Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 1 [955899]: Michael Dewar and early MO theory
Jerome A. Berson, Department of Chemistry, Yale University, 225 Prospect Street, P.O. Box
208107, New Haven, CT 06520-8107, Fax: 203-432-6144, jerome.berson@yale.edu,

Abstract
In the period 1935-1955, resonance theory, a truncated form of valence bond theory,
dominated organic chemists' attempts to bring their subject into harmony with quantum
mechanics. Starting in the late 1940s, Dewar presented a challenge to this paradigm in the form
of molecular orbital (MO) theory. However, organic chemists adopted MO reasoning only
gradually and with great resistance. Some speculations are offered on the reasons for this.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 2 [997655]: Rejuvenating Michael's legacy
Paul v. R. Schleyer, Department of Chemistry, University of Georgia, Athens, GA 306022525,

Abstract
Michael Dewar's seminal ideas on hyperconjugation, conjugation, aromaticity, and sigma
aromaticity will be reexamined in the light of current knowledge.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 3 [958089]: Potentially pericyclic reactions involving
para-intermediates
K. N. Houk, Department of Chemistry and Biochemistry, University of California Los Angeles,
405 Hilgard Ave, Los Angeles, CA 90095-1569, Fax: (310) 206-1843, houk@chem.ucla.edu,
Phone: (310) 206-0515

Abstract
In the 1970s and 80s, there were many experimental and theoretical studies to
determine whether pericyclic reactions were actually concerted or whether they occurred by
alternative stepwise processes involving diradical intermediates. Michael Dewar's
contributions
to the understanding of such processes, the lively debates during that era, and current results
from our groups will be discussed.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 4 [993122]: Estrogen receptor structure
Roderick E Hubbard, Department of Chemistry, University of York, Heslington, York YO10
5DD, United Kingdom, rod@ysbl.york.ac.uk, Phone: +44-1904-328267

Abstract
A large number of structures of the ligand binding domain of both the alpha and beta forms of
the estrogen receptor (ER) have been published. This includes complexes with various peptides
derived from co-activators or co-repressors as well as different ligands, including partial and
full
agonists and selective and full antagonists. This has provided insights at the molecular level into
some key aspects of the pharmacology and function of the protein. This presentation will review
the published structures and summarise both how far the structural results can be related to
theknown functions of the receptor(s) and what lessons are available for design of new
compounds.
Finally, I will summarise our progress in generating suitable material for structural studies of
full
length receptor in complex with ligand, DNA and co-activator.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 5 [1005728]: Structural basis of estrogen receptor
partial agonist and SERM agonist activities
Kendall W. Nettles1, Hai-Bing Zhou2, John A. Katzenellenbogen2, and Geoffrey L. Greene3.
(1) Department of Biochemistry, The Scripps Research Institute, 5353 Parkside Dr. RF-1,
Jupiter, FL 33458, knettles@scripps.edu, Phone: 561-799-8851, (2) Department of
Chemistry,
University of Illinois at Urbana-Champaign, (3) The Ben May Institute for Cancer Research,
University of Chicago

Abstract
Nuclear receptor therapeutics act by modulating the recruitment of transcriptional coregulator
proteins to the ligand-binding domain. X-ray crystallography has proven successful at
providing structural details of ligand-receptor complexes. However, the mechanisms of
communication between ligand and cofactor binding sites have remained elusive, limiting the
utility of structural data to guide medicinal chemistry efforts. The structural features that
define partial agonist activity for the estrogen receptor will be explained, with a focus on
predictive chemistry. The structural features that define Selective Estrogen Receptor Modulator
(SERM) agonist activity in the uterus will also be addressed.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 6 [1000006]: Binding mode switching between
ERalpha and ERbeta as the basis of subtype selectivity
Yong Wang1, Sherry Y. Guo1, Jim D. Durbin1, Amechand Boodhoo2, D. Bruce Baldwin3,
Yue-wei Qian2, Bryan H. Norman1, Timothy I. Richardson1, Gregory Durst1, Venkatesh
Krishnan1, and Jeff Dodge1. (1) Discovery Chemistry Research and Technology, Eli Lilly and
Company, Lilly Corpoaret Center, Indianapolis, IN 46285, Fax: 317-651-6333,
wang_yong@lilly.com, Phone: 317-655-9145, (2) Functional Genomics, Eli Lilly and

Company,
(3) Bioproduct Optimization and Delivery, Eli Lilly and Company

Abstract
The ligand-binding cavity is very similar between ER•• and ER•• due to only two conservative
substitutions (ER•• Leu384 to ER•• Met336 and ER••ƒnMet421 to ER•• Ile373) among the
twenty-two cavity lining residues. Such small changes have made it difficult to interpret ligand
selectivity. The basis of subtype selectivity of ligands has been modeled before based on the
same ligand binding conformation and differential interaction with these two residues. Here we
present observations of binding mode switching between ER•• and ER•• for a series of small
agonist ligands and the structural basis for their ••-selectivity. The finding of this novel ligand
flipping helps to explain the ••-selectivity in this series in terms of completely different
binding
interactions and forms a new basis to improve ER•• agonist selectivity.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 7 [1000031]: Structural insights into SERM design
Felix F. Vajdos, Exploratory Medicinal Sciences, Pfizer Inc, Eastern Point Road, Groton, CT
06340, Fax: 860-686-2095, felix.vajdos@pfizer.com, Phone: 860-715-6504

Abstract
Abstract text not available.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 8 [1000204]: Computational characterization and
prediction of estrogen receptor coactivator binding
inhibitors
Brian J. Bennion1 , Kristen S. Kulp1 , Jennifer L Montgomery1 , Felice C. Lightstone2 , Mark
G.
Knize1, L. Michelle Bennett3, and James S. Felton1. (1) Biosciences Directorate, Lawrence
Livermore National Laboratory, L-448 POBox 808, 7000 East Ave., Livermore, CA 94550,
bennion1@llnl.gov, Phone: 925-422-5722, (2) Biosciences, Lawrence Livermore National
Laboratory, (3) NIH, National Cancer Institute

