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Soo-Kyung Kim and Kenneth A. Jacobson, Molecular Recognition Section, NIDDK, NIH, Bldg. 8A, Rm.
1A20, Bethesda, MD 20892-0810, Fax: 301-402-0008, SooKyungK@intra.niddk.nih.gov
Increasing evidence suggests that G protein-coupled receptors (GPCRs) form functional dimers or larger
oligomeric complexes through homodimerization or heterodimerization. In this study, symmetrical
homodimers of the A3 adenosine receptor (AR) with various transmembrane (TM) contact sites, TM1-2,
TM2-3, TM2-4, TM3-4, TM4-5, TM5-6, TM6-7, and TM7-1, were generated by a “fit-atoms” method using
eight centroids of the TM centroids, and normal atom passed through the plane containing all centroids.
Following molecular dynamics, several contact sites, TM1-2, TM2-4, and TM4-5, were energetically stable.
Through the calculation of the area of the contact sites in various dimers using MOLCAD surface program,
the TM4-5 dimer had the most TM contact area among homodimers, consistent with the atomic force
microscopy result of bovine rhodopsin in native membrane, in which TM4-5 was the contact site. In
addition, the TM4-5 dimer made by this theoretical method was more stable than the TM4-5 dimer
generated by the semi-empirical method.

COMP 242 New tool for the interrogation of macromolecular structure
Francisco Torrens, Institut Univesitari de Ciencia Molecular, Universitat de Valencia, Dr. Moliner-50,
EI-1-38, Burjassot (Valencia) 46100, Spain, Fax: 34-96-354-3156, Francisco.Torrens@uv.es
Our program BABELPDB allows browsing and interrogating the native and derived structural features of
biological macromolecules using data obtained from the Protein Data Bank (PDB). Major features of
BABELPDB are: (1) convert from PDB to other formats; (2) add or remove H atoms; (3) strip the
crystallization water molecules and (4) separate the ALPHA-carbons (C^ALPHA). The coordinates
obtained with BABELPDB allow characterizing the presence of hydrogen bonds (H-bond). The algorithm
for detecting H-bonds is implemented in our program TOPO for the theoretical simulation of the molecular
shape. An example is given to illustrate the capabilities of software: the calculation of the fractal dimension
of lysozyme molecule with and without H atoms. The numbers compare well with reference calculations
performed with our version of program GEPOL and with the results from Pfeifer et al. For proteins,
C^ALPHA skeleton extracted with BABELPDB allows drawing the ribbon image, which determines the
secondary structure.
COMP 243 Computer simulations of physical adsorption
Zhang Ying and Yan Zifeng Sr., State Key Laboratory for Heavy Oil Processing, Key Laboratory of
Catalysis, Universtiy of Petroleum,CHINA, Dongying 257061, CHINA, China, s_zhangying@163.com
The development of digital computers that provide the link between molecular and macro- scopic behavior
has proved to be an extremely powerful research technique. Simulations of physical adsorption have been
carried out widely. Now researches focus on a great interest in studying properties of fluid confined in
realistic models containing some degree of disorder. Molecular dynamics and Monte Carlo in the grand
canonical ensemble (GCMC) are the most general methods to calculate dynamical, structural, and
thermodynamic quantities to be compared to experiments. The development of the Gibbs ensemble
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MonteCarlo technique by Panagiotopoulos greatly favored the study of such simple geometries (slits or
cylinders), but introduction of some disorder in such models breaks the initial invariance and prevents to
work in the Gibbs ensemble. Development the full power of the computer methods in this field will become
an important aspect of our progress towards a full understanding of physical adsorption on or in complex
solids.
COMP 244 Thermodynamically accurate particle-based mesodynamics
Alejandro Strachan, Explosives and Organic Materials - Theoretical Division, Los Alamos National
Laboratory, MS G756, Los Alamos, NM 87545
Particle-based mesoscopic approaches, where groups of atoms are represented by a single mesoparticle,
are widely used to achieve length- and time-scales beyond what is possible with atomistic modeling. I will
present a new mesodynamical approach that describes the energy exchange between mesoparticles and
their internal degrees of freedom in a thermodynamically accurate way. In our approach, energy exchange
is done through particle coordinates, rather than momenta, resulting in Galilean invariant equations of
motion; the total linear momentum as well as total energy (including the internal energy of the
mesoparticles) are conserved and no coupling occurs when a mesoparticle is in free flight. The parameters
entering our mesodynamics are easily obtained from first-principles and its results are in excellent
agreement with all-atom simulations. Furthermore, our approach enables for a quantum mechanical
description of the thermal properties of the implicit degrees of freedom (all-atom MD is always classical) and
is generally applicable to many problems of materials science, chemistry, and biology.
COMP 245 Interactions between nanoparticles in supercritical fluids: From repulsions to attractions
Sergei Egorov, Chemistry, UVa, Charlottesville, VA 22903
We present a density functional theory study of interactions between sterically stabilized spherical
nanoparticles in a supercritical solvent. Theory is used to analyze the effect of particle size, solvent
density, and solvent-ligand interaction strength on the potential of mean force between the particles.
Experimentally observed size-selective precipitation of nanoparticles is rationalized in terms of the behavior
of density profiles of stabilizing ligands as a function of particle size and solvent thermodynamic conditions.
Theory yields the same general trends as observed in experiments, namely, increased stability of
nanoparticle dispersions at higher solvent densities, for smaller particle sizes, and for stronger
ligand-solvent interactions.
COMP 246 Encoding and transport of information in molecular and biomolecular systems
Jorge M. Seminario1, Liuming Yan2, and Yuefei Ma1. (1) Departments of Chemical Engineering, and
Electrical and Computer Engineering, Texas A&M University, 3122 TAMU, College Station, TX TX 77843,
Fax: 979-845-3301, seminario@tamu.edu, (2) Department of Chemical Engineering, Texas A&M University
Under the urgency to continue the exponential increase of computational power, which is seriously limited
by physical laws, regardless of the materials used, that will not allows us anymore to continue the so far
successful scaling-down to reach higher performances by simultaneously allowing smaller and faster
electronic devices, we have proposed possible scenarios that will solve the need to compromise, because
heat dissipation, speed and size of integrated devices. These scenarios based on molecular electrostatic
potentials and molecular vibrational modes can be combined to process and code information in
nanosized circuits. We report preliminary work to introduce amplitude-modulated vibrational signals in a site
of a biological molecule and its recovery at another site. We also report a demonstration of an OR
molecular gate using molecular electrostatic potentials. In both cases, energy dissipation is orders of
magnitude smaller than when using electron charges and currents to code and process information.
COMP 247 Coupling classical molecular dynamics simulations to continuum current and heat flow
equations: Application to Joule heating, friction, and magnetic lift-off of nanoscale metal contacts
Clifford W. Padgett and Donald W. Brenner, Department of Materials Science and Engineering, North
Carolina State University, Raleigh, NC 27695, Fax: 919-515-7724, cwpadget@ncsu.edu
Molecular dynamics (MD) simulation are coupled via an ad hoc feedback loop to continuum current and
heat transfer equations that are numerically solved on a finite difference grid (FDG) in order to reproduce
experimental heat flow rates and to model resistive heating. For resistive heating, Joule heating, the
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resistance in each region of the FDG is calculated from the experimental resistivity and atomic density, and
a network of resistors is established from which the potential at every FD point is calculated given an
applied voltage. The potential difference between connected FDG regions and the resistance are then
used to calculate the current between the two points, the heat resulting from that current, and the
magnetic and electrical force between grid regions. This information is then added back into the atomic
simulation. To illustrate this method, simulations of the frictional heating, resistive heating, and magnetic
lift-off force of a nanoscale metal contract will be presented. This work was funded by GA Tech MURI
supported through ONR.
COMP 248 Visualizing structure-activity relationships in ABCD
Dimitris K. Agrafiotis, Johnson & Johnson Pharmaceutical Research & Development, L.L.C, 665
Stockton Drive, Exton, PA 19341, Fax: 610-458-8249
Johnson and Johnson Pharmaceutical Research & Development has recently unveiled ABCD
(http://www.bioitworld.com/archive/061704/discovery.html), an informatics platform that bridges multiple
continents, data systems and cultures using modern information technology, and delivers unprecedented
chemical sophistication, performance and analytical power to discovery scientists around the globe. A
central component of ABCD is a .NET-based desktop application called Third Dimension Explorer, which
enables researchers to access, analyze and mine large volumes of chemical and biological data, compute
relevant molecular properties, establish structure activity-relationships, and perform an array of additional
chemo- and bio-informatics tasks. Since Third Dimension Explorer was conceived as the main hub for all
routine drug discovery data analysis needs, it was important to provide transparent integration to a large
body of computational models developed throughout J&JPRD. In this presentation, we give an overview of
ABCD and Third Dimension Explorer, and demonstrate how it can be used to generate and invoke
computational models, visually analyze the predictions, validate them against experimental results, and
use them to prioritize synthetic candidates. We also present several new ways of visualizing multi-factorial
structure-activity relatonships that are intuitive and appealing to the medicinal chemists, and allow them to
ascribe biological properties to specific parts of the chemical structure.
COMP 249 Molecular Property eXplorer - A Novel Approach to Visualizing SAR
Christopher Kibbey, Discovery Technologies/Scientific Computing, Pfizer Global Research and
Development, 2800 Plymouth Road, Ann Arbor, MI 48105, Fax: 734-622-2782
Visualization plays an important role in exploring and understanding relationships within multidimensional
data sets. A number of software applications have been developed to facilitate the analysis of
multidimensional structure-activity data sets. Many of these applications apply standard clustering
techniques to organize the data with respect to chemical structure, or biological activity. The clustered data
is typically represented graphically in the form of centroid structures, dendrograms, and/or non-linear maps.
Molecular Property eXplorer (MPX) is unique in its presentation of clustered data in the form of heatmaps
and tree-maps. Tree-maps convey both the spatial relationship among cluster members within the
hierarchy and the value of a single property (e.g., biological activity) associated with each chemical
structure. Heatmaps provide visualization of the cluster members across multiple properties. MPX
seamlessly integrates a reciprocal nearest neighbors (RNN) clustering algorithm with tree-map and
heatmap visualizations into an easy to use application targeted towards medicinal chemists. In addition,
MPX provides a rich set of data mining tools for querying a data set based on a specified activity range,
chemical similarity, and chemical substructure criteria.
COMP 250 SAESAR: software workbench for the interpretation and visualization of shape,
electrostatics and structure activity relationships
Norah E. MacCuish1, Anthony Nicholls2, John D. MacCuish1, and Mitch Chapman1. (1) Mesa Analytics &
Computing, LLC, 212 Corona St., Santa Fe, NM 87501, Fax: 509-472-8131,
norah.maccuish@mesaac.com, (2) OpenEye Scientific Software, Inc
SAESAR is a software environment that integrates exploratory data analysis, hypothesis generation, and
predictive modeling through interactive visualization tools. 2D key based fingerprints and 3D shape and
electrostatics descriptors are combined with symmetric and asymmetric clustering techniques to facilitate
datamining. Interactive dendogram and MDS visualization of both hierarchical and non-hierarchical
methods provides multiple views into data structure. Statistical learning visualization utilizing a suite of
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classification and regression models is integrated for QSAR analysis and prediction.
COMP 251 Sherloque: A general purpose SAR and property viewer
Andrew Smellie, ArQule Inc, 19 Presidential Way, Woburn, MA 01801, asmellie@arqule.com
SherloQue: A general purpose SAR and property viewer
A vital component of drug discovery comes from the collective knowledge and experience of medicinal
chemists working on a project. The process of perceiving and deducing structure-activity relationships can
be a time-consuming and complex one, especially if many molecules and/or molecular properties are being
considered.
SherloQue is a tool that rationally presents molecular structures in a set of layouts that promote easy
comparison based on user-selected properties. Any numeric property can be compared, but for
structure-activity relationship perception, the experimental (and perhaps predicted) activity is clearly
important. Convenience functions promote the exploration of property space and aid easy navigation to
molecules of interest.
Sherloque also provides assistance in suggesting which molecules to synthesize next such that the
subsequent results are most amenable to interpretation.
COMP 252 Cassandra - A Web Interactive Molecular Modelling and Cheminformatics Visualisation
Interface
Lewis Whitehead, Global Discovery Chemistry, Novartis Institutes for Biomedical Research Inc, 100
Technology Square, Cambridge, MA 02139, lewis.whitehead@novartis.com, Peter Gedeck, Global
Discovery Chemistry, Novartis Institutes for Biomedical Research, Wendy D. Cornell, Molecular Systems,
Merck Research Laboratories, and Peter Finan, Pathways, Novartis Institutes for Biomedical Research Inc
An interactive intranet based molecular modeling environment focused at users unfamiliar with molecular
modeling software but keen to access molecular models and crystal structures for structure based drug
design and rationalizing structure activity relationships is presented. Cassandra uses commercially
available software to incorporate molecular models into web pages containing pre-programmed operations
for a scientist to access and manipulate three dimensional molecular models. The capability of linking
these models with the Novartis cheminformatics infrastructure allows access to much more than structural
data alone, and permits a user to rationalize the binding activity data with respect to three dimensional
molecular models. The use of the interface with respect to supporting a kinase drug-discovery project will
be discussed as well as future directions and potential of the interface with respect to small molecule
crystal structure visualization, docking and pharmacophore virtual screening visualisation.
COMP 253 Use of Spotfire™ profile charts to display dose-response curves for comparison of
compounds' in vitro transcriptional activities
Daniel R. McMasters, Molecular Systems, Merck Research Laboratories, P.O. Box 2000, RY50SW-100,
Rahway, NJ 07065, Fax: 732-594-4224, daniel_mcmasters@merck.com, and J. Christopher Culberson,
Molecular Systems, Merck & Co
In a nuclear hormone receptor agonist drug discovery project, the scientists needed to compare the
activities of novel compounds in a variety of in vitro transcriptional assays in order to select compounds for
further testing in the project in vivo models. It was observed that the dose-response curves for most
compounds did not have a sigmoidal shape and therefore could not be properly characterized by a
four-parameter fit, requiring a visual inspection of the dose-response curve. In order to allow the team to
visually compare compounds' dose-response curves in the various assays quickly and easily, a method
was devised in which the data were loaded into Spotfire™ and displayed using profile charts. This method
allows the project scientists to visually compare compounds on various assay graphs simultaneously and
to see the interassay variability in the form of individual replicates and standard deviations. In contrast to
other graphing applications considered, the Spotfire™ plots are generated in an automated fashion, are
searchable, and can be archived without requiring large files. In addition to dose-response curves, the
profile chart method is expected to prove useful wherever visualization of large numbers of curves is
required.
