy decomposition scheme. Here we present an extension of GEM-0 to
higher order angular momentum ABSs. In all cases the intermolecular interaction
energies are calculated by means of Hermite Gaussian functions using a
generalized McMurchie-Davidson recursion for all the required integrals. The use
of Hermite Gaussians also provides a straightforward point multipole
decomposition. A reference molecular frame (local frame) formalism is employed
for the rotation of the fitted expansion coefficients. Additionally, reciprocal space
based methods which include the Particle Mesh Ewald (PME) and Fast Fourier
Poisson (FFP) methods have been implemented to improve computational
speed. Coulomb and exchange-repulsion intermolecular interaction results for
ten water dimers, and one-dimensional surface scans for the canonical water
dimer, a formamide and a stacked benzene dimers are presented for B3LYP/631G* and B3LYP/aug-cc-pVTZ densities, fitted with three different ABSs. All
results are in reasonable agreement with CSOV, around 0.1 kcal/mol and 0.15
kcal/mol error for Coulomb and exchange respectively. Timing results for single
Coulomb energy-force calculations for (H2O)n n= 64, 128, 256, 512 and 1024 in
periodic boundary conditions with PME and FFP at two different RMS force
tolerances are also presented. Furthermore, results from an initial QM/MM
implementation for electrostatic embedding using GEM are also shown and
compared to conventional point charge QM/MM results. These show that point
charges significantly under-polarize the QM part at hydrogen bonding distances,
while GEM provides the correct polarization response.
COMP 65
Insights into peptide folding from a multiscale coarse-grained model
Ian F. Thorpe, Jian Zhou, and Gregory A. Voth, Center for Biophysical Modeling
& Simulation, University of Utah, Salt Lake City, UT 84112, Fax: 801-581-4353,
ithorpe@hec.utah.edu

Our group has developed a method for coarse-graining molecular systems that
systematically incorporates information from multiple length scales using a forcematching approach. The result is a pair-wise additive approximation to the multibody potential of mean force describing any molecular system. Recently the
method was applied to describe the equilibrium properties of small alpha-helical
and beta-hairpin peptides. The present study employs the resulting coarsegrained models to examine folding properties of these peptides. The models
behave similarly to Go models, exhibiting free energy landscapes that are
smoothly funneled towards the native state. The strict pair-wise additivity of the
coarse-grained interactions allows us to specifically probe their impact on folding.
The method provides insight into the fundamental physical principles that govern
peptide folding, including the hydrophobic effect, and demonstrates the potential
for several future applications.
COMP 66
Recore: A fast and versatile method for scaffold hopping
Patrick C. Maass1, Tanja Schulz-Gasch2, Martin Stahl2, and Matthias Rarey1. (1)
Center for Bioinformatics (ZBH), University of Hamburg, Bundesstrasse 43,
20146 Hamburg, Germany, maass@zbh.uni-hamburg.de, (2) Pharmaceutical
Research, F. Hoffmann-La Roche AG, 4070 Basel, Switzerland
We present a novel approach for scaffold hopping, called Recore.
Given a spatial arrangement of two or more exit vectors as well as additional
pharmacophore-type search constraints, Recore is able to detect molecular
fragments fulfilling queries with low geometric deviations.
For 3D fragment generation, a new technique is used to exploit conformational
information of crystal structures by combining RECAP-like fragmentation with
combinatorial enumeration of molecule components. Based on this idea, we
developed an algorithm utilizing a geometric rank search approach. The
algorithm finds fragments fulfilling all query constraints ordered by increasing
deviation.
The new approach has been validated with different design scenarios in which
we could demonstrate that Recore is able to find known linker motifs and new
valid scaffold topologies. The used indexing scheme and search technique lead
to short response times in the range of seconds.

COMP 67
Composition and chemistry at the liquid/vapor interface of aqueous
solutions: Comparisons between experiment and MD simulations
John C Hemminger1, Matthew A. Brown1, Maria J. Krisch1, David E Starr2,
Simon Mun2, and Hendrik Bluhm2. (1) Department of Chemistry and AirUCI,
University of California at Irvine, Irvine, CA 92697, Fax: 949-824-3168,
jchemmin@uci.edu, (2) Chemical Sciences Division, Lawrence Berkeley National
Laboratory, Berkeley, CA 94720
We use ambient pressure photoelectron spectroscopy (HPPES) experiments
carried out at beam lines 11.0.2 and 9.3.2 of the Advanced Light Source at
Lawrence Berkeley National Laboratory to probe the liquid/vapor interface of
aqueous solutions. Using HPPES we can obtain the composition at the surface
of liquid samples in contact with vapor pressures up to several torr. The vapor
phase of the experiment can include reactive components (e.g., ozone) in
addition to the equilibrium vapor associated with the liquid. By varying the x-ray
energy, and thus the photoelectron kinetic energy, the experimental probe depth
into the solution can be varied systematically. The ion concentrations in the near
surface region of pure salt solutions and salt solutions coated with an organic
surfactant layer will be described. Systems that will be discussed include
aqueous solutions of the potassium halide salts and aqueous solutions of sodium
nitrate. Reactions of ozone with solutions of KI will also be described.
Comparisons between experiments and MD simulations will be discussed.
COMP 68
Computational analysis of interfacial sum frequency generation
spectrosopy
Akihiro Morita and Tatsuya Ishiyama, Department of Computational Molecular
Science, Institute for Molecular Science, Myodaiji, Okazaki 444-8585, Japan,
Fax: +81-564-55-7025

While vibrational sum frequency generation (SFG) spectroscopy yields rich
microscopic information on interfacial structure, interpretation of experimental
spectra is often not straightforward. In this talk we summarize our recent
progress on theoretical analysis of SFG spectroscopy, using ab initio molecular
modeling and molecular dynamics simulation, and application to electrolyte
aqueous solutions. The present analysis revealed a crucial role of intermolecular
vibrational correlation, which significantly distorts the general relationship
χ~N<β> between macroscopic susceptibility χ and molecular hyperpolarizability
β. Experimental SFG spectra of different polarization combinations are
consistently eludicated from the molecular dynamics results of electrolyte
solutions, including NaCl, NaI, HCl and HI, which show quite different local
structures at the interfaces.
COMP 69
Is the surface of neat water neutral, acidic, or basic?
Robert Vacha1, Victoria Buch2, Anne Milet3, J. Paul Devlin4, and Pavel
Jungwirth1. (1) Institute of Organic Chemistry and Biochemistry, Czech Academy
of Sciences, Flemingovo nam. 2, Prague 16610, Czech Republic, Fax:
420220410320, robert.vacha@uochb.cas.cz, (2) Department of Physical
Chemistry, The Hebrew University, Jerusalem 91904, Israel, (3) DCM UMR5250, ICMG FR-2607, CNRS, Université Joseph Fourier, Grenoble, France, (4)
Department of Chemistry, Oklahoma State University, Stillwater, OK 74078
The surface of water is from the view of classical electrostatic theory free of
inorganic ions. However, it has been recently shown by theory and experiments
that this picture is oversimplified and that some ions even prefer water surface
due to their polarizability and size. The pH of the surface of neat water is related
to the surface affinity of OH- and/or H+ which we studied by means of molecular
dynamics simulations and ab initio calculations. Our results show propensity of
H+ but not OH- for the top layers of water. This is in agreement with surface
sensitive spectroscopic techniques and surface tension measurements.
However, the idea of surface acidity is in controversy with interpretation of some
macroscopic experiments such as zeta-potential and titration measurements.
COMP 70
Interfacial reactions in salty glycerol
Jennifer L. DeZwaan, Annabel H. Muenter, and Gilbert M. Nathanson,
Department of Chemistry, University of Wisconsin-Madison, 1101 University
Ave., Madison, WI 53706, Fax: 608-262-9918, nathanson@chem.wisc.edu

Molecular beam scattering experiments are used to investigate the effects of ion
size and charge on interfacial reactions between gaseous DCl and liquid glycerol.
Previous experiments using pure glycerol show that a small fraction of the DCl
molecules undergo rapid D->H exchange in the interfacial region followed by
immediate HCl evaporation before incorporation into the bulk. In a 2.6 M NaI
glycerol solution, the dissolved Na+ and I- ions enhance interfacial D->H
exchange and suppress bulk DCl solvation. By using different salt solutions of
NaBr, KI, LiI and CaI2, we find that the enhancement of interfacial D->H
exchange is influenced more by the identity of the cation than the identity of the
anion, although recent literature shows the anion to be closer to the surface than
the cation. This talk will explore the roles of ion size, charge, and concentration in
controlling interfacial interactions between DCl molecules and salty glycerol.
COMP 71
Structural order and dynamics at water/hydrocarbon and water/surfactant
interfaces
Branka M. Ladanyi and Janamejaya Chowdhary, Department of Chemistry,
Colorado State University, Fort Collins, CO 80523-1872, Fax: 970-491-3361,
bl@lamar.colostate.edu
We have carried out molecular dynamics simulations of water/hydrocarbon liquidliquid interfaces and of models for aqueous reverse micelles, i.e., water-in-oil
microemulsions. In the first set of systems, the effects of hydrocarbon branching
and chain length on the structural order and interfacial dynamics of both phases
were studied. In the case of reverse micelles, we are using atomistic surfactant
models in order to investigate fluctuations in the shape and size of the enclosed
aqueous nanodrops and penetration of water molecules into the surfactant layer.
Our results and their connections to experiments which probe interfacial structure
and dynamics will be discussed.
COMP 72
Dissociation of "buried" water on Pt(111)
James P. Cowin1, Y. Lilach2, and Martin J. Iedema1. (1) Environmental
Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Box 999,
M/S K8-88, Richland, WA 99352, Fax: 509-376-6066, jp.cowin@pnl.gov, (2) The
Racah Institute of Physics, Faculty of Science, The Hebrew University,
Jerusalem 91904, Israel
Water on Pt(111) is generally thought to be nondissociative. However, by
adsorbing a thick ice film [ > 150 monolayers (ML)], substantial (0:16 to 1 ML)

dissociation of the ‘‘buried water'' occurs for T >151 K. New temperatureprogrammed desorption peaks signal the dissociation (after careful isothermal
predesorption of the overlying ice films). The buried water likely dissociates via
the elevated temperatures and/or solvation changes experienced under the ice.
Dissociation charges the growing ice film (up to 9 V) due to trapping of 0:007 ML
H3O+at the vacuum-ice interface. Also of interest is that a small fraction of the
hydronium becomes trapped on top of the ice, and is transported up during the
growth This allows estimating the free energy for segregation of hydronium at the
vacuum/ice interface.
COMP 73
Conversion of a plant chloroplast to a biological fuel cell: 1. Comparison of
electron transfer from reduced ferredoxin to FAD and a gold electrode
Stephen P Walch, Jason D Komadina, and Fritz B Prinz, Department of
Mechanical Engineering, Stanford University, Stanford, CA 94305,
swalch@stanford.edu
We are working on a design for a biological fuel cell based on a plant chloroplast.
One of the problems is to design an electrode to be inserted in the stroma, which
will compete with FNR for electrons from reduced ferredoxin. On the theory side,
calculations have been carried out of the electronic coupling matrix element Hif
for electron transfer from reduced ferredoxin to FAD and to cluster models of the
Au 111 surface. We conclude, based on Hif2, that a gold electrode is ~9 times
less efficient as an electron acceptor than FAD. It is also likely that the gold
surface is even less efficient when orientation effects are considered. By contrast
a gold surface covered by a mercaptopyridene SAM is predicted to be efficient
both in orienting the ferredoxin and in electron transfer with properties similar to
the FAD moity of FNR. We have confirmed these predictions by cyclic
voltammetry studies.
COMP 74
Exploring conductance switching properties of molecular scale devices: A
computational approach
Barry D Dunietz, Trilisa Perrine, and Alexander Prociuk, Department of
Chemistry, University of Michigan, 930 N University, Ann Arbor, MI 48109,
bdunietz@umich.edu
A computational approach is used and developed to study electron transport
through molecular scale devices. The study identifies and provides insight into
mechanisms underlying transport switching properties. These systems include: 1.

Spin-dependent electronic transport through a Porphyrin ring ligating an Fe(II)
atom, 2. Contact geometry and orientation effects of conjugated molecular fieldeffect transistors and 3. Chemical sensors with focus on metal recognition
properties recently exhibited only for certain short peptide chains. The research
also involves developing new models and methods to describe electron
conductance through single molecular systems.
COMP 75
A bond energy bond order model for electronic energy
Sonia Tulyani, Department of Chemistry, Wesleyan University, Hall-Atwater
Laboratories of Chemistry, Middletown, CT 06459-0180, tulyans@utrc.utc.com,
George A. Petersson, Chemistry Department, Wesleyan University, Middletown,
CT 06459-0180, and Phillip R. Westmoreland, Department of Chemical
Engineering, University of Massachusetts Amherst, Amherst, MA 01003-9303
Bond energies are proportional to bond orders obtained from generalized
valence bond (GVB) wave functions. Addition of an exponential repulsive term
reproduces the potential energy curves of several diatomic molecules to within 1
kcal/mol. A semiempirical scheme based on GVB ab initio calculations would be
impractical. However, the GVB bond orders are accurately reproduced by
convolution of Hartree-Fock bond orders with a “Fermi-Dirac distribution” mapped
onto the interval from RAB = 0 to RAB = ∞. The resulting bond order to bond
energy “density functional” is: EAB ≈ BO(A,B)*BAB/{1 + exp[β(RAB/RF – RF/RAB)]},
where BAB, β, and RF are empirical parameters adjusted to fit ab initio energies.
This functional can also be applied to bond orders obtained from B3LYP or LSDA
wave functions. Application to modified extended Hückel bond orders provides a
bond energy bond order potential (BEBOP) that can be generated rapidly enough
to be used for reactive molecular dynamics.
COMP 76
A new generation of model chemistries based on pair natural orbital
extrapolations to the CCSD(T)/CBS limit
Michael J. Spescha, Ericka C. Barnes, and George A. Petersson, Chemistry
Department, Wesleyan University, Hall-Atwater Laboratories of Chemistry,
Middletown, CT 06459-0180, Fax: 860-685-2211, mspescha@wesleyan.edu
Examination of basis set convergence models demonstrates unambiguously that
no linear extrapolation of small basis sets can achieve chemical accuracy (errors
consistently less than 1 kcal/mol), but nonlinear pair natural orbital (PNO)
extrapolations can achieve this goal. In contrast to the situation when we began

the development of complete basis set (CBS) extrapolation methods, benchmark
calculations on small molecules establishing the correct CBS limit for each
component of the electronic energy are now either available or can easily be
generated. Comparison of our CBS-QB3 and CBS-APNO models with such
benchmarks has allowed us to identify the weak points in these models. A new
set of PNO extrapolations is applied to a test set of bond dissociation energies
(BDEs), ionization potentials (IPs), and electron affinities (EAs). The new
extrapolations promise an accuracy comparable to the W1 method at a cost
comparable to G3 calculations with no empirical parameters fit to experiment.
COMP 77
Advanced CCBB-MC method for polymer statistics
Jiro Sadanobu, New Business Development Group, Teijin Limited, 2-1-1
Uchisaiwai-cho, Chiyoda-ku, Tpkyo 100-8585, Japan, Fax: 3-3506-4127,
j.sadanobu@teijin.co.jp
We have developed the continuous configuration Boltzmann biased (CCBB)
Monte Carlo (MC) method that is efficient to evaluate the partition function of
polymer systems by combining the continuous configuration importance sampling
method and the Boltzmann biased chain enrichment technique. We present the
three newly extended methods of CCBB-MB; (1) FS-CCBB: Future scanning
CCBB-MC for isolated polymer systems (2) CB-CCBB: Conformer biased CCBBMC for isolated polymer systems (3) NPT-CCBB: constant pressure CCBB-MC
for the condensed polymer systems. In FS-CCBB and CB-CCBB we introduce a
future scanning procedure and a sequential distribution function of conformation,
respectively, in constructing torsion probability function to simulate low
temperature polymer systems. In NPT-CCBB a volume probability function is
introduced in the self consistent manner. These methods provide not only with
the partition function but also with the density of state and other
thermodynamic/dimensional properties simultaneously for complex polymer
systems.
COMP 78
Application of structure-based pharmacophore screening in ligand docking
Deqiang Zhang, Life Science Division, Accelrys, Inc, 10188 Telesis Ct., Suite
100, San Diego, CA 92121, Fax: 858-799-5100, dzhang@accelrys.com
Pharmacophore searching and ligand docking are two popular techniques in
virtual screening for novel drug candidates. The former is much faster in speed.
With the appearance of structure-based pharmacophore generation,

pharmacophore screening can be used as a filter for ligand docking. This
enables a much larger ligand library to be screened. This methodology has been
applied to screen for binding targets for the nicotinic acetylcholine receptor as a
case study.
COMP 79
Bold advances in force fields: The ReaxFF reactive force field
Adri CT. van Duin and William A. Goddard III, Materials and Process Simulation
Center, California Institute of Technology, Beckman Institute (139-74),
Pasadena, CA 91125, Fax: 626-585-0918, duin@wag.caltech.edu
Empirical force field methods (FF) methods are magnitudes faster the quantum
mechanics (QM) based methods, allowing applications to large atomistic systems
and enabling molecular dynamics calculations on the nanosecond timescale at a
relatively modest computational expense. These advantages have helped FF
methods find wide-spread application. However, FF-methods have suffered from
three major disadvantages: 1) Non-reliability. 2) Non-transferability. 3) Nonreactive. Over the last six years we have developed ReaxFF, which addresses
these disadvantages and provides a reliable, transferable method for the
atomistic-scale study of chemical reactions. Using bond-order/bond distance
principles we obtained a FF-method capable of properly describe chemical bond
dissociation. This, combined with a polarizablecharge distribution, made ReaxFF
applicable to a wide range of materials and interfaces between different
materials. ReaxFF parameters are based on QM rather than on sparsely
available experimental data, which greatly improves its reliability and allows
ReaxFF to properly describe reactants, products and transition states.
COMP 80
Coherent electron tunneling through 1-D fullerene channels
Ga In Lee1, Yong Hoon Kim2, and Jeung Ku Kang1. (1) Department of material
science and engineering, KAIST, 373-1 Guseong-dong, Yuseong-gu, Daejun,
South Korea, Fax: 042-869-3310, leeandgain@kaist.ac.kr, (2) Department of
Materials Science and Engineering, University of Seoul, Seoul, South Korea
On the basis of density-functional theory and matrix Green function calculations,
the potential of one-dimensional fullerene polymer wire as a nano-scale device
channel is assessed. Coherent electron transmission properties of fullerene wires
are considered at different contact distances between fullerene and an Au
contact, channel lengths, and configurations for metal contacts. It is confirmed
that for > 4nm channels with more than 4 units of fullerenes, the fullerene wire is

negligibly affected by the metal contacts and has a unique 1.4eV HOMO-LUMO
gap and turn-on voltage of 1V. Meanwhile, for < 3nm channels with less than
3units of fullerenes, the fullerene wire has a nearly ~1.4eV HOMO-LUMO gap for
contact distances larger than 2.5 " while for the 2.0 " case its electron
transmission is affected by the metal-induced gap states (MIGS) attributed to the
contact metals.
COMP 81
Concentration effects in the Wacker process
John A Keith1, Robert J. Nielsen1, Jonas Oxgaard1, and William A. Goddard III2.
(1) Materials and Process Simulation Center, California Institute of Technology,
Beckman Institute (139-73), Pasadena, CA 91125, johnk@wag.caltech.edu, (2)
Materials and Process Simulation Center, California Insitute of Technology,
Pasadena, CA 91125
The mechanism of aqueous [Pd(Cl)2] mediated olefin oxidation reaction (the
Wacker process) has been studied with first-principles quantum mechanics with
special emphasis on determining competitive pathways that explain the reaction's
dependence on reaction conditions. Our data, along with our interpretations of
seminal experimental work was used in determining the nature of the rate laws
for the reaction under high and low [Cl-] concentrations, shows that the ratedetermining step under low [Cl-] conditions is not hydroxypalladation as generally
believed, but intermolecular isomerization after equilibrium deprotonative water
transfer. The pathway leading to anti-addition aldehyde products is only
accessible when [Cu(Cl)2] is available in the reaction to specifically stabilize
chloride dissociation. The controversial switch in mechanisms is caused by both
the selective stabilization from CuCl2 and the prerequisite dissociation of Cl- prior
to internal attack, which is inhibited by increased [Cl-]. Steady-state kinetics
analysis from calculated results yield the experimentally known rate law for the
reaction under low [Cl-] and high [Cl-] and predict the crossover point by an order
of magnitude.
COMP 82
Cyclic saturated hydrocarbons containing planar tetracoordinate carbon
atoms
Nancy Pérez and Gabriel Merino, Facultad de Química, Universidad de
Guanajuato, Noria Alta s/n, Guanajuato, Mexico, np_peralta@quijote.ugto.mx
In 1872, van't Hoff1 and LeBel2 proposed that tetracoodinate carbon compounds
must have a tetrahedral rather than a planar arrangement. Almost a century after

the publication of van't Hoff-LeBel model, Hoffmann, Alder and Wilcox3
suggested rules to stabilize molecules containing planar tetracoordinate carbon
atoms (ptC). Since 1970, several molecules with a ptC have been proposed in
silico and characterized experimentally.
The simplest molecule with a ptC surrounded by four carbon atoms is C52.4 This cluster and its metallic salts were the first examples of molecules
containing a ptC with a C(C)4 skeleton stabilized exclusively by electronic factors.
We now present a series of cyclic saturated hydrocarbons containing a ptC
(Figure 1). The stability and bonding scheme are analyzed through the study of
the molecular orbitals and activation barriers involved into transition of ptC
species to more stable isomers.

(1)

van't Hoff., J. H. Arch. Neerl. Sci. Exactes Nat. 1874, 445.

(2)

LeBel, J. A. Bull. Soc. Chim. Fr. 1874, 22.

(3)
92, 4992.

Hoffmann, R.; Alder, R.; Wilcox Jr, C. F. J. Am. Chem. Soc. 1970,

(4)
125, 6026.

Merino, G; Mendez-Rojas, M. A.; Vela, A. J. Am. Chem. Soc. 2003,

Merino, G.; Mendez-Rojas, M. A.; Vela, A.; Heine, T. J. Comp. Chem. 2007, 1,
362-372. Keese, R. Chem. Rev. 2006, 106, 4787.
Perez, N.; Heine, T.; Barthel, R.; Seifert, G.; Vela, A.; Méndez-Rojas, M. A.;
Merino, G. Org. Lett. 2005, 7, 1509.

COMP 83
Defects modifications of ferroelectric PVDF based polymers

Qiming Zhang, Department of Electrical Engineering and Materials Research
Institute, The Pennsylvania State University, Hastings Road, University Park, PA
16802, qxz1@psu.edu
The work of Bill Goddard on the ferroelectric response of PVDF based polymers
pointed out the possibility of altering the energy balance between the different
phases to achieve high responses. Along this idea, we carried out a series of
studies in recent years in employing defects modification to different phases in
the ferroelectric PVDF based polymers. For example, using high energy electron
irradiation in P(VDF-TrFE) copolymers as well as including a small amount of
bulkier monomers such as CFT and CTFE to form a random terpolymer, we
demonstrate that the normal ferroelectric polymer can be converted into a relaxor
ferroelectric polymer with giant electrostriction.1,2 In the PVDF homopolymer, the
defect modification leads to an enhanced polarization responses and
consequently very high electric energy density, ideal for high efficiency energy
storage.3
1. Q. M. Zhang, Vivek Bharti, and X. Zhao. Science, 280, 2101-2104 (1998). 2.
H. Xu, Z.Y. Cheng, D. Olson, T. Mai, Q. M. Zhang, and G. Kavarnos. Appl. Phys.
Lett. 78, 2360 (2001). 3. Baojin Chu, Xin Zhou, Kailiang Ren, Bret Neese, Minren
Lin, Qing Wang, F. Bauer, and Q. M. Zhang. Science 313, 334 (2006)
COMP 84
Discovery of new NOx reduction, hydrocarbon SCR catalysts using high
throughput technologies
Richard J. Blint, Chemical and Environmental Science Laboratory, General
Motors Research and Development, MC 480-106-185, 30500 Mound Road,
Warren, MI 48316, Fax: 586-986-0817, Richard.J.Blint@gm.com
The Department of Energy project, “Discovery of New NOx Reduction Catalysts
for CIDI Engines Using Combinatorial Techniques (DE-FC26-02NT41218)”, was
initiated on August 16th, 2002 and will be completed in 2007. The project is in
collaboration with the catalyst group at BASF. Participation in this project
includes a wide range of personel at BASF, Accelrys and GM who will be
acknowledged in the poster. This project has discovered new, lean NOx
reduction catalysts for automotive applications using high throughput techniques,
reactor tests on scaled up on core monoliths and engine testing of full sized
catalysts. Several compositions have been downselected for engine evaluation
and early results from those measurements show high conversions on the
HWFET, US06 and the FTP tests. Evaluations of the effects of poisoning,
thermal aging and coking of the catalysts have been developed. Discovery work
on diesel catalytic materials is complete and development work on these
catalysts is in progress.

COMP 85
DNA-dependent RNA polymerases: Common structures of the active sites
and possible reaction mechanisms
Dennis R. Salahub, 110 Administration Building, University of Calgary, 2500
University Drive NW, Calgary, AB T2N 1N4, Canada, Fax: 403-289-6800,
dennis.salahub@ucalgary.ca, and Rui Zhu, Department of Chemistry, University
of Calgary, Calgary T2N 1N4, Canada
Almost all the known DNA-dependent RNA polymerases (RNAPs) share a
universal heptapeptide, called the NADFDGD motif. Based on the available
crystal structures of some of these RNAPs, we can see that this motif forms in all
cases a loop with an embedded triad of aspartic acid residues. This conserved
loop is the key part of the active site. We explore this common active site and
possible reaction mechanisms based on the crystal structures of the yeast RNAP
II. To this end, two different modeling methods, the GGA DFT method (PBE) and
the reactive force field (ReaxFF), are utilized. The results using the two different
methods are compared.
COMP 86
Electron force field simulation of matter at extreme conditions
Julius T Su, Department of Chemistry, Caltech, MSC 139-74 Caltech,
Pasadena, CA 91126, jsu@caltech.edu
We introduce an electron force field (eFF) that makes simulation of large scale
excited electron dynamics possible and practical. The electrons in an electron
force field are Gaussian wave packets whose only parameters are its position
and its size, and forces acting on thousands of electrons and nuclei can be
computed in less than a second on a single modern processor. We compute the
dissociation and ionization behavior of dense hydrogen, and obtain equations of
state and shock Hugoniot curves that are in agreement with results obtained from
vastly more expensive path integral Monte Carlo methods. We also compute the
Auger dissociation of hydrocarbons, and observe core hole decays, valence
electron ionizations, and nuclear fragmentation patterns consistent with
experiment.
COMP 87
Electronic scaling properties in graphene nanoribbons

Haibin Su1, Qunxiang Li2, Z. F. Wang2, QW. Shi2, and Jin-long Yang2. (1)
Divison of Materials Science, Nanyang Technological University, 50 Nanyang
Ave., Singapore 639798, Singapore, Fax: (65) 6790-9081, hbsu@ntu.edu.sg, (2)
University of Science and Technology of China, China
In this post, we investigate intriguing physical properties of a newly realized, in a
controlled and reproducible manner, pure carbon system: graphene nanoribbons.
We combine first-principle and tight-binding calculations to investigate nice
scaling behavior of energy gaps with ribbon widths, and to simulate the effects of
chemical edge modifications on structural and electronic properties. In particular,
theoretical results reveal that addends can change the band structures of
armchair GNRs, and even result in observable interesting metal-to-insulator
transition.
COMP 88
High-throughput optical methods for the analysis of chirality
Eric V. Anslyn, Department of Chemistry and Biochemistry, The University of
Texas, Austin, TX 78712, Fax: 512-471-7791, anslyn@ccwf.cc.utexas.edu, and
Shagufta Shabbir, Department of Chemistry and Biochemistry, The University of
Texas at Austin, Austin, TX 78712
The creation of optical methods to analyze for enantiomeric excess during the
high-throughput screening of asymmetric catalytic reactions is a current thrust of
many academic and industrial laboratories. The approach presented at this
poster session uses chiral synthetic receptors in arrays with simple indicators for
signaling. The strategy is to use a core binding element that imparts a bias to
each and every member of the array to a particular chiral functional group,
ensuring affinity of the arrays members for a particular class of chrial analytes.
Cross-reactivity among the receptors imparts the differential behavior desired in
an array sensing application. The response of the array is used to train a pattern
recognition algorithum, such as an artificial neural network. The arrays are then
used to read the enantiomeric excess of truly unknown samples derived from
synthetic chemistry procedures.
COMP 89
Hybrid density functional band structure calculations on the cuprate
superconductors
Jason K. Perry, Gilead Sciences, 333 Lakeside Dr, Foster City, CA 94404, Fax:
650-622-5899, jason@firstprinciples.com, Jamil Tahir-Kheli, Materials and
Process Simulation Center (MSC) (139-74), California Institute of Technology,

Pasadena, CA 91125, and William A. Goddard III, Materials and Process
Simulation Center, California Insitute of Technology, Pasadena, CA 91125
We have performed hybrid density functional (Becke-3-Lee-Yang-Parr)
calculations on a number of doped and undoped cuprate superconductors. In
contrast to the band structures derived from non-hybrid local density
approximation methods, doping is clearly seen to affect out of plane orbitals
rather than in plane orbitals. Specifically, doped holes appear in the z2/apical Opz
orbitals of La2-xSrxCuO4 and in the chain orbitals of YBa2Cu3O7-y. Furthermore,
small changes in the crystal geometry can greatly affect the band structure. In
particular, movement of the apical O in La2-xSrxCuO4 influences whether the
doped hole is localized on a single center or delocalized over multiple centers.
Similar perturbations in the formally undoped YBa2Cu3O7 spell the difference
between localized and delocalized chain orbitals. This work provides an ab initio
foundation for the recent theory of high temperature superconductivity proposed
by Tahir-Kheli and Goddard.
COMP 90
Hydrated water-soluble dendrimer-grafted polymer membranes for
application to polymer electrolyte membrane fuel cells
Seung Soon Jang and William A Goddard III, Materials and Process Simulation
Center, California Institute of Technology, Beckman Institute (139-74), 1200 E.
California Blvd, Pasadena, CA 91125, jsshys@wag.caltech.edu
We investigate a new molecular architecture in which water-soluble dendrimers
are grafted onto a linear polymer for application to polymer electrolyte membrane
fuel cells (PEMFC). Using full-atomistic MD simulations, we examined the
nanophase-segregation and transport properties in hydrated membranes with
this new architecture. In order to determine how the nature of the linear polymer
backbone might affect membrane properties, we considered three different types
of linear polymers: poly (epichlorohydrin) (PECH), poly (styrene) (PS) and poly
(tetrafluoroethylene) (PTFE) in combination with the second-generation sulfonic
poly aryl ether dendrimer to form PECH-D2, PS-D2, and PTFE-D2. Our
simulations show that the extent of nanophase-segregation in the membrane
increases in order of PECH-D2 (~20 Å) < PS-D2 (~35 Å) < PTFE-D2 (~40 Å) at
the same water content, which can be compared to 30~50 Å for Nafion and ~30
Å for Dendrion at the same water content. We find that the structure and
dynamics of the water molecules and transport of protons are strongly affected
by the extent of nanophase segregation and water content of the membrane. As
the nanophase-segregation scale increases, the structure in water phase, the
water dynamics and the proton transport approach those to those in bulk water.
Based on the predicted proton and water transport rates, we expect that the
PTFE-D2 may have a performance comparable with Nafion and Dendrion.

COMP 91
Improved methods for predicting the structure and function of G proteincoupled receptors
Ravinder Abrol and William A Goddard III, Materials and Process Simulation
Center, California Institute of Technology, MC 139-74, Beckman Institute,
Pasadena, CA 91125
G protein-coupled receptors (GPCRs) are intrinsic membrane proteins with 7
transmembrane helices, and modulated by diverse bioactive molecules (biogenic
amines, peptides, lipids) to regulate essential physiological processes
(neurotransmission, metabolism, secretion, growth, immunity). Thus, GPCRs
have been implicated in all major disease areas. Development of drugs with
reduced side effects has been hampered by the availability of 3D structure for
only one GPCR. Our research group has been developing computational
methods based on first principles to predict the structure and function of GPCRs.
The methods have been validated for many systems against experimental
mutagenesis data. We will present some of the recent method developments
aimed at more accurate and faster predictions of GPCR structure and function.
These include the use of implicit membrane (multi-dielectric) solvation for scoring
monte carlo generated helical packings, accurate placement of protein side
chains, use of thermodynamic hydrophobicities, and generation of ligand rotamer
libraries for flexible docking.
COMP 92
Molecular dynamics simulations of liposomes: From formation to fusion
and fission
Peter Spijker1, Albert J. Markvoort1, Koen Pieterse1, A. F. Smeijers1, Rutger A.
van Santen2, and Peter A. J. Hilbers1. (1) Department of Biomedical Engineering,
Eindhoven University of Technology, Den Dolech 2, Eindhoven 5600MB,
Netherlands, Fax: +31402472740, p.spijker@tue.nl, (2) Department of Chemical
Engineering and Chemistry, Eindhoven University of Technology, Eindhoven
5600MB, Netherlands
Lipid bilayer membranes are known to form various structures, such as large
sheets and vesicles. Using coarse grained molecular dynamics, we first studied
the processes of spontaneous bilayer and vesicle formation, showing the bilayervesicle transition to be entropy-driven. Next, the same lipid model allowed us to
elucidate fusion mechanisms of such vesicles in detail. Furthermore, we found
that a difference in composition between the two bilayer leaflets may result in
curved bilayers and a wide variety of vesicle shapes, such as ellipsoids, discoids,

pear-shaped, cup-shaped and budded vesicles. Lately, we also have been able
to investigate the fission process using the same lipid model. Two distinct routes,
being phase separation of lipids within the monolayers and a different
composition of the monolayers, for vesicle fission are observed. The difference
between the fusion and fission pathway is shown, indicating that one pathway is
not simply the reverse of the other.
COMP 93
Molecular dynamics simulations of surfactant protein C mimic in
phospholipid bilayers
Stephen M. Dutz1, Zachary Ramjan1, Patrick W. Mobley1, Larry M. Gordon2,
Frans J. Walther2, Brian Vovan3, Jose M. Hernandez-Juviel2, Mark A. Sherman4,
Alan J. Waring5, and Shantanu Sharma1. (1) Department of Chemistry and
Center for Macromolecular Modeling & Materials Design (CM3D), California
State Polytechnic University, 3801 West Temple Ave, Pomona, CA 91768, Fax:
909-869-4344, smdutz@csupomona.edu, (2) L.A. Biomedical Research Institute,
Harbor-UCLA Medical Center, Torrance, CA 90502, (3) Department of Pediatrics,
Harbor-UCLA Medical Center, Torrance, CA 90502, (4) Department of
Biomedical Informatics, Beckman Resarch Institute, City of Hope National
Medical Center, Duarte, CA 91010, (5) Department of Medicine, UCLA School of
Medicine, Los Angeles, CA 90095
Surfactant protein C (SP-C) is an extremely hydrophobic lipopeptide found in
mammalian lung surfactant. Important SP-C functions include lipid bilayer
interactions with the lung surface monolayer and modulation of the surfactant
lipid viscosity. Previous solution NMR studies in organic solvents indicate that the
secondary structure of SP-C and the (34 residue) synthetic SP-C derivative SPCff is largely helical in this environment and is localized to the poly-valine
sequence. Our infrared measurements of SP-Cff in
palmitoyloleoylphosphatidylcholine (POPC) bilayers confirm the helical nature of
the peptide, with the helical axis oriented parallel to the long axis of the
phospholipid acyl chains. Moreover, our molecular dynamics simulations of SPCff in hydrated POPC bilayers validate the helical structure of the poly-valine
sequence, with the helical axis oriented perpendicular to the bilayer surface.
COMP 94
Molecular-scale understanding and design of low friction and
biocompatible surfaces
Shaoyi Jiang, Department of Chemical Engineering, University of Washington,
Benson Hall, Seattle, WA 98195, sjiang@u.washington.edu

We performed all-atom molecular dynamics simulations to study the friction
between two surfaces coated with zwitterionic materials immersed in water with
two regions of bulk water placed on both sides of the surfaces. We have shown
recently that zwitterionic materials, including phosphobetaine, sulfobetaine, and
carboxybetaine, are superlow biofouling due to their strong hydration layers at
the interfaces. Superlow biofouling materials with low friction are desirable for
applications in BioMEMS/NEMS. In this work, ab initio quantum chemical
calculations were first performed to characterize these zwitterionic groups and
accurate force fields were developed. Then, molecular mechanics was applied to
select optimized packing patterns and structures. Sodium and potassium ions
were employed as model ions to study their effects on friction coefficients. The
effect of their concentrations was also investigated. Results show that (a) higher
concentrations of sodium ions result in larger friction coefficients due to the
weakening of surface hydration shells and (b) the systems with sodium ion
solutions possess larger friction coefficients than those with potassium ion
solutions due to the stronger solvation ability of sodium ions. Results from this
work are compared with those of poly(ethylene glycol). The relationship among
friction, nonfouling, and ion solvation will be discussed.
COMP 95
Multiconfigurational study of tetrasilacyclobutadiene cobalt complex
Sarom Sok, Department of Chemistry, Iowa State University, 201 Spedding Hall,
Ames, IA 50011-3020, sarom@si.fi.ameslab.gov, and Mark S. Gordon,
Department of Chemistry/Scalable Computing Laboratory, Iowa State University
& Ames Laboratory, Ames, IA 50011
Recently, Sekiguchi et. al reported the synthesis and properties of the first stable
cobalt complex containing the η4-ligand tetrasilacyclobutadiene. X-ray
crystallography data indicates the presence of a four-membered silicon ring
system analogous to cyclobutadiene. It is known that silicon is reluctant to form
double bonds due to the difference in the radial extent of the 3s and 3p orbitals.
In this work, the structure and bonding of tetrasilacyclobutadiene cobalt complex
is investigated at the FORS/TZV(d) level of theory. The role of the transition
metal and steric groups is discussed.
COMP 96
Multiscale simulations of block copolymers
Jan Andzelm1, Frederick L. Beyer2, James F. Snyder1, and Peter W Chung3. (1)
Materials Division, Multifunctional Materials Branch, U. S. Army Research
Laboratory, Aberdeen Proving Ground, MD 21005, jandzelm@arl.army.mil, (2)

Weapons and Materials Research Directorate, U. S. Army Research Laboratory,
Aberdeen Proving Ground, MD 21005-5067, (3) U. S. Army Research
Laboratory, AMSRD-CI-HC, Aberdeen, MD 21005
Block copolymers exhibit unique properties useful in diverse types of applications
such as fuel cells, batteries or protective and breathable barriers. We are
particularly interested in copolymers with sulfonated polystyrene (sPS)
component such as sSIBS or the Li-sPS-POEM copolymer. The sSIBS (sPS-bpolyisobutylene-b-sPS) block copolymer exhibits desirable permeable properties
necessary for a breathable barrier while the Li-sPS-POEM (Li-sPS-poly(oxyethylene)x methacrylate) might be used as a single-ion conducting electrolyte in
lithium-batteries.
In this work, we have used multiscale modeling to gain understanding of static
and dynamic properties of these copolymers at detailed atomistic and mesoscale
levels. We have used atomistic modeling to develop input parameters for the
mesoscale simulations. Using the mesoscale approach, morphology and the
microphase ordering mechanisms were calculated. The accuracy of the
mesoscale technique is validated in calculations for the experimentally known
phase diagram of PS-PI (polystyrene-polyisoprene) copolymer. Mechanical
properties based on the mesoscale-calculated morphology were calculated using
the self-consistent homogenization theory.
COMP 97
Nature of chemical bonds between glycopeptide antibiotics and bacterial
cell walls
Jung-Goo Lee, Celeste Sagui, and Christopher Roland, Center for High
Performance Simulation and Department of Physics, North Carolina State
University, Box 8202, 110 Cox Hall, Raleigh, NC 27695, Fax: 919-513-4804
There are several factors which determine the binding of glycopeptide antibiotics
(Vancomycin and Teicoplanin groups) to bacterial cell walls. These factors come
from structural, polar, substituent, dimerization and solvent effects. We will
address how much these effects contribute to the binding free-energy.
Calculations have been done by ab initio (HF and DFT) methods with the
polarizable continuum model.
References: (1) Lee,J.-G.; Sagui, C.; Roland,C. J. Phys. Chem. B 2005, 109,
20588. (2) Loll,P.J.; Kaplan,J.; Selinsky,B.S.; Axelsen,P.H. J. Med. Chem. 1999,
42,4714-4719.
COMP 98

New assignment of parameters for charge equilibration approach
Naofumi Nakayama and Hitoshi Goto, Department of Knowledge-based
Information and Engineering, Toyohashi University of Technology, Toyohashi
441-8580, Japan, Fax: +81-532-48-5588, nakayama@cochem2.tutkie.tut.ac.jp
The charge equilibration (QEq) approach proposed by Rappé and Goddard on
1991 is well known as the method that estimates the charge distribution
according to the dynamical changes of the molecular geometry. Recently, we
proposed new framework of QEq, named NQEq, that the empirical formula of
Coulomb interaction is employed and that the parameter set is divided into each
atom types based on Merck Molecular Force Field (MMFF). In this study, we
propose new procedure of determination of parameters for NQEq based on the
bond polarizabilities. 868 dipole moment components for 456 molecular
conformers (404 molecules) are calculated by this method and compared with
those obtained by MP2/6-31G**. Root-mean-square of difference of
computational values between by MP2 and by NQEq is 0.22.
COMP 99
Novel adaptive grid for electronic structure calculations
Juan I. Rodríguez1, David C. Thompson2, and Paul W. Ayers1. (1) Department
of Chemistry, McMaster University, Hamilton, ON L8S4M1, Canada,
rodrigji@mcmaster.ca, (2) Department of Structural Biology & Computational
Chemistry, Wyeth Research, Cambridge, MA 02140
Although integration grids are often used in electronic structure programs, they
are usually only applied to the pieces of a calculation where analytical integration
is impossible or impractical (e.g., the integration of the exchange-correlation
energy functional in Kohn-Sham density-functional theory). It is also possible,
however, to integrate the entire energy functional using grids, but for this more
demanding application it is important to have effective grids. (The effectiveness
of a grid is related to the number of grid points required to achieve a given
accuracy.) In this work we will introduce a novel adaptive grid suitable to be used
in electronic structure calculations. This grid is adaptive and flexible enough to be
used to integrate the exchange-correlation, coulomb and the whole energy. We
will show some examples of the use of this grid like in solving the Poisson
equation. Finally we will discuss the “effectiveness” of our grid.
COMP 100
Oxidation pattern of small silicon oxide clusters

Wencai Lu1, Q. J. Zang2, Z. M. Su2, C. Z. Wang3, and K. M. Ho3. (1) State Key
Laboratory of Theoretical and Computational Chemistry, Jilin University, 2519
Jiefang Road, Changchun, China, wencailu@jlu.edu.cn, (2) Institute of
Functional Material Chemistry, Northeast Normal University, Changchun, China,
(3) Ames Laboratory – US Department of Energy and Department of Physics and
Astronomy, Iowa State University, Ames, IA 50011
Oxidation pattern of small silicon clusters Si6 and Si7 with the number of O
atoms ranging from 1-12 for Si6 and 1-14 for Si7 was studied by first-principles
calculations. The lowest-energy structures of the Si-rich clusters are found to
consist of a pure Si fragment and an oxide fragment. The oxidation is found to
extend from one side to the whole cluster as the number of the oxygen atoms
increases. Fragmentation energy analysis shows that the Si-rich clusters can
often dissociate into a small pure Sin (n = 2-6) cluster and a silicon oxide
fragment, and the O-rich clusters, except for O:Si = 2:1 cases, tend to separate
into a SiO molecule and a silicon oxide fragment. Structures of the ionic Si6On
and Si7On clusters were also studied. These ionic clusters often have different
lowest-energy structures in comparison with the neutral clusters.
COMP 101
Palladium mediated activation of molecular oxygen: Pd(0) vs. direct
insertion
Jason M. Keith, Jonas Oxgaard, and William A Goddard III, Materials and
Process Simulation Center, California Institute of Technology, Beckman Institute
(139-74), Pasadena, CA 91125, jkeith@wag.caltech.edu
The mechanism for the reaction of molecular oxygen with toluene-solvated
palladium-hydride complex has been elucidated using quantum mechanics
(B3LYP/ LACVP** with PBF polarizable continuum solvent model) for PdII-(()sparteine)(H)(Cl) in the presence of base, focusing on the pathways proceeding
through Pd0 as well as direct insertion of O2 into the Pd-H bond. The lowest
barrier Pd0 pathway proceeds through a rate-determining base-assisted
deprotonation of the palladium, followed by the association of molecular oxygen
and the subsequent loss of chloride, forming the corresponding η2-peroxopalladium complex, while the lowest insertion pathway proceeds through the
abstraction of the hydrogen atom by triplet O2 followed by the formation of a
L2XPdIOOH triplet species and eventually the loss of H2O2 and completion of the
catalytic cycle upon the addition of HX. Examination of the spin-transitions as
well as the completion of the reaction to form PdCl2 and H2O2 are included.
These results form the first complete mapping of the possible pathways for
reoxidation of palladium hydride with molecular oxygen. For this particular
system, we conclude that direct insertion is preferred (ΔΔH‡ = 6.2 kcal/mol, ΔΔG‡
= 7.7 kcal/mol), and trace this preference to the bidentate character of sparteine

and the lack of π-accepting ligands. Suggestions are included for how this
preference can be switched.
COMP 102
Predictions of thermoelectric materials from atomistic simulations
Giulia Galli, Department of Chemistry, University of California, Davis, One
Shields Avenue, Davis, CA 95616, gagalli@ucdavis.edu
Predictions on thermoelectric properties of Si-Ge nanowires as obtained from
atomistic simulations will be presented. Focus will be on work performed within
the PROM (Predicting Real Optimized Materials) DARPA program, to which Prof.
Goddard, myself and others have recently contributed.
COMP 103
Predicting the properties of hydrated silica at extreme conditions
Kelly E. Anderson, Department of Chemistry, University of Minnesota, 207
Pleasant St. SE, Minneapolis, MN 55455, J. Ilja Siepmann, Department of
Chemistry and Supercomputing Institute, University of Minnesota, Minneapolis,
MN 55455-0431, and Marc M. Hirschmann, Department of Geology and
Geophysics, University of Minnesota, Minneapolis, MN 55455
While high-pressure phases of silica (SiO2) have been studied extensively, less
is known about the properties of liquid silica under extreme conditions. In
particular, little is known about hydrated liquid silica at concurrent high pressures
and high temperatures. Using Monte Carlo simulations and reactive potentials,
we examine the thermodynamic properties of the hydrated silica system at
temperatures ranging from 2000 - 6000 K, pressures from 1 atm - 1 GPa, and
mole fractions of water up to 0.4.
COMP 104
Predicting the structure of family A GPCR TM domains
Mayako Michino, Department of Molecular Biology, TPC-6, The Scripps
Research Institute, 10550 North Torrey Pines Road, La Jolla, CA 92037,
michino@scripps.edu, Jianhan Chen, Department of Molecular Biology, The
Scripps Research Institute, La Jolla, CA 92037, and Charles L. Brooks III,
Department of Molecular Biology, TPC6, The Scripps Research Institute, La
Jolla, CA 92037

G-protein-coupled receptors (GPCRs) are a large and functionally diverse
superfamily of helical transmembrane proteins that play a key role in signal
transduction and represent important therapeutic targets in many diseases. Due
to high sequence divergence within the family, and a lack of high-resolution
structure except for one member of the family, deriving realistic structural models
for GPCRs has been a chanllenging protein folding problem. We present a twostep modeling protocol for the transmembrane domains of family A GPCRs that
initially packs the seven transmembrane helices by restrained molecular
dynamics using system-specific distance restraints, then extensively refines the
helix bundle with implicit membrane generalized Born model and replica
exchange sampling. System-specific distance restraints are imposed between
pairs of residues predicted to be in contact from sequence conservation analysis.
We find that this method is able to generate models that agree with many of the
available experimental data from ligand-binding. We believe this approach
addresses issues in efficiently sampling alternative conformations for building the
correct helix-helix interfaces within the helix bundle.
COMP 105
Prediction of Raman spectra in novel polyyne@SWNT peapods using
dispersion-augmented density-functional-tight-binding
Stephan Irle, Institute for Advanced Research and Department of Chemistry,
Nagoya University, Furu-cho, Chikusa-ku, Nagoya 464-8602, Japan, Fax: +8152-788-6151, sirle@iar.nagoya-u.ac.jp, Henryk A. Witek, Institute of Molecular
Science and Department of Applied Chemistry, National Chiao Tung University,
30050 Hsinchu, Taiwan, Hisanori Shinohara, Department of Chemistry, Nagoya
University, Nagoya, Japan, and Keiji Morokuma, Fukui Institute for Fundamental
Chemistry (Department of Chemistry), Kyoto University (Emory University), Kyoto
606-8103, Japan
We present dispersion augmented density functional tight binding calculations of
molecular geometries, Raman spectra, and molecular dynamics of
polyyne@SWNT systems, using C10H2, C12H2, and C14H2 as polyyne species
and open-ended, hydrogen-terminated (13,4), (14,5), and (15,6) finite size
carbon nanotube models with diameters 12.1 Å, 13.4 Å, and 14.7 Å, respectively.
We compare our theoretical results with relevant experimental structural and
spectroscopic data. In particular, we find that polyyne molecules CnH2 are
energetically more favorably adsorbed inside the tubes rather than on their outer
surfaces or in interstitial sites, and that their equilibrium position is close to the
wall rather than in the center of SWNT, with the center position representing a
transition state for the chain motion from one side to the other. In fact, we find
that in the tubes studied here, 4, 5, and 6 polyyne molecules can comfortably fit
inside the hollow space of the tubes. Polyyne molecules align most favorably
either along the zigzag chain or armchair chains and follow the chiral angle

imposed by the tube chirality. MP2 model calculations confirm this important
finding. Electronic densities of states are computed and show little interaction at
the electronic level. Calculated Raman bands for the CC triple bond region show
relatively little red-shift compared to free CnH2, indicating that the polyyne
adsorption at the walls does not significantly weaken the carbon-carbon bonds.
High-temperature quantum chemical MD simulations indicate relatively easy
polymerization of CnH2 units, with H migrating from the connection ends towards
the ends of the open-ended tubes, opening up avenues for the synthesis of
infinite wires inside polyyne@SWNT systems.
COMP 106
Protein unfolding free energy surfaces from Jaryznski's equality
Nathan Salwen, Ching-Hwa Kiang, and Nolan C. Harris, Physics, Rice
University, 6100 Main St., MS61, Houston, TX 77005, salwen@rice.edu
An atomic force microscope is used to investigate the unfolding of individual
molecules of titin I27 domain. Using the Jarzinski equality, we reconstruct the
free energy of the molecule as a function of its extended distance. We also apply
the Jarzinski relation to the calculation of the activation energy for the unfolding
of this molecule. The Jarzinski equality allows the calculation of equilibrium free
energy differences through multiple non-equilibrium measurements. While the
existence of an exact relation between these two different regimes is interesting
in itself, there has been some question as to its usefulness. In simulations, the
increased speed of each simulation is offset by the increased number of
necessary runs. In this single-molecule pulling experiment the stability of the
experimental setup does not allow equilibrium measurements. Only because of
the Jarzinski relation can the free energy be extracted.
COMP 107
QTPIE: A minimal extension of Goddard's QEq model with correct
dissociation
Jiahao Chen and Todd J. Martínez, Department of Chemistry and the Beckman
Institute, University of Illinois at Urbana-Champaign, 600 S Mathews Ave,
Urbana, IL 61801, Fax: 217-244-3186, cjh@spawn.scs.uiuc.edu
Presently, polarization and charge transfer in molecular mechanics can be
modeled simultaneously only with fluctuating-charge models (FCMs), a.k.a.
chemical potential equilibration models or electronegativity equalization models.
Examples of FCMs are QEq, fluc-q (FQ), and our recently proposed PE-CCQVB2 and QTPIE. Despite its successes, QEq overestimates charges for highly

nonequilibrium geometries; this results in exaggerated in-plane electric dipole
polarizabilities and residual fractional charges on dissociated molecular
fragments. Previous statistical mechanical analysis suggested the need for
distance-dependent, pairwise electronegativities. By reformulating the QEq
model in terms of charge transfer variables and modifying the electronegativity
terms, we construct our new QTPIE (charge transfer with polarization current
equilibration) model which address these issues. The recovery of correct
asymptotics when the electronegativities become distance-dependent suggests a
deficiency in our current understanding of the concept of electronegativity as an
atomic quantity.
COMP 108
Quantum chemistry and collisions in planetary atmospheres
David L. Huestis, Molecular Physics Laboratory, SRI International, 333
Ravenswood Ave., Menlo Park, CA 94025, Fax: 650-859-6196,
david.huestis@sri.com
The photochemistry of planetary atmospheres generates reactive atoms and
small molecules whose subsequent collisions and chemical reactions must be
characterized before reliable climate models can be constructed. From this wide
variety of collision processes there are many that are very difficult to investigate
experimentally.
Here we will review a few examples in which quantum chemistry can make
essential contributions to our understanding. These include
(1) The O2(5Πg) State and Oxygen Atom Recombination
(2) CO3 Potential Energy Surfaces and CO2 Radiative Cooling
(3) H2 Ortho-Para Conversion and Transport in Giant Planet Tropospheres
(4) H+ + H2 (v) Ion-Molecule Reactions and Electron Densities in Giant Planet
Ionospheres
This work is supported by NSF and NASA.
COMP 109
Quantum mechanical rapid screening of chemical sensing materials

Abhijit V. Shevade1, Amy Ryan1, Margie Homer1, Mario Blanco2, and William A.
Goddard2. (1) Jet Propulsion Laboratory, Pasadena, CA 91109,
Abhijit.Shevade@jpl.nasa.gov, (2) California Institute of Technology, Pasadena,
CA 91125
We have developed a first principles approach to predict the response of sensing
materials to selected analytes. Material candidates are identified by calculating
binding energies between sensing materials and target analytes. This approach
provides a theoretical approach to screening sensor materials, where experiment
is used for confirmation at the end of the screening process. This method was
used to select materials to detect parts per-billion (ppb) concentrations of vapor
phase SO2 and elemental Hg.
The screening methodology involves calculating binding energies between
organic groups which could be a part of a polymer chain and the analyte.
Interaction energies are calculated using quantum mechanics, B3LYP and
X3LYP flavors of Density Functional Theory. To validate the QM findings,
materials containing selected chemical functionalities have been tested in the
laboratory, and the experimental results compared with calculated results.
Results of this comparison shows good correlation between predicted response
and experimental response.
COMP 110
Spin-orbit ab initio study of excited state of CH2ClI cation
Joonghan Kim, Hyotcherl Ihee, and Yoon Sup Lee, Department of Chemistry,
Korea Advanced Institute of Science and Technology, 335 Gwahangno 373-1
Guseong-dong Yuseong-gu, Daejeon, South Korea, Fax: 82-42-869-2810,
quantum@kaist.ac.kr
Recently, it was found that the potential enery surface of halomethane cation can
be affected by spin-orbit effects. The spin-orbit lower state was specified by spinorbit DFT (SODFT) method. However, the upper state cannot be found by both
SODFT and TDDFT. In this study, we have investigated the lower and upper
spin-orbit states of the chloroiodomethane cation using spin-orbit ab initio
calculations. The energy splitting between the lower and the upper state is in
good agreement with the experiment.
COMP 111
Structure-performance relationships for asymmetric carbenes in Pdcatalyzed chiral alcohol oxidations

Robert J. Nielsen and William A Goddard III, Materials and Process Simulation
Center, California Institute of Technology, Beckman Institute (139-74),
Pasadena, CA 91125, Fax: 626-585-0918, smith@wag.caltech.edu
Palladium dicarboxylate complexes of N-heterocyclic carbenes are known to
catalyze the aerobic oxidation of alcohols to ketones. We sought to combine the
substrate scope and rate of NHC-based catalysts with the enantioselectivity
demonstrated by ((-)-sparteine)PdCl2 by introducing stereocenters into carbene
frameworks and computationally screening for enantioselectivity, activity and
stability. First, a mechanistic study identified the geometry of the rate-limiting
transition state, i.e. transfer of the beta-hydrogen of the metal-bound alkoxide to
an acetate ligand. A mechanism potentially able to racemize chiral alcohols was
found to lie only slightly higher in energy. Increasing the basicity of the
carboxylate ligand simultaneously lowers the barrier to substrate oxidation and
inhibits racemization. Finally, the ligand screen identified specific positions at
which substitution affects the activation energy of substrate oxidation and the
ability of the ligand to discriminate between enantiomers of 1-phenylethanol.
COMP 112
Sulfur K-edge XAS and DFT studies of Fe-S bonds in models and protein
active sites: Effects of H-bonds on covalency and redox properties
Edward I. Solomon, Department of Chemistry, Stanford University, 333 Campus
Drive, Stanford, CA 94305, Fax: 650-725-0259, edward.solomon@stanford.edu,
and Abhishek Dey, Department of Chemistry, Stanford University, Stanford, CA
94305, Stanford, CA 94305
Iron-sulfur proteins are involved in electron transport (e.g. Fe-S clusters), small
molecule activation (e.g. P450, Nitrogenase) and other key biological processes.
Knowledge of their electronic structure and, in particular, Fe-S bond covalency is
crucial for understanding their function. Most of these sites have multiple
hydrogen bonds to the sulfur ligands which play a major role in catalysis by
tuning the electronic structures of these active sites. Sulfur K-edge X-ray
Absorption Spectroscopy (XAS) been used to directly obtain the Fe-S
covalencies of these active sites and their corresponding model complexes. DFT
calculations on protein active sites and small model complexes reproduce the
observed trend in the XAS data. These studies provide insight into the nature of
these interactions and correlate weak H-bonding energies to the large changes in
Fe-S covalencies which made dominant contributions to reactivity.
COMP 113

The photoinduced electron transfer on dye-sensitized solar cells: Modified
Sakata-Hashimoto-Hiramoto model (MSHH)
Osamu Kitao, Energy Technology Research Institute, National Institute of
Advanced Industrial Science and Technology, Tsukuba Central 5, 1-1-1 Higashi,
Tsukuba 305-8565, Japan, Fax: +81-29-861-4489, osamu-kitao@aist.go.jp
The Sakata-Hashimoto-Hiramoto model (SHH) has been used for Electron
Transfer (ET) on Dye-sensitized Solar Cells (DSSCs). Including virtual phase
space of trap states into the acceptor phase space which the SHH have
considered only the conduction band leads a new ET rate based on the Modified
SHH (MSHH). The MSHH is consistent with a recent experimental by highly
surface sensitive synchrotron-induced photoelectron spectroscopy, and able to
explain maximum performance of DSSCs.
COMP 114
TiO2 photoreduction of CO2 by H2O: A plausible CO2 sequestration model
Anthony K. Rappe, Department of Chemistry, Colorado State University, Fort
Collins, CO 80523, Fax: 970-491-1801, anthony.rappe@colostate.edu, and Kyle
B. Ford, Department of Chemistry, Tennessee Technological University,
Cookeville, TN 38505
As we move toward a carbon emission constrained economy, commercially
viable approaches to CO2 sequestration will be increasingly important. In
addition, on either a hydrogen count or energy basis, storing hydrogen in
hydrocarbons is one of the most plausible hydrogen storage and transportation
models. In order to aid CO2 sequestration and hydrogen storage efforts
wavefunction (CASPT2) and density functional methodologies have been used to
characterize excited states, intermediates, and transition states for the TiO2
photocatalyzed reduction of CO2 to CH3OH by H2O. CO2 is found to plausibly
bind to reduced TiO2 surface sites, and subsequently be reduced with a small
classical barrier of 10 kcal/mol. Subsequent steps (formate and formaldehyde
reduction) are computed to also have reasonable binding energies and low
kinetic barriers.
COMP 115
Quantum chemical molecular dynamics simulations of growth of
fullerenes, metallofullerenes and carbon nanotubes
Keiji Morokuma1, Stephan Irle2, Zhi Wang3, Guishan Zheng3, Benjamin Y.
Finck3, Biswajit Saha4, Yasuhito Ohta4, and Yoshiko Okamoto4. (1) Fukui Institute

for Fundamental Chemistry (Department of Chemistry), Kyoto University (Emory
University), 34-4 Takano Nishihiraki-cho, Sakyo-ku, Kyoto 606-8103, Japan,
morokuma@emory.edu, (2) Institute for Advanced Research and Department of
Chemistry, Nagoya University, Nagoya 464-8602, Japan, (3) Cherry L. Emerson
Center for Scientific Computation and Department of Chemistry, Emory
University, Atlanta, GA 30322, (4) Fukui Institute for Fundamental Chemistry,
Kyoto University, Kyoto 606-8103, Japan
By utilizing quantum chemical molecular dynamics simulations based on the
density functional tight binding (DFTB) method, we have previously
demonstrated the formation of fullerenes from an assembly of C2 molecules [1]
as well as the formation of a carbon nanocap on the C-face of the SiC surface
[2]. The fullerene formation mechanism is a good example for dynamic selfassembly leading to dissipative structures far from thermodynamic equilibrium,
and we proposed the “shrinking hot giant” road, which provides a natural
explanation for the observed cage size distributions. We have extended such
QM/MD studies to 1. fullerene formation during benzene combustion, 2.
entrapment of metals and C2 inside fullerenes during the shrinking hot giant
road, 3. growth of carbon nanotubes on the SiC surface, and 4. carbon nanotube
self-assembly on transition metal catalysts. Some results of these simulations will
be presented.
[1] S. Irle, G. Zheng, Z. Wang and K. Morokuma, The C60 Formation Puzzle
“Solved”: QM/MD Simulations Reveal the Shrinking Hot Giant Road of the
Dynamic Fullerene Self-Assembly Mechanism. J. Phys. Chem. B, 110, 1453114545 (2006). [2] S. Irle, Z. Wang, G. Zheng, K. Morokuma and M. Kusunoki,
Theory And Experiment Agree: SWNT Caps Grow Catalyst-Free with Chirality
Preference on SiC, J. Chem. Phys. 125, 044702/1-5 (2006).
COMP 116
Silicon nanowire thermoelectrics
James R. Heath1, Akram Boukai1, Yuri Bunimovich2, Jen Kan Yu1, William A.
Goddard III3, Paul von Allmen4, Jamil Tahir-Kheli5, Seungwon Lee3, Robert J.
Nielsen3, and Yuki Matsuda6. (1) Caltech Division of Chemistry and Chemical
Engineering, M/C 127-72, Pasadena, CA 91125, heath@caltech.edu, (2) Division
of Chemistry and Chemical Engineering, California Institute of Technology,
Pasadena, CA 91125, (3) Materials and Process Simulation Center, California
Institute of Technology, Pasadena, CA 91125, (4) Motorola Labs, Tempe, AZ
85284, (5) Materials and Process Simulation Center (MSC) (139-74), California
Institute of Technology, Pasadena, CA 91125, (6) Division of Materials Science,
California Institute of Technology, Pasadena, CA 91125

Thermoelectric materials convert a temperature difference into a voltage, and so
can provide for a power source with no moving parts. The optimization of a
thermoelectric material involves the optimization of three different physical
parameters – the thermopower (S, measured in volts per Kelvin), the electrical
conductivity (σ), and the inverse of the thermal conductivity (κ). These different
parameters are typically not independent, often frustrating the process of
optimizing such materials. However, in certain cases, the ability to tune the
physical dimensions of the thermoelectric material provides a powerful handle for
such optimization. In this talk, we will discuss a set of experimental
measurements upon silicon nanowire thermoelectrics and compare to the results
of first principle predictions from theory. Separate measurements of all three
critical thermoelectric parameters, coupled with the ability to tune the nanowire
diameter and doping level, are beginning to reveal that high-performance
thermoelectric materials can be generated from single crystal silicon.
COMP 117
Chemical dynamics at metal surfaces: Electronic excitations
Neil Shenvi1, Sharani Roy1, Hongzhi Cheng2, and John Tully1. (1) Department of
Chemistry, Yale University, 225 Prospect Street, P.O. Box 208107, New Haven,
CT 06520-8107, Fax: 203-432-6144, john.tully@yale.edu, (2) Department of
Physics, Yale University, New Haven, CT 06520-8107
At metal surfaces nonadiabatic behavior is the rule rather than the exception.
Electron-hole pair transitions, charge transfer and hot-electron-induced motion
can be dominant pathways for energy flow. Recent experiments have
demonstrated that molecular vibrational energy and reaction exothermicity can
produce highly excited electrons, even resulting in electron emission. The
conventional “molecular dynamics with electronic friction” (MDEF) theory, while
quite successful in describing energy loss to electron-hole pairs, cannot
encompass these recent observations. MDEF is based on a weak coupling
assumption, resulting in single-quantum vibrational transitions; i.e., several
weakly excited electrons rather than a single highly excited electron. In this paper
we describe progress towards a unified theory of nonadiabatic dynamics at metal
surfaces that is applicable beyond the weak coupling regime. We present initial
applications to multi-quantum vibrational-to-electronic energy transfer in
scattering of highly vibrationally excited nitric oxide from clean and cesiated gold
surfaces, with comparison to experiment.
COMP 118
Quantum conductance of silver nanowires and linearization of atomic gold
chains

Young Cheol Choi, Woo Youn Kim, Seung Kyu Min, Han Myoung Lee, and
Kwang S. Kim, Department of Chemistry, Pohang University of Science and
Technology, San 31, Hyojadong, Namgu, Pohang 790-784, South Korea, Fax:
+82-54-279-8137, kim@postech.ac.kr
Based on first principles theory, we have investigated diverse phenomena of
nanowires and novel materials. Here, we introduce recent results, the thinning
process of silver nanowires (NW) and the design of stable linear single atomic
chains using charge-transfer-driven alloying approach. First, we have explained
structural evolution in the thinning process of silver NWs using accurate
calculation. An unambiguous identification of the structure of a NW requires at
least two views along different directions. In the cases where two views of
different NW structures are practically the same for very thin NWs which pose
experimental difficulty due to small signal-to-noise ratio, our theoretical analysis
helps distinguish these structures. We were also able to explain the puzzling
experimental observation of fractionally quantized G values by noting the
existence of mixed structures for thin wires. Second, on the basis of first
principles calculations of clusters and one dimensional infinitely long
subnanowires of the binary systems, we find that alkali-noble metal alloy wires
show better linearity and better stability than either pure alkali metal wires or
noble metal wires. The enhanced alternating charge build-up on atoms due to
charge transfer helps the atoms line up straight. The cesium doped gold wires
showing significant charge transfer from cesium to gold can be stabilized as
linear or circular monoatomic chains.
COMP 119
Time-dependent density-functional theory for open systems and its
calculation of transient currents through molecular devices
GuanHua Chen, Department of Chemistry, The Unversity of Hong Kong,
Pokfulam Road, Hong Kong, China, Fax: 852-28571586, ghc@everest.hku.hk
With our proof of the holographic electron density theorem for time-dependent
systems, a first-principles method for any open electronic system is established.
By introducing the self-energy density functionals for the dissipative interactions
between the reduced system and its environment, we develop a time-dependent
density-functional theory formalism based on an equation of motion for the KohnSham reduced single-electron density matrix of the reduced system. Two
approximate schemes are proposed for the self-energy density functionals, the
complete second order approximation and the wide-band limit approximation. A
numerical method based on the wide-band limit approximation is subsequently
developed and implemented to simulate the steady and transient current through
various realistic molecular devices. Simulation results are presented and
discussed.