Abstract
Many carcinogens have been shown to cause tissue specific tumors in animal models. The
mechanism for this specificity is not understood and is often attributed to differences in organ
metabolism. For heterocyclic amines (HAs), potent carcinogens that are formed in well-done
meat, the ability to bind to the estrogen receptor and activate or inhibit an estrogenic response
will have a major impact on carcinogenicity. Here we describe our work with the human
estrogen receptor alpha (hERa) and the mutagenic/ carcinogenic HAs; PhIP, MeIQx, IFP, and
N2-hydroxy-PhIP. We find that PhIP, in contrast to the other HAs, increased cell-

proliferation in
MCF-7 human breast cancer cells and activated the hERa receptor. We show mechanistic data
supporting this activation both computationally by homology modeling and docking, and by NMR
confirmation that PhIP binds with the ligand binding domain (LBD). We also find that MeIQx,
IFP and N2-hydroxy-PhIP inhibit ER activation presumably by binding into another cavity on
the
LBD. Moreover, molecular dynamics simulations of hERa and inhibitory HAs reveal a disruption
of the surface of the receptor protein involved with co-activator proteins thereby inhibiting
protein-protein interactions. We therefore propose that the mechanism for the tissue specific
carcinogenicity seen in the rat breast tumors with the consumption of well-done meat is
mediated by HA hERa activation. This work was performed under the auspices of the U.S.
Department of Energy by University of California, Lawrence Livermore National Laboratory
under Contract W-7405-Eng-48.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 9 [997419]: Luck be a lady tonight: Generation of a
new SERM template from an Estrogen Related Receptor
Gamma (ERRg) program
Aaron B. Miller1 , Adwoa Akwabi-Ameyaw2 , Jing Fang2 , David Gray3 , Dennis Heyer2 , Subba
R.
Katamreddy 2 , Kevin Madauss4 , Lisa A. Orband-Miller1 , Wendy Y. Mills2 , Frank Navas III2 ,
Robert T. Nolte1, Rosemary Sasse3, Terrence L. Smalley Jr.2, Liping Wang1, Shawn Williams4,
and William J. Zuercher1 . (1) Discovery Research, GlaxoSmithKline, Five Moore Drive,
Research
Triangle Park, NC 27709, Phone: 919-483-6069, (2) Department of Medicinal Chemistry,
MV
CEDD, GlaxoSmithKline, (3) Discovery Research, Screening and Compound Profiling,
GlaxoSmithKline, (4) Discovery Research, CASS, GlaxoSmithKline

Abstract
Estrogen Related Receptors (ERRs) are orphan nuclear receptors that are similar to the
Estrogen
Receptors (ERs). 4-Hydroxy-Tamoxifen (4OH-TAMOX) is an inverse agonist of the ERR gamma
receptor subtype (ERRg). Using an in-house ERRg /4OH-TAMOX co-crystal structure with the
hopes of getting selective compounds for ERRg, a new series of “cyclic alkylidenes” were
synthesized. Although the series did have affinity to the ERRg receptor, they did not fulfill the
desired selectivity profile. However, this template did offer a novel series for the design of new
ER modulators. The in vitro SAR as well as X-ray co-crystal structures for a subset of these
cyclic alkylidenes will be discussed.

Careers for Computational Chemists in Pharma, Biotech,
Patent Law, Software Vendors, and the National Institutes
ofHealth
COMP 10 [999433]: Peer review at the National Institutes
of

Health
George Chacko, Center for Scientific Review, National Institutes of Health, 6701 Rockledge
Dr,
Rm 4186, Bethesda, MD 20817, Fax: 3014802327, chackoge@csr.nih.gov, Phone:
3014351220

Abstract
Peer review has produced an effective partnership between the National Institutes of Health
(NIH) and research institutions. The mission of the Center for Scientific Review (CSR) is to
ensure that grant applications to NIH receive fair, independent, expert, and timely review -free from inappropriate influences -- so that the most promising research can be funded. At
CSR, approximately 250 Scientific Review Administrators (SRAs) manage the review of over
50,000 grant applications each year. SRAs work with the academic community and Program
Officers at NIH to sustain the high quality of the extramural funding process. An overview of the
peer review process and the responsibilities of the SRA will be provided.

Careers for Computational Chemists in Pharma, Biotech,
Patent Law, Software Vendors, and the National Institutes
of Health
COMP 11 [1012440]: Guiding health science – and having
fun!
Janna P. Wehrle, Cell Biology and Biophysics, National Institute of General Medical Sciences,
45 Center Drive, Rm 2AS.19K, Bethesda, MD 20892, WEHRLEJ@nigms.nih.gov, Phone:
301-594-0828

Abstract
What do get when you cross the Godfather with an NIH program director? Someone who gives
you advice you can't refuse. As the face (or at least the telephone voice) of the NIH, a program
director assists investigators to make sense of the vast jungle of NIH goals and intentions,
policies and procedures. The job can be a real pleasure for anyone who loves to mentor, is
interested in a wide range of science, and can find ways to make things work. If you have a
high tolerance for change and you like to read the front pages of “Science,” here's a job you
should consider.

Careers for Computational Chemists in Pharma, Biotech,
Patent Law, Software Vendors, and the National Institutes
of Health
COMP 12 [1007571]: Intramural research at the National
Center for Biotechnology Information
Evan Bolton, National Center for Biotechnology Information, National Institutes of Health,
8600
Rockville Pike, Bethesda, MD 20894, Fax: 301-480-4559, bolton@ncbi.nlm.nih.gov, Phone:
540-451-1811

Abstract

As a national resource for molecular biology information established in 1988, NCBI's mission
is
to develop new information technologies to aid in the understanding of fundamental molecular
and genetic processes that control health and disease. More specifically, the NCBI has been
charged with creating automated systems for storing and analyzing knowledge about molecular
biology, biochemistry, and genetics; facilitating the use of such databases and software by the
research and medical community; coordinating efforts to gather biotechnology information both
nationally and internationally; and performing research into advanced methods of
computer-based information processing for analyzing the structure and function of biologically
important molecules. To carry out its diverse responsibilities, NCBI, among other things,
develops, distributes, supports, and coordinates access to a variety of databases and software
for the scientific and medical communities, including PubChem, an information resource
linking
chemistry and biology. As a Staff Scientist at NCBI involved in the PubChem project, I help
coordinate development efforts and write chemically-aware software for automated
standardization, validation, and analysis of chemical information. I continually draw on my past
experiences and knowledge gained over the past fifteen years as an independent scientific
consultant, as a computational chemistry researcher, for both small and large pharmaceutical
companies, and as a graduate student.

Careers for Computational Chemists in Pharma, Biotech,
Patent Law, Software Vendors, and the National Institutes
of Health
COMP 13 [998838]: Academia or Industry?
Ramy Farid, Schrödinger, Inc, 120 W. 45th Street, 29th Floor, New York, NY 10036, Phone:
646-366-9555

Abstract
I'm currently Senior Vice President at Schrödinger, Inc. However, when I started graduate
school at Caltech 20 years ago, I had no idea I would end up in industry in such a position. In
fact, after completing my graduate work and postdoctoral fellowship at the University of
Pennsylvania, I accepted a position as an Assistant Professor in the Chemistry Department at
Rutgers-Newark. After 7 years of teaching Chemistry classes to undergraduate and graduate
students and doing research in an academic environment, I decided to accept a position at
Schrödinger. My talk will focus on my experiences in both academia and industry, and what
decisions I would have made differently with the benefit of 20/20 hindsight.