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COMP 254 PyMOL: A communications tool for computational models
Warren L DeLano and Joni W Lam, DeLano Scientific LLC, 400 Oyster Point Blvd. Ste 213, South San
Francisco, CA 94080, Fax: 650-872-0273, warren@delsci.com
The molecular visualization program PyMOL offers general capabilities for visualizing and communicating
computational models. Because PyMOL is open-source, actively developed, and platform-independent,
chemists can feel secure about making an investment in learning the program and then depending upon it
for a variety of routine visualization tasks. In addition to being able to read and display many common
molecular file formats and representations, PyMOL supports volumetric data, solid or mesh isosurfaces,
and colorimetric potentials as well as arbitrary geometries that can be used to show various 3D spatial
relationships. The software provides both a graphical user interface as well as scripting, animation, and
automation facilities, including support for the Python language. PyMOL is freely available to all, but
optional commercial support is available for both academic and industrial users. Here we provide an
overview of the package and demonstrate some specific applications of using PyMOL to visualize and
communicate modeling data.
COMP 255 Quantum computation for quantum chemistry
Alan Aspuru-Guzik1, Anthony D. Dutoi1, and Martin Head-Gordon2. (1) Kenneth S. Pitzer Center for
Theoretical Chemistry, Department of Chemistry, University of California, Berkeley, Berkeley, CA
94720-1460, alan@aspuru.com, (2) Department of Chemistry, University of California Berkeley and
Chemical Sciences Division, Lawrence Berkeley National Laboratory
The calculation time for the energy of atoms and molecules scales exponentially with system size on a
classical computer, but polynomially using quantum algorithms. Calculations of the H2O and LiH molecular
ground-state energies have been carried out on a quantum computer simulator using a recursive phase
estimation algorithm. Only four quantum bits are required for the read-out register, in addition to those
required to store the wavefunction. The number of quantum bits required is linear with the size of the
molecule studied. The algorithm and its applications, as well as prospects for its physical implementation
will be presented.

COMP 256 Accurate computation and interpretation of spin-dependent properties in metalloproteins
and bioinorganic complexes
Jorge H. Rodriguez, Department of Physics, Purdue University, West Lafayette, IN 47907, Fax:
765-494-0706, jorge-r@physics.purdue.edu
Nature uses the properties of open-shell transition metal ions to carry out a variety of functions associated
with vital life processes. Mononuclear and binuclear iron centers, in particular, are intriguing structural
motifs present in many heme and non-heme proteins. Hemerythrin and methane monooxigenase, for
example, are members of the latter class whose diiron active sites display magnetic ordering. We have
developed a computational protocol based on spin density functional theory (SDFT) to accurately predict
physico-chemical parameters of metal sites in proteins and bioinorganic complexes which traditionally had
only been determined from experiment. In addition, we have implemented a rigorous method based on
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sum-over-states perturbation theory to account for spin-orbit coupling effects which are not included in the
non-relativistic Kohn-Sham formulation. We have used this new methodology to perform a comprehensive
study of the electronic structure and magnetic properties of heme and non-heme iron proteins and related
model compounds. We have been able to predict with a high degree of accuracy spectroscopic
(Mössbauer, EPR, UV-vis, Raman) and magnetization parameters of iron proteins and, at the same time,
gained unprecedented microscopic understanding of their physico-chemical properties. Our results have
allowed us to establish important correlations between the electronic structure, geometry, spectroscopic
data, and biochemical function of heme and non-heme iron proteins.
Supported by NSF grant CHE-0349189 (JHR)
COMP 257 First-principles electronic structure approach for molecular structures, properties, and
reactivity in solution: Towards chemical accuracy
Chang-Guo Zhan, Department of Pharmaceutical Sciences, College of Pharmacy, University of Kentucky,
725 Rose Street, Lexington, KY 40535, Fax: 859-257-7585, zhan@uky.edu
It has been a dream of computational chemists that practical electronic structure calculation of molecules
in solution can achieve chemical accuracy (i.e. the error < 1 kcal/mol) as the corresponding gas phase
calculation. We have developed a unique fully-polarizable-continuum-model (FPCM) implementation [1]
which allows performing first-principles solvation-included electronic structure calculations and the
FPCM-based hybrid supermolecule-continuum approach [2], whose results can systematically be improved
by increasing the number of explicit solvent molecules, leading to the first-principles prediction of the
absolute solvation free energies of important chemical structures and the activation energies of
representative chemical reactions with the desirable chemical accuracy [3]. The FPCM-based hybrid
supermolecule-continuum approach has been applied to computational studies of a variety of chemical
and biochemical problems. The results presented here are encouraging and suggest that the chemical
accuracy for the practical electronic structure calculation of molecules in solution is now more like a
possibility than a dream.
COMP 258 Complete coverage of the shape space of drug-like molecules
Anthony Nicholls1, J. Andrew Grant2, and James Haigh1. (1) OpenEye Scientific Software, 3600 Cerrillos
Road, Suite 1107, Santa Fe, NM 87507, (2) Lead Discovery, AstraZeneca Pharmaceuticals Ltd
Although the exact number of synthesible, drug-like, molecules is the subject of some debate, with
estimates varying from 10**18 to 10**200, the space occupied by the three-dimensional shape of such
molecules is distinctly finite. We present evidence that, to a threshold of visual and functional similarity and
an upper limit in molecular size, a few thousand prototypic shapes can represent all of small molecule
morphology. We further show this set provides an impartial and practical measure of shape diversity for a
molecular collection. It is also a framework for the examination of the diversity of electrostatic potentials
around molecules, hence delivers a robust index into the dominant physical properties of conceivable
drug-like molecules.
COMP 259 Surrogate docking: Structure-based virtual screening at high throughput speed
Sukjoon Yoon, Andrew Smellie, David S. Hartsough, and Anton Filikov, Informatics and Modeling,
ArQule, Inc, 19 Presidential Way, Woburn, MA 01801, Fax: 781-376- 6019, syoon@arqule.com,
afilikov@arqule.com
Structure-based screening using fully flexible docking is still too slow for large molecular libraries. High
quality docking of a million molecule library can take days even on a cluster with hundreds of CPUs. This
performance issue prohibits the use of fully flexible docking in the design of large combinatorial libraries.
We have developed a fast structure-based screening method which uses a 2D QSAR model built on a
training set obtained by docking of a limited number of diverse compounds. We will report a comparison of
a model based on radial basis functions and a Bayesian categorization model. The analysis of the ability
to enrich a database with experimental binders showed that the performance of the surrogate docking is
comparable to the one of docking itself. The throughput of the method allows its use in screening of large
compound collections and in the design of large combinatorial libraries.
COMP 260 Multi-timescale events simulation: From tensioned dynamics to chemo-coupled dynamics
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Wei Yang, Department of Chemistry and Biochemistry, School of Computational Science, and Institute of
Molecular Biophysics, Florida State University, Dittmer Bldg, Tallahassee, FL 32306-4390, Fax: (850)
644-8281, and Martin Karplus, Department of Chemistry and Chemical Biology, Harvard University
Biomolecular processes occur at various timescales, ranging from 10-14 sec for the fast bond stretching in
enzymatic reactions to the lifespan of the organism. Coupling between events occurring at different
timescales enables the fast timescale transfer of energy at the molecular level to be useful in the
propagation of biological information (e.g., signal transduction) that occurs as part of slow timescale
biological processes at the macroscopic level. Articulating this type of events has been quite challenging,
especially at molecular detail. Novel molecular dynamics simulation methods are developed to advance our
knowledge in two typical multi-timescale events: tensioned dynamics and chemo-coupled dynamics. The
development and application of these methods in elucidating enzyme systems such as DNA Polymerase
and Chorismate Mutase will be discussed.
COMP 261 New methods for calculating the absolute entropy and free energy from a Monte Carlo or
molecular dynamics trajectory
Hagai Meirovitch, Ronald P White, and Srinath Cheluvaraja, Department of Computational Biology,
University of Pittsburgh School of Medicine, 200 Lothrop Street, BST 1058W, Pittsburgh, PA 15261, Fax:
412-648-3163, hagaim@pitt.edu
Calculation of the entropy and the free energy by computer simulation still constitutes an extremely difficult
problem. In particular, calculating the free energy difference between two microstates (1 and 2) of a
peptide with a large structural variance by thermodynamic integration is practically unfeasible. On the other
hand, if one could calculate the absolute free energy, F, from a simulation of a given microstate,
DeltaF=F1-F2 and the integration can be avoided. Our group has proposed recently a new general
approach for calculating F by analyzing Boltzmann samples obtained by Monte Carlo (MC). The method,
called hypothetical scanning MC (HSMC), has been applied very successfully to liquid argon, TIP3P water,
peptides, and self-avoiding walks. HSMC provides rigorous upper and lower bounds for F, which can be
obtained from a very small sample and even from a single conformation. We discuss recent work for
peptides and plans for future work.
COMP 262 Dissipative particle dynamics simulations on powder clearcoat melts, aqueous nanogels
and core-shell lattices
Michael P. Makowski1, Loukas I. Kioupis1, and Kaliappa Ragunathan2. (1) Applied Scientific Computing,
PPG Industries, 4325 Rosanna Drive, Allison Park, PA 15101, Fax: 412-492-5577, makowski@ppg.com,
(2) Automotive Refinish Synthesis, PPG Industries
Dissipative particle dynamics (DPD) simulations have been used to study two applications important to the
coatings industry. First, DPD methods were carried out on automotive powder clearcoat formulations with
different flow additives to determine the mechanisms leading to poor appearance and surface roughness.
The purpose of this study was to investigate the miscibility of the different components in the powder melt
phase and to simulate the dynamics of phase separation during the curing process. We explored the
possibility that during powder melt and coalescence, regions of high concentration of crosslinker are
formed on the surface, which in turn results in large surface tension gradients. Our results helped explain
recent experimental studies using surface profilometry showing that surfaces initially become very smooth
during cure, but at later times become very rough. The role of flow additives is also discussed and the
morphology of the system is studied at different stages of the curing reaction. A second DPD study will be
discussed whose objective was to determine the intrinsic properties of new "reverse latex" nanogels and
core-shell lattices to determine how modifications in synthetic methods, degree of neutralization,
co-monomer composition, polymer architecture and solvent packages affected performance properties in
waterborne coatings applications.
COMP 263 Predicting dynamic mesoscale structure of soft or fluid consumer products
Fiona H Case, Case Scientific, 125 Main Street, Essex Junction, VT 05452, fiona@casescientific.com,
J.G.E.M. (Hans) Fraaije, Leiden Institute of Chemistry, University of Leiden, and Shyamal K. Nath,
Department of Materials Engineering, New Mexico Tech
Many soft or fluid consumer products, such as foods, paint, detergents, personal care products, and
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cosmetics, contain mesoscale (nanometer to micron size) fluid structures. These structures are formed by
the spontaneous self-assembly of natural or synthetic surfactants or block copolymers. In most products
mixtures of different surfactants and polymers are required to create the desired structure and
performance. These complex materials require a modeling approach that can span a wide range of length
and time scales. Performance depends not only on the static or equilibrium mesoscale structure, but on it's
dynamic behavior in response to macroscale external stimuli (mixing, dilution, etc.), which is determined by
the molecular structure of the ingredients. This presentation will describe modeling approaches,
encompassing molecular, particle, and field descriptions of materials, which have been developed to
predict properties of these commercially important complex materials.
COMP 264 Application of atomistic simulation to materials design of lubricants and high strength
steels
Peter A. Gordon, Michael J Luton, and Concezione A Halsey, Corporate Strategic Research, ExxonMobil
Research & Engineering, 1545 Route 22 East, Annandale, NJ 08801, Fax: 908-730-3031,
Peter.A.Gordon@exxonmobil.com
We will present two different applications of atomistic simulations employed in helping to understand how
to guide materials design at ExxonMobil. In the first case, we describe the use of molecular dynamics
simulation to explore structure-rheology relationships to help guide novel synthetic lubricant basestock
component synthesis. We also explore ways by which rheological data obtained from molecular dynamics
can be passed up to continuum models of elastohydrodynamically lubricated contacts to explore molecular
structure-traction relationships. In the second example, we employ large scale molecular dynamics and
statics to study fracture processes in Fe and Fe alloys. The influence of alloying elements on the
competition between brittle and ductile crack response is investigated.
COMP 265 Multiscale modeling for self-assembled materials and composites in industrial
nanotechnology
Sanat Mohanty1, Richard B. Ross2, G. Caldwell3, and Manish Jain1. (1) 3M Company, 201-2E-23, 3M
Center, St. Paul, MN 55144-1000, Fax: 651-737-2590, smohanty@mmm.com, (2) Advanced Materials
Technology Center, 3M Company, (3) Corporate Research, 3M Corporate Research Laboratories
Use of Brownian Dynamics, Molecular Dynamics and Monte Carlo Simulations in various integrated ways
are necessary to simulate the diverse critical phenomena that occur in numerous length and time scales in
nanostructured materials.
We present a variety of methods used succesfully in development of nano-engineered materials with
specific thermal, mechanical or optical properties.
COMP 266 From molecular simulations to Computer-Aided Nanodesign™ (CAN)
Gerhard Goldbeck-Wood, Accelrys, 334, Cambridge Science Park, Milton Road, Cambridge CB40WN,
United Kingdom, Fax: +44-1223-228501, gerhard@accelrys.com
Computer-aided Nanodesign (CAN) describes the use of modeling, simulation, and informatics to further
nanotechnology R&D, building bridges between chemistry and engineering workflows. The presentation
will discuss objectives and specific developments taking place in the context of the Accelrys
Nanotechnololgy Consortium. These include new tools to construct nanosystems, and a new linear scaling
density functional method, called ONETEP [1], which enables precision calculations for thousands of
atoms. In the area of bridging scale the Consortium is pursuing multiscale methods that address both
length scale (ONETEP and QM/MM) and time-scale: the development of the Learn-on-the-fly (LOTF) [2]
method allows moving quantum effect to be treated, e.g. crack propagation. Finally, the definition of
engineering properties, and their translation into protocols which can be automated using technologies
such as Pipeline Pilot (TM) from Scitegic will be discussed. [1] C.-K. Skylaris, P. D. Haynes, A. A. Mostofi,
M. C. Payne, J. Chem. Phys. 122, 084119 (2005) [2] G. Csanyi, T. Albaret, M. C. Payne, A. DeVita, Phys.
Rev. Lett. 93, 175503 (2004)
COMP 267 Visualization of model domain, modeling parameters and applicability domain
Glenn J. Myatt, Paul E. Blower, Kevin P. Cross, and Chihae Yang, Leadscope, Inc, 1393 Dublin Road,
Columbus, OH 43215, Fax: 614 675 3732, gmyatt@leadscope.com
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The process of building and applying reliable predictive models for a variety of biological endpoints is
challenging and requires a series of tools and diagnostics. Visually assessing the structural and
mechanistic domain of the training set is important prior to model building. The selection of descriptors,
both structural and properties, are critical as well as appropriate model building methods. Individual models
from subsets along with the global model are often built. Combining these models can often enhance
model reliability and application selectivity of untested compounds that satisfy pre-determined applicability
domain criteria. The presentation will describe visualizations that support domain assessment, descriptor
selection, model parameter optimization, model forensics, along with techniques for determining
applicability domain.