COMP 120
A proposed structural model for human protein Z and its putative activated
form (Za)
Vasu Chandrasekaran1, Chang Jun Lee1, Robert E Duke1, Lalith Perera2, and
Lee G. Pedersen1. (1) Department of Chemistry, The University of North Carolina
at Chapel Hill, Chapel Hill, NC 27599, vasu@email.unc.edu, (2) Laboratory of
Structural Biology, NIEHS, Research Triangle Park, NC 27709, Research
Triangle Park, NC 27709
Protein Z (PZ) is a vitamin K-dependent (VKD) protein which is relatively
abundant in humans, with a wide plasma concentration range. It functions as a
cofactor for protein Z-dependent protease inhibitor (ZPI) in the inhibition of
activated factor X (Xa) activity. Despite its important role in the regulation of
blood coagulation, the structure of PZ remains unclear. i) We propose a solventequilibrated atomistic structural model of human PZ based on its homology with
FVII, FIX, FX, and Protein C (PC). Our model is consistent with the available
experimental data and mutational studies on PZ. Analysis of the N-terminal
domains of the model, following 9 ns molecular dynamics refinement, reveals
them to be compatible with the known features of VKD coagulation proteins.
Although the C-terminal SP-like domain of PZ has two non-homologous residues
in the putative catalytic triad, the relative spatial orientation of the triad and the
overall secondary structural features of the domain are similar to other VKD
proteins, raising the possibility that PZ might have been functionally active as a
serine protease in the evolutionary past. ii) In an attempt to generate an in silico
model of activated protein Z, we have identified amino acid mutations in the SPlike domain that might reasonably resurrect serine protease catalytic activity of
PZ. The structure was then modeled based on the proposed sequence. This
model of activated protein PZ (Za) is consistent with known X-ray structures of
FVIIa and FXa, after 9 ns of unconstrained MD simulation. Experimental studies
to express and investigate possible catalytic activity of this sequence should
follow to test our model.
COMP 121
Disruption of membranes by antimicrobial oligomers: An atomistic view
Jerome Henin and Michael L. Klein, Center for Molecular Modeling, Chemistry
Department, University of Pennsylvania, 231 South 34th Street, Philadelphia, PA
19104, jhenin@cmm.chem.upenn.edu
Natural antimicrobial peptides have inspired the design of many biologically
active synthetic oligomers. We use atomistic simulations to understand the

interaction of a meta-phenyleneethynylene trimer with a mixed bilayer that
mimics the inner membrane of Gram-negative bacteria. Key elementary
processes are observed, such as aggregation, membrane binding and insertion.
The mechanism for membrane leakage, conducive to selective antibacterial
action, is investigated.
COMP 122
An ionic network stabilizes the p53 tetramerization domain
Thu-Zar W. Lwin1, Charles Galea2, Richard W. Kriwacki2, and Donald Bashford1.
(1) Molecular Biotechnology/Hartwell Center for Bioinformatics and
Biotechnology, St. Jude Children's Research Hospital, Memphis, TN 38105,
thuzar.lwin@stjude.org, (2) Department of Structural Biology, St. Jude Children's
Research Hospital, Memphis, TN 38105
The tumor suppressor protein, p53, is a tertameric transcription factor that is
activated in response to genotoxic stress, causing either cell-cycle arrest or
apoptosis. p53 possesses two folded domains which mediate DNA binding
(residues 102-292) and tetramerization (residues 325-363). The vast majority of
cancer-associated p53 point mutations occur within these domains. The
tetramerization domain (p53tet) is a dimer of dimers that is stabilized by both
hydrophobic and ionic interactions between individual subunits. Mutations in this
domain affect both its conformation and stability and diminish p53's activity as a
DNA binding transcription factor. For example, mutation of Arg 337 to His
(R337H) destabilizes p53tet in a pH dependent manner and is associated
specifically with adrenal cortical carcinoma in children. An inter-subunit salt
bridge between R337 and D352 was originally identified as a major contributor to
p53tet stability based on results from X-ray crystallography. Interestingly, based
on molecular dynamics simulations, we identified additional inter-subunit
interactions that form a dynamic ionic network rather than a single salt bridge. To
explore the thermodynamic implications of these findings, we prepared and
performed biophysical studies with p53tet molecules in which one or two of the
critically charged residues were mutated to alanine. The results of these
experiments confirm that residues in addition to R337 and D352 participate in
inter-subunit interactions within p53tet. Furthermore, these results provide an
explanation of the extraordinary stability of the p53tet domain and serve as a
model for understanding the stability of other protein oligomers on the basis of
multifarious ionic interactions.
COMP 123
Coupling of fast and slow modes in the reaction pathway of the minimal
hammerhead ribozyme cleavage

Ravi Radhakrishnan, Department of Bioengineering, University of
Pennsylvania, 210 s 33rd street, Skirkanich Hall, Philadelphia, PA 19104, Fax:
215 573 2071, rradhak@seas.upenn.edu
The emerging view is that long-range or global and short-range or local motions
in biomolecules with a diverse range of timescales tend to couple to bring
together the essential elements required for chemical catalysis. The coupling of
fast and slow modes poses limitations on the conformational sampling and
plagues the use of computationally demanding QMMM modeling approaches to
characterize complex reaction pathways. In this article, we investigate the effect
of coupling between the slow dynamical modes and the fast (reactive) dynamical
modes on the phosphoryl transfer pathway of the minimal hammerhead
ribozyme. By employing classical molecular dynamics, correlation analysis of
coupling between slow and fast dynamical modes, and free energy (umbrella)
sampling using classical as well as mixed quantum mechanics molecular
mechanics (QMMM) force-fields, we uncover a possible pathway for phosphoryl
transfer in the self-cleaving reaction of the minimal hammerhead ribozyme. The
significance of this pathway is that it initiates from the minimal hammerhead
crystal structure and describes the reaction landscape as a conformational
rearrangement followed by a covalent transformation. The delineated mechanism
is catalyzed by two metal (Mg2+) ions, proceeds via an in-line-attack by CYT 17
O2' on the scissile phosphorous (ADE 1.1 P), and is therefore consistent with the
experimentally observed inversion configuration. According to the delineated
mechanism, the coupling between slow modes involving the hammerhead
backbone with fast modes in the cleavage site appears to be crucial for setting
up the in-line nucleophilic attack.
Paper to appear in Biophys J, 2007
COMP 124
Gating mechanisms in the ribosomal exit tunnel
Paula Petrone, Department of Biophysics, Stanford University, Clark Center, MC
5447, Stanford, CA 94305-5080, ppetrone@stanford.edu, and Vijay S. Pande,
Departments of Chemistry and Structural Biology, Stanford University, Stanford,
CA 94035
The ribosome is a complex molecular machine that consists of several
components, synchronized in time to achieve synthesis of proteins, which
emerge as nascent polypeptide chains from the exit tunnel located in the large
subunit. The existence, length and conserved sequence of the exit tunnel
suggest that it is not merely a passive gateway, but has a key, though yet
unknown, purpose in translation.

This project investigates the architecture and chemical environment of the
ribosome tunnel to elucidate its role in the regulation of translation. Using the
computational power of Folding@Home Distributed Computing cluster, we
calculate the 3D Potential of Mean Force of chemical motifs in the ribosomal exit
tunnel, and observe binding sites and energetic barriers. This kind of study
shows the importance of computer simulation as a powerful tool to complement
crystallographic studies and provide physicochemical data that would not be
otherwise attainable by the current experimental methods.
COMP 125
Interaction of a type IIa bacteriocin with lipid bilayer and its immunity
protein: A molecular dynamics simulation study
Kamaljit Kaur1, Wael Soliman1, and Subir Bhattacharjee2. (1) Faculty of
Pharmacy and Pharmaceutical Sciences, University of Alberta, 3126
Dentistry/Pharmacy Centre, Edmonton, AB T6G 2N8, Canada, Fax: 780-4921217, kkaur@ualberta.ca, (2) Mechanical Engineering Department, University of
Alberta, Edmonton, AB T6G 2G8, Canada
Interaction of carnobacteriocin B2 (CbnB2), a structurally well characterized type
IIa bacteriocin, with lipid bilayer and its immunity protein (ImB2) has been studied
employing molecular dynamics (MD) simulations. Six 50 ns simulations were
conducted by placing CbnB2 at different positions and orientations with respect
to the bilayer to study the interaction between CbnB2 and the bilayer. During
these simulations, CbnB2 reached the surface of the bilayer and interacted with
the polar head groups of the bilayer. CbnB2 at the interface in the water layer
seem to be most well behaved and was chosen for further CbnB2-ImB2
interaction studies. Several CbnB2-ImB2 simulations were performed by placing
ImB2 in the bilayer in different orientations with respect to CbnB2 to study
possible direct interaction between CbnB2 and ImB2. The implication of these
results on how type IIa bacteriocins and their immunity proteins may interact with
molecular specificity will be discussed.
COMP 126
Molecular dynamics study for nitrous oxide in a DMPC bilayer
Eric Pinnick1, Shyamsunder Erramilli1, and Feng Wang2. (1) Department of
Physics, Boston University, 590 Commonwealth Avenue, Boston, MA 02215,
nihility@bu.edu, (2) Department of Chemistry, Boston University, Boston, MA
02215

Nitrous oxide has been used as an anesthetic for over 160 years, but the
molecular mechanism of the anesthetic action is not known. Understanding the
interaction of nitrous oxide with the basic components of biological membranes
may shed light on this long-standing problem. To this end, we present molecular
dynamics calculations of the potential of mean force of nitrous oxide in a
dimyristoylphosphatidylcholine (DMPC) bilayer in water. The distribution of the
gas molecules in the membrane, and influence of nitrous oxide on the dynamics
of DMPC bilayer are reported. Support for EP from an Advanced Computation in
Engineering and Science fellowship is gratefully acknowledged.
COMP 127
Molecular simulation of RNA complexes: Searching for minimum binding
sequences
Sandro Mecozzi, School of Pharmacy and Department of Chemistry, University
of Wisconsin, 777 Highland Ave, Madison, WI 53705, Fax: 608-262-5345,
smecozzi@wisc.edu
We wish to report on a novel computational methodology for identifying the RNA
minimum binding sequences to a variety of different molecules. The starting point
of the new methodology is the X-ray or NMR-based structure between a large
RNA and a certain substrate. By applying an iterative procedure based on a
combination of molecular mechanics and molecular dynamics simulations we can
shorten the RNA until the minimum sequence requirements for the binding to that
specific molecule can be identified. Further removal of one extra nucleic base
dramatically decreases the complex binding affinity. We have applied this
procedure to the binding of conformationally and chemically diverse compounds
such as : Theophylline, caffeine, flavin mononucleotide, the aminoglycoside
paromomycin, and the HIV-1 REV peptide. All these molecules present specific
challenges and this talk will describe how molecular simulations can help
understanding drug design and RNA-ligand recognition. All predicted
computational results have been confirmed by experimental measurements.
COMP 128
Competing effects in hydrophobic hydration
David Chandler, Department of Chemistry, UC Berkeley, Gilman Hall 37,
Berkeley, CA CA 94720, chandler@cchem.berkeley.edu
This lecture is about the theory of hydrophobic effects. Particular attention will be
focused on hydration of amphiphilic molecules where competition between

hydrophobic and hydrophilic interactions is important. The contrasting roles of
small and large length scale effects in this competition will be discussed.
COMP 129
Effects of motion and aggregation of AFP segments on water molecules
near an ice crystal
Yoshimichi Hagiwara and Takashi Nobekawa, Department of Mechanical and
System Engineering, Kyoto Institute of Technology, Goshokaidocho,
Matsugasaki, Sakyo-ku, Kyoto 606-8585, Japan, Fax: +81-75-724-7300,
yoshi@kit.ac.jp
We have carried out a molecular dynamics simulation of the mixture of water, a
hexagonal ice crystal and the segments of HPLC6. The segments have á-helical
structure and consist of residues from Thr24 to Thr35. The mutant segments, in
which Thr24 and Thr35 are replaced with valine residues, are also used. It is
found that the hydrogen sites of Thr24 and Asn27 play an important role in the
hydrogen bond of water molecules around these residues. In case with one
segment in the vicinity of a pyramidal plane of the ice crystal, Thr24 approaches
the plane. Val24 in the mutant segment does not approach the plane. In the case
with five segments in the vicinity of two pyramidal planes, the hydrophobic
hydration shells, which are formed by the alanine residues of each segment, are
found to be more predominant than the hydrogen bond.
COMP 130
From interfacial structure to antifreeze mechanism of antifreeze protein
Xiang Yang Liu and Ning Du, Department of Physics, National University of
Singapore, 2 Science Drive 3, Singapore 117542, Singapore,
phyliuxy@nus.edu.sg, phydn@nus.edu.sg
Many fishes, plants, insects and other organism have involved with unique
adsorptive mechanisms that allow them to survive in harsh environments at the
extremes of temperature. Antifreeze proteins (AFPs) are found to be able to
prevent or reduce the damage caused by freezing to living organism by lowering
the freezing point of their blood and other internal fluids. These properties have
attracted significant interest for their potential applications in medicine and
industry where low temperature storage is required and ice crystallization is
damaging. The applications include improved protection of blood platelets and
human organs at low temperature, increasing the effectiveness of the destruction
of malignant tumors in cryosurgery, and improvement of the smooth texture of
frozen foods. Nevertheless, the effect of the adsorbed AFPs on the kinetics of ice

formation remains as mystery, despite the acquisition of several AFP threedimensional structures and the definition of their ice-binding sites by
mutagenesis. It follows from our research that the nucleation of ice is promoted
significantly by minus dust particles even in ultra clean water. The antifreeze
effect can therefore be achieved by inactivating these minus dust particle. From
nucleation kinetics experiments, it showed that AFPs inhibit ice nucleation
process by adsorbing onto both the surface of ice and that of the foreign
particles. The correlation between the structure of adsorbed AFP layer at the
surface of foreign body has been identified based on neutron scattering and
micro-sized ice crystallization technologies, and the change of AFP concentration
on the structure of adsorbed AFP layer, are found to have a direct link to the
inhibition of ice nucleation.
COMP 131
Interaction and dynamics in water-AFP-ice interfacial region and the
thermodynamic effect on ice growth inhibition
Yong Ba and Yougang Mao, Department of Chemistry and Biochemistry,
California State University, Los Angeles, 5151 State University Drive, Los
Angeles, CA 90032, Fax: (323) 343-6490, yba@calstatela.edu
Double resonance and relaxation solid state NMR techniques were applied to
probe the interaction and dynamics of specific Ala side chain 13C-labeled type I
AFP's with water molecules in Water-AFP-Ice interfacial (WAI) Region. The
results reveal that water molecules closely capped the methyl groups on the
binding surface within the range of van der Waals interaction, while the
surrounding water molecules on the opposite surface were loose. The interaction
of AFP with the interfacial water molecules is able to increase the AFP's
concentration in the WAI interfacial region tremendously, which significantly
decreases the mole fraction of the interfacial water, and thus lower the
temperature for a seed ice crystal to grow in a super-cooled AFP solution. We
will present the new mechanism entitled, Ice-Surface Adsorption Enhanced
Colligative Effect of Antifreeze Proteins in Ice Growth Inhibition, in the meeting.
COMP 132
Antifreeze protein from Japanese fish: An epoch in biotechnology
Sakae Tsuda, Institute of Genome-Based Biofactory, National Institute of
Advanced Industrial Science and Technology (AIST) - Japan, 2-17-2-1
Tsukisamu-Higashi, Toyohira, Sapporo 062-8517, Japan

We have found that (1) many fish living off the north coast of Japan (~40 degrees
latitude) express antifreeze proteins (AFPI ~ III) and (2) muscle of these fish can
be used as a good source material for a mass purification of AFP [1], which will
advance its biotechnological applications in many fields. For example, we
recently could prepare an AFPIII-assembled plate (~600 million /cm2) that exerts
ice-nucleation function, thereby freezing the attached water at around -1 degree.
Besides the mechanical insight of the AFP-plate, our recent biotechnological
progressions using a mass amount of fish AFP will be presented in the meeting.
[1] Nishimiya, et al. (2005) FEBS, J., 272, 482-492.
COMP 133
Molecular dynamics study of growth kinetics of ice-water interfaces in the
presence of winter flounder antifreeze protein
Hiroki Nada, National Institute of Advanced Industrial Science and Technology
(AIST), 16-1 Onogawa, Tsukuba 305-8569, Japan, Fax: +81-29-861-8722,
hiroki.nada@aist.go.jp, and Yoshinori Furukawa, ILTS, Hokkaido University,
Sapporo, Japan
We carried out molecular dynamics simulations of ice-water interfaces in the
presence of a winter flounder antifreeze protein (AFP) to elucidate the
mechanism of ice growth inhibition by the AFP at the molecular level. The
simulations were performed for the interfaces of a pyramidal {20-21} and
prismatic {10-10} planes. The growth of several molecular layers of ice was
clearly observed around the AFP on each interface within the run of 4 ns. Drastic
slowdown of ice growth due to the Gibbs-Thomson effect was clearly observed
only around the AFP that was initially aligned along the <01-12> vector on the
pyramidal interface. Moreover, it was observed that the AFP aligned initially on
the prismatic interface gradually tilted to the <01-12> vector during growth. It
should be noted that the simulation results are consistent with the growth of
hexagonal bipyramidal ice in the presence of the AFPs in real systems.
COMP 134
The surface of nitric acid solutions: Insights gained from a combined
experimental and computational approach
Geraldine L. Richmond, Department of Chemistry, University of Oregon,
Eugene, OR 97403, richmond@uoregon.edu
Nitric acid plays an important role in the heterogeneous chemistry of the
atmosphere. Reactions involving HNO3 at aqueous interfaces in the stratosphere
and troposphere depend on the state of nitric acid at these surfaces. This

presentation will discuss our recent results involving a combination of vibrational
sum frequency spectroscopy (VSFS) and ab-initio calculations to understand the
surface of HNO3-H2O binary solutions and HNO3-H2SO4-H2O ternary solutions.
Spectra of the NO2 group at different HNO3 mole fractions and under different
polarization combinations are used to develop a detailed picture of these
atmospherically important systems. Consistent with surface tension and
spectroscopic measurements from other laboratories, molecular nitric acid is
identified at the surface of concentrated solutions. However, the data here reveal
the adsorption of two different hydrogen-bonded species of undissociated HNO3
in the interfacial region that differ in their degree of solvation of the nitro group.
The adsorption of these undissociated nitric acid species is shown to be sensitive
to the H2O:HNO3 ratio as well as to the concentration of sulfuric acid. The
calculations compare well with the experimental results and provide further
insights into the interesting interfacial interactions present at these
environmentally important nitric acid surfaces.
COMP 135
Hydrated protons at interfaces
Gregory A. Voth, Center for Biophysical Modeling & Simulation, University of
Utah, Department of Chemistry, 315 S. 1400 E. Rm 2020, Salt Lake City, UT
84112-0850, voth@chem.utah.edu
The unique “amphiphilic” behavior discovered for hydrated excess protons at
mixed dielectric interfaces will be presented. Such interfaces include the liquid
water-vapor, water-alcohol, and water-hydrophobic interfaces. The implications
of this behavior for spectroscopic and thermodynamic measurements will also be
discussed. The complex permeation pathways of excess protons through lipid
bilayers will be described and compared to that for more standard cations if time
allows.
COMP 136
Structure and dynamics of atmospherically relevant aqueous interfaces
Jennie L. Thomas1, Amy C. Moskun1, Lisa M. Wingen1, Martina Roeselová2,
Barbara J. Finlayson-Pitts1, and Douglas J. Tobias1. (1) Department of
Chemistry, University of California, Irvine, 1120 Natural Sciences 2, Irvine, CA
92697-2025, jenniet@uci.edu, (2) Institute of Organic Chemistry and
Biochemistry and Center for Biomolecules and Complex Molecular Systems,
Academy of Sciences of the Czech Republic, CZ-16610 Prague, Czech Republic

Knowledge of the structure and dynamics of aqueous interfaces is essential for
understanding chemical reactions occurring at the gas-particle interface of
atmospheric aerosols. Recent molecular dynamics (MD) simulations in our
laboratory have shown that polarizable ions reside at the air-water interface and
are available for reaction upon interaction with atmospheric oxidants. Dynamics
and structure of more complicated systems, such as mixtures of sodium nitrate
and sodium chloride will be presented. In combination with experimental studies
on aerosol photochemistry recent developments in our understanding of
heterogeneous processes in the atmosphere will be discussed.
COMP 137
Application of inner-shell photoelectron spectroscopy to aqueous
solutions
Bernd Winter, Optic and spectroscopy, Max-Born-Institut, Berlin, Berlin,
Germany, bwinter@mbi-berlin.de
Photoelectron (PE) spectroscopy, performed on a liquid microjet in ultrahigh
vacuum, is used to experimentally access the interfacial density profile of halide
anions at the aqueous interface. Here we exploit the relationship of the electron
mean free path as a function of electron kinetic energy, which enables us to
(predominantly) probe either the surface or the bulk solution. We also report on
surface and bulk PE spectra of pure liquid water, as well as on the hydrated
proton and of OH-. O1s core-level spectra of surface and bulk water are very
similar, but an additional low-energy component is observed in the bulk PE
spectrum. The results are discussed in terms of different water coordination
configurations, i.e., water molecules assuming various broken hydrogen bonding
configurations
COMP 138
Computational study of SFG spectra of ice, water and acid solution
Victoria Buch, Physical Chemistry, Hebrew University, Jerusalem 91904, Israel,
Fax: 972-2-6513-742, viki@fh.huji.ac.il, Geraldine L. Richmond, Department of
Chemistry, University of Oregon, Eugene, OR 97403, and Mary Jane Shultz,
Department of Chemistry, Tufts University, Medford, MA 02155
A new computational scheme is presented for calculation of SFG spectra, based
on the exciton model for OH-bonds. The scheme is applied for unified analysis of
SFG spectra in the OH-stretch region for ice, liquid water and acid solution. An
important role of intermolecularly coupled collective modes is pointed out. SFG
intensity amplification in the H-bonded OH-stretch region is reproduced

computationally and accounted for by enhanced orientational preference "into the
surface" of the water molecules` bisectors within the solvation shell.
COMP 139
pH of the liquid water surface: Is hydroxide present at the interface?
Richard J. Saykally, Department of Chemistry, University of California,
Berkeley, CA 94720-1460, Fax: 510-642-8369, saykally@berkeley.edu, and Poul
B. Petersen, Department of Chemistry, Massachusetts Institute of Technology,
Cambridge, MA 02144
Our understanding of how small inorganic ions are solvated at the liquid water-air
interface is changing rapidly and textbook paradigms are yielding to results from
new molecula-based experiments. A particularly interesting case is the potential
existence of hydroxide and/or hydronium at the interface, pertaining to the
surface pH of water, where conflicting interpretations are reached from
macroscopic and molecular models. We present second harmonic generation
(SHG) results for hydroxide and hydriodic acid solutions. The experiments show
surface activity of hydronium but give no indication of preferential adsorption of
hydroxide at the outermost liquid layer of the interface. These results are in
agreement with other molecular experiments and simulations, but disagree with
conclusions based on macroscopic experiments.
COMP 140
Deducing the multiple binding modes of p53 tetramer – DNA interaction
based on full-site palindrome of p53 response elements
Buyong Ma, Center for Cancer Research Nanobiology Program, Basic Research
Program, SAIC, NCI-FCRDC, Frederick, MD 21702, Fax: 301-846-5598,
mab@ncifcrf.gov, and Arnold J. Levine, Institute for Advanced Study, Princeton,
NJ 08540
The p53 tetramer recognizes specifically a twenty base-pair DNA element. Here,
we first examined symmetries encoded in p53 response elements (p53REs). We
analyzed base inversion correlations within the half-site, as well as in the full-site
palindrome. We found that p53REs are not only repeats of half-sites; rather, two
p53 half-sites couple to form higher order 20 bps palindrome. The palindrome
couplings between the half-sites are stronger for the human than for the mouse
genome. The insertions between the two half-sites affect the level of couplings.
The most notable feature is that the coupling between quarter-sites one and four
dominates the p53REs without insertion. Insertion of three base pairs enhances
the half-site palindrome. The statistical frequencies of the coupling between the

half sites in the human genome correlate with grouped experimental p53 affinities
with p53REs. The p53 tetramer may bind p53RE targets with different spacer
lengths, and four-way Holliday junctions, suggesting different geometries and
sequences. We propose that the palindromic sequence couplings may encode
such potential preferred multiple binding modes of the p53 tetramer to DNA. We
use DNA sequence analysis and perform molecular simulations. To construct the
models we make use of the available dimer- and trimer-DNA crystal structures of
the core domain which allow us to computationally test different modes. We test
four binding modes for five native p53REs (p21-5', GADD45, pDINP1, p53AIP1,
and PUMA-BS2) and model the p53 in complex with the Holliday junction. We
observe that alternative multiple binding modes are potentially feasible and may
converge for different geometries. Four p53 monomers may potentially bind
linear DNA with one mode in C2 symmetry. In an alternative arrangement, p53
tetramer can conceivably recognize supercoiled DNA sequence-specifically and
Holliday junction geometry-specifically.
COMP 141
How does a protein find its site on DNA?
Leonid Mirny, Harvard-MIT Division of Health Sciences and Technology,
Massachusetts Institute of Technology, Cambridge, MA 02139, leonid@mit.edu
The recognition of specific sites on DNA by proteins is central for many cellular
processes. To find its specific site, a protein needs to sample all 106-109 nonspecific sites on the genome. An efficient mechanism for such sampling is 1dimensional sliding along DNA alternating with 3-dimensional diffusion between
remote DNA strands. However, if a protein binds all these sites while sampling,
the search becomes prohibitively slow, akin to the famous Levinthal paradox of
protein folding.
We demonstrate that structural flexibility of the protein-DNA complex allows a
protein to perform a fast search among 106-109 non- specific sites. Next, we
consider several biological implications of the sliding mechanism such as the
effect of nucleosomes and other DNA- bound proteins and the organization of
genes in the genome. Recent NMR experiments, demonstration of p53 sliding,
maps of yeast nucleosomes, and genomic studies provide strong support for the
proposed mechanism.
COMP 142
Fragile X mental retardation syndrome: Structure of the KH1-KH2 domains
of fragile X mental retardation protein

Lynne Regan, Roberto Valverde, Irina Pozdnyakova, Tommi Kajander, and
Janani Venkatraman, Departments of Molecular Biophysics & Biochemistry and
Department of Chemistry, Yale University, 266 Whitney Avenue, New Haven, CT
06511, Fax: 203-432-5175, lynne.regan@yale.edu
Fragile X syndrome is the most common form of inherited mental retardation in
humans, with an estimated prevalence of about 1 in 4000 males. Although
several observations indicate that absence of functional Fragile X Mental
Retardation Protein (FMRP) is the underlying basis of Fragile X, the structure
and function of FMRP are currently unknown. We will present the x-ray crystal
structure of the tandem KH domains of human FMRP, which reveals the relative
orientation of the KH1 and KH2 domains and the location of residue Ile304,
whose mutation to Asn is associated with a particularly severe incidence of
Fragile X syndrome. The proposed role of FMRP is to interact with specific RNAs
and thereby modulate their translation or sub-cellular localization. We will discuss
what is known about KH-RNA interactions in general, and how the structure of
the tandem KH domains of FMRP adds to this understanding.
COMP 143
Mechanism of RNA binding by RNA recognition motifs
Kathleen B. Hall, Department of Biochemistry and Molecular Biophysics,
Washington University School of Medicine, St. Louis, MO 63110,
hall@bionmr3.wustl.edu
The RNA Recognition Motif (RRM) is the most common eukaryotic RNA binding
protein. Its structure is a common α/ β sandwich fold formed from its β1-α1-β2β3-α2-β4 secondary structure. Two conserved sequences comprise part of â1
and â3. There are over 26000 examples of RRMs in the NCBI data base. To
understand the binding mechanism, including specificity and affinity, our in vitro
and in silico analyses of the human U1A RRM1 suggest that the ps-ns rapid
motions that exist throughout its RNA binding surface are coupled (correlated).
The coupled motions pre-organize the binding surface, and when they are
disrupted, binding becomes weaker. We propose that such correlated motions
will exist in RRMs, and will effectively define the surface of the protein that is
used for interaction with the RNA. We also propose that only one such surface is
present in these proteins, and for those RRMs where no RNA target is identified,
it can be used to locate the binding surface. For other proteins with the RRM fold,
but which do not bind RNA, their correlated motions will encompass different
parts of the protein. We are now testing this hypothesis.
COMP 144

Probing the structure and activity of DNA-/RNA-processing enzymes with
the 2,4-difluorotoluyl/ribo-2,4-difluorotoluyl (dF/rF) nucleoside, an apolar
thymidine/uridine analog
Martin Egli1, Pradeep S. Pallan1, Feng Li1, Adriana Irimia1, Robert L. Eoff1, Jie
Xie2, Anne Noronha2, Kallanthottathil G. Rajeev3, F. Peter Guengerich1, Eriks
Rozners4, and Muthiah Manoharan2. (1) Department of Biochemistry, Vanderbilt
University, School of Medicine, 607 Light Hall, Nashville, TN 37232, Fax: 615322-7122, martin.egli@vanderbilt.edu, (2) Department of Drug Discovery,
Alnylam Pharmaceuticals Inc, Boston, MA 02142, (3) Alnylam Pharmaceuticals,
Cambridge, MA 02142, (4) Department of Chemistry and Chemical Biology,
Northeastern University, Boston, MA 02115
The 2'-deoxy-2,4-difluorotoluyl nucleoside (dF) is a nonpolar nucleoside
analogue of T that was introduced by Kool to probe the relative importance of Hbonds and nucleotide shape in the fidelity of DNA replication. Using kinetic
measurements and X-ray crystallography we assessed the fidelity of replication
of templates containing dF with the Y-class trans-lesion DNA polymerase Dpo4
from S. solfataricus. We employed the rF analogue to gain insight into the
mechanism of mRNA downregulation mediated by the RNA-protein effector
complexes (RNA-induced silencing complex or RISC). In the talk I will summarize
the results of experiments using the dF and rF analogues to probe DNA
polymerase and RNAi activity, respectively, and discuss the pairing properties of
dF/rF and hydrogen bonding potential of organic fluorine using X-ray
crystallography, thermodynamic and osmotic pressure measurements as well as
semiempirical calculations.
Supported by NIH grants R01 GM055237 (M.E.), P01 ES05355 (M.E.) and P30
ES000267 (F.P.G & M.E.).
COMP 145
Design of a protein ring sequencer via SMD simulations of RNA
translocation
Ioana Cozmuta, Eloret Corporation, Space Technology Division, NASA Ames
Research Center, Mail Stop 230-3, Moffett Field, CA 94035,
icozmuta@mail.arc.nasa.gov, and Viktor Stolc, Nasa Ames Research Center,
Moffett Field, CA 94035
This study presents a first-principle method using Steered Molecular Dynamics
(SMD) simulations to model nucleic acid polymer translocation through an
engineered protein ring designed out of the constriction of the alpha-hemolysin
channel. Three RNA polymers, rA[10nt], rC[10nt] and rU[11nt], are translocated
through three chemically modified versions of the protein ring generated by

substituting the amino acids lying at the position of minimum radius with lysine
(Lys), arginine (Arg) and glycine (Gly), respectively. The calculated work and
energetic profiles corresponding to the nine RNA-protein ring combinations
indicate a decrease of 66% for rA and rC for the Gly substitution and of ~50% for
rU. Translocation thus would be slower through the Lys and Arg rings. This
method provides a fast and reliable way to identify chemical groups that can slow
down nucleic acid polymer translocation to guide the rational design of a nanoengineered biomimetic solid-state nanopore sequencer.
COMP 146
On nucleic acid flexibility using continuum solvent models
Yannick J. Bomble and David A. Case, Department of Molecular Biology, The
Scripps Research Institute, 10550 N. Torrey Pines Road, TPC15, La Jolla, CA
92037, Fax: 858-784-8896, ybomble@scripps.edu
DNA-protein interactions depend on various specific aspects of both the nucleic
acid and the protein. Among them, the flexibility of DNA and its effect on binding
affinities are crucial in understanding the mechanisms involved in nucleic acidprotein interactions. Here, the elastic rod theory is used together with normal
mode and Langevin mode analysis in implicit solvent to characterize the flexibility
and other properties of nucleic acids. The - bending, twisting, stretching rigidities extracted from these all-atom simulations are in good agreement with
experiments. In this study we were especially interested in - salt concentration
and sequence - effects on the overall flexibility of linear fragments and minicircles
of DNA. The well-known CTG and CGG trinucleotide repeats, responsible for
several degenerative disorders are found to be more flexible than random DNA;
in agreement with several recent studies, while poly(dA).poly(dT) is the stiffest
sequence we have encountered. With these results in hand we extended our
analysis to the study of the core-histone binding within the nucleosome
assembly.
COMP 147
Methodological performance reporting: To confuse or to enlighten
Ajay N. Jain, Cancer Research Institute, University of California, San Francisco,
Box 0128, San Francisco, CA 94143-0128, Fax: 650-240-1781,
ajain@jainlab.org
Methods in molecular modeling, including docking, ligand similarity computation,
and 3D QSAR all aim to address substantive operational issues in drug
discovery. If the purpose of publishing papers and giving presentations on

methods is to communicate the effectiveness of methods on the likely operational
performance of the methods, there are implications for test set composition and
preparation, computational procedure specification, and statistical reporting.
Different approaches will be presented in the context of whether specific choices
lead to confusion or to enlightenment. Agreement to follow approaches that lead
to enlightened understanding of real-world performance will improve the field by
accelerating scientific discovery, and will lead to more effective tools whose
operational performance matches the claims of methods developers.
COMP 148
Benchmarking sets for molecular docking
John J Irwin1, Niu Huang2, and Brian Shoichet1. (1) Department of
Pharmaceutical Chemistry, University of California, San Francisco, 1700 4th
Street, San Francisco, CA 94143, jji@cgl.ucsf.edu, (2) Department of
Biopharmaceutical Sciences and Pharmaceutical Chemistry, University of
California, San Francisco, San Francisco, CA 94143
Ligand enrichment among top-ranking hits is a key metric of molecular docking.
To avoid bias, decoys should resemble ligands physically, so that enrichment is
not simply a separation of gross features, yet be chemically distinct from them,
so that they are unlikely to be binders. We have assembled a directory of useful
decoys (DUD), with 2950 ligands for 40 different targets. Every ligand has 36
decoy molecules that are physically similar but topologically distinct, leading to a
database of 98 266 compounds. For most targets, enrichment was at least half a
log better with uncorrected databases such as the MDDR than with DUD,
evidence of bias in the former. These calculations also allowed 40 × 40 crossdocking, where the enrichments of each ligand set could be compared for all 40
targets, enabling a specificity metric for the docking screens. DUD is freely
available online as a benchmarking set for docking at
http://blaster.docking.org/dud/. This talk will also discuss some other web-based
tools that we have developed for virtual screening.
COMP 149
Comparison of topological, shape, and docking methods in virtual
screening
Georgia McGaughey1, Robert P. Sheridan2, Christopher Bayly3, J. Chris
Culberson1, Constantine Kreatsoulas1, Stacey Lindsley1, Vladimir N. Maiorov2,
Jean-Francois Truchon3, and Wendy D. Cornell2. (1) Merck Research
Laboratories, West Point, PA 19486, georgia_mcgaughey@merck.com, (2)

Merck Research Laboratories, Rahway, NJ 07065, Rahway, NJ 07065, (3) Merck
Frosst Centre for Therapeutic Research, Kirkland, QC H9H 3L1, Canada
Virtual screening has been successfully utilized in drug discovery for lead finding,
lead optimization and scaffold hopping. Many published studies on virtual
screening propose that 3D structure based techniques should be the method of
choice to uncover new leads. We present data which suggests that simpler, less
complicated algorithms such as 2D ligand similarity and 3D ligand shape
methods should be a "front line" tool for enrichment and even for lead hopping.
To this end, we performed virtual screening benchmarking studies on eleven
targets to evaluate the performance of these methods: 2D ligand similarity
(Daylight, TOPOSIM), 3D ligand shape (SQW, ROCS) and protein structure
based docking methods (FLOG, FRED, Glide). Using three diverse databases
(MDDR, DUD and Merck's proprietary database) and a new metric for measuring
enrichment (BEDROC), we demonstrate that on average, the ligand-based
methods outperformed any protein structure-based method.
COMP 150
Insights into the setup of the GSK docking evaluation
Neysa Nevins, Computational and Structural Sciences, GlaxoSmithKline, 709
Swedeland RD, UW2940, King of Prussia, PA 19046, Fax: 610-270-6608,
Neysa.2.Nevins@gsk.com, and Martha S Head, Computational and Structural
Sciences, GlaxoSmithKline Pharmaceuticals, Collegeville, PA 19426
Preparing to run a molecular modeling software evaluation requires tremendous
thought upfront. For a docking and scoring evaluation, choice of protein targets,
compound sets, target and ligand preparation, software user experience, and
data analysis will all affect the outcome of the study. This talk will detail how the
GSK docking and scoring evaluation was carried out, with attention given to the
variables mentioned. Changes were implemented as the study progressed, and
the rationale for the initial setup and subsequent study modifications will be
discussed.
COMP 151
On how (not) to do an evaluation
Paul Hawkins, OpenEye Scientific Software, 3600 Cerrillos Road, Suite 1107,
Santa Fe, NM 87507, Fax: 505-473-0833, phawkins@eyesopen.com
A great many publications have appeared in recent years on the evaluation of
computational software for tasks commonly conducted in drug discovery. These

tasks include virtual screening using ligand or structure-based approaches,
bioactive pose prediction and ranking by affinity. The vast majority of these
publications signally ignore one or more important factors that affect the reliability
and interpretability of the results obtained. This paper will discuss, with
examples, some of the failings commonly found in recent evaluations and will
present some suggestions for avoiding these problems in future evaluations.
COMP 152
Stitching with nitrogen
K. Barry Sharpless, Department of Chemistry, The Scripps Research Institute,
10550 N. Torrey Pines Road, La Jolla, CA 92037, Fax: 858-784-7562
Molecules produced by living systems have always inspired synthetic organic
chemists. Desiring to learn from the chemistry of life, organic and medicinal
chemists have favored using reactions that are similar to the prototypical
biosynthetic pathways. As a consequence, today's favorite targets, both in
academic and industrial pharmaceutical chemistry laboratories, are some of the
most complex natural substances ever discovered. Lacking Nature's exquisite
and complex stratagems to steer this essentially thermoneutral chemistry,
synthetic organic chemists have to rely on such highly reactive agents as
organolithiums and enolates, requiring aprotic and oxygen-free conditions.
Fortunately, the universe of possible small molecules remains virtually
unexplored. We propose a synthetic strategy that relies upon heteroatom-carbon
bond connections and the use of at least one relatively high-energy, “springloaded” component, making the bond-forming processes pre-programmed and
exergonic. New molecules of great complexity can arise from reaction sequences
between spring-loaded blocks that become permanently united together via
heteroatoms.
COMP 153
Breakthroughs in oxidizing CH4 and prospects for the 21st century
Roy A. Periana, Loker Hydrocarbon Institute, University of Southern California,
837 Bloomwalk, LHI 101, Los Angeles, CA 90089, Fax: 213-821-2656,
rperiana@usc.edu
Alkane and arenes from natural gas and petroleum are among the world's most
abundant feedstocks and the chemistry to convert these materials to energy, fuel
and chemicals is foundational to much of human society. Particularly relevant to
the development of new, low temperature, selective, oxidation catalysts has been

the discovery of the CH Activation reaction. This is a coordination reaction
between unactivated hydrocarbons and Single-Site metal complexes that
selectively cleave CH bonds at low temperatures to generate M-R intermediates
without the involvement of carbocations, carbanions or free-radicals. In this
presentation I will discuss the issues and approaches to designing new, SingleSite, Oxidation Catalysts that selectively convert hydrocarbons to useful products
such as alcohols by integration of the CH Activation and M-R Functionalization
reactions. All useful catalysts must simultaneously meet minimum requirements
of Life, Rate and Selectivity that depend on catalyst controlled transition state
energies. Given the man-years required to synthesize and study new single-site
catalysts, computational chemistry has and will continue to play an important role
in facilitating the testing of conceptual ideas and the ranking of possible SingleSite complexes most likely to be effective catalysts.
COMP 154
Virtually (im)possible: Computational design of novel C-H functionalization
catalysts
Jonas Oxgaard, Jason Gonzales, Robert J. Nielsen, Zhitao Xu, Jason M. Keith,
John A Keith, Sanja Pudar, Mu-Jeng Cheng, and William A Goddard III, Materials
and Process Simulation Center, California Institute of Technology, Beckman
Institute (139-74), Pasadena, CA 91125, oxgaard@wag.caltech.edu
The low-temperature catalytic functionalization of unactivated C-H bonds is
considered to be one of the greatest challenges of the 21st century. While highly
sought after, particularly in the fuel/energy sector, the challenges involved in
simultaneously breaking the very strong C-H bond and oxidatively generating the
C-O bond are formidable. It is not yet clear exactly what factors controls the
barriers for each of these steps, and rational design of better systems are thus
severely hampered.
This talk will give cover theoretical explorations of mechanisms for
organometallic activation and functionalization of C-H bonds, both as individual
steps and as complete cycles. The studies on the individual steps have led to the
elucidation of novel mechanisms and, for C-H activation, been exploited to
improve catalytic rates. Thus, using the insights from the theoretical results,
novel catalytic systems have been virtually designed and experimentally verified.
Furthermore, the studies on the complete catalytic cycles have yielded not only
insight into how several promising systems work, but have also led to
suggestions for novel catalytic cycles based on non-redox chemistry.
COMP 155

Understanding bistable [2]rotaxanes in solid-state devices
J. Fraser Stoddart and William R. Dichtel, California Nanosystems Institute and
Department of Chemistry and Biochemistry, University of California, Los Angeles,
607 Charles E. Young Dr. East, Los Angeles, CA 90095-1569,
stoddart@chem.ucla.edu
The unique electrochemically controlled switching processes of bistable
[2]rotaxanes are being harnessed to develop functional molecular devices
capable of information storage, mechanical actuation, and the controlled release
of small molecule payloads. The ability to organize and arrange bistable
[2]rotaxane molecules onto surfaces and in the solid-state is a prerequisite to
realizing these opportunities. One solution to this problem is to design
amphiphilicity into the bistable rotaxane structure, such that the molecules may
be organized into smooth monolayers using the Langmuir-Blodgett (LB)
technique. The LB technique has been used successfully to fabricate a working
ultradense nanowire crossbar memory at bit-densities expected in commercial
memory devices in 2020. In order to gain a more complete understanding of the
behavior of bistable [2]rotaxanes in these devices, the superstructures of
amphiphilic bistable [2]rotaxane LB monolayers have been investigated by both
extensive experimental and bold theoretical methods.
COMP 156
Using quantum chemical simulations to engineer new homogeneous
catalysts
Charles B. Musgrave1, Paul Ankan1, Lars P. C. Nielsen2, and Eric N. Jacobsen2.
(1) Department of Chemical Engineering, Stanford University, 380 Roth Way
Department of Chemical Engineering, Stanford, CA 94305-5025, Fax: 650-7259487, chasm@stanford.edu, (2) Department of Chemistry and Chemical Biology,
Harvard University, Cambridge, MA 02138
Bill Goddard has been motivated by the potential of quantum chemistry to serve
as an engineering tool for more than a few years. We share this motivation and
have been inspired by his example of developing and applying simulation tools.
The simulation of new catalytic systems in principle offers a straightforward way
to design and prototype new catalysts. However, the prediction of the catalytic
behavior of a system requires the ability to describe a relatively complex system.
Furthermore, because the catalytic properties of transition metal complexes are
often strongly coupled these properties must be designed-in simultaneously,
rather than sequentially. We illustrate how we have used simulation to
understand catalysts and then exploited this understanding to design new
catalysts. First, we examine the conversion of methane to methanol by
Pt(Bpym)Cl2, Pt(NH3)2Cl2 and several new catalysts we have designed.

Second, we investigate the enantioselective ring-opening of terminal epoxides
using the salen-Co catalyst.
COMP 157
A novel, efficient virtual screening algorithm using 3-D chemical feature
pattern recognition
Gerhard Wolber1, Fabian Bendix2, Johannes Kirchmair1, and Thierry Langer3.
(1) Inte:Ligand GmbH, Clemens Maria Hofbauer-G. 6, 2344 Maria Enzersdorf,
Austria, wolber@inteligand.com, (2) Computer Science Group, Inte:Ligand
GmbH, 1070 Vienna, Austria, (3) Department of Pharmaceutical Chemistry,
Computer Aided Molecular Design Group, University of Innsbruck, Institute of
Pharmacy, Innsbruck A-6020, Austria
Virtual screening using 3D pharmacophores has been established as an
important and commonly used technique for virtual screening in the last years [1].
However, the geometric alignment performing the comparison of flexible
molecules to 3D pharmacophore models remains the most challenging and thus
computationally most expensive part. A novel and efficient algorithm is presented
that represents molecules and their conformations as pharmacophore points in
3D space and efficiently overlays them in polynomial time using a pattern
recognition approach. Alignment and pharmacophore scoring are implemented in
one single step, providing the view of a medicinal chemist on the molecule as a
similarity measure built into the algorithm. Distance and density characteristics of
chemical features are used to identify optimal pairs and to correlate
pharmacophoric geometries in three-dimensional space. The presented
algorithm, which was implemented in Inte:Ligand's LigandScout environment [2]
proves to be faster than previous combinatorial alignment approaches and
creates more reasonable alignments than earlier methods. Despite the high
quality of the alignment results, high-throughput processing for large molecule
sets can be achieved by aggregating chemical feature point patterns and thus
allows for a dramatic speed-up in the virtual screening of large, multiconformational databases.
[1] Langer T., Hoffmann R. D. Pharmacophores and Pharmacophore Searches;
VCH/Wiley, Methods and Principles in Medicinal Chemistry, Vol. 32, R.
Mannhold, H. Kubinyi, G. Folkers, series editors, ISBN: 3527312501 (2006)
[2] Wolber, G.; Langer, T.; J. Chem. Inf. Model; 2005; 45(1); 160-169.

COMP 158
Automated combinatorial alignment for 3-D similarity searching
James H. Nettles, Jeremy L. Jenkins, Zhan Deng, Andreas Bender, John W.
Davies, and Meir Glick, Lead Finding Platform, Novartis Institutes for BioMedical
Research, 250 Massachusetts Avenue, Cambridge, MA 02139,
james.nettles@novartis.com
Methods to analyze 3D chemical structures employ various descriptors to
evaluate and quantify similarity. In this work we systematically analyze the effect
of including shape and/or charge upon recall of active compounds from a diverse
screening background. We show that the choice of descriptors used for
alignment and scoring has significant impact upon results. However, one may not
know the “best” choice a priori. We discuss development of a method which
aligns and tests “all possible” solutions that is sufficiently fast and robust to
perform routine virtual screening on libraries of millions of compounds
COMP 159
Distributed docking: An improved structure-based virtual screening
combined with ligand-centric shape matching
Sukjoon Yoon, Huisun Lee, Jiwon Choi, and YoonAe Ko, Department of
Biological Sciences, Sookmyung Women's University, Hyochangwongil 52, Seoul
140-742, South Korea, Fax: 82-2-2077-7322, yoonsj@sookmyung.ac.kr
Receptor flexibility is a critical issue in structure-based virtual screening methods.
Although ensemble-based multiple conformation docking is an efficient way to
accommodate receptor flexibility, it is still too slow for large molecular libraries. It
has recently been reported that fast ligand-centric, shape-based virtual screening
is more consistent in the hit enrichment than typical single conformation
dockings. Thus, we elaborated a “distributed docking” that took the advantages
of shape matching and multiple conformation docking methods, aiming to
improve virtual high throughput screening. Database compounds were classified
in advance based on the shape similarity to one of crystal ligands complexed
with the target protein. The classification enabled us to pick appropriate receptor
conformation for single conformation docking, avoiding time-consuming multiple
docking on the ensemble of receptor conformations. In particular, this approach
utilizes cross docking scores of known ligands to all available receptor structures
to optimize the distributed docking of database compounds. The present virtual
screening method has been tested for the reidentification of known PPARã active
compounds. We demonstrate that this method improves the enrichment score

and hit diversity while it maintains the computation speed of typical single
conformation docking.
COMP 160
Electrostatic similarity as an orthogonal approach to atom-based methods
Paul Hawkins, OpenEye Scientific Software, 3600 Cerrillos Road, Suite 1107,
Santa Fe, NM 87507, Fax: 505-473-0833, phawkins@eyesopen.com
There are a wide range of approaches currently in use for the assessment of
molecular similarity. Most of these approaches derive similarity from an atomcentred perspective e.g. fingerprints assess similarity at a two-dimensional level
while shape-based approaches and pharmacophore fingerprints assess similarity
in three dimensions. Since electrostatic fields exist around a molecule, not
centered on or near its constituent atoms, assessing similarity using a measure
based on electrostatics provides a potentially orthogonal estimation of similarity
in three dimensions to those commonly in use. This paper will present results
from a new implementation of electrostatic similarity in the areas of virtual
screening and lead-hopping.
COMP 161
Improving scoring for virtual screening of fragment-sized molecules
B. Woody Sherman, Schrödinger, Inc, 120 West 45th Street, New York, NY
10036-4041, sherman@schrodinger.com
Fragment-based discovery has seen a recent surge in interest from both the
biotechnology and pharmaceutical communities. The vast majority of this work
has been focused on experimental techniques to screen molecules that are
smaller and weaker binders than traditional lead molecules. In previous work we
have shown the ability of Glide XP to accurately dock and enrich very small
active fragments; however, drug discovery operations are typically interested in
molecules that are larger that what computational studies generally refer to as a
fragment. In this work we study the ability of Glide to enrich database screens for
molecules in the range of 150-250 molecular weight, which is in the range of
interest for drug discovery. We find that the scoring function can in fact be
improved to better treat these larger fragments. The results of the scoring
function optimization will be presented along with general insights garnered from
virtual screening of fragment libraries.
COMP 162

Strategies for docking “fragments” and lead-like molecules
Diane Joseph-McCarthy, David C. Thompson, Jaison Jacob, Desiree Tsao, and
Christine Humblet, Department of Structural Biology & Computational Chemistry,
Wyeth Research, Chemical & Screening Sciences, 200 Cambridge Park Drive,
Cambridge, MA 02140, Fax: 617-665-5682, DJoseph@wyeth.com
It is increasingly common for lead generation and optimization to involve
fragment screening, where fragments are defined as small molecules typically
with molecular weight less than 300 Da. Since the size of chemical space is
proportional to the size limit of the molecules considered, covering chemical
space is more manageable with fragments than with drug-sized molecules.
Various approaches for docking “fragment” vs. “lead-like” molecules will be
discussed. Different docking methods and scoring schemes will be compared.
Also, a comparison of docking results to NMR-based fragment screening data
will be given for a therapeutic target.
COMP 163
FlexX-Screen: Interactive virtual screening
Holger Claußen, BioSolveIT GmbH, An der Ziegelei 75, 53757 Sankt Augustin,
Germany, Fax: +49 2241 2525 525, Holger.Claussen@biosolveit.de
Molecular libraries steadily increase in size. Thus, molecular docking methods
have to cope with rapidly increasing amounts of compounds.
We investigated three approaches to speed up our docking tool FlexX: i)
eliminating undesired molecules by effective filters; ii) reducing computational
costs by using a sparse interaction model; iii) avoiding re-dockings by caching
partial solutions.
All three approaches can speed up virtual screening by a factor of 3-5 or more
depending on the dataset and the applied filters. The combination of all three
methods can easily speed up docking by a factor of 10 without any loss in
accuracy. Thus the performance approaches the region of docking 10 Mio
compounds per day or nearly 500,000 molecules per hour on a 300 node cluster.
Evaluation results will be presented on various data sets.
COMP 164
Maximum common binding modes: A novel consensus scoring concept
using multiple ligand information

Steffen Renner, Department of Chemical Biology, Max-Planck-Institut of
Molecular Physiology, Otto-Hahn-Str. 11, D-44227 Dortmund, Germany,
steffen.renner@mpi-dortmund.mpg.de, Swetlana Derksen, Institute of Organic
Chemistry and Chemical Biology, Johann Wolfgang Goethe-Universität Frankfurt,
D-60323 Frankfurt am Main, Germany, Sebastian Radestock, Department of
Biological Sciences, J. W. Goethe University, 60439 Frankfurt, Germany, and
Tanja Weil, Department Chemical R&D, Merz Pharmaceuticals, Frankfurt am
Main D-60438, Germany
Improving the scoring functions for small molecule-protein docking is a highly
challenging task in current computational chemistry. We present a novel
approach for the prediction of binding modes for multiple known active ligands
with unknown binding mode. The presumption of our approach was that
structurally similar ligands for the same receptor should be likely to bind in a
similar manner. We used the size of the common (consensus) pattern of
interactions between ligand and receptor that was found between the set of
similar ligands to score docking poses. Patterns of interactions were modeled
using ligand receptor fingerprints. "Maximum Common Binding Modes" (MCBM)
outperformed conventional docking scoring functions in identifying docking poses
within an RMSD threshold of 2.5 Å, and performed slightly better compared to
consensus scoring strategies. Being conceptually different to traditional docking
scoring functions, MCBM might therefore be used as an additional indenpedent
score to obtain more reliable docking predictions.
COMP 165
Screening very large virtual libraries using structure-based docking
B. Woody Sherman1, Chris Higgs1, and Mee Shelley2. (1) Schrödinger, Inc, 120
West 45th Street, New York, NY 10036-4041, sherman@schrodinger.com, (2)
Schrödinger, Inc, Portland, OR 97204
While most large drug companies have 1-10 million compounds in their corporate
ligand database, chemical space is, of course, much larger. Furthermore,
existing corporate databases tend not to be diverse enough to adequately cover
chemical space. In this work, we will present efforts to screen virtual libraries of
one billion to one trillion compounds using a structure-based docking approach.
The key technology, implemented in CombiGlide, is a linearization of the
combinatorial search problem faced when enumerating multiple positions of a
given molecular scaffold. We find that very high enrichment factors of active
compounds can be obtained with this approach and that novel virtual compounds
that rank highly for a set of diverse targets can be identified.
COMP 166

Basis set convergence of correlation energy contributions from connected
triple, quadruple, and higher excitations
Jan ML Martin, Department of Organic Chemistry, The Weizmann Institute of
Science, Rehovot 76100, Israel
For a number of diatomic and small polyatomic molecules, the basis set convergence of post-CCSD correlation
contributions has been explored near the one-particle basis set limit. Quasiperturbative connected triple excitations, (T),
3
converge faster than suggested by the commonly used partial wave extrapolation A+B/L , while higher-order triples, T3(T), in fact converge more slowly. Quasiperturbative connected quadruple excitations, (Q), converge almost exactly as
3
4-(Q), display only weak basis set dependence. Contributions from still higher
A+B/L , while higher-order quadruples, T
connected excitations converge very rapidly with the basis set, with even unpolarized double-zeta basis sets yielding
usable data. Implications of these findings for computational thermochemistry and other applications are discussed.