Careers for Computational Chemists in Pharma, Biotech,
Patent Law, Software Vendors, and the National Institutes
of Health
COMP 14 [1012438]: Long and winding road as a
computational chemist in biotech
Erin K. Bradley, Computational Sciences, Sunesis Pharmaceuticals Inc, 341 Oyster Point
Blvd.,
South San Francisco, CA 94080, ebradley@sunesis.com, Phone: 650-266-3675

Abstract

There are many roads that lead to a career in computational chemistry, and there are many
paths one can tread as a computational chemist. I will share my path as a an example of
different roles and work environments one might encounter as a computational chemist in the
start-up/biotech arena. Along the way, I hope to demonstrate both pros and cons of this career
choice, as well as point out key communication skills necessary to be successful.

Careers for Computational Chemists in Pharma, Biotech,
Patent Law, Software Vendors, and the National Institutes
of Health
COMP 15 [1012437]: Putting science skills to work in the
legal profession
Michael Shuster, Intellectual Property Group, Fenwick & West LLP, Embarcadero Center
West,
275 Battery Street, San Francisco, CA 94111, MShuster@fenwick.com, Phone: 415-8752413

Abstract
Michael Shuster is a Partner at the Fenwick & West law firm where he Co-Chairs the Life
Sciences Practice. He received training in neuroscience at the department of Physiology and
Molecular Biophysics of Columbia University, and completed a post-doctoral fellowship in
structural biology in the department of Biochemistry and Biophysics of UCSF. Following up on a
serendipitous lead from a friend, he found himself working at a law firm helping vet scientific
arguments and theories as applied to complex patent litigation. He'll talk about navigating the
transition from scientist to lawyer and about lessons learned in the process.

Careers for Computational Chemists in Pharma, Biotech,
Patent Law, Software Vendors, and the National Institutes
of Health
COMP 16 [995590]: Computer assisted drug discovery in
pharma: Catch that trade wind in your sails
Veerabahu Shanmugasundaram, Computer-Assisted Drug Discovery, Pfizer Global
Research
& Development, 2800 Plymouth Road, Ann Arbor, MI 48105, Fax: 734-622-2782,
Veerabahu.Shanmugasundaram@pfizer.com, Phone: 734-622-7131

Abstract
Increasing pressures on the pharmaceutical industry necessitate an ever increasing
improvement
in the discovery and development processes, to reduce attrition in later stages of drug
discovery, lower the cost of discovering and developing medicines and produce results in the
market. This is especially true in early drug discovery stages where the identification of a novel
therapeutic target, search for the initial lead compound and subsequent lead optimization
begins. The efforts involved here, just by the nature of the drug discovery process, can have
important consequences for therapeutic area project teams which will either set a project team
on the right course or completely derail them and send them on a wild goose chase. This
presents very interesting, challenging, cross-disciplinary career opportunities for scientists

who
have a broad background, have versatile skill sets, are innovative problem solvers and are very
good team players who can lead project teams to swift decision points. A discussion on the
utilization of computational approaches and a career in CADD in a pharmaceutical drug
discovery
setting will be presented.

General Oral - Drug Discovery
COMP 17 [998599]: Cheminformatics web-based
computational laboratory
Norah E. MacCuish1 , John D. MacCuish1 , Mitch Chapman1 , and TJ O'Donnell2 . (1) Mesa
Analytics & Computing, LLC, 212 Corona St., Santa Fe, NM 87501, Fax: 509-472-8131,
norah.maccuish@mesaac.com, Phone: 505-983-3449, (2) gNova Inc

Abstract
We show examples of work done with a cheminformatics web-based computational laboratory.
This tool is for use in: university courses (such as pharmacology, biochemistry, chemical
informatics, medicinal chemistry, and drug design with connections to bioinformatics),
industry
training, and research. Real data and programs allow the students and researchers to explore
cheminformatics topics (broadly defined) in an exploratory and iterative fashion. Currently
this
virtual laboratory is being utilized by a number of universities and institutions in the US. It is
an
on-going project that is transforming industrial strength cheminformatics commercial
software
from a variety of vendors into a cheminformatics virtual training and research tool. Vendor,
academic, and industrial participation will be discussed. This project is part of the
“Cheminformatics Teaching Tools for the Cheminformatics Virtual Classroom,” a National
Science Foundation Phase II Business Innovative Research Grant awarded to Mesa Analytics &
Computing, LLC.

General Oral - Drug Discovery
COMP 18 [1012435]: Data mining for kinase gene family
selectivity
Theresa L. Johnson1 , Daniel Caffrey1 , Robert V. Stanton2 , and Simon Xi1 . (1) Pfizer,
Cambridge, MA 02139, theresa.l.johnson@pfizer.com, Phone: 999-999-9999, (2) Molecular
Informatics, Pfizer Research Technology Center

Abstract
One advantage of Pfizer's size is that it has a wealth of kinases data including: high throughput
screening (HTS), chemotype SAR, kinase selectivity panel data, in-house crystal structures and
sequence alignment data. The ability to mine this aggregate data leads to a number of
interesting observations, around the origin of kinase selectivity. Using various analysis tools
(pharmacophore identification, modified 3D-QSAR) comparisons were made between activity,
compound features, active site interactions, and kinase binding modes. These results will be
presented showing the benefits of a gene family approach to Kinases and the benefits of large
scale mining of a corporate knowledge base.

General Oral - Drug Discovery
COMP 19 [962348]: Chemotype-based hierarchical
classification and rough set theory analysis of the NCI
AIDS
database
Jose Luis Medina-Franco, BIO5 Institute, University of Arizona, 1703 E. Mabel St.,
Tucson, AZ
85721, medina@pharmacy.arizona.edu, Phone: 520-626-0974, Joachim Petit, Pharmacology
and
Toxicology, University of Arizona - College of Pharmacy, and Gerald M Maggiora, Department of
Pharmacology and Toxicology, University of Arizona

Abstract
A focused chemotype-based hierarchical classification of the active compounds in the NCI AIDS
dataset is presented. The 42,689 compounds in the dataset were parsedusing chemotypes
at different levels of structural resolution. Based on chemotype frequency vs. enrichment factor
plots, frequently occurring chemotypes associated with activity were identified and used to build
a hierarchical classification for the active compounds. A rule-based analysis of a cyclic system
chemotype with a significant frequency of occurrence and enrichment factor was carried out.
The
analysis was conducted with rough set theory, a data classification methodology that uses
equivalency relationships to group objects with similar attributes into indiscernability classes.
A
brief introduction to RST will be presented along with an example of the rules associating
specific sidechains of the cyclic system chemotype with biological activity that were discovered.