COMP 268 Using interactive visualization tools to support discovery, optimization, and library
design
Jeffrey F Lowrie, Molecular Modeling and Informatics, Pharmacopeia Drug Discovery, PO Box 5350,
Princeton, NJ 08543, jlowrie@pharmacop.com, David J. Diller, Molecular Modeling, Pharmacopeia, and
Robert K. Delisle, Pharmacopia, Inc
In an effort to avoid costly late stage ADME/Tox related drug development failures, many companies now
routinely assess candidates at the earliest possible moment using high throughput in vitro assays. An
extension of this strategy to computational models can not only provide additional resource savings, but
more importantly can provide information prior to synthesis. This talk will explore how the combination of
such models and chemically-aware visualization tools have allowed scientists at Pharmacopeia Drug
Discovery to better understand and manage the multidimensional risks inherent in drug development.
COMP 269 Novel interpretation method for the contribution of structure-information representation
indices and predicted physical properties in models of ADME/tox behavior. ANN case studies:
Human oral absorption and plasma protein binding
Lowell H. Hall II, Department of Chemistry, Eastern Nazarene College, 23 East Elm Avenue, Quincy, MA
02170, Fax: 617-745-3905, hall@enc.edu, L. Mark Hall, Product Development, Hall Associates Consulting,
Marc E. Parham, Senior Scientist, Interactive Analysis, Joseph Votano, President, ChemSilico, and
Lemont B Kier, Department of Medicinal Chemistry, Virginia Commonwealth University
An overview of structure-information representation indices is presented with an emphasis on structure
descriptors found useful in QSAR modeling of ADME/tox endpoints. ANN models for oral absorption and
plasma protein binding will be presented as examples. A novel non-linear trend analysis used to interpret
the relationship between changes in the input descriptor values and the corresponding change in the
output prediction will be discussed as a means of interpretation for the input descriptors. Molconn
structure-information representation descriptors were used with ANN descriptor selection and data fitting
techniques to produce models for oral absorption (612 drugs) and a plasma protein binding (1000 drugs).
External validation of the oral absorption model showed MAE of 11% on 195 drugs, with 90% of
predictions within 25% of the experimental value. External validation of the protein binding model showed
MAE of 13% on 200 drugs, with 92% of predictions within 30% of the experimental value.
COMP 270 Computational methods for evaluating ideas for kinase targeted libraries
Michael S. Lawless, Jon Swanson, Richard Foster, Christopher Harding, and Robert Clark, Tripos, Inc,
1699 South Hanley Road, St. Louis, MO 63144, lawless@tripos.com
A large amount of data on protein kinases is available for kinases, which makes them particularly good
subjects for computational analysis. We combine calculated physiochemical properties, alignment to known
inhibitors, and docking into crystal structures for evaluating ideas for kinase targeted libraries. Typically, a
proposal includes a reaction scheme, a known kinase inhibitor (rationale molecule), and a small set of
examplary compounds which can be made from the reaction. A mini virtual library is created and properties
of the molecules in the mini virtual library are calculated. Exemplary molecules from the library are overlaid
onto the rationale molecule, and the molecules are docked into four different kinase crystal structures.
Results are ranked by comparison to reference libraries, and topomeric similarity to molecules library is
determined. The combination of these rankings with visualization of overlays and docking results makes it
easy for the synthetic chemist to evaluate their library ideas.
COMP 271 Visualization of domain applicability of in vitro Chromosome Aberration QSAR models
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Donna Morrall1, Chihae Yang2, Glenn J. Myatt2, Kevin Cross2, and Paul E. Blower2. (1) Environmental
Sciences, Proctor & Gamble, Miami Valley Lab, Cincinnati, OH 45253-8707, (2) Leadscope, Inc
QSAR models are used to predict the potential for chemical effects in both product development cycles
and preliminary product safety screening. Since these models are often built by modelers and
disseminated to others for use, they need to be chemically-intuitive, easily interpretable, and their
applicability to test compounds must be readily determined. The prediction power and reliability of the
model for a particular test compound depends on the applicability of the model. The criteria to decide how
“close” a test compound should be to the training set, whether the model domain covers the test
compound needs to be addressed. In this paper, in vitro chromosome aberration models were built, as an
example, using a partial logistic regression model based on structural features and properties.
Visualization techniques to define the domain applicability of the in vitro model to certain test compounds
are presented.
COMP 272 Link3D software: Remote interactive molecular visualization thru Internet
Ferran Sanz, Jorge A. Naranjo, and Manuel Pastor, Research Unit on Biomedical Informatics (GRIB),
IMIM, Universitat Pompeu Fabra, Passeig Marítim 37-49, 08003 Barcelona, Spain, Fax: 34 93 224 0875,
ferran@imim.es
Link3D is a software specifically developed to allow two or more people, placed in remote locations and
connected to Internet, to share, visualize and manipulate 2D and 3D molecular structures. Link3D
supports a wide variety of molecular formats, as well as bitmaps or HTML documents. The application
includes specifically designed collaborative tools, which allow the users to move, manipulate and mark the
shared molecular models. It incorporates an audio channel allowing full-duplex conversations between the
remote users. The software runs on Windows and Unix (Linux and IRIX) operating systems, does not
require any special equipment and works on saturated networks or when using low bandwidth
connections. Link3D is well suited for pharmaceutical R&D since it allows to establish secure connections
using state-of-the art encryption and authentication methods. The application is freely available for to the
academic community at www.link3d.net.
COMP 273 Interpretation techniques for promolecular electron density distribution functions
Laurence Leherte, Laboratoire de Physico-Chimie Informatique, Facultés Universitaires Notre-Dame de la
Paix (University of Namur), 61, Rue de Bruxelles, B-5000 Namur, Belgium, Fax: +32-81-724530,
laurence.leherte@fundp.ac.be, and Daniel P. Vercauteren, Laboratoire de Physico-Chimie Informatique,
University of Namur
In a promolecular representation, a chemical structure is considered to be the superposition of
independent spherical atoms. Promolecular models have been shown to be reasonable approximation
levels to model electron density (ED) distributions, for example in chemical bond analysis or molecular
similarity applications. Analytical descriptions of promolecular ED distributions can be based on fitted
Gaussian functions, and are especially adapted to fast calculations of approximated EDs and their
properties. This work is focussed on the analysis of promolecular ED distributions at various levels of
smoothing, and relies on: - reduced graph representations which consist in a set of critical points (CPs).
Using the density values at the CPs and the distances between them, the graphs can be used for
molecular alignments; - the decomposition of molecular structures into fragments useful for interpreting
alignments; - the calculation of electrostatic potential and energy as molecular descriptors.
COMP 274 Diameter and chiral dependence of the radial breathing mode in single-walled carbon
nanotubes
Hadley M. Lawler1, J.W. Mintmire2, Dennis Areshkin1, and C.T. White1. (1) Chemistry Division, Naval
Research Laboratory, 4555 Overlook Ave SW, Washington, DC, DC 20375, lawler@alchemy.nrl.navy.mil,
(2) Department of Physics, Oklahoma State University
Radial breathing energies are reported for all nanotubes with diameters ranging from 0.4 to 1.7 nm. Our
first principles calculations agree with earlier theoretical and observed frequencies to within a few
wavenumbers. The diameter dependence is interpreted with a two-parameter model, and the parameter
values are compared to measured quantities of bulk graphite. In particular, the inverse and inverse square
dependence are compared with the in-plane elastic constant and the quadratic dispersion of the ZA
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phonon mode, respectively. Preliminary results show mode softening for nanotubes with rolling integers
differing by multiples of three.
COMP 275 Quantum mechanical reaction rate constants by vibrational configuration interaction
Arindam Chakraborty, Department of Chemistry, University of Minnesota, 228 Smith Hall, 207 Pleasant
Street, SE, Minneapolis, MN 55455, chakra@comp.chem.umn.edu, and Donald G. Truhlar, Department of
Chemistry and Minnesota Supercomputing Institute, University of Minnesota
The thermal rate constant of the three-dimensional OH + H2 -> H2O + H reaction was computed using the
flux autocorrelation function, with a time-independent square-integrable basis set. Two modes that actively
participate in bond making and bond breaking were treated using two-dimensional distributed Gaussian
functions, and the remaining (nonreactive) modes were treated using harmonic oscillator functions. The
finite-basis eigenvalues and eigenvectors of the Hamiltonian were obtained by solving the resulting
generalized eigenvalue equation, and the flux autocorrelation function was represented in the basis
formed by the eigenvectors of the Hamiltonian. The rate constant was obtained by integrating the flux
autocorrelation function, and the calculations were converged with respect to basis set and numerical
parameters. The calculated thermal rate constants were compared with reported values calculated for the
same surfaces. This success demonstrates that time-independent vibrational configuration can be a very
convenient way to calculate converged quantum mechanical rate constants.
COMP 276 Atomistic simulations of shocks in HMX crystals
Eugenio Jaramillo, Alejandro Strachan, and Thomas D. Sewell, Explosives and Organic Materials Theoretical Division, Los Alamos National Laboratory, MS B-221, Los Alamos, NM 87545,
eugenio@lanl.gov
We are using large scale molecular dynamics simulations to study HMX crystals under shock compression.
The objective is to obtain a fundamental understanding on the molecular scale of the dominant
mechanisms of plastic relaxation and other dissipative processes in anisotropic molecular crystals. A fully
flexible force field (Smith, G. D. and Bharadwaj, R. K.; J. Phys. Chem. B 1999, 103, 3570) used in
numerous preceding studies is used without modification in the present work. Initial results indicate that
plastic deformation occurs even for weak shocks (~4GPa) on a time scale that is accessible to atomistic
molecular dynamics (~100 ps for a 66,561 molecule system).
COMP 277 Osmolyte (TMAO) effects on the strength of hydrophobic interactions: Origin of osmolyte
compatibility
Manoj V. Athawale, Jonathan S Dordick, and Shekhar Garde, Department of Chemical and Biological
Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, Fax: 518-276-4030,
athawm@rpi.edu
Osmolytes are small organic solutes accumulated by cells/tissues in response to osmotic stress. They
stabilize proteins and are known to be compatible with the macromolecular structure and function. Despite
numerous experimental and theoretical studies focusing on osmolyte effects, the origin of biological
compatibility of osmolytes remains to be understood. We use detailed molecular simulations of aqueous
osmolyte systems that provide insights into the molecular origins of osmolyte compatibility in terms of their
effect on hydrophobic phenomena. We specifically study the effect of osmolyte trimethylamine-N-oxide
(TMAO) on hydrophobic hydration and interactions at the molecular as well as nanoscopic lengthscales.
These calculations are complemented with analysis of TMAO hydration and, changes in water structure in
the presence of TMAO molecules. The major conclusion of our study is that TMAO has almost no effect
either on the thermodynamics of hydration of small nonpolar solutes or on the hydrophobic interactions at
the pair and manybody level. We propose that this neutrality of TMAO towards hydrophobic interactions -one of the primary driving forces in protein folding -- is at least partially responsible for making TMAO a
“compatible” osmolyte. That is, TMAO can be tolerated at high concentrations in organisms without
affecting non-specific hydrophobic effects.
COMP 278 Dewetting transition and hydrophobic collapse in protein aggregates
Ruhong Zhou, IBM Thomas J Watson Research Center, IBM Research, 1101 Kitchawan Road, Yorktown
Heights, NY 10598, ruhongz@us.ibm.com
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We have performed molecular dynamics simulations of the collapse of a two-domain protein the BphC
enzyme, and the melittin tetramer, to examine how water molecules mediate hydrophobic collapse in
proteins. In the inter-domain region of BphC, liquid water persists with a density 10 to 15% lower than in
the bulk even at small domain separations. Water depletion and hydrophobic collapse occur on a
nanosecond time scale, two orders of magnitude slower than that found in the collapse of idealized
paraffin-like plates. When the electrostatic protein-water forces are turned off, a dewetting or water drying
transition occurs in the inter-domain region and the collapse speeds up by more than an order of
magnitude. When attractive van der Waals forces are further turned off, the dewetting in the inter-domain
region becomes more profound, and the collapse is even faster. In the melittin tetramer, we observed a
dramatic water drying transition inside a nanoscale channel formed by the tetramer (with a channel size of
up to 2-3 water diameters). This transition, although occurring on a microscopic length scale, is reminiscent
of the first order phase transition from liquid to vapor. We have found that this drying transition is very
sensitive to single mutations and such mutations in the right locations can switch the channel from being
dry to being wet. We have also found evidence that surface topology can have significant effects on the
drying transition. Even in the presence of the polar protein backbone, sufficiently hydrophobic protein
surfaces can induce a liquid-vapor phase transition which can then provide an enormous driving force
towards further collapse.
COMP 279 Folding mechanisms of cold shock proteins
Alfredo E Cardenas, Sergio Urahata, and Adam Clarke, Department of Chemistry, University of South
Florida, 4202 E. Fowler Ave. SCA400, Tampa, FL 33620, cardenas@cas.usf.edu
Understanding the mechanisms of beta sheet formation has been one of the common goals of
experimentalists and theoreticians studying protein folding. These investigations may provide answers
about why proteins misfold to non-native conformations. Here we present atomically detailed simulations
describing folding paths of three members of the Cold Shock protein family. We used the Stochastic
Difference Equation algorithm developed by Elber and collaborators to obtain trajectories connecting
unfolded conformations of the protein to its native structure. Our targets are pure beta sheet proteins of
the cold shock family (Bc-Csp, Bc-CspB and Bc-CspR3E). In total, we computed more than 75 folding
trajectories at room temperature. Our results corroborate experimental findings supporting the idea of a
two step mechanism for the folding of these proteins. Also, since it is experimentally known that these
proteins differ on its relative thermostability, we discuss the effect of replacing particular amino acids on
their folding pathways.