COMP 167
Hidden Jahn-Teller effect
Isaac B Bersuker, Department of Chemistry & Biochemistry, Institute for
Theoretical Chemistry, The University of Texas at Austin, 1 University Station
A5300, Austin, TX 78712, Fax: 512-471-8696, bersuker@cm.utexas.edu
It is shown that when molecular systems are distorted, but there are no apparent
degeneracies or close-in-energy states, the distortions are due to the Jahn-Teller
effect (JTE) and/or pseudo JTE “hidden” in the excited states of the undistorted
configuration, even when the energy gap to these states is very large. This
confirms the (proved earlier) general validity of the JTE as the only source of
instabilities and distortions of high-symmetry configurations of polyatomic
systems. For half-closed-shell electronic configurations e2 and t3 which produce
totally symmetric charge distributions and are not subject to the JT distortions,
the latter occur due to a strong pseudo JT mixing of two excited states that
produces orbital disproportionation and results in two coexisting states, high-spin
undistorted and low-spin distorted, which may serve as bi-stable elements in
modern electronics. These results are confirmed by ab initio calculations of O3,
Si3, Si3C, Si4, Na4-, C603-, and CuF3.
COMP 168
Ensemble-based electron propagator calculations of electron binding
energies
J. V. Ortiz, Department of Chemistry and Biochemistry, Auburn University,
Auburn, AL 36849-5312, Fax: 334-844-6959, ortiz@auburn.edu

Electron propagator reference states and perturbative expressions for the selfenergy may be generalized to grand-canonical ensemble averages. The
transition operator method optimizes orbitals for an ensemble that describes
ionization energies or electron affinities. Therefore, by employing the transition
operator reference state, it is possible to describe large orbital relaxation effects
that often are difficult to recover with ordinary perturbative approximations. Loworder correlation corrections in the self-energy improve predictions of electron
binding energies and, unlike other approaches, are equally applicable to core
and valence levels. They also have low arithmetic and storage requirements that
portend extensive application to large molecules.
COMP 169
Highly accurate ab initio quartic force fields of C3H+ and HO2+
Xinchuan Huang, NASA Ames Research Center, Moffett Field, CA 94035,
xhuang@mail.arc.nasa.gov, and Timothy J. Lee, NASA Ames Research Center,
Moffett Field, CA 94035-1000
Modern electronic structure methods and computing resources have make it
possible to construct highly accurate first-principles force fields for polyatomic
rovibrational spectroscopy analysis. In the current work, purely ab initio CCSD(T)
quartic force fields have been determined for the lowest singlet and triplet states
of HO2+, and lowest singlet state of C3H+, with TZ-, QZ- and 5Z-level one-particle
basis sets. After extrapolating to complete basis-set limit, small correction terms
have now been incorporated, including core-correlation, scalar relativistic, and
others. Anharmonic vibrational fundamentals and rovibrational spectroscopic
constants are computed with perturbational and variational methods. Our best
computed force fields should give fundamentals to within ±3 cm-1 or better. We
will present the procedure details and compare our results with previous studies.
Effects of small corrections and benchmark results on H2O will also be
discussed.
COMP 170
Principles and applications of the general-purpose reactivity indicator:
Beyond the classic reactivity paradigms
James S. M. Anderson, Chemistry Department, McMaster University, Arthur
Bourns Building 156, Hamilton, ON L8S 4M1, Canada, anderjsm@mcmaster.ca
Predicting how and whether two molecules will react is of fundamental interest in
chemistry. Many molecules are most reactive either at the site with the largest
charge (electrostatically-controlled reactions) or the site with the greatest electron

transfer (Fukui-controlled reactions). But some molecules fall between these two
paradigms. It is also frequently observed that only a few sites in a molecule are
reactive and that the characteristic reactivity of these sites persists for a wide
variety of incoming reagents [1]. As such one suspects that most of the details of
the incoming molecule can be neglected. With these observations in mind one
can construct a reactivity indicator by studying the molecular response to a
simplified “model reagent” that mimics the charge and Fukui effects of the
incoming molecule [2]. Depending on the charge and extent of electron-transfer
associated with the incoming reagent, this new reactivity indicator determines the
reactive sites for electrostatically-controlled, Fukui-controlled, or intermediatecontrol. This discriminates between the different cases and elucidates the driving
forces behind chemical reactions. In this talk I will discuss the theory,
computational scheme, and results of this model. In particular, the model will be
applied to a number of systems where the reactive sites are difficult (or even
impossible) to describe using conventional methods, including
boraphenanthrenes, ambidentate ligands, and acids with both hard and soft
reactive centers [3,4].
[1] P. W. Ayers, J. S. M. Anderson, and L. J. Bartolotti,; Int. J. Quantum Chem.
2005, 101, 520-534.
[2] J. S. M. Anderson, J. Melin, and P. W. Ayers J. Chem. Th. Comp. 2007, 3,
358-374.
[3] J. S. M. Anderson, J. Melin, and P. W. Ayers J. Chem. Th. Comp. 2007, 3,
375-389.
[4] J. S. M. Anderson and P. W. Ayers Phys. Chem. Chem. Phys. 2007, (in
press).
COMP 171
Self-consistent polarization of the boundary in the redistributed charge and
dipole scheme for combined quantum mechanical and molecular
mechanical calculations
Hai Lin1, Yan Zhang1, and Donald G. Truhlar2. (1) Department of Chemistry,
University of Colorado at Denver and Health Sciences Center, PO Box 173364,
Denver, CO 80217, Fax: 303-556-4776, hai.lin@cudenver.edu, (2) Department of
Chemistry and Supercomputing Institute, University of Minnesota, Minneapolis,
MN 55455-0431
The recently developed redistributed charge (RC) and redistributed charge and
dipole (RCD) schemes[1] are electrostatic-embedding schemes to treat a
quantum mechanical-molecular mechanical (QM/MM) boundary that passes

through covalent bonds. In the RC and RCD schemes, the QM subsystem is
polarized by the MM subsystem, but the MM subsystem is not polarized by the
QM one; although the new schemes have better average performance than five
previous schemes to which we compared them, this unbalanced treatment of
polarization is a possible source of systematic error in the electrostatics. To
overcome this deficiency, we developed improved schemes, namely, the
polarized-boundary RC scheme (PBRC) and the polarized-boundary RCD
(PBRCD) scheme,[2] by adding self-consistent mutual polarization of the
boundary region of the MM subsystem to the previous schemes. The mutual
polarizations are accounted for in the polarized-boundary calculations by
adjusting the boundary-region MM point charges according to the principles of
electronegativity equalization and charge conservation until the charge
distributions in both the QM subsystem and the polarizable region of the MM
subsystem converge. The PBRC and PBRCD schemes were tested by
calculating proton affinities for small organic compounds and capped amino acids
and were shown to produce more accurate proton affinities than the original RC
and RCD methods. The improvement is encouraging and illustrates the
importance of mutual polarization of the QM and MM subsystems in treating
reactions where noticeable charge transfer occurs in the QM subsystem.
Acknowledgments: This work is supported by Research Corporation to H. Lin
and by Office of Naval Research to D. G. Truhlar. We thank Advanced
Biomedical Computing Center and Minnesota Supercomputing Institute for
providing CPU time and access to Gaussian03.
[1] Lin, H.; Truhlar, D. G. J. Phys. Chem. A 2005, 109, 3991. [2] Zhang, Y.; Lin,
H.; Truhlar, D. G. to be published.
COMP 172
QSAR applied in systems biology
David E. Patterson, Vistamont Consultancy, 571 Vistamont Ave., Berkeley, CA
94708, Fax: 501-644-2827, patterson.david.e@gmail.com
Given enough training compounds which bind in a consistent manner at a
binding site, QSAR is a valuable tool for designing new molecules with suitable
activity. Extending this case to a profile of desired target activities, while
challenging, is well defined and may be approached as an intersection of
independent QSAR models. The advent of "-omics" assays and systems biology
based readouts presents new applications and associated questions about
whether, and how, to apply QSAR usefully to design molecules with desired
phenotypic patterns. The molecular target of the QSAR model is no longer
known, and there may be multiple targets in multiple pathways interacting in
nonmonotonic fashion. Does QSAR fill a role in this arena? What does one

model? Preliminary results of prospective QSAR based selection of compounds
for scaffold hopping suggest that QSAR in systems biology holds promise, with
substantial room for innovation.
COMP 173
The role of alignment in 3-D QSAR
Robert D. Clark and Richard Cramer, Informatics Research Center, Tripos, 1699
S. Hanley Rd., St. Louis, MO 63144, bclark@tripos.com
Some 3D QSAR methods can be applied to conformational ensembles, but most
require that each ligand of interest be put into a specific conformation - typically
the "bioactive conformation." The well-established and widely-used Comparative
Molecular Field Analysis (CoMFA) and Comparative Molecular Similarity Analysis
(CoMSIA) methods go a step further and require that the specified conformation
of each ligand be put into a common Cartesian frame of reference. Conformer
generation and alignment can be done manually or automatically. Shared
substructures, pharmacophores, docking modes, surface characteristics and
topomeric heuristics can all be used to automate the process, with each yielding
a model or models corresponding to a different null hypothesis. Here, we will
examine the effectiveness of the various methodologies in creating robust and
predictive models.
COMP 174
Realizing Prospective QSAR through data fusion and modern descriptors
Curt M. Breneman1, N Sukumar2, Mark J. Embrechts3, Kristin P. Bennett4, C.
Matthew Sundling5, Mike Krein1, and Theresa Hepburn1. (1) Department of
Chemistry / RECCR Center, Rensselaer Polytechnic Institute, 110-8th Street,
Center for Biotechnology and Interdisciplinary Studies, Troy, NY 12180, Fax:
518-276-4887, brenec@rpi.edu, (2) Department of Chemistry and Center for
Biotechnology, Rensselaer Polytechnic Institute, Troy, NY 12180-3590, (3)
Department of Decision Sciences & Engineering Systems, Rensselaer
Polytechnic Institute, Troy, NY 12180, (4) Department of Mathematics,
Rensselaer Polytechnic Institute, Troy, NY 12180, (5) Department of Chemistry
and Center for Biotechnology and Interdisciplinary Studies, Rensselaer
Polytechnic Institute, Troy, NY 12180-3590
The evolution of "prospective" molecular property prediction methods that truly
fulfill the promise of QSAR have been paced by the need for parallel
development of information-rich molecular descriptors and modern multiobjective machine-learning schemes. By creating multiple models employing

data fusion techniques and multiple endpoints, maximum benefit can be derived
from the relationship between the chemical information encoded within modern
molecular descriptors and several channels of available experimental data.
Examples of data fusion QSAR will be discussed, including means for
determining domain applicability of the resulting models.
COMP 175
QSAR model assessment
Douglas M. Hawkins, School of Statistics, University of Minnesota, 313 Ford
Hall, 224 Church Street SE, Minneapolis, MN 55455, dhawkins@umn.edu, and
Jessica J. Kraker, Department of Mathematics, University of Wisconsin, Eau
Claire, Eau Claire, WI 54701
Fitting a QSAR model involves two vital follow-up steps. Model checking involves
ensuring that the data used for model development are compatible with the
model fitted. This can fail to be true because of outlier data cases, excessively
influential cases, mixtures of populations and failures such as unmodeled
curvature. Traditional diagnostics such as plots of observed or residual values
versus predicted values are unreliable in the typical high-dimensional QSAR
setting. Model validation involves assessing whether, and under what conditions,
the model fitted to the data can be applied to future cases. Model validation was
traditionally done using ‘hold-out' samples kept out of the entire analysis and
used only for assessing the model fitted to the ‘learning' cases. We show that this
approach is inefficient in the usual QSAR settings, and should be replaced by
newer computation-intensive cross-validation methods making full use of all data
for both learning and validation. A vital part of this process is to avoid the
potential pitfalls that await if these methods are applied incorrectly; proper and
improper implementations are illustrated in the context of a QSAR data set.
COMP 176
WITHDRAWN
COMP 177
Proof of the pudding: How predictive are QSAR models?
Tudor I. Oprea, Tharun K. Allu, Dan C. Fara, and Oleg Ursu, Division of
Biocomputing, University of New Mexico School of Medicine, MSC11 6145,
University of New Mexico, Albuquerque, NM 87131, toprea@salud.unm.edu

The often-discussed qualities of good QSAR models increasingly include the
ability to correctly predict external sets, in particular for objects outside the
already-covered descriptor space. Since the proof of the pudding is in the eating,
we address the issue of how true are QSAR-based classifier models. The
predictivity and applicability of two classifiers, one for drug-likeness and one for
aggregation, are discussed in the context of early chemical probe and lead
discovery. Each of the two classifier models was extensively investigated using
decision trees (CART, WEKA) and support vector machines(LIBSVM), starting
from substructures (SMARTS) and "2D"-based properties. We used ensemble
methods with randomized training set data to build a committee of subsidiary
classifiers (C4.5 decision tree Multiboosting, SVM), then combined the individual
outputs to create a single decision from the committee of models as a whole.
Thus, 100 models were in fact used for classification. Beyond cross-validation
(internal consistency check for model building) and small test-set external
predictivity, we used the general accuracy rate as a "blind prediction" evaluation,
where significantly larger numbers of previously unknown molecules were
externally predicted. Although these methods indicate the classifiers have
predictive capability, we found that forward predictions (predictions made before
the actual experiments) do not always work as expected, in part because
appropriate information is not always made available to the models before the
experiments. However, the quality of the experiments can also be questioned,
when confidence in the QSAR models allows it.
COMP 178
Multiscale models for biomolecular engineering
Yiannis Kaznessis, Chemical Engineering and Materials Science, University of
Minnesota, 421 Washington Ave SE, Minneapolis, MN 55455,
yiannis@cems.umn.edu
Two types of simulations will be presented: stochastic kinetic algorithms for
biomolecular networks and molecular simulations of antimicrobial peptides.
1) Although the principles of reaction kinetics apply to biological systems, these
systems differ from industrial-scale chemical systems in a fundamental way: they
are far from the thermodynamic limit. Using deterministic, ordinary differential
equations for simulating the reaction kinetics assumes the absence of thermal,
stochastic noise in biomolecular systems. This can indeed be distinctly false. We
will explore the limitations of traditional mathematical frameworks and detail the
multiscale algorithms we developed to properly capture biological complexity.
2) We will present simulations of antimicrobial peptides in water, in micelles and
in lipid bilayers. The simulations provide insight in the molecular phenomena that
impact the antimicrobial activity and host toxicity profiles of these peptides. This

insight can prove invaluable in engineering novel AMPS with therapeutic
potential.
COMP 179
All-atom and multiscale modeling of silicon nanobiodevices
Aleksei Aksimentiev, Department of Physics, University of Illinois at UrbanaChampaign, 1110 West Green Street, Urbana, IL 61801, aksiment@uiuc.edu
With ever-advancing miniaturization of silicon technology, semiconductor electric
circuits can now be manufactured having features comparable in size to the
building blocks of life: DNA and proteins. Embedding functional
biomacromolecules in such heterogeneous synthetic nanostructures opens up
tantalizing possibilities for integrating robust man-made electric circuitry with the
intricate machinery of a living cell. The complexity of the biomolecular structure
and the nonlinearity of the equations describing charge equilibrium in such
bionanoelectric systems require computer modeling to complement conceptual
insights of nanoscale physics and molecular biology. In this talk I will describe
our progress toward developing a computational methodology for modeling
synthetic bionanodevices. The talk will highlight recent applications of the
methodology to modeling nanopore devices for high-throughput sequencing
DNA, enabled by the use of supercomputer resources at the NSF-supported
supercomputer centers.
COMP 180
High-performance, multiscale simulation of engineered tissue mechanics
Victor H Barocas1, Triantafyllos Stylianopoulos2, Xiaojuan Luo3, and Mark S
Shephard3. (1) Department of Biomedical Engineering, University of Minnesota,
312 Church St SE, Minneapolis, MN 55455, Fax: 612-626-6583,
baroc001@umn.edu, (2) Department of Chemical Engineering, University of
Minnesota, Minneapolis, MN 55455, (3) Department of Computer Science,
Rensselaer Polytechnic Institute, Troy, NY 12180
Models of engineered and native tissue mechanics have historically been based
on macroscopic constitutive equations, incorporating microstructural and
compositional information solely through continuum-level approximations. We
have developed a multiscale framework that allows macroscopic-level
calculations based on a microscopic-scale description, with a separate
microscopic-scale problem solved at each integration point of the macroscopic
finite-element model. This scheme has considerable flexibility with regard to
microscopic model, and it has the potential to incorporate microstructural

information directly, which is extremely attractive. The challenge, however, is the
enormous computational cost of the simulation. Thus, a high-performance
computational environment is needed to do reasonable calculations. Fortunately,
since the microscopic-scale problems are distinct, parallelization is very efficient.
We have, for example, performed simulations on 128 processors using 50,000
microscopic-scale problems and over 50,000,000 total degrees of freedom. As
our computational tools and understanding of microscopic-scale mechanics
continue to improve, we will attack progressively more complex problems.
COMP 181
Improvement in structure model accuracy and molecular replacement
through high-resolution protein structure refinement
Bin Qian, Biochemistry, University of Washington, Health Science Building,
Seattle, WA 98195, bqian@u.washington.edu, and David Baker, Biochemistry,
University of Washington/ HHMI, Seattle, WA 98195
We describe a new approach to refining protein structure models that focuses
sampling in regions most likely to contain errors while allowing the whole
structure to relax in a physically realistic all atom force field. Convergence on the
global energy minimum is enhanced by an evolution-inspired iterative procedure
which balances intensification of the search in the lowest energy explored
regions with diversification to maintain subpopulations exploring alternative
energy minima. We show that the refinement protocol can significantly improve
the accuracy of comparative models based on structures of remote homologues
and models produced using NMR data, and that the refined models often yield
significantly better solutions to the x-ray crystallographic phase problem in
molecular replacement tests.
COMP 182
Performing simulations at the terascale today and at the sustained
petascale "tomorrow"
Jeffrey A Nichols, Computer Science and Mathematics Division, Oak Ridge
National Laboratory, Bethel Valley Rd, Oak Ridge, TN 37831, nicholsja@ornl.gov
Leading edge science, including computational chemistry, materials science,
biology and nanoscale science at the sustained terascale is discussed in light of
the resources available at the NSF Teragrid and DOE Leadership Computing
Facility at Oak Ridge National Laboratory. Current applications are characterized
with regard to system hardware, system software and algorithms employed.
Performance on today's most advanced systems will be presented. Future HPC

systems several orders of magnitude in peak performance beyond today's
production systems will be discussed. Application performance achieving
sustained petaflops is projected for these HPC systems and potential benefit to
science is highlighted.
COMP 183
Screened hybrid DFT and the Mott transition in MnO
Richard L. Martin, Theoretical Division, Los Alamos National Laboratory, MS
B268, Los Alamos, NM 87545, rlmartin@lanl.gov
Many of the transition metal oxides undergo a transition from insulating to
metallic behavior upon application of pressure. The transition was a focus of
Mott's seminal work on these materials which now bear his name. More than 50
years after that work, the Mott insulators still pose a significant challenge for first
principles theory. Pure density functional theory yields a qualitatively incorrect
metallic ground state at ambient pressure. Hybrid DFT has recently been shown
to remedy this error, and with the advent of screened hybrid DFT it is now
possible to address the metallic state. Our recent results on the Mott transition in
MnO using the Heyd, Scuseria, Enzerhof (HSE) functional will be discussed and
compared with experiment. I will also comment on the supercomputing resource
needs in this area of research.
COMP 184
Advances in ab initio and density functional approaches: From a
methodological and basis set perspective
Angela K. Wilson, Department of Chemistry, University of North Texas, Box
305070, Denton, TX 76203-5070, Fax: 940-565-4318, akwilson@unt.edu
The combination of high performance computing resources and developments in
ab initio and density functional methodology has enabled calculations to be
accomplished that were unthinkable even several years ago. In this talk, we
focus upon the development of new methodology and basis set strategies in our
research group to enable quantitative modeling of species ranging from first-row
molecules of the main group to transition metal species.
COMP 185
Can we use docking and scoring for hit optimization?

Istvan J. Enyedy and William Egan, Computer Aided Drug Design, Novartis
Institutes for Biomedical Research, 250 Massachusetts Ave, Cambridge, MA
02139, Fax: 617-871-4085, istvan.enyedy@novartis.com
Docking and scoring is currently used as a tool for hit to lead optimization when
structural information about the target is known. There are several reports of
success stories about identifying hits using virtual screening. There are reports
how well software can redock ligands into an X-ray structure and reproduce the
experimental binding mode. The question is can we use reliably docking and
scoring for hit to lead optimization? After testing this in several projects over the
years, little correlation between docking score and activity was found, despite the
fact that the software can predict an acceptable binding mode. Test cases for
several targets, potential problems and recommendations for improvement will
be presented.
COMP 186
RMSD comparisons, enrichment and decoy selection for virtual screening:
What can we learn from earlier mistakes?
Johannes Kirchmair1, Gerhard Wolber1, Stojanka Ristic2, Kathrin Eder2, Patrick
Markt3, Christian Laggner3, and Thierry Langer1. (1) Inte:Ligand GmbH, Clemens
Maria Hofbauer-G. 6, 2344 Maria Enzersdorf, Austria, kirchmair@inteligand.com,
(2) Computer-Aided Molecular Design Group, University of Innsbruck, 6020
Innsbruck, Austria, (3) Department of Pharmaceutical Chemistry, Computer
Aided Molecular Design Group, University of Innsbruck, Institute of Pharmacy,
Innsbruck A-6020, Austria
The predictive quality of 3D in-silico screening methods, regardless whether
ligand- or structure-based, rises and falls with a suitable simulated representation
of the protein-bound ligand conformation. Firstly, we compare several recent
studies proposing different benchmarks for performance comparison of
techniques and commercial products available for virtual screening. The
significance of such assessments is in part controversial and discussed
extensively. We present an investigation on recent literature and novel in-house
data that demonstrates that the RMSD between the bioactive conformation and
the generated model is not sufficient to characterize the performance of
conformational model generators used for virtual screening, while including steric
and electronic/chemical key interaction features seem to be more important.
Moreover, we show that classical enrichment descriptors may conceal essential
characteristics and compare these parameters to receiver operator characteristic
(ROC) analyses, which also bears problems since the necessary underlying
decoy selection used as noise is often chosen deliberately.

COMP 187
Protein crystal structures: Are they really as precise or accurate as we
think?
Gregory L. Warren, OpenEye Scientific Software Inc, 3600 Cerrillos Road, Suite
1107, Santa Fe, NM 87507, Fax: 505-473-0833, greg@eyesopen.com
Structure-based computational chemistry methods rely on, and are tested almost
exclusively against, diffraction derived protein crystal structures. However for
these macromolecular structures, little attention is paid to the precision or
accuracy of the underlying data, aside from its nominal resolution. We will
present methods that measure qualitatively and quantitatively the accuracy and
precision of this fundamental data, and show that the reliability of a given
structure cannot simply be captured by its nominal resolution.
COMP 188
Diverse, high-quality test set for the validation of protein-ligand native and
cross-docking performance
Paul N Mortenson, Computational Chemistry Group, Astex Therapeutics, 436
Cambridge Science Park, Milton Road, Cambridge CB4 0QA, United Kingdom,
Fax: +44 1223 226201, p.mortenson@astex-therapeutics.com
A procedure for analyzing and classifying publicly available crystal structures has
been developed. It has been used to identify high-resolution protein-ligand
complexes that can be assessed by reconstructing the electron density for the
ligand using the deposited structure factors. The complexes have been clustered
according to the protein sequences, and clusters have been discarded if they do
not represent proteins thought to be of direct interest to the pharmaceutical or
agrochemical industry. Rules have been used to exclude complexes containing
non-drug-like ligands. One complex from each cluster has been selected where a
structure of sufficient quality was available. The final Astex diverse set contains
85 diverse, relevant protein-ligand complexes. The performance of the docking
program GOLD against this set is assessed using a variety of protocols, including
cross-docking experiments where each ligand has been docked into alternative
structures from the same protein cluster as its native structure.
COMP 189
Evaluating docking programs: Keeping the playing field level

John W Liebeschuetz, Applications Group, Cambridge Crystallographic Data
Centre, 12 Union Rd, Cambridge CB2 1EZ, United Kingdom,
john@ccdc.cam.ac.uk
The modeller relies on published comparisons of docking programs by
unaffiliated parties to help them establish which docking tool is appropriate to
their problem. However it is clear that such studies, whilst carried out in good
faith, are rarely as indicative as the authors suppose, and can often be
misleading. We report on our experience of setting up enrichment studies to
monitor GOLD's performance as a Virtual Screening tool. This work has initially
used protein and ligand structures from a published enrichment study. During the
course of this investigation many of the pitfalls that can occur when setting up fair
tests of docking programs became apparent. Some precautions that might be
used to avoid these snares will be outlined. The role and responsibilities of the
software supplier in the setting up of these tests will also be explored.
COMP 190
Panel Discussion of Computational Methods Evaluation
Martha S Head, Computational and Structural Sciences, GlaxoSmithKline
Pharmaceuticals, 1250 South Collegeville Road, UP-1110, Collegeville, PA
19426, Fax: 610-917-4206, Martha.S.Head@gsk.com
The purpose of the symposium is to bring together industrial, academic and
developer perspectives on how to evaluate a computation technique. There is
considerable dissatisfaction within the field of molecular modeling on the
presentation of methods in the literature, the general lack of extensibility of
techniques and the absence of standards. This moderated panel discussion will
be an interactive forum with the session speakers, with a goal of yielding
concrete proposals that may act as guides to referees and editors of journals to
improve the quality of publications, as well as aiding modelers in industry tasked
with evaluating approaches by way of case studies.
COMP 191
Reading the map while walking through the minefield: An ab initio
excursion into high temperature superconductivity
Jamil Tahir-Kheli, Department of Chemistry, California Institute of Technology,
Materials and Process Simulation Center, Caltech 139-74, Pasadena, CA 91125,
jamil@wag.caltech.edu, and William A Goddard III, Materials and Process
Simulation Center, California Institute of Technology, Pasadena, CA 91125

The electronic structure of high temperature cuprate superconductor La2xSrxCuO4 is studied ab-initio using the hybrid density functional B3LYP. Undoped
La2CuO4 is found to be a spin-1/2 antiferromagnet with a 2.0 eV bandgap in
agreement with experiment. The spins localize on the planar Cu d9 with the hole
in x2-y2. In constrast, all non-hybrid functionals (LDA, PBE, etc) find a metal. We
find that Sr doping leads to an additional hole in the out-of-plane orbitals on the
apical O pz and planar Cu dz2. The out-of-plane hole forms a polaron bound to
the 4-site Cu plaquette in the vicinity of the Sr dopant. We show that the
delocalized plaquette polaron is stabilized by the antiferromagnetic background
into current carrying chiral states. This leads to a new paradigm in cuprate
superconductivity. We argue that an x2-y2 band is formed when the polarons
percolate through the crystal and this hypothesis can self-consistently explain
many anomalous properties of the cuprates including the neutron scattering
incommensurability and scaling, the d-wave superconducting gap symmetry, the
linear resistivity, and the temperature dependence of the Hall effect.
COMP 192
Recent advances and ongoing challenges in accelerated molecular
dynamics methods
Arthur F. Voter, Theoretical Division, Los Alamos National Laboratory, T-12 MS
B268, Los Alamos, NM 87545, Fax: 505-665-3909, afv@lanl.gov
Many important processes in chemistry, physics, materials science, and biology
take place on time scales that vastly exceed the nanoseconds accessible to
molecular dynamics simulation. Often, this long-time dynamical evolution is
characterized by a succession of infrequent events. Over the last ten years, we
have been developing a new class of methods, accelerated molecular dynamics,
in which the known characteristics of infrequent-event systems are exploited to
make reactive events take place more frequently, in a dynamically correct way.
For certain processes, this approach has been remarkably successful, offering a
view of complex dynamical evolution on time scales of microseconds,
milliseconds, and sometimes beyond. Examples include metallic surface diffusion
and growth, radiation damage annealing in ceramics, and carbon nanotube
dynamics. After an introduction to these methods, I will present some recent
advances and results, and then describe the major ongoing challenges and our
current thinking on how to overcome them.
COMP 193
Hypervalency in molecules

Thom H. Dunning Jr. and David E. Woon, Department of Chemistry, University
of Illinois at Urbana-Champaign, 600 South Matthews Avenue, Urbana, IL 61801,
thdjr@uiuc.edu
The structure, energetics and reactivity of hypervalent molecules are receiving
increasing attention in chemical research. In the past few decades, several new,
unique structures and reactions have been found in molecules containing silicon,
phosphorus, sulfur and the higher members of these groups. We have
undertaken a study of a series of small molecules with the goal of better
understanding the nature of the hypervalent bond and the role that it plays in the
structure, energetics and reactivity of molecules containing silicon, phosphorus
and sulfur. These studies have led to a number of interesting findings. For
example, hypervalent bonds exist in molecules not normally considered
hypervalent; the formation of hypervalent bonds involves no barriers in many
cases; and hypervalent bonds also exist in molecules with first row atoms,
although they may only be weakly bound. We have found many examples of
states with hypervalent character in proximity to normal states; the dissociation
energies of the states reflect the element-dependent competition between the
direct coupling of unpaired electrons in normal bonding and the more complex
nature of hypervalent bonding, where a pair of electrons must first be decoupled.
COMP 194
A general approach to intermolecular interactions
Mark S. Gordon, Department of Chemistry/Scalable Computing Laboratory,
Iowa State University & Ames Laboratory, 201 Spedding Hall, Ames, IA 50011,
Fax: 515-294-5204, mark@si.fi.ameslab.gov
The effective fragment potential (EFP) was originally developed to be a
sophisticated model potential to describe aqueous solvent effects. It has evolved
into a general potential for modeling intermolecular interactions. Because an EFP
has no empirically fitted parameters, one can generate a potential for any atomic
or molecular species. While the limits of the method are still being explored, it
has already been successfully applied to model solvent effects on chemical
reactions, mixing of liquids, ??? interactions in benzenes and substituted
benzenes, and ion-neutral interactions. Several such examples will be presented.
COMP 195
Revisiting the concepts of chemical bond, resonance and
hyperconjugation

Marco A C Nascimento, Department of Physical Chemistry, Instituto de
Química da UFRJ, Cidade Universitária , CT Bloco A sala 412, Rio de Janeiro
21949-900, Brazil, Fax: +55-21-2652-7265, chaer@iq.ufrj.br, Felipe P Fleming,
and André G H Barbosa, Universidade Federal Fluminense
The basic requirements that must be satisfied by wave functions representing
many-electron systems are reviewed, and the conditions under which the
classical concepts of molecular structure, chemical structure and chemical bond
can be translated into a quantum-mechanical language are examined. Essential
to this aim is the utilization of an independent particle model (IPM). We show that
only VB-type functions comply with the basic fundamentals of quantum
mechanics and can provide a quantum-mechanical translation of the concepts of
chemical structure and chemical bond. Next, the concept of resonance is
redefined in a physically meaningful way, being related to point-group or
“accidental” degeneracy. A set of selection rules to determine the possible
symmetries of the resonant structures is discussed and applied to representative
cases. Finally, we examine the concept of hyperconjugation to show that one
does not need to invoke hyperconjugation to explain most of the phenomena
normally attributed to that effect.
COMP 196
The dynamic behavior of some hairpin loops in rRNA upon ligand binding
Aleksandra Rakic, Faculty of Physical Chemistry, University of Belgrade,
Studentski Trg 12-16, Belgrade 11000, Yugoslavia, and Petar M Mitrasinovic,
Department of Information Technologies and Artificial Intelligence, Center for
Multidisciplinary Studies, University of Belgrade, Kneza Viseslava 1, Belgrade
11030, Yugoslavia, petar.mitrasinovic@cms.bg.ac.yu
The behavior of the GAA (1186-1188) hairpin triloops with their closing c-g base
pairs in the large ribonucleoligand complexes (PDB IDs: 1njn, 1nwy, 1jzx) is
investigated using molecular dynamics simulations. The trends of the relative
energies of the motifs in the complexes with respect to that in the reference
structure (unbound form of rRNA; PDB ID: 1njp) are in agreement with those of
the conformational parameters previously reported. Therefore, molecular
dynamics simulations associated with some small motifs of rRNA structure in
large ribonucleoligand complexes speak in favor of the potential of a
pseudotorsional (eta,theta) approach to be a valuable means of studying the
sugar-phosphate backbone in the 2.5-3 Å resolution range. The thermodynamical
parameters, based on the two-state conformational model of RNA sequences
containing 15, 21 and 27 nucleotides in the immediate vicinity of the maximum
entropy binding site of the ligand, are evaluated. The strain of a triloop is
established as a structural feature that conforms to the trend of values of the
thermodynamical variables. The considerations are well-correlated with the

understanding that conformational changes, induced within localized regions of
an rRNA structure, are associated with the overall response of the rRNA
structure to the binding of a ligand at sites that are fairly far (in the range of 20 Å)
away from the localized regions.
COMP 197
Ligand binding affinity estimate by amoeba polarizable force field
Pengyu Ren, Department of Biomedical Engineering, University of Texas at
Austin, Austin, TX 78712-0238, Fax: 512-471-0616, and Dian Jiao, Department
of Biomedical Engineering, The University of Texas at Austin, Austin, TX 787120238, jiaodian@mail.utexas.edu
Specific recognition of ligands by proteins is the basis for many biological
functions and has been exploited in structure-based drug design. Prediction the
binding affinity in silico has been a great challenge and has attracted a great deal
of interests. Significant efforts have been made to improve the computational
methods to predict binding free energy accurately using molecular simulations.
This process requires both accurate potential energy functions describing the
atomic interactions and efficient free energy sampling algorithm. In the study we
have investigated the binding of charged benzamidine to trypsin using a
polarizable potential energy function, AMOEBA (Atomic Multipole Optimized
Energetics for Biomolecular Applications). Double-decoupling free energy
perturbation simulations have been performed to “annihilate” the ligand in the
protein binding pocket and in neat water, respectively. The electrostatic and then
the van der Waals interactions between the ligand and the environment are
gradually “turned off” in several steps. At the meantime, a virtual bond is used to
restrain the ligand in binding pocket. The soft-core method has been utilized in
the van der Waals annihilation in order to prevent the singularity due to infinite
repulsion at close contact. With Bennett Ratio method, we have computed the
absolute binding free energy of benzamidine to trypsin. The results are in good
agreement with experimental measurement. Our results indicate that electrostatic
interactions are the dominant driving force for binding of charged benzamidinium
to trypsin. Neglecting electronic polarization effect will lead to significant
overestimation of binding affinity.
COMP 198
Trypanosoma cruzi trans-sialidase binding investigated by molecular
dynamics simulations
Özlem Demir, Department of Chemistry and Quantum Theory Project, University
of Florida, 2300 New Physics Building #92, PO Box 118435, Gainesville, FL

32611-8435, and Adrian Roitberg, Department of Chemistry, University of
Florida, Gainesville, FL 32611-8435
Trypanosoma cruzi trans-sialidase (TcTS) catalyzes the transfer of α-2,3-linked
sialic acid to acceptors containing terminal β-galactosyl residues with retention of
the anomeric configuration. Via this process, the parasite that causes Chagas'
disease—a lethal, chronic disease—is able to escape from the immune system
of the host. For the reaction, a Tyr/Glu couple is proposed to act as a nucleophile
and form a covalent intermediate by several experimental studies. Molecular
dynamics simulations of liganded and unliganded TcTS as well as the covalent
intermediate are performed and analyzed for significant enzyme-ligand
interactions and differences upon binding. A comparative study is done by using
the same approach to Trypanosoma rangeli sialidase (TrSA) which can only
catalyze hydrolysis despite its distinct structural similarity to TcTS. This study
aims to guide drug-design efforts for TcTS.
COMP 199
A computational approach toward combating pandemic influenza:
Molecular dynamics and docking studies of ligand binding with
neuraminidase
Robert C. Rizzo1, Ricky Chachra1, Jeremiah E Shipman2, Noel A. Carrascal1,
and Sudipto Mukherjee1. (1) Department of Applied Mathematics and Statistics,
Stony Brook University, Stony Brook, NY 11794-3600, Fax: 631-632-8490,
rizzorc@gmail.com, (2) Department of Biomedical Engineering, Stony Brook
University, Stony Brook, NY 11794
Development of effective anti-viral drugs for influenza is critically important given
the high potential of a pandemic outbreak. To achieve this goal, a more complete
understanding of ligand binding with influenza viral proteins is necessary. In this
study, computational methods have been used to model binding for ligands
which target the viral protein neuraminidase (NA) from several subtypes and
strains including N1 and N9. Specifically, molecular dynamics simulations have
been used to characterize a point mutation in N9 at position Arg292Lys which
confers resistance to the FDA approved compound zanamivir and related
analogs. In addition, procedures for docking have been optimized in an effort to
discover drug leads which bind favorably with NA. Specifically, a new test suite
has been developed to asses the ability of docking protocols to re-generate
crystallographic binding modes across a wide variety of systems including
neuraminidase. Results from cross-docking experiments using the recently
reported crystallographic structures of N1 will also be reported.
COMP 200

Probing flexibility in the activation loop of kinases
B. Woody Sherman1, Jean-Christophe Mozziconacci1, Shashidhar N Rao2, and
Ramy Farid2. (1) Schrödinger, Inc, 120 West 45th Street, New York, NY 100364041, sherman@schrodinger.com, (2) Schrödinger, Inc, New York, NY 10036
Flexibility in the activation loop of kinases is an area of pharmacological
importance and interest because it is thought that greater selectivity can be
obtained by targeting this allosteric site as opposed to the traditional ATP binding
site. Selective inhibitors have been developed for both p38 MAP kinase and Abl
kinase that take advantage of the so-called DFG-out state of the activation loop.
In this study we will show that loop predictions using Prime, starting with the
DFG-in state of both P38 MAP kinase and Abl kinase, can successfully generate
a DFG-out state that is a viable target for structure-based drug design.
Furthermore, we will probe the activation loop of a number of kinases for which
the DFG-out state has not yet been observed in an effort to predict the existence
of a DFG-out state that can be used for future structure-based drug design
efforts.
COMP 201
Computational determination of the binding and insertion of PR3 to mixed
lipid membranes
Eric Hajjar1, Maja Mihajlovic2, Themis Lazaridis3, and Nathalie Reuter1. (1)
Department of Chemistry / Computational Biology Unit, University of Bergen,
Thormohlensgate 58, Bergen 5008, Norway, eric.hajjar@bccs.uib.no, (2)
Department of Chemistry, City College of New York / CUNY, New York, NY
10031, (3) Department of Chemistry, City College of CUNY, New York, NY
10031
The membrane expression of the serine protease Proteinase 3 (PR3) is a risk
factor in chronic inflammatory diseases. We performed MD simulations of PR3
with the implicit membrane model IMM1-GC to identify its interfacial binding site
(IBS). Both the energies and structures resulting from the MD suggest that PR3
strongly associates with anionic and neutral membranes. We observe a unique
IBS consisting of 5 basic residues and 6 hydrophobic residues. The basic
residues provide the driving force to orient PR3 at the membrane surface so that
the hydrophobic residues can anchor into the hydrocarbon region.
Decomposition of the binding energy and In-silico mutations show that only a few
residues account for the membrane association. Similar calculations with HNE
suggest a different membrane binding mechanism. Our results remarkably agree
with experimental observations and predict, for the first time, the structural
determinants of the binding of PR3 to membranes

COMP 202
Specificity in SH2 domain mediated protein-protein interactions: Insights
from binding free energy calculations
Wenxun Gan, Department of Chemistry, The University of Chicago, 929 East
57th Street, Gordon CIS Room W312, Chicago, IL 60637, Fax: 773-834-1917,
gan@uchicago.edu, and Benoît Roux, Institute for Molecular Pediatric Sciences,
The University of Chicago, Chicago, IL 60637
Cellular signal transduction is dominated by specific protein-protein interactions.
To gain insights into the specificity of cell signaling, we developed an efficient
computational approach to characterize the interactions between Src Homology
2 (SH2) domains and phosphotyrosine-containing peptides. Based on high
resolution crystal structures and homology models, we performed implicit solvent
molecular dynamics free energy simulations and calculated the absolute binding
free energies for a variety of SH2 domain-phosphopeptide pairs. For three of the
five SH2 domains selected for study, we successfully predicted their native
binding peptides. Our results show that the interactions between an isolated SH2
domain and phosphotyrosine peptides may not be as specific as generally
believed. Based on our calculations and reexamination of experimental work, we
conclude that binding affinity alone is not able to achieve specific cell signaling in
vivo. Our study also illustrates the potential application of computational method
in elucidating complex protein-protein interaction networks.
COMP 203
Molecular dynamics simulations suggest a way to stabilize von HippelLindau tumor suppressor protein and rescue its function
Jin Liu, Center for Cancer Research Nanobiology Program, Basic Research
Program, SAIC, NCI-Frederick, Frederick, MD 21702, jliu@ncifcrf.gov, and Ruth
Nussinov, Center for Cancer Research Nanobiology Program, Basic Research
Program, SAIC, NCI-FCRDC, Frederick, MD 21702
Many multifunctional tumor suppressor proteins have low stability, and their low
stabilities have been associated with the development of cancer. The von HippelLindau tumor suppressor protein (pVHL) is one of these proteins. Mutations
leading to loss of VHL function have been implicated in VHL-related hereditary
and sporadic kidney cancer. As a marginally stable protein, pVHL is part of an E3
ubiquitin ligase complex, which regulates the degradation of the hypoxia
inducible factor (HIF) in the presence of oxygen. Mutations, such as Y98N and
Y112N that destabilize pVHL also decrease the binding affinities of pVHL to HIF
thus leading to malfunctioning of VHL. Designing stable pVHL to rescue its

function is thus an important goal. Since the relevant complexes are available in
high resolution in the PDB, we have been addressing this challenging task. In
this study, we used molecular dynamics simulations to investigate the stability of
pVHL and designed mutations to stabilize pVHL and the binding of pVHL with
HIF. We predict that these mutants mimic the effects of a hypothetical rescue
drug for the von Hippel-Lindau disease. Our results also imply that design of
drugs targeting stabilization of pVHL could be a rescue strategy to restore pVHL
function. This work is funded by NCI Contract N01-CO-12400.
COMP 204
Lessons from recent additions to the antifreeze protein portfolio
Peter L. Davies, Department of Biochemistry, Queen's University, Kingston, ON
K7L 3N6, Canada, Fax: 613-533-2497, peter.davies@queensu.ca
Antifreeze proteins (AFPs) are distinguished from other proteins by their ability to
bind to ice. This property enables them to inhibit ice recrystallization and to
depress the freezing temperature of a solution below the ice melting point
(thermal hysteresis). The recent discovery and characterization of three novel
hyperactive AFPs has helped establish a rationale for their superior thermal
hysteresis activity. They seem to function better in freezing point depression by
blocking ice growth parallel to the c-axis. Modeling of their 3-D structures has
confirmed the properties that make a protein an AFP. Each has a large
percentage of the protein surface area available for ice binding. This surface is
relatively flat and hydrophobic, often with repetitive surface features than are
complementary to ice. These new additions to the AFP portfolio also reinforce
the point that AFPs have undergone unprecedented recent and independent
evolution from diverse progenitors. Supported by CIHR.
COMP 205
Antifreeze proteins and assorted crystals: The memory effect and
remembrance
Virginia K Walker1, Huang Zeng2, Zhongqin Wu1, Gerald R. Palmer1, Emily
Huva1, and John A. Ripmeester2. (1) Department of Biology, Queen's University,
Kingston, ON K7L 3N6, Canada, Fax: 613-533-6617,
walkervk@biology.queensu.ca, (2) Steacie Institute for Molecular Sciences,
National Research Council of Canada, Ottawa & Dept. of Biology, Queen's
University, Ottawa, ON K1A 0R6, Canada
Crystallization occurs when nuclei reach a critical size. Most representations of
crystallization inhibition by various antifreeze proteins (AFPs) conceive of an

embryonic crystal with AFPs adsorbing to a preferred plane, resulting in a higher
kinetic barrier for molecule addition. We have examined AFP-mediated inhibition
of both ice and clathrate hydrate crystallization, and these observations can be
both explained and modeled using these popular mechanisms for AFP action.
However, the remarkable ability of AFPs to eliminate “memory effect” (ME) or the
faster reformation of clathrate hydrates after melting, prompted us to examine
heterogeneous nucleation. The ubiquitous impurity, silica, served as a model
nucleator hydrophilic surface. Quartz crystal microbalance-dissipation (QCM-D)
experiments indicated that AFPs were tightly adsorbed to the silica surface, and
remained adsorbed even after washing. In contrast, poly(N-vinylpyrrolidone)
(PVP), a commercial hydrate kinetic inhibitor with no ME-inhibition activity, was
not so tightly adsorbed. A mutant AFP (with no crystallization inhibition activity
toward ice) inhibited clathrate crystallization, but not ME. Using QCM-D to
monitor silica adsorption by the mutant AFP showed that it was more similar to
PVP than the active AFP. Other potential nucleators, including a newly-cloned
ice nucleation protein from an ice-associating microbe have been explored.
Some show activity in both water and model hydrate solutions. Thus, although
the structure of ice and clathrate hydrate is different, their crystallizations can
often be initiated, as well as inhibited, by the same molecules.
COMP 206
Characterization of Ca2+-dependent herring type II antifreeze protein
Zhengjun Li1, Yang Liu2, Qingsong Lin3, Janusz M. Bujnicki4, J. Sivaraman2, and
Choy-Leong Hew3. (1) Department of Biological Sciences, National University of
Singapaore, Science Drive 4, 10 Kent ridge Crescent, Singapore 119260,
Singapore, dbslz@nus.edu.sg, (2) Department of Biological Sciences, National
University of Singapore, Singapore 119260, Singapore, (3) Department of
Biological Sciences, National University of Sinapore, Singapore 119260,
Singapore, (4) International Institute of Molecular and Cell Biology, Warsaw,
Poland
In order to survive under extremely cold environments, many organisms produce
antifreeze proteins (AFPs). AFPs can inhibit the growth of the ice crystals and
protect the organisms from freezing or frozen damage. Fish AFPs can be
classified into five distinct types based on their structures. Here we report
characterization of herring antifreeze protein (hAFP), a Ca2+-dependent fish type
II AFP. It is predicted to adopt a fold similar to the C-type (Ca2+-dependent)
lectins with unique ice-binding features. Our studies mainly focus on its Cadependent ice-binding mechanism. The ice-binding site which initiates hAFP
adsorption onto the ice lattice is proposed. We speculate that the hAFP-ice
interaction is further strengthened by the Ca2+ ion.

COMP 207
Probing the origin of the hyperactivity of the two-domain type III antifreeze
protein RD3
Nolan B. Holland1, Özge Can1, Sakae Tsuda2, and Frank D. Sönnichsen3. (1)
Department of Chemical and Biomedical Engineering, Cleveland State
University, 2121 Euclid Ave., SH 455, Cleveland, OH 44115,
n.holland1@csuohio.edu, (2) Institute of Genome-Based Biofactory, National
Institute of Advanced Industrial Science and Technology (AIST) - Japan,
Sapporo 062-8517, Japan, (3) Physiology and Biophysics, Case Western
Reserve University, Cleveland, OH 44106
The only known two-domain antifreeze protein, RD3, consists of two Type III
antifreeze domains connected by a nine-residue linker. This unique protein
exhibits significantly higher thermal hysteresis activity than single domain
analogues at low concentrations, but the extent of this hyperactivity diminishes
as the concentration increases. Using NMR structural studies, including residual
dipolar coupling measurements, we have established that the linker provides
enough freedom for the two domains to independently bind to an ice plane with
their binding faces aligned in the same orientation. Based on these results, we
have developed a model to describe the origin of RD3 hyperactivity and to
understand the role the flexible linker plays.
COMP 208
Significance of non-polar interactions at the water/ice interface for nonequilibrium antifreeze activity
Andrzej Wierzbicki1, Charles A. Knight2, and Camden N. Henderson1. (1)
Department of Chemistry, University of South Alabama, Mobile, AL 36688, Fax:
251-460-7359, awierzbi@jaguar1.usouthal.edu, (2) National Center for
Atmospheric Research, Boulder, CO 80307
We have investigated the role of non-polar residues in non-equilibrium antifreeze
activity in a series of synthetic random and non-random alanine/lysine
polypeptides. The non-random polypeptide sequences were derived, using
molecular modeling, as an extension of our earlier successful de-novo design of
an alanine/lysine-based antifreeze polypeptide and by selective mutations of the
Type I Antifreeze Proteins. The antifreeze activity of these polypeptides was
investigated using ice etching, nanoliter osmometry, circular dichroism
spectroscopy, and mass spectroscopy. Based on these studies, the role of nonpolar residues in non-equilibrium antifreeze activity at the water/ice interface will
be discussed.

COMP 209
Structural basis of antifreeze protein action
Christina S. Strom, Department of Physics, National University of Singapore, 2
Science Drive 3, Singapore 117542, Singapore, Fax: (65) 6777 6126,
physc@nus.edu.sg, Xiang Yang Liu, National University of Singapore,
Department of Physics, Singapore 117542, Singapore, and Zongchao Jia,
Department of Biochemistry, Queen's University, Kingston, ON K7L3N6, Canada
Antifreeze proteins (AFPs) modify the growth rates and orientations of ice crystal
facets through attainment of the best structural match. The insect-type AFPs
have ice binding surfaces (IBS) with regularly spaced binding intervals in two
directions that engage the primary ice surfaces and reduce their growth rates
preferentially. The primary ice surfaces are kinetically stable and have fixed
orientations since they are strongly bonded in two directions. The fish-type AFPs
have one-dimensional helical and irregular globular IBSs that are either linearly
extended with regular ice binding intervals, or have ice binding sites lacking
spacing regularity. They adjust the orientations of the secondary ice surfaces,
that have indeterminate face indices since they are strongly bonded in only one
direction. The fish-type AFPs stabilize secondary ice surfaces and adjust their
orientations by mimicking strong bonding directions that are not present in the ice
structure. The theory agrees with experimental observation and explains hitherto
unexplained phenomena. The observed broad variation in prismatic and, more
importantly, pyramidal ice crystallites produced in the presence of fish-type AFPs
is explained since these faces are secondary. The observed crystals triggered by
most insect-type AFPs are disk shaped because they consist of primary ice
surfaces. The allegedly exceptional ice pyramids triggered by the insect-type
TmAFP the primary ice pyramid with fixed indices, and entirely different from the
pyramids of the fish-type AFPs.
COMP 210
Simulations of water interfacial behavior
Mark J. Stevens, Sandia National Laboratories, P.O. Box 5800, MS 1411,
Albuquerque, NM 87185-1411, Fax: 505-284-1323, msteve@sandia.gov
The water dynamics at interfaces is fundamental to a broad range of
phenomena. We have performed molecular dynamics simulations to study the
structure and dynamics of the water-vapor interface and water at the interface
with SAMs. Simulations of the water-vapor interface examine the accuracy of
common water models for surface-tension calculations. We have examined water
confined between two alkanethiol SAMs on gold varying the amount of water

from submonolayer to two layers. While the water dynamics slows in comparison
to bulk, the diffusion rates only change by a factor of 10 at most and there is no
'ordered water.' We have also treated water on SAMs of oligo(ethylene oxide)
(OEO). These SAMs are resistant to protein adsorption, which is not fully
understood. Our simulations show that the interfacial region becomes more like
bulk water with decreasing OEO coverage. The reason for protein resistance is
that the interface presents a sufficiently similar interaction to the bulk that
adsorption does not occur.
COMP 211
Modulating ligand-receptor binding at the lipid membrane interfaces
Paul S. Cremer and Hyunsook Jung, Department of Chemistry, Texas A&M
University, MS 3255, College Station, TX 77843, Fax: 979-845-7561,
colloid.program.chair@mail.chem.tamu.edu
Our laboratory uses a combination of spectroscopic and microscopy-based
techniques to study the behavior of phospholipid bilayers at liquid/solid
interfaces. Bilayers are two dimensionally fluid objects and their binding to
proteins with multiple binding pockets from aqueous solutions depends upon
their ability to rearrange in two dimensions to accommodate multivalent binding.
In particular, this talk will focus on our recent results using charge, cholesterol
content, and polyethylene glycol layers to modulate two-dimensional binding. Our
results indicate that the thermodynamic binding constants can be modulated over
nearly four orders of magnitude for the same ligand-receptor binding event
depending upon the specific set of membrane conditions.
COMP 212
Calculation of diffusion coefficients of water and alkanes through singlewalled carbon nanotubes from simulations
J. Karl Johnson, Department of Chemical Engineering, University of Pittsburgh
and National Energy Technology Laboratory, 1242 Benedum Hall, Pittsburgh, PA
15261, Fax: (412) 624-9639, karlj@pitt.edu, Yang Wang, Department of
Chemical Engineering, University of Pittsburgh, Pittsburgh, PA 15261, Jin-Chen
Liu, Chemical Engineering, University of Pittsburgh, Pittsburgh 15261, and David
S. Sholl, Department of Chemical Engineering, Carnegie Mellon University,
Pittsburgh, PA 15213
Recent experimental work has shown that membranes containing aligned carbon
nanotubes exhibit transport rates for gases and liquids that are orders of
magnitude larger than rates predicted from Knudsen or hydrodynamic no-slip

flow. We present atomically detailed simulations of diffusion of water and alkanes
through single-walled carbon nanotubes. The self, corrected, and transported
diffusivities are calculated for liquid-like densities of water and alkanes in
nanotubes using equilibrium molecular dynamics, with thermodynamic correction
factors computed from Monte Carlo adsorption isotherm calculations. We also
present the zero-coverage diffusivities for these fluids. We discuss the results in
comparison with bulk fluid self-diffusivities and experimental data for flow through
nanotubes membranes.
COMP 213
Insertion, folding and oligomerization of peptides at water-membrane
interfaces
Charles L. Brooks III, Department of Molecular Biology, TPC6, The Scripps
Research Institute, 10550 North Torrey Pines Road, La Jolla, CA 92037, Fax:
858-784-8688
Many biological processes are mediated by the interface between the aqueous
cellular exterior and lipid membranes. These include the migration and insertion
of peptides into the membrane layer, the folding of peptides at the watermembrane interface and the assembly of peptides into oligomers to form
channels or trans-membrane species. All of these processes involve the coupling
between polypeptide fluctuations and interfacial interactions at the aqueousmembrane interface. We have recently developed a novel generalized Born
implicit solvent/implicit membrane model that enables the exploration of peptide
conformational processes, e.g., insertion, folding and assembly, at the interface
of solvent and membrane. In this talk I will report on recent studies that examine
biophysically important processes such as those noted above at water
membrane interfaces.
COMP 214
Low-energy electron elastic scattering theory and an experimental
description of water and water: DNA interfaces
Thomas M. Orlando, Doogie Oh, Yanfeng Chen, and Alex Alexandrov, School
of Chemistry and Biochemistry, Georgia Institute of Technology, 770 State St.,
Atlanta, GA 30332, Fax: 404-385-0155, thomas.orlando@chemistry.gatech.edu
We have modified a multiple scattering “path approach” to theoretically describe
low-energy electron diffraction in structured water overlayers. The presence and
role of ions and organic interfaces are observable and have noticeable effects in
the short range order. We have also used this approach to calculate the

diffraction and incident electron intensity at particular sites within a hydrated DNA
double-strand. Constructive interference associated with water in the DNA major
grooves occurs and can enhance the DNA damage probability. We associate the
experimentally observed enhancements in the break probability as a function of
incident electron energy with diffraction and decay of compound core-excited
resonances. These excitations are localized at the hydrated DNA interface but
can decay by autoionization and lead to damage at sites spatially removed from
the initial excitation.
COMP 215
Water in nonpolar pores and protein cavities
Gerhard Hummer1, Jayendran C. Rasaiah2, and Hao Yin2. (1) Laboratory of
Chemical Physics, National Institute of Diabetes and Digestive and Kidney
Diseases, National Institutes of Health, Bethesda, MD 20892-0520, Fax: 301496-0825, Gerhard.Hummer@nih.gov, (2) Chemistry, University of Maine,
Orono, ME 04469
We have used computer simulations to study the unusual dynamics, structure,
and thermodynamics of water in weakly polar pores and cavities formed by
carbon nanotubes, fullerenes, and proteins. In the absence of strong interactions
with the pore walls, water molecules tend to form wires or clusters held together
by tight and long-lived hydrogen bonds. The structures of water clusters confined
into roughly spherical cavities resemble those seen experimentally in gas phase.
The thermodynamics of water filling the pores and cavities from an equilibrium
solvent is determined by a subtle balance between the substantial loss in
hydrogen bond interactions upon removal of water from the bulk phase,
compensated by strong hydrogen-bond interactions between confined water
molecules, weakly attractive interactions between water and the pore, an
entropic gain from filling a void space, and significant rotational freedom of
confined water clusters. The simulation results are compared directly to recent
high pressure crystallography data for T4 lysozyme that provided a first direct
experimental demonstration of a “drying” transition in a protein (Collins et al.,
Proc. Natl. Acad. Sci. USA 102, 16668, 2005). Implications on a possible role of
such interfacial and confined water in protein function will be discussed.
COMP 216
Polyelectrolyte behavior and dynamics of three-way RNA junctions and
random RNA sequences
Udayan Mohanty, Department of Chemistry, Boston College, Chestnut Hill,
Newton, MA 02467

The polyelectrolyte behavior of a RNA three-way junction is studied in the
presence of monovalent and divalent cations. We predict the salt dependence of
folding and opening rates of 16S rRNA three-helix junction as a function of Mg2+
and Na+ concentrations. The results are in rather good agreement with
experimental data of transition rates between open and folded conformations of
the 16S rRNA junction using fluorescence correlation spectroscopy and FRET on
immobilized single molecules (collaboration with A. Spasic, Boston College; S.
Chu, Stanford University and Berkeley). We will also discuss compact folding in
randomly generated RNA sequences that were of sufficient length and
information content to encode complex, functional folds, yet were unbiased by
either genealogical or functional constraints (collaboration with David Bartel and
E. Schultes, MIT). The unevolved, nonfunctional RNAs typically acquired
magnesium-dependent folding states as compact as those of evolved RNA
isolates. This work was supported by NSF.
COMP 217
Isostructural does not mean isoenergetic: Computational studies of the
mechanism of recognition of oxidative DNA damage
Carlos L Simmerling, Department of Chemistry, SUNY Stony Brook, Stony
Brook, NY 11794, Fax: 631632-1555, carlos.simmerling@sunysb.edu, and Kun
Song, Department of Chemistry, Stony Brook University, Stony Brook, NY 11794
Accurate repair of DNA damage is critical to the survival of all living organisms.
We hypothesize that lesion recognition by DNA glycosylases is mediated only in
part by “direct readout,” namely, hydrogen bonding and/or electrostatic
interactions to the damaged base. We believe that “indirect readout” plays a
significant role in damage recognition via mechanisms that detect
thermodynamic instability at the lesion site. X-ray crystallography has provided
excellent insight into the components of direct readout, though a variety of crystal
structures of DNA-enzyme complexes. We complement these by performing
detailed molecular simulations, which complement the crystal structure with
dynamic information as well as permitting detailed free energy analysis. We find
that the static structures with undamaged bases and with lesions are highly
similar, but the thermodynamic data extracted from the simulations shows clear
differences that may reveal the basis for indirect readout of DNA damage.
COMP 218
Single molecule folding reveals mechanism of ribozyme action

Nils G. Walter and Chamaree de Silva, Department of Chemistry, University of
Michigan, 930 N. University, Ann Arbor, MI 48109-1055, Fax: 734-647-4865,
nwalter@umich.edu
Breaker and co-workers have recently engineered “aptazymes”, fusions of
aptamers with ribozymes, that can be used as biosensor components1. Despite
their biotechnological relevance, their mechanism of action is ill-understood. One
of these aptazymes contains an aptamer domain in vitro selected against the
bronchodilating drug theophylline, which asthmatics need to dose carefully. In the
aptazyme, the aptamer is connected to the core of the hammerhead ribozyme via
a short communication domain. We here have monitored the global
conformational dynamics of the aptazyme at the single molecule level in real-time
by fluorescence resonance energy transfer (FRET). With increasing theophylline
concentration we find that a long-lived docked state, in which the ribozyme
adopts an active Y-shaped global conformation, becomes more prevalent. In fact,
the theophylline titration curve of global folding mirrors that of ligand induced
catalytic activity. To test how ligand binding induces such global folding, we
incorporated 2-aminopurine (2AP) as a fluorescent probe of local (un)stacking
into the aptamer domain and the hammerhead catalytic core. While 2AP
unstacks rapidly in the aptamer domain after theophylline binding, local
conformational stacking rearrangements in the catalytic core occur on a
significantly slower timescale. These observations lead to a model in which rapid
local theophylline binding in the aptamer domain is transduced into the catalytic
core at long range via slow conformational rearrangements, eventually leading to
stabilization of an active, globally docked state. Our findings may explain why
nature employs fast cofactor activation, rather than a slow conformational change
into an active structure, in the only known naturally occurring aptazyme, the glmS
riboswitch.
1. Breaker, R.R. (2002). Curr Opin Biotechnol. 13;31-39
COMP 219
The smn complex: A molecular assembly machine for rnps
Gideon Dreyfuss, University of Pennsylvania School of Medicine, Howard
Huges Medical Institute, Philadelphia, PA 19104-6148,
gdreyfuss@hhmi.upenn.edu
The biogenesis of small nuclear ribonucleoproteins (snRNPs; the essential
components of the mRNA splicing machinery) and likely other RNPs in
eukaryotic cells, is mediated by an assemblyosome, the survival of motor
neurons (SMN) complex. The SMN complex, comprised of SMN and the Gemins
(2-8), binds to the Sm proteins and to snRNAs and constructs the heptameric
rings, the common cores of Sm proteins, on the Sm site (AU5-6G) of the

snRNAs. We have determined the specific sequence and structural features of
snRNAs for binding to the SMN complex and Sm core assembly. The minimal
SMN complex-binding domain in snRNAs (except U1) is comprised of an Sm site
and a closely adjacent 3' stem-loop. Remarkably, the specific sequence of the
stem-loop is not important for SMN complex binding, but it must be located within
a short distance of the 3'-end of the RNA for an Sm core to assemble. This
minimal snRNA-defining ‘snRNP code' is recognized by the SMN complex, which
binds to it directly and with high affinity and assembles the Sm core. We have
further identified the protein of the SMN complex, Gemin 5, that directly binds the
snRNP code, and is critical for snRNP biogenesis. Gemin5 is a novel RNAbinding protein and the snRNA-determining factor in cells. These findings
demonstrate that the SMN complex is the identifier, as well as assembler, of the
abundant class of snRNAs in cells. The function of the SMN complex, previously
unanticipated because RNP biogenesis was believed to occur by self-assembly,
confers stringent specificity on otherwise potentially illicit RNA-protein
interactions. Small molecule screens have identified inhibitors of the SMN
complex and reveal how it is regulated.
COMP 220
Mechanistic studies of nucleic acid chaperone activity of retroviral
nucleocapsid proteins
Karin Musier-Forsyth1, Mithun Mitra1, Kristen M. Stewart-Maynard2, My-Nuong
Vo2, Margareta Cruceanu3, Fei Wang3, Robert J. Gorelick4, Mark C. Williams3,
and Ioulia Rouzina5. (1) Department of Chemistry, Ohio State University, 100
West 18th Ave, Columbus, OH 43210, Fax: 614-688-5402,
musier@chemistry.ohio-state.edu, (2) Department of Chemistry, University of
Minnesota, Minneapolis, MN 55455, (3) Department of Physics, Northeastern
University, Boston, MA 02115, (4) NCI-Frederick, AIDS Vaccine Program, SAIC
Frederick, Inc, Frederick, MD 21702, (5) Department of Biochemistry, Molecular
Biology and Biophysics, University of Minnesota, Minneapolis, MN 55455
Retroviral nucleocapsid (NC) proteins are zinc-binding chaperones that facilitate
ATP-independent nucleic acid remodeling during reverse transcription. Optimal
nucleic acid chaperone activity requires saturation at a nucleotide to NC ratio of
approximately 6:1. Three main features of chaperone activity are duplex
destabilization mediated by zinc “knuckle” motifs, nucleic acid aggregation
mediated by high concentrations of basic residues, and rapid kinetics of nucleic
acid binding. The contribution of HIV-1 NC's functional domains to these different
activities was investigated using a variety of techniques including gel shift
annealing assays, FRET (ensemble and single molecule), fluorescence
anisotropy, sedimentation analyses, and single molecule DNA stretching. We
have also shown that HIV, RSV, MLV and HTLV-1 NCs exhibit significant
differences in their chaperone activity. HTLV NC is the least effective chaperone

and this protein's unique C-terminal acidic domain is a key negative determinant
of chaperone function. Funded in part by NCI Contract N01-CO-12400.
COMP 221
Using structural superposition for the analysis of protein-RNA
Yousif Shamoo, Department of Biochemistry and Cell Biology, Rice University,
Houston, TX 77005, shamoo@rice.edu
Analysis of 41 moderate-to-high resolution protein-RNA complexes has been
used to probe the general basis for RNA recognition. Using three-dimensional
superposition of the nucleoside binding pockets of each structure, we have
constructed a composite view of how amino acids at protein surfaces make
interactions to specific nucleic acid bases. In contrast to the results found for
DNA in which interactions have been shown to be dominated by accessibility
through the major and minor grooves, RNA recognition is consistent with the
observation that RNA frequently occurs in non-canonical and single-strand-like
structures and allows a much more diverse ensemble of interactions. By
constructing composites that include all van der Waals, hydrogen bonding,
stacking and general non-polar interactions made to a particular nucleoside, the
strategies employed can be readily visualized. The unique shape and hydrogen
bonding pattern for each RNA base allow proteins to make specific interactions
through a very small number of contacts, perhaps as few as two in some cases.
COMP 222
RNA structural bioinformatics of RNA-Protein interactions
Neocles B. Leontis, Department of Chemistry, Bowling Green State University,
Convener, RNA Ontology Consortium, Bowling Green, OH 43403, Fax: 419-3729809, leontis@bgnet.bgsu.edu
An important aim of RNA structural bioinformatics is to capture and encode the
essential structural features of complex RNA molecules and their biologically
significant interactions to aid human understanding, to promote integration of
structural data with sequence and functional data, and to facilitate design,
maintenance and inter-operability of computer software. Structural bioinformatics
tasks include automatic structure annotation, rapid motif searching in structure
and sequence databases, automatic sequence alignment, structure prediction
from sequence, and inference of biological function and interactions. We
proposed a geometric classification of all RNA basepairs (Watson-Crick and nonWatson-Crick) that provides a proto-ontology for RNA 3D structure annotation.
The classification facilitates rapid and exhaustive symbolic search for RNA motifs

in the 3D RNA structure database and has been employed in a number of
software packages including our “Find RNA 3D” (“FR3D”), which implements
mixed symbolic and geometric motif search. Extensions to the software to cover
base-stacking and base-backbone interactions will be described and illustrated
with application to protein-binding RNA motifs.
COMP 223
On the dynamics of some small structural motifs in rRNA upon ligand
binding
Aleksandra Rakic, Faculty of Physical Chemistry, University of Belgrade,
Studentski Trg 12-16, Belgrade 11000, Yugoslavia, and Petar M Mitrasinovic,
Department of Information Technologies and Artificial Intelligence, Center for
Multidisciplinary Studies, University of Belgrade, Kneza Viseslava 1, Belgrade
11030, Yugoslavia, petar.mitrasinovic@cms.bg.ac.yu
The behavior of the GAA (1186-1188) hairpin triloops with their closing c-g base
pairs in the large ribonucleoligand complexes (PDB IDs: 1njn, 1nwy, 1jzx) is
investigated using molecular dynamics simulations. The trends of the relative
energies of the motifs in the complexes with respect to that in the reference
structure (unbound form of rRNA; PDB ID: 1njp) are in agreement with those of
the conformational parameters previously reported. Therefore, molecular
dynamics simulations associated with some small motifs of rRNA structure in
large ribonucleoligand complexes speak in favor of the potential of a
pseudotorsional (eta,theta) approach to be a valuable means of studying the
sugar-phosphate backbone in the 2.5-3 Å resolution range. The thermodynamical
parameters, based on the two-state conformational model of RNA sequences
containing 15, 21 and 27 nucleotides in the immediate vicinity of the maximum
entropy binding site of the ligand, are evaluated. The strain of a triloop is
established as a structural feature that conforms to the trend of values of the
thermodynamical variables. The considerations are well-correlated with the
understanding that conformational changes, induced within localized regions of
an rRNA structure, are associated with the overall response of the rRNA
structure to the binding of a ligand at sites that are fairly far (in the range of 20 Å)
away from the localized regions.
COMP 224
What do we know and when do we know it: Lessons from information
theory
Anthony Nicholls, OpenEye Scientific Software Inc, 3600 Cerrillos Rd., Suite
1107, Santa Fe, NM 87505, anthony@eyesopen.com