General Oral - Drug Discovery
COMP 20 [961425]: An on-line on-demand application
framework for computational chemistry
Thanh N. Truong, Henry Eyring Center for Theoretical Chemistry / Department of
Chemistry,
University of Utah, 315 South 1400 East, rm 2020, Salt Lake City, UT 84112, Fax: (801)
581-4353, truong@chemistry.chem.utah.edu, Phone: (801) 581-4301

Abstract
The presentation will describe the development of an innovative technology called Java
On-Demand Application Framework (JODAF). The technology enables the users to use
application tools from the Web on demand. More importantly, customizable,
platform-independent enterprise solutions can be constructed with this framework. JODAF will
introduce a new paradigm that will transform how network computing is done, by allowing
diverse types of application tools, data, and resources distributed over the Internet to be
accessed concurrently from a single virtual desktop environment in a simple, secure, and
transparent manner. This technology combined with distributed, remote server access
capabilities offers a unique solution for all computing work environments that require remote
access of data and server-based applications. This technology is the foundation for the
Computational Science and Engineering Online (CSE-Online, http://cse-online.net) project.

General Oral - Drug Discovery

COMP 21 [999247]: Complementarity of FTrees and
Tanimoto similarity, clustering, and Bayesian learning in the
search for Alpha 7 nAChR ligands
Wendy Sanderson1, Theo Thielemans1, Christophe Buyck1, Chris Grantham2, Anne Lesage2,
Jan Willem Thuring3, and Trevor Howe1. (1) Molecular Informatics, Johnson & Johnson
Pharmaceutical Research & Development, Turnhoutseweg 30, Beerse 2340, Belgium,
wsanders@prdbe.jnj.com, Phone: +32-14-606496, (2) Psychiatry, Johnson & Johnson
Pharmaceutical Research & Development, (3) Medicinal Chemistry, Johnson & Johnson
Pharmaceutical Research & Development

Abstract
Searching for active compounds is a recurring task in the life-cycle of every drug discovery
project. Without structural information of the target protein, the search for new molecules
often
relies on similarities and differences to known actives. There is a consequent risk of getting
trapped in chemical space that has already been explored. A combination of different techniques
increases chances of exploring new chemical avenues. Of particular interest to us are FTrees,
which allow molecules to be described in a topology-preserving nomenclature, assigning
physico-chemical properties to tree nodes.
At an early stage in the Alpha 7 nAChR project the use of FTrees (in addition to the more
traditional techniques such as Tanimoto similarity on fingerprints, fingerprint clustering and
Bayesian learning) led to the discovery of active molecules with hitherto unexpected scaffolds.
Later in the project FTrees results were used to identify promising R-groups.

General Oral - Drug Discovery
COMP 22 [998551]: Understanding 2D and 3D asymmetry
in
similarity searching and clustering analysis
John D. MacCuish and Norah E. MacCuish, Mesa Analytics & Computing, LLC, 212 Corona St.,
Santa Fe, NM 87501, Fax: 509-472-8131, john.maccuish@mesaac.com, Phone: 505-9833449

Abstract
The relations among various types of data elements, such as structural compound fingerprints,
or molecular shape or shape fingerprints, have both symmetric and asymmetric components.
For
example, the Tversky measure encapsulates a parameterized version of asymmetry and can be
used with structural or shape fingerprints as well as shape comparisons. We explore the use of
asymmetry in clustering and similarity searching with various compound data sets, and show
how one can derive a useful understanding of the efficacy of asymmetry by employing
asymmetric multi-dimensional scaling techniques in conjunction with Procrustes analysis and
via
a variety of graphical techniques.

General Oral - Drug Discovery
COMP 23 [999182]: 2D visualization and constraint-driven
enumeration of chemical fragment spaces

Juri Paern and Matthias Rarey, Center for Bioinformatics (ZBH), University of Hamburg,
Bundesstrasse 46, 20146 Hamburg, Germany, Fax: 049-040-428387352Abstract
Chemical fragment spaces consist of a set of fragments and a set of rules which specifies how
the fragments can be connected. These spaces can be the underlying search space for typical
tasks in pharmaceutical research. Here, we present tools to deal with such spaces. FragView
allows the user to visualize fragments as 2D structure diagrams in a spreadsheet. To overcome
the problem of visualizing large fragment spaces the tool allows to reduce the set of shown
fragments to those with desirable features. Much attention was paid to visualization issues. For
example, it is possible to orientate the fragments according to their link such that a better
overview of fragments with compatible link types is given. Beside visualization and orientation
of fragments, FragView can also be used to build-up larger fragments and whole molecules
according to the rules of the fragment space. For a full automated enumeration of molecules of
a fragment space we developed the tool FragEnum. Since in the majority of cases a complete
enumeration is not possible and not desirable the user can specify ranges of physicochemical
properties which the enumerated molecules must fulfill. In contrast to existing construct and
filter methods, FragEnum considers most properties during the build-up process directly
constructing the desired compounds.

General Oral - Molecular Mechanics and Simulation
COMP 24 [999643]: Solvent-induced attraction between
repulsive ions
Samuel J Keasler, Bin Chen, and Ricky B Nellas, Department of Chemistry, Louisiana State
University, 400 Choppin Hall, Baton Rouge, LA 70816, skeasl1@lsu.edu

Abstract
Recent work published in JACS by Yang et al revealed an intriguing folding of suberate dianion,
into a more compact structure with addition of 16 water molecules in a gas-phase cluster study.
However, the interplay of the energetic benefits due to the formation of a single solvation
center as well as those due to the exclusion of water from the hydrophobic chain upon folding
remains unclear. A quantitative examination of these two types of forces (hydrophilic versus
hydrophobic) would be necessary for an ultimate explanation of this phenomenon but poses a
serious challenge to both experimental and simulation-based approaches. For the latter, such
folding events often reside outside the boundary of the conventional simulation methods. A
novel technique developed by us, AVUS-HR, has enabled the study of the activated long
time-scale events (such as nucleation) with atomistic simulations. By combining this method
with a thermodynamic cycle, both the solvent effects and the conformational preference of the
solute can be quantitatively investigated. As an initial test of this new combined simulation
approach, we applied it to the study of the effective interaction between two ions as function of
their separation as well as the number of water molecules added. Surprisingly, our results
suggested that an attractive interaction between two anions or two cations can be already
induced by the addition of an appropriate number of water molecules, even in the absence of
the hydrophobic connecting chain. These results also demonstrated that we can use this
technique to further our inquiry into the intricacies of solvation effect at the molecular level
which is very essential in understanding conformational changes of biopolymers in aqueous
environment.