COMP 280 Molecular dynamics simulation of folding of a short helical peptide with two disulfide
bonds
Ying-Chieh Sun and Yi-Len Tsai, Department of Chemistry, National Taiwan Normal University, 88
Tingchow Road Sec. 4, Taipei 11718, Taiwan, Fax: 886-2-2932-4249, sun@cc.ntnu.edu.tw
ABSTRACT A molecular dynamics simulation of the folding of a short helical peptide with two disulfide
bonds was carried out. In 21 trajectories, 18 trajectories folded with an average time of ~10 ns. The other
3 trajectories did not fold in 100-200 ns simulations. In an additional 21 simulations, 16 trajectories folded
with an average folding time of ~10 ns, giving good results in confirming statistical certainty. In all 8
non-folded trajectories, a non-local, non-native hydrogen bond (H-bond) and an additional non-native
H-bond were observed in 5 trajectories. A further analysis of the other 3 non-folded trajectories indicated
that, at least, 2 non-native H-bonds are needed to trap this peptide in an intermediate. An examination of
the hydrophobic clustering effect shows that this effect is not significant in the folding of this peptide. To
our knowledge, this is the first folding simulation for a short helical peptide with disulfide bonds.
COMP 281 Simulations of polymer nanocomposites
Thomas C. Clancy, National Institute of Aerospace, 144 Research Dr, Hampton, VA 23666, Fax:
757-864-8911, tclancy@nianet.org
Atomistic simulations of polymer nanocomposites were performed in order to examine the effect of
molecular structure of the polymer matrix on the interfacial properties. Several polymer types were
examined for use as a matrix with a single wall carbon nanotube. The interfacial region between the
nanotube and the surrounding polymer matrix was examined in detail. The structure of the polymer at the
interface was studied. Thermodynamic interfacial energies were calculated. The various contributions to
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the interfacial energy were compared for different polymers.
COMP 282 Simulations of monolayer lubricants on solid surfaces
Douglas L. Irving and Donald W. Brenner, Department of Materials Science and Engineering, North
Carolina State University, Raleigh, NC 27695-7907, dlirving@ncsu.edu
Lifetimes of moving interfaces in MEMS devices can often be extended by using a thin lubricant coating.
These lubricants, however, can have reasonably narrow conditions of temperature and pressure over
which they provide effective protection against friction and wear. To gain new insights into the nanoscale
properties of monolayer lubricants, we have been carrying out atomic and continuum simulations of several
classes of molecular overlayers on metal and semiconductor surfaces under sliding conditions. This talk will
focus on recent atomic simulations of novel bound+mobile lubricant systems (e.g. octadecyltrichlorosilane
and tricresylphosphate), where we have characterized diffusion rates, interfacial structures, and the
potential for self-healing of these systems over a wide range of temperature and sliding conditions. This
work has been supported by the Air Force Office of Scientific Research, MURI grant # FA9550-04-1-0381.
COMP 283 A phenomenological model for surface diffusion: Diffusive dynamics across stochastic
potentials
Jeremy M. Moix and Rigoberto Hernandez, School of Chemistry and Biochemistry, Georgia Institute of
Technology, 770 State St., Atlanta, GA 30332-0400, Fax: 404-894-7452,
jeremy.moix@chemistry.gatech.edu
Phenomenological models describing diffusive transport on metal surfaces may be extended to include the
time-dependent properties of the substrate, while retaining the simplicity associated with the Langevin
formalism, by introducing a second source of fluctuations into the potential of mean force whose purpose
is to modulate the barrier heights. In the low friction regime, the incorporation of these secondary
fluctuations requires additional dissipation, and two successful methods have been developed to account
for this behavior. The consistent phenomenological equation of motion has been utilized to obtain a
qualitative understanding of surface diffusion. Interesting behavior, such as a variations in the rate of
transport, may be observed depending on the properties of the fluctuations in the barrier heights. This
particular phenomenon is exploited in a novel mechanism to produce simple symmetric and asymmetric
patterns on the surface.
COMP 284 Multiscale simulations of sulfonated SIBS triblock copolymers
Jan Andzelm, Weapons and materials Research Directorate, US Army Research Laboratory, Aberdeen
Proving Ground, MD 21005, jandzelm@arl.army.mil, James M Sloan, Weapons & Materials Research
Directorate, Polymer Research Branch, US Army Research Laboratory, Eugene Napadensky, Weapons
and Materials Research Directorate, U. S. Army Research Laboratory, Steven H. McKnight, Materials
Division, Multifunctional Materials Branch, U. S. Army Research Laboratory, David Rigby, Accelrys, Inc, and
Jon Baker, Department of Chemistry and Biochemistry, University of Arkansas
Sulfonated SIBS Triblock Copolymers (S-SIBS) are a promising family of materials for fuel cell and textile
applications, where breathable, protective clothing is required. We have used multiscale modeling to gain
an understanding of the static and dynamic properties of these polymer systems at detailed atomistic and
mesoscale levels. Quantum chemistry tools were used to elucidate the bonding of water molecules and
sulfonate groups and to calculate vibrational spectra. In addition, Molecular Dynamics was applied to
calculate the polymer density at various levels of sulfonation and in the presence of Zn, Cu, Ca, K and Cs
ions. This allowed diffusion coefficients to be calculated and compared to experimental data. Next, the
mean-field dynamic density functional theory was utilized to obtain the morphology of S-SIBS copolymer at
mesoscale levels. Using these results permeability of water was calculated via the finite element method.
Excellent agreement between simulations and experimental data was observed in these systems.
COMP 285 Structure-Based Inhibitor Design vs. Beta-Lactamase
Brian Shoichet1, Donatella Tondi2, Federica Morandi3, and Kerim Babaoglu3. (1) Department of
Pharmaceutical Chemistry, University of California, San Francisco, 1700 17th Street, San Francisco, CA
94143, Fax: 415-514-4260, shoichet@cgl.ucsf.edu, (2) Dept. of Pharmaceutical Chemistry, University of
Modena, (3) Department of Pharmaceutical Chemistry, University of California San Francisco
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Beta-lactamases are the dominant resistance mechanism to beta-lactam antibiotics, such as the penicillins
and the cephalosporins. To combat these enzymes, inhibitors such as clavulanate and “beta-lactamase
resistant” compounds have been introduced. Because these compounds are themselves beta-lactams,
which have been in the biosphere over evolutionary time, mechanisms to overcome them have rapidly
emerged. We have therefore adopted a structure-based approach to design of non-beta-lactam inhibitors
of this enzyme. We began with relatively classical substrate-based design, focusing on boronic acid
transition-state analogs. We used a cycle of design, synthesis and crystallography leading to inhibitors that
bound in the 1 nM range. We then explored how robust these inhibitors might be to known resistant
mutations in beta-lactamases, using crystallography to delineate the molecular mechanisms of resistance.
We found that as the inhibitors became more substrate-like, they often became more susceptible to
pre-evolved resistance. We then turned to the design of completely novel inhibitors, using docking
screens. This lead to inhibitors that are dissimilar to beta-lactams that bind in the 1 uM range. These novel
inhibitors have novel efficacies against classical resistance mechanisms that operate on the bacterial cell
level.
COMP 286 Structure guided design, synthesis and characterization of novel inhibitors of bacterial
Enoyl ACP Reductase
Henry W. Pauls1, David D. Manning2, Dejian Xie2, Thuy N. Duong2, Helene Y. Decornez2, Douglas
Kitchen2, Teresa Clarke1, Mandy Dorsey1, Donald E. Awrey1, Nachum Kaplan1, Elias Bardouniotis1,
Rosanne Thalakada1, Fernando Martin1, and Judd Berman1. (1) Affinium Pharmaceuticals, 480 University
Ave., Suite 900, Toronto, ON M5G 1V2, Canada, hpauls@afnm.com, (2) Albany Molecular Research
Institute
The enamide inhibitors of enoyl-ACP reductase have been identified as a potentially new class of
antibacterial agents. X-ray co-crystal structures of these inhibitors with enoyl ACP reductase yield an
intimate understanding of their binding to the enzyme active site. An understanding of developing SAR
and inspection of E. coli enoyl-ACP reductase co-complexes indicates that prototypical inhibitors can be
viewed as left and right hand side moieties appending from a central linker. Computational chemistry was
instrumental in guiding medicinal chemistry in optimizing the drug like properties of these inhibitors. Potent
inhibitors with modulated physicochemical properties were synthesized. X-ray structures of representative
inhibitors in complex with S. aureus enoyl-ACP reductase and cofactor NADP+, corroborate the validity of
our design hypotheses. These inhibitors displayed submicromolar binding affinities (S. aureus IC50 = 0.020.50 uM), had potent MICs against Staphylococcal strains (< 0.063 microgram/ milliliter) and were orally
efficacious in rodent models of Staphylococcal infection.
COMP 287 Modeling of enoyl reductase inhibition by triclosan analogs
Jeffrey P. Wolbach, Richard R. Hark, Jonilyn G. Longenecker, Paul D. Schettler Jr., and Jason Strobl,
Department of Chemistry, Juniata College, 1700 Moore Street, Von Liebig Center for Science,
Huntingdon, PA 16652, wolbach@juniata.edu
Triclosan is an effective antibacterial agent, acting by breaking the bacterial synthase cycle through
inhibition of enoyl reductase. However, recent wide-spread use of triclosan has raised concerns about the
possibility of development of triclosan-resistant strains of bacteria. In this work, we have used molecular
dynamics to study the binding of 20 triclosan analogs to E. coli enoyl reductase (1QSG). Free energies of
binding were determined by modifying the triclosan molecule in the X-ray crystal structure of 1QSG to form
each analog and by using a solvent-cap MM/PBSA procedure. Automated docking studies were also
conducted and additional MD simulations were run on the seven analogs with suggested alternative,
lower-energy poses than the "triclosan-like" configuration. Comparison of experimental binding energies for
a subset of the analogs is used to verify the accuracy of the method. We will also describe the results of
ONIOM (QM/MM) calculations performed on a subset of the analogs.
COMP 288 Back to the future: A computational, chemical and structural study of Dihydropteroate
Synthase as a target for the discovery of new antimicrobial agents
Richard E. Lee1, Stephen W. White2, Kerim Babaoglu1, Kirk Hevener1, Kristopher Virga1, Jianjun Qi1, Iain
Kerr2, and Smriti Mehra2. (1) Department of Pharmaceutical Sciences, University of Tennessee HSC, 847
Monroe Ave Rm327, Memphis, TN 38163, relee@utmem.edu, (2) Department of Struture Biology, St Jude
Childrens Research Hospital
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It has been seventy years since the discovery of the first class of antibiotics, the sulfonamides, by
Domagk. Subsequently it was found that the sulfonamides target the key bacterial enzyme
dihydropteroate synthase. We have begun a new program using structure-guided drug design to
reinvestigate this target with the goal of developing novel antimicrobial substances for biodefense
pathogens. To gain new insights into its mechanism of action and mechanisms of sulfonamide resistance,
modeling experiments have been performed using newly-derived high resolution x-ray structures of
dihydropteroate synthase from B. anthracis including co-crystal complexes with substrates, products,
inhibitors and transition state analogs. Using these data, virtual screening experiments have been
performed using pharmacophoric and docking based approaches and further structure based drug design
has been initiated. Results from these studies will be presented.
COMP 289 Design of antibiotics targeting ribosomal decoding-site RNA
Thomas Hermann, Department of Structural Chemistry, ANADYS Pharmaceuticals, Inc, 3115 Merryfield
Row, San Diego, CA 92121, tchermann@sbcglobal.net
The ribosomal decoding-site RNA is the target of aminoglycoside antibiotics. Upon binding to the RNA, the
natural products interfere with a conformational transition in the ribosome and thereby reduce fidelity of the
decoding process. We have used X-ray crystallography to determine the three-dimensional structures of
natural and semi-synthetic aminoglycosides complexed with the bacterial decoding-site RNA. The structural
analyses shed light on the molecular recognition of the RNA target and allowed the design of novel
decoding-site ligands as potential lead structures for the development of new antibiotics.
COMP 290 Stereochemical distinction using computed nuclear shieldings
Keith W. Wiitala1, Christopher J. Cramer1, and Thomas R. Hoye2. (1) Department of Chemistry and
Supercomputing Institute, University of Minnesota, 207 Pleasant St. S.E, Minneapolis, MN 55455-0431,
Fax: 612-626-7541, (2) Department of Chemistry, University of Minnesota
The research goal was to develop an ab initio method for assigning a molecule's relative or absolute
configuration using a library of computed chemical shifts. Stereochemical identification and assignment is
often a key step in pharmaceutical drug discovery, process development, and quality control. Initially
presented in this talk are efforts focused on improving the accuracy of hybrid DFT functionals for predicting
1H, 13C-NMR shifts. These accurate ab initio shifts are then used to make reliable assignment of
stereochemistry. Weighting parameters for the exchange and correlation terms of trial DFT functionals were
optimized using a five-factor Central Composite Design and Gaussian 03. Total absolute error between
computed and experimental shifts were used to generate six-dimensional response surfaces. Minima on
these surfaces are new DFT NMR functionals shown to be more accurate then HF, B3LYP, PBE1PBE,
and PW1PW91 methods for predicting 1H, 13C-NMR experimental chemical shifts. The new 1H-NMR
functional was successful in assigning the relative configurations of a series monomethylcyclohexanols
and pharmaceutically relevant 6-aminopenicillanic acid derivatives.
COMP 291 Role of conformational relaxation and entropy in the computation of binding affinities of
flexible peptides with their protein targets
Louis Carlacci1, Michael S. Lee2, and Mark Olson2. (1) Army High Performance Computing Research
Center / Network CS Inc, 1425 Porter Street, Frederick, MD 21702, lcarlacc@ahpcrc.org, (2) Department of
Cell Biology and Biochemistry, USAMRIID
In the discovery and development of pharmaceuticals for maladies ranging from infectious diseases to
protein toxins, docking of large flexible molecules, refining the complex and accurately computing binding
affinities are challenging problems. Our study evaluated the prediction of the relative binding affinities of
four known peptide inhibitors of botulinum neurotoxin type A, and the discrimination between a good
inhibitor and one that does not bind at all. The flexible peptide inhibitors were docked into the active site
by the use of Monte Carlo simulated annealing (MCSA). Low temperature MCSA refinement of just the
ligand produced encouraging relative binding affinities, yet the ability to filter a non-binder was not
overwhelming. Refining the ligand and the active site greatly improved the results. Clustering peptide
conformations was critical for evaluating the vibrational entropy of the free peptide. The binding affinities
were also evaluated with an empirical entropy estimate of 0.745 cal K-1 mol-1 (vibrational mode)-1.