Evaluations are not unique to molecular modeling. Other fields, in particular
clinical trials, are dominated by the quality and interpretability of evaluations. As
such, there are lessons that can be applied in our field that are both pragmatic
and well-founded in the theory of information and cost-analysis. This talk will
propose that well-run evaluations are essential to the health of the field and that
cause for concern is evident in the majority of papers, regardless of journal or
meeting. Examples will be given.
COMP 225
Virtual high-throughput screening, enrichment, and the "early recognition"
of actives
Christopher I. Bayly, Department of Medicinal Chemistry, Merck Frosst Centre
for Therapeutic Research, 16711 TransCanada Highway, Kirkland, QC H9H 3L1,
Canada, bayly@merck.com, and Jean-Francois Truchon, Merck Frosst Centre
for Therapeutic Research, Kirkland, QC H9H 3L1, Canada
In evaluations of Virtual High-Throughput Screening (VHTS), the metrics used to
interpret the results fundamentally influence the conclusions drawn. While the
notion of enrichment (the early recognition of actives from a mixture of actives
and decoys in the rank-ordered list) is central to the purpose and utility of VHTS,
only some of the commonly-used metrics explicitly incorporate "early
recognition", while others only do so in a highly restricted way. To incorporate
"early recognition" into the familiar ROC metric, it is combined with Sheridan's
RIE to produce BEDROC. The utility of this new metric will be demonstrated, as
well as its implications for the size of active and decoy sets to use in an
evaluation.
COMP 226
Ligand-based modeling: To confuse or enlighten
Ajay N. Jain, Cancer Research Institute, University of California, San Francisco,
Box 0128, San Francisco, CA 94143-0128, Fax: 650-240-1781,
ajain@jainlab.org
Methods in molecular modeling aim to address substantive operational issues in
drug discovery. If the purpose of publishing papers and giving presentations on
methods is to communicate the effectiveness of methods on the likely operational
performance of the methods, there are implications for test set composition and
preparation, computational procedure specification, and statistical reporting. This
presentation will focus on ligand similarity computations and 3D QSAR. Different
approaches will be presented in the context of whether specific choices lead to

confusion or to enlightenment. Agreement to follow approaches that lead to
enlightened understanding of real-world performance will improve the field by
accelerating scientific discovery, and will lead to more effective tools whose
operational performance matches the claims of methods developers.
COMP 227
Issues in comparing shape similarity methods: KISS helps
Richard D. Cramer, Tripos, 1699 South Hanley Road, St. Louis, MO 63144,
Fax: 505-995-4439, cramer@tripos.com
Experiences in validating the performance of a shape similarity methodology will
be drawn on to raise and address broader questions in method evaluation.
Generally recognized issues include the number, diversity, and relevance of the
input data sets, and the importance and challenge of bias-free protocols,
including appropriate control calculations.
Another issue is the optimizing of performance on individual data sets by "tuning"
various setup parameters. We will argue that such a practice seldom if ever
benefits the users of a computational method.
COMP 228
Development and use of a small representative benchmark suite for
thermochemical kinetics
Jingjing Zheng1, Yan Zhao1, Benjamin J. Lynch2, and Donald G. Truhlar1. (1)
Department of Chemistry and Supercomputing Institute, University of Minnesota,
207 Pleasant Street S.E, Minneapolis, MN 55455, Fax: 612-626-9390,
zheng@comp.chem.umn.edu, (2) Supercomputing Institute, University of
Minnesota, Minneapolis, MN 55455-0431
Databases composed of a large number of accurately estimated results are very
useful for assessing the performance of theoretical methods. A disadvantage of
using them is that it requires a burdensomely large number of calculations, which
is not always affordable. In order to benefit from the diversity of the full database
while simultaneously reducing computational cost, we proposed a method to
select a small subset of data to statistically represent the full data set. Based on
this method, five small benchmark suites of barrier heights for hydrogen transfer,
heavy-atom transfer, nucleophilic substitution, and unimolecular and association
reactions were developed and combined. Evaluation of 221 combinations of
theory level and basis set against this representative data leads us to
recommend the following methods for barrier height calculations, in order of

decreasing cost: G3SX, BMC-CCSD, M06-2X, PWB6K, BB1K/6-31+G(d,p),
M06–L, MPW1K, HF/MIDI!, and PM3.
COMP 229
Selectivity issues in ammoxidation catalysis: MoV(Nb,Ta)(Te,Sb)O System
Robert K. Grasselli, Center for Catalytic Science and Technology, University of
Delaware, USA, Newark, DE 19716, rkgrasselli@yahoo.com
Selectivity is assuming ever greater importance in catalysis with the cost
escalation of feed stocks. Some forty years ago, we proposed the concept of site
isolation, a key requirement to achieve selectivity in oxidation catalysis. This
principle is useful in the conceptual design of new selective oxidation catalysts,
describing the selectivity behavior of many catalysts, including MoVNbTeO, the
currently most efficient propane ammoxidation catalyst. In its optimum form, it is
comprised of two crystalline phases, orthorhombic Mo7.8V1.2NbTe0.94O28.9
(M1) and pseudo-hexagonal Mo4.67V1.33Te1.82O19.82 (M2). M1 is the key
paraffin activation and ammoxidation phase, its active centers containing all key
elements V5+, Te4+, Mo6+, properly arranged to transform propane directly to
acrylonitrile. Four Nb5+ centers, each surrounded by five molybdenum-oxygen
octahedra isolate the active centers from each other, preventing over-oxidation,
leading to high selectivity. Symbiosis between M1 and M2 phases occurs at high
propane conversion. Reaction mechanisms for propane ammoxidation are
described.
COMP 230
Theoretical heterogeneous catalysis, limitations and challenges
Rutger A. van Santen, Laboratory of Inorganic Chemistry and Catalysis,
Eindhoven University of Technology, P.O. Box 513, Eindhoven 5600 MB,
Netherlands, Fax: +31 40 2455054, r.a.v.santen@tue.nl
Two reaction systems will be chosen to discuss theoretically the relation between
catalyst structure and catalytic performance. For transition metal catalysis we
select for discussion the Fischer-Tropsch reaction that converts synthesis gas
into higher hydrocarbons. We will discuss the quantum-chemical aspects of CO
activation as well as CH4 formation and C-C bond formation. This catalytic
reaction is of interest theoretically, because selectivity strongly depends on
choice of metal as well as particle size and shape. Reactivity-free energy
relations can be formulated that enable a rational analysis of reactivity trends. A
heterogeneous catalytic system with steric constraints is the microporous zeolite.
In protonic form these materials are widely used. We will address the question of

the interplay between the reactivity of these protons and the size and shape of
zeolite cavity. More recent is the use of reactive cations or cationic clusters to
activate hydrocarbons. Chemical interaction between the zeolite channel wall
and the cationic systems in the zeolite micropore determine the relative stability
of cationic clusters and hence their catalytic activity. This will be discussed for Zn
and Ga cationic clusters. Progress in these two topics illustrates the great
advances in catalytic science due to access to efficient high quality computer
codes as well as hard ware computer performance. The complexity of model
systems we can discuss today was unthinkable only ten years ago.
COMP 231
Understanding electrochemical systems from first principles
Timo Jacob, Theory Department, Fritz-Haber-Institut der Max-PlanckGesellschaft, Faradayweg 4-6, Berlin 14195, Germany, Fax: 0049-30-8413-4701,
jacob@fhi-berlin.mpg.de
Compared to surface science experiments under UHV conditions,
electrochemical systems (such as fuel cells) combine a whole variety of
additional effects. These range from the nanostructure of the highly disperse
catalyst particles over the presence of the electrolyte and the multi-component
environment to the reaction conditions of finite temperature, pressure, and
electrode potential. Due to this complexity our knowledge about the ongoing
processes is mostly limited to the macroscopic regime. However, nowadays
theoretical methods are able to provide a deeper insight into structures and
processes at the atomistic level, which together with experiments could lead to a
better understanding. Within this talk I will first present theoretical studies on the
oxygen reduction reaction (ORR) occurring at the cathode of PEM-fuel cells.
Starting with the gas-phase system effects from the reactive surrounding as well
as environmental parameters are successively included, finally providing a more
realistic description. In order to describe the electrochemical interfaces
developing in these systems we formulated the extended {\it ab initio} atomistic
thermodynamics method, which allows calculating (p,T,Φ)-phase diagrams of
electrode/eletrolyte-interfaces from first principles. It turned out that the model of
a pure and perfect catalyst surface, which is often used to study this reaction, is
clearly incomplete. Instead, structure and composition of the catalyst are
significantly modified. Afterwards, calculations on alternative catalyst materials
(Pt-based alloys and nano-structured Ir) that experimentally show enhanced
reaction rates are discussed. We find that the electrode potential is also an
important parameter for actively tuning electrode morphologies and
nanostructuring.
COMP 232

Rational design of molecular catalysts applied in hydrogen storage,
production and hydrogen fuel cell
Wei-Qiao Deng, Division of Chemistry and Biological Chemistry, Nanyang
Technology University, 1 Nanyang Walk, Block 5, level 3, Singapore 637616,
Singapore, wqdeng@ntu.edu.sg
Environmental issues demand that we achieve a hydrogen economy which
promises an environmentally friendly, energy secured, fossil-fuel independent
future world. Unfortunately, several obstacles have yet to be overcome such as
the questions of how to reversibly store hydrogen at ambient conditions, how to
economically produce the hydrogen and how to achieve an inexpensive, safe
and low-weight hydrogen fuel cell system.
My group has been developing a strongly integrated theoretical/experimental
research strategy to precisely design and synthesize the compounds with desired
properties. In this talk, I will introduce our recent progresses at designing new
catalysts applied in hydrogen storage, production and hydrogen fuel cell by using
this strategy.
(1). We addressed the mechanism of the dehydrogenation reactions of organic
hydrides. Based on this mechanism, we screened the compound library and
designed a catalyst that can assist dihydrogen to chemically store in organic
hydrides. The potential hydrogen storage amount can satisfy DOE target, 6.5wt%
at ambient conditions. (2). We addressed the electrocatalytic mechanism of O2
reduction reactions with metal porphyrins. Based on this understanding, a series
of catalysts have been designed to replace Pt catalyst in the hydrogen fuel cell
electrodes. (3). We investigated the catalytic process of photoinduced hydrogen
generation via the reduction of water. We identified a better photosensitizer
candidate by using the developed fast screening method.
COMP 233
Theoretical approaches to actinide complexes and cerium oxide materials
using density functional theory
P. Jeffrey Hay1, Richard L. Martin1, Enrique R. Batista1, Jamal Uddin2, and
Gustavo E Scuseria2. (1) Theoretical Division, Los Alamos National Laboratory,
MS B268, Los Alamos, NM 87545, pjhay@lanl.gov, (2) Department of Chemistry,
Rice University, Houston, TX 77005
Developments in density functional theory (DFT) for inorganic molecules and
materials will be reviewed with emphasis on f-element chemistry. The
performance of conventional and hybrid DFT approaches in predicting structures
and thermochemistries of actinide complexes is examined. In the area of bulk

materials, the predicted lattice constants and electronic properties of Ce2O3 and
CeO2 from periodic DFT calculations are compared with available experimental
information for various functionals. Only the hybrid functionals give a consistent
description of both Ce(III) and Ce(IV) oxidation states for these materials
COMP 234
FITTED 2.0: A program for flexible protein-flexible ligand docking
Nicolas Moitessier, Christopher R. Corbeil, and Pablo Englebienne, Department
of Chemistry, McGill University, 801, Sherbrooke St. W, Montreal, QC H3A 2K6,
Canada, Fax: 514-398-3797, nicolas.moitessier@mcgill.ca
FITTED is a docking-based virtual screening tool for medicinal chemists.
Considering the flexibility of the protein though Lamarckian genetics allows the
program to the conformational space not considered in crystal data. FITTED also
accounts for displaceable key water molecules through a use of a novel potential
energy term. By using a forcefield based scoring function along with a
pharmacophore based orienting protocol, FITTED yields a more realistic view of
the protein binding site. Improvements and comparative studies on docking and
virtual screening will be discussed. A real case virtual screening study along with
applications to various enzymes and receptors will also be shown.
COMP 235
DOVIS: A high performance computing tool for virtual screening using
AutoDock
Xiaohui Jiang, Kamal Kumar, Anders Wallqvist, and Jaques Reifman,
Biotechnology HPC Software Applications Institute, US Army Medical Research
and Materiel Command, Building 363 Miller Drive, Fort Detrick, MD 21702,
xjiang@bioanalysis.org
We developed a DOcking-based VIrtual Screening (DOVIS) pipeline using
AutoDock as the docking engine. DOVIS is aimed for large-scale, highthroughput virtual screening on high performance Linux cluster platforms. DOVIS
is automated to use sd files as the input/output format for ligands and pdb or
mol2 for the receptor. DOVIS is integrated with Load Sharing Platform (LSF) or
Portable Batch System (PBS) queuing systems for job submissions. We
developed a novel parallelization protocol to maximize the efficiency on shared
computing resources. DOVIS has a generic post-docking interface to apply thirdparty scoring functions. A Web-page based GUI was developed to drive the
application on a Linux cluster. The DOVIS pipeline has been used to screen 2.3

million molecules against the ricin A chain protein. We will present the design,
implementation and application of the DOVIS pipeline.
COMP 236
Finding the best protocol for enzyme activity modeling
Scott A. Wildman and Robert V. Stanton, Molecular Informatics, Pfizer
Research Technology Center, 620 Memorial Dr, Cambridge, MA 02139,
scott.wildman@pfizer.com
Selectivity screening against a large panel of enzymes is common to all drug
discovery projects, and a variety of services are commercially available. A
supplement to such screening may be an in silico modeling protocol for any or all
of the targets of interest built on data from previous screening efforts. A survey of
several algorithms as well as common descriptor and fingerprint methods has
been completed with respect to their ability to accurately predict activity of a
series kinase targets. Both classification and regression models were considered
for each descriptor and data set combination, and a best approach for all targets
is determined.
COMP 237
Can we improve the structure-based virtual screen hit rate by proposing
limited number of VS hits?
Suo-Bao Rong and John van Drie, Global Discovery Chemistry, ComputerAided Drug Discovery, Novartis Institutes for BioMedical Research, Cambridge,
MA 02139, suobao.rong@novartis.com
Structure-based virtual screening consists of target preparation, database
preparation, docking, post-docking analysis, and proposal of VS hits for testing,
which has been increasingly used in drug discovery to improve the hit-to-lead-todrug timeline. However, the VS hit rate is still limited by (1) the completeness of
sampling the ligand's conformation within the protein binding pocket (2) the
accuracy of predicting ligand-protein binding affinity, and (3) the quality of postdocking analysis.
A semi-automatic VS and post-docking analysis protocol has been developed to
improve the VS hit rate by proposing a limited number of VS hits. This protocol is
pipelined by a series of semi-automatic scripts to perform Glide high throughput
docking, ADME analysis, Glide SP docking, binding mode clustering, and
protein-based pharmacophore filtering. Since both ADME and interaction
diversity are considered, it is easy to explore a large number of diverse

compounds by analyzing a small number of compounds (~2000). Because of
this, a 3D visualization process is employed as the last step to propose a limited
number of VS hits (100-200) for bio-assay. This protocol has been applied to
several internal projects, achieving a 4-7 % VS hit rate for several different
targets.
COMP 238
Identification of weak leads with virtual screening
Natasja Brooijmans, Department of Structural Biology & Computational
Chemistry, Wyeth Research, Chemical & Screening Sciences, 401 N.
Middletown Road, Pearl River, NY 10965, brooijn@wyeth.com, and Christine
Humblet, Chemical and Screening Sciences, Wyeth Research, Monmouth
Junction, NJ 08852
Most retrospective receptor-based virtual screening studies in the literature
enrich libraries with highly-active compounds against the studied targets. While
these studies show that docking can be used successfully to distinguish active
ligands among decoys, they are not very realistic. In industrial settings, corporate
and commercial collections are screened that contain very few optimized
compounds that inhibit the target of interest in the nanomolar range. Leads
identified by high-throughput screening and virtual screening are generally in the
low-to-medium micromolar range. Using Glide SP docking, we have performed
studies on a set of kinase targets that show that identifying these weak leads is
significantly more difficult than identifying higly-optimized ligands. We also
investigated the use of pre- and post-docking filters to enhance Enrichment
Factors.
COMP 239
Surflex-dock: Effects of protomol generation and fragment matching on
docking results
Essam Metwally, Informatics Research Center, Tripos, 1699 S. Hanley Rd.,
Saint Louis, MO 63144, emetwall@tripos.com, and Jennifer K Shepphird, Tripos
Informatics Research Center, St. Louis, MO 63144
Surflex-Dock utilizes an idealized representation of the receptor binding site
called a protomol. The latest version of the program introduces the ability to
constrain docking to specific substructure placements. In the current study we
present the impact that various methods of protomol definition and fragment
placement had on docking results.

COMP 240
The Shiraz Challenge: The unlovable in search of the undruggable
Kim Branson, Department of Chemistry, Stanford University, S256 Clark Centre,
Stanford University, Palo Alto, CA 94304, kim.branson@gmail.com, and Gregory
L. Warren, OpenEye Scientific Software Inc, Santa Fe, NM 87507
While there have been numerous published retrospective evaluations of virtual
screening methods, reports of prospective virtual screening results are rare. The
Shiraz Challenge is a prospective test of virtual screening methods against two
protein-protein interaction targets, the interaction of interleukin's 2 and 4 (IL-2, IL4) with their cognate alpha chain receptors (IL-2R and IL-4R).
Since small molecules inhibitors of the IL-2-Il-2R complex are known, several of
which have protein-ligand complex structures, this target provides a basis for
comparing receptor- and ligand-based virtual screening methods. IL-4, having no
known small molecule inhibitors, provides a receptor only test case. We will
present the results of the virtual screening of three supplier databases for IL-2
and IL-4 and the resulting biological data.
COMP 241
TrixX-BMI: Fast virtual screening using compressed Bitmap Index
Technology for efficient prefiltering of Compound Libraries
Jochen Schlosser and Matthias Rarey, Center for Bioinformatics (ZBH),
University of Hamburg, Bundesstrasse 43, 20146 Hamburg, Germany, Fax:
+4940428387352, schlosser@zbh.uni-hamburg.de
Due to the enormous size of available compound libraries the development of
extremely fast structure-based virtual screening tools is an important aim for
chemogenomics and drug discovery. Most molecular docking tools process a
given library by docking each ligand iteratively into the binding site. These tools
perform well concerning accuracy but their runtime is linear in the number of
compounds to be screened. Our new approach for high-throughput virtual
screening tries to break this barrier by reducing the number of candidate ligands
for a given receptor via a descriptor based filtering procedure using fast bitmap
indices. These indices holding compound descriptors based on triangle
geometry, chemical interactions and shape are queried using similar descriptor
triangles from the active site. Because most conformational issues are
preprocessed and are part of the descriptor most query matches yield a
reasonable ligand pose. Results show that TrixX-BMI is an efficient tool for virtual

screening with average runtime in sub-second range with comparable
enrichment rates.
COMP 242
Understanding false positives in reporter gene assays: In silico
chemogenomics approaches to prioritize cell-based HTS data
Meir Glick, Lead Finding Platform, Novartis Institutes for BioMedical Research,
250 Massachusetts Avenue, Cambridge, MA 02139, meir.glick@novartis.com
High Throughput Screening (HTS) data is often noisy, containing both false
positives and negatives. Thus, careful triaging and prioritization of the primary hit
list can save time and money by identifying potential false positives before
incurring the expense of follow-up. Of particular concern are cell-based reporter
gene assays (RGAs) where the number of hits may be prohibitively high to be
scrutinized manually for weeding out erroneous data. Based on statistical models
built from chemical structures of 650,000 compounds tested in RGAs, we created
"frequent hitter" models that make it possible to prioritize potential false positives.
Furthermore, we followed up the frequent hitter evaluation with chemicalstructure based in silico target predictions to hypothesize a mechanism for the
observed “off target” response. It was observed that the predicted cellular targets
for the frequent hitters were known to be associated with undesirable effects
such as cytotoxicity. More specifically, the most frequently predicted targets
relate to apoptosis and cell differentiation, including kinases, topoisomerases and
protein phosphatases. The mechanism-based frequent hitter hypothesis was
tested using 160 additional drug-like compounds predicted by the model to be
non-specific actives in RGAs. This validation was successful (showing a 50% hit
rate compared to a normal hit rate as low as 2%) and it demonstrates the power
of computational models toward understanding complex relations between
chemical structure and biological function.
COMP 243
Computation of electron transfer energies for redox proteins by combining
QM/MM and classical molecular dynamics simulation
Jochen Blumberger, Department of Chemistry, University of Cambridge,
Lensfield Road, Cambridge CB2 1EW, United Kingdom, jb376@cam.ac.uk
One of the most important quantities in the theoretical description of biological
electron transfer (ET) reactions is the electron transfer energy, i.e. the energy
required to transfer an electron from an electron donating to an electron
accepting cofactor. Computation of the ET energy to a useful degree of accuracy

is not straightforward, however, and hampered by the following issues: (i) current
excited state density functional theory calculations are unreliable for computation
of charge transfer energies, (ii) the ET energy is not only determined by the
redox active cofactors but to a large extent by the protein and surrounding
solvent, (iii) sampling of the fluctuations of the ET energy over at least several
nanoseconds is required to obtain converged averages. To address (i) we exploit
the fact that the ET under investigation is long range in nature. The redox active
cofactors are separated by 10-25 Angstroms or more; hence the ET energy can
be calculated to a good approximation from the ground state energies of donor
and acceptor in oxidized and reduced states. Computation of excited states is
thereby avoided. To address (ii) and (iii) we present a combined
QM/MM//classical MD computational scheme that allows us to calculate the ET
energy at the QM/MM level but with the statistical accuracy of classical MD.
Applications will be presented for intraprotein ET in ruthenium modified
cytochrome c and for a de novo designed four-helix bundle protein.
COMP 244
Nature of ligand binding in HCV polymerase: Characterization of specific
interactions from QM/MM calculations
Jerry M. Parks1, Hao Hu1, Rama Kondru2, and Weitao Yang1. (1) Department of
Chemistry, Duke University, 124 Science Drive, 5301 French Science Center,
Box 90346, Durham, NC 27708-0346, jerry.parks@duke.edu, (2) Roche Palo
Alto, Palo Alto, CA 94304
Protein-ligand docking is commonly performed with molecular mechanics-based
scoring function approaches. Although quite useful, these methods are known to
fail in certain instances, particularly in the accurate prediction of docked ligand
conformations. We used DFT-based QM/MM calculations to correctly reproduce
the binding mode of Hepatitis C virus (HCV) NS5b polymerase with the ligand
(2Z)-2-(benzoylamino)-3-[4-(2-bromophenoxy)phenyl]-2-propenoate and
performed an energetic decomposition on the docked complex. We determined
that the most important factors in obtaining the correct binding mode were the
conformational (i.e. QM internal) energy, steric (vdW) effects, and adequate
charge screening to account for solvation effects. Our results demonstrate the
importance of including a quantum mechanical description of the ligand, as well
as the proper treatment of protein-ligand interactions in docking calculations.
COMP 245
Exploring QM/MM paths for mapping reaction mechanisms

H. Lee Woodcock III1, Milan Hodoscek2, and Bernard R. Brooks1. (1) Laboratory
of Computational Biology, National Heart, Lung and Blood Institute, National
Institutes of Health, 50 South Dr. MSC 8014, Bethesda, MD 20892-8014, Fax:
301-402-3404, hlwood@nih.gov, (2) Center for Molecular Modeling, National
Institute of Chemistry, Ljubljana, Slovenia
This presentation will focus on the evaluation of recently developed techniques
for examining macromolecular systems via both classical and hybrid
quantum/classical methodologies. Recent work will be presented on the
introduction of a rapid new first order procedure for locating transition states
within a hybrid QM/MM framework and combination of this with the extension of
CHARMM's Replica Path (RPATh) and Nudged Elastic Band (NEB) methods to
employ SCC-DFTB wavefunctions in pure QM and hybrid QM/MM reaction path
calculations. The new procedure (RPATh+RESD) which combines RPATh with
the reaction coordinate driving (RCD) technique via CHARMM's RESDistance
facility helps to eliminate two key weaknesses of standard RCD approach. First
(1) is the elimination of hysteresis effects (i.e. discontinuities in the reaction path)
which often are experienced because of chemical changes (e.g. breaking
hydrogen bonds) that occur far from the active site, but are not relevant to the
reaction being examined; Second (2) the sequential nature of the RCD procedure
is overcome. Employing the parallel / parallel Replica Path method with RCD
provides the best of both words. In addition, recent work on the extension of the
Replica Path (RPATh) method to perform Off-Path Simulations (OPS) which can
effectively and efficiently approximate the Potential of Mean Force (PMF) of
complicated biomolecular processes will be highlighted.
COMP 246
A design atom approach for the QM/MM covalent boundary
Yingkai Zhang and Chuanyun Xiao, Department of Chemistry, New York
University, 100 Wahsington Square East, New York, NY 10003, Fax: 212-2607905, yingkai.zhang@nyu.edu
A critical issue underlying the accuracy and applicability of the QM/MM methods
is how to describe the QM/MM boundary across covalent bonds. Inspired by the
ab initio pseudo-potential theory, we have introduced a novel design-atom
approach for this QM/MM covalent boundary problem. The main idea is to
replace the boundary atom of the active part with a design-atom, which has a
different number of valence electrons but very similar atomic properties. In our
initial attempt, we have successfully developed a design-carbon atom with five
valence electrons.
COMP 247

Evaluation of different quantum mechanics methods applied to biological
molecules: Potential and free energy surfaces of alanine and glycine
dipeptides in vacuum and in water
Gustavo de M. Seabra, Quantum Theory Project, University of Florida, 2300
New Physics Building, PO Box 118435, Gainesville, FL 32611-8435, Fax: 785532-6666, seabra@qtp.ufl.edu, Ross C Walker, Strategic Applications
Computing, San Diego Supercomputing Center, University of California, San
Diego, La Jolla, CA 92093, and Adrian E Roitberg, Department of Chemistry,
University of Florida, Gainesville, FL 32611
The Amber 9 version of the molecular dynamics package contains a native
implementation of an array of semi-empirical methods. Included are MNDO,
AM1, PM3, PDDG/MNDO, PDDG/PM3, PM3CARB1 and SCC-DFTB.
We show calculations of the adiabatic potential energy surface for alanine and
glycine dipeptides in vacuum and using AM1, PM3, PDDG/PM3 and SCC-DFTB
semi-empirical methods for the dipeptide, and compare it to high level ab-initio
data obtained using Gaussian 03.
Results for the free energy surfaces of alanine and glycine dipeptides in water
calculated from a 30 ns molecular dynamics run for each of the semi-empirical
methods above, and using both TIP3P and TIP4Pew models for water, will also
be presented.
COMP 248
QM/MM study of orotidine-5'-monophosphate decarboxylase
I Feng W. Kuo, Chemistry Materials and Life Sciences Directorate, Lawrence
Livermore National Laboratory, L-370, PO BOX 808, Livermore, CA 94551-9989,
Fax: 925-423-0909, kuo2@llnl.gov, Courtney L Stanton, Department of
Chemistry and Biochemistry, UCLA, Los Angeles, CA 90095, Christopher J.
Mundy, Chemical & Materials Sciences Division, Pacific Northwest National
Laboratory, Richland, WA 99352, Teodoro Laino, Physikalisch Chemisches
Institut, Universitat Zurich, Zurich CH-8057, Switzerland, and Kendall N. Houk,
Department of Chemistry and Biochemistry and California Nanosystems Institute,
University of California, Los Angeles, Los Angeles, CA 90095
Despite decades of study, the mechanism of orotidine-5'-monophosphate
decarboxylase (ODCase) remains unresolved. Here we use a mixed QM/MM
approach with metadynamics as implemented in the program CP2K which
integrates classical dynamics and ab initio dynamics based on the BornOppenheimer approach. In particular, we will present the free energy landscape
for some proposed reaction pathway and the calculated change in activation free

energy (ΔΔG±) on going from solution to the enzyme to determine feasibility of
different proposed mechanisms.
COMP 249
New pharmacophore constrained Gaussian shape/electrostatic/ olored
force field similarity searching tools: Feeding the synthetic beast with KIN
Andrew C. Good, Structural Biology and Modeling, Bristol-Myers Squibb, 5
Research Parkway, Wallingford, CT 06492, Fax: 203-677-7702,
andrew.good@bms.com, Andrew Tebben, Computer-Assisted Drug Design,
Bristol Myers Squibb, Princeton, NJ 08543-400, and Brian Claus, ComputerAssisted Drug Design, Bristol-Myers Squibb, Princeton, NJ 08543-4000
A major historical limitation of many QSAR analyses has been a reliance on
retrospective analysis. This has typically limited their extension to the design of
novel compounds, a central requirement for many computational chemists.
Molecular similarity calculations are in essence QSAR models driven by a
molecular template, and have the advantage of easy extensibility to prospective
analysis. With this in mind, the DOCK program has been extensively modified to
permit its application in ligand-based de novo design. A Gaussian-based scoring
function have been incorporated to permit shape, electrostatic potential and
weighted colored force-field similarity searching. In addition Gaussian-based
exclusion volumes and r-group linker constraints have been added to permit
inclusion of steric constraint SAR and fragment screening. When combined with
fragment databases culled from the existing chemistry space, the resulting
program KIN provides a highly flexible tool for de novo core / head group
replacement. Illustrations of the software's utility are highlighted with a number of
search examples.
COMP 250
Application of pharmacophore fingerprint QSAR to 7TM drug design
Zheng Yang, Computational and Structural Chemistry, Molecular Discovery
Research, GlaxoSmithKline Pharmaceuticals, 1250 South Collegeville Road,
Collegeville, PA 19426, Fax: 610-917-7393, Zheng.P.Yang@gsk.com
This presentation will discuss application of the GSK in-house pharmacophore
fingerprint quantitative structure-activity relationship (pFPQSAR) method to 7TM
drug design. pFP is a GSK in-house implementation of three- and four-point
pharmacophore fingerprinting that incorporates proprietary GSK physiochemical
featurization and utilizes imported molecular conformers. The pFPQSAR method
uses the binary pharmacophore bits as 3D molecular descriptors, and applies a

nonlinear iterative partial least squares algorithm to correlate these descriptors
with compound biological activities to construct QSAR models. The pFPQSAR
methodology has been validated on GSK in-house kinase datasets, and has
been used to build predictive QSAR models to support prospective 7TM ligandbased drug design for lead optimization.
COMP 251
Hierarchical QSAR technology on the base of simplex representation of
molecular structure
Eugene N. Muratov1, Victor E. Kuz'min2, and Anatoly G. Artemenko2. (1)
Computational Center for Molecular Structure and Interactions, Jackson State
University, 1400 J.R. Lynch Street, Jackson, MS 39217, murik@ccmsi.us, (2)
Laboratory of Theoretical Chemistry, A.V.Bogatsky Physical-Chemical Institute
NAS of Ukraine, Odessa 65080, Ukraine
The Hierarchical QSAR technology (HiT QSAR) is developed for solution of any
structure-activity/property task and especially for the optimization of new effective
pharmaceutical agents creation process. On each stage of this technology QSAR
task is solved with the use of information received from a previous stage (system
of permanently improved solutions). Simplex representation of molecular
structure (SiRMS) is the basis of the developed technology. In SiRMS any
molecule can be represented as the system of different simplexes (tetratomic
fragments of fixed composition, structure, chirality and symmetry). Such
representation allows unifying description of spatial structure of compounds with
saving of complete stereochemical information and determination of molecular
fragments increasing or decreasing investigated properties. The advantage of
HiT QSAR over several well-known QSAR approaches was shown on example
of the sets of acetylcholinesterase and angiotensin converting enzyme inhibitors.
The successful application of HiT QSAR was confirmed by solution of different
QSAR problems.
COMP 252
Informatics-based to structure-based ADME/tox modeling
Anton J Hopfinger, College of Pharmacy, University of New Mexico, MSC 09
5360, Albuquerque, NM 87131-0001, Fax: 847.234.3992, hopfingr@gmail.com
The modeling of an ADME/Tox endpoint is highly dependent upon the complexity
of the molecular mechanism involved. In cases where the molecular mechanism
is complex, and/or pharmacological understanding is quite limited, an empirical
informatics approach to develop predictive models is the preferred methodology

to apply. We have developed a set of universal descriptors, called 4Dfingerprints, which capture the three-dimensional size, shape, chemical
composition, reactive state and molecular flexibility of a molecule for informatics
type ADME/Tox modeling. These descriptors have been applied to skin
sensitization and eye irritation. For ADME/Tox endpoints where cellular
membrane permeation and diffusion are involved, a pseudo structure-based
design approach called membrane-interaction (MI-) QSAR analysis can be
applied. Here descriptors derived from the simulation of an organic molecule
passing through a phospholipid membrane assembly are used with
intramolecular descriptors derived from the organic molecule to build MI-QSAR
models. MI-QSAR simulation modeling has revealed that some organic
compounds pass directly through the membrane and, presumably, into the
interior of a cell, while other organic molecules use the membrane bilayer as a
two-dimensional ‘sea', hopping from cell membrane to cell membrane in order to
cross tissue composed of the cells. We will discuss the MI-QSAR modeling of
blood-brain barrier penetration by organic compounds.
COMP 253
A novel technique for virtual discovery for study of multistage
bioprocesses
Vladimir Potemkin, Department of Chemistry, Chelyabinsk State University, Br.
Kashirinych 129, Chelyabinsk 454021, Russia, Fax: +7-351-742-0925,
pva@csu.ru
A lot of modern methods for virtual discovery predicts a bioactivity at the stage of
receptor – ligand interaction. At the same time a biological action of a drug
includes more than one stage of action even in cases of in vitro experiments.
Therefore, a new method for virtual discovery is proposed. The method creates
pseudo-atomic receptor model and allows to simulate a movement of a drug
molecule to the receptor through water and membrane. The interaction with
competitive sites is taken into account. Also the method allows to presuppose a
metabolism of drug. The method has been used for detailed elucidation of stages
of action for membranotropic dihydrofolatereductase inhibitors. It has been
shown that the process of biological action of the drugs includes 3 critical stages:
penetration through membrane, diffusion and interaction with the target. Some of
compounds play a role of pro-drugs and their metabolism yields to an active
molecule. The quantitative relationships for each of the stages are obtained. The
importance of every stage is estimated for each molecule. Now the algorithm is
used for virtual screening of more than 20 kinds of biological activities.
COMP 254

Workflows based quantitative structure-activity relationship modeling
Shaillay Kumar Dogra and Ramesh Hariharan, Cheminformatics, Strand Life
Sciences Pvt. Ltd, No. 237, Sir C. V. Raman Avenue, Raj Mahal Vilas,
Bangalore, India, Fax: +91-80-23618996, shaillay@strandls.com
Quantitative Structure-Activity Relationship (QSAR) modeling has now acquired
complex dimensions from its humble beginnings. At times the focus of modelers
is on fitting some model equation compromising comprehensibility in the process.
For the purpose of interpretable models a two-pronged approach can be
followed. One is to use intuitive descriptors in QSAR modeling. Another
approach, that is presented here, advocates using simpler models over more
complex ones. Model complexity can be defined in terms of algorithm complexity,
number of descriptors used in the model, computation time required for training,
model interpretability, etc. However, learning better models would obviously be
preferred over simpler models. We present an approach wherein the user follows
simple flowcharts that guide him in the modeling process, taking him from simple
to complex algorithms as and when suitable model cannot be fit on the data.
Several experience-based guidelines and technical tips that facilitate QSAR
modeling are also presented.
COMP 255
From megaflops to teraflops: From molecules to cells
Klaus Schulten, Department of Physics and Beckman Institute, U. of Illinois at
Urbana-Champaign, Urbana, IL 61801
Twenty years ago we could at best run biomolecular simulations of three
thousand atoms for 100 ps at NSF centers; today our simulations cover three
million atoms and 100 ns. We illustrate how this increase in computer power, in
partnership with the centers, led to scientific discovery in photosynthesis. In its
simplest incarnation, photosynthesis arises in a particle of 250 proteins and
lipids. Crystallography and various types of microscopy yielded recently an
atomic level description of such particle. Computing played here a crucial role,
having solved a key protein structure. Computing elucidated already the primary
use of sun light in the particles, namely generation of a trans-membrane voltage.
Petaflop computing at the NSF centers will permit us to study how the voltage is
transformed into chemical energy. Other scientists benefited from the software
VMD and NAMD developed in the course of our work.
COMP 256
Classical and quantum/classical biological modeling using the TeraGrid

Adrian E Roitberg, Department of Chemistry, University of Florida, Quantum
Theory Project, Gainesville, FL 32611
I will present results from our group's Teragrid Allocation. We are interested in
the general issue of sampling and dynamics in biomolecular systems, as well as
in the development and use of mixed quantum and classical techniques for the
study of enzymatic reactions. Most of our work involves using Amber 9, PMEMD
9, or Gaussian 03. We have co-developed a number of advanced sampling
techniques, modifying and validating the widely used replica exchange method.
We have also incorporated a number of semi-empirical methods into Amber 9.
We will show applications to the description of peptide structure and dynamics.
Our group is interested in the enzymatic mechanism of T.cruzi's trans-sialidase.
This enzyme is a therapeutic target against Chagas' disease, and endemic
problem in South America. Our combined QM/MM methods are being used to
describe this system. None of these advanced would have been possible without
the generous allocations from the Teragrid.
COMP 257
Biomolecular simulation toward the petascale: Performance, workflow, and
application to nucleic acid structure and dynamics
Thomas E. Cheatham III, Departments of Medicinal Chemistry and of
Pharmaceutics and Pharmaceutical Chemistry, University of Utah, 2000 East, 30
South, Skaggs Hall 201, Salt Lake City, UT 82117, Fax: 801-585-5366,
tec3@utah.edu
Access to tremendous computational resources through the NSF supported
supercomputer centers has led bio-molecular simulation science from a
developing technology into an enabling and predictive technology. We can fold
small proteins, characterize drug-receptor interaction, and give detailed insight
into bio-molecular structure, dynamics and interactions across multiple time and
size scales. Access to these resources over the past 15 years has greatly
facilitated our exploration of bio-molecular simulation methods and allowed us
and the community to reach closer to biologically relevant scales. Along the way,
we have exposed serious limitations in the methods and technology and these
have allowed the field to evolve and mature. With movement now towards the
petascale, away from simple computer clusters and back towards heterogeneous
compute engines, we face significant challenges in porting and optimizing the
available codes. We will highlight our AMBER-centric exploration of MD
simulation code performance, of simulation workflow and data analysis, and
application towards better understanding nucleic acid structure, dynamics and
interaction.

COMP 258
Multi-terascale molecular modeling of biological systems
Russell DeVane1, Wataru Shinoda2, Jerome Henin1, Matteo Dal Peraro1, Axel
Kohlmeyer1, and Michael L. Klein1. (1) Center for Molecular Modeling,
Chemistry Department, University of Pennsylvania, 231 South 34th Street,
Philadelphia, PA 19104, Fax: 215-898-8296, klein@lrsm.upenn.edu, (2)
Research Institute for Computational Sciences, National Institute of Advanced
Industrial Science and Technology, Tsukuba 305-0035, Japan
NSF resources have been used for a variety of multiscale studies of biologically
relevant systems. The talk will focus on the following three examples: 1. First
principles quantum mechanics/molecular mechanics studies of metalloenzymes,
which have shed light on the reactive mechanism and the conformation of
transition states. 2. Extended classical molecular dynamics (MD) simulations,
which have been used to study bacterial two-component systems, within proper
membrane environment, and thereby probe the mechanism of antimicrobial
resistance. 3. Coarse grain models for MD simulations, which have been applied
to the investigations of micelle formation in surfactant systems, and antimicrobial
peptide pore self-assembly in lipid bilayers. Coupling these MD methods with
massively parallel computational resources allows the investigation of these
systems at spatial and temporal scales that now allows meaningful comparison
with the experiments.
COMP 259
Using NSF supercomputer resources to study biomolecular structure and
function
Jeffry D. Madura, Department of Chemistry & Biochemistry, Center for
Computational Sciences and Duquesne University, 308 Mellon Hall, 600 Forbes
Ave., Pittsburgh, PA 15282, Fax: 412-396-5683, madura@duq.edu
One of the first biomolecular dynamics simulations reported 30+ years ago was
on a small protein of approximately 300+ atoms. The timescale of the simulation
was only for several picoseconds. On the current NSF supported supercomputer
resources one is able to consider simulations of a million atoms for several
nanoseconds. In this talk I will give a survey of three areas in which we have
used NSF supported supercomputer resources. The first involves the unfolding of
a small alpha helix in solution, the second is the study of proteins at the ice/water
interface and the third is the dynamics of transporter proteins in a bilayer.

COMP 260
New discoveries in biomolecular systems enabled by high performance
computing
Gregory A. Voth, Center for Biophysical Modeling & Simulation, University of
Utah, Department of Chemistry, 315 S. 1400 E. Rm 2020, Salt Lake City, UT
84112-0850, voth@chem.utah.edu
In our group several significant scientific discoveries for biomolecular systems
have been enabled by the availability of major computational resources at the
NSF supercomputing centers. These discoveries have involved a synergy
between the development of new theoretical methods and the implementation of
those methods on the scalable NSF computer systems. The specific scientific
discoveries to be described are: (1) The mechanism by which ATP-hydrolysisdriven conformational changes at the molecular scale influence critical actin
filament stiffness (persistence length) at the mesoscopic scale; (2) The
molecular-scale mechanism by which protein BAR-domains bind with biological
membranes and how this behavior translates upward in scale to mesoscopic
membrane remodeling phenomena; and (3) The existence of a novel “proton
trap” in the important D-channel of cytochrome c oxidase, as formed by an
excess proton delocalized over several water molecules in the channel.
COMP 261
Using large-scale computing to investigate dynamic aspects of
biomolecular structure and function
Carlos L Simmerling, Department of Chemistry, SUNY Stony Brook, Stony
Brook, NY 11794, Fax: 631632-1555, carlos.simmerling@sunysb.edu
Experimental methods have been highly successful in determining 3-dimensional
biomolecular structures. However, most approaches provide only time- and
ensemble-averaged data, making it much more difficult to study the dynamic and
energetic aspects of biological systems. Atomic-resolution simulations are highly
complementary to experiments, and can provide data with unparalleled resolution
in time and space. The accuracy of simulation data relies on the underlying force
field. We will discuss our recent development of new Amber protein force field
parameters, with quantitative validation against experimental data for protein
dynamics and stability. Due to the long timescales of biologically relevant events,
as well as the complexity of the energy function, accurate and precise
simulations remain highly computationally challenging. The computational
resources at the NSF computer centers have enabled simulation of
conformational changes that accompany processes such as protein folding and

ligand binding. The availability of these resources has provided dramatic new
insight into biological problems.
COMP 262
Integrated computational biology: From the molecule to the cell
J Andrew McCammon, Howard Hughes Medical Institute and Department of
Chemistry and Biochemistry, University of California, San Diego, 9500 Gilman
Drive, MC0365, La Jolla, CA 92093-0365, Fax: 858-534-4974,
jmccammon@ucsd.edu
That cells are able to survive and function is partly due to specific, noncovalent
binding of pairs of molecules - biomolecular recognition - within the heavy
molecular traffic in and around cells. Timely binding of the correct molecular
partners is critical in signal transduction, the expression of genetic information,
the assembly of cellular components, and all other cellular activities. Molecular
recognition is also central to many disease processes and medical therapies.
Continuing advances in computational and structural biology will provide a
deeper understanding of how biological activity at the cellular and higher levels
emerges from the molecular level. Some early efforts toward this synthesis will
be described, with special reference to neuronal activity.
Images and animations related to this work can be found at the website
http://mccammon.ucsd.edu/
COMP 263
Computational model validation—conducting a fair trial
Greg Pearl1, Sanjivanjit Bhal1, and Eduard Kolovanov2. (1) Advanced Chemistry
Development, Inc, 110 Yonge Street, 14th Floor, Toronto, ON M5C 1T4, Canada,
greg.pearl@acdlabs.com, (2) Advanced Chemistry Development, Moscow
117513
While modern computers and the internet have significantly lowered activation
barriers for using and validating computational models, they have also increased
the risk of improper use. A scan of recent literature will inevitably produce new
computational models that can be used for predicting anything from activity to
toxicology. Each will provide some information about how the models were
developed, and statistics indicating how well the data has been modeled. While
existing predictive models are valuable, it is imperative that these models be
properly validated before use. Conducting a fair trial of computational predictors
is essential to understanding the results provided, and will enable users to

maximize the value of the model. This presentation will provide a summary of
pitfalls to avoid, and guidance for designing an effective validation.
COMP 264
Practicing best practices in developing predictive QSAR models
Alexander Golbraikh and Alexander Tropsha, Laboratory for Molecular
Modeling, School of Pharmacy, University of North Carolina at Chapel Hill, CB #
7360, Beard Hall, School of Pharmacy, Chapel Hill, NC 27599-7360, Fax: 919966-0204, golbraik@email.unc.edu
The ultimate goal of QSAR studies is finding new lead compounds for drug
discovery. This can be accomplished via the application of predictive QSAR
models to virtual screening of chemical libraries. We shall discuss different target
functions and measures of predictive accuracy of QSAR models, the necessity
and ways of rigorous model validation as well as establishing models'
applicability domains. We shall also discuss the advantages of consensus
prediction. We will propose a combination of several efficiency criteria for a
QSAR model to be used in database mining including the percentage of retrieved
actives, enrichment, and the ratio of the numbers of hits found by virtual
screening with the help of QSAR models vs. query based similarity searching.
We will illustrate how we practice our approach on several datasets using
relatively large external validation sets with known actives. We will present
examples of QSAR-based virtual screening where computational hits were
confirmed by subsequent experimental studies.
COMP 265
Validation and the downside of the law of large numbers
Robert D. Clark, Informatics Research Center, Tripos, 1699 S. Hanley Rd., St.
Louis, MO 63144, bclark@tripos.com, and Michael A. Dolan, Research Center,
Tripos Discovery Informatics, St. Louis, MO 63144
More is usually better where statistics is concerned. In the case of crossvalidation, however - where a data set is split into one or more training sets and a
held-back test set - this is not necessarily the case. Large data sets in which the
observations are unevenly distributed through the descriptor space - i.e., ones
that are "clumpy" - are particularly susceptible to problematic distortions of their
validation statistics. Unfortunately, many of the data sets used for
chemoinformatics and CADD validation studies are of exactly this sort. The origin
and impact of such problems will be discussed, as will ways to recognize and
address them.

COMP 266
Virtual screening enrichment studies: A help or hindrance in tool
selection?
Andrew C. Good, Structural Biology and Modeling, Bristol-Myers Squibb, 5
Research Parkway, Wallingford, CT 06492, Fax: 203-677-7702,
andrew.good@bms.com, and Tudor I. Oprea, Division of Biocomputing,
University of New Mexico School of Medicine, Albuquerque, NM 87131
The literature is now awash in enrichment studies that attempt to provide insights
into the relative merits of the myriad available virtual screening tools.
Unfortunately suboptimal experimental design (e.g. poor target selection, limited
active data set diversity, analogue-biased enrichment scores and unimaginative
application of screening tools) compromises the utility of many of these studies.
Issues of this nature are highlighted across a number of published targets data
sets and tool comparisons. Suggestions are made regarding how to mitigate
such problems going forward, including the distribution of a new public data set
derived from the WOMBAT database to aid in direct head to head comparison.
COMP 267
Panel discussion of computational methods evaluation
Terry R. Stouch, Computational Chemistry, Lexicon Pharmaceuticals, 350
Carter Road, Princeton, NJ 08540, Fax: 609-466-3562, tstouch@lexpharma.com
The purpose of the symposium is to bring together industrial, academic and
developer perspectives on how to evaluate a computation technique. There is
considerable dissatisfaction within the field of molecular modeling on the
presentation of methods in the literature, the general lack of extensibility of
techniques and the absence of standards. This moderated panel discussion will
be an interactive forum with the session speakers, with a goal of yielding
concrete proposals that may act as guides to referees and editors of journals to
improve the quality of publications, as well as aiding modelers in industry tasked
with evaluating approaches by way of case studies
COMP 268
Molecular dynamic simulations of peptide nucleic acids modified with
cycloalkanes

Anna K. Manukyan and Jennifer L. Poutsma, Department of Chemistry and
Biochemistry, Old Dominion University, 4541 Hampton Blvd, Norfolk, VA 23529,
amanukya@odu.edu
A PNA molecule is a DNA strand where the sugar-phosphate backbone has
been replaced by a structurally homomorphous pseudopeptide chain consisting
of N (2-amino-ethyl)-glycine units. PNA binds strongly to both DNA and RNA.
However, an analysis of the X-ray and NMR data show that the dihedral angles
of PNA/DNA or PNA/RNA complexes are very different from those of DNA/DNA
or RNA/RNA complexes. In addition, the PNA strand is very flexible. One way to
improve the binding affinity of PNA for DNA/RNA is to design a more
preorganized PNA structure. An effective way to rigidify the PNA strand is to
introduce ring structures into the backbone. In several experimental studies, the
ethylenediamine portion of aminoethylglycine peptide nucleic acids (aegPNAs)
has been replaced with one or more (S,S)-trans cyclopentyl (cpPNA) and
(1S,2R)-cyclohexyl (chPNA) units. This substitution has met with varied success
in terms of DNA/RNA recognition. In the present work we use molecular
dynamics simulations to determine why some rings improve binding while others
do not and to determine the contributions of both entropy and dihedral angle
preference to the observed stronger binding. In addition, preliminary results on
the effect of sequence on PNA dynamics and binding will also be presented.
COMP 269
A microfludic device to study ice crystal growth and interactions of
antifreeze proteins with ice crystals
Yeliz Celik1, Natalya Pertaya1, JS. Wettlaufer2, Peter L. Davies3, and Ido
Braslavsky1. (1) Physics and Astronomy, Ohio University, Clippinger Labs 251B,
Athens, OH 45701, celik@helios.phy.ohio.edu, (2) Departments of Geology &
Geophysics and Physics, Yale University, New Haven, CT 06520-8109, (3)
Department of Biochemistry, Queen's University, Kingston, ON K7L 3N6, Canada
Fluorescently labeled Antifreeze proteins (AFPs) are directly visualized on ice
crystals in supercooled solutions with the help of a microfluidics device, an
approach that enables us a direct study of the AFP-ice interaction. We have
developed a novel microfluidic device that makes it possible to work with small
sample volumes in the range of one microliter and to change solutes around ice
crystals. Using the microfluidic device, the solution can be cooled locally to
create a temperature gradient and the content of the solution in which the ice is
immersed can be changed. This device allows us to expose an ice crystal to
adjustable AFP concentrations. It is also possible to exchange fluorescently
labeled and unlabeled AFPs, and thus to control the background fluorescence
levels. This method allows us to directly check the assumptions underlying the
theories that describe AFP activity. Supported by CIHR, OU-BNNT, and CMSS.

COMP 270
A novel use for protomols in Surflex-Dock: Searching for binding sites with
a global protomol
Essam Metwally, Informatics Research Center, Tripos, 1699 S. Hanley Rd.,
Saint Louis, MO 63144, emetwall@tripos.com, and John Begemann, Tripos
Discovery Informatics, St. Louis, MO 63144
Traditional usage of Surflex-Dock centers around an idealized representation of
the binding site called a protomol. The protomol elucidates potential interactions
with the site allowing for rapid docking of ligands into simplistic representations of
the site. In the current study we have recast the notion of a protomol to
encompass an idealized representation of the entire receptor. This approach
allowed for detection of optimal ligand-receptor interaction sites when the binding
site was not readily identifiable. Several ligand-protein pairs were examined,
including heparin on vitronectin, and their results presented.
COMP 271
Accurate sampling using stochastic dynamics
Giovanni Bussi, c/o Research Group Parrinello, ETH Zurich, USI-CAMPUS, via
G. Buffi, 13, Lugano CH-6900, Switzerland, gbussi@ethz.ch, and Michele
Parrinello, Computational Science, Department of Chemistry and Applied
Biosciences, ETH Zurich, CH-6900 Lugano, Switzerland
We show how to derive simple integrators for stochastic molecular dynamics and
illustrate how it is possible to check the accuracy of the obtained distribution on
the fly, using the concept of effective energy.
COMP 272
New methods for efficient direct calculation of drug binding free energies
Michael R. Shirts, Department of Chemistry, Columbia University, New York,
NY 10027, michael.shirts@columbia.edu, John D. Chodera, Department of
Chemistry, Stanford University, Stanford, CA 94305-5447, and Richard A.
Friesner, Department of Chemistry and Center for Biomolecular Simulation,
Columbia University, New York, NY 10027
We present two methodological developments for computation of ligand binding
free energies. The first is a maximum-likelihood method for combination of

equilibrium simulations at different thermodynamic states, which is similar to the
weighted histogram analysis method (WHAM), but removes the need for
discretization of the energy into histograms. It additionally gives a direct estimate
for the uncertainty, and is expected to be applicable for a wide range of chemical
simulations. The second is a configuration bias method for free energy
computation of ligand binding in implicit solvent, greatly saving the time required
for side chain rearrangement. We demonstrate how these methods can be
applied to free energy computations of ligand binding of FKBP-12 with several
ligands.
COMP 273
Analysis of protonic and deuteronic basis functions using Gaussian-type
functions
Takayoshi Ishimoto1, Masanori Tachikawa2, Yuichi Inadomi3, Hiroaki Umeda1,
Toshio Watanabe1, and Umpei Nagashima1. (1) Research Institute for
Computational Sciences, National Institute of Advanced Industrial Science and
Technology, and CREST-JST, 1-1-1 Umezono, Tsukuba, Ibaraki 305-8568,
Japan, Fax: +81-29-851-5426, (2) Quantum Chemistry Division, Graduate School
of Science, Yokohama-city University, Yokohama 236-0027, Japan, (3)
Computing & Communications Center, Kyushu University, Fukuoka 814-0001,
Japan
We analyzed the exponent (α) values in Gaussian-type functions (GTFs) of
proton and deuteron for the development of nuclear basis functions which are
used for the molecular orbital (MO) calculation including nuclear quantum effects
directly. The optimized α value in single s-type ([1s]) GTF for proton is changed
due to the difference of flexibility of electronic basis sets. We clearly
demonstrated that the protonic and deuteronic basis functions enable us to
extend the sample molecules. Our developed protonic and deuteronic basis
functions are effective to treat quantum effects of proton and deuteron and to
extend the application range of the MO calculation including nuclear quantum
effects. We also analyzed the electron-electron and electron-nucleus correlation
effects.
COMP 274
Analysis of solvent-solute interactions and its effect on crystal morphology
Charles Acquah1, Arunprakash T Karunanithi2, Luke EK Achenie3, Jose A.
Gascon4, Shanthakumar Sithambaram4, and Steven L Suib4. (1) Department of
Chemical Engineering, University of Connecticut, 191 Auditorium Road, U-3222,
Storrs Campus, Storrs, CT 06269, cna02002@engr.uconn.edu, (2)

Environmental Protection Agency (EPA), Ohio, OH, (3) Department of Chemical,
Materials & Biomolecular Engineering, University of Connecticut, Storrs, CT
06269, (4) Department of Chemistry, University of Connecticut, Storrs, CT 06269
The purpose of this study was to explore the role of hydrogen bonding interaction
between crystal and solvent molecules in the determination of crystal
morphology. Two different approaches were used. The first approach involved
using Fourier Transform Infra-Red (FTIR) spectroscopy analytical experiments to
study crystal-solvent interactions. Here the FTIR spectrum of different solvents
ranging from non-polar to highly polar are examined for differences in spectra
shift on addition of a small but fixed amount of solute. The solutes used in this
study were succinic acid, adipic acid and ibuprofen. The differences in spectra
shift was used as a measure of the hydrogen bonding interaction. The second
approach employs molecular dynamics (MD) to investigate crystal-solvent
interactions which are mainly controlled by interfacial tension between the two
phases. Preliminary results show that hydrogen bonding (H-bonding) interaction
in some solvents (e.g. methanol, ethanol) was intermolecular. However, for some
other group of solvents (e.g. ethylene glycol, propylene glycol and glycerol),
which are characteristically viscous, bonding tended to be intramolecular and this
greatly limits their intermolecular interaction. These solvents therefore behave
like “non-polar” solvents. This observation was consistent for both the FTIR and
MD approaches. In the context of crystal morphology, we expect these group of
solvents to exhibit morphology somewhat similar to that of the morphology of
crystals grown from non-polar solvents.
COMP 275
Antiviral drug design: Cross-docking to influenza neuraminidase
Jeremiah E Shipman, Department of Biomedical Engineering, Stony Brook
University, Stony Brook, NY 11794, jshipman@ic.sunysb.edu, and Robert C.
Rizzo, Department of Applied Mathematics and Statistics, Stony Brook
University, Stony Brook, NY 11794-3600
The influenza viral protein neuraminidase (NA) facilitates further infection by
cleaving terminal sialic acid groups on host cells which results in release of viral
progeny. As such, NA has been targeted in structure-based inhibitor design
programs and resulted in two anti-influenza drugs, oseltamivir and zanamivir,
which to some extent mimic this natural substrate. Despite being designed based
only on subtypes from group-2 NAs, both compounds are effective against many
strains including N1. However, development of new compounds based on these
and other drug scaffolds is critically important given the constant threat of escape
mutations and the likelihood of future pandemic strains resistant to current
therapies. We are using the DOCK suite of programs to perform cross-docking
experiments and investigate binding of NA inhibitors to various forms and

subtypes of NA. Specifically, we are using recent crystallographic data from the
first reported structures of N1 which revealed significant differences in the active
site of apo versus bound forms which could be exploited in the design of new
inhibitors.
COMP 276
Are enzyme active sites built in multiple layers?
Heather Brodkin1, Mary Jo Ondrechen1, and Dagmar Ringe2. (1) Department of
Chemistry and Chemical Biology, Northeastern University, 360 Huntington
Avenue, Boston, MA 02115, Fax: 617-373-8795, brodkin.h@neu.edu, (2)
Departments of Biochemistry and Chemistry, Brandeis University, Waltham, MA
02454-9110
Computational and experimental evidence suggests that residues in the “second
shell” around the active site contribute to the catalytic activity of enzymes.
Conservation and evolutionary trace analyses show that such second shell
residues tend to be well conserved and may be functionally important.
THEMATICS, a computational method for precise prediction of interaction sites in
proteins, often includes some second shell residues in its site predictions.
Experimental results for Nitrile hydratase (NH) from Pseudomonas putida, an
enzyme for which THEMATICS predicts a double-layer active site, are featured.
Mutants were made of second shell residues and kinetics assays were
performed on the single mutants and on the wild type protein. Three of the
second shell mutants exhibit some reduction in kcat. Values for the rate
constants, expressed as the ratio kcat(mutant)/kcat(WT), are: D164N=7.4×10–3;
E168Q=1.1; E56Q=4.1×10–2; H71L=6.3×10–2; Y213F=0.54. Results suggest
that second shell residues play a supporting role in catalysis.
COMP 277
Artificial neural network models for prediction of intestinal permeability of
oligopeptides
Eunkyoung Jung1, Junhyoung Kim1, Minkyoung Kim1, Dong Hyun Jung2,
Seung-Hoon Choi2, Sang-Kee Kang3, Min-Kook Kim3, and Yun-Jaie Choi3. (1)
Insilicotech Co. Ltd, A-1101 Kolontripolis, 210, Geumgok-Dong, Bundang-Gu,
Seongnam-Shi 463-943, South Korea, jek@insilicotech.co.kr,
mkkim@insilicotech.co.kr, (2) Insilicotech Co. Ltd, Seongnam-Shi, South Korea,
(3) School of Agriculture Biotechnology, Seoul National University, Seoul 151742, South Korea

Oral availability is a highly desirable property for peptide drugs under
investigation in the drug discovery. To develop a prediction model for the
intestinal permeability of peptides, we adopted an artificial neural network as a
machine learning algorithm. The positive control data consisted of intestinal
barrier-permeable peptides obtained using the peroral phage display technique,
while the negative control data were prepared from random sequences. The
predictability of our models was validated by statistical indicators including
sensitivity, specificity, enrichment curve, and the area under the receiver
operating characteristic (ROC) curves, ROC score. The quality of all models
produced, as assessed by the training and test sets statistics, was remarkable
and our models could discriminate between permeable sequences and random
sequences with certain confidence level. Our models are anticipated to be
applicable to the selection of intestinal barrier-permeable peptides for generating
peptide drug or peptidomimetics.
COMP 278
Brownian dynamics simulations of glycolytic enzymes interacting with
tubulin
Eric Njankwa Njabon1, Neville Y. Forlemu2, and Kathryn A. Thomasson1. (1)
Department of Chemistry, University of North Dakota, Grand Forks, ND 582029024, (2) Chemistry, University of North Dakota, Grand Forks, ND 58202-9024
Interactions between glycolytic enzymes and cytoskeletal proteins may lead to
compartmentation of glycolysis. The microtubule is a major cytoskeletal protein
made from the polymerization of tubulin heterodimers. Brownian dynamics
provide first-encounter snapshots between three rabbit glycolytic enzymes with
pig tubulin. The enzymes examined were fructose-1,6-bisphosphate aldolase
(aldolase), glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and the
muscle isoform of lactate dehydrogenase (LDH-M4). Negatively-charged
residues of the tubulin C-termini dominated interactions with positively-charged
regions of the enzymes, although other regions of tubulin were also important.
Complexes between aldolase or GAPDH with tubulin were predominantly due to
interaction of one enzymatic subunit with one tubulin subunit. The LDHM4/tubulin interaction was typically characterized by association of two LDH
subunits with one or two subunits of tubulin. These results agree with
experimental studies, which suggest that tubulin C-termini bind aldolase, GAPDH
and LDH-M4. Enzyme interactions with tubulin suggest a platform for glycolytic
enzyme recruitment.
COMP 279

Charge-ELF: Addressing conformational dependency of small-molecule
atomic charges for biomolecular simulations
Daniel J. McKay and Christopher I. Bayly, Department of Medicinal Chemistry,
Merck Frosst Centre for Therapeutic Research, 16711 TransCanada Highway,
Kirkland, QC H9H 3L1, Canada, dan_mckay@merck.com
There are many methods for generating small molecule atom centered point
charges for use in accurate biomolecular simulations (1, 2, 3). Many of these
methods suffer from conformationally dependent charge variations that directly
and significantly affect the critical electrostatic terms within the model and hence
binding energies. The recommended approach of conformational averaging has
the liability that it is not straightforward for the user to select for the
electrostatically least-interacting conformers, as opposed to conformational
diversity in the traditional sense. We present a fast, general and algorithmic
method for selecting a minimal set of conformations to use in fitting a set of atom
centered point charges for small molecules. This method has been used with
AM1-BCC although it can be applied to any charge fitting scheme that suffers
from conformational dependencies. The resulting charges on similar functional
groups across many molecules show improved consistency which is critical for
comparing binding energetics and solvation of small molecules.
1: Jakalian A. Jack D. Bayly C. J. Comp. Chem 23 1623-1641 2: Cornell W.
Cieplak P. Bayly C. Kollman P. J. Am. Chem. Soc. 115 9620-9631 3: Li J. Zhu T.
Cramer C. Truhlar D. J. Phys. Chem. 102 1820-1831
COMP 280
Comparative analysis of the molecular recognition within ATP binding
pockets of GHKL-family proteins
Minghu Song, Weiwen Ying, and Lijun Sun, Department of Chemistry, Synta
Pharmaceuticals, 45 Hartwell Ave., Lexington, MA 02421, Fax: 1-781-274-8228,
msong@syntapharma.com
A subset of ATPases, including type II DNA topoisomerases, HSP90, histidine
kinases, and MutL, adopts an unconventional Bergerat ATP-binding fold and
forms an emergent GHKL ATPase/kinase superfamily. These GHKL ATPases
play crucial roles in DNA metabolism, protein folding and signal transduction,
which makes some of them potentially attractive targets for anticancer drugs or
antibiotics. Several classes of small-molecule inhibitors (geldanamycin, radicicol,
novobiocin, and purine derivatives, pyrazole-based analogues) have been
identified to competitively inhibit nucleotide binding and disrupt the ATPase
activities of relevant GHKL proteins. Some of these inhibitors are now in clinical
trials or under the preclinical development. In recent years a number of crystal

structures of various GHKL-family proteins containing the Bergerat ATP-binding
fold as well as cocrystal structures of small-molecule inhibitors have been
published. In the present study, we collect several representative X-ray
structures containing GHKL ATP catalytic domains from the public protein
databank and analyze their protein-ligand recognition interfaces. Information
obtained from such binding pocket elucidation reveals not only common structure
features among the above Bergerat ATP-binding sites but also molecular
recognition specification in each different site. This offers valuable insight into
future rational drug design of novel GHKL-protein catalytic inhibitors.
COMP 281
Computational analysis of the peptide bond formation mechanism in
peptidyl transferase
Wenlong A. Tian, Philip M. Kiefer, Roberto Bianco, and James T. Hynes,
Department of Chemistry and Biochemistry, University of Colorado, Campus Box
215, Boulder, CO 80309-0215, Fax: 303-492-5894, wenlong.tian@colorado.edu,
Philip.Kiefer@Colorado.EDU
The fundamental chemical reaction of peptide bond formation (PBF), linking
amino acids building blocks to form proteins, is catalyzed by the peptidyl
transferase center (PTC) in the large ribosomal subunit. Recent crystallographic
structures of the ribosome have provided an atomic resolution picture of the PTC.
Despite extensive structural and kinetic data, as well as some computational
work, the chemical mechanism of PBF is not clear. Electronic structure
calculations of small model reaction systems are used to evaluate possible
mechanisms for PBF in the PTC. Specifically, four proton relay routes are studied
that facilitate the nucleophilic addition of the attacking amine and elimination of
the leaving group 3'O. Further, the role of specific water molecules and RNA
bases, i.e. A2451, in each mechanism is discussed. Classical QM/MM Molecular
Dynamics simulations of the PTC are also presented to complement the
electronic structure calculations.
COMP 282
Computational analysis of the search and recognition mechanism of the
formamido-pyrimidine DNA glycosylase
Kun Song1, Carlos De los Santos2, Arthur P. Grollman3, and Carlos L.
Simmerling1. (1) Department of Chemistry, Stony Brook University, Stony Brook,
NY 11794, kunsong@gmail.com, (2) Department of Pharmacological Sciences,
State University of New York, Stony Brook, NY 11794, (3) Department of
Pharmacological Sciences, Stony Brook University, Stony Brook, NY 11794-8651