General Oral - Molecular Mechanics and Simulation
COMP 25 [998197]: How well does Poisson-Boltzmann
solvent compare with explicit solvent?

Chunhu Tan and Ray Luo, Department of Molecular Biology and Biochemistry, UC-IRVINE,
Irvine, CA 92697-3900, Fax: 949-824-8551, tanc@uci.edu, Phone: 949-824-9562

Abstract
Poisson-Boltzmann (PB) implicit solvents, including the Generalized Born approximation,
have
become increasingly popular due to their computational efficiency and accuracy. However, there
have been relatively few attempts to optimize the PB solvents for their applications. Even if
they are optimized, their transferability to larger systems has barely been discussed. Recently,
a newly parameterized PB solvent was released in AMBER9. The PB solvent was first optimized
by fitting charging free energies of 42 small molecules, which were calculated by
Thermodynamic Integration in explicit solvent. The performance of the optimized PB was tested
on salt-bridging
pairs, hydrogen-bonding pairs, and short peptides. Our study shows that, in most cases the
reaction field energies in explicit solvent can be reproduced by PB with reasonable accuracy.
However, for hydrogen-bonding pairs, PB can not capture the subtle effect of water-bridged
minimum. To further test the performance of PB in molecular dynamics, we performed
high-temperature molecular dynamics simulations for 23 dipeptides in both PB and explicit
solvent and found an overall good agreement between PB and explicit solvent.

General Oral - Molecular Mechanics and Simulation
COMP 26 [983507]: Electrostatic and solvent-structure
forces
in molecular interactions: Competition of forces in solution
and semi-continuum representation of solvent-induced
forces
Sergio A. Hassan, Center for Molecular Modeling, National Institutes of Health, DHHS,
Bethesda, MD 20892, mago@helix.nih.gov

Abstract
Molecular interactions in protein-solvent interfaces are modulated by bulk electrostatics and
by the forces and torques elicited by the structure of the solvent surrounding the molecules. The
later forces control the structure (e.g., docking modes), the thermodynamics (binding affinity)
and dynamics (association/dissociation pathways) of the interacting species. A model is
introduced here to represent these non-pair-wise additive solvent forces, which are described
by out-of-the-solutes centers of forces located at specific points around the solutes. These
centers
are determined by the solvent density peaks, which positions are calculated using the simplest
version of the DFT of liquid structure. Bulk electrostatic modulation is described by the
inhomogeneous version of the Onsager theory of liquids (the basis of the screened Coulomb
potentials-based continuum model SCPISM), which is phenomenologically modified here to
include short-range dipole-dipole correlations (Kirkwood-Frohlich extension); The suitability
of
the approach is demonstrated by reproducing solvent density peaks around single amino acids,
and by reproducing the energy and position of the contact and solvent separated minima, and
the desolvation barriers, in the intermolecular PMF of amino acid pairs, obtained in atomistic
simulations in pure water.

General Oral - Molecular Mechanics and Simulation
COMP 27 [1000009]: Gated binding of ligands to HIV-1
protease: Brownian dynamics simulations in a coarsegrained
model
Chia-en Chang1, Tongye Shen1, Joanna Trylska2, Valentina Tozzini3, and J Andrew
McCammon4. (1) Chemistry and Biochemistry, UCSD, La Jolla, CA 92093,
cchang@mccammon.ucsd.edu, Phone: 240-506-7354, (2) ICM, Warsaw University, (3)
Piazza dei Cavalieri, (4) Howard Hughes Medical Institute and Department of Chemistry and
Biochemistry and Department of Pharmacology, University of California, San Diego

Abstract
The internal motions of proteins may serve as a "gate" in some systems, which controls
ligand-protein association. This study applies Brownian dynamics simulations in a coarsegrained
model to study the gated association rate constants of HIV-1 proteases and drugs. The
computed gated association rate constants of three protease mutants, G48V/V82A/I84V/L90M,
G48V and L90M with three drugs, amprenavir, indinavir and saquinavir, yield good agreements
with experiments. The work shows that the flap dynamics leads to "slow gating". The
simulations suggest that the flap flexibility and the opening frequency of the wild-type, the
G48V and L90M mutants are similar, but the flaps of the variant G48V/V82A/I84V/L90M open
less frequently, resulting in a lower gated rate constant. The developed methodology is fast and
provides an efficient way to predict the gated association rate constants for various protease
mutants and ligands.

General Oral - Molecular Mechanics and Simulation
COMP 28 [999707]: A coarse-grain model of DNA
Thomas A. Knotts IV, Department of Chemical and Biological Engineering, University of
Wisconsin--Madison, 1415 Engineering Dr, Madison, WI 53706-1691, Fax: 608-2625434,
taknotts@wisc.edu, Phone: 608-262-2448, Nitin Rathore, Optimization US, Novozymes North
America Inc, and Juan J. de Pablo, Department of Chemical & Biological Engineering, University
of Wisconsin-Madison

Abstract
For several years, single molecule pulling experiments have given insights into the stability of
DNA. Many descriptions of DNA, from atomistic to continuum, have proven successful at
reproducing observed behavior. We have found, however, that there is no suitable model for
several problems of interest, including viral packaging of DNA and microarray interactions,
where the size of the molecules prohibits atomistic representations, but continuum and linear
bead-spring models do not contain the required molecular level of detail. Emerging technologies
require that mesoscopic models of DNA be developed, capable of describing length scales in the
5 to 500 nm range. One of the main challenges is to preserve a coupling between the
phenomena seen at longer length scales (e. g. a persistence length of 50 nm) while
incorporating the features needed for smaller scales (e. g. charge effects, geometry, and base
specificity). We have developed a coarse grain description of DNA which reduces the complexity

of a nucleotide to three interaction sites. The model is capable of describing sequence
information, bubble formation, and salt effects (with both implicit and explicit counter-ions)
in
simulations of DNA up to a few microns in length. It also possesses a characteristically long
persistence length. The predictions are in remarkable, quantitative agreement with experiment,
and shed light into the coupling of multiple length scales and interactions to yield unique
behaviors and functions.