COMP 292 Ion partitioning at the air-water interface
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Becky L. Eggimann, Department of Chemistry, University of Minnesota, 207 Pleasant St. SE,
Minneapolis, MN 55455, eggimann@chem.umn.edu, and J. Ilja Siepmann, Departments of Chemistry,
Chemical Engineering and Materials Science, University of Minnesota
Despite a long history of both experimental and theoretical investigations, the microscopic picture of the
air-water interface remains controversial, particularly with regard to ion partitioning between bulk fluid and
the surface. We perform configurational-bias Monte Carlo simulations in the Gibbs ensemble to investigate
the liquid-vapor interface for neat water and water-ion mixtures from 278 K to 348 K. Properties studied
include surface tension and saturated vapor pressure, interfacial width, coordination number, surface
relaxation, and hydrogen-bonding. Additionally, we consider the role of ion size and the use of
fixed-charge or polarizable water models in determining ion partitioning.
COMP 293 Ionic activities in brine solution from computer simulation
Peter E Krouskop1, Jeffry D. Madura2, and Thomas J. Dick1. (1) Department of Chemistry and
Biochemistry, Duquesne University, 308 Mellon Hall, 600 Forbes Ave., Pittsburgh, PA 15282,
krouskop@duq.edu, (2) Department of Chemistry & Biochemistry, Center for Computational Sciences and
Duquesne University
The recently reparameterized water models for use with Ewald summation techniques and the advances in
computing power to allow the study of larger systems provide a rich tool set for the calculation of ionic
activities in aqueous solutions. Using the TIP4PEw water model, new Leonard-Jones (LJ) parameters for
several ions have been determined using Kirkwood-Buff integrals. The activity of the ions in a brine
solution is then calculated by thermodynamic integration using the new LJ and parameters. The new
parameters as well as the calculated activities will be presented and compared to existing experimental
data.
COMP 294 Carbon dioxide sequestration: MM CO2/ brine simulations
Thomas J. Dick, Department of Chemistry and Biochemistry, Duquesne University, 308 Mellon Hall, 600
Forbes Ave., Pittsburgh, PA 15282, Fax: 412-396-5683, dick251@duq.edu, and Jeffry D. Madura,
Department of Chemistry and Biochemistry, Center for Computational Sciences, Duquesne University
Greenhouse gases, such as CO2, have shown trends of global increase, prompting the removal of the
excess gas. Proposed storage sites for the excess CO2 include brine aquifers, but the interaction of CO2
with brine is not understood on the molecular level. We investigate the effects of brine on CO2 through
molecular simulation. First, CO2 parameters for bulk phase simulations were developed using FEP
simulations to determine the solubility. The solubility of CO2 in water was calculated in water and salt
solutions. Further simulations were performed to determine the effects of different ions on the solution
structure surrounding the CO2. A detailed analysis of the structural and kinetic properties of the solution
was completed. These simulations provide a molecular understanding of the interactions of CO2 with salt
solutions in brine aquifers and will aid in choosing the best aquifers for CO2 sequestration.
COMP 295 Molecular simulation at constant pH: Direct approach from a semigrand partition function
Harry A Stern, Department of Chemistry, University of Rochester, RC Box 270216, Rochester, NY 14627,
Fax: 585-276-0205, hstern@chem.rochester.edu
We propose a new method for simulation of a molecular system coupled to a bath at constant temperature
and pH. The method combines molecular dynamics with stochastic Monte Carlo moves to sample
conformations and protonation states from a well-defined statistical ensemble. As a first test case, we
perform simulations of succinic acid in aqueous solution, using an explicit water model. The method is
general and should be useful for studying pH-dependent conformational changes in biological
macromolecules.
COMP 296 Refining the structure of lipid bilayers with insight from molecular dynamics simulations
Jeffery B. Klauda1, Richard W Pastor2, Norbert Kucerka3, Bernard R. Brooks4, and John F. Nagle3. (1)
Laboratory of Computational Biology, National Institutes of Health, NHLBI, 50 South Dr, Bldg. 50, Room
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3308, Bethesda, MD 20892, klauda@helix.nih.gov, (2) Laboratory of Biophysics, Center for Biologics
Evaluation and Research, Food and Drug Administration, (3) Physics and Biological Sciences
Departments, Carnegie Mellon University, (4) Laboratory of Computational Biology, National Heart, Lung
and Blood Institute, National Institutes of Health
The biologically relevant liquid crystalline fully hydrated fluid phase (Lα) is the most difficult lipid structure to
obtain experimentally due to the presence of large spatial fluctuations. Molecular dynamics can be used to
better understand the three-dimensional structure and dynamics of the Lα phase. We present ten
nanosecond simulations of dimyristoyl phosphatidylcholine (DMPC) with five surface areas per lipid (A)
(55.0, 59.7, 60.7, 61.7, and 65.0 Å2) and the CHARMM27r (C27r) force field to gain insight into the
component structure of DMPC and accuracy of C27r (Aexp=60.6 Å2). For lipid structures, force fields are
commonly tested against the experimental electron density profiles (EDP) from Fourier reconstruction of
the form factors or structural models (SM) fit to the data. It is shown here that comparisons of form factors
(Fourier transform of EDP) obtained from simulation and experiment provide a substantially more precise
measure of force field accuracy. With insight from our MD simulations, a new SM is developed that includes
kurtosis of the methyl distribution.
COMP 297 Comparison of the CHARMM27, AMBER4.1 and BMS nucleic acid force fields via free
energy calculations of base flipping
U. Deva Priyakumar, Department of Pharmaceutical Sciences, Department of Pharmaceutical Sciences,
University of Maryland, Baltimore, MD 21201, USA, 20 Penn St, Room 601, Baltimore, MD 21201,
deva@outerbanks.umaryland.edu, and Alexander D. MacKerell Jr., Department of Pharmaceutical
Sciences, University of Maryland
Rotation of a base out of DNA duplex (base flipping) is a key structural deformation utilized by various DNA
modification and repair enzymes. Structural changes and free energy pathways for base flipping of C and
its base pair counterpart, G in a GCGC sequence via both major and minor grooves were explored using
MD simulations. Potentials of mean force for three popular nucleic acid force fields (CHARMM27,
AMBER4.1 and BMS) were calculated. Free energy profiles were used to calculate equilibrium constants
between the base open and closed states. Various factors contributing to the free energy profiles such as
base pair interactions, base-stacking interactions, solvation and DNA-base interactions were estimated
and correlated with the change in free energies. Comparison of the calculated equilibrium constants with
experimental data obtained using imino proton exchange studies indicates excellent agreement with
CHARMM followed by AMBER, while BMS deviates considerably.
COMP 298 Complete structural and dynamical solution equilibrated model for Tissue Factor/Factor
VIIa
Coray M Colina1, Divi Venkateswarlu2, Robert E Duke3, Lalith Perera4, Tom Darden5, and Lee G.
Pedersen1. (1) Department of Chemistry, University of North Carolina, Campus Box 3290, Chapel Hill, NC
27599, Fax: 919-962-2388, ccolina@email.unc.edu, (2) Department of Chemistry, North Carolina A & T
State University, (3) Department of Chemistry, University of North Carolina at Chapel Hill, (4) High
Performance Computing Group, Information Technology Services, University of North Carolina, (5) National
Institute of Environmental Health Sciences
We have used Molecular Dynamics (MD) simulations to predict the solution structure of TF-FVIIa. A
complete refined solution equilibrated model for TF(Ser1-Met218)-FVIIa(Ala1-Pro406) based on the crystal
structure using MD simulations in aqueous medium for over 20 ns is presented. We observe significant
Gla-EGF1 and EGF1-EGF2 inter-domain motion of FVIIa in the present simulation, where the Gla-EGF1
has the major contribution to the overall motion. Also, we observe minimal inter-domain movement
associated with the EGF2 and SP domains. The EGF2 domain maintains structural integrity that is likely
required for substrate binding. No major restructuring for the SP domain is observed. This equilibrated
solution structure of the key complex that initiates coagulation should provide insight into the details of
how tissue factor enhances the action of FVIIa. The possibility to predict these dynamic conformations
could represent a crucial impact for the areas of protein and drug design.
COMP 299 Molecular basis for the Cu2+ binding induced destabilization of beta2-Microglobulin
revealed by MD simulation
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Nan-jie Deng1, Lisa Yan1, Deepak Singh1, and Piotr Cieplak2. (1) Accelrys, Inc, 10188 Telesis Court, Ste
100, San Diego, CA 92121, ndeng@accelrys.com, (2) The Burnham Institute
Protein misfolding is believed to be the underlying cause for a number of amyloid diseases. External
factors are usually required for the necessary structural rearrangement prior to amyloid formation.
Experimentally the partial unfolding of ß2-microglobulin induced by the binding of Cu2+ was linked to fibril
formation in dialysis-related amyloidosis. In the current study, MD simulation is applied to elucidate the
molecular mechanism of the destabilization effect of Cu2+, its role in the amyloid formation, and the relative
contributions of different copper binding sites. We report clear evidence for conformational transitions
towards partially unfolded states in protein solutions containing bound copper ions. This effect is shown to
arise from changes in the hydrophobic environment near the ion binding sites. The results are discussed in
the context of understanding the driving force of copper ion induced destabilization, and the increased
propensity for aggregation into amyloid fibrils.
COMP 300 Molecular modeling of Lysl_tRNA synthetase: simulation meets experiment
Ian R. Gould, department of chemistry exhibition road, Imperial College, imperial college london, exhibition
road, london sw7 2ay, United Kingdom, Fax: 44 207 5945809, i.gould@imperial.ac.uk
We report molecular dynamics simulations of the E. coli Lysyl-tRNA synthetase LysU isoform carried out as
a benchmark for mutant simulations in in-silico protein engineering efforts. Unlike previous studies of
aminoacyl-tRNA synthetases, LysU is modelled in its full dimeric form with explicit solvent. While developing
a suitable simulation protocol, we observed an asymmetry that persists despite improvements to the
model. This prediction has directly led to experiments that establish a functional asymmetry in nucleotide
binding by LysU. The development of a simulation protocol, and validation of the model are presented
here. The observed asymmetry is described and the role of protein flexibility in developing the asymmetry
is discussed. We further show that native LysU binds GTP more strongly than its natural substrate ATP
which is confirmed by experiment. Simulations of mutated forms of LysU predict the experimentally
observed binding trends of both ATP and GTP.
COMP 301 Simulating E-selectin complex with calcium ion and sialyl LewisX with a polarizable
force field
George A. Kaminski, Department of Chemistry, Central Michigan University, Mount Pleasant, MI 48859,
Fax: 989-774-3883, kamin1ga@cmich.edu
Recently developed polarizable force fields for proteins and organic molecules have been used to assess
binding energy for the selectin complex with calcium ion and sialyl LewisX. The complex is experimentally
known to exist and to be stable. The polarizable force field yields a -17.93 kcal/mol value of the complex
formation energy in aqueous solution. At the same time, simulations with the fixed-charges OPLS force
field predict a positive dimerization energy of +14.52 kcal/mol. These results further validate our polarizable
force fields and display yet another area in which explicit treatment of the electrostatic polarization is
crucial for obtaining even qualitatively accurate results.
COMP 302 Refining the computational procedures for predicting complex hydrogen bonding patterns
in crystals
Paul H Young, Pfizer Global Research & Development, Pfizer, Fax: 734-622-7702,
paul.young@pfizer.com, and Howard Y. Ando, Ann Arbor Laboratories, Pfizer Inc., Pfizer Global Research
& Development, Fax: 7346223609
Computational simulations of crystal structures are important tools for anticipating polymorph formation and
the hydrogen-bonding patterns of compounds in crystals. We have successfully simulated the complex
hydrogen-bonding patterns of the crystal structures for adenosine and arabinosyladenine. Adenosine and
arabinosyladenine provide a simple system for understanding the impact of torsion angles on polymorph
stability. We will present the procedures and their applications to crystal structure predictions. We will also
demonstrate the importance of defining the appropriate testing tools in order to choose the correct
combination of molecular conformation, space group, and unit cell parameters for crystal packing
simulations.
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COMP 303 In search for active conformations and meaningful alignments for 3D-QSAR
Pavel A. Petukhov and Hongbin Yuan, Department of Medicinal Chemistry and Pharmacognosy, College
of Pharmacy, University of Illinois at Chicago, 833 S. Wood St. 539, Chicago, IL 60612, pap4@uic.edu
The identification of the active conformations of ligands and their alignment are two critical steps in 3D
QSAR modeling. These steps become dramatically more complex with the increase in ligand diversity and
flexibility. The structure of the receptor binding site or a pharmacophore model can provide a starting point
for identification of the active conformations of the ligands. In this study we introduce a novel
computational method based on Genetic Algorithm, pharmacophore-based flexible alignment, and
Comparative Molecular Field Analysis (CoMFA). We show that this method is successful in the identification
of the possible active conformations of the piperidine-based dopamine transporter (DAT) blockers, their
alignment, and generation of the highly predictive CoMFA models of the DAT binding site.
COMP 304 3D similarity searching and docking of flexible molecules using fuzzy molecular
representations
Meir Glick1, Jeremy L. Jenkins1, W. Graham Richards2, and John W. Davies1. (1) Lead Discovery Center,
Novartis Institutes for Biomedical Research, 100 Technology Square, Cambridge, MA 02142,
meir.glick@pharma.novartis.com, (2) Department of Chemistry, Oxford University
This work utilizes data mining clustering techniques to create fuzzy molecular representations. FEPOPS
(Feature Point Pharmacophores) is an automated method for simplifying flexible 3D chemical similarity
searching [J. Med. Chem. (2004) 47:6144]. FEPOPS descriptors are calculated by ligand pre-processing in
Pipeline Pilot using SOAP calls to R and other custom scripts. Initially, atoms of a ligand are partitioned
into four k-means clusters based on their 3D coordinates. Pharmacophoric features (partial charge, formal
charge, atomic logP, hydrogen bond donors and acceptors) of the cluster members are then mapped onto
the cluster centroids. Feature points were also used as the basis for a fully-automated docking
methodology that does not require any a priori knowledge about the location of the binding site or function
of the protein [J. Am. Chem. Soc. (2002) 124:2337; Nat. Biotechnol. (2002) 20:118; J. Comput. Chem.
(2002) 16:1544].
COMP 305 Using atomic property values for the selection of small molecule superposition
Scott A. Wildman and Robert V. Stanton, Molecular Informatics, Pfizer Research Technology Center, 620
Memorial Dr, Cambridge, MA 02139, scott.wildman@pfizer.com
A novel scoring function is designed to identify the best small-molecule superposition from a pool of
alternatives generated by a wide array of available superposition algorithms. The technique makes this
selection by considering overlaps of atoms with similar atomic property values, minimizing the mean
maximal atomic deviation. This talk will outline the approach and present validation by comparison to
ligand overlays extracted from superpositions of protein co-crystal structures.