8-oxo-guanine (8OG) is the most prevalent form of oxidative DNA damage. In
bacteria, 8OG is excised by formamidopyrimidine glycosylase (Fpg) as the initial
step in base excision repair. To efficiently repair this lesion, Fpg must
discriminate between 8OG and an excess of guanine in duplex DNA. In this
poster, we discuss the source of the high degree of selectivity from both
structural and energetic basis. Several enhanced sampling methods are used to
simulate the process of the enzyme/DNA translocation and base eversion. The
origin of the translocation barrier and the difference between the systems
containing 8OG and normal guanine are investigated. The roles of key residues
to the lesion recognition have been analyzed. The comparisons between the
enzyme/DNA complexes containing 8OG and normal guanine provide novel
insights into the recognition of 8OG by Fpg.
COMP 283
Computational binding models for ligands with EGFR: Characterizing the
basis of resistance
Trent E. Balius and Robert C. Rizzo, Department of Applied Mathematics and
Statistics, Stony Brook University, Stony Brook, NY 11790-3600, Fax: 631-6328490, tbalius@ams.sunysb.edu
The overexpression of epidermal growth factor receptor (EGFR) is observed in
several types of solid tumor cancers including: non-small cell lung cancer, head
and neck, bladder, breast, and ovarian carcinomas. Both the extra-cellular
domain and the kinase domain are possible inhibitor targets. We are using
computational techniques to simulate binding of ligands known to interact with
the ATP binding site on the kinase domain in an effort to develop improved
compounds. Specifically, we are evaluating cancer causing EGFR mutations that
include either a point mutation or a deletion on the activation loop that is
positioned near the ATP binding site and these effects on ligand binding. Other
mutations, which arise as resistant mutations from treatment, are also being
considered. Molecular Mechanics General Born Surface Area (MM-GBSA) postprocessing is used to estimate the free energies of binding for the ligands with
EGFR from Molecular Dynamic trajectories of each complex.
COMP 284
Computational characterization of amyloidogenic mutations in protein
sequences
Jiwon Choi, Hui Sun Lee, Ma Qinqin, and Sukjoon Yoon, Department of
Biological Sciences, Sookmyung Women’s University, Hyochangwongil 52, Seoul
140-742, South Korea, Fax: 82-2-2077-7322, jiwon71@paran.com

It is well known that normal correctly folded proteins can transform from their
proper native structure into an abnormal beta-rich structure known as amyloid
fibril. We have previously demonstrated that calculation of contact-dependent
secondary structure propensity (CSSP) is highly sensitive in detecting non-native
beta-strand propensities in the core sequences of known amyloidogenic proteins.
The calculated CSSPs were strongly correlated with the observed mutational
effects on the aggregation rate of acylphosphatase (AcP). Here we carried out
the normal mode analysis of correlated motions in amyloidogenic, mutant
sequences of AcP. As a result, it was shown that the change of correlated
motions in amyloidogenic mutants had a consistent pattern with CSSP profiles in
mutants. CSSP profiles quantitatively revealed how point mutations shifted the
secondary structure propensity between alpha- and beta-conformations. In this
study, we further investigated the influence of local secondary structure
propensity on the global motion of the protein by normal mode analysis.
COMP 285
Computational modeling of a crystal structure
Marija L Mihajlovic, Faculty of Physical Chemistry, University of Belgrade,
Studentski Trg 12-16, Belgrade 11000, Yugoslavia, and Petar M Mitrasinovic,
Department of Information Technologies and Artificial Intelligence, Center for
Multidisciplinary Studies, University of Belgrade, Kneza Viseslava 1, Belgrade
11030, Yugoslavia, petar.mitrasinovic@cms.bg.ac.yu
Various experimental methods are usually employed for the characterization of
the physical and chemical properties of crystal structures. Computational
modeling is herein shown to arise as a complementary technique for the study of
the structural features of crystals. In particular generation of the unit cell and
determination of the minimum energy structure of formamide (FA) are carried out
by applying the state-of-the-art computational methods derived from quantum
mechanics, statistical mechanics, and condensed-matter physics. Chemical
context of the optimal energy parameters fitting the FA lattice energy and
structure is discussed.
COMP 286
Computational study of Bacillus anthracis glutamate racE2
Wentao Fu, Shahila Mehboob, and Michael E. Johnson, Center for
Pharmaceutical Biotechnology, University of Illinois at Chicago, 900 S. Ashland
Ave, MC 870, Room 1052, Chicago, IL 60607, wentaofu@uic.edu

Bacillus anthracis, the etiological agent of anthrax in humans, is a critical
biothreat agent. Glutamate racemase enzymes of B. anthracis bacterium are
unique to bacteria, have no human homolog, and are the primary source of Dglutamate, making them attractive targets for drug design. B. anthracis glutamate
racemase has two different genomic isoforms, RacE1 and RacE2, which have
very similar X-ray crystal structures. In wild type, RacE1 is a dimer/monomer
mixture and RacE2 is a dimer. Km and Kcat studies suggest that wild type
RacE1 and RacE2 dimers, and RacE2 mutated to form monomers have different
behaviors in converting L-glutamate to D-glutamate. Normal mode analysis,
Brownian simulations, molecular dynamics simulations and steered molecular
dynamics simulations were used to understand differences in the catalytic
process of converting D-glutamate to L-glutamate by RacE2 dimers and
monomers. The computational results suggest that differences in active site
residue flexibilities during dynamics simulation contribute to the experimentally
observed differences in Km and Kcat.
COMP 287
Computational study of interaction between argadin and acidic mammalian
chitinase
Hiroaki Gouda and Shuichi Hirono, School of Pharmaceutical Sciences, Kitasato
University, 5-9-1 Shirokane, Minato-ku, Tokyo 108-8641, Japan, Fax: +81-33440-5246, godah@pharm.kitasato-u.ac.jp
The acidic mammalian chitinase (AMCase) is a potential target for the design of
new anti-asthma medication. Recently, a novel cyclic pentapeptide chitinase
inhibitor, argadin, has been isolated. In this study, we use a molecular modeling
method to investigate the interaction between argadin and AMCase. First, the
three-dimensional model of AMCase has been constructed by homology
modeling based on the crystal structure of human chitotriosidase (HCHT). Then,
the binding mode of argadin at the active site of AMCase was explored using
ligand-docking program (Glide). Finally, the MM-PBSA free energy calculation
has been performed in order to estimate a binding affinity. The results suggest
that argadin binds to AMCase in similar fashion to argadin-HCHT interaction
mode and has the binding affinity for AMCase comparable to that for HCHT.
COMP 288
Computer-aided design of vancomycin analogs for efficient binding of both
D-Ala-D-Ala and D-Ala-D-Lac

Siegfried S. F. Leung, Julian Tirado-Rives, and William L. Jorgensen,
Department of Chemistry, Yale University, New Haven, CT 06520-8107,
siegfried.leung@yale.edu
Vancomycin inhibits the cell wall biosynthesis in gram-positive bacteria by
binding to a peptidoglycan that terminates in a D-Ala-D-Ala sequence. In
vancomycin-resistant enterococci, the dipeptide is mutated to D-Ala-D-Lac,
decreasing the binding affinity of vancomycin by a factor of 1000. This significant
effect on binding from altering the peptide bond to an ester linkage is
experimentally shown to be the combined effect of the loss of a key hydrogen
bond and the introduction of lone pair repulsion in the binding site. In order to
combat the resistance of vancomycin, analogs are developed computationally for
efficient binding of both D-Ala-D-Ala and D-Ala-D-Lac. The binding interactions
between vancomycin aglycon and its dipeptide ligands are initially modeled using
the OPLS-AA force field. A variety of vancomycin analogs with different activesite and non-active-site modifications are subsequently evaluated by computing
the relative free energies of binding obtained from Monte Carlo/free energy
perturbation (MC/FEP) calculations.
COMP 289
Correction of charge-transfer indices for multifunctional amino acids
Francisco Torrens, Institut Univesitari de Ciencia Molecular, Universitat de
Valencia, Edifici d'Instituts de Paterna, P. O. Box 22085, Valencia 46071, Spain,
Fax: 34-96-354-3274, Francisco.Torrens@uv.es, and Gloria Castellano, Facultad
de Ciencias Experimentales, Universidad Católica de Valencia San Vicente
Mártir, Valencia 46003, Spain
Valence topological charge-transfer (CT) indices are applied to the calculation of
pH at the pI isoelectric point. The combination of CT indices allows the estimation
of pI. The model is generalized for molecules with heteroatoms. The ability of the
indices for the description of molecular charge distribution is established by
comparing them with the pI of 21 amino acids. Linear correlation models are
obtained. The CT indices improve multivariable regression equations for pI. The
variance decreases by 95%. No superposition of the corresponding G_k-J_k and
G_k^V-J_k^V pairs is observed in most fits, which diminishes the risk of
collinearity. The inclusion of heteroatoms in PI-electron system is beneficial for
the description of pI, owing to either the role of the additional p orbitals provided
by heteroatom or role of steric factors in PI-electron conjugation.
COMP 290
Design of quantum sieves for seperation of hydrogen isotopes

Yaobao Ping, Department of chemical engineering, Nanjing university of
technology, Nanjing, China, ybp392025809@yahoo.com
Separation of isotopes is a difficult energy intensive but very important process.
The difference between isotopes is only the number of their neutron which gives
rise to differences in thermophysical properties such as molecular diffusion rates
and vapor pressures. These differences have been used to separate hydrogen
isotopes .Traditionally, isotope separation has been performed through the
techniques of gaseous diffusion and gas centrifuge. Other methods for
separation include microwave molecular separation and laser isotope separation
which is based on the fact that different isotopes absorb different colors of laser
light. Therefore, we can tune a laser precisely to ionize only atoms of the desired
isotope, which are then drawn to electrically charged collector plates. Recently
quantum sieve attracts many researchers' interests, using nano-scaled channels
, quantum seive shows high selectivity of hydrogen isotopes. Besides of this
advantage, using quantum seive as seperation media can reduce the size of the
seperation equipment and can save the energy greatly. In this paper ,using
molecular simulation, we designed quantum sieve structures for hydrogen
isotope seperation. We chose carbon nanotube as basic structure ,then different
functional groups are added to the inner surface of carbon nanotube,we chose a
wide range of functional groups ,but before the simulation of the selectivity of
hydrogen isotopes ,we have a pre-filter of these groups based on the energy
distribution of hydrogen isotopes in these carbon nanotubes which have different
functional groups on the inner surface. Then we used PI-GCMC technique to
study adsorption behavior of hydrogen isotopes in these structures, from the
adsroption isotherms, we chose several structures that may be used for
hydrogen seperation.
COMP 291
Docking studies of cytochrome P450-2D6 inhibitors
Ray J Unwalla1, Jason Cross1, Sumeet Salaniwal1, John Kao2, Adam Shilling2,
and Louis Leung2. (1) Chemical and Screening Sciences, Wyeth Research, 500
Arcola Rd, Collegeville, PA 19426, (2) Department of Drug Safety and
Metabolism, Wyeth Research, Collegeville, PA 19426
Early consideration of ADME properties in the drug discovery process is critical
for reducing the attrition rate in later stages of clinical development. As a result,
pharmaceutical companies have begun focusing on incorporating “drug-like”
features into molecules early in the drug discovery process. The Cytochrome
P450 (CYP450) family of enzymes is responsible for the metabolism of large
number of drugs and endogenous compounds with CYP2D6 being one of the
most important CYP enzymes involved in the oxidative metabolism of many
therapeutic drugs, in particular CNS agents. In addition, due to the polymorphic

expression of CYP2D6 in humans, drug-drug interactions via inhibition of this
CYP enzyme are particularly undesirable. With a goal of developing a
computational model that provides predictive capability on the inhibition of this
enzyme, we built a homology model of CYP2D6 using the mammalian CYP2C5
crystal structure. With this model we performed docking studies using GLIDE and
FRED programs on several known and in-house 2D6 inhibitors to understand the
nature of ligand-receptor interactions. Some preliminary results of this study will
be presented.
COMP 292
Downfolding and N-ization of a localized AO or LCAO basis set
Eva D. Zurek, Abteilung Anderson, Max Planck Institute for Solid State
Research, Heisenbergstrasse 1, D-70569 Stuttgart, Germany, Fax: +49 (0)
711/689-1632, e.zurek@fkf.mpg.de, Jochen Autschbach, Department of
Chemistry, State University of New York at Buffalo, Buffalo, NY 14260-3000, and
Ole Krogh Andersen, Abteilung Andersen, Max Planck Institute for Solid State
Research, D-70569 Stuttgart, Germany
It is shown how to downfold a large, complete basis set of strongly localized,
energy independent orbitals to a low energy minimal basis set using downfolding
and N-ization like in the NMTO method. [1-3] The truly minimal basis contains
one basis function per electron pair and yields orbital energies which are in line
with those obtained from a larger basis. The method may be used for instance to
construct a basis set which spans only the occupied states. It is a generalization
of the tight-binding model for the benzene &pi -states described in Ref. [3] to the
case of a general, non-orthogonal multiple-&zeta basis set.
[1] Andersen, O.K; Saha-Dasgupta. T. Phys. Rev. B, 2000, 62, R16219.
[2] Pavarini, E.; Yamasaki, A.; Nuss, J.; Andersen, O.K.; New Journal of Physics,
2005, 7, 188.
[3] Zurek, E.; Jepsen, O.; Andersen, O.K. ChemPhysChem, 2005, 6, 1934.
COMP 293
Efficient parallel Fock matrix construction on the Grid
Hiroaki Umeda1, Yuichi Inadomi2, Toshio Watanabe1, Takayoshi Ishimoto1, and
Umpei Nagashima1. (1) Research Institute for Computational Sciences, National
Institute of Advanced Industrial Science and Technology, and CREST-JST, 1-1-1
Umezono, Tsukuba, Ibaraki, Japan, Fax: +81-29-851-5426, h-umeda@aist.go.jp,

(2) Computing & Communications Center, Kyushu University, Fukuoka 8140001, Japan
Efficient Fock matrix construction routine has been implemented on the Grid
environment using callback functionality in Ninf-G GridRPC (Grid Remote
Procedure Call) programming middleware. We adopt GridRPC/MPI hybrid model
using Ninf-G to handle hundreds of PCs in multiple PC cluster systems on the
Grid. In order to utilize hundreds of PCs, we develop efficient dynamic loadbalancing scheme among PC clusters using client callback functionality in NinfG. In this paper, we explain how to implement Grid-enable Fock matrix
construction rouitne with a GridRPC/MPI hybrid model using Ninf-G programming
middleware, and show MPI and GridRPC timing chart to confirm efficient use of
hundreds of PCs.
COMP 294
Enhancing sampling and relating kinectics rates from all-atom explicit
solvent accelerated molecular dynamics simulations
Cesar Augusto F. de Oliveira1, Donald Hamelberg2, and J Andrew
McCammon2. (1) Howard Hughes Medical Institute and Department of Chemistry
and Biochemistry, University of California San Diego, 9500 Gilman Drive, San
Diego, CA 92093-0365, Fax: 858-534-4974, cesar@mccammon.ucsd.edu, (2)
Howard Hughes Medical Institute, Department of Chemistry and Biochemistry
and Department of Pharmacology, Center for Theoretical Biological Physics,
University of California at San Diego, La Jolla, CA 92093-0365
Recently, Our group has proposed an efficient all-atom molecular dynamics
approach to simulate the transition of high energy barriers without any advance
knowledge of the potential energy landscape. This method, named accelerated
molecular dynamics approach, consists of modifying the potential-energy surface
by adding a boost potential in regions close to the local minima so that all
transitions rates are increased. The results presented in this work showed that
the accelerated molecular dynamics simulations technique can indeed enhance
dramatically the conformational sampling of biomolecules in all-atom explicit
solvent simulations. In addition, our results also showed that there is a strict
relation between the roughness of the potential surface and the escape rate
constant from energy wells. Therefore, rate constants for process which
molecular transitions are inaccessible by regular all-atom explicit solvent
molecular dynamics simulations can be estimated by performing a set of
accelerated molecular dynamics simulations at different acceleration conditions.
COMP 295

Evaluation of pharmacophore modeling based virtual screening:
comparative assessment of catalyst, phase and MOE at the example of
HRV coat protein
Martina Mangold1, Gudrun Maria Spitzer1, Theodora M. Steindl2, Hannes G.
Wallnoefer1, Christian Laggner3, Thierry Langer4, and Klaus Roman Liedl1. (1)
Faculty of Chemistry and Pharmacy, University of Innsbruck, Innrain 52c,
Innsbruck A-6020, Austria, Fax: +43-512-507-5269,
Martina.Mangold@student.uibk.ac.at, Klaus.Liedl@uibk.ac.at, (2) ComputerAided Molecular Design Group, University of Innsbruck, Innsbruck A-6020,
Austria, (3) Department of Pharmaceutical Chemistry, Computer Aided Molecular
Design Group, University of Innsbruck, Institute of Pharmacy, Innsbruck A-6020,
Austria, (4) Inte:Ligand GmbH, 2344 Maria Enzersdorf, Austria
The three pharmacophore modeling programs Catalyst (Accelrys), Phase
(Schrödinger), and MOE (Chemical Computing Group) are evaluated with
respect to their virtual screening algorithms with either a given structure based
pharmacophore model generated by LigandScout (Inte:ligand) or a ligand based
model created within the respective program. Several models are generated at
the example of Human Rhinovirus (HRV) coat protein. The most restrictive ones
are introduced in more detail, including information about the tools available to
increase the selectivity of the models. The hits found by at least two search
algorithms within the Derwent World Drug Index 2006 are mostly virucides,
proving the selectivity of the models in each program.
COMP 296
Examining the role of conformational changes in HIV protease drug
resistance
Melinda M. Layten, Molecular and Cellular Biology Program, Stony Brook
University, Life Sciences Building, Stony Brook, NY 11794,
mlayten@csb.sunysb.edu, Fangyu Ding, Chemistry Department, Stony Brook
University, Stony Brook, NY 11794, and Carlos L. Simmerling, Department of
Chemistry, Stony Brook University, Stony Brook, NY 11790
HIV protease is a key AIDS target, yet it is susceptible to frequent mutations that
lead to drug resistance. In multiple structural studies, the movement of flaps has
been implicated in controlling access to the active site. Furthermore, crystal
structures always show a specific change between two types of closed structures
upon ligand binding. The bound form shows minimal structural diversity across
mutations, however, traditional structure based drug design ignores the fact that
binding affinity is affected by the energy of the unbound state. We seek to
understand the possible thermodynamic role of conformation change in drug
resistance by modeling differences between bound and unbound structures in

both drug susceptible sequences and in mutations that lead to clinical drug
resistance such as V82F and I84V. We can thus determine if further refining
closed state binding is an effective strategy for new drug development or if
targeting a different conformation could generate an effective class of HIV
protease inhibitors.
COMP 297
Experimental and molecular docking simulation studies of Histone
deacetylases (HDACs) enzyme inhibitors
Kemal Yelekci1, Gamze Bora2, Didem Dayangac-Erden2, Peruze Ayhan3, Sevim
Dalkara4, Ayhan S. Demir3, and Hayat Erdem-Yurter2. (1) Faculty of Arts and
Sciences, Kadir Has University, Fatih 34230, Istanbul, Turkey, Fax: +90 212 533
6515, yelekci@khas.edu.tr, (2) Department of Medical Biology, Hacettepe
University Faculty of Medicine, 06100 Ankara, Turkey, (3) Department of
Chemistry, Middle East Technical University, 06531 Ankara, Turkey, (4)
Department of Pharmaceutical Chemistry, Hacettepe University Faculty of
Pharmacy, 06100 Ankara, Turkey
Histone deacetylases (HDACs) are a family of enzymes that play an important
role in the regulation of gene expression and DNA repair. Inhibitors for HDACs
induce cell differentiation and growth arrest in tumor cells. For this reason
HDACs enzymes became the well-known target for antitumor activity with
promising results. Announcement of the crystal structure of human HDAC8
enzyme has opened the way for molecular modeling studies toward this enzyme.
In this study a series of selected, potential compounds such as TSA, SAHA,
phenyl butyric acid, valproic acid and butyric acid have been tested by HDAC
inhibitor drug screening kit and docked computationally to the active site of the
HDAC enzyme in order to get insight into HDAC inhibition activity. AutoDock
3.0.5 was employed to perform the automated molecular docking. The result of
docking studies generated the inhibitors' thermodynamic properties such as free
energy of bindings and inhibition constants. Moreover, 3D pictures of inhibitorenzyme complexes afforded invaluable data regarding the binding orientation of
each inhibitor in the active site of HDAC8.
COMP 298
Exploration of the sequence dependent stability of helical content using
short alanine peptides
Fangyu Ding, Chemistry Department, Stony Brook University, CMM Building
RoomG90, Stony Brook, NY 11794, Fax: 631-632-1555,
dingfangyu2004@hotmail.com

Exploring the sequence-structure relationship of proteins plays an important role
in understanding protein evolution and developing accurate methods to predict
protein function. Short peptides are popular model systems for experimental and
computational studies because they are small, fold quickly and can adopt
secondary structures as seen in proteins. Experimental studies of the helix
forming of Baldwin's peptides, 3K (I) and 6K (I), have demonstrated a negative
effect on helicity when increasing the number of lysines. However, low resolution
spectroscopic techniques such as CD do not give the necessary structural details
to understand the role of the lysines on the helicity of peptides. To complement
this experimental work, we are simulating the folding of both systems using the
TIP4P/EW solvent model with replica exchange molecular dynamics. These
simulations will not only provide an opportunity to test accuracy and efficiency of
our simulation protocol, but also shed some light on the sequence-dependent
stability of helical content.
COMP 299
How to improve structure-based pharmacophores by modeling the binding
site shape
Sabine Grona1, Patrick Markt1, Johannes Kirchmair2, Daniela Schuster1, Thierry
Langer2, and Christian Laggner1. (1) Department of Pharmaceutical Chemistry,
Computer Aided Molecular Design Group, University of Innsbruck, Institute of
Pharmacy, Innrain 52c, Innsbruck A-6020, Austria, Fax: +43-512-507-5269,
Christian.Laggner@uibk.ac.at, (2) Inte:Ligand GmbH, 2344 Maria Enzersdorf,
Austria
Experimental X-ray crystal structures of drug target proteins in complex with
small ligand molecules are frequently used to create structure-based
pharmacophore models, in order to find new promising drug candidates by virtual
screening. Few authors also describe the inclusion of the shape of the binding
site to reduce the number of false-positive hits that are simply to big to bind. Here
we present the first systematic study of such exclusion shape models to establish
guidelines for binding site assisted structure-based pharmacophore modeling:
Models for different drug targets (PPAR, Factor Xa, CDK2, COX1) were created
in LigandScout and used for database screening in Catalyst. ROC curves were
plotted to visualize the effects of different parameters such as number, size, and
flexibility of the features creating the shape restriction on the ability of retrieving
known actives from a collection of drug-like molecules. Furthermore, the effect on
computational time was studied.
COMP 300

Identification of non-peptidic cell recognition motifs applying hybrid
structural based computational methods: Development of an in vitro
validation assay
Ronald J. Perez, Department of Pharmacology, Rutgers University, UMDNJ,
675 Hoes Lane, Piscataway, NJ 08873
Peptidic recognition motifs promote the function and attachment of cells and are
commonly incorporated in biomedical devices such as adhesive scaffolds for
bone regeneration. Due to the extremely high cost of these peptidic motifs there
currently exists a strong need for an inexpensive source or alternative synthetic
analogues. To address this, we applied the computational modeling method
Hybrid Structural Based (HSB) technique to identify non-peptidic RGD
analogues. HSB identified 187 RGD-like molecules from a database of about
300,000 drug-like compounds. These compounds were docked and ranked
based on Goldscore and a customized scoring function was determined to
identify the top ten 10 molecules. In this work we report the development of an in
vitro assay for the validation of their bioactivity. Employing the Quartz Crystal
Microbalance with Dissipation (QCM-D) technique, we quantified the ability of the
synthetic RGD analogues to inhibit the binding of the human glycoprotein IIb-IIIa
(GPIIb-IIIa) to surface adsorbed fibrinogen. Our results show that two
compounds were found to significantly inhibits the binding of the human GPIIbIIIa to surface adsorbed fibrinogen. Overall, this study indicates that using the
HSB method coupled with the QCM-D in vitro assay can be successfully applied
for identification of non-peptidic analogues of cell recognition motifs.
COMP 301
Improved multistate empirical valence bond model for aqueous proton
transport
Hanning Chen1, Yujie Wu2, Feng Wang3, Pu Liu2, and Gregory A. Voth1. (1)
Center for Biophysical Modeling & Simulation, University of Utah, Department of
Chemistry, 315 S., 1400 E., Rm 2020, Salt lake City, UT 84108, Fax:
8015814353, chen@hec.utah.edu, (2) Center for BIophysical Modeling and
Simulation, Department of Chemistry, University of Utah, Salt lake City, UT
84108, (3) Department of Chemistry, Boston University, Boston, MA 02215
A third generation multi-state empirical valence bond model (MS-EVB3) has
been developed for describing proton solvation and transport in aqueous
solutions. The new model is based on the second generation MS-EVB2 model
[T. J. F. Day, et al., J. Chem. Phys. 2002, 117, 5839] and a recently developed
flexible water model (SPC/Fw) [Wu, et al. J. Chem. Phys. 2006, 124, 24503].
Using ab initio results as benchmarks, the calculated cluster binding energies,
optimized cluster geometries, and the potential energy surface of proton shuttling

between water molecules in a cluster environment have all been significantly
improved for the MS-EVB3 model in comparison to the MS-EVB2 values. In
aqueous solution, the MS-EVB3 model also provides a more realistic solvation
structure for the excess proton. The ratio between the proton diffusion constant
and that of the underlying water solvent is also improved and in better agreement
with experiment. The absolute MS-EVB3 proton diffusion constant for classical
molecular dynamics is, however, still lower than the experimental value, for which
possible causes and future improvements will be discussed.
COMP 302
Inactivation mechanism of [FeFe]-Hydrogenase H-cluster by oxygen
Daniela Dogaru, Stefan Motiu, and Valentin Gogonea, Department of Chemistry,
Cleveland State University, 2121 Euclid Avenue, SI 413, Cleveland, OH 44115,
Fax: 216-687-9298, d.dogaru@csuohio.edu
The aerobic oxidation of H-cluster, the active site of hydrogenase enzyme, in gas
and aqueous phases has being investigated by means of QM/MM and density
functional theory. This inhibitory process occurs at the distal iron of the catalytic
H-cluster, which is also implicated in hydrogen synthesis. The processes
involved in the H-cluster oxidative pathway are oxygen binding, e- transfer,
protonation, and water removal. Thermodynamic results indicate that the aerobic
oxidation is likely to occur (in solution) since all the reaction steps are
exothermic. A unifying endeavor has been carried out for the purpose of
understanding the thermodynamic results vis-à-vis several other performed
electronic structural methods, such as frontier molecular orbitals, partial charges,
and H-cluster geometrical analysis. An interesting result of the FMO examination
is that an e- is transferred to LUMO rather than to SOMO, which is somewhat
unexpected because SOMO usually resides in a lower energy state rather than
LUMO for open-shell clusters.
COMP 303
Interaction analysis between EGF receptor and EGF by fragment molecular
orbital calculation
Toshio Watanabe1, Takayoshi Ishimoto1, Yutaka Tamura2, Yuichi Inadomi3,
Hiroaki Umeda1, and Umpei Nagashima1. (1) Research Institute for
Computational Sciences, National Institute of Advanced Industrial Science and
Technology, and CREST-JST, 1-1-1 Umezono, Tsukuba, Ibaraki 305-8568,
Japan, Fax: +81-29-851-5426, donjo@ni.aist.go.jp, (2) Department of
Bioinformatics, Graduate School of Medicine, Chiba University, Japan, (3)

Computing & Communications Center, Kyushu University, Fukuoka 814-0001,
Japan
Epidermal growth factor receptor (EGFR) is one of receptor tyrosine kinases.
Activating and overexpression of EGFR were implicated in a variety of cancers,
and EGFR attracts great attention as a target molecule for anticancer agent. The
fragment molecular orbital (FMO) method is an excellent approximation of full ab
initio calculation with reasonable computational cost. In the FMO method, large
molecule is divided into many small fragments and the molecular orbital
calculations of each fragments and fragment-pairs give the total energy and
electronic density of whole large molecule with chemical accuracy. Interfragment
interaction energies (IFIEs) obtained by the FMO calculation is a powerful tool to
analyze the receptor-ligand interaction. We calculated the FMO calculation of the
extracellular ligand binding domain of EGFR with the EGF ligand. By using the
FMO results, interactions between EGFR and EGF were analyzed by IFIEs, and
we discussed the mechanism of specific ligand binding of EGFR.

COMP 304
Interactions of antifreeze proteins with ice crystals and cell membranes
Özge Can, Suresh Essampally, and Nolan B. Holland, Department of Chemical
and Biomedical Engineering, Cleveland State University, 2121 Euclid Ave., SH
455, Cleveland State University, Cleveland, OH 44115, o.can@csuohio.edu
One promising approach for improving the survival of cells after cryopreservation
or cold storage is by using antifreeze proteins (AFPs) as additives. The primary
functions of AFPs are the non-colligative depression of the freezing point and the
inhibition of recrystallization for ice. However, they also have been shown to
interact with cell membranes. In some cases this can prevent the leakage
through membranes characteristic at lipid phase transition temperatures. Several
models have been proposed as to the mechanism of action, but there currently is
no predictive test for which proteins will protect membranes. In this study,
different fish AFPs and their mutants were prepared in bacterial expression
systems. The activity of expressed proteins was determined by measuring

thermal hysteresis and ice crystal growth rates using a homebuilt nanoliter
osmometer. In addition, the interaction between AFPs and lipids was studied by
surface pressure measurements on a Langmuir trough.
COMP 305
Investigation of MDM2-inhibitor interactions by molecular dynamics and
free energy calculations
Yipin Lu, Dongguang Qin, Chao-Yie Yang, Ke Ding, Zaneta Nikolovska-Coleska,
and Shaomeng Wang, Comprehensive Cancer Center and Departments of
Internal Medicine, Pharmacology and Medicinal Chemistry, The University of
Michigan, 1500 E. Medical Center Dr, CCGC/3316, Ann Arbor, MI 48109
Design of potent non-peptide, small-molecule inhibitors to block the MDM2-p53
interaction is being intensely pursued as a new cancer therapeutic strategy. Our
group has recently reported the design and discovery of spirooxindoles as a new
class of highly potent, specific, non-peptide, small molecule inhibitors of the
MDM2-p53 interaction. In this study, we have performed extensive computational
studies to investigate the interaction between spirooxindoles and MDM2 through
molecular dynamics simulation and free energy perturbation. Our computational
studies allow quantitative estimation of the free-energy contributions of hydrogen
bonding and hydrophobic interactions and the results are in good agreement with
experimentally determined affinities data. Our computational studies have yielded
important new insights into the critical interactions between small-molecule
inhibitors and MDM2 and provided critical information for the design of new and
novel small-molecule inhibitors to target the MDM2-p53 interaction.
COMP 306
Modeling the flexibility of alpha helices in protein interfaces: Structure
based design and prediction of helix mediated protein-protein interactions
James R. Apgar1, Xiaoran F. Stowell2, Karl N. Gutwin2, and Amy E. Keating2. (1)
Department of Chemistry, Massachusetts Institute of Technology, 77
Massachusetts Ave., MIT Building 68-604D, Cambridge, MA 02139,
japgar@mit.edu, (2) Department of Biology, MIT, Cambridge, MA 02139
For structure-based design and prediction of protein-protein interactions, efficient
structural sampling is important yet difficult to achieve. Here we report results for
two methods that can be used to sample an important sub-space of protein
structure: the flexibility of alpha helices in protein interfaces. The structural
variation exhibited by helices has previously been showed to be well-modeled
using the Crick parameterization for coiled coils, and using normal mode analysis

for helices generally. Both methods can capture much of the structural
deformation seen in the PDB using a reduced dimensionality. In both cases, a
small number of parameters allow for sampling of the most probable
conformations while keeping the size of the structural search space manageable.
We have used flexible-helix methods to predict the parallel vs. antiparallel
binding orientation of dimeric coiled coils and to design novel helical ligands that
bind to the hydrophobic groove of the anti-apoptotic protein Bcl-xl.
COMP 307
Molecular dynamics simulations of bound VEGF
Bruno A. C. Horta and Ricardo Bicca Alencastro, Physical Chemistry Group,
Universidade Federal do Rio de Janeiro, Instituto de Química, Cidade
Universitária CT Bloco A, Rio de Janeiro, Brazil, Fax: 55-21-2562-7132,
bruno@iq.ufrj.br
The vascular endothelial growth factor (VEGF) is believed to be the most
important regulator of the angiogenic cascade. Recently, we have investigated
the dynamical behavior of VEGF free in solution, by the use of long molecular
dynamics (MD) simulations (Horta, BAC et al.; PROTEINS, DOI:
10.1002/prot.21306, 2007). Herein we describe the effect of binding to either the
receptor (VEGFR-1) or a peptide inhibitor (v107) on the structure and dynamics
of VEGF by MD simulations. By the use of an energy per-residue analysis it was
possible to identify the most important pairs of residues. The results are in a
good agreement with experimental data. Although the structure of VEGF is not
significantly affected upon binding, the dynamical behavior seems to be changed
in two ways: the amplitude of motions are reduced and the pattern of correlations
observed in the unbound VEGF is changed.
COMP 308
Molecular mechanics force fields for modeling small, drug-like molecules
compared to wave function, density functional, and semi-empirical
molecular orbital theories
Brian White1, Elizabeth A. Amin2, Carston R. Wagner1, and Donald G. Truhlar3.
(1) Department of Medicinal Chemistry, University of Minnesota, 8-185 WeaverDensford Hall, 308 Harvard St. SE, Minneapolis, MN 55455,
whit0940@umn.edu, (2) Department of Medicinal Chemistry, College of
Pharmacy, University of Minnesota, Minneapolis, MN 55455, (3) Department of
Chemistry and Supercomputing Institute, University of Minnesota, Minneapolis,
MN 55455-0431

With the goal of developing a set of molecular mechanics (MM) parameters that
can accurately model the E. coli dihydrofolate reductase dimer in complex with a
chemical inducer of dimerization, bis-methotrexate, we first consider a data set
consisting of geometric parameters and partial atomic charges for MTX
fragments. We evaluated the M05-2X/6-31+G(d,p) density functional by
comparing geometric results to those obtained from coupled-cluster [CCSD/631+G(d,p)] wave function theory. The more economical DFT method obtains
reliable geometries for our data set. To model partial charges in our molecules,
we utilized the well-validated Charge Model 4. These standards were used to test
widely available MM and semiempirical molecular orbital parameters for their
ability to predict the partial charges and geometries of MTX fragments. This
yielded the MMFF94 force field as the most accurate for our system. This force
field was then applied to another ligand set to validate its accuracy for common
pharmaceutical moieties.
COMP 309
Nature of stacking interactions between imidazoacridone intercalators and
DNA Base Pairs
Iwona E Weidlich1, Sergey G. Tarasov2, Christopher J. Michejda3, and Marc C
Nicklaus1. (1) Laboratory of Medicinal Chemistry, Center for Cancer Research,
National Cancer Institute, NIH,DHHS, Frederick, MD 21702,
iweidlic@helix.nih.gov, (2) Structural Biophysics Laboratory, NCI-Frederick,
Frederick, MD 21702, (3) Structural Biophysics Laboratory, Molecular Aspects of
Drug Design Section, NCI-Frederick, Frederick, MD 21702
Imidazoacridones (IA)–monointercalators are known as chemotherapeutic
agents. In this study we report the binding affinity of the naphthylimidoimidazoacridone related compounds to the d(CATATGCGCATATG)duplex base
pairs. Molecular dynamics (MD) simulations at 300 K was explored to understand
their intercalating behavior. A total of 108 models were built, differing in binding
geometries, and 10 ns MD runs were performed for each of them. All calculations
were carried out using the AMBER 9 suite of program, utilizing GAFF and ff99
parameters for the intercalators and DNA respectively. The models were
solvated in a truncated octahedral or rectangular box of water with sodium and
chloride ions to ensure electrostatic neutrality. We made the comparison to the
DNA without intercalator to explore differences in the minor and major groove
widths especially in the proximity where the drug binds. Finally we report the
intercalators movement within the binding site, the energies and formed
hydrogen bonds.
COMP 310

New insight into the design of effective Bcl-xl inhibitors
William J. Novak and Goran Krilov, Department of Chemistry, Boston College,
2609 Beacon Str, Chestnut Hill, MA 02467, novakw@bc.edu
Bcl-xl is an antiapoptotic protein from the Bcl-2 family that is known to be over
expressed in some forms of cancer. However the shallow topography and degree
of exposure to solvent of the peptide binding active site has made the design of
effective small molecule inhibitors difficult. In this study we use advanced
molecular dynamics sampling techniques and free energy calculations to
characterize the interactions of several known small molecule Bcl-xl inhibitors
with the protein. In conjunction with experimental data, we identify key features of
the protein active site and the ligands that facilitate ligand-protein binding, and
discuss the role of induced fit in the design of effective Bcl-xl inhibitors.
COMP 311
New scoring functions for discovery of lead peptides reversible inhibitors
of thrombin
Cristina C. Clement, Chemistry Department, Lehman College, City University of
New York (CUNY), 250 Bedford Park BLVD West, Bronx, New York City, NY
10468, cclement_us@yahoo.com, Manfred Philipp, Chemistry Department,
Lehman College, City University of New York, New York City, NY 10468, and
Julian Gingold, New Rochelle High School, NY
New scoring functions are proposed for quantitative analysis of peptide inhibitors
interaction with target proteins from serine-protease family (such as thrombin). A
structure-based design of a library of tetrapeptides containing the sequence
spaces D-Phe/X-Pro-D-Arg-P1'-CONH2 and D-Phe/X-Pro-Arg-D-Pro-P1'-CONH2
was employed to discover potential inhibitors for thrombin (X= analogs of Phe,
such as trans/cis-cinnamic and dihydrocinnamic acids, (L)/(D)-Tic [1,2,3,4tetrahydro-isoquinoline-3-carboxylic acid], (L)/(D)-Thi [Thienylala] and DNaphtylalanine (DNal)). The peptides were docked into active site of thrombin by
taking the X-ray coordinates of thrombin template 1ABJ.pdb. The softwares
“SCULPT” provided by MDL and MOE provided by Chemical Computing Group
(CCG) were used to perform the docking experiments. Built-in molecular forcefields MMFF94, OPLSAA, Charmm 27 were used to assess the free energy of
interaction between the peptides and the thrombin template. Since it is already
known that the salt bridge between Asp 189 (from the specificity pocket in the
active site of thrombin) and the Arg in the P1 position of the inhibitors contributes
to a big fraction of the energy of interaction between thrombin and different
inhibitors, we hypothesized that the interatomic distances between (D/L) Arg (at
P1 position) in the peptides and the Asp 189 within the subpocket S1 in thrombin
might be another reliable scoring function for predicting its inhibitors. Another

scoring function was developed based on the analysis of the structural details of
the docked peptides with respect to the % favorable contacts and normalized
complementarity between the ligand (peptide inhibitor) and thrombin active site
within 5 angstrom distance from ligand. The % favorable contacts and
normalized complementarity were analyzed using the algorithm developed by
Sobolev V., Wade R.C., Vriend G. and Edelman M (1996)).
COMP 312
Novel approach to structure-based pharmacophore search using
computational geometry and shape matching techniques
Jerry Osagie Ebalunode1, Zheng Ouyang2, Jie Liang3, and Weifan Zheng1. (1)
Department of Pharmaceutical Sciences, Biomanufacturing Research Institute
and Technology Enterprise (BRITE), North Carolina Central University, 1801
Fayetteville Street, Durham, NC 27707, jebalunode@nccu.edu, (2)
Bioengineering Department, University of Illinois at Chicago, Chicago, IL 60612,
(3) Bioengineering Department, Carolina Exploratory Center for Cheminformatics
Research (CECCR), University of Illinois at Chicago, Chicago, IL 60612
Ligand-based and structure-based drug design methods have consistently
proven to be viable computational tools for the discovery of lead compounds that
could serve as potential therapeutics for the treatment of diseases. Shape
similarity and pharmacophore matching are two of the frequently used tools for
efficient identification of such leads in virtual screening environments. Here, we
report on a new strategy that combines these two approaches - the method
involves initially computing the shape and pharmacophore from the binding site
of the target structure, followed by screening multi-conformer molecular
databases to identify suitable ligands for the target. Our strategy performed
distinctively better when compared with existing screening methods. In this talk, I
will present the algorithms and the application of this method to several
benchmark datasets to demonstrate the effectiveness of this novel strategy.
COMP 313
Pharmacophore-based virtual screening: How to obtain the best
enrichment rates
Johannes Kirchmair1, Stojanka Ristic2, Kathrin Eder2, Patrick Markt3, Gerhard
Wolber1, Theodora M. Steindl2, Christian Laggner3, and Thierry Langer1. (1)
Inte:Ligand GmbH, Clemens Maria Hofbauer-G. 6, 2344 Maria Enzersdorf,
Austria, kirchmair@inteligand.com, (2) Computer-Aided Molecular Design Group,
University of Innsbruck, 6020 Innsbruck, Austria, (3) Department of

Pharmaceutical Chemistry, Computer Aided Molecular Design Group, University
of Innsbruck, Institute of Pharmacy, Innsbruck A-6020, Austria
Virtual screening using chemical feature-based 3D pharmacophores is a rapid
and straightforward technique for enriching the hit rate, especially when the
structure of the target is available. Like all other 3D in silico approaches, the
overall enrichment mostly relies on the accurate prediction of the bio-active
conformation of the ligands. In this presentation, we discuss our approach to
derive pharmacophore models in a rapid and convenient way. We investigate the
performance of today's most prominent conformer generators and show the
results from a large-scale performance assessment on protein kinase targets and
serine proteases. In subsequent analysis of parameters that show significant
impact on the 3D pharmacophore screening enrichment, we provide evidence
that algorithms using 'fast low quality settings' surprisingly often yield the highest
enrichment rates. Finally, we show that parallel pharmacophore-based virtual
screening significantly enhances the signal-to-noise ratio (true positive/false
positives).
COMP 314
Prediction of blood-air and tissue-air partition coefficients: Calculated
molecular descriptors vs. experimentally determined properties
Denise Mills, Subhash C. Basak, and Brian D. Gute, Center for Water and the
Environment, Natural Resources Research Institute, University of Minnesota,
5013 Miller Trunk Hwy, Duluth, MN 55811, Fax: 218-720-4328,
dmills@nrri.umn.edu
Quantitative structure-activity relationship (QSAR) models for rat and human
blood-air and tissue-air partition coefficients were developed based on calculated
molecular descriptors. Three types of regression methodologies—ridge
regression, principal components regression, and partial least squares—were
used comparatively in the development of these models. In addition to the
structure-based models, ordinary least squares regression was used to develop
comparative models based on experimentally determined properties, namely
saline-air and oil-air partition coefficients. The results indicate that many of the
structure-based models are comparable or superior to their respective propertybased models. With respect to the structure-based models, it was also found that
ridge regression outperformed principal components regression and partial least
squares regression, and that generally the topochemical descriptors alone
produced models of good predictive ability. The descriptors found to be most
influential in biological partitioning of chemicals include those which encode
information regarding hydrogen bonding, polarity, and molecular size and shape.

COMP 315
Prediction of pH-dependent aqueous solubility of histone deacetylase
(HDAC) inhibitors
Sree M Vadlamudi1, Fredrik Bjorkling2, Irene Kouskoumvekaki3, Niclas Tue
Hansen3, and Svava Ósk Jónsdóttir3. (1) Topotarget UK Ltd, 87 A, Milton Park,
Abingdon OX14 4RY, United Kingdom, s.murthy@topotarget.co.uk, (2)
Topotarget A/S, Copenhagen, Denmark, (3) BioCentrum-DTU, Center for
Biological Sequence AnalysisCenter for Biological Sequence Analysis, DK-2800
Lyngby, Denmark
Aqueous solubility and its dependence on the pH of the gastrointestinal tract are
key factors that determine the bioavailability of drugs. Thus, reliable
computational methods to estimate pH-dependent aqueous solubility of drug like
molecules from their molecular structure would be desirable in the drug design
process. In the present work, estimation of pH-dependent aqueous solubility for a
series of in-house Histone Deacetylase (HDAC) inhibitors using two different
computational methods will be discussed. The first set of predictions is based on
a newly developed method [1] using an Artificial Neural Network (ANN) model for
the prediction of the intrinsic solubility, combined with the HendersonHasselbalch equation and the Marvin pKa plug-in for the prediction of the pH
profile. In comparison, the Simulations Plus software tool was used to predict
second set of solubility data. Comparison of predicted and experimental aqueous
solubility data at different pH values for representative compounds will be shown.
Furthermore, refinement of the ANN model to obtain improved predictions on the
series of HDAC inhibitors will be presented.
[1] N.T. Hansen, I. Kouskoumvekaki, F.S. Jørgensen, S. Brunak and S.O.
Jónsdóttir, Prediction of pH-dependent aqueous solubility of druglike molecules,
J. Chem. Inf. Model. 2006, 46, 2601-2609.
COMP 316
Prediction of pKa values for amino acids and peptides
Shuming Zhang, Jon Baker, and Peter Pulay, Department of Chemistry and
Biochemistry, University of Arkansas, Fayetteville, AR 72701, Fax: 479-5754049, shumingz@uark.edu
Previously [232nd ACS meeting], we have developed a protocol for the prediction
of organic pKa values in aqueous solutions. Geometries of both forms are
optimized at the OLYP/3-21G(d)-COSMO level, relative energies, ΔH, are
determined at the OLYP/6-311+G(d,p)-COSMO level, and acidities are

calculated as pKa=AΔH+B where A and B are empirical constants, determined
from fitting known pKa values. Seven different A,B pairs are used for various
functional groups. The mean absolute deviation (MAD) for carboxylic acids was
below 0.2 pKa unit. Our protocol predicts the carboxyl pKa in α amino acids and
small peptides reasonably (MAD<0.5) but greatly overestimates the pKa of the
amino group in free amino acids (by about 2 pKa units). Using separate
parameters for the amino group, we are able to predict the amino pKa in α amino
acids with a MAD of 0.44 pKa unit, and in di- and tripeptides with a MAD of 0.64.
COMP 317
QSAR approach to modeling membrane permeability
Brian D. Gute1, Jim Riviere2, Ronald E. Baynes2, and Subhash C. Basak1. (1)
Center for Water and the Environment, Natural Resources Research Institute,
University of Minnesota, 5013 Miller Trunk Hwy, Duluth, MN 55811, Fax: 218720-4328, bgute@nrri.umn.edu, (2) College of Veterinary Medicine, North
Carolina State University, Raleigh, NC 27606
Since dermal exposure is one of the primary workplace exposures, predictive
models for dermal permeability are invaluable. Such models can aid in our
understanding of the chemicals that actually penetrate the stratum corneum and
become bioavailable after dermal exposure. Riviere et al have developed a
membrane-coated fiber (MCF) model for skin permeability using three different
fibers (PDMS, polyacrylate and carbowax) and the modeling team at NRRI has
begun to use their data in developing computationally predictive models for
membrane permeability. Modeling results for a variety of volatile organics and
straight chain aliphatics will be discussed.
COMP 318
Quantum effective potentials: An efficient strategy for quantum dynamics
David Z. Goodson, Department of Chemistry and Biochemistry, University of
Massachusetts at Dartmouth, 285 Old Westport Rd, North Dartmouth, MA 02747,
Fax: 508-999-9167, dgoodson@umassd.edu
Classical dynamics on a quantum effective potential (QEP) is an approximate
model for quantum dynamics on the actual potential energy surface. In principle,
this is a very efficient strategy for quantum dynamics, with computational cost not
much higher than that of classical dynamics. The original QEP theory, as derived
by Feynman in the limit of high temperature, fails badly at low temperature. A
new modified QEP theory, with an effective temperature that allows for an

extrapolation between the limits of high temperature and low temperature, is
described and computational techniques to implement it are discussed.
COMP 319
Quantum mechanics/molecular mechanics study of the catalytic
mechanism of Trypanosoma cruzi trans-sialidase
Özlem Demir, Department of Chemistry and Quantum Theory Project, University
of Florida, 2300 New Physics Building #92, PO Box 118435, Gainesville, FL
32611-8435, and Adrian Roitberg, Department of Chemistry, University of
Florida, Gainesville, FL 32611-8435
Trans-sialidase is a vital enzyme for Trypanosoma cruzi, the protozoa
responsible for Chagas' disease in humans. Trypanosoma cruzi trans-sialidase
(TcTS) catalyzes transfer of sialic acids from host glycoconjugates to parasite's
glycoconjugates. Experimental evidence suggests formation of a long-lived
intermediate. However, it is unclear whether the covalent intermediate formation
occurs through SN1 or SN2 mechanism. Elucidating the mechanism and the
transition state will help future inhibitor design studies. Additionally, the common
inhibitors for sialidases, which catalyze hydrolysis of sialic acids, do not work for
TcTS. The reason for this is unclear. Trypanosoma rangeli sialidase is a good
candidate to make a comparative study with TcTS due to their strong structural
similarity. In this work, both enzyme mechanisms are investigated using QM/MM
calculations. Potential energy surfaces (PES) are prepared for each enzyme by
performing constrained minimizations. Based on PES, the difference in the
mechanisms and the transition state structures will be discussed.
COMP 320
Structure-based virtual screening against SARS-3CLpro: Identification of
hits and insights into the process of lead development
Prasenjit Mukherjee1, Prashant V. Desai2, Larry Ross3, Lucile White3, and
Mitchell A. Avery2. (1) Department of Medicinal Chemistry and Laboratory for
Applied Drug Design and Synthesis, University of Mississippi, 417 Faser Hall,
School of Pharmacy, University, MS 38677, pkmukher@olemiss.edu, (2)
Department of Medicinal Chemistry, University of Mississippi, University, MS
38677, (3) Drug Discovery Division, Southern Research Institute, Birmingham,
AL 35205
The first outbreak of Severe Acute Respiratory Syndrome (SARS), a highly
contagious upper respiratory tract disease was reported in 2003 in the
Guangdong province of China. The disease rapidly spread across the globe to

North America and Europe taking lives, triggering widespread travel bans and
inflicting heavy losses on the world economy. The disease was attributed to a
previously unknown human corona virus, SARS-coV and a viral cysteine
protease SARS-3CLpro was identified as a target of interest. Utilizing the crystal
structures of SARS-3CLpro structure-based virtual screening of the Asinex
platinum collection was carried out. A multistage screening approach was
implemented using the GOLD docking program. Two compounds with activities
in the low micro molar range were identified. The hit to lead development process
is currently underway through the use of structure based design, similarity search
techniques and analogue synthesis.
COMP 321
Structure-LD50 correlations: DFT study on substituted 3-carboethoxy-4aminoquinolines
Tania C Cordova de Sintjago1, Luz Escalante1, James Posada1, Morella
Rodriguez2, and Gustavo Cabrera1. (1) Centro de Quimica Organica. Escuela de
Quimica, Universidad Central de Venezuela, Ciudad Uiversitaria. Los
Chaguaramos, Facultad de Ciencias. Escuela de Quimica. Of 353, Caracas 1020
A, Venezuela, tcordova@ciens.ucv.ve, (2) Hospital Jose Maria Vargas, Caracas,
Venezuela
We report a DFT study on a series of 3-carboethoxy-4-aminoquinolines that had
been synthesized in our laboratory 1, and tested for toxicity on VERO We have
reported previously the synthesis1 and that some of them are active against
Lehismania mexicana and Tripanosoma cruzzi 3, 4; howerver for possible clinical
use these compounds need to be tested for toxicity and find those with higher
activity/toxicity ratio and which molecular properties are related the biological
activity. We correlate here LD50 values to molecular properties and quantum
descriptors calculated using DFT method B3LYP implemented in Gaussian 98
and Hyperchem 7.5. A correlation LD50 = -1017,85222 + 14,2994955 A 7,63722652 V + 650,589289 Log P - 44,2763271 Pol - 45,6468729 Es, R2 =
0,99322393, was found where A, V, logP, Pol and Es parameters are
respectively: surface area, molecular volume, logP, polarizability and solvation
energy.

COMP 322
Support vector machines and THEMATICS for precise prediction of
interaction sites in proteins from 3-D structure
Wenxu Tong1, Mary Jo Ondrechen2, and Ronald J. Williams1. (1) College of
Computer & Information Science, Northeastern University, Boston, MA 02115,
wxtong@ccs.neu.edu, (2) Department of Chemistry and Chemical Biology,
Northeastern University, Boston, MA 02115
The development of sensitive, precise computational predictors of functional
information about protein structures is an important problem in the post-genomic
age. Theoretical Microscopic Titration Curves (THEMATICS) is an electrostaticbased computational method for the prediction of catalytic and binding sites for
proteins from their 3D structure alone. Support vector machines (SVMs) are
combined with THEMATICS to improve sensitivity to catalytic residues. For a test
set of 64 proteins taken from the CSA database, the average residue recall rate
is 76% and the filtration ratio (residues predicted over total residues) is only 4%.
Catalytic site predictions are correct for 86% of these proteins, partially correct
for 5%, and incorrect for 9%. It is shown that THEMATICS achieves higher
precision and lower filtration ratio than other structure-based methods. An
extension of the method to include adjacent residues is also presented; this
incorporates the ability to predict catalytic residues that are not ionizable.
COMP 323
Tautomer generation. pKa based dominance conditions for generating the
dominant tautomers
Jozsef Szegezdi and Ferenc Csizmadia, ChemAxon Ltd, Maramaros koz 3/a,
1037 Budapest, Hungary, Fax: +36-1-4532659
We developed a Java based application for generating the tautotmeric forms
(protomers) of a molecule. The generation of tautomers is performed after the
identification of the hydrogen donor and acceptor groups of the submitted
molecule. Hydrogen acceptors are atoms which have unsaturated bond. An atom
in the molecule may be considered a donor if it is connected to an unsaturated
bond at alpha position.
The numbers of the generated tautomers largely depend on the donor and the
acceptor sites, which are allowed to interact with each other trough the
tautomerization path. The length of the tautomerization path is also an important
parameter of the tautomer generation. In our method, no restriction is applied for
the length of the tautomerization path. The calculation of the distribution of the

different tautomeric forms in aqueous solution is particularly important both from
theoretical and practical point of view. This is why we pay special attention for the
generation of the dominant tautomeric forms of the submitted molecule. To
generate the major tautomeric forms, we defined simple pKa conditions for the
donor and acceptor groups. The ratio of the major and the minor tautomeric
forms also depend on the solution's pH. The prediction of these ratios is also
possible from the calculated pKa values. Predicted dominant tautomeric forms
are in good agreement with the practical observations.
COMP 324
The foundation of the approach of Active Thermochemical Tables: The
analysis and manipulation of the Thermochemical Network Graph
Abel Fernandez and Branko Ruscic, Chemistry Division, Argonne National
Laboratory, Argonne, IL 60439
Availability of high-quality thermochemical values, accompanied by properly
quantified uncertainties, is critical in many areas of physical chemistry. Active
Thermochemical Tables (ATcT) are a new paradigm of how to derive such data
utilizing a Thermochemical Network (TN) approach, thus overcoming the
limitations of the legacy sequential approach. The TN approach involves the
construction, manipulation, and statistical evaluation of the TN Graph, which
explicitly exposes to analysis the underlying thermochemically-relevant
experimental and theoretical determinations. The end result is the simultaneous
extraction of best possible thermochemical values based on the available
knowledge, hence making conventional tabulations of thermochemical values
obsolete. In addition, ATcT introduces numerous new features, such as rapid
update with new knowledge, hypothesis testing ability, discovery of “weak links”
in the knowledge, etc. This work was supported by the U.S. Department of
Energy, Office of Basic Energy Sciences, Division of Chemical Sciences,
Geosciences, and Biosciences, under Contract No. DE-AC02-06CH11357.
COMP 325
Theoretical studies on pillared covalent organic frameworks for the
hydrogen storage material
Daejin Kim1, Dong Hyun Jung1, Seung-Hoon Choi1, Sang Beom Choi2, Jihye
Yoon2, Young Ho Jhon2, and Jaheon Kim2. (1) Insilicotech Co. Ltd, A-1101
Kolontripolis, 210, Geumgok-Dong, Bundang-Gu, Seongnam-Shi, South Korea,
djkim@insilicotech.co.kr, shchoi@insilicotech.co.kr, (2) Department of Chemistry,
Soongsil University, Seoul, South Korea

Pillared covalent organic frameworks (PCOFs) have been studied with the
density functional theory (DFT) calculations. Based on the COF-1 structure, one
of covalent organic frameworks (COFs), synthesized by the condensation
reactions of phenyl diboronic acid {C6H4[B(OH)2]2}, we inserted “pillar”
molecules between the organic layers for the improvement of physisorption
ability for the hydrogen molecules. Pyridine, pyrazine and DABCO, 1,4-diazabicyclo[2.2.2]octane, were considered as the candidates of pillar molecules. The
binding sites and orientations of the “pillar” molecules were investigated on
cluster models of COFs and the system was extended to the solid state for the
estimation of the effect of insertion, inter-layer distance and energetic stability.
We also considered the effect of packing method for COF layers in the presence
of “pillar” molecules; two packing structures of staggered and eclipsed forms
which influence the morphology of the crystal structure. With this calculation, we
proposed new PCOF structures to enhance hydrogen storage capacity.
COMP 326
Thermal rearrangement of 2-acetoxy-2,6,6 trimethylbicyclo[3.1.0]hexane:
Theoretical elucidation of the mechanism
Kemal Yelekci, Faculty of Arts and Sciences, Kadir Has University, Fatih 34230,
Istanbul, Turkey, Fax: +90 212 533 6515, yelekci@khas.edu.tr, and Safiye Sag
Erdem, Department of Chemistry, Marmara University, Istanbul TR-34230,
Turkey
It was proposed that bicyclohexene derivatives are believed to be the immediate
precursors of aromatization reactions. There was no evidence to support this
hypothesis other than the fact that a thermally allowed mechanism can be written
for coversion of bicyclo[3.1.0]hex-2-enes to aromatics. As a part of the
exploratory study of thermal aromatization reactions, 2,6,6
trimethylbicyclo[3.1.0]hexan-2-ol and its ester derivative 2-acetoxy-2,6,6trimethylbicyclo[3.1.0]hexane were synthesized. Pyrolysis of 2-acetoxy-2,6,6trimethylbicyclo[3.1.0]hexane at 350 oC gave 1,3,3-trimethyl-1,4-cyclohexadiene
instead of the expected product, 2,6,6-trimethylbicyclo[3.1.0]hex-2-ene.
Computational methods such as PM3, HF/6-31G*, B3LYP/6-31G*, UHF/6-31G*,
UB3LYP/6-31G*, and UMP2/6-31G* were employed in order to elucidate the
mechanism of this reaction. The Gibbs free energy of activation and the reaction
energy were calculated for the proposed polar and biradical mechanisms. The
results showed that a two-step mechanism is plausible at 350 oC in which the
expected product 2,6,6-trimethylbicyclo[3.1.0]hex-2-ene is the intermediate.
COMP 327

Novel fast adaptive algorithm for 3D-shape analysis of protein (HIV
protease)-ligand interactions
Vivek K Jalahalli, Department of Mathematics and Statistics, San Diego State
University, 5500 Campanille Drive, San Diego, CA 92182, Sunil Kumar, Electrical
and Computer Engineering department, SanDiego State University, San Diego,
CA, Xiaoyu Zhang, Department Computer Science, California State University
San Marcos, San Marcos, CA 92096, and Rajni Garg, Department of Chemistry
& Biochemistry, California State University San Marcos, San Marcos, CA 92096
The prolonged use of current HIV drugs leads to drug-resistance and mutation.
Therefore, the development of new HIV inhibitors that are active against mutant
viruses is highly desirable. In this study an adaptive algorithm for comparing 3D
shapes by considering their pockets in the complementary space will be
presented. Binding sites of both receptor and ligands are associated with
attributes (descriptors) such as Shape, Area, Volume, Electrostatic Potential,
Hydrophobicity, Betty numbers, etc. The pockets of a closed compact surface
can be represented by a 3D volumetric function. Multi-resolution dual contour
trees (DCT) are constructed from the pocket functions to efficiently match them.
DCTs are simplified data structures computed from contour trees (CT) of 3D
functions. The DCTs capture the important features of the volumetric functions
and are not sensitive to noises. Each node of a DCT corresponds to an interval
volume and is tagged with geometrical, topological, and functional attributes.
COMP 328
Understanding the binding mechanism of a new class of PTEN inhibitors
Qin Wang, Madhusoodanan Mottamal, and Goran Krilov, Department of
Chemistry, Boston College, 2609 Beacon Str, Chestnut Hill, MA 02467,
wangqn@bc.edu
The PTEN gene is a tumor suppressor known to play major roles in embryonic
development, cell migration and apoptosis, and as such is an important target for
cancer therapy. A new and promising class of PTEN inhibitors based on 1D-3deoxy-phosphatidylinositol and its derivatives has recently been proposed.
Although biochemical studies show significant variability in activity among the
inhibitors, lack of understanding of the catalytic mechanism and structure of
ligand-protein complexes has made the interpretation of these findings difficult. In
this study, we use molecular dynamics simulations to study the interactions of six
of the above inhibitors with the PTEN protein. We characterize the structure of
the PTEN-ligand complexes and compute the relative binding free energies to
qualify ligand activity. Finally, we discuss the role of protein-membrane
interactions in ligand binding and PTEN activation mechanism.

COMP 329
A classical/quantum chemical approach for quantitative structure activity
of flavonoids
Ihsan A Shehadi, Deema K Al Jayousi, and Ahmed Al Mehdi, Department of
Chemistry, United Arab Emirates University, Al Jamaa Street, Al Ain, United Arab
Emirates, Fax: 971-376-71291, i.shehadi@uaeu.ac.ae
The individual variation within each of the different classes of falvonoids is the
number and arrangement of hydroxyl groups. Free radical scavenging
capabilities of flavonoids might be due to ionization and proton displacements of
hydroxyl groups at pH below physiological conditions, hence restoring
intermolecular hydrogen bonding. This study will investigate the correlations
between the structural characteristics of major flavonoids to that of their activities
in biochemical functions, in particular as scavengers of free radicals and
antagonists to the effects of oxidative stress. Structure-activity relationships of a
series of antioxidants in relation to the localized hydroxyl groups and the extent
of multiple bonds conjugation will be thoroughly explored by studying the kinetics
of such scavenging reaction spectrophotometerically. We are also using Density
Functional Theory (DFT) to calculate the energy of the minimized and optimized
structures of the flavonoids of interests in different solvents. DFT methods will
also be used to give an insight into the electronic structures some classes of
flavoniods trying to correlate that to their relative antioxidant affinities.
COMP 330
Ab initio molecular dynamics of visual pigment chromophore models
Igor Schapiro, Oliver Weingart, and Volker Buss, Department of Chemistry,
University of Duisburg-Essen, Lotharstrasse 1, Dusiburg, Germany, Fax: +49203-379-2772, igor.schapiro@uni-due.de
Subject of investigation is the primary event of vision characterized by photoisomerization of the retinal chromophore in rhodopsin. Ground and excited state
ab initio molecular dynamics of different four double bond chromophore models
were performed to study the effect of molecular distortion and influence of the
methyl groups. Initial geometries and velocities of the trajectories were calculated
by zero-point energy sampling. After excitation both electronical states were
followed simultaneously by state-averaged CASSCF, including all 8 π-orbitals
and -electrons in the active space. To determine the nonadiabtic transition two
methods were applied: one is based on the change of the configuration vectors in
two succeeding steps, while the other is an analysis of the torsional modes. The
results show the distortion of the chromophore to be crucial for the selectivity of

the double bond and the increase of the product yield. A methyl group in α
position to the cis double bond was found to reduce the reaction time.