General Oral - Molecular Mechanics and Simulation
COMP 29 [994991]: Generalized coarse-grained model
based
on Gay-Berne and point multipole potentials
Pavel A. Golubkov and Pengyu Ren, Department of Biomedical Engineering, University of
Texas at Austin, 1 University Station, C0800, Austin, TX 78712-0238, Fax: 512-4710616,

Abstract
This paper presents a novel general purpose coarse-grained model based on Gay-Berne and
electric point multipole potentials. Coarse-graining of van der Waals potential is achieved by
treating the molecules as soft uniaxial ellipsoids interacting via generalized anisotropic
Gay-Berne potential. The electric multipole expansion through the quadrupole is derived from
quantum mechanics calculations and placed at the center of mass of the Gay-Berne particle. The
coarse-grained model has been applied to molecular dynamics simulations of liquids, including
benzene, methanol and water, as well as other systems. The computational efficiency is
improved by several orders of magnitude while the results are in reasonable agreement with
all-atom models and experimental data. We will discuss the development and parameterization
of the coarse-grain model, results of molecular dynamics simulations, the effect of key
parameters on system behavior, and the future directions of the model.

General Oral - Molecular Mechanics and Simulation
COMP 30 [997961]: Structure and dynamics of the fulllength
lipid-modified H-ras protein in a DMPC bilayer
Alemayehu A. Gorfe, Department of Chemistry and Biochemistry and Center for Theoretical
Biological Physics, University of California,San Diego, McCammon Group, 9500 Gilman Drive,
La
Jolla, CA 92093, Fax: 858-434-4974, abebe@mccammon.ucsd.edu, Phone: 858-822-0255,
and J
Andrew McCammon, Howard Hughes Medical Institute and Department of Chemistry and
Biochemistry and Department of Pharmacology, University of California, San Diego

Abstract
Ras proteins are crucial regulators of signal transduction processes that control cell growth and
proliferation. Their dysregulation by activating mutations, overexpression or upstream
activation
is a common cause of human tumors. It is clear that H-, N- and K-Ras proteins promote specific
signaling outputs, but Lack of knowledge on the origin of specificity impeded the development
of selective inhibitor drugs. Thus, we initiated computational studies aimed at understanding the

specificity determinants among the Ras isoforms. Such an effort would greatly benefit from the
hitherto missing atomic-level structural and dynamical informations of the full-length
membrane-bound Ras protein. Here, a complete picture of the full-length H-Ras protein in
complex with a 1,2-dimyristoylglycero-3-phosphocholine (DMPC) bilayer obtained from
modeling and all-atom explicit solvent molecular dynamics simulations is presented. We show
that, in addition to the lipid anchor, H-Ras binding to the bilayer involves direct interaction
between
residues in the soluble (G-)domain and the DMPC phosphates. Two dominant modes of
G-domain--membrane interactions are observed. They differ in the protein orientation, in the
extent of interaction with the phosphate headgroups, and in the degree of the active
participation of the flexible linker in membrane binding. The relative population of the two
modes of binding appears to be modulated by GTP/GDP exchange. The global structure of the
protein and the bilayer remain similar to that of the isolated components, but we found localized
structural and dynamical changes. The implications of the results to biological function will be
discussed.

General Oral - Molecular Mechanics and Simulation
COMP 31 [991371]: Understanding self-assembling cyclic
peptide nanotubes in lipid bilayer by molecular dynamics
Ekta Khurana, Department of Chemistry, Center for Molecular Modeling, University of
Pennsylvania, 231 S. 34th Street, Philadelphia, PA 19104-6323, Fax: 215-573-6233,
ekhurana@sas.upenn.edu, Phone: 215-573-8697, and Michael L. Klein, Department of
Chemistry, University of Pennsylvania

Abstract
Cyclic peptide structures composed of alternating L- and D-a-amino acids self-assemble in a
lipid
bilayer to form nanotubes, which exhibit ion-channel and antibacterial properties, which are
not
yet completely understood. Two all atom MD simulations of the tubes, consisting of eight rings
and seven rings of cyclo [(-L -Trp- D -Leu-) 4 -] in DMPC bilayer, with the central axes of the
tubes
aligned parallel to the normal to the bilayer plane were performed, which showed that a tube
consisting of seven rings is stable. The free energy curves for pulling a cation along the central
axis of the cyclo [(-L-Trp-D -Leu-)4-] tube were computed for three different heteromeric
assemblies, differing only in the capping ring: cyclo [(-L -Trp- D -Leu-) 4 -], cyclo
[(- L -Arg- D -Leu-) 4 -] and cyclo [(-L -Glu- D -Leu-) 4 -]. In the carpet-like mode of action for
antibacterial activity, the central axis of the tube is aligned perpendicular to the normal to the
bilayer plane. Another simulation was performed, with the tube consisting of seven rings placed
above the lipid head groups, in the aqueous phase, with the central axis of the tube
perpendicular to the normal to the bilayer plane. Our results here provide better understanding
of these nanotubes as ion-channels and antibacterial agents.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 32 [975717]: Dewar-type semiempirical methods:
Development, impact, perspectives

Walter Thiel, Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, D45470,
Mülheim an der Ruhr, Germany, thiel@mpi-muelheim.mpg.de, Phone: +49 208 306 2150

Abstract
Following a request by the organizer, the lecture will start with an account of life in the Dewar
group in the mid-seventies and an overview of semiempirical method development during this
time that led to MNDO [1]. After reviewing later method development both in the Dewar group
and elsewhere, it will address the impact of the Dewar-type methods in computational
chemistry over the past thirty years and the future perspectives of semiempirical approaches
[2,3]. [1] M.J.S. Dewar und W. Thiel, J. Am. Chem. Soc. 99, 4899-4907 (1977). [2] W.
Thiel,
Adv. Chem. Phys. 93, 703-757 (1996). [3] W. Thiel, in "Theory and Applications of
Computational Chemistry: The First 40 Years" (Eds. C. E. Dykstra et al), Elsevier, Amsterdam,
2005, pp. 559-580.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 33 [1000376]: Semiempirical quantum mechanics in
biology
Kenneth M. Merz Jr., Department of Chemistry and The Quantum Theory Project,
University of
Florida, 2328 New Physics Building, PO Box 118435, Gainesville, FL 32611-8435

Abstract
Semiempirical quantum mechanical (QM) methods have had tremendous impact on our
understanding of chemical and biological systems. In this presentation we will focus on the
application of semiempirical QM methods to solve relevant problems in biology and
structure-based drug design (SBDD). For example, we will describe a selection of recent
applications of these methods to the scoring of protein-ligand poses, protein folding, NMR
spectroscopy, X-ray spectroscopy and pairwise energy decomposition of protein-ligand
complexes. Finally, we will briefly summarize our vision of the future application of quantum
chemistry in biology.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 34 [966455]: Impact of enzyme motion on activity
Sharon Hammes-Schiffer, Department of Chemistry, Pennsylvania State University, 104
Chemistry Building, University Park, PA 16802, Fax: 814-863-5319, shs@chem.psu.edu,