COMP 306 A novel approach to QSAR model validation based on training and test set resampling
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: 919-966-0204, golbraik@email.unc.edu
Any QSAR model is characterized by a set of descriptors and parameters specific to the underlying
method. We postulate that an acceptable model should give accurate prediction of the target property
irrespective of the choice of the training and test sets. We start by building a model for a single rationally
selected training set. This model is applied to multiple training sets obtained by random divisions of the
entire dataset and the applicability domain specific to each training set is defined and used in test set
prediction. The method estimates averages and confidence intervals of various statistical parameters of
the prediction accuracy both for the training and test set compounds providing an estimate of model
stability. The advantages of this approach vs. more common bootstrapping procedure will be discussed.
We also present examples of application of this new model stability evaluation and validation procedure to
several experimental datasets.
COMP 307 Application of SCOPE (Statistical Conformational Occupancy analysis and
Pharmacophore Elucidation) to a set of DHFR and CDK2 inhibitors
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Chaya Duraiswami, Computational and Structural Sciences, GlaxoSmithKline Pharmaceuticals, 1250
South Collegeville Road, UP-1110, Collegeville, PA 19426, Fax: (610) 917-4206,
Chaya.2.Duraiswami@gsk.com, and Chris Williams, Chemical Computing Group
SCOPE (Statistical Conformational Occupancy analysis and Pharmacophore Elucidation) is an extension
of the 4D-QSAR approach and has been implemented within the MOE software environment. Some of the
operational limitations of the original 4D-QSAR method – e.g., reliance on MD simulations for input
conformations, use of only three-point superposition for the molecular alignment, lack of occupancy
smoothing to account for bin effects and reliance on linear regression methods for deriving QSAR models
– are overcome by this method. SCOPE extends the 4D-QSAR methodology by allowing input of
conformations and alignments created using other methodologies and by allowing Boltzmann weighting of
conformations and Gaussian smoothing of grid occupancies. The individual grid cell occupancies
computed within SCOPE can be used as descriptors for linear regression QSAR modeling as in traditional
4D-QSAR. We present here the novel approach of using cell occupancies as descriptors for Bayesian
QSAR modeling using the Binary-QuaSAR™ formalism. As a further extension, the entire occupancy grids
are binned and combined according to activity class to yield activity-class occupancy grids, which are used
to visualize important regions of occupancy difference and to aid in pharmacophore model elucidation.
Results from a SCOPE analysis on a set of DHFR and CDK2 inhibitors will be presented.
COMP 308 Applications by scripting: Creation and use of a chemically-aware Python toolkit
Joseph M Leonard, Riccardo Camarra, and Richard W Dixon, Department of Chemistry, Abbott
Bioresearch Center, 381 Plantation Street, Worcester, MA 01520, Fax: 508-688-8100,
joseph.leonard@abbott.com
Developing molecular modeling codes in-house provides an increased level of flexibility, responsiveness
and customization compared to reliance on commercial vendors. Modern scripting languages such as
Python improve developer efficiency in a wide variety of ways the most important of which is access to
sophisticated and maintained modular applications. Adding chemistry-specific extensions is
straightforward, allowing implementation and integration of specialized, data- or computationally-intensive
modeling applications from within the scripting environment. Using a single language for both method
development and user customization minimizes the risk associated with in-house development.
This talk presents two programs: one that fragments molecules per the RECAP rules(1) and one that
generates novel synthetic targets via random tagged-fragment recombination. Both are written in Python,
drawing on methods and classes from our in-house modeling toolkit. Examples using cores drawn from
kinase inhibitors(2,3) and fragments from larger chemical libraries will be presented. The programs and
atom-typing rules describing the RECAP reactions can be easily modified or extended by users. Examples
are also provided of C/Python integration, data object definition and use and C stylistic conventions to
ease coding.
1 XQ Lewell et al, Chem Inf Compu. Sci 38,511(1998)
2 AM Aronov & GW Bemis, PROTEINS: Struct, Funct, Bioinf 57,36(2004)
3 J Dumas, Exp Opin Ther Pat 11,405(2001)
COMP 309 Development and application of methods based on a one-dimensional molecular
representation
David J. Diller, Molecular Modeling, Pharmacopeia, Box 5350, Princeton, NJ 08543-5350, Fax:
609-655-4187, ddiller@pharmacop.com, and Norman Wang, Biogen Idec
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. These multiple alignments are useful
either as queries to search for new molecules with the same biological activity or as the starting point for
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QSAR analysis. In many cases models built from these alignments vastly outperform traditional 3D
methods. We demonstrate these techniques using the hERG potassium channel.
COMP 310 Ab initio quantum chemical calculations of the preferred tautomeric forms and binding
affinities to CDK2 of substituted pyrazolopyridines
Jose Duca, Schering-Plough, Kenilworth, NJ xxxxx, jose.duca@spcorp.com
Ab initio calculations were employed to compute pKa values and tautomer properties of a series of
substituted pyrazolopyridines. pKa values were evaluated using a novel thermodynamic cycle. The results
show that the neutral 1H tautomer predominates, but upon protonation this proton migrates to give the
preferred charged [2H,7H] tautomer. The basicity of the pyrazolopyridines is correlated with the electron
donating capability of the 4-substituent. Ab initio free energy calculations were also used to identify
determinants of binding affinity for some recently published pyrazolopyridine inhibitors of CDK2.
COMP 311 Structure-based identification of the binding site for the hemiasterlin analog HTI-286 on
tubulin
Malini Ravi, Chemical & Screening Sciences, Wyeth, Pearl River, NY 10965, ravim@wyeth.com, Arie Zask,
Chemical Sciences, Wyeth-Ayerst Research, and Thomas S. Rush, Department of Chemical and
Screening Sciences, Wyeth Research
A binding mode of tubulin to HTI-286, a synthetic analog of the tripeptide hemiasterlin, is proposed. The
binding mode was derived from iterative docking experiments directed at regions of the tubulin interdimer
interface that are believed to be consistent with all current experimental data regarding the HTI-286/tubulin
interaction. This data includes (1) competition with the Vinca alkaloids and other antimitotic agents, (2)
proximity to stretches of amino acid residues identified in two separate photoaffinity labeling experiments,
(3) our own structure-activity relationships for HTI-286 and its analogs, (4) saturation transfer difference
NMR experiments, and (5) NMR transfer NOESY experiments that potentially identify the bioactive
conformation. The predicted binding mode thus affords a means to understand the mode of action of
hemiasterlin, HTI-286, and other closely related molecules.
COMP 312 Understanding the mode of action and drug resistance of anti-HIV nucleosides by
molecular modeling
C. K. Chu1, Vikas Yadav2, and Youhoon Chong1. (1) Department of Pharmaceutical and Biomedical
Sciences, College of Pharmacy, The University of Georgia, Athens, GA 30602, Fax: 706-542-5381,
dchu@rx.uga.edu, (2) Department of Pharmaceutical and Biomedical Sciences, The University of Georgia
Drug Discovery for antiviral chemotherapy during the last thirty years has provided the effective treatment
of numerous viral diseases. Nucleosides are an integral part of combination therapy used by many
HIV-infected individuals because of their clinical efficiency. The low fidelity of HIV-1 Reverse Transcriptase
(RT) and the high rate of replication of HIV results in mutations at a frequency of about 10-4 per cycle. This
mutability and resultant adaptability of HIV-1 RT present a major challenge to the design of effective
antiviral strategies because many initially potent drugs lose efficacy over time. Several classes of
nucleosides have been synthesized in our laboratories and their antiviral activity against drug sensitive
and drug-resistant mutants have been determined.
The understanding how mutations affect the reverse transcriptase (RT) structure and function, and
ensuing loss of potent antiviral activities of certain NRTIs have not been demonstrated in conjunction with
their binding modes, which would provide valuable insight into the design of more effective NRTIs active
against the mutant RTs. Here we describe our ongoing efforts to assess the structural adjustments
resulting from mutations and the accompanying energetic consequences. (Supported by NIH AI32351 &
AI25899)
COMP 313 BARACLUDEtm (Entecavir), a potent and selective inhibitor of HBV-RT: Molecular
mechanism(s) of resistance in viruses with pre-existing lamivudine resistance substitutions
David Langley1, A. Jayne Oliver Kapur2, Daniel J Tenney3, Burt E Rose3, Steven M Levine3, Kevin A
Pokornowski3, Maryjane J Plym3, Chengfang Yu3, C Joe Baldick3, Sharon Zhang3, Ann W Walsh3, Linda
Discotto3, Charles Mazzucco3, Jie Fang3, and Richard J Colonno3. (1) Computer-Assisted Drug Design,
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Bristol-Myers Squibb Pharmaceutical Research Institute, 5 Research Parkway, Wallingford, CT
06492-7660, Fax: 203-677-7702, david.langley@bms.com, (2) Physical and Chemical Properties Division,
National Institute of Standards and Technology, (3) Infectious Diseases, Bristol-Myers Squibb
Pharmaceutical Research Institute
Entecavir (ETV) is a potent and selective antiviral with demonstrated efficacy in all HBV patient
populations. Previous analyses indicate that high level ETV resistance (ETVR) requires the presence of
LVD-resistant (LVDR) substitutions (rtL180 and/or rtM204) in the HBV reverse transcriptase (RT) and
additional substitutions at residues rtT184, rtS202 and/or rtM250. Mechanistic studies using a model
based on the HIV-1 RT structure, has been used to provide insights in to the mechanisms of inhibition and
resistance. The modeling studies have characterized a unique chain termination mechanism and identified
2 possible mechanisms by which ETVR substitutions can result in decreased ETV susceptibility.
COMP 314 Molecular modeling of covalent complexes and structural-based design of irreversible
inhibitors of Rhinovirus 3C protease
Xinjun Hou, Computational Chemistry, Pfizer Global Research and Development, Eastern Point Rd,
Groton, CT 06340, Benjamin J Burke, Discovery Computation, Pfizer Global Research and Development,
David A Matthews, Crystallography, Pfizer Global Research and Development, and Peter S Dragovich,
Viral Diseases, Pfizer Global Research and Development
Human rhinoviruses (HRV) are important members of the picornavirus family of positive-strand RNA viruses,
and are the single most significant cause of the common cold in man. Compounds incorporating various
Michael acceptor moieties were discovered as potent and irreversible inhibitors of HRV 3C protease. A
method of modeling these covalent protein-ligand complexes is described where the irreversible
inactivation of 3C protease was treated as non-covalent and covalent binding components. The modeling
method provided a means to evaluate the protein-ligand interactions in a SBDD effort.
COMP 315 Computational Studies towards the design of a potent HCV NS3•4A protease inhibitor:
VX-950
B. Govinda Rao, Vertex Pharmaceuticals Inc, 130 Waverly Street, Cambridge, MA 02139,
Govinda_Rao@vrtx.com
NS3•4A protease is an important target for designing drugs against Hepatitis C virus infection, which
currently represents an important unmet medical need. The crystal structure of the protease presented a
big challenge for successful application of structure based drug design methods against this target, as this
enzyme has a very flat active site. Nevertheless, significant advances in the field have been achieved by
intense research efforts over the last few years, including the clinical proof-of-concept for one inhibitor. The
evolution of a practical inhibitor scaffold from the HCV NS5A-5B natural substrate to a prototype
tetrapeptide inhibitor exhibiting moderate binding affinity, Ki=12 µM, to a series of compounds with nM
potency will be described. The role of computational methods in this evolution will be highlighted.
Surprising findings from the P2 subsite optimization will be presented. This presentation will also discuss
the in vitro and in vivo characteristics of the clinical candidate, VX-950 that arose from this effort.
COMP 316 Computer modeling analysis of the K65R mutation in HIV-1 reverse transcriptase and its
effects on nucleotide binding
James M. Chen1, Kirsten L. White2, Joy Feng3, Nicolas A. Margot2, John Ly2, Adrian S. Ray4, Holly L.
MacArthur5, Martin McDermott5, Michael D. Miller2, and S. Swaminathan1. (1) Department of Structural
Chemistry, Gilead Sciences, Inc, 333 Lakeside Drive, Foster City, CA 94404, James.Chen@gilead.com, (2)
Department of Clinical Virology, Gilead Sciences, Inc, (3) Gilead Sciences, (4) Department of Metabolism,
Gilead Sciences, Inc, (5) Department of Protein Chemistry, Gilead Sciences, Inc
Human immunodeficiency virus type 1 (HIV-1) reverse transcriptase (RT) is the primary target for many
antiretroviral drugs such as nucleoside and nucleotide RT chain-termination based inhibitors (NRTIs).
Although effective at reducing viral loads in HIV-1-infected patients, NRTI use can result in the
development of RT mutations that contribute to HIV-1 drug resistance. Our studies focused on the K65R
mutation selected for by tenofovir and other NRTIs. Examination of the X-ray structure of RT bound to
dideoxy-TTP depicts K65 forming an ionic interaction with the nucleotide's gamma-phosphate. Since the
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gamma-phosphate is present in all natural substrates and chain terminators for RT, it was unclear how this
mutation would discriminate between NRTIs and natural nucleotide substrates. Also unclear is the
structural mechanism by which the K65R mutation exerts its effects on the potency of affected NRTIs. A
Novel Modeling Protocol was developed and applied to understand the potential mechanism of the K65R
resistance mutation in the HIV-1 nucleoside reverse transcriptase. Modeling studies suggest that the lysine
to arginine mutation in the K65R enzyme creates additional and stabilizing hydrogen bonds in the active
site. The mutant enzyme's ground state binding complex has increased structural rigidity that could alter its
dynamical properties required for efficient polymerization and excision. We propose that the K65R
mutation generates its effect on polymerization and excision through constraining the conformational
motions of the active site. This hypothesis is further supported by computing and comparing simple
conformational entropy descriptors between the wild-type and mutant HIV-1 RT models.