COMP 331
Benchmarking a variety of QM methods in the calculation of relative
conformational and pair-wise energies: Just how reliable are the ″shortcut
methods″? A close look at LMP2, RI-MP2 and other correlated methods
Karen A. Rossi and Daniel L. Cheney, Computer-Assisted Drug Design, BristolMyers Squibb Company, P.O. Box 5400, Princeton, NJ 08543-5400, Fax: 609818-3545, karen.rossi@bms.com
The growth of computational capabilities and storage is rapidly broadening the
scope of applied quantum mechanics in the drug discovery process.
Conformational energy surfaces defined using DFT or LMP2 are not uncommon,
and MM/QM is now being used to elucidate a wide variety of enzymatic reaction
mechanisms and protein – ligand interactions. In recent years, approximations to
several correlated techniques have been devised, such as LMP2, RI-MP2 and
MOS-MP2 which have dramatically reduced computational costs. Do these
methods constitute a free lunch in the context of day to day modeling tasks, or
are there sacrifices? And how do these methods compare? In this preliminary
report, we examine and compare these methods versus their explicit
counterparts in the contexts of routine modeling tasks such as estimation of pairwise and relative conformational energies.
COMP 332
Brownian dynamics simulations of lactate dehydrogenase isoforms with
actin
Eric Njankwa Njabon, Kristine L. Carlson, and Kathryn A. Thomasson,
Department of Chemistry, University of North Dakota, Grand Forks, ND 582029024, kristine.carlson@und.nodak.edu

Glycolytic enzymes may compartment in cells by binding to cytoskeletal
structures. One potentially important step in compartmentation is binding of the
cytoskeletal protein F-actin with lactate dehydrogenase (LDH). Tetrameric LDH
can have different isoforms of muscle (M) or heart (H) monomers. Brownian
dynamics simulations explore the interactions of human and rabbit mixed LDH
isoforms with F-actin. The LDH mixed tetrameric isoforms, LDH-M_3 H, LDHM_2 H_2 , LDH-MH_3 , give distinctive electrostatic potentials and charges. If the
positive electrostatic potential region between subunits A/D and subunits B/C,
remains intact (such as in M_3 H) the mixed isoforms bind F-actin.
COMP 333
Comparison of semi-empirical quantum mechanics methods applied to
biological molecules: Potential and free energy surfaces of alanine and
glycine Dipeptides in vacuum and in water
Gustavo de M. Seabra, Quantum Theory Project, University of Florida, 2300
New Physics Building, PO Box 118435, Gainesville, FL 32611-8435, Fax: 785532-6666, seabra@qtp.ufl.edu, Ross C Walker, Strategic Applications
Computing, San Diego Supercomputing Center, University of California, San
Diego, La Jolla, CA 92093, and Adrian E Roitberg, Department of Chemistry,
University of Florida, Gainesville, FL 32611
The Amber 9 version of the molecular dynamics package contains a native
implementation of an array of semi-empirical methods. Included are MNDO,
AM1, PM3, PDDG/MNDO, PDDG/PM3, PM3CARB1 and SCC-DFTB.
We show calculations of the adiabatic potential energy surface for alanine and
glycine dipeptides in vacuum and using AM1, PM3, PDDG/PM3 and SCC-DFTB
semi-empirical methods for the dipeptide, and compare it to high level ab-initio
data obtained using Gaussian 03.
Results for the free energy surfaces of alanine and glycine dipeptides in water
calculated from a 30 ns molecular dynamics run for each of the semi-empirical
methods above, and using both TIP3P and TIP4Pew models for water, will also
be presented.
COMP 334
Data mining the drug database: Is there such a thing as drug-like space?
Chihae Yang1, Guangyu Sun1, David Bower1, and James F. Rathman2. (1)
Leadscope, Inc, 1393 Dublin Road, Columbus, OH 43215,

cyang@leadscope.com, (2) Department of Chemical and Biomolecular
Engineering, The Ohio State University, Columbus, OH 43210-1110
The goal of the drug database is to assist chemists in leveraging past successes
as a starting point for finding new drugs during the discovery process. A
database of marketed drugs has been created to provide a detailed source of
information for clean pharmaceutical compounds. Part of the historical
information was provided from FDA collaborators through a Cooperative
Research and Development Agreement. Based on this drugs database, we
analyze the chemical space covered by the drugs in different therapeutic
indications over time from 1970 to the present. Classifying these structures into
indication categories defined by the National Library Medicine results in scaffolds
representing the therapeutic indications. Chemical space analysis is performed
using structural feature descriptors provided by Leadscope. One goal of this work
is to explore how compound clustering in this new “drug space” compares with
analysis of the same compounds in a feature space defined by a conventional
chemical database. Various analysis methods including principal component
analysis and partial ordinal modeling methods are employed to model therapeutic
categories in terms of chemical features.
COMP 335
Density Functional Theory studies of the interaction of sulfur oxides with
large water clusters
Jean M. Standard, Ryan D. Quinn, and Mary T. Van der Hoven, Department of
Chemistry, Illinois State University, Campus Box 4160, Normal, IL 61790-4160,
Fax: 309-438-5538, standard@ilstu.edu
Intermolecular complexes of sulfur trioxide and water are important species in
atmospheric chemistry, for example in the formation of acid rain. Heterogeneous
chemistry, including reactions taking place on ice surfaces, plays a key role in
reactions of sulfur oxides in the atmosphere since it is estimated that 50 percent
of atmospheric sulfur dioxide reactions occur heterogeneously. In this work, we
report on the results of density functional theory studies of sulfur trioxide
interacting with large water clusters of up to 39 water molecules in order to model
the interaction with an ice surface. Results have been obtained at the B3LYP/631G(d) level of theory. Optimized geometries and vibrational frequencies have
been computed for all structures, and minima on the potential energy surface as
well as transition states for conversion to sulfuric acid have been located. The
calculated binding energy of sulfur trioxide to the water clusters ranges from 1320 kcal/mol and the activation barrier for conversion to sulfuric acid ranges from
3-6 kcal/mol. The results will be correlated with previous studies of the interaction
of sulfur trioxide with small water clusters.

COMP 336
Evaluation of docking performance: Comparison of Surflex-Dock with five
docking algorithms using the Johnson & Johnson data set
Tamsin E. Mansley, Jennifer K Shepphird, and Lei Wang, Tripos Informatics
Research Center, 1699 S. Hanley Rd., St. Louis, MO 63144, Fax: 314-951-3090,
tmansley@tripos.com
We present a validation study for Surflex-Dock using the protocol and dataset of
69 proteins in 14 target families previously published by Kontoyianni et al (J.
Med. Chem. 2004, 47, 558-565). The results are compared with the original
observations from the paper and a comparison drawn between Surflex-Dock and
the original five docking tools (FlexX, DOCK, GOLD, LigandFit, Glide) in terms of
docking accuracy and scoring function reliability.
COMP 337
Investigate the fluorescence quenching and recovering process of betacyclodextrin anchored quantum dots
Ming Ning and Richard. E Brown, Department of Chemistry, Michigan
Technological University, 1400 Townsend Drive, Houghton, MI 49931, Fax: 906487-2061, mning@mtu.edu
The interactions between beta-cyclodextrin and derivatives from Ferrocene and
Adamantanol have been studied with ab initio and molecular dynamics method in
both gas and water solvent phase. A semi-empirical method has been proposed
to carry out the excitation state computations attempting to reveal the mechanism
behind the process of fluorescence quenching and recovering by adding
Ferrocene derivatives followed by Adamantanol derivatives into the water
solution of beta-cyclodextrin anchored quantum dots.
COMP 338
Investigating the predominant factors which drive receptor-ligand binding
for inhibitors selective for MMP-13
Noel A. Carrascal and Robert C. Rizzo, Department of Applied Mathematics and
Statistics, Stony Brook University, Math Tower Room 3-129, Stony Brook, NY
11794, noelcjr@hotmail.com

Matrix metalloproteinases (MMPs) are a highly homologous family of enzymes
implicated in a broad variety of disease including cancer. Despite the initial
excitement offered by first generation anti-cancer MMP inhibitors, little or no
clinical efficacy was observed in human trials. In hindsight, and at least in part,
the disappointing results are now thought to be a consequence of the fact that
first generation inhibitors were too broad spectrum. In this study, we are using
computational methods to investigate what drives binding for a recently reported
series of compounds highly selective for MMP-13. Molecular dynamics
simulations, binding free energy calculations, and other analysis are being used
to characterize the predominant factors which drive ligand association in this
system. A comparison of the results obtained from continuum (GB-MD) versus
explicit solvent (TIP3P-MD) dynamics simulations will be presented.
COMP 339
Investigation of the inhibitory pathways of [FeFe]-hydrogenase by means
of Quantum Mechanics/Molecular Mechanics
Stefan Motiu, Daniela Dogaru, and Valentin Gogonea, Department of Chemistry,
Cleveland State University, 2121 Euclid Avenue, SI 413, Cleveland, OH 44115,
Fax: 216-687-9298, s.motiu@csuohio.edu
It is economically imperative to engineer [FeFe]-hydrogenases (from
Desulfovibrio desulfuricans) to function aerobically and to yield H2. One way to
achieve this is through computational studies using quantum mechanics (DFT)
and molecular mechanics (MM) calculations. From previous work[1], it was found
that the oxidation of [FeFe]-hydrogenase active site (H-cluster) is reversible.
ONIOM results agree with experimental results[2] showing that the enzyme is
inhibited in the H2O removal step (ÄH(frozen enzyme.) = +24.89kcal/mol, and
ÄH(unfrozen. enzyme.) = +19.60 kcal/mol). The current investigation probes the
potential inhibitory site whence the H2O-retention feedback mechanism occurs.
The H-cluster juxtaposed amino acids are the plausible candidates for the H2Oretention command[3]. The first step is identifying which H-cluster proximal amino
acid is involved in the H2O-retention command. This consists of sequentially
switching off the amino acids' charges, followed by ONIOM calculations. Once
the key amino acid has been identified, conservative mutations are carried out on
it. [1] Motiu, S.; Dogaru, D.; Gogonea, V. Int. J. Quantum Chem. 2006, 107,
1248-1252 [2] Peters, J. W.; Lanzilotta, W. N.; Lemon, B. J.; Seefeldt, L. C.
Science 1998, 282, 1853-1858. [3] Nicolet, Y.; Piras, C.; Legrand, P.; Hatchikian,
E. C.; Fontecilla-Camps, J. C. Structure 1999, 7, 13-23
COMP 340
Molecular dynamics simulations of a DNA-biosensor

Nolwenn Le Bouch, Josée Brisson, and Mario Leclerc, Department of
Chemistry, Laval University, Quebec city, QC G1K7P4, Canada, Fax: 418-6567916, nlebouch@chm.ulaval.ca, mario.leclerc@chm.ulaval.ca
Molecular dynamics simulations have been carried out to study the molecular
behaviour of a DNA-biosensor. Optical and electrochemical biosensors based on
conjugated polymers have been recently proposed and successfully applied to
the detection of several important biological target such as DNA, RNA, and
proteins. In this study, a water-soluble cationic polythiophene is used to
transduce oligonucleotide hybridization with a specific 20-mer capture probe.
UV_vis experiments show that different polymer-DNA structures are obtained
with polycytosines and polythymines compared to random DNA. Simulations
were performed on an isolated chain of polymer and a single or double strand of
DNA. Results show that polycytosines and polythymines-polymer complexes
adopt different conformations than random single or double helix DNA, which
correlates with experimental data.
COMP 341
Molecular dynamics studies of zeolites functionalized with transition metal
ions
Eugenio Jaramillo, Elia C. Garcia, and Raymundo Guzman, Department of
Biology and Chemistry, Texas A&M International University, 5201 University
Boulevard, Laredo, TX 78041, eugenio@tamiu.edu
We have performed Molecular Dynamics simulations of microporous and
mesoporous materials functionalized with transition metal ions. These transition
metal ions may be incorporated in framework positions within the material or act
as extra-framework cations. As a first step we have developed forcefields that
have been fitted to experimentally observed properties for these systems.
COMP 342
Molecular mechanisms of gas surface interactions in hypersonic flow
Ioana Cozmuta, Eloret Corporation, Space Technology Division, NASA Ames
Research Center, Mail Stop 230-3, Moffett Field, CA 94035,
icozmuta@mail.arc.nasa.gov
The fundamental understanding of gas-surface interactions under hypersonic
conditions (usually described by pressures in the range of [0.01-0.1] atm and
temperatures between 1000K and 1900K) characteristics to entry of a spacecraft
in a planetary atmosphere is currently of great interest. An accurate model of

surface mediated interactions would provide proper boundary conditions for
computational fluid dynamics codes and aid in reducing the uncertainties
associated with the calculation of heat load. Molecular dynamics simulations
(classical as well as reactive potentials) are employed to characterize, at the
molecular level, the interactions between a quartz (SiO2) surface and atomic
oxygen and nitrogen. The present study – a first of its kind in understanding
surface catalicity –provides relevant information on collision statistics, gas phase
chemistry as well as surface mediated adsorption, diffusion and recombination
reactions, relevant to the design of thermal protection systems.
COMP 343
Predicting absolute binding free energies in a model binding site
David L. Mobley1, Alan P. Graves2, John D. Chodera3, Andrea McReynolds4,
Brian K Shoichet1, and Ken A. Dill4. (1) Pharmaceutical Chemistry, University of
California, San Francisco, 600 16th Street, Box 2240, San Francisco, CA 95616,
dmobley@maxwell.compbio.ucsf.edu, (2) Graduate Group in Biophysics,
University of California San Francisco, San Francisco, CA 94143, (3) Graduate
Group in Biophysics, University of California, San Francisco, San Francisco, CA
94143-2280, (4) Department of Pharmaceutical Chemistry, University of
California at San Francisco, San Francisco, CA 94143
A central challenge in structure-based ligand design is the accurate prediction of
binding free energies. We discuss work appling alchemical free energy
calculations in explicit solvent to predict ligand binding in a model cavity in T4
lysozyme. Even in this simple site, we encountered several challenges, such as
multiple ligand binding modes and frustrated protein degrees of freedom. In
retrospective tests, our methods were able to compute absolute binding free
energies within 1.9 kcal/mol of previously determined experimental values on
average. In blind prospective tests, the methods correctly discriminated between
several true ligands and decoys from a set of putative binders identified by
docking. In these prospective tests, the error in predicted binding free energies
relative to those subsequently determined experimentally was only 0.6 kcal/mol.
X-ray crystal structures of the new ligands bound in the cavity corresponded
closely to the predictions of the free energy calculations, but sometimes differed
from those predicted by docking. Finally, we examined the impact of holding the
protein rigid, as in docking, with a view to learning how approximations made in
docking affect accuracy and how they may be improved.
COMP 344
Prediction of the adsorption orientation of Human Serum Albumin on
hydrophobic surfaces using theoretical thermodynamic analysis

Hao-Jen Hsu, Institute of Biomedical Engineering, National Yang-Ming
University, No. 155, Sec. 2, Linong St., Taipei 112, Taiwan, Fax: 886-228210847, hauren32@bme.ym.edu.tw, Sheh-Yi Sheu, Department of Life
Sciences, National Yang-Ming University, Taipei 112, Taiwan, and Ruey-Yug
Tsay, Institute of Biomedical Engineering, National Yang Ming University, Taipei
112, Taiwan
It is well recognized that the control of protein adsorption is crucial in the
application of biomaterials. The orientation of adsorbed protein on synthetic
surfaces can influence the subsequent cell adhesion. In this work, molecular
simulations were performed to investigate the preferred orientation of adsorbed
Human Serum Albumin (HSA) on hydrophobic surfaces using theoretical
thermodynamic analysis. A semi-empirical molecular modeling combining
experimental hydration data was developed to calculate the changes in enthalpy,
entropy, and Gibbs free energy as a function of molecular distance to surface for
the HSA adsorption. With this model, water molecules' contribution to adsorption
free energy was quantitatively described. The results show that “edge C-on”
orientation, i.e. with the edge of domain C of HSA facing to the surface, is the
most favorable orientation for the adsorption of HSA on a hydrophobic –CH3
terminated SAM surface. This preferred orientation corresponds to the lowest
adsorption free energy and is with more hydrophobic residues than other sites.
Simulation data indicated that adsorption free energy decreases with the
increase in the changes in solvent accessible surface area. Also, a linear
correlation was found between the adsorption free energy and the local
hydropathy index, suggesting that hydrophobic effect should dominate this
protein adsorption process.
COMP 345
QSAR modeling of blood–brain barrier permeability of diverse organic
compounds
Liying Zhang1, Hao Zhu1, Tudor I. Oprea2, and Alexander Tropsha3. (1)
Laboratory for Molecular Modeling, University of North Carolina at Chapel Hill,
Division of Medicinal Chemistry and Natural Products, School of Pharmacy,
Chapel Hill, NC 27599, (2) Division of Biocomputing, University of New Mexico
School of Medicine, Albuquerque, NM 87131, (3) Laboratory for Molecular
Modeling, School of Pharmacy, University of North Carolina at Chapel Hill,
Chapel Hill, NC 27599-7360
We have developed robust QSAR models of Blood-Brain Barrier (BBB)
permeability using k-Nearest Neighbors and Support Vector Machines
approaches and molecular topological descriptors. The modeling set of 175
compounds was divided into external evaluation set (20 compounds) and
multiple training and test sets (the remaining 155 compounds). The consensus

QSAR model accuracies were q2=0.96, R2=0.96, and R2=0.85 for training, test,
and external evaluation sets, respectively. These models were applied to
additional external evaluation sets consisting of 124 drugs (from the WOMBATPK dataset) and 299 organic compounds classified as permeable (BBB+) or nonpermeable (BBB-), and the prediction accuracies were 70% and 59%,
respectively. Noticeable prediction accuracy improvements were achieved after
excluding outliers from the modeling set and applying applicability domain
threshold for the prediction of evaluation sets: the accuracy for the first external
evaluation set increased to R2=0.94 and for the two additional external sets to
92% and 83%, respectively.
COMP 346
Topomer CoMFA: Investigation of scope
Gunther Stahl1, Richard D. Cramer2, and Bernd Wendt2. (1) Tripos, Inc, 1699
South Hanley Road, St. Louis, MO 63144, Fax: 314-647-9241,
gstahl@tripos.com, (2) Tripos, St. Louis, MO 63144
The use of topomer conformations in 3D-QSAR implies substantial benefits in
CADD productivity, by providing exceptional ease of use and a means of
searching for superior properties within large data bases. We will present results
from further investigating the scope of applicability of "topomer CoMFA". How
often does this approach provide promising results when applied to random
published data sets, whether or not accompanied by 3D- or other QSAR
analyses? Applications to well-known data sets will also be summarized.
COMP 347
Structure-based design of a novel class of beta-secretase (BACE)
inhibitors
Charles H. Reynolds1, Brett A. Tounge1, Allen B. Reitz2, and Ellen W. Baxter2.
(1) Johnson & Johnson Pharmaceutical R&D, Welsh and McKean Roads, PO
Box 776, Spring House, PA 19477, (2) Johnson & Johnson Pharmaceutical R&D,
Spring House, PA 19477-0776
BACE has emerged in recent years as an attractive target for the treatment of
Alzheimer's disease. At J&J we have used a variety of computational
approaches, including linear-scaling quantum calculations and linear interaction
energy models, to design a novel class of BACE inhibitors derived from an HTS
hit structure. In addition to being potent, these non-peptidic inhibitors incorporate
a novel 2-aminoquinazoline core for interacting with the two catalytic aspartates
in BACE.

COMP 348
Trends in ligand efficiency: Where do they come from?
Charles H. Reynolds1, Brett A. Tounge1, and Scott D. Bembenek2. (1) Johnson
& Johnson Pharmaceutical R&D, Welsh and McKean Roads, PO Box 776,
Spring House, PA 19477, (2) Johnson & Johnson Pharmaceutical Research &
Development, LLC, San Diego, CA 92121
Ligand efficiency (LE) has become an important concept in drug discovery.
Simply stated the efficiency of any ligand for a target protein can be represented
as the ratio of potency to size, most often measured by the number of heavy
atoms present in the ligand. This ratio (Potency/Size) is sometimes used in lieu
of raw potency numbers to point drug discovery scientists toward ligands that
achieve high potencies while keeping the molecular weight in check. LE has also
been suggested as a useful metric for evaluating small fragments for fragmentbased design. We have studied a large number of protein-ligand complexes
(>8,000) in order to develop representative statistics for ligand efficiencies across
a variety of targets and molecular weight ranges. Evaluation of this data shows
that ligand efficiencies are not constant, as would be required for a linear
relationship between size and affinity, but generally decline with increasing ligand
size. We systematically examined a variety of physical phenomena that might
explain this observed behavior.
COMP 349
3-D-QSAR Combined theoretical study of 5-HT1A-receptor agonists
Ekaterina Bartashevich and Vladimir Potemkin, Department of Chemistry,
Chelyabinsk State University, 129, Br. Kashirinih, Chelyabinsk 454021, Russia,
Fax: +7-351-742-0925, kate@csu.ru, pva@csu.ru
A 3D-QSAR combined study of the biological action and biological activity of 5HT1A agonists has been performed. Conformational analysis and comparative
analysis of active and inactive conformers of 5-HT1A agonists has been fulfilled.
The orientation and alignment of the 5-HT1A agonists has been performed using
a novel algorithm ConGO (Continual Grid Overlap). The algorithm uses quantumderived wave functions for orientation and alignment of molecules in
complementary self-considering field. Also the molecular similarity of active drugs
has been evaluated in terms of electron density comparison. On the base of the
elucidation the pharmacophoric and anti-pharmacophoric parts of molecules
have been defined. The receptor – ligand models are created using BiS algorithm
and characteristics of interactions are determined.

COMP 350
Multiway QSPR analysis of the acidity constant of some phenolic
compounds utilizing quantum topological molecular similarity descriptors
Bahram Hemmateenejad1, Taghi Khayamian2, Mahnaz Esteki2, and Afshan
Mohajeri1. (1) Department of Chemistry, Shiraz University, Adabiat four-way,
Shiraz 71454, Iran, Fax: +98-711-2286008, hemmatb@sums.ac.ir, (2)
Department of Chemistry, Isfahan Universirty of Technology, Isfahan, Iran
Recently, a new class of electronic descriptors called quantum topology
molecular similarity (QTMS) indices, introduced by O'Brein and Popelier has
been shown to be successful in a verity of QSAR and QSPR calculations. In this
method, for a series of molecules sharing a common structural backbone, QTMS
theory produces a matrix of descriptors instead of a vector of descriptors in
traditional QSAR. To handle the QTMS indices for QSAR/QSPR studies,
Popelier and coworkers used first-order calibration methods to derive structureactivity/property relationships by unfolding the data in a single row vector for
each molecule. In the other hand, since the introduction of multiway analysis
methods in chemometrics, additional advantages have been demonstrated as
compared with first-order multivariate calibration methods such as bilinear PLS.
Here, three-way analyses of the quantum topological molecular similarity (QTMS)
descriptors were used for QSPR modeling of the acidity constant of some phenol
derivatives. A three-way data was built for different molecules by constructing a
data matrix for each molecule. The three way models including PARAFAC and
N-PLS and a two-way model (PLS) were used for modeling structure-acidity
relationships. Comparison of the results showed that the three-way arrays
produced more predictive models with lower over-fitting. The bilinear PLS model
resulted in a biased estimation of acidity constant of prediction set with average
relative error of prediction of 1.87% whereas that obtained by PARAFAC and NPLS was near to zero (i.e. -0.41 and -0.33, respectively). Additionally, the threeway methods allowed investigating the significant impact of different bonds and
different descriptors using leverages of the PARAFAC loadings
COMP 351
Quantitative structure-retention relationship for the Kovats retention
indices of a large set of terpenes: A combined data splitting-feature
selection (CDFS) strategy
Bahram Hemmateenejad1, Katayoun Javidnia2, and Maryam Elyasi2. (1)
Department of Chemistry, Shiraz University, Adabiat four-way, Shiraz 71454,
Iran, Fax: +98-711-2286008, hemmatb@sums.ac.ir, (2) Medicinal & Natural

Products Chemistry Research Center, Shiraz University of Medical Sciences,
Shiraz, Iran
A data set consisting of a large number of terpenoids, the widely distributed
compounds in nature that are found in abundance in higher plants, have been
used to develop a quantitative structure property (QSPR) relationship for their
Kovats retention index. QSPR models are usually obtained by splitting the data
into two sets including calibration (or training) and prediction (or validation). All
model building steps, especially feature selection procedure, are performed using
this initial splitting, and therefore the performances of the resulted models are
highly dependent on the initial data splitting. To investigate the effects of data
splitting on the feature selection in the current article we proposed a combined
data splitting-feature selection (CDFS) methodology for QSPR model
development by producing several different training/validation/test sets, and
repeating all of the model building studies. In this method, data splitting is
achieved many times and in each case feature selection is performed. The
resulted models are compared for similarity and dissimilarity between the
selected descriptors. The final model is one whose descriptors are the common
variables between all of resulted models. The method was applied to QSPR
study of a large data set containing the Kovats retention indices of 573
terpenoids. A final 8-parametric multilinear model with constitutional and
topological indices was obtained. Cross-validation indicated that the model could
reproduce more than 90% of variances in the Kovats retention data. The relative
error of prediction for an external test set of 50 compounds was 3.2%. Finally, to
improve the results, structure-retention relationships were preceded by nonlinear
approach using artificial neural networks and consequently better results were
obtained.
COMP 352
Development of scoring functions for protein-ligand binding based on
frequent geometric and chemical patterns of inter-atomic interactions at
their interfaces
Raed Khashan, Laboratory for Molecular Modeling, Department of Medicinal
Chemistry and Natural Products, School of Pharmacy, University of North
Carolina at Chapel Hill, 301 Beard Hall (CB# 7360), Chapel Hill, NC 27599, Fax:
919-966-0204, raed_khashan@unc.edu, Weifan Zheng, Department of
Pharmaceutical Sciences, Biomanufacturing Research Institute and Technology
Enterprise (BRITE), North Carolina Central University, Durham, NC 27707, and
Alexander Tropsha, Laboratory for Molecular Modeling, School of Pharmacy,
University of North Carolina at Chapel Hill, Chapel Hill, NC 27599-7360
Developing a scoring function that identifies the correct docking pose is very
important in understanding the binding mode of a ligand to its receptor, and

consequently, in the design of new lead compounds. In this study, we present a
study for a novel knowledge-based scoring function that has been developed
based on the frequent geometric and chemical patterns of inter-atomic
interactions at the interface of a representative dataset of x-ray characterized
protein-ligand complexes. The approach includes the following steps. First, the
protein-ligand interfaces of each complex in the training set are represented by
labeled chemical graphs where nodes are atoms and edges connect protein and
ligand atoms within certain distance of each other. Second, subgraph mining
techniques are used to find frequent subgraphs that occur in no less than a
certain percentage of the complexes in the training set, and these frequent
subgraphs identify the patterns that are used in the scoring function. Thus, the
test protein-ligand complexes are scored based on the similarity between
interaction patterns identified at the protein-ligand interface of a test proteinligand pair to those found frequently in the training set of x-ray characterized
complexes. The scoring function has been tested for its ability to accurately
recognize the native pose of a ligand in the X-ray crystal structure of the proteinligand complexes vs. non-native poses produced by computational docking. We
have demonstrated that this novel scoring function affords higher accuracy of
scoring than five commonly used scoring functions and their consensus provided
by commercial docking software.
COMP 353
How much experimental data is needed to predict a protein's structure?
Christina R. Crecca and Adrian E Roitberg, Department of Chemistry, University
of Florida, NPB 2331, PO Box 118435, Gainesville, FL 32611-8435, Fax: 352392-8722, crecca@qtp.ufl.edu
Protein structure determination is crucial in the elucidation of protein function.
Present experimental methods, however, are costly and time-consuming. But
how much experimental data is really needed to predict a protein's structure? We
will present a fast and inexpensive structure prediction method that seeks to
answer this question. Our method involves three steps: (1) building a decoy set,
(2) using a small number of experimental inter-residue distances, and (3)
comparing the measured distances with those calculated for each decoy. We
postulate that structures with several similar distances will also have similar
three-dimensional structure. Using two different types of decoy sets, general and
specific, we make structure predictions for several CASP7 target proteins. We
will also compare our method to others.
COMP 354

Improving generalized Born model in protein side chain and loop
prediction
Kai Zhu, Michael R. Shirts, and Richard Friesner, Department of Chemistry,
Columbia University, 3000 Broadway, New York, NY 10027,
kz2007@columbia.edu
We introduce a simple strategy to fix the over-stabilization of salt bridges in
Generalized Born (GB) model. Instead of assuming a uniform internal dielectric
constant inside the entire protein, we allow the charged side chains to assume
higher dielectric constants to reflect stronger polarization and dielectric
screening. This strategy leads to an improved solvent model, variable dielectric
GB (VDGB) model, which corrects the over-stabilization of salt bridges and
greatly improves the accuracy of side chain prediction, especially for charged
residues. The accurate percentage of lysine increases from 62.6% to 76.8%. For
all 11 types of polar residues, the accuracy increases from 76.2% to 79.8%.
Significant improvements are also observed when applying VDGB solvent model
to a set of 240 loop predictions with 6, 8, 10 and 13 residue of loop length.
Combined with a hydrophobic correction term for GB model we proposed in a
previous paper [Proteins, 2006, 65, 438-452], the VDGB model yields
unprecedented accuracies with average backbone root-mean-square-deviations
of 0.41Å, 0.74Å, 0.76Å and 1.08Å for 6, 8, 10 and 13 residue loops, respectively.
COMP 355
Novel basis-set free approaches to solving the electronic-Schrödinger
equation
James S. M. Anderson, Chemistry Department, McMaster University, Arthur
Bourns Building 156, Hamilton, ON L8S 4M1, Canada, anderjsm@mcmaster.ca
Since quantum mechanics has been shown to accurately describe chemical
systems, finding accurate solutions to the many-body Schrödinger equation is a
priority in modern theoretical chemistry. Successful wavefunction methods that
are commonly used include the Hartree-Fock (HF), many-body perturbation
theory (MP), configuration interaction (CI), and coupled-cluster (CC) methods.
The most accurate (and the most costly) of these methods is “full configuration
interaction”. Full CI is prohibitively expensive, growing as the number of electrons
factorial, and consequently can only be performed on merely the smallest of
molecules. (Thus, for example, a Full CI calculation on the Neon atom takes
more than 100,000 times longer than a similar calculation on the Beryllium atom.)
This poster will discuss how the Schrödinger equation can be solved using a
grid-based method; such methods are termed “basis-set free”. Grid-based
methods have been seen as anathemas given their reputation of factorial scaling.

However, using recent advances in mathematics, one may build accurate grids
for performing multidimensional integrals with polynomial scaling. This poster will
present these methods for constructing grids and use them to accurately solve
the Schrödinger equation for small molecules. In this poster I will provide a broad
overview of the method and techniques being developed and show convergence
results for the grids.
COMP 356
To be native or not to be native, that is the question: Studies of the
unfolded state structure of the Villin Headpiece Helical Subdomain
Lauren Wickstrom, Stony Brook University, Biochemistry and Structural
Biology, Stony Brook, NY 11794, lwick442@yahoo.com, Daniel P. Raleigh,
Department of Chemistry, State University of New York at Stony Brook, Stony
Brook, NY 11794, and Carlos L. Simmerling, Department of Chemistry, Stony
Brook University, Stony Brook, NY 11790
In order to understand protein folding, we need to understand both folded and
unfolded state structure. The denatured state is more difficult to study
experimentally because of its dynamic nature compared to the native state. One
of the key systems for these studies is the 36-residue villin headpiece helical
subdomain (HP36) because of its simple topology, small size and fast folding
properties. Experimental and computational work using fragment analysis
suggests that there is residual structure in the denatured state of HP36. CD and
NMR data for HP21, a peptide containing the first two helices, shows an
increased helicity over peptides with the isolated helices, possibly stabilized by
tertiary contacts involving aromatic residues. Our current work looks to
complement the previous experimental studies of HP21 using Replica Exchange
Molecular Dynamics in explicit solvent. Simulations can determine whether these
weak interactions in the unfolded state are native-like, which has important
implications for understanding the fast folding.
COMP 357
Coarse grain models for self-assembling systems
Michael L. Klein, Department of Chemistry, The University of Pennsylvania,
Philadelphia, PA 19104-6323, Fax: 215-898-8296
The talk will review recent work in the Klein group (www.cmm.upenn.edu) aimed
at producing force field models for self-assembling systems such as di-block
polymers and surfactants. The goal of the research is to be able to explore the

wide range of phase behaviors exhibited by these important macromolecules.
Selected examples will include studies of large ensembles of molecules.
COMP 358
Multiscale modeling of deformation and fracture: Integrating chemistry and
mechanics
Markus J. Buehler, Laboratory for Atomistic and Molecular Mechanics,
Department of Civil and Environmental Engineering, Massachusetts Institute of
Technology, 77 Massachusetts Ave., Room 1-272, Cambridge, MA 02139, Fax:
617-258-6775, mbuehler@MIT.EDU
Large-scale molecular dynamics (MD) modeling provides important insight into
dynamic deformation and fracture processes. Here we review large-scale MD
simulations focused on understanding the fracture mechanism in brittle materials.
Cracks moving at low speeds create atomically flat mirror-like surfaces; at higher
speeds, rougher, less reflective (‘mist') and finally very rough, irregularly faceted
(‘hackle') surfaces are formed. This phenomenon is observed universally in a
variety of materials. By employing a simple atomistic material model that allows a
systematic transition from linear elastic to strongly nonlinear behavior, we show
that hyperelasticity, the elasticity of large strains, plays a governing role in the
onset of this dynamical instability (Buehler and Gao, Nature, 2006). We report a
generalized model that describes the onset of instability as a competition
between the local stress field and energy flow near the crack tip. The most
significant discovery is a characteristic length scale &chi that quantifies the
conditions under which hyperelastic effects govern crack dynamics. Our
hyperelastic model explains phenomena such as intersonic and supersonic
fracture (Buehler et al., Nature, 2003). Hyperelasticity has it origin in the
properties of chemical bonds at large deformation; therefore, our model provides
a direct link between chemistry and overall mechanical properties of solids.
COMP 359
Atomic-level control of chemical doping for nanoelectronics through first
principles modeling
Gyeong S Hwang, Department of Chemical Engineering, The University of
Texas at Austin, 1 University Station C0400, Austin, TX 78712, Fax: 512-7127800, gshwang@che.utexas.edu
Chemical doping plays a crucial role in the fabrication of semiconductor
electronic and photonic devices. For nanometer-scale devices, charge-carrier
concentrations might be increased beyond their solid-solubility limit to maintain

the required device performance. When the doping level is higher than the solid
solubility, a large fraction of dopants often remain electrically inactive. Along with
their electrical activation, precise control of dopant concentration profiles during
dopant injection and high temperature thermal treatment will pose a great
challenge in the fabrication of future nanostructured semiconductor devices.
Using first principles quantum mechanical calculations, we have investigated the
fundamental behavior and properties of native defects and defect-dopant
complexes in semiconductors, oxides, and their interfaces. In this talk, I will
present our recent results, and discuss their implications for fabrication of
nanostructure based future electronic devices. My talk will primarily focus on
addressing how native defects affect the transient enhanced diffusion and
electrical deactivation of arsenic impurities in silicon during dopant injection and
subsequent high temperature annealing. Such fundamental findings provide
invaluable guidance to designing experiments to realize the formation of
ultrashallow junctions required for future generations of semiconductor devices.
My talk will also touch briefly on doping of silicon nanowires.
COMP 360
Hamiltonian and non-Hamiltonian formulations for molecular dynamics
simulations in materials chemistry
Tahir Cagin, Department of Chemical Engineering, Texas A&M University,
College Station, TX 77845-3122
Molecular Dynamics in its barebone form corresponds to description of the
dynamics of an isolated and closed system. In this presentation we will describe
a set of general equilibrium thermodynamic systems and corresponding
extended hamiltonian and non-hamiltonion formulations for the dynamics of
these systems, both for isotropic and anisotropic cases. In the second part, we
will address the physical systems under the influence of field gradients and
dynamics of the corresponding steady state systems and iomplications of these
methods in materials characterization and materials property predictions.
COMP 361
Multimillion atom simulations of nanorods, dynamics of wing cracks,
hypervelocity impact damage, and planar shock on RDX
Priya Vashishta1, Rajiv K. Kalia2, and Aiichiro Nakano2. (1) Collaboratory for
Advanced Computing and Simulations/ Departments of Chemical Eng &
Materials Science, Physics, and Computer Sci, University of Southern California,
3651 Wat Way, VHE 606, Los Angeles, CA 90089-0242, Fax: 213-821-2664,

priyav@usc.edu, (2) Collaboratory for Advanced Computing and Simulations,
University of Southern California, Los Angeles, CA 90089-0242
MD simulations are performed to study critical issues in the area of structural and
dynamical correlations, and reactive processes in nanostructures. Scalable
space-time multiresolution algorithms implemented on multi-teraflop to petaflop
computers enable large-scale molecular dynamics (MD) simulations involving
multibillion atoms. We report the results of MD simulations of CdSe nanorods of
varying lengths (4.4 nm in diameter and 4.4 nm to 53 nm in length) embedded in
a liquid undergoing forward and reverse structural phase transformation under
hydrostatic pressure. We have investigated initiation, growth and healing of wing
cracks in confined silica glass by multimillion atom MD simulations. Multimillion
atoms MD simulation of hypervelocity projectile impact in aluminum nitride has
also been studied. The simulations reveal strong interplay between shockinduced structural phase transformation, plastic deformation and brittle cracks.
We have also performed a series of MD simulations of planar shock on a slab of
an RDX crystal.
COMP 362
Coarse master equations for peptide folding kinetics from atomistic
molecular simulations
Nicolae-Viorel Buchete and Gerhard Hummer, Laboratory of Chemical Physics,
National Institute of Diabetes and Digestive and Kidney Diseases, National
Institutes of Health, Bethesda, MD 20892-0520, Fax: 301-496-0825,
buchete@nih.gov
We construct coarse master equations for peptide folding dynamics from
atomistic molecular dynamics simulation trajectories. A propagator-based
method allows us to extract accurate transition rate matrices between different
conformational states of short peptides. The method maximizes the likelihood
that a coarse trajectory generated using the estimated rate coefficients
corresponds to the detailed trajectory observed in all atom simulations. Different
procedures for the construction of master equations will be compared. Insights
into the mechanisms of peptide folding will be discussed.
COMP 363
Exploring folding free energy landscapes of biomolecules via Serial
Replica Exchange and Simulated Tempering methods using a distributed
computing environment

Xuhui Huang, Simbios center, Department of Bioeigineering, Stanford
University, 318 Campus Drive, Mail Code 5448, Stanford, CA 94305,
huangx@stanford.edu, and Vijay S. Pande, Departments of Chemistry and
Structural Biology, Stanford University, Stanford, CA 94035
Replica exchange and simulated tempering are powerful methods for speeding
up the sampling of conformational states of bio-molecules with rough energy
landscapes. However, it is still a difficult task to compute the converged folding
free energy landscapes even for small peptides (20~30 residues) with all-atom
simulations in the explicit solvent by using these sampling methods. In this study,
we apply a Serial version of Replica Exchange (SREM) and Simulated
Tempering (ST) in a distributed computing environment, Folding@home. We
apply SREM and ST on a few proteins and small RNA molecules such as an
alpha-helical protein, protein BBA5 and a RNA tetra-loop motif. A large number
of SREM or ST simulations (2000~5000 100 ns simulations) were performed for
each system. Thermodynamic properties and folding pathways of these systems
were studied. In order to check the convergence of the free energy landscapes,
we performed two sets of simulations. One set starts from the native structure
and the other set starts from the extended structure. Free energy maps
computed from these two types of simulations are compared and the
convergence of these free energy maps is also discussed for different systems.
COMP 364
Folding pathways of three-helix proteins
Hongxing Lei and Yong Duan, Genome Center and Department of Applied
Science, University of California, Davis, One Shields Avenue, Davis, CA 95616
We have conducted ab initio folding simulations on a few three-helix proteins
using all atom models. Distinct folding pathways have been observed for different
proteins. For the topologically unique villin headpiece subdomain, the folding was
initiated near the second loop, including the C-terminal portion of helix II and Nterminal portion of helix III. This folding nucleus triggered the maturation of both
helices and the inter-helical contact between helix II and helix III. The helix II/III
segment was observed as a folding intermediate, which served as a template to
fold and dock helix I, the least stable helix. In the folding of a prototypical threehelix bundle protein, B domain of protein A, helix III was the first one to form. This
was followed by the local folding of helix II/III segment, and the least stable helix I
was the last one to form. However, in another three-helix bundle protein and a
remote homolog, albumin binding domain, the most stable helix I was the first to
form. The local folding of helix I/II segment was the next step and the docking of
helix III was the last step. Overall, stepwise folding pathways exist for all these
three proteins, but the details vary for each protein. These protein specific results
are consistent with most of the experimental findings. This demonstrated that

current technology, such as AMBER FF03 and generalized-Born solvation used
in this work, may be sufficient to reveal the folding mechanism of small helical
proteins with atomic details.
COMP 365
Multiscale studies of non-natural peptides
Xiao Zhu1, Arun Yethiraj2, and Qiang Cui2. (1) Department of Chemistry,
University of Wisconsin, Madison, 1101 University Avenue, Madison, WI 53706,
xzhu@chem.wisc.edu, (2) Department of Chemistry, University of Wisconsin,
Madison, WI 53706
Due to the limited amount of precise experimental data for peptides containing βamino acids, it is valuable to carry out reliable computational analysis for these
non-natural peptides to understand their unique sequence-structure-property
relationships. Here we first show that an approximate density functional theory,
SCC-DFTB, gives overall reliable structural and energetic information for various
β-peptides and α/β-peptides as compared to high-level ab initio and density
functional theory calculations. To properly reproduce the stability of certain βpeptides in solution, however, including an empirical dispersion correction is
crucial. Next, SCC-DFTB/MM simulations are used to guide the design of
molecular mechanics (MM) models of non-natural peptides at both the all-atom
and coarse-grained levels. Initial application of the all-atom MM model to a
pentadeca-peptide produces results in qualitative agreement with experimental
Nuclear Overhauser Effect data and suggests that the 14/15 helix is its most
stable conformation in water.
COMP 366
To be native or not to be native, that is the question: Studies of the
unfolded state structure of the Villin Headpiece Helical Subdomain
Daniel P. Raleigh, Department of Chemistry, State University of New York at
Stony Brook, Grad. Chemistry Building Rm. 647, Stony Brook, NY 11794, Fax:
631-632-7960, draleigh@notes.cc.sunysb.edu, Lauren Wickstrom, Stony Brook
University, Biochemistry and Structural Biology, Stony Brook, NY 11794, and
Carlos L. Simmerling, Department of Chemistry, Stony Brook University, Stony
Brook, NY 11790
In order to understand protein folding, we need to understand both folded and
unfolded state structure. The denatured state is more difficult to study
experimentally because of its dynamic nature compared to the native state. One
of the key systems for these studies is the 36-residue villin headpiece helical

subdomain (HP36) because of its simple topology, small size and fast folding
properties. Experimental and computational work using fragment analysis
suggests that there is residual structure in the denatured state of HP36. CD and
NMR data for HP21, a peptide containing the first two helices, shows an
increased helicity over peptides with the isolated helices, possibly stabilized by
tertiary contacts involving aromatic residues. Our current work looks to
complement the previous experimental studies of HP21 using Replica Exchange
Molecular Dynamics in explicit solvent. Simulations can determine whether these
weak interactions in the unfolded state are native-like, which has important
implications for understanding the fast folding.
COMP 367
Using inter-residue distances to predict protein structure
Christina R. Crecca and Adrian E Roitberg, Department of Chemistry, University
of Florida, NPB 2331, PO Box 118435, Gainesville, FL 32611-8435, Fax: 352392-8722, crecca@qtp.ufl.edu
Protein structure determination is a vital part of protein science. Present
experimental methods, however, are costly and time-consuming. But how much
experimental data is really needed to predict a protein's structure? We will
present a fast and inexpensive structure prediction method that seeks to answer
this question. Our method involves three steps: (1) building a decoy set, (2) using
a small number of experimental inter-residue distances, and (3) comparing the
measured distances with those calculated in each decoy. Structures with several
similar distances will also have similar three-dimensional structure. Our results
using two different types of decoy sets, general and specific, will be presented.
We will show our structure predictions for several CASP7 target proteins and
compare our method to others. Using our generalized database, we have
generated structure predictions with RMSDs as low as 2.1 Å.
COMP 368
Folding of helical structures of alternating pyridinedicarboxamide/M(phenylazo) azobeneze oligomers
Peng Tao, Jon R. Parquette, and Christopher M. Hadad, Department of
Chemistry, Ohio State University, 100 West 18th Avenue, Columbus, OH 43210,
tao.21@osu.edu
Foldamers are defined as unnatural polymers/oligomers with a well-defined,
compact, three-dimensional folding capability. Azobenzene units are common
linkages in foldamer designs. Four alternating pyridinedicarboxamide/m-

(phenylazo)azobenzene oligomers which could fold into both right- and lefthanded helices were studied computationally for their dynamical properties. Two
helices were shown as the global minimum among the conformations generated
by Monte Carlo simulation. Extended conformations have higher potential
energies than compact ones. Molecular dynamics simulations (100 ns) at a
single temperature were also performed to study the interconversion process
between two helices of these oligomers. However, the molecules were trapped at
the local minimum, and no interconversion was observed. To overcome this
difficulty, replica-exchange molecular dynamic (REMD) simulations which apply a
parallel tempering algorithm were performed on the azobenzene oligomers. Both
right- and left-handed helices were successfully sampled in the simulation for all
four oligomers. Careful investigation of REMD trajectories revealed twisted
conformations as intermediate structures in the interconversion pathway between
two helices. The temperature weighted histogram analysis method (T-WHAM)
was applied on the REMD simulation results to generate contour maps of the
potential of mean force (PMF). Atomic pair distances and dihedral angles were
used as reaction coordinates for PMF contour plots. Analysis showed that rightand left-handed helices are equally sampled in REMD simulations. In large
oligomers, both right- and left-handed helices could be adopted by different parts
of the molecule simultaneously. The interconversion between two helices could
occur in the middle of the helical structure, which is not necessarily at the end of
the molecule.
COMP 369
Antifreeze glycoprotein adsorption at the ice/solution interface
Salvador Zepeda1, Etsuro Yokoyama2, Yukihiro Uda1, and Yoshinori Furukawa1.
(1) ILTS, Hokkaido University, Kita19 Nishi8, Kita-ku, Sapporo, Japan, Fax: +8111-706-5467, (2) Computer Center, Gakushuin University, Tokyo, Japan
Antifreeze proteins (AFPs) and antifreeze glycoproteins (AFGPs) proteins are
thought to bind irreversibly to ice by matching protein surface hydrogen bonding
arrangements with specific ice planes, inhibit growth by a pinning mechanism,
the Kelvin-effect, and upon subsequent growth become incorporated into the
crystal matrix. By following the protein location with 3-d confocal fluorescence
microscopy, we show that AFGPs do indeed become adsorbed at the pyramidal
planes of the static ice interface. The adsorbed species are in close agreement
with that required for the Kelvin-effect. However, upon subsequent growth the
proteins desorb and return to the solution as no detectable quantities are seen
inside the crystal despite the large number of hydrogen bonds possible. Although
the measured surface concentration of proteins is in close agreement with the
Gibbs-Thomson model, a more dynamic interaction that includes reversible
binding kinetics with the ice surface seems to be the case for the AFGPs.

COMP 370
Antifreeze glycoproteins: Design of mimics and interaction with
membranes
Jeanette E Stok, Priyanthi M Abeysinghe, Yu Han, James Garner, Steven R
Inglis, and Margaret M Harding, School of Chemistry, The University of New
South Wales, Sydney NSW 2006, Australia, Fax: +61 2 9385 5949,
harding@unsw.edu.au
The lack of a routine, low cost synthesis of analytically pure samples of
antifreeze glycoproteins (AFGPs), which contain mixtures of oligomers with
structural variations depending on the exact species of fish, has been identified
as the limiting factor for extensive studies on AFGPs that are required for
commercial applications. Chemo-enzymatic methods have been used to produce
AFGP mimics that can be routinely and conveniently prepared via recombinant
production of the peptide backbone of the AFGPs tagged to a soluble protein,
followed by selective oxidation of the threonine residues, reaction of the ketones
with N-acetylgalactosamine, and enzymatic introduction of galactose. In parallel,
solid-state NMR spectroscopy has been used to probe the molecular level
interactions that occur between type I antifreeze proteins and AFGPs with lipids
in order to provide molecular level detail in support of the models proposed by
Tomczak and Crowe [1], and assist in the design of synthetic compounds tailored
for interaction with specific membranes.
[1] Tomczak, M.; Crowe, J. H. The Interaction of Antifreeze Proteins with Model
Membranes and Cells. In Fish Antifreeze Proteins; Ewart, K. V.; Hew, C. L. Eds.;
World Scientific Publishing: Singapore, 2002; Vol. 1; pp. 187.
COMP 371
ATR-FTIR study of the secondary structure of antifreeze glycoproteins
adsorbed at the ice/solution interface
Yukihiro Uda1, Fumitoshi Kaneko2, Salvador Zepeda1, Yoshiki Matsuura3, and
Yoshinori Furukawa1. (1) ILTS, Hokkaido University, Kita-19 Nishi-8, Kita-ku,
Sapporo 060-0819, Japan, y-uda@pop.lowtem.hokudai.ac.jp, (2) Graduate
School of Science, Osaka University, Toyonaka 560-0043, Japan, (3) Institute for
Protein Research, Osaka University, Suita 565-0871, Japan
The backbone conformation of Antifreeze Glycoprotein (AFGP) molecules
adsorbed at the ice/solution interface was investigated by attenuated total
reflection (ATR)-FTIR spectroscopy. The conformational changes of the protein
molecules in thin AFGP/D2O solution films were followed during the cooling and

heating processes. During the cooling process, the α-helical content of the
AFGPs increased upon freezing, while no noticeable conformational changes
were observed during supercooling. Additionally, the α-helical content of the
AFGPs was maintained at a high level during the heating process from -15 °C to
the melting point of 3.8 °C under the existence of a quasi-liquid layer (QLL) on
the ice. These results indicate that AFGP molecules change their conformations
to α-helix under an adsorbed state at the ice-solution interface, and that they are
sufficiently flexible to improve their overall interaction with ice crystals.
COMP 372
Molecular dynamics simulations of antifreeze proteins at a lipid/water
interface
E. J. Smith, Math, Science and Healthcare, Kingwood College, 20000 Kingwood
Dr, Kingwood, TX 77339, erica.j.smith@nhmccd.edu, Pranav Dalal, Schrodinger,
Inc, Begumpet, Hyderabad, India, Jeffry D. Madura, Department of Chemistry
and Biochemistry, Center for Computational Sciences, Duquesne University,
Pittsburgh, PA 15282, and ADJ Haymet, Scripps Institution of Oceanography, UC
San Diego, La Jolla, CA 92093-0210
Antifreeze proteins (AFP's), found in certain fish, insects and plants, allow the
host organism to survive in lower than the equilibrium freezing point of their blood
and/or internal fluids via suppression of ice crystal growth and the protection of
cell membranes from cold-induced damage. Using molecular dynamics
simulation techniques, a solvated dimyristolyphosphatidylcholine (DMPC) lipid
bilayer containing an AFP type I at the lipid/water interface was constructed,
simulated and characterized at several temperatures (310, 295, 288 and 260 K).
Lipid structural characteristics were monitored and all results agreed well with
other lipid bilayer simulation and experimental data. The simulations performed
at 260 K showed (i) a distinct broadening of the lipid headgroup distribution in the
pure system that was not observed in the system containing the AFP and (ii) that
the phosphate-nitrogen (P-N) tilt angle decreased for the pure solvated system
but remained the same for the system containing the AFP.
COMP 373
Simulations of Type I AFPs at the ice/water interface
Jeffry D. Madura, Department of Chemistry & Biochemistry, Center for
Computational Sciences and Duquesne University, 308 Mellon Hall, 600 Forbes
Ave., Pittsburgh, PA 15282, Fax: 412-396-5683, madura@duq.edu

One of the outstanding questions in the field of antifreeze proteins and
glycoproteins is "What are the main interactions between the AFP and ice/water
interface leading to activity?" Recent simulations from our lab that attempt to
address this issue will be presented.
COMP 374
Atmospheric reactions in water clusters: Mechanisms, dynamics and rates
R. Benny Gerber, Department of Chemistry, University of California, Irvine,
Irvine, CA 92697, Fax: 949-824-3168, benny@fh.huji.ac.il, Yifat Miller,
Departments of Chemistry, Hebrew University, Jerusalem, and Michael A.
Kamboures, Chemistry, UC Irvine, Irvine 92697
Molecular Dynamics simulations, carried out “on the fly” for potentials from
electronic structure calculations are reported for several thermal and
photochemical processes of molecules in water and other clusters. For the
relatively small clusters, the reliable MP2 ab initio method is used, while for larger
clusters most simulations employ the semi-empirical PM3, modified for a more
realistic description of some of the processes. The simulations provide insights
into the mechanisms, rates and yields of the processes, and are suggestive as to
their potential importance in atmospheric conditions. The processes studied
include: (a) Overtone induced reactions of HONO and HNO3 at interfaces. It is
concluded that for surfaces that bind strongly to the molecule (e.g. H2O for
HNO3) the chemical reaction is suppressed, but for the cases of weak binding
(HONO on H2O ), photochemistry is predicted to take place. (b) The
neutralization of H+ and NO3- is found to take place on sub-picosecond
timescales in small clusters. HNO3 is found to be a weak acid in these systems.
(c) Hydrolysis of N2O4 at water clusters is studied, and the result supports the
mechanism proposed by Finlayson-Pitts and coworkers, in particular a step
involving dissociation of an isomer of N2O4 into ions. The result shows the power
of on the fly simulations with suitable ab initio potentials in studies of chemical
reactivity in condensed phases. This work was done in the framework of the
NSF-sponsored Air-UCI project at UC Irvine.
COMP 375
Growth, structure, and dynamics of nanoscale water films on various
substrates
Bruce D. Kay1, Greg A. Kimmel2, Nikolay G. Petrik2, Zdenek Dohnálek1, and R.
Scott Smith2. (1) Fundamental Science Directorate and and Institute for
Interfacial Catalysis, Pacific Northwest National Laboratory, Richland, WA 99352,

Fax: 509-376-6066, bruce.kay@pnl.gov, (2) Pacific Northwest National
Laboratory, Richland, WA 99352
The growth of amorphous solid water and crystalline ice films on various
substrates (Pt(111), Pd(111), C(0001) and FeO(111)) is investigated using
temperature programmed desorption, rare gas physisorption, specular helium
scattering, and infrared spectroscopy. At low temperatures water forms an
amorphous film that wets all substrates studied. Heating the amorphous film, or
growth at higher temperatures, results in the formation of crystalline ice.
Concomitant with crystallization, the water films form non-wetting three
dimensional crystallites on either the bare substrate or on a substrate covered by
only a single monolayer of water. The experimental results and their implications
concerning hydrophobicity and the wetting- dewetting transition will be presented.
This work was supported by the U.S. Department of Energy (DOE), Office of
Basic Energy Sciences, Chemical Science Division.
COMP 376
Structure and dynamics of water near the interface with oligo(ethylene
oxide) self-assembled monolayers
Ahmed E. Ismail1, Gary S. Grest1, and Mark J. Stevens2. (1) Sandia National
Laboratories, PO Box 5800, Albuquerque, NM 87185, aismail@sandia.gov, (2)
Sandia National Laboratories, Albuquerque, NM 87185-1411
We performed molecular dynamics simulations of oligo(ethylene oxide) (OEO)
self-assembled monolayers in water to determine the nature of the systems'
interfacial structure and dynamics. The density profiles, hydrogen bonding, and
water dynamics are calculated as a function of the area per molecule A of the
OEO. At the highest coverages, the interface is hydrophobic and a density drop
is found at the interface. The interfacial region becomes more like bulk water as
A increases. The OEO and water become progressively more mixed and
hydrogen bonding increases within the interfacial region. Water mobility is slower
within the interfacial region, but not substantially. The implications of our results
on the resistance of OEO SAMs to protein adsorption are discussed. Our
principal result is that as A increases the increasingly water-like interfacial region
provides a more protein-resistant surface. This finding supports recent
experimental measurements that protein resistance is maximal for less than full
coverage on Au.
COMP 377
Ions at water interfaces

ADJ Haymet, Scripps Institution of Oceanography, UC San Diego, 9500 Gilman
Drive, La Jolla, CA 92093-0210, Fax: 858-453-0167, haymet@ucsd.edu, and
Taras Bryk, Institute for Condensed Matter Physics, National Academy of
Sciences of Ukraine, 79011 Lviv, Ukraine
The behavior of ions and molecules at the ice/gas and ice/water interfaces is a
fundamental process encountered in a range of physical and biological systems
and has relevance to unsolved problems in atmospheric chemistry, for example
charge separation at the ice/water interfaces known as Workman-Reynolds
effect. Recent studies on the behavior of Na+ and Cl- ions at the ice/water
interface question the inherent (or induced) electrostatic potential at ice/water
interfaces. Others have reported very thorough calculations on the electrostatic
potential for water/vapor interfaces. Our results on free energy profiles for Na+
and Cl- ions across the basal ice/water interface indicate that the ice/water
interface can function as a capacitor. Similar profiles have been calculated for
Na+ and Cl- at the basal ice surface / vacuum interface. For each solute ion at
the ice surface, the minimum in the free energy profiles is located in the top
surface liquid-like layers.
COMP 378
Interaction of alkali halides and organic molecules with amorphous solid
water
S. Bahr, O. Höfft, and V. Kempter, Institut für Physik und Physikalische
Technologien, TU Clausthal, Leibnizstr. 4, 38678 Clausthal-Zellerfeld, Germany,
Fax: 0049-5323-72-3600, stephan.bahr@tu-clausthal.de, v.kempter@pe.tuclausthal.de
Surface segregation is studied by a combination of MIES, UPS(HeI) and TPD of
ASW exposed to alkali halide vapour. The results are compared with MD
simulations of the corresponding aqueous salt solutions. Our results provide
direct evidence for the presence of iodide at aqueous surfaces, and confirm the
structural similarity between ASW and liquid water. For the study of the
interaction of benzene and pyridine with ASW, RAIRS was added to the
techniques listed above. The orientation of the molecules with respect to ASW is
different, reflecting the different bonding interactions, the formation of a pi hydrogen bond (benzene) and competitive bonding via the nitrogen lone pair
(pyridine). For benzene larger exposures induce a tilt of the initially flat first
adlayer. As a consequence, molecules from the supporting ice film become
embedded into the benzene adlayer.
COMP 379

Continuum solvents in polarizable force fields: A Poisson-Boltzmann
approach
Ray Luo, Department of Molecular Biology and Biochemistry, UC-IRVINE, Irvine,
CA 92697-3900, Fax: 949-824-8551, rluo@uci.edu
We have explored the feasibility for a continuum treatment of electronic
polarization in molecular mechanics simulations in implicit solvents. The dielectric
constant for molecule interior is the only parameter in the continuum polarizable
model. A value of 4 is found to yield optimal agreement with high-level ab initio
quantum mechanical calculations for the tested molecular systems. Interestingly,
its performance is not sensitive to the definition of molecular volume, in which the
continuum electronic polarization is defined. In this model, quantum mechanical
electrostatic field in different dielectric environments from vacuum, low-dielectric
organic solvent, and water can be used simultaneously in atomic charge fitting to
achieve consistent treatment of electrostatic interactions. Our tests show that a
single set of atomic charges can be used consistently in different dielectric
environments and different molecular conformations, and the atomic charges
transfer well from training monomers to tested dimers. The preliminary study
gives us the hope of developing a continuum polarizable force field for more
consistent simulations of proteins and nucleic acids in implicit solvents.
COMP 380
Efficient dynamic boundary solvation models for biomolecular simulations
Wusheng Zhu and Goran Krilov, Department of Chemistry, Boston College,
2609 Beacon Street, Chestnut Hill, MA 02467, zhuwu@bc.edu
Two simple models are developed to accurately account for the solvation effects
in molecular dynamics simulations of biomolecules. The methods reduce the
amount of solvent that must be treated explicitly to one or two solvation shells,
significantly reducing the computational complexity. In the dynamic boundary
model, a confining potential is imposed on the solvent, that responds dynamically
to the fluctuations in solvent distribution and biomolecular conformations. In
pseudo-periodic boundary solvation model, surface solvent molecules are
allowed to exchange via a translational shift to its ‘image' position akin to the
periodic boundary condition simulation. In both models, long range solvation
effects are treated via a Poisson-Boltzmann continuum dielectric method. The
models are applied to simulations of a 9 residue polyalanine helix. Comparison of
various structural properties with those computed from conventional periodic
boundary condition simulations show excellent agreement.
COMP 381

Fast polarizable force field for molecular simulations
George A. Kaminski, Department of Chemistry, Central Michigan University,
Mount Pleasant, MI 48859, Fax: 989-774-3883, kamin1ga@cmich.edu
Explicit treatment of electrostatic polarization has been demonstrated to
significantly improve accuracy of energy-related calculations (binding energies,
acidity constants, etc.) in biologically relevant molecules. However, the
computational cost of explicitly including such polarization terms is often too high
to make them practical. An approximation to the inducible dipole model of
electrostatic polarization has been developed. It has been shown to permit to
accelerate calculations with empirical force fields and explicit treatment of
electrostatic polarization by ca. an order of magnitude. At the same time, there is
no noticeable decrease in accuracy. The technique has been used to produce
force field parameters for molecules containing groups present in protein
backbone and side-chains (such as amide, etc.). High-level quantum mechanical
data as well as available experimental results are used for this parameterization.
This work is viewed as the first step toward developing a fast and accurate
complete polarizable force field for proteins.
COMP 382
Classical CHARMM Drude oscillator polarizable force field for nucleic acid
bases
Victor M. Anisimov, Pedro E. M. Lopes, and Alexander D. MacKerell Jr.,
Department of Pharmaceutical Sciences, University of Maryland, 20 Penn Street,
Room 601, Baltimore, MD 21201, victor@outerbanks.umaryland.edu
A polarizable empirical force field based on the classical Drude oscillator has
been developed for nucleic acid bases. Parameter optimization was performed
targeting experimental geometries of the bases, vibrational spectra, interactions
with rare-gases and water, experimental crystallographic properties, base dimer
stacking and hydrogen bonding interactions, and MP2/cc-pVTZ//MP2/6-31G*
torsion potential for the exo-cyclic groups. Detailed comparison of the empirical
model with the target data will be presented and the utility of the novel
polarizable force field will be discussed in comparison with the predictions of the
fixed-charge additive CHARMM27 force field.
COMP 383
Unraveling the behavior of DNA through multiscale modeling

Thomas A. Knotts IV1, Stephan Deublein2, and Juan J. de Pablo2. (1)
Department of Chemical Engineering, Brigham Young University, 350 Clyde
Building, Provo, UT 84602, Fax: 801-422-0151, thomas.knotts@byu.edu, (2)
Department of Chemical and Biological Engineering, University of WisconsinMadison, Madision, WI 53706
Over the past few decades, the power to control and manipulate DNA has
benefited a variety of fields including biology, biotechnology, genetics, and
genomics. Moreover, the inherent self-assembly capacity of DNA, its mechanical
properties, and its polymeric behavior are so desirable, that DNA is increasingly
being used to solve problems of interest in almost all fields of science and
technology. Despite this ubiquity, very little is understood at the molecular level
about the underlying biophysics—even in processes as common as hybridization
and replication. Understanding this behavior is beneficial from both a
fundamental and an applied perspective. Increased insight improves our ability of
manipulation and provides models for design optimization of next-generation
technologies. To this end, we previously created and validated a new, coarse
grain model of DNA, which showed remarkable predictive capabilities of both the
thermal and mechanical properties of the molecule. We have since applied this
model to understand a variety of important systems involving DNA. Following a
brief introduction to the model, I will present findings for several systems of
interest. These include the packaging of DNA into viral capsids, the dynamics of
nicked DNA, and the behavior of DNA in micro/nano-fluidic devices. The results,
taken as a whole, attest to the power of multiscale modeling to compliment and
expand upon current experimental capacity.
COMP 384
Multiproperty parametrization of a coarse grained model for proteins
Russell DeVane, Center for Molecular Modeling, Chemistry Department,
University of Pennsylvania, 231 South 34th Street, Philadelphia, PA 19104,
Wataru Shinoda, Research Institute for Computational Sciences, National
Institute of Advanced Industrial Science and Technology, Tsukuba 305-0035,
Japan, and Michael L. Klein, Department of Chemistry, The University of
Pennsylvania, Philadelphia, PA 19104-6323
Coarse grain (CG) models for molecular dynamics (MD) simulations have indeed
been around since the advent of MD simulations. However, recently they have
experienced a resurgence in interest and consequently have exposed their
power to reveal unique insights into complex systems. This has been in part
driven by the desire to investigate biological systems that are not computationally
approachable using all atom MD. One issue that still remains with CG models is
the method of parameterization. Recently, we introduced a novel method for the
parameterization of CG MD models based on experimental data thus eliminating

the need to rely on all atom forcefields. This methodology has been applied to
the development of CG models for lipids, proteins and surfactants. Here we
present the parametrization method and the protein model and demonstrate its
its utility and efficacy.
COMP 385
Molecular simulation of supported lipid bilayers on a coarse grained level
Chenyue Xing, Department of Chemical Engineering and Materials Science,
University of California - Davis, 1 Shields Avenue, Davis, CA 95616,
cxing@ucdavis.edu, and Roland Faller, Department of Chemical Engineering
and Materials Science, University of California at Davis, Davis 95616-5294
The study of lipid structure and phase behavior at the nano scale length is of
importance due to implications in understanding the role of the lipids in
biochemical membrane processes. Supported lipid bilayers play a key role in
understanding real biological systems but they are vastly underrepresented in
computational studies. We performed molecular dynamics simulations of
supported lipid bilayers using a coarse grained model. We first focus on the
technical implications of supported versus unsupported phospholipid systems in
molecular simulations. Additionally we discuss bilayer and surface models in
various degree of detail. We will then focus on a coarse-grained model of
intermediate granularity. The simulations describe a noticeable influence of the
support on the systems. We are able to demonstrate that the bilayer system
behaviors change when supported by a hydrophilic surface. Additionally we
discuss how different surface topologies affect the bilayer. Finally we discuss
differences between the two leaflets induced by the support.
COMP 386
Implicit modeling of membranes: How much physics can we incorporate?
Michael Feig, Department of Biochemistry & Molecular Biology, Michigan State
University, 218 Biochemistry Bldg, East Lansing, MI 48824, Fax: 517-353-9334,
feig@msu.edu
Implicit models of biological membranes are attractive for simulations of
membrane-bound peptides and proteins because they greatly reduce the
complexity of the simulated systems. However, a key question remains to what
extent implicit models without any explicit lipids can accurately represent all of
the physics involved in protein-lipid interactions. A heterogeneous dielectric
model describes membranes as layers of low- and high-dielectric environments.
In combination with a non-polar contribution that varies as a function of

membrane insertion such a model can provide a realistic account of most of the
underlying physics. The extension of such a model to include van der Waals
interactions, an anisotropic cost of cavity formation, and a response of the
modeled bilayer thickness to the presence of a protein or peptide is presented.
First tests of the model in simulations with the Generalized Born formalism are
presented for peptide-membrane insertion and helix-helix association
applications.
COMP 387
Potency and selectivity of hydroxy hydantoins, a novel class of MMP-12
inhibitors: Structure-based QSAR analysis
Bo O. J. Nordén1, Igor Shamovsky2, Balint Gabos2, Magnus Munck af
Rosenschöld2, Matti Lepistö2, Göran Carlström2, Johan Evenäs2, Djordje Musil3,
and Kristina Stenvall2. (1) Department of Medicinal Chemistry, AstraZeneca R&D
Lund, Scheelevagen, S-22187 Lund, Sweden, Fax: +46 46 337119,
Bo.Norden@AstraZeneca.com, (2) Department of Medicinal Chemistry,
AstraZeneca, S-221 87 Lund, Sweden, (3) Merck KGaA, D-64293 Darmstadt,
Germany
Matrix metalloproteinases (MMPs) are a large family of zinc-containing enzymes
that regulate the turnover of extra-cellular matrix proteins and activity of a
number of pro-inflammatory mediators. Abnormal enzymatic activity of
macrophage metalloelastase (MMP-12), one member of the MMP superfamily, is
implicated in the development of cigarette smoke-induced emphysema, a
hallmark of chronic obstructive pulmonary disease (COPD). Inhibition of MMP-12
activity therefore represents an attractive therapeutic strategy for the treatment of
COPD. Since the enzymatic sites of MMPs contain Zn(II), the vast majority of
MMP inhibitors carry a Zn(II)-chelating group to specifically target those sites.
Most known MMP inhibitors possess a hydroxamic acid moiety, a strong Zn(II)binding group which leads to their high-affinity binding to the enzymatic sites of
MMPs. Correspondingly, such compounds generally exhibit potency across a
wide range of MMPs. Hydroxy hydantoins, a novel class of MMP-12 inhibitors,
consist of a weak Zn(II)-binding group, a hydantoin, and a lipophilic biphenyl P1'
moiety, which is connected to the hydantoin via a carbinol linker. The binding
mode of hydroxy hydantoins in MMPs is revealed by X-ray crystallography and
solution state NMR, and is consistent with those of other Zn(II) binding MMP
inhibitors. Selectivity of hydroxy hydantoins for MMP-12 against MMP-2, MMP-8
and MMP-9 is studied by different multivariate approaches and 3D-QSAR.
Lipophilic substituents tend to increase potency of hydroxy hydantoins at all
MMPs, whereas direct interactions of para- and meta-substituents of the terminal
ring of the P1' domain with Lys-241, a distinctive residue of MMP-12, drive the
selectivity.