Abstract
Theoretical studies aimed at elucidating the role of protein motion in enzyme reactions will be
presented. The hydride transfer reaction catalyzed by the enzyme dihydrofolate reductase
(DHFR) will be used as a paradigm because of the extensive structural and kinetic data
available for wild-type and mutant forms (to be discussed by Benkovic). We have developed a
hybrid quantum-classical molecular dynamics approach that includes electronic and nuclear
quantum effects, as well as the motion of the entire solvated enzyme. The application of this
hybrid approach to DHFR leads to the identification and characterization of a network of coupled

motions that extends throughout the enzyme and represents conformational changes that
facilitate the charge transfer process. Mutations distal to the active site are shown to
significantly impact the catalytic rate by altering the conformational motions of the entire
enzyme and thereby changing the probability of sampling conformations conducive to the
catalyzed reaction.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 35 [967032]: Perspective on biological catalysis
Stephen J. Benkovic and Sharon Hammes-Schiffer, Chemistry, Penn State University, 414
Wartik Laboratory, University Park, PA 16802, Fax: 814-865-2973, sjb1@psu.edu

Abstract
With dihydrofolate reductase as a paradigm, we have examined the question of the importance
of conformational changes and their contributions to catalysis. We have supplemented kinetic
and thermodynamic data with a direct study of the conformational fluctuations. Residues that
exhibit high frequency motions both within and outside the active site influence the key rate
constants that describe turnover. Using labeled DHFR molecules that generate changes in
fluorescence resonance energy transfer owing to conformational fluctuations have provided
measurements of the rates associated with the interconversion of such enzyme conformations
and show them to be on a timescale similar to that of the hydride transfer step. These collective
data in conjunction with theoretical studies (to be discussed by Hammes-Schiffer), implicate a
network of coupled motions arising in a series of thermally equilibrated enzyme conformations
that act along the reaction-coordinate to optimize the reacting centers of the substrate and
cofactor for chemical transformation.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 36 [1000229]: Structure based drug design
approaches to improving ER•• a gonist selectivity in
benzopyrans
Bryan H. Norman1 , Timothy I. Richardson1 , Julian S. Kroin2 , Elizabeth M. Thomas1 , Jikesh
Shah1, John O'Toole1, Peter S. Borromeo1, Charles W. Lugar1, Scott A. Jones2, Keyue Chen1,
Yong Wang1, Gregory Durst1, Robert J. Barr1, Chahrzad Montrose-Rafizadeh3, Harold E.
Osborne1, Robert M. Amos1, Venkatesh Krishnan1, and Jeffrey A. Dodge2. (1) Discovery
Chemistry Research and Technology, Eli Lilly and Company, Lilly Corporate Center,
Indianapolis,IN 46285, Fax: 317-277-3652, norman@lilly.com, Phone: 317-277-2235,
(2) Lilly Research
Laboratories, Eli Lilly and Company, (3) Lilly Research Laboratories, Eli Lilly & Company

Abstract
A novel class of selective ER•• ligands that belong to the benzopyran scaffold have been
identified. These compounds bind ER•• with high affinity (< 1 nM Ki) and show full agonist
activity in cell based cotransfection assays. X-ray crystal structures reveal agonist-like
conformations for helix 12, when these compounds are co-crystallized with the ligand binding
domain of ER••. A different binding mode has been observed with ER••. This unique finding
helps
explain the observed ••-selectivity in this chemical class and offers the opportunity for a

structure-based drug design (SBDD) approach to further improve ••-selectivity. SBDD tools
were
used to design molecules that would disrupt binding to ER••, while maintaining high affinity for
ER••, resulting in the identification of new benzopyrans with >100-fold selectivity for ER••.
Through the use of rodent models for benign prostatic hyperplasia (BPH), we have demonstrated
that selective ER•• agonists may be useful candidates for BPH therapy. This is due to their
improved side effect profile, as a result of lower incidence of ER••-driven pharmacology.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 37 [996960]: Structure-based design of estrogen
receptor-beta selective compounds
Michael S. Malamas1 , Heather A Harris2 , Jim Keith3 , Bob McDevitt1 , Iwan Gunawan1 , Eric
Manas4, Christopher P Miller5, and Richard E. Mewshaw6. (1) Chemical and Screening
Sciences,
Wyeth Research, CN 8000, Prineton, NJ 08543, Phone: 732-274-4428, (2) Women's
Health
Research Institute, Wyeth Research, (3) Department of Cardiovascular and Metabolic Diseases,
Wyeth Research, (4) TransForm Pharmaceuticals, Inc, (5) Patent Department, Wyeth
Research,
(6) Chemical & Srceening Sciences, Wyeth Research

Abstract
The discovery of a second subtype of the estrogen receptor (ERb) in 1996 prompted an intense
discovery effort within the scientific community to identify ERb selective ligands in order to
elucidate the receptor's physiological role in mediating estrogen action. Toward this end, we
have designed highly potent and selective agonists for ERb and have characterized their activity
in several clinically relevant rodent models. While only two subtle amino acids differences are
present in the ligand binding domains of the two ERa and ERb isoforms, our structure-based
approach enabled us to rapidly advance our initial leads to successful candidates. X-ray
crystallography data and molecular modeling tools allowed us to exploit a single amino acid
difference between the two ERs (ERb Ile421 to ERaMet373). Several ligands were found to
highly bind to ERb with IC50 values of 3-5 nM, which are similar to 17b-estradiol. However,
unlike estradiol, these ligands are >100 fold selective for ERb over ERa. Our ERb selective
ligands exhibited little or no utility in hormone therapy or as contraceptive agents. However,
they have a dramatic beneficial effect in animal models of various chronic inflammatory
conditions, and they are currently undergoing clinical trials as novel therapies to treat such
conditions.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 38 [991797]: Ligand flipping within the estrogen
receptor hormone binding domain
Minmin Wang, Yong Wang, Thomas B. Burris, Jeffrey A. Dodge, and Owen Wallace, Lilly
Research Laboratories, Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285,