COMP 317 Computational studies and biological evaluation of geminal disulfones as HIV-1 integrase
inhibitors
Jacquelyn Gervay-Hague, Dean J. Tantillo, and D. Christopher Meadows, Department of Chemistry,
University of California, Davis, One Shields Ave, Davis, CA 95616, Fax: 530-752-8995,
gervay@chem.ucdavis.edu
Integration of HIV-1 viral DNA into the host genome is carried out by HIV-integrase (IN) and is a critical
step in viral replication. Although several classes of compounds have been reported to inhibit IN in
enzymatic assays, inhibition is not always correlated with antiviral activity. Moreover, potent antiviral IN
inhibitors such as the chicoric acids do not act upon the intended enzymatic target, but behave as entry
inhibitors instead. The charged nature of the chicoric acids contributes to poor cellular uptake and these
compounds are further plagued by rapid ester hydrolysis in vivo. To address these critical deficiencies, we
designed neutral, non-hydrolysable analogs of the chicoric acids that were synthetically prepared using a
Horner-Wadsworth-Emmons condensation reaction between aromatic aldehydes and a geminal disulfone
bis phosphonate reagent developed in our laboratory. Biological evaluation of these compounds reveals
potent activity in purified HIV-IN enzyme assays that is correlated with antiviral activity using focal infectivity
assays. There is little difference in antiviral activity between pairs of tri-substituted analogs differing only in
the acetylation pattern. Cell-based assays indicate that the acetates are cleaved under in vitro conditions
suggesting the hydroxy analogs are the active components. Docking studies have been conducted with
AutoDoc implementing a genetic algorithm-based approach to sample various conformations of the
inhibitors inside the binding cavity of IN. Two distinct binding modes were observed with primary
interactions occurring between lysine residues and magnesium demonstrating that the disulfone tether is
an excellent scaffold for positioning key recognition elements. The docking studies also support the
hypothesis that hydrolysis of the acetate groups may be occurring during the biological assays. For
compounds bearing acetate groups, binding interactions with the magnesium subsite are reduced and
predicted binding energies are significantly lower for the hydrolyzed analogs.
COMP 318 Computational titration analysis of the pH dependence of human parainfluenza virus
hemagglutinin-neuraminidase
Micaela Fornabaio1, Matteo Porotto2, Anne Moscona2, and Glen E. Kellogg1. (1) Department of
Medicinal Chemistry and Institute for Structural Biology & Drug Discovery, Virginia Commonwealth
University, Box 980540, Richmond, VA 23219-1540, Fax: 804-827-3664, mfornabaio2@vcu.edu, (2)
Departments of Pediatrics and Microbiology/Immunology, Weill Medical College of Cornell University
A critical issue for drug discovery is understanding the ionization state of functional groups on the ligands
and at the protein active site. We are integrating consideration of this problem into our virtual screening
protocols. Our main tool is the HINT (Hydropathic INTeractions) software, based on experimentally
determined partition coefficients between 1-octanol and water, LogPo/w, for interaction classification and
scoring. The HINT score is directly related to ΔG of binding. We applied our integrated Computational
Titration tool on a set of hemagglutinin-neuraminidase (HN)-ligand complexes from human parainfluenza
virus type III (HPIV3). HN, one of the two viral envelope glycoproteins, the other being the fusion protein
(F), is fundamental for the attachment of the virus to the host cell, for promoting F-mediated fusion and for
the spread of infection. Our results, showing the pH dependence of HN (wild type and mutated) binding to
sialic acid, DANA and zanamivir will be presented.
COMP 319 Automatic short-list generation using sum-rank
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John I. Manchester and Lawrence MacPherson, Infection Discovery, AstraZeneca R&D, 35 Gatehouse
Drive, Waltham, MA 02451, John.Manchester@astrazeneca.com
A table that displays the best 5 compounds in a lead series, along with their associated data, provides the
most concise and informative view of project status during lead optimization. We have developed a tool
that allows rapid generation of these “short lists” by quantitatively ranking compounds according to multiple
biological inputs. For example, a standard set of in vitro potencies and pharmacokinetic parameters are
routinely measured for each project, and a sum-rank algorithm is applied to generate a report of the top
project compounds. The algorithm is fast enough to run on demand through the corporate intranet. Unlike
traditional scoring functions, it is also sufficiently flexible to allow users to interactively select the ranking
criteria and customize their relative weights. This feature is particularly useful when evaluating the qualities
of a given lead against key reference compounds, such as antibacterials already approved for clinical use.
In addition, comparison of lists generated using the same criteria over time allows progress to be
monitored based on how frequently top analogs are replaced. Project assessment using this tool yields a
reliable and unbiased ranking of compounds, and for this reason, it is now the standard method of
generating short lists for all Infection projects.
COMP 320 A QM/MM calculation of the reduction potential of flavin adenine dinuclotide in medium
chain Acyl-CoA dehydrogenase using SCC-DGTB-GHO method
Sudeep Bhattacharyay, Marian T. Stankovich, and Jiali Gao, Department of Chemistry, University of
Minnesota, 207 Pleasant Street SE, Minneapolis, MN 55455-0431, Fax: (612)626-7541,
sudeep@umn.edu
Enzyme active site plays the most significant role in controlling electron transfer in redox enzymes. In a
system like acyl-CoA dehydrogenase this is what becomes evident as one observes the shift of redox
potentials of substrate (and cofactor in protein) in the free-state vs. in the Michaelis complex (1). However,
the precise contribution of individual residues of the protein environment, in the redox property changes
has remained largely speculative and incompletely understood. In order to understand these in great
detail, explicit molecular dynamics free energy simulation are being used to model the redox changes in
these enzymes. The experimentally observed reduction of Flavin Adenine Dinucleotide (FAD) in medium
chain acyl-CoA dehydrogenase occurs with two electron and one proton addition steps
FAD +2e +H+ -------> FADH- : Em = 0.145 V
Using previously developed SCC-DFTB-GHO method (2) for treating quantum mechanical atoms, we are
computing this reduction potential by a series of free energy perturbation simulations. The computational
methodologies used and their results will be presented.
1. Mancini-Samuelson, G. J., Kieweg, V., Sabaj, K. M., Ghisla, S., and Stankovich, M. T. (1998)
Biochemistry 37, 14605-12.
2. Pu, Z., Gao, J., and Truhlar, D. G. (2004) J Phys Chem A 108, 5454-5463.
COMP 321 QM/MM study of the 1H NMR and 205Tl NMR spectra of Thallium bound G-quadruplex from
Oxytricha Nova
Christina M Ragain1, Jose A. Gascon1, Michelle L. Gill2, Scott A Strobel3, J Patrick Loria1, and Victor S.
Batista1. (1) Department of Chemistry, Yale University, PO Box 208107, New Haven, CT 06520-8107, Fax:
203-432-6144, christina.ragain@yale.edu, (2) Department of Molecular Biophysics & Biochemistry, Yale
University, (3) Molecular Biophysics and Biochemistry, and Chemistry, Yale University
The 1H and 205Tl Nuclear Magnetic Resonance (NMR) spectra of Thallium bound Guanine quadruplex
d(G4T4G4)2 from Oxytricha Nova are investigated by using Quantum Mechanics/Molecular Mechanics
(QM/MM) hybrid methods in conjunction with the Gauge Independent Atomic Orbital (GIAO) approach for
the ab initio Self-Consistent-Field calculation of NMR chemical shifts. The 1H NMR spectrum is obtained at
the ONIOM Molecular Embedding (B3LYP/6-31G:Amber) level of theory, while the 205Tl NMR spectrum is
computed at the all-electron QM/MM (RHF/UGBS:Amber) level in order to account for complete electronic
shielding. It is shown that accurate 1H NMR calculations require extended QM layers where the influence
of neighboring planes is explicitly considered, suggesting that 1H NMR chemical shifts are strongly
influenced by Guanine stacking in the G-quadruplex. A complete assignment of 205Tl NMR chemical shifts
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is reported, providing theoretical results that are particularly relevant to the development of Tl NMR-based
methods for structure/function characterization of nucleic acid structures.
COMP 322 A self-consistent QM/MM protocol for the description of protein polarization
Jose A. Gascon1, Siegfried Leung2, Enrique R. Batista3, and Victor Batista1. (1) Department of
Chemistry, Yale University, PO BOX 208107, New Haven, CT 06520-8107, Fax: 203-432-6144,
jose.gascon@yale.edu, (2) Molecular and Biophysics Department, Yale University, (3) Theoretical Division,
Los Alamos National Laboratory
A self-consistent computational protocol for the description of protein polarization effects according to a
distribution of electrostatic-potential (ESP) atomic charges is presented. The iterative method involves
Quantum Mechanics/Molecular Mechanics (QM/MM) calculations of electronic density in individual residues
embedded in the protein environment, followed by the computation of electrostatic-potential (ESP) atomic
charges that reproduce the QM/MM electrostatic potential. Computations are performed for all amino acid
residues and the cycle is iterated until convergence. The computational protocol scales linearly with the
size of the system, providing rigorous first principle descriptions of protein polarization effects in extended
systems. The method is illustrated for several proteins, showing a remarkable improvement in the
description of protein electrostatic potentials as compared to the descriptions provided by semi-empirical
methods or standard molecular mechanics force fields.
COMP 323 The Effective Fragment Potential method for solvation: Modeling bulk behavior with
molecular dynamics
Heather M Netzloff, Research School of Chemistry, Australian National University, Australian National
University, Room E101, Canberra City 2601, Australia, Fax: 61261250750, netzloff@rsc.anu.edu.au, and
Mark S. Gordon, Ames Lab/Iowa State University
The study of environmental effects in the condensed phase poses a unique challenge to computational
quantum chemistry, as a trade-off exists between the use of highly sophisticated, ab initio methods for
accuracy and the computational demands of such an endeavor. The Effective Fragment Potential (EFP)
method for solvation has been developed to give accurate and reliable predictions across the full range of
molecules to clusters to bulk. The EFP method reproduces fully quantum structures and energies very well
for molecules and clusters. An EFP molecular dynamics (MD) code has been implemented within the
GAMESS program in order to test the ability of the EFP method to predict bulk properties. As the EFP
model is improved from HF to DFT to MP2, the predicted radial distribution functions (RDF) for water
become increasingly accurate. Cluster trends suggest that each EFP level of theory accurately reproduces
relative energies and structures from the corresponding QM method, thus, it is likely that the MD results
reflect the abilities of the corresponding levels of theory to reproduce the RDF, without the cost of
performing the full QM calculations. A variety of results will be presented.
COMP 324 Calculating absolute free energies using a "smart" reference system
F. Marty Ytreberg and Daniel M. Zuckerman, Department of Computational Biology, University of
Pittsburgh, 200 Lothrop St., W1041 Biomedical Sciences Tower, Pittsburgh, PA 15261, Fax:
412-648-3163, fmy1@pitt.edu
One reason that free energy difference (Delta G) calculations are notoriously difficult is due to insufficient
conformational overlap, or similarity, between the two states or systems of interest. The degree of overlap
is irrelevant, however, if the absolute free energy of each state can be computed. We present a novel
method for calculating the absolute free energy of a molecular system and apply it to peptides. Our
approach employs a simple construction of a "smart" reference system for which the absolute free energy
is known -- and which possesses good overlap with the state of interest. We show that the method can be
used to correctly predict the conformational equilibria of peptides.
COMP 325 Advances in conformational sampling and free energy calculations via adiabatic
dynamics
Jerry B. Abrams1, Lula Rosso1, and Mark E. Tuckerman2. (1) Department of Chemistry, New York
University, 100 Washington Square East, New York, NY 10003, jerry.abrams@nyu.edu, (2) Department of
Chemistry and Courant Institute of Mathematical Sciences, New York University
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Conformational sampling of peptide backbone dihedrals has been studied using the recently introduced
adiabatic free-energy dynamics (AFED) approach, introduced by Rosso et al. (J. Chem. Phys. 2002, 116,
4389), in which variable transformations are combined with an imposed adiabatic separation of time scales
in the configurational space. The ramachandran surfaces for the alanine di- and tripeptides in gas phase
and solution have been mapped out with an order of magnitude of greater efficiency using the AFED
approach than using the popular umbrella sampling method. Further advances in adiabatic dynamics has
led to a novel molecular dynamics method for calculating the free energies associated with transformations
of the system potentials between thermodynamic states. An extension of the AFED method, this new
approach introduces an additional dynamical degree of freedom, λ, that parameterizes the switching
functions in the potential. In addition to allowing λ to evolve, we have developed a novel scheme using
switching funtions that lead to a barrier in free energy space combined with adiabatic separation between
λ and the physical system. This new scheme was used to study the chemical potential of a Lennard-Jones
liquid. Here, the method was benchmarked against the blue moon ensemble approach and was shown to
have a five fold increase in efficiency.
COMP 326 Relaxation simulations of a multiple-copy region in locally enhanced sampling indicates
the large change in free energy surface through mean-field approximation
Zunnan Huang, C. Adam Hixson, and Ralph A. Wheeler, Department of Chemistry and Biochemistry,
University of Oklahoma, 620 Parrington Oval, Rm. 208, Norman, OK 73019, Fax: 405-325-6111,
znhuang@chemdept.chem.ou.edu
The locally enhanced sampling (LES) approximation used in molecular modeling inspired our
implementation of a new simulation technique. In this method, the restraints imposed by LES are removed
after an equilibrium process. This “relaxation” process helps to quickly distribute the excess kinetic energy
across LES replicas and can be used to efficiently search configuration spaces of the real physical system.
We present tests of the new method by investigating the folding and unfolding processes of a short
polyalanine peptide in a GB/SA implicit solvent model. Large differences of the sampled potential energies
between the LES portion and the relaxed portion of the simulations indicate a large change in free energy
surface through mean-field approximations. At in vivo temperature, the global minimum of the approximate
system and the physical system is not the same. In LES, the gain in sampling of the multi-copy part is due
to the multiple trajectories of this enhanced local region. Further, we believe that the indirect coupling
between the copies through the common bath, not a reduction in energy barriers, promotes
conformational transitions of the equilibrated whole system in approximate mean field simulations.
COMP 327 Direct calculation of binding free energy of biological ligands using Fujitsu BioServer
Hideaki Fujitani1, Yoshiaki Tanida1, Masakatsu Ito1, Michael R. Shirts2, Guha Jayachandran3, Eric J.
Sorin4, and Vijay S. Pande4. (1) Fujitsu Laboratories Ltd, 10-1 Morinosato Wakamiya, Atsugi, Japan, Fax:
81-46-250-8844, fjtani@labs.fujitsu.com, (2) Havemeyer Hall, Mail Code 3131, Columbia University, (3)
Department of Computer Science, Stanford University, (4) Department of Chemistry, Stanford University
Absolute binding free energies of biological ligands were calculated by Bennett acceptance ratio (BAR)
method using Fujitsu BioServer massively parallel computer, which has 1920 FR-V processors (high
performance and low power processor with 8 way VLIW architecture made by Fujitsu) in one rack.
Amber99 force field was used for protein and RNA molecules, and the general Amber force field was used
for ligands. Before the massively parallel free energy calculation, we perform several nanosecond long
molecular dynamics equilibration of the solvated system. This significantly reduces the computational time
of the massively parallel free energy calculation and helps to get a stable binding structure even if the
initial structure was not. But due to the stochastic character of the molecular dynamics, it does not always
give the stable binding structure. We discuss how to distinguish good initial equilibration for the binding
free energy calculation by BAR.