COMP 388
PepT1 substrate QSAR and pharmacophore definition
Terry R. Stouch, Computational Chemistry, Lexicon Pharmaceuticals, 350
Carter Road, Princeton, NJ 08540, Fax: 609-466-3562, tstouch@lexpharma.com,
and Balvinder S. Vig, Biopharmaceutics R&D, Bristol-Myers Squibb, New
Brunswick, NJ 08903
A designed series of mono, di, tri and tetra peptides and a functional membrane
depolarization assay were used to assemble a consistent set of data that allowed
the definition of a true substrate pharmacophore and QSAR. Straight-forward
molecular modeling and the charge, size, hydrophobicity and flexibility of the
constituent amino acids as well as total molecular charge and hydrophobicity
were found sufficient to explain the unexpected range in transport seen for
dipeptides.
COMP 389
3-D-QSAR study of submandibular gland tripeptide FEG and its analogs
Essam Metwally1, Ronald D Mathison2, Joseph S Davison2, and Robert D.
Clark1. (1) Informatics Research Center, Tripos, 1699 S. Hanley Rd., Saint Louis,
MO 63144, emetwall@tripos.com, (2) Department of Physiology and Biophysics,
University of Calgary, Calgary, AB T2N-4N1, Canada
Submandibular tripeptide FEG (Phe-Glu-Gly) and its analogues are potent antiinflammatory peptides. 3D-QSAR-CoMFA (comparative molecular field analysis)
and CoMSIA (comparative molecule similarity indices analysis) were employed
on the compound series after a GALAHAD model was constructed using a
subset of the 10 most active compounds. The remaining compounds were
flexibly aligned to this model. The models obtained were used to predict the
activities of the 20 compound test set. Biological activity was used as a measure
of the ability of the compound to bind to the “active-site” with compounds which
exacerbate the response also treated as good-binders. The 3D-QSAR models
obtained were in good statistical agreement with the experimental results despite
having relatively low q2. Contour plots generated for the models are in good
qualitative agreement with experimentally observed changes in behaviour.
COMP 390
Inorganic QSAR and imaging

David E Reichert, Mallinckrodt Institute of Radiology, Washington University
School of Medicine, 510 S. Kingshighway Blvd, Campus Box 8225, St Louis, MO
63110, Fax: 314-362-9940, reichertd@wustl.edu
Imaging modalities commonly used in modern radiology include gamma
scintigraphy, positron emission tomography (PET) and magnetic resonance
imaging (MRI). All three of these rely heavily on biologically stable metal
coordination complexes for providing signal or contrast. As part of our research in
the design of new or improved imaging agents, we have utilized both 2D-QSAR
and 3D-QSAR techniques such as CoMFA and CoMSIA on various classes of
coordination complexes. These studies have allowed the prediction of important
physiochemical parameters such as logP, as well as predictions of
pharmacokinetic behavior and receptor binding. A particularly successful
application is the use of CoMFA or CoMSIA, to serve as scoring functions for
receptor docking studies of targeted metal complexes. The studies to be
presented will focus primarily on copper complexes, but will also discuss
technetium and rhenium containing complexes.
COMP 391
3-D-QSAR models and activity predictions of human TRPV1 channel
antagonists: Comparative molecular field analysis (CoMFA) and
comparative molecular similarity analysis (CoMSIA) of cinnamide analogs
Vellarkad N. Viswanadhan1, Yaxiong Sun1, and Mark H. Norman2. (1) Molecular
Structure, Amgen, Inc, MS 29-M-B, Small Molecule Drug Discovery, 1, Amgen
Center Drive, Thousand Oaks, CA 91360, Fax: 805-480-3015,
visv@amgen.com, (2) Small Molecule Drug Discovery, Amgen, Inc, Thousand
Oaks, CA 91320
Three Dimensional Quantitative Structure Activity Relationship (3D-QSAR)
models for human TRPV1 channel antagonists were developed based on
Comparative Molecular Field Analysis (CoMFA) and Comparative Molecular
Similarity Analysis (CoMSiA), using a training set of 61 cinnamide TRPV1
antagonists. These models were tested on an independent test set of 47
antagonists not included in the training set. Alignment of these compounds
followed a procedure described recently, which included weights for both internal
energy and atom-to-atom matching against a reference molecule in its minimum
energy conformation. Dependence of results on partial charge assignment was
explored using Gasteiger-Huckel, Gasteiger-Marsili and AM1-BCC charge
calculation methods. AM1-BCC charge assignments gave superior results
overall, for both CoMFA and CoMSiA models. Comparison of the CoMSiA and
CoMFA results showed that both gave very similar results. For CoMFA, the best
cross-validated correlations included steric and electrostatic fields (r2 = 0.96, q2
= 0.58, n = 61 for the training set and r2 = 0.50, n = 47 for the test set). For

CoMSiA, the best cross-validated correlations included steric, electrostatic and
hydrophobic fields (r2 = 0.95, q2 = 0.57, n = 61 for the training set and r2 = 0.48,
n = 47 for the test set). Docking of these molecules in a homology model of
TM3/4 helical region of TRPV1 showed consistency between the homology
model and 3D-QSAR models. Additionally, molecular alignment used in these
3D-QSAR models was also consistent with the proposed binding modes of
known activators of the TRPV1 channel, such as capsaicin and reseniferatoxin.
COMP 392
Using homology models and structure-based design to improve the MAO-A
safety profile of oxazolidinone antibacterials
C Eyermann1, P. Fleming1, M. Gravestock1, T. Jones2, G. Kern1, R Ramsay2, F.
Reck1, and F. Zhou1. (1) Infection Discovery, Cancer and Infection Research
Area, AstraZeneca, R&D Boston Inc, 35 Gatehouse Drive, Waltham, MA 02451,
Joe.Eyermann@astrazeneca.com, (2) University of St. Andrews, Fife KY16 9ST,
England
Oxazolidinones are a new class of synthetic antibacterial agents that show good
activity against Gram-positive bacteria. A concern with oxazolidinones as a drug
class has been inhibition of MAO, especially Type A (MAO-A), due to structural
similarity to MAO inhibitors like toloxatone. Inhibition of MAO-A could potentially
lead to severe hypertensive crises as a result of ingestion of tyramine-containing
food together with an oxazolidinone drug. It is therefore desirable to develop
novel oxazolidinone drugs, which have improved activity against linezolidresistant Gram-positive bacteria and show an improved safety profile with regard
to MAO-A inhibition. Using the published crystal structure of MAO-B, a homology
model of MAO-A has been built and used to interpret experimental studies on the
orientation of oxazolidinones in the MAO-A active site. In addition, the homology
model has been used to guide the design of new oxazolidinones which have
reduced MAO-A inhibition while maintaining good anitbacterial activity.
COMP 393
Neural network-based QSAR and the discovery of the next generation
spinosyn insecticide: Spinetoram (DE-175)
Thomas C. Sparks1, Gary D. Crouse2, James E. Dripps1, Peter B. Anzeveno1,
Jacek Martynow1, and James Gifford1. (1) Discovery Research, Dow
AgroSciences, 9330 Zionsville Rd., Bldg. 306/G1, Indianapolis, IN 46268, Fax:
317-337-3205, tcsparks@dow.com, (2) Dow AgroSciences LLC, Indianapolis, IN
46268

Improvements in the efficacy and spectrum of spinosad, a novel fermentation
derived insecticide, has long been a goal. As a large complex, fermentation
product, identifying specific modifications to spinosad likely to result in improved
activity was difficult since most modifications decreased activity. Along the path
to spinetoram (DE-175), a variety of approaches to spinosyn QSAR were
examined including multiple regression, CoMFA and others, all unsuccessful.
However, application of artificial neural networks (ANN) to the spinosyn QSAR
problem identified new synthetic directions for improved activity, which
subsequent synthesis and testing confirmed. This information coupled with other
information on spinosyn structure activity relationships directly lead to the
discovery of spinetoram. Scheduled for launch in late 2007, spinetoram provides
both improved efficacy and expanded spectrum while maintaining the exceptional
environmental and toxicological profile already established for the spinosyn
chemistry. Details of the ANN-based QSAR and subsequent identification of
spinetoram will be discussed.
COMP 394
On the mechanisms of photosynthesis and respiration
Per EM. Siegbahn, Department of Biophysics and Biochemistry, Stockholm
University, Arrhenius Laboratory, Stockholm, Sweden, Fax: 46-8-55378601,
ps@physto.se
In this presentation it is argued that two of the main problems in biochemistry are
close to their solutions. One of them is how the O-O bond of dioxygen is formed
in photosystem II, and the other one how protons are being pumped across the
membrane in cytochrome c oxidase in the respiratory chain. To obtain atomistic
and energetic details of the O-O bond formation, quantum chemical calculations
are necessary. The transition state obtained gives clear indications of why the
oxygen evolving complex has the structure it has. For the case of proton
pumping, recent kinetic measurements have given key insights into the sequence
of events. An energetic mechanism for pumping is then obtained by a careful
analysis of already available experimental results. No calculations are needed.
COMP 395
Computer-aided drug design
J Andrew McCammon, Howard Hughes Medical Institute and Department of
Chemistry and Biochemistry, University of California, San Diego, 9500 Gilman
Drive, MC0365, La Jolla, CA 92093-0365, Fax: 858-534-4974,
jmccammon@ucsd.edu

The selective character of the binding and reactivity of key biological molecules is
essential for life. Properly understood, such selectivity can be exploited in the
design of drugs, novel antibodies or enzymes, sensors, or a host of other
materials or devices. This talk will provide a brief overview of how computer
simulations can be used quantitatively to interpret the selectivity of molecular
behavior. Particular emphasis will be placed on proper accounting of the flexibility
of the receptor in the design of ligands. The potential of new generations of
computing hardware and methodology to dramatically transform this area of work
will be emphasized.
Images and animations related to this work can be found at the website
http://mccammon.ucsd.edu/
COMP 396
Predictions and experimental verification of conformational flexibility and
ligand efficacy in G-protein coupled receptors
Nagarajan Vaidehi, Division of Immunology, Beckman Research Institute of the
City of Hope, 1500 E. Duarte Road, Duarte, CA 91010, Fax: 626-301-8186,
NVaidehi@coh.org
G-Protein Coupled Receptors (GPCRs) mediate critical physiological functions
and are implicated in the pathogenesis of many diseases that makes them the
largest superfamily of drug targets. One of the important aspects to be
considered in drug design for GPCRs, is the conformational flexibility leading to
different efficacies for ligands with similar chemical structures. Ligands with
similar binding affinities show varied efficacies ranging from full agonists to partial
agonists to inverse agonists. Fluorescence spectroscopic studies have shown
that ligands with different efficacies stabilize different receptor conformation, and
that GPCRs exist in multiple active and inactive conformational states. I will detail
the efforts made in my laboratory to develop computational methods to predict
the various receptor conformations stabilized by ligands with different efficacies.
The correlation of the predictions made using computational methods to
spectroscopic and mutation experiments performed subsequent to predictions
will be shown. The results for specific GPCRs, namely chemokine receptors and
beta-2-adrenergic receptor will be discussed.
COMP 397
Solution theory formulations for biomolecules and interfaces
B. Montgomery Pettitt, Chemistry, University of Houston, 4800 Calhoun,
Houston, TX 77204-5003, pettitt@uh.edu

A quantitative theory of the structure of molecular fluids described by atoms or
sites has remained elusive. The qualitative and quantitative inconsistencies of
the many-body integral equation theory for predicting the structure and
thermodynamic properties of model molecular fluids have been understood for
some time. We propose to correct these inconsistencies. A formally distinct
method for constructing a diagrammatically proper theory eliminates terms in the
expansion which correspond to unphysical intramolecular interactions. The
resulting equations give a substantial improvement over the standard
construction as shown with a series of model simulations.
COMP 398
Redesigning photoactive proteins from first principles
Todd J. Martinez, Department of Chemistry and the Beckman Institute,
University of Illinois at Urbana-Champaign, 600 S. Mathews, Urbana, IL 61801,
tjm@spawn.scs.uiuc.edu
We use the ab initio multiple spawning (AIMS) method to investigate
photoisomerization dynamics in Green Fluorescent and Photoactive Yellow
Proteins (GFP and PYP). We start with the dynamics of the isolated and solvated
chromophores, using a combination of ab initio and reparameterized
semiempirical methods. The results of these studies validate the reparameterized
semiempirical method and are combined with a hybrid quantum
mechanics/molecular mechanics (QM/MM) strategy to carry out simulations of
the GFP and PYP protein photodynamics. We suggest a variety of mutations
which can alter the fluorescence and/or photoisomerization efficiency of these
proteins and present preliminary results for a new design strategy where a target
function is optimized by a combination of genetic algorithms, stationary point
characterization, and molecular dynamics including quantum effects.
COMP 399
Dynamics of ternary complex EF-Tu(GTP)aa-tRNA on the ribosome
Udayan Mohanty, Department of Chemistry, Boston College, Chestnut Hill,
Newton, MA 02467
We have developed a coarse-grained description of the ribosome with activated
rate processes to describe the rotational motion of the ternary complex EFTu(GTP)aa-tRNA towards the peptidyl-tRNA after matching of mRNA codon with
anticodon of cognate ternary complex. We have determined the speed of
sampling the space allowed by diffusion and the size of the spring constant and
the damping associated with the rotational motion. We have carried out Grand

Monte Carlo simulations to elucidate the role magnesium ion binding sites in the
ternary complex EF-Tu(GTP)aa-tRNA and the sarcin ricin loop in Escherichia coli
(E.coli) ribosome. Finally, we will discuss the nature of interactions of magnesium
ions with RNA bases through high-level ab initio calculations. The results will be
compared with single molecule experiment of the ribosome. (Work done in
collaboration with A. Spasic and S. Sanyasi (Boston College) and Steve Chu
(Stanford University and Berkeley). Work supported (UM) by NSF.)
COMP 400
A reactivity and recognition component-based methodology for
computational prediction of likely sites of CYP 450 3A4-mediated
metabolism
Jed Zaretzki1, Curt M. Breneman1, Charles Bergeron2, N. Sukumar3, and Mike
Krein1. (1) Department of Chemistry / RECCR Center, Rensselaer Polytechnic
Institute, 110 8th St, Troy, NY 12180, Fax: 518 276-4887, zaretj@rpi.edu, (2)
Department of Mathematics, Rensselaer Polytechnic Institute, Troy, NY 12180,
(3) Department of Chemistry and Center for Biotechnology and Interdisciplinary
Studies, Rensselaer Polytechnic Institute / RECCR Center, Troy, NY 12180-3590
We have developed a rapid computational model for predicting the susceptibility
of valid sites on small drug-like molecules to oxidative metabolism by cytochrome
P450 3A4. This model involves the calculation of a reactivity component and a
recognition component for each possible site of metabolism. The reactivity
component is a function of electron density features in the vicinity of each
candidate hydrogen atom, and is based solely upon the ligand electronic
structure. The recognition component involves an estimate of a substrate
metabolic site's likelihood of having significant exposure to the heme group of the
CYP 3A4 binding site when that substrate is bound by the enzyme. This estimate
is determined by a fuzzy scoring model. Using these two measures, all possible
sites of metabolism on a given substrate are ranked according to their likelihood
of being the correct site of CYP 3A4 mediated metabolism.
COMP 401
Molecular modeling of drug binding to CYP 3A4
Jian Li and Charles H. Reynolds, Computer Assisted Drug Discovery, Johnson &
Johnson Pharmaceutical Research and Development, L.L.C, Spring House, PA
19447, jli@prdus.jnj.com
Cytochrome P450 3A4 (CYP3A4) is a key biotransformation enzyme responsible
for metabolizing more than 50% of all orally administered drugs like anesthetics,

antibiotics, steroids and cancer chemotherapeutics. The inhibition of CYP3A4 is
a major mechanism associated with many undesirable drug side-effects. In this
study, we applied quantum mechanical (QM) and docking calculations to predict
the metabolic site and binding affinity of a series of drug molecules. The heme
cofactor is modeled first using density functional theory (DFT) and then
integrated into the docking grid. The ligands of interest are docked to the active
site using the QM-Polarized Ligand Docking method. The low energy docking
poses, together with the DFT calculated hydrogen atom abstraction energies for
specific sites, are then used to identify possible metabolism sites. The binding
affinities are correlated to the calculated van der Waals interaction energy
between the ligands and the CYP3A4 enzyme. This methodology can be applied
to other enzymes in P450 super-family.
COMP 402
ACE, a computational tool for virtual screening of asymmetric catalysts
Nicolas Moitessier, Christopher R. Corbeil, and Sabine Thielges, Department of
Chemistry, McGill University, 801, Sherbrooke St. W, Montreal, QC H3A 2K6,
Canada, Fax: 514-398-3797, nicolas.moitessier@mcgill.ca
The asymmetric catalyst discovery process as practiced now often relies on
stepwise optimization and/or library screening. This process is time consuming,
expensive, and often serendipitous. In the recent years, the advent of
computational chemistry has introduced different paradigms in the thought
process of organic chemists. A priori assessment of chemistry using
computational methods rather than post-facto rationalization of experimental
results will in fact have an extraordinary effect on catalyst discovery. We have
developed ACE (Asymmetric Catalyst Evaluation), a program that predicts the
stereoselectivity of asymmetric reactions. We will present its development and its
application to asymmetric reactions.
COMP 403
Bisphosphonates: Teaching old drugs new tricks
Eric Oldfield, Department of Chemistry, University of Illinois at UrbanaChampaign, 600 South Mathews Avenue, Urbana, IL 61801, Fax: 217-244-0997,
eo@chad.scs.uiuc.edu
Bisphosphonates are drugs used to treat bone resorption diseases that also have
activity in gamma delta T cell activation, as anti-infectives and as anti-cancer
agents. They have been thought to act solely by inhibiting the enzyme farnesyl
diphosphate synthase (FPPS), blocking formation of the isoprenoid diphosphates

used to prenylate small GTPases of importance in cell signaling. Here, I will
report the results of QSAR, docking, NMR and crystallographic investigations
leading to the discovery of bisphosphonates having 100-1000x the activity of
current drugs, due to inhibition of three enzyme targets. I will also show that the
cellular activities of these bisphosphonates can be very accurately predicted
computationally based on the inhibition of multiple targets, in addition to reporting
a series of x-ray crystallographic structures of these new inhibitors bound to their
protein targets, which are facilitating the design of more potent and specific
inhibitors.
COMP 404
Determining a minimum yet sufficient training set size for QSAR modeling
Shaillay Kumar Dogra, Cheminformatics, Strand Life Sciences Pvt. Ltd, No.
237, Sir C. V. Raman Avenue, Raj Mahal Vilas, Bangalore, India, Fax: +91-8023618996, shaillay@strandls.com
In Quantitative Structure-Activity Relationship (QSAR) modeling, limited
availability of data is a problem. The modeler needs to learn, validate as well as
test the models on the given data. Ideally, for final testing of the models, as large
an external test set as possible should be used. However, this is a compromised
aspect of QSAR modeling. Here, we present a methodology wherein we first use
permutation tests to determine ‘signal' and ‘noise' levels for the given data. We
do so by learning QSAR models for ‘true' and ‘randomized' data. Having
determined the ‘separation' that exists between the ‘signal' and ‘noise' for the
given data, we next try to achieve a similarly significant separation with as
minimum data as possible. We illustrate our empirical approach on
cheminformatics datasets, demonstrating how equally accurate models can be
learnt using minimal data with the advantage that model testing is now on a
larger set.
COMP 405
Developing QSAR models for multiple CNS activities
Scot Mente, Computational Chemistry, Pfizer Global Research and
Development, 1 Eastern Point Rd, Groton, CT 06340, scot.mente@pfizer.com
Quantitative Structure-Activity Relationship (QSAR) models for 5-HT2A binding,
Serotonin Reuptake and hERG binding are presented. Two sets of QSAR
models have been used to evaluate these three activities for compounds in the
phenoxyphenyl-methanamine (PPMA) class of compounds. The first set of
QSAR models uses Hammett-type substituent values as well as simple

parameters to describe substituent size and elucidate the SAR of the “A” and “B”
rings. Using this methodology, intuitive QSAR relationships were found for the
three biological activities with R2 values of 0.73, 0.64 and 0.58 for 5HT2A, SRI
and hERG activities. Quantum chemical torsional profiles are used to rationalize
the electron donating-withdrawling characteristics found using the QSAR
analysis. Finally, a second set of QSAR models takes advantage of the
automation afforded by the PETRA and AUTOCORR programs for descriptor
generation and a more advanced recursive partitioning statistical methodology.
Although not as intuitive as the first set of QSAR relationships, this methodology
produced robust models with R2 values of 0.77, 0.74 and 0.80 for for 5HT2A,
SRI and hERG activities.
COMP 406
New approach to lead optimization and core hopping
Mee Shelley1, Leah L. Frye1, B. Woody Sherman2, Shashidhar N Rao3, Hege
Beard4, Jean-Christophe Mozziconacci5, and Peter S. Shenkin3. (1) Schrödinger,
Inc, 101 SW Main St., Suite 1300, Portland, OR 97204, Fax: 503-299-4532,
mshelley@schrodinger.com, (2) Schrödinger, Inc, New York, NY 10036-4041, (3)
Schrödinger, Inc, New York, NY 10036, (4) Schrödinger, Inc, New York City, NY
10036, (5) Schrodinger GmbH, Mannheim 68165, Germany
In drug discovery projects, various positions on a lead compound are typically
optimized independently. A technology that allows for simultaneous optimization
of the positions can obviously achieve the same goal more efficiently and explore
a much greater chemical space. In addition to optimizing side chain positions
around a given core, it is sometimes desirable to explore new core structures. In
this talk, we will discuss how a docking based method, CombiGlide, can be used
for highly efficient lead optimization, as well as for evaluating a large collection of
potential cores with the goal of identifying new and novel scaffolds.
COMP 407
Structure-based design of aminohydantoins as highly potent, selective and
orally active BACE1 inhibitors
Michael S. Malamas1, Jim Erdei1, Iwan Gunawan1, Nowak Pawel1, Keith
Barnes2, Matthew Johnson3, Albert J Robichaud1, Ping Zhou1, Jonathan Bard4,
Jim Turner4, Yun Hu5, Eric Wagner4, Suzan Aschmies5, Thomas Comery5, Rajiv
Chopra6, and Kristi Fan1. (1) Chemical and Screening Sciences, Wyeth
Research, CN 8000, Princeton, NJ 08543, malamam@wyeth.com, (2) Albany
Molecular Research, Albany, (3) Albany Molecular Research, Albany, NY, (4)
Discovery Neuroscience, Wyeth Research, Princeton, NJ 08852, (5) Discovery

Neuroscience, Wyeth Research, Princeton, NJ, Princeton, NJ 08543-8000, (6)
Novartis, MA
Alzheimer's Disease (AD) is a progressive, degenerative disease of the brain and
most common form of dementia. Increasing evidence implicates the amyloid bpeptide (Ab, 39–43 residues) in the neurodegenerative pathogenesis. Ab is
produced in vivo through proteolytic cleavage of the membrane-bound b-amyloid
precursor protein (APP) by b- and g-secretases sequentially. The Ab peptide is
neurotoxic and the principal component of the neuritic plaque found in the brains
of AD patients. Inhibition of secretases responsible for Ab formation may stop or
slow AD progression by preventing its production. The design and synthesis of
highly potent, selective and orally active inhibitors of b-secretase (BACE1) was
based on the HTS hit WY-24454 (IC50 = 40 uM). Our SAR design strategy
supported by X-ray structures of BACE1 co-crystallized with various ligands, and
molecular modeling studies. This approach enabled us to rapidly explore the
rather large ligand-binding pocket of BACE1 and identify key protein/ligand
interactions that produced structurally diverse, and highly potent (IC50 ~10 nM)
BACE1 inhibitors. Three unique ligand-protein interactions at S2', S3 and FLAP
regions of the binding pocket were recognized to produce highly selective
compounds against other aspartyl protease proteins, such as BACE2, and
Cathepsin D. A comprehensive SBDD approach how we achieved our goal to
generate potent and selective molecules will be presented. Several compounds
have demonstrated excellent activity in the cell-based assays, ELISA and mRICA (EC50 ~ 10 nM), and were orally efficacious in vivo, near normalizing
plasma Ab levels and significantly reducing Ab levels in the brain. Lastly, these
compounds reversed the cognitive deficits exhibited by Tg2576 mice, as
assessed by compound-mediated increased % freezing vs. vehicle in the
contextual fear-conditioning model for hippocampal-mediated memory. These
orally active and selective BACE1 inhibitors will contribute toward the
understanding of APP processing, as well as the development of diseasemodifying AD therapeutics.
COMP 408
Why does the electron density sometimes go down when you add
electrons to a molecule?
Junia Melin1, Paul W. Ayers2, and J. V. Ortiz1. (1) Department of Chemistry and
Biochemistry, Auburn University, Auburn, AL 36849-5312, (2) Department of
Chemistry, McMaster University, Hamilton, ON L8S4M1, Canada
The change in electron density when adding or subtracting electrons indicates
where a molecule is electrophilic and nucleophilic. Parr and Yang, recognizing
that such changes captured the essence of frontier molecular orbital concepts,
defined the most fundamental conceptual tools in density-functional theory, the

Fukui function. Since introduced in 1984, the Fukui function has been used to
understand the chemical reactivity of a wide range of phenomena. Despite many
theoretical and computational studies, the presence of negative values in the
Fukui function remains controversial. In order to understand this counterintuitive
behavior, we performed a systematic study of the Fukui function for an
electrophilic attack, fN--(r), on a family of substituted acetylenes (XCCX', with
X,X'=H, F, Li). Our results show that the Fukui function is, in fact, negative near
the molecular axis of these molecules. Moreover, this effect is qualitatively
independent of the level of theory used in the calculation.
COMP 409
Peptide bond non-planarity affects vibrational spectra of short peptides
Nataliya S. Myshakina1, Zeeshan Ahmed2, Sergey V. Bykov2, John K Vries3,
and Sanford A. Asher2. (1) Department of Chemistry, University of Pittsburgh,
Chevron Science Center, 219 Parkman Ave, Pittsburgh, PA 15260,
nsm11@pitt.edu, (2) Department of Chemistry, University of Pittsburgh, Chevron
Science Center, 219 Parkman Ave, Pittsburgh, PA 15260, Fax: 412-624-0588,
zea2@pitt.edu, asher@pitt.edu, (3) Department of Computational Biology,
Medical School, University of Pittsburgh, Pittsburgh, PA 15260
Using both DFT calculations and Raman (204 nm and 488 nm) measurements
we studied the origin of the shifts in the frequencies of the Amide II' vibrations in
a series of X-Pro dipeptides and in the frequencies of the CH2 stretching in
polyglycine. We show that the experimentally observed frequency shift of Amide
II' results from the peptide backbone conformational dependence. The X-Pro
dipeptides are likely to adopt the PPII and 310-helix Ψ and Φ angles. In these two
conformations C-N bond length varies due to different electronic structure of
peptide bond and deviation from peptide bond planarity (nitrogen
pyramidalization). We demonstrate that changes in the electronic structure at the
nitrogen atom also affect the CH2 stretching vibrations in polyglycine I and
polyglycine II conformations by a hyperconjugation mechanism. Our calculations
show that the hyperconjugation effect depends on the polyglycine conformation
as well as on the nitrogen electronic structure.
COMP 410
Density functional theory study on the protonation of guanine quadruplex
James W. Gauld and Haining Liu, Department of Chemistry and Biochemistry,
University of Windsor, 401 Sunset Avenue, Windsor, ON N9B 3P4, Canada,
gauld@uwindsor.ca, liu123s@uwindsor.ca

It is known that guanine is able to self-assemble into highly organized planar
structures, i.e., guanine quadruplex. Previous experimental and theoretical
studies have focused on the interactions of guanine quadruplex with metal ions.
Interestingly, however, it has recently been found that the guanine quadruplex
can also catalyze the insertion of Zn2+ into porphyrin rings, with itself providing a
suitable reaction field. However, it is unknown whether the protons from the
porphyrin may transfer to the adjacent guanine quartet. We have employed
density functional theory method to investigate the possible protonation state of
the guanine quadruplex. Some recent results will be presented.
COMP 411
Multistep cluster chemistry involved in SN2@P reaction systems
Marc A. van Bochove1, Marcel Swart2, and F. Matthias Bickelhaupt1. (1)
Department of Theoretical Chemistry, Vrije Universiteit Amsterdam, De
Boelelaan 1083, NL-1081 HV Amsterdam, Netherlands,
ma.van.bochove@few.vu.nl, (2) Institut de Química Computacional, Universitat
de Girona, 17071 Girona, Spain
We have shown that the stable pentavalent transition complex [Nu-P(O)R2-L]–
occurring in SN2@P reaction systems may become embedded in between preand post-transition states (and, eventually, even turn into a labile transition state)
if the steric bulk of the substituents R exceeds a certain threshold. Here, we
explore the PES of SN2@P reaction systems in further detail. Our investigations
reveal a rich cluster chemistry of complex and competing multistep processes.
We observe, in certain instances, the occurrence of additional structures on the
PES of the pentavalent intermediate that originates from stepwise "Walden
flipping" of the substituents (see figure). Furthermore, competing side reactions
may take place both from the pre-reaction complex as well from reactive
intermediates. The regular back-side SN2@P reaction has to compete, among
others, with proton transfer and front-side SN2@P reactions in which the
substituents R play the role of leaving group.

COMP 412
Reaction mechanism of direct gas phase synthesis of H2O2 catalyzed by
Au3

Bosiljka Njegic, chemistry, ISU, 201 Spedding, Ames, IA 50011, Fax:
5152945204, bosiljka@iastate.edu, and M. S. Gordon, Department of Chemistry,
Iowa State University, Ames, IA 50011
The industrial production of propene oxide is a very important, but currently
expensive and environmentally unfriendly process. It was discovered that gold
nanoparticles supported on titanium silicates catalyze the epoxidation of propene
by hydrogen peroxide species formed in situ from gaseous hydrogen and
oxygen. As a first step in understanding this complex mechanism, the formation
of hydrogen peroxide from hydrogen and oxygen adsorbed on and activated by
Au3 cluster is studied computationally at z-averaged perturbation theory. Final
energies were obtained using coupled cluster method. The reaction starts by
binding of O2 on the Au3 cluster and proceeds through formation of hydrogen
peroxide radical leading to final product – hydrogen peroxide. All reactants,
intermediates and product stay bound to the gold cluster through out the course
of the reaction. Exploration of this reaction mechanism includes probing of
multiple electronic states surfaces.
COMP 413
Theoretical study on the hydrolysis mechanism of 1-substituted silatranes
in the gas phase
Sarom Sok, Department of Chemistry, Iowa State University, 201 Spedding Hall,
Ames, IA 50011-3020, sarom@si.fi.ameslab.gov, and Mark S. Gordon,
Department of Chemistry/Scalable Computing Laboratory, Iowa State University
& Ames Laboratory, Ames, IA 50011
It is known that silatranes are more difficult to hydrolyze than the corresponding
uncaged derivatives triethoxysilane and tris(2-aminoalkoxy)silane. The resistance
to hydrolysis is even more pronounced for neutral silatranes when compared with
the protonated counterpart. In this work, the hydrolysis of a series of 1substituted silatranes, R-Si(OCH2CH2)N, where R=H, F, Cl, CH3, NH2, OH, SiH3,
PH2, are studied at the CR-CCL//MP2(full)/6-31G(d) level of theory. The
predicted pathway agrees with that proposed by Voronkov et. al. The calculated
barrier heights for the endothermic process are high and range between 30 – 40
kcal/mol. The barrier heights are found to be dependent on the electronegativity
of the substituent group in addition to the transannular Si – N distance. Relieving
the strain in the intermediate by the addition of one water molecule and forming a
six-centered transition-state was found to lower the barrier height by 5 kcal/mol.
COMP 414
A new paradigm for pattern recognition of drugs

Maria A. Grishina, Vladimir Potemkin, and Elena S. Pereyaslavskaya, chemical
department, Chelyabinsk State University, Ul. Br. Kashirinych, 129, Chelyabinsk
454021, Russia, Fax: +73517420925, maria_grishina@csu.ru
Methods of pattern recognition play an important role in analysis and prognosis
of biological activity. The most of existing methods of pattern recognition doesn't
consider the conformational state of biological active molecules, electronic
structure etc. Therefore, in this work a new paradigm for pattern recognition of
biological active compounds that takes into account the problems of the existing
methods has been suggested. The method is established on the combination of
two 3D QSAR algorithms BiS/MC and ConGO which will be described in the
presentation. The sets of anti-tumor, anti-inflammatory etc. drugs have been
considered within this approach. It has been shown that the suggested paradigm
allows to recognize active drug molecules with quality not less than 0.90.
COMP 415
Intrinsic descriptors
George D. Purvis III, Scigress Development, Biosciences Group, Fujitsu, 15244
NW Greenbrier Pkwy, Beaverton, OR 97006, Fax: 503-531-9966,
gpurvis@CACheSoftware.com
Non-linear effects in structure-activity relationships are sometimes incorporated
by transforming the descriptors with mathematical functions such as the square
root or logarithm. Less commonly products of two descriptors are used to
account for cross dependencies. We have found that simple division of
descriptors by molecular weight creates "intrinsic descriptors" that are
independent of the weight of chemical described. Intrinsic descriptors are
frequently selected as the best descriptors in our automated QSARs. This talk
will show examples of their appearance and suggest a physical explanation as to
why they are preferred.
COMP 416
The development of novel fragment descriptors of molecular structure
using frequent common subgraph mining approach: applications to QSAR
and protein structure function relationship modeling
Alexander Tropsha, Laboratory for Molecular Modeling, School of Pharmacy,
University of North Carolina at Chapel Hill, CB # 7360, Beard Hall, School of
Pharmacy, Chapel Hill, NC 27599-7360, Fax: 919-966-0204,
alex_tropsha@unc.edu

We discuss a novel approach to generating fragment-based molecular
descriptors. The molecules are represented by labeled undirected graph. As
applied to organic molecules the nodes are atoms labeled by their chemotypes
and edges are bonds; for protein structures the nodes are residue Cα atoms
linked by physical proximity edges. Fast Frequent Subgraph Mining (FFSM) is
used to find common chemical fragments (subgraphs) that occur in at least a
subset of all molecules in a dataset. The collection of frequent subgraphs forms a
dataset-specific descriptor set. We present examples of application of these
novel fragment descriptors in QSAR modeling of several chemical datasets of
biologically active molecules. Concurrently we discuss the application of the
same methodology to identifying protein family specific residue patterns. This
study presents an example of expanding QSAR-like approaches towards novel
areas such as structural bioinformatics and highlights the breadth of QSAR
modeling and the legacy of its pioneers such as Phil Magee.
COMP 417
Molecular topology as a tool for the design of new drugs
Jorge Galvez Sr., Department of Physical Chemistry. Faculty of Pharmacy,
University of Valencia, Avenida V.A. Estelles s.n, 46100-Burjasot (Valencia),
Spain, Fax: 34-6-3864892, jorge.galvez@uv.es
The efficiency of molecular topology in the design and selection of new chemical
compounds and particularly new drugs has been solidly presented and
demonstrated in recent years. Literature sources account for many discoveries of
new leads in different therapeutic areas so illustrating , beyond any reasonable
doubt, such efficiency. Since the procedure is commonly based on the search of
topological patterns of activity by similarity with known drugs but also yields nonobvious (dissimilar chemical structures and classes) , the formalism has been
criticised for appearing to act as a black box compared to the conventional
methods based on the knowledge of the drug-receptor interaction. Procedures
based upon such interaction are frequently referred to as rational drug design.
The aim here is to show that although both approaches are alternative, they are
also complementary; thus, examples are shown in which the topological
characterization of the isolated drugs clearly agrees with what is expected from
the actual knowledge of the drug-biological target interaction, which in turn may
also be depicted topologically in different ways. Such interaction should be better
named as targeted –rather than rational- drug design.
COMP 418
Evaluation of descriptors and classification schemes to predict drug
metabolism in terms of chemical information

John H. Block, Department of Pharmaceutical Sciences, Oregon State
University, College of Pharmacy, Corvallis, OR 97331,
John.Block@oregonstate.edu, and Douglas Henry, BIOSAR Research, San
Leandro, CA
Using a small database of defined substrates in humans for cytochrome P450
mixed function oxidases, a series of descriptors were evaluated with respect to
how well they correctly classified substrates. The descriptors ranged from
structural keys to topological to stereochemical to electronic. A variety of
classification schemes were examined in terms of their ability to point out which
descriptors are important for predicting the cytochrome P450 specificity for a
substrate. Results illustrate the relative effectiveness of the various kinds of
descriptors and classification methods, as well as the value of using as welldefined a data set as possible.
COMP 419
Gaussian processes: A method for automatic QSAR and ADME modelling
Olga Obrezanova1, Joelle MR. Gola2, and Matthew D. Segall2. (1) In Silico
ADMET, BioFocus DPI, 127 Cambridge Science Park, Milton Road, CB4 0GD,
Cambridge, United Kingdom, Fax: 122-342-5416, olga.obrezanova@glpg.com,
(2) ADMET, BioFocus DPI, CB4 0GD, Cambridge, United Kingdom
We will discuss the application of the Gaussian Processes method to predictive
QSAR modelling of Absorption, Distribution, Metabolism and Excretion (ADME)
properties. The method has overcome many of the problems of existing QSAR
modelling techniques and is sufficiently robust to enable automatic model
generation - one of the demands of modern drug discovery. The method is
suitable for modelling nonlinear relationships, does not require subjective
determination of model parameters, such as variable importance or network
architectures, is inherently resistant to overtraining, and has an ability to select
important descriptors. The method is based on a Bayesian probabilistic
approach. Originating in the machine learning field, it has not yet been widely
used in QSAR or ADME modelling. We will show application of Gaussian
Processes to modelling of several ADME properties, discuss how the method is
used as part of an automatic process and compare it with other modelling
techniques.
COMP 420
Where does it all go? How $70M in NSF cyberinfrastructure is leveraged

John Towns, National Center for Supercomputing Applications, University of
Illinois, 1205 W. Clark St., Urbana, IL 61801, Fax: 217-244-2909,
jtowns@ncsa.edu
The NSF Office of Cyberinfrastructure is investing approximately $70M per year
into Cyberinfrastructure. In this investment provides access to nearly 300
teraflops of compute resources along with data resources, visualization
capabilities, and high speed networking. This funding also provide support for
integration of these resources via the TeraGrid project. In this presentation I will
provide a brief overview of the resources and discuss the results of an analysis
that looks at the user community of these resources giving a sense of what
sciences are leveraging these resources and what agencies are funding them.
COMP 421
WITHDRAWN
COMP 422
Large-scale simulations of complex flow phenomena
Steven Dong, Center for Computational and Applied Mathematics, Department
of Mathematics, Purdue University, 150 N. University Street, West Lafayette, IN
47907, sdong@math.purdue.edu
Advances in numerical and parallel algorithms, together with the computational
resources available from the centers, have enabled large-scale detailed
simulations of complex flow problems and the discovery of new techniques for
their control. This talk presents several such simulations including direct
numerical simulation (DNS) of turbulent bluff-body flow at Reynolds number
Re=10,000 (the highest Reynolds number DNS has achieved for that flow so far),
suppression of undesirable vortex-induced structural vibrations (VIV), and a new
technique for turbulent drag reduction. Their potential impact will be discussed,
and the parallel and numerical techniques for these problems will also be
presented.
COMP 423
Transforming our understanding and prediction of thunderstorms through
dynamic adaptation: People and technologies interacting with weather

Kelvin K. Droegemeier and Ming Xue, School of Meteorology, University of
Oklahoma, 120 David L. Boren Boulevard, Suite 5900, Norman, OK 73072-7307,
Fax: 405-325-7689, kkd@ou.edu
Tornadoes, flash floods, and lake-effect snows are locally intense and can
develop rapidly, often with considerable uncertainty with regard to location.
Ironically, few of the technologies used to observe the atmosphere, predict its
evolution, and compute, transmit, or store information about it operate in a
manner that accommodates the rapidly evolving, highly local behavior of such
weather. As a result, today's observing, analysis and prediction technologies are
highly constrained and far from optimal when applied to any particular situation.
This presentation describes a major paradigm shift now underway in the field of
meteorology -- from today's static systems to those which can change
configuration dynamically in response to the evolving weather. This
transformation involves the creation of adaptive radars, Grid-enabled analysis
and forecast systems, and associated cyberinfrastructure that operate
automatically on demand. The new service oriented architecture is democratizing
capabilities that heretofore have been available only to a limited number of large
institutions.
COMP 424
Numerical study of quantum chromodynamics
Robert L. Sugar, Department of Physics University of California, University of
California, Santa Barbara, University of California, Santa Barbara, CA 93105,
Fax: 805-893-2902, sugar@physics.ucsb.edu
Quantum Chromodynamics (QCD) is the theory of the strong interactions of
subatomic physics. Its study plays a central role in current efforts to develop a
deeper understanding of the fundamental forces of nature. Many of the most
interesting predictions of QCD can only be obtained through large scale
numerical calculations. I will set out the goals of these calculations, and describe
the major progress made towards reaching them that has been enabled by
computing resources provided by the National Science Foundation. I will also
indicate the opportunities for further progress that will be created by the
computing resources the NSF plans to make available in the next few years.
COMP 425
Petascale computational cosmology

Thomas Quinn, Astronomy, University of Washington, Box 351580, Seattle, WA
98195, Fax: 206-685-0403, trq@astro.washington.edu
The enormous dynamic range involved in forming galaxies in their cosmological
context continues to tax the capabilities of the largest computers available.
Galaxies are influenced by the gravitational forces originating tens of
megaparsecs away, while the star formation process which ultimately leads to
galaxies being visible occurs on sub-parsec scales. The large range in length
scales also imply a large range in timescales, hence spatially and temporally
adaptive algorithms are needed for efficiently performing these calculations.
Advances in these algorithms will be described, and results focusing on galactic
chemical evolution will be presented.
COMP 426
Using the TeraGrid to advance earthquake system science
Philip Maechling, SCEC, University of Southern California, 3651 Trousdale
Parkway, ZHS 163, Los Angeles, CA 90089, Fax: 213-740-0011,
maechlin@usc.edu
The Southern California Earthquake Center (SCEC) is a consortium of scientists
from over 54 institutions that is pursuing an inter-disciplinary research program in
earthquake system science. The SCEC research program seeks to gather new
information about earthquakes in Southern California, to integrate this
information into a comprehensive and predictive understanding of earthquake
phenomena, and to communicate this understanding to end-users and the
general public. SCEC's research program makes extensive use of numerical
modeling of earthquake processes and continuously integrates more realistic
physics into existing numerical models. SCEC is working to transform earthquake
system science into a simulation-based predictive science similar to climate
modeling and weather forecasting. SCEC's computation-based research program
makes extensive use of TeraGrid computational resources, software
infrastructure, data management tools, and user support. In this talk, we describe
how SCEC's research using TeraGrid resources has produced new insights into
earthquake processes in California.
COMP 427
Alkyl bromides at the air/water interface
Martina Roeselová and Babak Minofar, Institute of Organic Chemistry and
Biochemistry and Center for Biomolecules and Complex Molecular Systems,

Academy of Sciences of the Czech Republic, Flemingovo nam. 2, CZ-16610
Prague, Czech Republic, Fax: 420-220 410 320, roesel@uochb.cas.cz
Alkyl bromides play an important role in atmospheric chemistry as a source of
bromine. It has been shown that important bromine chemistry in the atmosphere
is taking place not only in the gas or bulk liquid phase but also at the air/water
interface. To obtain molecular level insight into the solvation of alkyl bromides at
the air/water interface, we studied a series of alkyl bromides from methyl bromide
(CH3Br) and bromoform (CHBr3) to pentyl bromide (C5H11Br) in/on a liquid water
slab using classical molecular dynamics simulations. While methyl bromide is
atmospherically the most relevant species to study, its higher homologues,
because of their lower volatility, are likely to be better candidates for
experimental investigation using techniques sensitive to interfaces. Results that
shed light on the solvation properties of alkyl bromides will be presented, their
preference for surface or bulk aqueous solvation will be discussed, and
implications for atmospheric chemistry will be addressed.
COMP 428
Specific and nonspecific solvation at liquid interfaces
Robert A. Walker, Department of Chemistry and Biochemistry, University of
Maryland College Park, Building 091, College Park, MD 20742, Fax: 301-3149121, rawalker@umd.edu, and Michael R. Brindza, Department of Chemistry and
Biochemistry, University of Maryland, College Park, MD 20742-4454
Equilibrium solvation can be categorized as either specific or nonspecific.
Nonspecific solvation describes interactions that are averaged over the entire
solute cavity with solvent polarity being the most common example. In contrast,
specific solvation refers to solvent-solute interactions that are local and highly
directional such as hydrogen bonding. We have used resonance enhanced
second harmonic generation to examine these different types of solvation
interactions for solutes adsorbed to solid/liquid and liquid/liquid interfaces. These
studies illustrate how surface anisotropy alters interfacial solvation from bulk
solution limits. Data show that interfacial polarity varies with solvent structure,
even when the (organic) solvents have equivalent bulk dielectric constants. In
contrast, solvent structure has very little influence on how hydrogen bonding at
these same surfaces. With the help of surface specific vibrational spectroscopy
and classical molecular dynamics simulations, we can begin to understand these
results in terms of how surfaces constrain interfacial solvent molecules to
organize in two dimensions.
COMP 429

Theoretical study of small water clusters of dicarboxylic acids
Fu-Ming Tao, Department of Chemistry and Biochemistry, California State
University, Fullerton, Fullerton, CA 92834, ftao@fullerton.edu
Density functional theory and ab initio molecular orbital theory are used to study
the molecular clusters of four simple dicarboxylic acids (oxalic, malonic, succinic,
and glutaric acids) with water. The equilibrium structures, binding energies,
harmonic vibrational frequencies, and infrared intensities of the clusters in
various conformations are calculated using the B3LYP and MP2 methods with
the 6-311++G** and aug-cc-pVDZ basis sets. Hydrogen bond interactions of the
acids with water molecules play a dominating role in the geometrical
conformations of the acids within the clusters. All stable conformations of the
clusters are found to be strongly hydrogen-bonded, and. The structures,
stabilities, and other molecular properties of the clusters are discussed along with
the implications in atmospheric chemistry.
COMP 430
Structure and dynamics of charge defects in methanol/water mixtures and
at the liquid/vapor interface of NaOH solutions probed by ab initio
molecular dynamics
Mark E. Tuckerman1, Joseph A. Morrone2, and Hee-Seung Lee1. (1)
Department of Chemistry, New York University, 100 Washington Square East,
New York, NY 10003, Fax: 212-260-7905, mark.tuckerman@nyu.edu, (2)
Department of Chemistry, Princeton University, Princeton, NJ 08544
The ability of certain hydrogen-bonded liquids to support anomalous diffusion
mechanics of charged defects created by the addition or removal or protons
plays a vital role in the chemistry of aqueous interfacial systems. In this talk, the
results of ab initio molecular dynamics calculations of excess protons in
methanol-water mixtures [1] and of the liquid/vapor interface of a sodiumhydroxide solution will be reported. The role of proton transfer Grotthuss-type
diffusion in the structure and dynamics of the charge defect in both systems will
be discussed and comparisons to empirical models [2,3] and experiment [3,4] will
be made.
1. J. A. Morrone, K. E. Haslinger and M. E. Tuckerman, J. Phys. Chem. B 110,
3712 (2006).
2. M. K. Petersen and G. A. Voth, J. Phys. Chem. B 110, 7085 (2006).
3. M. Mucha, T. Frigato, L. M. Levering, H. C. Allen, D. J. Tobias, L. X. Dang, and
P. Jungwirth, J. Phys. Chem. B 109, 7617 (2005).

4. T. L. Tarbuck, S. T. Ota, G. L. Richmond, J. Am. Chem. Soc. 128, 14519
(2006).
COMP 431
Influence of liquid structure on interfacial ion distributions
Mark L. Schlossman, Departments of Physics and Chemistry (M/C 273),
University of Illinois at Chicago, 845 W. Taylor St., Chicago, IL 60607, Fax: 312996-9016, schloss@uic.edu
Mean field theories of ion distributions, such as the Gouy-Chapman theory that
describes the distribution near a charged planar surface, ignore the molecularscale structure in the liquid solution. The predictions of the Gouy-Chapman
theory vary substantially from our x-ray reflectivity measurements of the interface
between two electrolyte solutions. These structural measurements are described
well by ion distributions predicted by a version of the Poisson-Boltzmann
equation that explicitly includes a free energy profile for ion transfer across the
interface when this profile is described by a simple analytic form or by a potential
of mean force calculated from molecular dynamics simulations. These x-ray
measurements from the liquid-liquid interface provide evidence for the
importance of interfacial liquid structure in determining interfacial ion
distributions.
COMP 432
Liquid-vapor interfaces of hydrogen bonded fluids using density functional
theory interaction potentials
Christopher J. Mundy, Chemical & Materials Sciences Division, Pacific
Northwest National Laboratory, 902 Battelle Blvd, P.O. Box 999, Richland, WA
99352, chris.mundy@pnl.gov, Shawn M. Kathmann, Chemical Sciences Division,
Pacific Northwest National Laboratory, Richland, WA 99352, and Will. I-F. Kuo,
Chemistry and Materials Science Directorate, Lawrence Livermore National
Laboratory, Livermore, CA 94550
We will discuss the current modeling efforts to understand the interfacial
properties of hydrogen bonded liquids using density functional theory (DFT)
interaction potentials. In particular, our work on water will be reviewed and new
applications to the calculation of the surface potential, and near-edge x-ray
absorption spectra of the aqueous liquid-vapor interfaces using DFT. Results on
the methanol liquid-vapor interface will be presented and compared to the
aqueous liquid vapor interfaces. Reactions of HCl in the bulk and in

microsolvated (e.g. interfacial) environments will be discussed using the
metadynamics.
COMP 433
New density functionals for making bold predictions
Donald G. Truhlar and Yan Zhao, Department of Chemistry and
Supercomputing Institute, University of Minnesota, 207 Pleasant St. SE,
Minneapolis, MN 55455-0431, Fax: 612-626-9390, truhlar@umn.edu
The title is a response to that of the symposium, “Bold Predictions in Theoretical
Chemistry: A Symposium in Honor of One of the Boldest, Bill Goddard.” We have
developed a suite of density functionals with capabilities for attacking a diverse
range of problems. The functional with broadest capability, M06, is uniquely well
suited for good performance on both transition-metal and main group-chemistry;
it also gives good results for barrier heights and noncovalent interactions. M06-L
has no Hartree-Fock exchange, which allows for very fast calculations on large
systems, and is also very good for transition-metal chemistry. M06-2X has the
very best performance for main-group thermochemistry, barrier heights, and
noncovalent interactions. M06-HF has no self-interaction error and is the best
functional for charge transfer spectroscopy. A general characteristic of the whole
suite is the consistent optimization of gradient corrections and dependence on
kinetic energy density for medium-range exchange and medium-range
correlation energy.