COMP 328 Flexligdock: a flexible ligand-protein docking algorithm
Peter R. Oledzki, Richard M. Jackson, and Paul C. Lyon, Department of Biochemistry and Microbiology,
University of Leeds, Garstang Building, Department of Biochemistry and Microbiology, University of Leeds,
Leeds LS2 9JT, United Kingdom, Fax: +44 (0)113 343 3167, bmbpo@bmb.leeds.ac.uk
A program Flexligdock is being developed to provide a flexible ligand docking tool for small molecule
docking to proteins. The program is based on Q-fit a rigid protein-ligand docking algorithm that uses a
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probabilistic sampling method in conjunction with the GRID molecular mechanics force field to generate
and score solutions. Flexligdock utilises a pose clustering algorithm to generate an interaction point
methodology for mapping ligands onto interaction energy grid maps of a protein target. Flexligdock was
used to dock the FlexX validation dataset of 200 protein-ligand complexes, this permitted a direct
comparison of Flexligdock against other protein-ligand docking algorithms. The FlexX docking algorithm
docks 46% of the data set as the top ranked solution while Flexligdock docks 54% of the data set as the
top ranked solution. If the entire ranked solution set is considered FlexX docks 70% of the dataset <2Å
RMSD whereas Flexligdock successfully docks 75%.
COMP 329 Standard binding free energy: aromatic molecules bind T4 lysozyme mutant
Yuqing Deng, Physiolog and Biophysics Department, Weill Medical College of Cornell University, 1300
York Avenue, New York, NY 10021, and Benoit Roux, Department of Physiology and Biophysics, Weill
Medical College of Cornell University
Calculation of the binding free energies of aromatic ligands to T4 lysozyme mutant with free energy
perturbation and molecular dynamics (MD) is presented. Constraint potentials are used to restrict the
ligand orientation and mass center movement relative to the protein. MD simulation is run with water
solvent around 15 angstrom of the binding pocket. The rest of the system is treated as a generalized
solvent boundary potential. The free energies is split into repulsive, dispersive, electrostatic contributions
and addition and removal of the constraints. The simulation results are independent of the strength of the
constraints applied. The repulsive and dispersive contributions favor the binding process, whereas the
electrostatic contributions is unfavorable. For all of the ligands, the precision of the free energy is less than
0.5 kcal/mol. For small ligands like benzene, toluene and ethylbenzene,the calculated binding free energy
is within 1.1 kcal/mol of the experimental values. This simulation protocol provides a way to computed
binding free energy rapidly for small molecule bound to relatively rigid receptors.
COMP 330 Calculation of local pressure tensors in systems with many-body interactions
Hendrik Heinz, Materials and Manufacturing Directorate, U.S. Air Force Research Laboratory, 2941 P.
Street, Wright Patterson AFB, OH 45433, Fax: 937-646-4068, hendrik.heinz@wright.edu, Wolfgang Paul,
Department of Physics, Johannes-Gutenberg-University, and Kurt Binder, Institut für Physik, Johannes
Gutenberg-Universität
Local pressures can be used to monitor inhomogeneous systems, interface tensions, or equilibration
processes, and contribute to the overall pressure. The calculation of pressures in computer simulations
has often been limited to systems with pairwise interactions between the particles or conditions of
homogeneity. We suggest a method to calculate local pressures and pressure profiles in inhomogeneous
systems with n-body interactions (n=2,3,4..) [1]. The pressure across a local area consists of a kinetic
contribution from the linear momentum of the particles, plus the resulting force due to all many-body
interactions dissected by that area. To define dissection by a small area, the respective n-body
interactions are divided into two geometric centers. Averages over larger subsystems with this method
show consistency with the special cases of the method of Irving and Kirkwood [2], the method of planes
[3], and the virial formula.
[1] H. Heinz, W. Paul, K. Binder, submitted. [2] J. H. Irving and J. G. Kirkwood, J. Chem. Phys. 18, 817
(1950). [3] B. D. Todd, D. J. Evans, and P. J. Daivis, Phys. Rev. E 52, 1627 (1995).
COMP 331 Fragment based data mining of P450 inhibition data – Deriving knowledge for drug design
Xiao Q Lewell and Sandeep Modi, Computational Chemistry, GlaxoSmithKline Research and
Development, Gunnels Wood Road, Stevenage, Hertfordshire SG1 2NY, United Kingdom, Fax:
44-1438-764918, Xiao.Q.Lewell@GSK.COM
Cytochrome P450 enzymes are a major set of enzymes that metabolizes drugs and xenobiotics. Five
isoforms account for more than 90% of the drug-drug interactions in human. An understanding of the
structural features affecting P450 binding is an important step forward in the design and progression of
drug candidates.
We describe our effort in developing in-silico fragment based methods in mining a set of P450 inhibitors.
Methodologies and comparison of methods will be described. Structural features that are prone to P450
binding will be highlighted. Finally an end user tool that enables chemists to use this knowledge in their
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design of compounds will be illustrated.
COMP 332 Development of in-silico models for metabolic stability of drugs in human hepatocyte
Hongzhou Zhang1, Pil H. Lee1, Hongliang Cai2, and Eric M. Gifford1. (1) Computer Assisted Drug Design,
Pfizer Inc, 2800 Plymouth Rd, Ann Arbor, MI 48105, hongzhou.zhang@pfizer.com, (2) Pharmacokinetics,
Dynamics and Metabolism, Pfizer Inc
The hepatic metabolic stability of a compound is an important factor to determine its candidacy as a drug
in human, since most drug metabolism takes place in the liver and most drug metabolizing enzymes are
produced in the liver. In silico models that are predictive of hepatic metabolic stability can be very powerful
in early drug discovery stage to optimize the compound structure as well as to select promising leads to
avoid costly drug development in later stage. In this presentation, we will describe our efforts to develop
various in silico models for metabolic stability of drugs in human hepatocyte with the T1/2 of substrate
disappearance as the endpoint. For these models, we used the high throughput in vitro screening data,
which assesses human hepatic metabolic clearance due to CYP P450 and non CYP P450 pathways in
order to estimate the in vivo hepatic clearance in humans. Performance of individual models from different
statistical methods as well as a consensus model based on predictions from multiple models will be
compared. A detailed analysis of results will also be presented in terms of important descriptors, prediction
confidence, and the cut-off values for classification.
COMP 333 An Accurate and Interpretable Bayesian Classification Model for Prediction of HERG
Liability
Hongmao Sun, Discovery Chemistry, Roche, 340 Kingsland Street, Nutley, NJ 07110, Fax: 973-235-6084
Drug-induced QT interval prolongation has been identified as a critical side effect of non-cardiovascular
therapeutic agents and has accounted for the withdrawal of many drugs from the market. Since almost all
cases of drug-induced QT prolongation can be traced to blockade of a voltage-dependent potassium
channel, encoded by the hERG (the human ether-à-go-go-related) gene, early identification of potential
hERG channel blockers will reduce the chance of cardiac safety-related attritions in the later and more
expensive development stage. Presented here is a naive Bayes classifier to categorize hERG blockers
into active and inactive classes, by using a universal, generic molecular descriptor system. The naive
Bayes classifier was built from a training set containing 1979 corporate compounds, with ROC accuracy of
0.86. The model was then applied to predict the hERG activities of 66 drugs in an external test set, of
which 58 were correctly classified. The cumulative probabilities reflected the confidence of prediction and
were proven useful for identification of hERG blockers. The relative performance of the two classifiers
constructed from either an atom type-based molecular descriptor or the long range functional class
fingerprint descriptor FCFP_6 was compared. Combination of an atom typing descriptor and the naive
Bayes classification enables interpretability of the resulting model, which offers extra information for design
of compounds to dial away undesirable hERG activity.
COMP 334 Maximising the coverage and flexibility of a diverse representative subset for screening
variable number of compounds to suit target knowledge
Siew Kuen Yeap1, Ros J. Walley2, and Jonathan S. Mason1. (1) Medicinal Informatics, Structure and
Design, Pfizer Global R&D, Ramsgate Road (ipc 636), Sandwich, Kent CT13 9NJ, United Kingdom, (2)
Non Clinical Statistics, Pfizer Global R&D
As corporate compound file collections continue to grow steadily with advances in library chemistry, smart
knowledge-based screening approaches become increasingly essential. A common alternative to full file
screening is a diverse representation that provides seeds for iterative virtual screens, which in turn yields
leads and SAR for optimisation. Success of a diverse screening subset is reliant on good coverage of the
full file, and some means to limit the number of compounds that are screened to those most likely to
become hits. In the design of a diverse representative subset of our file enrichment collection, the
approach that enables best coverage was sought via computational evaluations and statistical
simulations. The subset was then plated in such a way to enable selective screening according to
knowledge on a target.
COMP 335 Need to select lead candidates? ROC curves can help
Nicolas Triballeau, Life Science, Accelrys SARL, 20 rue Jean Rostand, Parc Club Orsay Universite, Orsay
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Cedex 91898, France, Fax: +33-169419909, nth@accelrys.com, Francine Acher, Laboratoire de Chimie et
Biochimie Pharmacologique et Toxicologique, UMR 8601, Université René Descartes-Paris V,
Jean-Philippe Pin, Mécanismes Moléculaires des Communications Cellulaires, CCIPE, CNRS- UPR 9023,
and Hughes-Olivier Bertrand, Accelrys
Although it is rather underused in pharmaceutical research, the ‘receiver operating characteristic' curves
(ROC) method is a well recognized metric applied to evaluate the ability of a given test to discriminate
between two populations, and to facilitate decision-making in a plethora of fields in which a wrong
judgment may have serious consequences. This includes clinical diagnosis, public safety, as well as travel
security issues. In the drug discovery area, the two main advantages of the ROC approach are its ability to
consider information on both active and inactive compounds, and its independence with respect to the
ratio of actives in the training set. This approach was applied to optimize docking parameters (LigandFit,
Accelrys Inc.) for screening of metabotropic glutamate receptor sub-type 4, as well as selecting an
appropriate scoring function. New patentable lead series were discovered upon commercial database
mining on this target of therapeutic interest.
COMP 336 Opening up binding sites of homology models via a balloon potential: A molecular
dynamics refinement approach
S. Roy Kimura1, Ramkumar Rajamani1, and David Langley2. (1) Department of Computer-Assisted Drug
Design, Bristol-Myers Squibb Pharmaceutical Research Institute, 5 Research Parkway, Wallingford, CT
06492, Fax: 203-677-7702, roy.kimura@bms.com, ramkumar.rajamani@bms.com, (2) Computer-Assisted
Drug Design, Bristol-Myers Squibb Pharmaceutical Research Institute
Binding sites of homology models are often too small to accommodate known ligands. The lack of
constraints that would have been imposed in the presence of bound ligands leads to misplacement of
sidechains in the binding site. Backbone inaccuracies may exist due to structural divergence between the
template and target proteins. Here we present a novel systematic method to refine model active sites. The
distinct advantage of this approach is the ability to introduce backbone perturbations to improve docking.
We apply this technique to a model GPCR system and compare docking results with and without
refinement. Additional strategies to improve the method such as the introduction of torsional constraints to
preserve secondary structural elements will be discussed.
COMP 337 Development of fragment-based chemical descriptors using novel frequent common
subgraph mining approach and their application in QSAR modeling
Raed Khashan1, Weifan Zheng2, Jun Huan3, Wei Wang3, and Alexander Tropsha2. (1) Laboratory for
Molecular Modeling, Laboratory for Molecular Modeling, School of Pharmacy, University of North Carolina,
CB 7360, Beard Hall, School of Pharmacy, Chapel Hill, NC 27599, raed@email.unc.edu, (2) Laboratory for
Molecular Modeling, School of Pharmacy, University of North Carolina at Chapel Hill, (3) Department of
Computer Science, University of North Carolina at Chapel Hill
We present a novel approach to generating fragment-based molecular descriptors. Using labeled chemical
graph representation of molecules, Fast Frequent Subgraph Mining (FFSM) method developed in this
group is used to find chemical fragments that occur in at least a subset of molecules in a dataset. The
counts of each frequent fragment have been used as descriptors in variable selection k Nearest Neighbor
(kNN) QSAR modeling. This approach has been applied to Maximum Recommended Therapeutic Dose
(MRTD) and Salmonella mutagenicity datasets. We followed established protocols for model validation, i.e.,
randomization of target property and splitting the datasets into training, test, and validation sets. Highly
predictive models have been generated with the external R2 for both test and validation sets exceeding
0.70. Frequent subgraphs implicated in validated models afford mechanistic interpretation of the results in
terms of essential pharmacophoric elements responsible for the compound activity.
COMP 338 Identification of novel anticonvulsant agents by virtual screening of chemical databases
with validated QSAR models
Mei Wang1, Shuxing Zhang1, Scott Oloff1, Alexander Golbraikh1, Harold Kohn2, and Alexander Tropsha1.
(1) 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, meiwang@email.unc.edu, (2)
Division of Medicinal Chemistry and Natural Products, University of North Carolina at Chapel Hill
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QSAR models have been developed for 91 structurally diverse anticonvulsant compounds using two
approaches: variable selection k nearest neighbor (kNN) method and a new statistical modeling
methodology based on lazy learning theory (termed ALL-QSAR). All models have been extensively
validated by splitting this dataset into multiple training, test, and independent validation sets and
demonstrating high predictive power of the training set models for both test and validation sets. Predictive
models have been applied for virtual screening of a combined chemical database including over 3 million
compounds. 5 new structural classes of compounds unaccounted for in the training set have been
identified. The list of computational hits included structures that were very similar or identical to known
anticonvulsants not included in the training set. The results of this study suggest that virtual screening of
chemical databases or molecular libraries using validated QSAR models presents a new powerful paradigm
for computational drug discovery.
COMP 339 Consideration of binding site characteristics for structure-based design
Maria Kontoyianni, P&G Pharmaceuticals, Mason, OH 45040, kontoyianni.m@pg.com, and Marguerita
Lim-Wilby, Accelrys, Inc
Understanding the target binding site is a key aspect in structure-based modeling. Most de novo design
and docking tools are designed to be robust, such that the position and dimensions of the binding site
box, sphere, or volume do not need to be precisely defined. Additionally, most modelers understand
binding sites by the types of ligands that are found to bind through structural studies. This approach is de
facto limited to pre-existing ligands bound to similar receptors. Our work attempts to shed light on the ab
initio computational prediction of the requirements for a binding site, including pharmacophores and
general characteristics, such as size, shape, polarity, hydrophobicity, and flexibility.
The goal of this work is to provide guidelines for selecting and defining binding sites. In studying binding
sites from diverse protein families, an expert system for addressing protein sites may emerge.
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