COMP 434
Is the band gap problem truly a problem: Defects in semiconductors
Peter A. Schultz, Multiscale Dynamic Materials Modeling Department 1435,
Sandia National Laboratories, P.O Box 5800, MS 1322, Albuquerque, NM 87185,
paschul@sandia.gov
Density functional theory (DFT) is the method of choice for first-principles
simulations of defects in semiconductors. However, DFT typically underestimates
the fundamental band gap, the energy scale of interest for defect levels.
Moreover, use of supercells also incorporates large errors. I describe a new
methodology for supercell calculations that imposes proper electrostatic

boundary conditions, locates a fixed chemical potential for net charge, includes
bulk dielectric response, and creates a robust computational model for isolated
defects. The computed defect levels for a wide variety of Si defects spans the
experimental Si gap, i.e., exhibits no band gap problem, and agrees remarkably
well with experimentally known values. The scheme adds rigor to computing
defect properties within DFT, with implications for DFT development. – Sandia is
a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin
Company, for the United States Department of Energy's National Nuclear
Security Administration under Contract DE-AC04-94AL85000.
COMP 435
Density functional theory with accurate bond-breaking and band-gaps
using generalized valence bond wave functions via the optimized effective
potential method
Richard P Muller, Multiscale Dynamical Material Modeling, Sandia National
Laboratories, Mail Stop 1322, PO Box 5800, Albuquerque, NM 87185-1322,
rmuller@sandia.gov
The generalized valence bond (GVB) wave function provides a simple method of
incorporating static electron correlation into an electronic wave function. We
demonstrate that, by use of the optimized effective potential (OEP) method, we
may make GVB wave functions into fully consistent density functional theory
(DFT) functionals. In addition to advantages that many OEP functionals display,
such as correct band gaps, OEP-GVB functionals also display correct bond
dissociation behavior typical of GVB wave functions.
COMP 436
Accurate density functionals addressing the self-interaction error and
potential functional formalism
Aron J. Cohen, Paula Mori-Sánchez, Tim Heaton-Burgess, Felipe A. Bulat, and
Weitao Yang, Department of Chemistry, Duke University, Durham, NC 27708,
Fax: 919-660-1605, Aron.Cohen@duke.edu, weitao.yang@duke.edu
Two recent developments in density functional theory will be reported. First, we
constructed approximating exchange-correlation energy functionals that are
accurate for both thermodynamics and chemical kinetics, and free from oneelectron self-interaction error. Further developments address the many-electron
self-interaction error, a new issue emerging recently. Second, our potential
functional formulation of DFT provides a solution to the v-representability
problem in the original Hohenberg-Kohn theory and establishes the foundation

for the optimized effective potential (OEP) approach. We also developed an
extended formalism dual to spin-current-density functional theory (CDFT) where
the minimization with respect to the scalar and vector spin-potentials is utilized.
In this way we circumvent the issues surrounding the nonuniqueness of the
mapping between spin-potentials and ground-state wavefunctions, and the vrepresentability issue of current-density functionals. The accurate determination
of optimized effective potentials (OEP) within finite basis sets will be reported.
COMP 437
TDDFT studies of resonance Raman processes: Understanding SERS
Lasse Jensen, Department of Chemistry, Northwester University, 2145 Sheridan
Rd., Evanston, IL 60208-3113, l.jensen@chem.northwestern.edu, Christine M.
Aikens, Department of Chemistry, Northwestern University, Evanston, IL 602083113, and George C. Schatz, Department of Chemistry and the International
Institute for Nanotechnology, Northwestern University, 2145 Sheridan Rd.,
Evanston, IL 60208-3113, schatz@chem.northwestern.edu
This talk will present the results of TDDFT calculations of resonance Raman
intensities and spectra for molecules interacting with silver and gold clusters. The
results will be used to interpret the enhancement mechanisms associated with
surface enhanced Raman scattering.
COMP 438
Atomistic predictions for clay exfoliation relevant to nanocomposites
formation
Ioana Cozmuta, Eloret Corporation, 465 S. Mathilda Ave. Suite 103, Sunnyvale,
CA 94086, icozmuta@mail.arc.nasa.gov, M. Blanco, Materials and process
Simulation Center, California Institute of Technology, and W. A. Goddard III,
Materials and Process Simulations Center, California Institute of Technology,
Pasadena, CA 91125
This study presents atomistic scale simulations to study the intercalation of
layered clays with organic surfactants. Such details are relevant for promoting
further dispersion within a polymer matrix in the process of silicate based
nanocomposite fabrication. The structural and energetic characteristics of MMT
and the process of counter-ion addition using calculated electrostatic potential
maps are described in detail. The sodium counterions are replaced with alkylammonium surfactants of variable number of carbons, n in the alkyl-tails. The MD
simulations of the surfactant chains in the MMT gap indicates an increase of
about 3A in the gallery height corresponding to a transition from monolayer (n=1

to 11) to bi-layer (n=12 to 18) of the surfactants. Calculated binding energies
indicate that the most stable systems are formed for n=6 and n=16 with the most
unstable corresponding to n=12 and n=18. The latest configuration thus provides
the most favorable environment for polymer intercalation.
COMP 439
Development of the reaxFF water potential to describe reactions involving
proton transfer in the aqueous phase
Adri CT. van Duin, Vyacheslav S. Bryantsev, Zhitao Xu, and William A Goddard
III, Materials and Process Simulation Center, California Institute of Technology,
Beckman Institute (139-74), Pasadena, CA 91125, Fax: 626-585-0918,
duin@wag.caltech.edu
Over the past several years we developed the ReaxFF reactive force fields to
describe complex chemical processes in the gas phase, in the solid phase, and
at the interface with accuracy near that of quantum mechanical calculations, but
at a cost near simple force fields. This work summarizes recent progress in
extending the ReaxFF methodology to study dynamics and molecular
transformations in aqueous solution. This includes development of the reactive
water potential that can describe autoionization of water and intermolecular
proton transfer. The approach is based on fitting ReaxFF potential functions to ab
initio data for the monomer, neutral and charges clusters, and H+ and OHtransfer in model reactions. The resulting potential faithfully reproduces structural
and energetic results from QM calculations for small water clusters, properties of
liquid water and reaction barriers for proton transfer. We are currently expanding
this work to amines, carboxylates, phospates, and sulfates.
COMP 440
Gas sorption and barrier properties of polymeric membranes from
molecular dynamics and Monte Carlo simulations
Ioana Cozmuta, Eloret Corporation, 465 S. Mathilda Ave. Suite 103, Sunnyvale,
CA 94086, icozmuta@mail.arc.nasa.gov, M. Blanco, Materials and process
Simulation Center, California Institute of Technology, and W. A. Goddard III,
Materials and Process Simulations Center, California Institute of Technology,
Pasadena, CA 91125
This study presents a first-principle method using Molecular Dynamics (MD) and
Monte Carlo (MC) simulations to calculate solubility coefficients of gases (O2,
H2O vapor, N2 and CO2) in polymeric matrices (PP, PVOH, PVDC, PCTFE,
PET). The dependence of the method's accuracy on several setup parameters

(size of sample statistical set, brute MD versus cohesive energy density
equilibration) and its limitations (i.e., low versus infinite molecular weight) are
thoroughly discussed. The temperature dependence [250K–650K] of N2 and
CO2 solubilities in PP agrees well with experimental data. Solubilities of water
vapor (298K) for the five polymers follow closely the experimental trend of
permeabilities by contrary to oxygen. The calculated solubilities exhibit large
confidence limits related to the polymer's conformational changes and represent
a microscopic characteristic of each polymer. Reducing the polymer matrix
mobility and free volume distribution will lower gas solubility aiding the design of
new materials with improved selective permeability properties.
COMP 441
Modeling of sulfonated triblock copolymers with metal ions
Jan Andzelm1, James M. Sloan2, Eugene Napadensky2, and Dawn M.
Crawford2. (1) Materials Division, Multifunctional Materials Branch, U. S. Army
Research Laboratory, Aberdeen Proving Ground, MD 21005,
jandzelm@arl.army.mil, (2) Weapons and Materials Research Directorate, U. S.
Army Research Laboratory, Aberdeen Proving Ground, MD 21005
The sulfonated polystyrene-b-polyisobutylene-b-polystyrene copolymer (sSIBS)
is of particular interest because of potential applications for fuel cell and textile
applications, where breathable yet protective clothing is required. In this work, we
have used multiscale modeling to gain understanding of static and dynamic
properties of this polymer at detailed atomistic and mesoscale level. We have
used a polymer model of a highly sulfonated material at 64% of sulfonation
neutralized with monovalent (Na,Cs) divalent (Mg,Ca, Ba) and trivalent ions (Al).
The dynamics of cross linking due to the metal present and the permeability of
water were studied. The diffusion coefficients of water were calculated and
compared with the recent experimental data. It was found that the presence of
metal ions lowers the diffusion coefficients. The mechanism of diffusion and
effect of membrane architecture will be discussed. Metal ions form rather stable
2- and 3- cross links with neighboring sulfonated groups.
COMP 442
Molecular dynamics study of liquids confined to sol-gels and their
vibrational spectra
Christine M. Morales and Ward H. Thompson, Department of Chemistry,
University of Kansas, Lawrence, KS 66045, cmorales@ku.edu

Liquids confined to mesoporous media such as sol-gels exhibit different
properties than in the bulk, and may have potential catalytic applications. To
probe the fundamental properties of liquids confined in sol-gels, several groups
have used infrared and Raman spectra. Vibrational frequency shifts, dephasing
times, and energy relaxation times all respond to variations in pore size and
surface chemistry, and therefore contain information about geometrical
confinement and surface interactions at the liquid/pore interface. We simulate
these vibrational spectra using molecular dynamics. Trends in the spectral
features will be discussed, along with analysis of their molecular-level origins and
underlying dynamics.
COMP 443
Salt permeation in water-filled dipolar nanopores
Kevin Leung, Sandia National Laboratories, MS 1415, Albuquerque, NM 87185,
Fax: 505-844-1197, kleung@sandia.gov
The permeation, rejection, and transport of electrolytes in water-filled nanopores
are critical to desalination processes in synthetic porous membranes and the
functions of biological ion channels. While the confinement effect and the charge
states of the channels have been much studied, the intrinsic dipolar nature of the
pore surfaces in synthetic and biological nanpores also exerts a considerable
effect on ion permeation and selectivity, and this subject has seldom been
addressed. We will examine the physics of ion permeation in water-filled dipolar
nanopores using Monte Carlo simulations, and highlight the effects of surface
potentials exerted by the various interfaces as well as the dielectric screening of
the confined water. We will show that surface dipoles can be exploited to reject
sodium ions. *Sandia is a multiprogram laboratory operated by Sandia
Corporation, a Lockheed Martin Company, for the U.S.~Department of Energy's
National Nuclear Security Administration under contract DE-AC04-94AL8500.
COMP 444
Single chain in mean-field Monte Carlo simulations of block copolymer
self-assembly
Jed W. Pitera and Goundla Srinivas, IBM Almaden Research Center, 650 Harry
Road, San Jose, San Jose, CA 95120, pitera@us.ibm.com
The single chain in mean-field Monte Carlo model introduced by Mueller and
Smith (J. Poly. Sci. B., 2004) is a powerful tool for studying large-scale selfassembly phenomena in polymeric systems, such as block copolymers. At IBM,
we are making use of this method to simulate block copolymer self-assembly

processes relevant for nanolithography. In particular, we are using computer
simulations to probe the microphase separation of block copolymer thin films on
topographically and chemically patterned substrates. The practical goal is to use
block copolymer self-assembly to generate lithographic features on sub-20 nm
length scales. An MPI parallel implementation of the algorithm allows the
treatment of large areas (up to 1 micron) and several million of polymer chains.
This talk will introduce our implementation and discuss how these simulations
allow us to probe the effects of chemical modifications, surface treatments,
compositional variations, and polydispersity on the self-assembly process.
COMP 445
Solvent effects on nuclear shieldings: Frozen-density embedding in large
MD generated solutions
Rosa Bulo, Christoph R. Jacob, and Lucas Visscher, Theoretical Chemistry,
Vrije Universiteit Amsterdam, De Boelelaan 1083, Amsterdam 1081 HV,
Netherlands, bulo@few.vu.nl
We will present a density functional study of solvent effects on nuclear magnetic
shielding parameters derived from NMR spectroscopy. As a test example we
have focused on the sensitive 14N shift of acetonitrile immersed in several
different solvents, such as water, chloroform, and cyclohexane. In order to
include the solvent effect in the optimal manner, we used frozen-density
embedding (FDE) to compute the induced current of the total system. If the
current dependence of the exchange-correlation functional and of the nonadditive kinetic energy functional are neglected, the induced currents in the subsystems are not coupled, and the total shielding can be computed as a sum of
contributions from the individual subsystems. We have included up to 500 frozendensity solvent molecules in the computations, from a large set of molecular
dynamics generated conformations. We will compare the obtained solvent shift
values with those obtained using continuum solvent models.
COMP 446
Accurately computed hydrogen bond energies using density functional
theory with dispersion corrected atom centered potentials
J. Samuel Arey1, I-Chun Lin1, Philippe Aeberhard1, and Ursula Rothlisberger2.
(1) Department of Biochemistry, Swiss Federal Institute of Technology (EPFL),
SB-ISIC-LCBC, BCH-4110, Lausanne 1015, Switzerland, Fax: 41-21-6930320,
samuel.arey@epfl.ch, (2) Institute of Molecular and Biological Chemistry, Federal
Institute of Technology EPFL, CH, CH-1015 Lausanne, Switzerland

Computed hydrogen bond binding energies are often inaccurate within the
conventional density functional theory (DFT) framework, partly due to the
unreliable DFT treatment of dispersion effects. Employing recently developed
Dispersion Corrected Atom Centered Potentials (DCACPs) together with a
generalized gradient approximation (GGA) to the exchange-correlation
functional, we tested the binding energies of 17 hydrogen bonded complexes
containing C, H, O, N, and S against MP2 or CCSD(T) calculations. Although
DCACPs were calibrated on simple systems that interact primarily through
dispersion forces, they dramatically improve the GGA description of hydrogen
bonding. This work supports growing evidence that DCACPs enable highly
accurate but computationally feasible simulations of condensed phase systems
relevant to biological, pharmaceutical, and environmental chemistry.
COMP 447
DFT studies of DP-3 amylose fragments
Udo Schnupf1, J. L. Willett1, Wayne B. Bosma2, and Frank A. Momany1. (1)
Plant Polymer Research, USDA, ARS, National Center for Agricultural Utilization
Research, 1815 N. University St., Peoria, IL 61604, schnupf@ncaur.usda.gov,
(2) Department of Chemistry, Bradley University, Peoria, IL 61625
This study extends our work on mono- and disaccharides to structures with three
glucose residues linked by two α-[1-4] bridges, denoted herein as DP-3's. DFT
optimization studies of DP-3 fragments have been carried out at the B3LYP/6311++G** level of theory. Different hydroxymethyl conformations (gg, gt, tg) were
chosen on each of the three residue sites. Calculation of this type of sequence of
single residue conformational changes allows one to determine the influence of
hydroxymethyl variation on the bridge φ-ψ values, as a function of position in the
DP-3 sequence. The exocyclic hydroxyl groups were considered in either the all
clockwise or “c” form, or the all reverse-clockwise or “r” form. Energy differences
between conformations are examined in order to assess the stability of different
hydroxyl/hydroxymethyl configurations and to identify the sources of energy that
dictate amylose polymer formation. In addition, DP-3 is the smallest amylose
fragment that allows the study of boat/skew conformations placed as the middle
residue. The search for low energy boat/skew forms within an amylose fragment
is important in the collection of conformational tools of starch materials. A
comparison with α-maltose and DP-4 amylose fragments show that the energy
differences between conformers become more pronounced as one proceeds to
larger fragments.
COMP 448

DNA replication: Estimating the effects and interplay of solvation, pistacking and hydrogen bonding
Jordi Poater1, Marcel Swart2, C. Fonseca Guerra1, and F. Matthias Bickelhaupt1.
(1) Department of Theoretical Chemistry, Vrije Universiteit Amsterdam, De
Boelelaan 1083, NL-1081 HV Amsterdam, Netherlands, Fax: +31 - 20 - 59
87629, j.poater@few.vu.nl, (2) Institut de Química Computacional, Universitat de
Girona, 17071 Girona, Spain
DNA replication is at the core of life. An increasing number of studies aims at
unraveling the mechanism of this complex biochemical reaction that, in spite of
much effort, is still incompletely understood. Here, we aim at uncovering and
quantifying the effects on DNA replication of (de)solvation, pi-stacking and
hydrogen bonding. Our model systems consist of two different series: 1) WatsonCrick and various mismatched DNA base pairs; 2) stacked dimers of DNA base
pairs. We analyze the structure and thermochemistry of forming base pairs in the
simple model systems (1) in the gas phase and in aqueous solution. More
importantly, we also study the formation of a base pair in the presence of another
pi-stacked base pair using the more complex model systems (2), again in the gas
phase and in aqueous solution. This model more closely resembles the process
that takes place as the new nucleotide is introduced in the template-primer
complex that features in the DNA replication mechanism.

COMP 449
Effective fragment potential modeling of substituted benzene dimers
Toni Smith1, Lyudmila V. Slipchenko1, and Mark S. Gordon2. (1) Department of
Chemistry, Iowa State University, 201 Spedding Hall, Ames, IA 50011, Fax: 515294-5204, toni@si.fi.ameslab.gov, (2) Ames Lab/Iowa State University, Ames, IA
50011
We present a benchmark study comparing the results of the general Effective
Fragment Potential (EFP2) method with the results of a previous theoretical
study, which employed Coupled Cluster with single, double and perturbative
triple excitations [CCSD(T)] and Symmetry Adapted Perturbation Theory (SAPT)
to examine substituent effects on π-π interactions in (substituted) benzene
dimers. EFP2 accurately models the binding energies of the benzene-benzene,
benzene-phenol, benzene-toluene, benzene-fluorobenzene, and benzenebenzonitrile dimers as examined previously with high level theory by M.O.

Sinnokrot and C.D. Sherrill (J. Am. Chem. Soc. 2004, 126, 7690), but at a
fraction of the computational cost of CCSD(T). Additionally, we show results from
an EFP-based Monte Carlo/simulated annealing study, which was undertaken to
sample the potential energy surface of the substituted dimers.
COMP 450
IR Spectra by DFT for glucose and its epimers: A comparison between
vacuum and solvated spectra
Wayne B. Bosma1, Udo Schnupf2, J. L. Willett2, and Frank A. Momany2. (1)
Department of Chemistry, Bradley University, 1501 W. Bradley Ave., Peoria, IL
61625, bosma@bradley.edu, (2) Plant Polymer Research, USDA, ARS, National
Center for Agricultural Utilization Research, Peoria, IL 61604
Infrared spectra were calculated for the low energy geometry optimized
structures of glucose and all of its epimers, at the B3LYP/6-311++G** level of
theory. Calculations were performed both in vacuo and using the COSMO
solvation method. Frequencies, zero point energies, enthalpies, entropies, and
relative free energies are reported at the harmonic level of theory. Both alpha
and beta anomers were examined for each epimer, with all possible
combinations of hydroxymethyl rotamers (gg, gt, or tg) and hydroxyl orientation
(clockwise or counter-clockwise). Specific vibrational frequency ranges have
been identified as fingerprint regions for the epimers. A comparison of the
frequency shifts in the calculated infrared spectra between the vacuum structures
and solvated (COSMO) structures will be presented. In addition, the variance in
the infrared spectra between epimers will be discussed. Comparison is made to
recent spectroscopic experiments on glucose and its epimers.
COMP 451
Ions at interfaces: Thermodynamic consequences and two-state molecular
description of accumulation or exclusion
Laurel M. Pegram1, Kirk VanderMeulen2, Melissa W. Anderson3, Irina A. Shkel1,
Daniel J. Felitsky4, Rob Erdmann1, and M. Thomas Record Jr.5. (1) Department
of Chemistry, University of Wisconsin-Madison, Madison, WI 53706,
lmpegram@wisc.edu, (2) Department of Biochemistry, University of WisconsinMadison, Madison, WI 53706, (3) Program in Biophysics, University of
Wisconsin-Madison, Madison, WI 53706, (4) Department of Molecular Biology,
Scripps Research Institute, La Jolla, CA 92037, (5) Departments of Chemistry
and Biochemistry, University of Wisconsin-Madison, 433 Babcock Drive,
Madison, WI 53706, Fax: 608-262-3453, record@biochem.wisc.edu

Non-uniform distributions of salt cations and anions in the vicinity of interfaces
are responsible for the often large and specific effects of salt concentration on a
very wide range of processes in water, including creation of macroscopic airwater interfaces, molecular solute-water interfaces, and macromolecular
biopolymer-water interfaces. The solute partitioning model (SPM) provides a
thermodynamic and two-state molecular description of ions at uncharged
interfaces. Interesting parallels between SPM parameters characterizing ions at
air-water and molecular hydrocarbon-water interfaces will be discussed. Where
coulombic interactions are significant, an empirical decomposition is obtained
from separate analyses of the low and high [salt] regimes; Poisson-Boltzmann
calculations provide a test of the coulombic contribution. Applications of this
approach to decompose and quantify coulombic, Hofmeister and osmotic effects
of [salt] in protein unfolding, DNA oligomer melting, and dissociation of proteinDNA complexes will be presented in this talk and in accompanying posters. (NIH
support is gratefully acknowledged)
COMP 452
Structure and reactivity on the surface of aqueous electrolyte solutions
Douglas J. Tobias, Department of Chemistry and AirUCI, University of California
at Irvine, Irvine, CA 92697, Fax: 949-824-8571, dtobias@uci.edu
Aqueous aerosol particles containing dissolved ions are ubiquitous in the lower
atmosphere. It is becoming increasingly evident that chemical reactions of
atmospheric trace gases can occur on the surfaces of these particles.
Microscopic descriptions of the surfaces is useful for elucidating the mechanisms
of these surface reactions. In this talk I will present results of recent simulation
studies of the interfacial properties of aqueous ionic solutions. Particular subjects
to be addressed include the propensities of atomic and molecular ions for the
surface, the role of surfactants on ionic adsorption behavior, and the chemical
reactivity of adsorbed ions. The simulation results will be compared to recent xray reflectivity and photoelectron spectroscopic experiments.
COMP 453
EXAFS analysis of aqueous interfaces
Gregory K. Schenter, Christopher J. Mundy, and Liem X. Dang, Chemical &
Materials Sciences Division, Pacific Northwest National Laboratory, 902 Battelle
Blvd, P.O. Box 999, Richland, WA 99352, greg.schenter@pnl.gov
We will discuss the prediction of Extended X-ray Absorption Fine Structure
(EXAFS) at aqueous interfaces using molecular simulation approaches. We will

compare predictions of fine structure signals corresponding to a bulk system to
those of a vapor-liquid interface. We will compare the use of both the water
oxygen and simple ions as a photo-electron source in order to elucidate the
resulting molecular structure. Battelle operates the Pacific Northwest National
Laboratory for the US Department of Energy.
COMP 454
Some new nonlinear spectroscopic findings of the aqueous interfaces
Hong-fei Wang, Ran-ran Feng, Zhen Zhang, Hong-tao Bian, and Yuan Guo,
State Key Laboratory of Molecular Reaction Dynamics, Institute of Chemistry,
Chinese Academy of Sciences, No.2, 1st North Street, ZhongGuanCun, Beijing
100080, China, Fax: 86-10-62563167, hongfei@iccas.ac.cn
Here we report some new experimental results with Second Harmonic
Generation (SHG) and Sum Frequency Generation Vibrational Spectroscopy
(SFG-VS) on the molecular ordering and motion at the water interfaces.
Quantitative polarization analysis in SHG and SFG-VS enables identification of
novel spectroscopic features and molecular structure of the interfacial water
molecules. Some unique spectroscopic features of hydrogen-bonded water
species are identified. The influence on the orientational structure of the
interfacial water by the adsorbates at the interface and the solutes in the
aqueous solution are also examined. These new findings may suggest
alternative microscopic physical picture about the liquid interface in general.
COMP 455
Effect of size and polarizability on ion partitioning at the aqueous liquidvapor interface
J. Ilja Siepmann, Department of Chemistry and Supercomputing Institute,
University of Minnesota, 207 Pleasant St. SE, Minneapolis, MN 55455-0431,
Fax: 612-626-7541, siepmann@chem.umn.edu, and Becky L. Eggimann,
Department of Chemistry, Wheaton College, Wheaton, IL 60187
Despite a long history of both experimental and theoretical investigations, the
microscopic picture of ions at the aqueous liquid-vapor interface remains
controversial, particularly with respect to ion partitioning between the bulk fluid
and the surface. Despite thermodynamic predictions that the interface should be
void of ions, many recent studies demonstrate that certain anions, such as Cland I-, seem instead to prefer a surface location. Reasons for this apparent
preference remain unclear, but are often attributed to the increasing polarizability
of these ions. While the radius of the ions also increases with polarizability, little

has been said about separating the size and polarizability effects. In an effort to
further explore the driving force of the observed partitioning, we perform Monte
Carlo simulations to investigate the interface for neat water and water-ion
mixtures. We consider two types of ion mixtures: one with ions of varying size all
having the same fixed charge, and the other with ions of varying polarizability all
having the same size. By comparing the effects of both ion size and polarizability,
we are better able to understand what role these attributes play in determining
ion partitioning. System properties studied include surface tension, interfacial
width, coordination number, surface relaxation, and an analysis of hydrogenbonding at the interface.
COMP 456
Interaction of atmospheric oxidants with the air-liquid interface of organic
coated electrolytic solutions: A molecular dynamics study
Raffaella D'Auria, Department of Chemistry and AirUCI, University of California
at Irvine, 1120 Natural Sciences 2, Irvine, CA 92697-2025, Fax: (949) 824-8571,
rdauria@uci.edu, Erick Knudsen, Department of Chemistry, University of
California, Irvine, irvine 93679, and Douglas J. Tobias, Department of Chemistry
University of California, Irvine, University of California, Irvine, Irvine, CA 926972025
We have studied by means of molecular dynamics simulations the solvation and
accommodation of gas-phase O3 and OH on the air-liquid interface of a variety of
aqueous sodium-halide solutions coated with organics (such as 1-butanol,
butanoic acid, etc.). For comparison results from similar systems, but where no
organics are present, are shown. We discuss the role of the organic coatings
under consideration in providing a substrate where the encounter of atmospheric
oxidants and interfacial ions may occur. The atmospheric implications of our
findings are discussed.
COMP 457
Predicting bound protein-peptide conformations: Application to MHCpeptide complexes
Iris Antes and Thomas Lengauer, Computational Biology and Applied
Algorithmics, Max Planck Institute for Informatics, Stuhlsatzenhausweg 85,
Saarbruecken D-66123, Germany, Fax: ++49-681-9325-399, antes@mpiinf.mpg.de
To describe protein-ligand interactions realistically, it is necessary to account for
the structural changes in both the receptor and the ligand during complex

formation. However, in classical docking approaches the receptor is treated
either rigid of semi-rigid. We developed a new method, OPMD (Optimized
Potential Molecular Dynamics), which allows an efficient sampling of ligand and
receptor side chain conformations during docking. First, the approach was
applied to the refinement of MHC-peptide complexes predicted by DynaPred
(Antes el al., Bioinformatics 22(14): 16-24, 2006). Using the original DynaPred
algorithm we had obtained peptide conformations with an average backbone
RMSD of 1.53 Å and side chain RMSDs between 1.02 and 3.84 Å (similar values
were obtained by other docking methods). After refinement all side chain RMSDs
were below 3.0 Å. Afterwards, simulations were started from random peptide
conformations. In these cases we obtained the same accuracies for the
backbone and side chain RMSDs as for the refinement of the predicted
structures. These are very promising results, especially considering that our
approach allows full ligand and binding pocket flexibility.
COMP 458
Sampling of rare protein aggregation events in explicit water
Manan Chopra, Allam S Reddy, and Juan J. de Pablo, Department of Chemical
and Biological Engineering, UW Madison, Room No 1112, 1415 Engineering
Drive, Madison, WI 53706, mchopra@wisc.edu
We present two improved transition path sampling techniques based on biased
selection of reactive paths. These techniques are used to study the aggregation
of two protein systems. First, the formation of a critical nucleus in a PolyGlutamate system. Path sampling techniques are used to identify the transition
states in the folding of a beta helical structure from a random coil of 56 residue
Poly-Glutamate. Second, aggregation kinetics of an amyloid-forming peptide
GNNQQNY from the yeast prion Sup-35. GNNQQNY peptide is known to form
beta sheets which aggregate to form long fibrils. We compare the kinetics of
aggregation of a second beta-sheet to an existing beta-sheet, with the
aggregation kinetics of the increase in the size of a single beta sheet.
COMP 459
Bridging timescales between atomistic simulation and experiments with
master equation models of protein folding and dynamics
John D. Chodera1, Nina Singhal2, William C. Swope3, Jed W. Pitera4, Imran
Haque2, Ken A. Dill5, and Vijay S. Pande6. (1) Department of Chemistry, Stanford
University, Clark Center, MC 5447, Stanford, CA 94305-5447,
jchodera@gmail.com, (2) Department of Computer Science, Stanford University,
Stanford, CA 94305-5447, (3) IBM Almaden Research Center, IBM, San Jose,

CA 95120, (4) IBM Almaden Research Center, San Jose, CA 95120, (5)
Department of Pharmaceutical Chemistry, University of California at San
Francisco, San Francisco, CA 94143, (6) Departments of Chemistry and
Structural Biology, Stanford University, Stanford, CA 94035
While atomistic simulations allow for the study of protein folding in atomic detail,
it has been difficult to connect simulations with experimental measurements due
to the fact that simulations typically consider the dynamics of a single molecule
over short timescales (nanoseconds) while high-resolution experiments such as
laser T-jump monitor the time evolution of an ensemble of molecules over long
timescales (microseconds). To bridge this gap, as well as extract insight about
statistical macromolecular dynamics over timescales much longer than are
computationally accessible, we and others have proposed the construction of
discrete-state master equation or Markov models from many short trajectories
which would describe statistical dynamics over long timescales. Constructing
these models requires both a method of identifying kinetically metastable states,
a process tantamount to identifying the slow degrees of freedom, and an efficient
method for computing transition probabilities or rates between the states. We
present our recent progress toward the automatic construction of these models,
validation that they accurately reproduce the kinetic behavior of the simulations
from which they were constructed, and direct comparison with laser T-jump
experiments.
COMP 460
Studying the activation mechanism of a signaling protein by transition path
sampling and umbrella sampling
Liang Ma and Qiang Cui, Department of Chemistry, University of WisconsinMadison, 1101 University Av, Madison, WI 53706, lma1@wisc.edu
Transition path sampling (TPS) and umbrella sampling are combined
synergistically to reveal the activation mechanism of a signaling protein,
chemotaxis protein Y (CheY). In the conventional “Y-T coupling” model,
phosphorylation induces the displacement of Thr87 through hydrogen-bond
formation, which in turn makes it sterically possible for Tyr106 to isomerize from
being solvent exposed to being buried. More than 160 unbiased activation
trajectories from TPS show, however, that the rotation of Tyr106 does not rely on
the displacement of Thr87 per se. Umbrella sampling is employed to explore the
2-D free energy profile on several important dimensions identified by TPS. The
results show that the rotation of Tyr106 and the formation of the Thr87phosphate hydrogen-bond have similar barriers and are thermodynamically
coupled. Therefore, kinetically, either event can occur first and then facilitate the
other. The simulations also suggest that Tyr106 rotation stabilizes the activated

configuration of the β4-α4 loop. The strengths and limitations of the techniques
will also be discussed.
COMP 461
Optimization and convergence metrics for replica exchange molecular
dynamics
Adrian E Roitberg, Department of Chemistry, University of Florida, Quantum
Theory Project, Gainesville, FL 32611
Replica exchange molecular dynamics (REMD) is rapidly becoming the method
to use when substantial sampling is required. My group has been involved in the
development of new modifications to the standard techniques, including versions
of Reservoir and Clustered REMD. These modifications deal with the bad scaling
present in the original method. In this talk, I will discuss some of the parameters
that the user needs to set for efficient use of REMD. One of the most important
parameters is the exchange attempt frequency: How often should one attempt to
exchange replicas between temperatures? We will show that, opposite to
standard practice, a very short time can be spent at a given temperature before
trying to exchange. Examples for some peptides systems and a toy model,
validate this conclusion. A crucial point in REMD is the concept of convergence.
How can one gauge convergence for such a complex algorithm? I will present
our ideas and results using a variant of the ergodic measure of Thirumalai and
Mountain, adapted specifically to REMD.
COMP 462
Obtaining converged conformational ensembles for biomolecules in
explicit water
Carlos L Simmerling, Department of Chemistry, SUNY Stony Brook, Stony
Brook, NY 11794, Fax: 631632-1555, carlos.simmerling@sunysb.edu
The use of replica exchange molecular dynamics (REMD) has facilitated the
exploration of free energy landscapes for complex molecular systems. These can
be useful for the study of transiently populated states that are difficult to directly
characterize experimentally, such as the unfolded state of proteins under
conditions that favor folding. Application to large systems, particularly those
employing explicit solvent, is hampered by several limitations, including the
scaling of number of required replicas with increasing system size and the long
times required to reach equilibrium. We will present a variation of REMD with
modified exchange probability that decouples the conformational search process
from the computationally expensive simulation of multiple replicas in explicit

solvent. Subsequent REMD simulations draw from a conformational diversity
“reservoir” and therefore converge much more rapidly than standard REMD
simulations. This permits use of different solvent models and search techniques
for exploration of the free energy landscape while still providing rigorous
Boltzmann-weighted ensembles for the REMD replicas.
COMP 463
Free-energy landscapes from combined parallel-tempering and
metadynamics
Giovanni Bussi1, Francesco L. Gervasio2, Alessandro Laio2, and Michele
Parrinello3. (1) c/o Research Group Parrinello, ETH Zurich, USI-CAMPUS, via G.
Buffi, 13, Lugano CH-6900, Switzerland, gbussi@ethz.ch, (2) Computational
Science, Department of Chemistry and Applied Biosciences, ETH Zurich, CH6900 Lugano, Switzerland, (3) Physical Chemistry Department, ETH Zürich,
Lugano 6904, Switzerland
We develope a new free-energy method, based on the combination of parallel
tempering and metadynamics. The combined method greatly improves the
performance of both parallel tempering and metadynamics. In particular, we are
able to sample the high free-energy regions, which are not accessible with
conventional parallel tempering. We use as a realistic benchmark the calculation
of the free-energy landscape of the folding beta-hairpin in explicit water.
COMP 464
WHAM without histograms: Statistically optimal free energy estimates
Michael R. Shirts, Department of Chemistry, Columbia University, New York,
NY 10027, michael.shirts@columbia.edu, and John D. Chodera, Department of
Chemistry, Stanford University, Stanford, CA 94305-5447
We present a maximum-likelihood method to combine data from multiple
equilibrium simulations conducted at different thermodynamic states. The
resulting estimator of the free energies yields the minimum-variance
asymptotically unbiased estimate of the true free energy. This estimator is
equivalent to the weighted histogram analysis method (WHAM) in the limit where
the histogram bins are taken to be vanishingly small, but is derived without the
need to invoke histograms. The ability to directly compute uncertainties in the
relative free energies from the data as well as the elimination of bias and
computational overhead due to binning demonstrate clear advantages to this
formulation over exiting WHAM formulations. This methodology is expected to be

widely useful in the analysis of alchemical free energy calculations, generalized
ensemble simulations, and the calculation of potentials of mean force.
COMP 465
Combustion chemistry: The evanescent NCCO radical
Henry F Schaefer III, Center for Computational Chemistry, University of
Georgia, Athens, GA 30602-2525, Fax: 706-542-0406, hfs@uga.edu
Theoretical studies at the highest level will be reported for the NCCO molecule.
COMP 466
Elastic properties of DNA under high stretching force at various pulling
rates
Prabal Kumar Maiti and Kakali Sen, Department of Physics, Indian Institute of
Science, Bangalore 560012, India, maiti@physics.iisc.ernet.in
We study the elastic properties of DNA (both dsDNA and ssDNA) by calculating
force –extension behavior using fully atomistic molecular dynamics simulation.
We study the force–extension behavior at very high stretching force (up to 1 nN)
at various pulling rates and at various salt concentrations. The calculated stretch
modulus (S) of the dsDNA is quantitatively very similar to those obtained from
experiments under similar conditions. The force-extension plot shows very strong
dependence on the pulling rates and DNA is found to be stiffer at higher pulling
rate. Such pulling rate dependence DNA stiffness is in accordance with earlier
theoretical prediction. Existing WLC-like models and their variants fail to produce
to the behavior of force-extension curve at such high stretching force, implying
the need for a better theoretical treatment. We also study various structural
changes in the DNA backbone geometry to elucidate their impact on the DNA
mechanical properties.
COMP 467
Atomistic and mesoscale modeling of chemical and thermo-mechanical
processes in molecular crystals
Alejandro Strachan, School of Materials Engineering, Purdue University, 501
Northwestern Ave., West Lafayette, IN 47907, strachan@purdue.edu

Understanding the chemical and thermo-mechanical response of molecularlycomplex materials is critical in a wide range of fields and applications, from highenergy (HE) density materials to pharmaceuticals and bio-materials. In recent
years breakthroughs in atomic-level modeling have enabled the simulation of
these materials with unprecedented detail and I will describe recent progress in:
i) Shock and thermally-induced chemical reactions in HE materials; and ii) Largescale MD simulations to characterize the molecular level mechanisms that
govern plastic deformation in molecular crystals. The classical nature of MD
leads to a significant overestimation of the specific heat in molecular crystals for
the temperatures of interest. I will describe a new mesodynamical method (where
a single particle describes groups of atoms) that enables the exchange of energy
between the mesoparticles and their internal degrees of freedom leading to a
thermodynamically accurate description of molecular materials and its application
to characterize thermal-mechanical response of molecular materials.
COMP 468
Multiscale modeling in automobile materials research: For engines, door
panels and fuel cells
Yue Qi, Materials and Processes Lab, General Motors R&D Center, MC: 480106-224, 30500 Mound Rd., Warren, MI 48090-9055, yue.qi@gm.com
This presentation will combine several examples where multi-scale modeling
provided great insights to the innovation of various materials interested to
automobile applications. 1) From atomic and electronic structures to aluminum
dry machining: Density Functional Theory (DFT) was used to predict the
adhesion and adhesive transfer at various aluminum and carbon interfaces and
provided insight and guidance for the coating design with minimum adhesion to
aluminum. 2) A multiscale modeling approach for Quick Plastic Forming of
Aluminum: Recent Molecular Dynamics (MD) simulations of grain-boundary
sliding (GBS) in aluminum suggested the existence of a threshold stress for
GBS. The threshold stress was then included to improve the continuum plasticity
model. 3) Bridging the chemistry and performances of Proton Exchange
Membranes: A course-graining approach was developed to obtain the
morphologies of hydrated Nafion, where the network connectivity of hydrophilic
domains strongly influences the proton conductivity and mechanical property of
the membrane.
COMP 469
mW: A coarse-grained model of water with tetrahedral interactions

Valeria Molinero, Department of Chemistry, University of Utah, 315 South 1400
East, Rm 2020, Salt Lake City, UT 84112, Fax: 801-581-4353
The current impetus of coarse-grained simulations require a water model that is
not just computationally inexpensive but also reproduces the most prominent
characteristics of the experimental substance: the formation of tetrahedral
structures in the liquid and crystal phases, the density maximum and diffusivity
maximum for the liquid phase, and the existence of two distinct amorphous
phases in the supercooled state. Water shares these uncommon features with
simple substances that form tetrahedral bonds, such as silicon, silica and
germanium. We exploited this analogy to develop a monatomic model of water,
mW, starting from a silicon potential that includes three-body nonbond
interactions to favor tetrahedral configurations. mW is essentially a more
tetrahedral silicon, and is quite successful in reproducing the structure,
anomalies and phase transitions of liquid water and ice. We will discuss its
parameterization, properties, and use to study the homogeneous nucleation of
ice.
COMP 470
Validating crystallographic ligands
Brian Kelley, OpenEye Scientific Software, American Twine Office Park, 222
Third Street, Suite 3120, Cambridge, MA 02142, kelley@eyesopen.com, James
H. Nettles, Lead Finding Platform, Novartis Institutes for BioMedical Research,
Cambridge, MA 02139, and Greg Warren, GlaxoSmithKline, Collegeville, PA
19426
A daunting task for computational chemists is the validation of crystallographic
complexes. Data quality used to determine structures can be quite poor forcing a
decision of whether to use the current low quality model or to invest in attempts
to collect higher quality data. Here, we present a collection of techniques used by
crystallographers and modelers to validate structures. Crystallographic
techniques include real space correlation[1] and Difference of Difference
(DOD)[2] method. These techniques are juxtaposed with techniques familiar to
computational chemists such as contact surfaces, strain energy and clash
potentials. Finally we show, using examples from the RSCB[3], that in many
cases the initial poor ligand structure can be replaced with a chemically sensible
and low-strain conformation that is equivalently fit to the crystallographic data.
[1] Jones, T.A. Acta. Cryst , 1991, A47, 110-119. [2] Nettles, J. H., Science 2004,
305, 866-869. [3] Perola, E.; Charifson, P. S. J. Med. Chem. 2004, 47, 24992510. Keywords: Ligand; Crystallography; Complex

COMP 471
Non-additivity in structure-activity relationships
John van Drie, Global Discovery Chemistry, Computer-Aided Drug Discovery,
Novartis Institutes for BioMedical Research, 250 Mass Ave, Cambridge, MA
02139
The assumptions of additivity and independence have sometimes been labeled
the “Fourth Law of Thermodynamics” (Dill, JBC, 1997). It is frequently observed
that the scoring functions used in structure-based design are unable to reproduce
known structure-activity relationships (e.g. Warren et al, JMC, 2006). Following
up insights articulated long ago by Mark and van Gunsteren (JMB, 1994), here
we will explore the idea that structure-activity relationships intrinsically and
frequently display non-additivity, and that the additivity implicit in most scoring
functions is a fundamental flaw. Ideas for addressing this issue will be examined.
In addition, the significance of non-additivity in structure-activity relationships will
be explored, and ways to quantify such non-additivity will be outlined. Ways to
exploit non-additivity in molecular design will also be discussed.
COMP 472
Structure-based prediction of small-molecule druggability
Alan C. Cheng, Amgen Inc, Cambridge, MA 02139, alan.cheng@amgen.com
Over half of drug discovery efforts fail in lead identification or in optimization of
leads for drug-like properties. We describe a model based on basic biophysical
principles that allows for reasonably good identification of these less-druggable
targets using only the crystal structure of the target binding site. This is done by
quantitatively estimating the maximal affinity achievable by a drug-like molecule
at a given binding site, and we show that these calculated values correlate with
drug discovery outcomes. Computer-aided approaches that have potential in
tackling difficult druggability targets will also be presented.
COMP 473
Tackling the cellular drug resistance of thymidylate synthase – disruption
of an obligate dimer
Outi M. Salo-Ahen, Molecular and Cellular Modeling Group, EML Research
gGmbH, Villa Bosch, Schloss-Wolfsbrunnenweg 33, 69118 Heidelberg,

Germany, Fax: 00-49-6221-533298, outi.salo-ahen@eml-r.villa-bosch.de, Paola
M. Costi, Dipartimento di Science Farmaceutiche, Universita di Modena e Reggio
Emilia, 41100 Modena, Italy, and Rebecca C. Wade, Molecular and Cellular
Modeling, EML Research gGmbH, 69118 Heidelberg, Germany
Thymidylate synthase (TS) is an essential enzyme for every living cell. It
catalyses the methylation of 2'-deoxyuridine-5'-monophosphate to 2'deoxythymidine-5'-monophosphate, a precursor of thymine needed for DNA.
Since all rapidly dividing cells need a lot of DNA building blocks, TS inhibitors
have been developed and used as anticancer agents. Unfortunately, this
homodimeric enzyme often develops resistance toward conventional inhibitors
(substrate or co-factor analogs) by, for example, interrupting the autoregulatory
inhibition of TS synthesis. One strategy to avoid the cellular drug resistance of
TS is to interfere with the enzyme dimerization as the dimer interface region of
TS binds its own mRNA. We are aiming to identify small molecules or peptides
that modulate the protein-protein interactions at the dimerization interface of TS.
Here we describe the analysis of the TS dimer interface for hot spots as well as
the search for interfacial crevices by MD simulations of the TS monomer and
dimer.
COMP 474
Analysis and comparison of multiple sar models from regression and
classification methods
Rishi R. Gupta1, Eric A. Jamois2, and Kas Subramanian1. (1) Research and
Development, Strand Life Sciences, 10 Post Office Square, Suite 813, Boston,
MA 02109, Fax: 781-373-5901, rishi@engr.uconn.edu, (2) Strand Life Sciences,
Carlsbad, CA 92008
The quality of SAR model predictions depends on a large number of factors
including descriptor set, statistical method, and data sets used. Here we study
how to evaluate the quality of SAR models by presenting a novel methodology of
comparing the model prediction space as against the traditional figure of merit
approaches such as R^2 etc..
This study proposes graphical and statistical analysis schemes whereby
populations of models can be critically analyzed. We set out to compare results
from hard and soft clustering approaches. In this scenario, a realistic clustering
level may be proposed by simple consideration of the experimental error such as
the accounted RMSE from an ANOVA analysis on the model distance matrix.
Further insight can be obtained by projecting common statistical parameters onto
cluster representations. The work extends into the analysis of multiple decision
trees (Decision Forests) with statistical information derived from confusion
matrices.

COMP 475
DNA Minor groove pharmacophores describing sequence specific
properties
Gudrun Maria Spitzer1, Bernd Wellenzohn2, Christian Laggner3, Thierry
Langer4, and Klaus Roman Liedl1. (1) Faculty of Chemistry and Pharmacy,
University of Innsbruck, Innrain 52c, Innsbruck A-6020, Austria, Fax: +43-512507-5269, Gudrun.Spitzer@uibk.ac.at, (2) Department of Lead Discovery Computational Chemistry, Boehringer Ingelheim Pharma GmbH & Co KG,
Biberach D-88397, Germany, (3) Department of Pharmaceutical Chemistry,
Computer Aided Molecular Design Group, University of Innsbruck, Institute of
Pharmacy, Innsbruck A-6020, Austria, (4) Inte:Ligand GmbH, 2344 Maria
Enzersdorf, Austria
The more is known about human and other genome sequences and the
correlation between gene expression and the course of a disease, the more
evident it seems to choose DNA as drug target instead of proteins which are built
with the information encoded by DNA. According to this approach, small minor
groove binding molecules have been designed to bind the DNA sequence
specifically and thereby downregulate genes. Because of their lack of druglikeness, we plan to use them as templates for forthcoming virtual screening
experiments to discover molecules with the same bioactivity and a different
scaffold. In this proof of principle study, carried out with the software tool
Catalyst, we present a model work for description of a ligand-DNA complex with
the aid of pharmacophore modeling methods. The successful reproduction of
sequence specifity of a polyamide minor groove binding ligand is the precondition
for later model application to virtual screening.
COMP 476
Structural and dynamical properties of hydrogen bonded fluids from first
principles molecular dynamics simulations in the isobaric-isothermal
ensemble
I Feng W. Kuo, Chemistry Materials and Life Sciences Directorate, Lawrence
Livermore National Laboratory, L-370, PO BOX 808, Livermore, CA 94551-9989,
Fax: 925-423-0909, kuo2@llnl.gov, Jochen Schmidt, Department of
Spectroscopy, Max-Planck-Institut fuer Polymerforschung, Mainz 55128,
Germany, Christopher J. Mundy, Chemical & Materials Sciences Division, Pacific
Northwest National Laboratory, Richland, WA 99352, Matthew J. McGrath,
Department of Chemistry, University of Minnesota, Minneapolis, MN 55455, and
J. Ilja Siepmann, Department of Chemistry and Supercomputing Institute,
University of Minnesota, Minneapolis, MN 55455-0431

Recent first principles based simulations for hydrogen bonded fluids such as
water and methanol shows that density functional theory utilizing BLYP and PBE
exchange and correlation functionals will not produce the correct experimental
density of 1.0 g/cm3 and 0.792 g/cm3 at ambient conditions for water and
methanol respectively. Instead, the predicted equilibrated density for hydrogen
bonded fluids could be underestimated by more then 15%. With the increased
availability of different simulation package that could perform first principles type
simulation and easy access to supercomputing resources, this has wide
ramifications due to the increase usage of first principles based simulation at
constant volume to interpret experimental data. Therefore, we will present recent
results from our first principles based simulation in the isobaric isothermal
ensemble (NPT) utilizing the simulation package CP2K. We will look at changes
in bulk structural and dynamical properties of equilibrated water and methanol as
compared to one artificially confined to experimental state points.
COMP 477
Complexation of copper (II) ion in aqueous solution: New insight from DFT
and cosmo solvation model
Vyacheslav S. Bryantsev1, Mamadou Diallo2, and William A Goddard III1. (1)
Materials and Process Simulation Center, California Institute of Technology,
Pasadena, CA 91125, (2) Materials and Process Simulation Center, Beckman
Institute, California Institute of Technology and Howard University, Washington
DC, CA 20059
In this work, we couple density functional theory (B3LYP) with COSMO solvation
model to calculate the hydration free energy and structure of the Cu2+ hydrated
ion. The use of the cluster-continuum approach with varying number of explicit
water molecules (n=4-18) in the first and the second coordination shells allowed
us to elucidate the structural and thermodynamic properties of aqueous Cu2+.
Consistent with experimental data, calculations indicate that [Cu(H2O)18]2+
clusters with coordination number five and six are isoenergetic at the triple-zeta
basis set levels. Hydration free energy of Cu2+ is converged at n = 18, and its
value is in excellent agreement with experiment value, adjusted to the most
reliable data for hydration free energy of the proton. Calculated free energies for
the ligand exchange reactions, including methylamine, ethylenediamine, and
acetamide ligands correctly reproduce qualitative trends in stability of hydrated
complexes of copper (II).
COMP 478
Cis-trans isomerization of a small peptidic fragment studied by ab initio
and empirical simulation techniques

Yves A. Mantz1, Davide Branduardi1, Glenn Martyna2, and Michele Parrinello1.
(1) Computational Science, Department of Chemistry and Applied Biosciences,
ETH Zurich, USI Campus, via Giuseppe Buffi 13, CH-6900 Lugano, Switzerland,
Fax: +41-58-666-4817, ymantz@phys.chem.ethz.ch, (2) Physical Science
Division, IBM Research, Yorktown Heights, NY 10598
The properties of N-methylacetamide along a cis-trans isomerization pathway
described by twisting about the C(O)-N bond are examined at finite temperature
both in vacuo and in explicit water solvent. Two distinctly different theoretical
descriptions, an ab initio (DFT-BLYP) and an empirical (CHARMM22) model, are
employed in order to permit an assessment of the dominant forces active in the
system. The isomerization process, itself, is studied by performing both 1D
umbrella sampling and metadynamics with a novel choice of collective variables.
The nature of the preselected pathway is, thus, clarified. Subsequently, the
thermodynamic, structural, and electronic structure changes that are predicted by
the different force fields are reviewed, revealing the profound influence of manybody polarization effects present only in the ab initio description.
COMP 479
DFT studies of hydrated carbohydrates: DFT molecular dynamics
simulations at the B3LYP/6-31+G* level of theory
Frank A. Momany1, Udo Schnupf1, J. L. Willett1, and Wayne B. Bosma2. (1)
Plant Polymer Research, USDA, ARS, National Center for Agricultural Utilization
Research, 1815 N. University St., Peoria, IL 61604, Fax: 309-681-6362,
momanyfa@ncaur.usda.gov, (2) Department of Chemistry, Bradley University,
Peoria, IL 61625
Several mono- and disaccharides have been studied by performing constant
energy molecular dynamics at the B3LYP/6-31+G* + COSMO (solvation) level of
theory. α-maltose is of particular interest as the variation in glycosidic dihedral
angles is dependent upon the starting hydroxyl conformation. That is, when the
simulation is started from the all ‘c' or all ‘r' form, convergence toward the other
form occurs as the molecules become equilibrated. Of interest is that the ‘r'
conformation with COSMO is of lower starting energy (~1 kcal/mol) than the ‘c'
form starting energy, in contrast to the vacuum optimized structures which have
very similar relative energies. The H1---H4' distance across the glycosidic bond
remains at ~2.15Å during the dynamics for both forms. This result is in excellent
agreement with recent NMR studies. Other DFT dynamics simulations on monosaccharides, including the COSMO solvation term, produced results with fairly
reliable α/β anomeric ratios and hydroxymethyl rotamer populations in good
agreement with experimental studies.

COMP 480
Structural, electronic and spectroscopic properties of the natural luteolin
and apigenin pigments: A DFT/TDDFT investigation
Simona Fantacci1, Anna Amat2, Costanza Miliani1, Filippo De Angelis1, and
Antonio Sgamellotti1. (1) Istituto CNR di Scienze e Tecnologie Molecolari (ISTMCNR), via Elce di Sotto 8, Perugia I-06123, Italy, Fax: +39 075 585 5606,
simona@thch.unipg.it, (2) Dipartimento di Chimica, Università di Perugia,
Perugia I-06123, Italy
Weld, originating from the leaves and stem of Reseda luteola L., has been used
as dye from the beginning of the Christian Era. Its dying properties depend on
the luteolin (5,7,3',4'–tetrahydroxyflavone) and apigenin (5,7,4'–trihydroxyflavone)
content. The use of weld as yellow lake in paintings has attracted great interest in
cultural heritage since the comprehension of its properties can play a crucial role
in diagnostic and conservation purposes. We report a theoretical DFT/TDDFT
investigation of luteolin and apigenin to provide insight into the structural,
electronic and optical properties of these two flavones. We perform a
conformational analysis of the two dyes and calculate the pKas of different
deprotonation sites. We investigate the coordination of metal cations to the two
flavones, which is responsible of the peculiar properties of the resulting lake.
Finally, we simulate the absorption spectra of luteolin and apigenin and of the
related metal complexes by TDDFT.
COMP 481
Tautomer stability and pKa evaluation
Zhendong Zhu1, Marina Shalaeva2, Michael P. Pollastri3, and Robert V.
Stanton1. (1) Molecular Informatics, Pfizer Research Technology Center, 620
memorial dr, cambridge, MA 02139, Fax: 617-551-3117,
zhendong.zhu@pfizer.com, (2) Groton Laborotories, Pfizer Global Research &
Development, Groton, CT 06340, (3) Research Technology Center, Pfizer Global
Research & Development, Cambridge, MA 02139
Tautomerization is a very common phenomenon in drug-like molecules, however,
in many cases the effect on binding and physicochemical properties (such as
pKa, stability and solubility) is not well understood. In this study, we examine the
relative stability and pKa values of keto/enol tautomers using theoretical and
experimental methods. Results of quantum mechanical calculations were
compared to those obtained from pKa software packages (ACD, Moka, etc).
These results will be used to help explain the unusual experimental data
obtained for this system.

COMP 482
The reaction mechanism for the organocatalytic ring opening
polymerization of L-lactide using bifunctional catalysts
Hans W. Horn, IBM Almaden Research Center, K17/D2, San Jose, CA 95120,
hans@almaden.ibm.com, and J. Rice, IBM
There has been considerable interest recently in living polymerization reactions
which can be used to create polymers of predetermined molar mass with highend group fidelity and low polydispersity. This level of control is particularly useful
in the formation of interesting and functional microstructures, such as diblock
copolymers. At our facility, there has been focus on the development of metalfree organocatalytic ring opening polymerizations of cyclic esters. Traditionally,
the catalysts for the ring opening polymerization (ROP) have been based on
transition metals. However, these catalysts are not ideal for electronic or medical
applications, since the residual metals may affect the quality of the product. The
first organocatalytic study at IBM Almaden demonstrated that stabilized cyclic
carbenes were effective catalysts for cyclic esters with turnover frequencies as
high as 18 per second. The second class of organocatalysts investigated was the
bifunctional thioureas. These catalysts had narrower polydispersities (< 1.05)
compared to the N-heterocyclic carbenes, although, in general, the reaction
times were longer [xx]. More recently, a bicyclic guanidine based catalyst,
triazabicyclodecene (TBD), was identified that shows controlled high activity for
solution-phase ROP of cyclic esters. It is the purpose of this work to investigate
the initial step of the TBD catalyzed reaction using computational methods to
prove or disprove experimentally proposed mechanisms.
COMP 483
Random forest ensembles applied to MLSCN screening data for toxicity
prediction and feature selection
Rajarshi Guha, School of Informatics, Indiana University, 1130 Eigenmann Hall,
1900 E 10th Street, Bloomington, IN 47406, rguha@indiana.edu, and Stephan
Schurer, Chemical Informatics, The Scripps Research Institute Florida, Jupiter,
FL 33458
We present a study describing the use of a random forest ensemble to predict
the cytotoxicity of MLSCN screening data. The models were built using a training
set taken from MDL ToxNet using LeadScope and 1052 bit BCI fingerprints as
the feature set. The real valued toxicity data was discretized using a cutoff and
the class assignments were used to build the ensemble, which exhibited 85%
accuracy for the prediction set. We also investigated the use of the models for

the purposes of feature selection. With all 1052 bits, a Naive Bayes classifier
exhibited 74% accuracy on the prediction set. Using the random forest to select a
set of important bits allowed us to achieve 73% accuracy using only 171 bits. We
also analyzed the most important fragments and evaluated their frequency of
occurence and they correspond well with previously known toxic fragments and
could be used as a measure of domain applicability for the ensemble when
applied to the MLSCN screening data.
COMP 484
On the importance of topological descriptors in understanding structureproperty relationships in QSAR and QSPR models
David T. Stanton, Modeling & Simulations - CADMol Group, Procter & Gamble,
Miami Valley Laboratories, 11810 East Miami River Road, Cincinnati, OH 45252,
stanton.dt@pg.com
It has been generally observed in our work that topological descriptors play an
important and often key role in many QSAR and QSPR models we have
developed. This is found to be true even when a broad selection of descriptor
types is evaluated. These descriptors do not only provide the means to generate
a good fit to the observed data used to train the models, but they also provide
information that is needed to generate a clear physical interpretation of the
underlying structure-activity or property relationships. Examples of this will be
presented using two properties that have well understood mechanisms, skin
penetration and critical micelle concentration.
COMP 485
Predicting allergic contact dermatitis: alternative statistical approaches to
chemical classification
Subhash C. Basak1, Denise Mills1, Brian D. Gute1, and Douglas M. Hawkins2.
(1) Center for Water and the Environment, Natural Resources Research Institute,
University of Minnesota, 5013 Miller Trunk Hwy, Duluth, MN 55811, Fax: 218720-4328, sbasak@nrri.umn.edu, (2) School of Statistics, University of
Minnesota, Minneapolis, MN 55455
Allergic contact dermatitis (ACD) is believed to be the most prevalent form of
immunotoxicity found in humans, the adverse effect arising out of the interaction
of immunoregulatory cytokines and discrete subpopulations of T lymphocytes. As
such, ACD is a major impediment to the development of new cosmetics, personal
hygiene products and topical medications. Calculated molecular descriptors,
based solely on chemical structure, may be used to develop models for the

prediction of ACD. Such models can be used to evaluate new chemicals,
synthesized or hypothetical. In the current study, various statistical modeling
approaches, including ridge linear discriminant analysis and tailored similarity,
have been used to classify chemicals with respect to ACD. Results obtained from
the different modeling methods will be discussed.
COMP 486
A comparison of the chemical properties of drugs and FEMA/FDA notified
GRAS chemical compounds used in the food industry
DG. Sprous and FR. Salemme, Chemistry, Redpoint Bio, 1 Graphics Drive,
Ewing, NJ 08628, Fax: 609-860-1500, dennis.sprous@redpointbio.com
The molecular properties for Generally Recognized As Safe (GRAS) compounds
(food/flavoring approved) are compared to marketed drugs and used to develop
a QSAR model. It was observed that log(P) and log(S), which provide computed
estimates of compound solubility in organic and aqueous solvents respectively,
have significant overlap in the two populations. On the whole, GRAS compounds
are seen to be more flexible, smaller, and composed of a more restricted set of
elements than marketed drugs. A multivariable binary Quantitative StructureActivity Relationship (QSAR) model can correctly identify 94% of the GRAS
compounds and 92% of the pharmaceutical compounds. The performance of the
model was such that training sets comprised of as little as 10% of the whole
dataset could predict the 90% reserved as a test set with an accuracy >90%. To
summarize, the majority of the historical GRAS compounds are not “druglike”,
and easily distinguished from pharmaceuticals.
COMP 487
A QSAR model for hERG based on mulitple 1-D alignments
David J. Diller, Molecular Modeling, Pharmacopeia, Box 5350, Princeton, NJ
08543-5350, Fax: 609-655-4187, ddiller@pharmacop.com
The 1D-molecular representation (Dixon & Merz, JMC 2001) is a misnomer in
that it contains more structural information than most commonly used 2D
descriptors. Furthermore, it does not suffer from the conformational ambiguities
of traditional 3D methods. Thus the 1D representation has great promise to fill
the void where 2D descriptors are not sufficiently rich and 3D methods are not
practical such as large or noisy data sets. We describe techniques to generate
1D multiple alignments of molecules with similar biological activity. These
alignments effectively isolate biologically critical regions much like a multiple
sequence alignment isolates conserved motifs within a protein family. Particular

emphasis in this presentation will be on our efforts to develop a QSAR model to
predict hERG inhibition. Finally, we will discuss the implications of this work on 3
dimensional methods.
COMP 488
Modeling fluorophilicity: A hybrid method
Marvin Charton, Pratt Institute, 200 Willougby Avenue, Brooklyn, NY 11205,
mcharton@pratt.edu
Modeling fluorophilicity: A hybrid method
There has been considerable interest in recent years in modeling fluorophilicity,
lnPF, defined as the natural logarithm of the partition coefficient of a compound
between perfluromethylcyclohexane and toluene. Approaches used to model this
property include the use of surface area parameters, the Abraham modification of
the Taft-Kamlet equation for solvent effects, and a completely empirical model
that is based on the choice of a mix of available parameters that best fit the data.
Here we assume that fluorophilicity depends on the difference in intermolecular
forces between a compound and solvent 1 and those between the compound
and solvent 2. Our model represents the intermolecular forces of interest by a
count of the number of groups X of that type in the molecule and by the sum of
the polarizabilities of each group Y that is not represented by a term in the
number of groups present in the molecule. Correlations of ln PF with this
equation have been carried out. The regression equation obtained on the
exclusion of 8 outliers is: ln PF = 0.309 (± 0.00965) n (CF2) + 0.637 (± 0.0369) n
(CF3) – 0.201 (± 0.0140)n (CH2) - 1.73(± 0.0969)(n Ph / Pn) -1.03 (± 0.224)
n(OH) – 6.94 (± -0.857) α - 0.734 (± 0.163) 100R2, 95.83; A100R2, 95.64; F,
409.9; Sest, 0.555; S0, 0.211; Ndp, 114.
COMP 489
"Inductive" descriptors: Ten successful years in QSAR
Artem Cherkasov, Division of Infectious Diseases, University of British
Columbia, 2733 Heather Str, Vancouver, BC V5Z 3J5, Canada, Fax: 604-8754013, artc@interchange.ubc.ca
In a series of recent studies we reported the development of ′inductive′ QSAR
descriptors which are related to atomic electronegativity, covalent radii and
intramolecular distances, and that have all been derived from the original
equations for steric and inductive substituent constants we have published 10
years ago. Since that time a variety of related QSAR parameters including

′inductive′ electronegativity, ′inductive′ partial charge and ′inductive′ analogues of
chemical hardness and softness have been introduced. To date, 50 global and
local ′inductive′ descriptors have been elaborated; possible interpretation of their
physical meaning has been suggested by considering a neutral molecule as an
electrical capacitor formed by charged atomic spheres. Consequent studies
demonstrated successful application of ′inductive′ QSAR parameters in
quantification of antibacterial activity of organic compounds and peptides, in
QSAR modelling of metabolic and drug-like substances, in comparative docking
studies and in the discovery of novel drug leads.
COMP 490
Polarizable force fields for biomolecular simulations: Bulk liquid properties
using the CHARMM fluctuating charge force field
Sandeep Patel, Chemistry and Biochemistry, University of Delaware, Newark,
DE 19716, spatel@mail.chem.udel.edu
There is considerable effort ongoing in developing the next generation of force
fields for statistical mechanics based simulations of biological systems--what are
known as polarizable, or non-additive, force fields. Recent work within the
CHARMM molecular modeling package has led to the development of a firstgeneration polarizable force field based on the charge equilibration (fluctuating
charge) formalism, first applied to water by Rick and coworkers(1). In this
contribution, we examine the quality of the current parameterization by
investigating bulk liquid properties of various small molecules taken as model
compounds for biologically important systems. We will also consider molecular
dynamics simulations of alcohol-water and amide-water systems using these
novel potentials.
1) S. W. Rick, S. J. Stuart, B. J. Berne. J. Chem. Phys. 101(7). pp 6141. 1994.
COMP 491
Atomistic and continuum modeling of deformation of coiled-coil vimentin
intermediate filaments
Markus J. Buehler and Theodor Ackbarow, Laboratory for Atomistic and
Molecular Mechanics, Department of Civil and Environmental Engineering,
Massachusetts Institute of Technology, 77 Massachusetts Ave., Room 1-272,
Cambridge, MA 02139, Fax: 617-258-6775, mbuehler@MIT.EDU
Vimentin coiled-coil alpha-helical dimers are elementary protein building blocks
of intermediate filaments, an important component of the cell's cytoskeleton that

controls the large-deformation behavior of eukaryotic cells. Here we report
development a new modeling approach that combines of atomistic simulation
and continuum theory to model large tensile deformation of different hierarchical
levels of such vimentin intermediate filaments. Our work is centered around a
new theoretical framework based on Bell's theory that allows us to predict
unfolding behavior of several hierarchical assemblies of proteins across vast
time- and length-scales and at different assembly stages. The theory describes
the competition of different deformation pathways and their associated energy
barriers. In particular, our model simultaneously considers different hierarchical
scales and the deformation mechanisms that can operate at each scale. We
confirm the new theory by direct full atomistic simulations of various protein
structures and geometries. Our model enables us to describe the mechanics of
cyclic stretching experiments of intermediate filaments, mimicking the
characteristic loading of vascular cells or myocytes. Our results indicate a
hysteresis in the force-strain response, leading to energy dissipation as the
protein undergoes repeated tensile loading. Our model predicts deformation
mechanisms at different loading rates, different length scales and under different
environmental conditions. The work illustrates how atomistic simulation can be
utilized to develop predictive models of complex nanostructured hierarchical
protein materials, across time- and length scles. Our results advance the
understanding of how intermediate filament networks contribute to the
mechanical integrity of cells, and provide insight into how molecular defects can
cause loss of the mechanical integrity of cells.
COMP 492
Caught in atomistic detailed action: Modeling of protein-G monomers
forming oligomers
Jennifer M. Bui1, Joerg Gsponer2, John C. Wooley3, Michele Vendruscolo1, J
Andrew McCammon4, and Christopher M. Dobson1. (1) Department of
Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW,
United Kingdom, jbb39@cam.ac.uk, (2) MRC Laboratory of Molecular Biology,
University of Cambridge, Cambridge CB2 2QH, United Kingdom, (3) Associate
Vice Chancellor for Research, University of California, La Jolla, CA 92093-0505,
(4) Howard Hughes Medical Institute and Department of Chemistry and
Biochemistry, University of California, San Diego, La Jolla, CA 92093-0365
Biochemical processes such as protein folding, binding, and catalysis often occur
in microsecond to millisecond. Capturing dynamics motions of proteins in such
slow timescale remains a challenging and pertinent goal for investigating the
relation of structure, dynamics, and function. We present a multi-scale molecular
dynamics approach that allows to sample large conformational changes and to
identify important dynamic information. The method is tested on the β1 domain
(the immunoglobulin-binding domain) of Streptococcal protein-G. Simulation

results are analyzed and compared to motions that have been captured as
possible mechanisms, explaining how monomer can be induced to form
oligomers in previous protein engineering experimental studies. In addition,
backbone dynamics order parameters computed from model-free approach with
a double exponential fitting function are shown very close to those obtained from
experimental residual dipole coupling measurements.
COMP 493
Intricate role of water molecules in protein dynamics
Donald Hamelberg, Tongye Shen, and J Andrew McCammon, Howard Hughes
Medical Institute, Department of Chemistry and Biochemistry and Department of
Pharmacology, Center for Theoretical Biological Physics, University of California
at San Diego, 9500 Gilman Drive, Mail Code 0365, La Jolla, CA 92093-0365,
Fax: 858-534-4974, dhamelbe@mccammon.ucsd.edu
Water molecules are ubiquitous in living organisms and have therefore been
viewed more as an environment for biomolecules rather than as a collection of
interacting molecules. In order to realistically mimic the environment of
biomolecules, molecular dynamics simulations are routinely done in explicit
water. Unfortunately, most of the computational resources go into computing the
interactions between these water molecules. Therefore, many implicit solvation
models have been pursued over the years that only view the presence of water
molecules as a continuum dielectric. However, critical questions do arise about
the inherent faster dynamics that are obtained with implicit solvation models. We
show that explicit water molecules do not only slow down protein dynamics by
increasing the frictional drag, but also increase the local energetic roughness of
the energy landscape by as much as 1.0 kcal/mol, an effect which is lacking in
typical implicit solvation models.
COMP 494
Reducing false-negatives in computational protein design: Moving beyond
a single-backbone model
David F. Green, Applied Mathematics and Statistics, Stony Brook University,
Math Tower 1-117, Stony Brook, NY 11794-3600, Fax: 631-632-8490,
dfgreen@ams.sunysb.edu
When designing protein complexes it is not enough to achieve high-affinity,
specificity is also essential. However, state-of-the art protein design
methodologies suffer from a major deficiency in addressing this problem:
inaccurate evaluation of unfavorable sequence choices results in a large number

of false-negative predictions. We have developed a novel approach that shows
promise as a solution. Molecular dynamics simulations are combined with a
Dead-end eliminination (DEE) based discrete conformational search over an
ensemble of backbones, followed by hierarchical re-evaluation of top scoring
sequences with a continuum solvation model. The success of the method has
been assessed by performing parallel design calculations beginning with
structures of related proteins, and computing ALL sequences capable of
stabilizing the structure to within a given cutoff of the global minimum. While
single-structure calculations show significant bias toward the sequence of the
starting struture, our combined MD/DEE approach alleviates the majority of these
artifacts.
COMP 495
Tautomers, conformers, and computation of chemical similarity
James H. Nettles, Jeremy L. Jenkins, Zhan Deng, Andreas Bender, Josef
Scheiber, John W. Davies, and Meir Glick, Lead Finding Platform, Novartis
Institutes for BioMedical Research, 250 Massachusetts Avenue, Cambridge, MA
02139, james.nettles@novartis.com
Beyond the local charge effect of protonation states, the arrangements of
hydrogens due to tautomerization can have dramatic impact upon the
conformational (shape) space of a given molecule. We compare the effect of
different methods for enumerating tautomers upon enrichment in virtual
screening. The importance of hydrogen placement is illustrated for drug
interacting with various classes of target and diverse chemotypes.
COMP 496
Extending the scope of relative binding free energy calculations
Julien Michel and Jonathan W Essex, School of Chemistry, University of
Southampton, Highfield, Southampton SO17 1BJ, United Kingdom,
mail@julienmichel.net
Relative binding free energy calculations of protein-inhibitor complexes within a
rigorous statistical mechanics framework have been reported for two decades. A
major limitation of traditional relative free energy calculation techniques is that
they do not easily allow the consideration of structurally diverse ligands. We
propose a general approach to compute relative binding free energies between
ligands of arbitrary shape and topology. We demonstrate that the methodology
produces results identical to established free energy calculation protocols, but
can be easily applied to a much larger range of protein-inhibitor complexes. To

illustrate this, we compute the relative binding free energy of different binding
modes of the same inhibitor and several different scaffolds. We conclude by
suggesting how this methodology can be best combined with other computational
protocols for rational drug design purposes.
COMP 497
Many body interactions of small water clusters
Albert A. DeFusco III, Center for Molecular and Materials Simulations and
Department of Chemistry, University of Pittsburgh, 219 Parkman Ave, Pittsburgh,
PA 15260, ald26+@pitt.edu, Jun Cui, Dept. of Chemistry and Center for
Molecular and Materials Simulations, University of Pittsburgh, Pittsburgh, PA
15260, and Kenneth D. Jordan, Department of Chemistry, University of
Pittsburgh, Pittsburgh, PA 15260
Results from several polarizable models are compared with those from MP2
electronic structure calculations. In addition, the Reduced Variational Space
(RVS) procedure is used to analyze the importance of many–body effects caused
by exchange interactions. It is demonstrated that in many cases exchange
effects make sizable contributions to the 3– and 4–body interaction energies.