Abstract
The phenol moiety is a ubiquitous pharmacophore for the estrogen receptors. Crystallographic
data indicates the phenol group invariably binds to ERƒÑ and ERƒ" by interacting with Glu353
on helix-3 and Arg394 on helix-6 in the ligand binding domain (LBD) of the protein. The
dominance of this interaction has been established by both structure-activity studies and X-ray
crystallography, the latter indicating that both Arg394 and Glu353 contribute significantly to
binding energetics. This is also the primary molecular recognition site for selective estrogen
receptor modulators (SERMs) such as 4-hydoxytamoxifen and raloxifene. For most SERMs, an
additional interaction occurs between Asp351 and a basic side of the ligand in such a way that
helix-12 is substantially repositioned thereby changing the conformation of the protein. The
change in protein shape is thought to be responsible for the antagonist properties of SERMs by
blocking recruitment of coactivators required for gene transcription. We have recently
identified novel binding modes for a pair of enantiomeric SERMs in which the conserved
interaction is the
binding of the basic side-chain with Asp351 which, in the case of one enantiomer, is at the
expense of the canonical binding motif between the phenol and Glu353/Arg394.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 39 [996658]: Getting it right: Lessons learned from
virtual screening in the estrogen receptor
David G. Lloyd1 , Andrew JS. Knox1 , Darren Fayne1 , and Mary J. Meegan2 . (1) Molecular
Design Group, School of Biochemistry and Immunology, Trinity College Dublin, College Green,
Dublin, Dublin D2, Ireland, Fax: +353-1-6772400, david.lloyd@tcd.ie, Phone: +353-16082904,
(2) School of Pharmacy and Pharmaceutical Sciences, Trinity College Dublin

Abstract
Two major issues for successful structure-based virtual screening relate to the treatment or
pre-processing of compound databases utilised, and the scoring functions employed during
docking runs. We present our findings relating to appropriate consideration of database
preparation and composition – the implications of input string processing, the distribution of
known actives in medicinal chemistry space, the impact of protonation, tautomerisation and
multiple conformations on enrichment, and how to best approach scoring function selection for
optimal performance in the estrogen receptor. Cheminformatic and in silico predictions are
experimentally validated through the immediate identification of active sub-micromolar hits
and leads for the ER, representing novel chemotypes for this target with putative therapeutic
value in ER-mediated disease.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 40 [997488]: Focused library design for selective
estrogen receptor modulators using CombiGlide
Mee Shelley, Leah L. Frye, Robert B. Murphy, and Peter S. Shenkin, Schrödinger, 101 SW

Main
St., Suite 1300, Portland, OR 97204, Fax: 503-299-4532, mshelley@schrodinger.com,

Abstract
CombiGlide is a new computational program that facilitates the design of focused combinatorial
libraries. CombiGlide utilizes the extra precision (XP) mode of Glide, a docking program, and a
built-in selection protocol that rapidly determines which members of the virtual library have
the
highest likelihood of binding tightly to the target. As a proof of concept, we employed
CombiGlide in a retrospective study to design optimized ligands around the benzothiophene core
in raloxifene, as well as a series of ligands that display selectivity for estrogen receptor beta.
Our results show that CombiGlide is very effective in selecting a relatively small library that is
rich in potent binders. We will discuss ideas on designing subtype-selective ligands, based upon
subtle structural differences between the alpha and beta subtypes of the estrogen receptor.

Structure-Based Design & Development of Estrogen
Receptor
Modulators
COMP 41 [993668]: Use of a classification tree and
calculated
drug-like properties to design SERMs with uterine
antagonism
and ovarian safety
Timothy I. Richardson1 , Jeffrey A. Dodge2 , Minmin Wang2 , Christian A. Clarke2 , Scott A.
Jones2, Yao-Chang Xu2, Bai-Ping Ying2, Dan T. Kohlman2, Daniel J. Sall2, Jolie A. Bastian2,
Michael D. Kinnick2, Owen B. Wallace2, Scott A. Frank2, Timothy A. Shepherd2, Robert D.
Dally2, Yong Wang2, Alan D. Palkowitz2, Andrew G. Geiser2, Henry U. Bryant2, Judith W.
Henck2, Daniel G. Rudman2, Ilene R. Cohen2, Denis J. McCann2, David E. Coutant2, Henry A.
Havel2, Conrad W. Hummel3, Kin C. Fong3, Ronald Hinklin3, George Lewis3, and Hongqi Tian3.
(1) Discovery Chemistry Research and Technology, Eli Lilly and Company, Lilly Corporate
Center, Indianapolis, IN 46285, Fax: 317-433-0552, Phone: 317-433-2372, (2) Lilly
Research
Laboratories, Eli Lilly and Company, (3) Chemistry Department, Array BioPharma Inc

Abstract
Uterine fibroids are non-cancerous growths that develop in the myometrium of the uterus. In
some women they cause abnormal menstrual bleeding which has a profoundly negative effect on
quality of life. Hysterectomy is the most definitive solution; however, this surgical procedure is
unacceptable for pre-menopausal women desiring future pregnancies. Since uterine fibroids
exhibit estrogen dependence, the estrogen receptors (ERalfa and ERbeta) are viable targets.
Clinical trials have been conducted with the SERM raloxifene to study fibroid reduction;
however, its use in pre-menopausal women is limited presumably because it acts as an
antagonist in the
hypothalamus, resulting in overproduction of gonadotropins and unacceptable ovarian
stimulation. Here we describe the use of a classification tree and calculated drug-like
properties
to develop SERMs with reduced brain exposure. The most important molecular descriptors used
to predict blood-brain barrier penetration are logP, polar surface area (PSA), and the number
of

rotatable bonds. We replaced the pendant phenolic ring common to many SERMs with aryl
substituents possessing high PSA thereby increasing logP and reducing brain exposure.
Compounds with lower brain/plasma ratios did not significantly raise plasma estrogen levels, a
sensitive biomarker for ovarian stimulation, in mature female rats at pharmacologic doses.
This strategy allowed us to select compounds for clinical evaluation.

General Oral - Molecular Mechanics and Simulation
COMP 42 [1003384]: Locating á-helices and â-strands
using
recently-developed protocols
Timothy H. Click and Ralph A. Wheeler, Department of Chemistry and Biochemistry,
University
of Oklahoma, 620 Parrington Oval, Rm. 208, Norman, OK 73019, Fax: 405-325-6111,
tclick@chemdept.chem.ou.edu, Phone: 405-325-5159

Abstract
••-helices and ••-sheets are the two most common secondary structures available to
polypeptides and proteins. Until recently, ••-sheets were challenging to simulate because of
bias
towards ••-helices. We propose that two recent molecular dynamics (MD) protocols developed
within our group can aid in determining low energy conformations based entirely upon primary
sequence. We search for conformations both near absolute zero giving us low potential energy
conformations, and also near in vivo temperatures based upon our findings from the low
potential energy conformations. Three structures were selected for study: C-peptide of
ribonuclease A (RNase A), tryptophan zipper 2 (trpzip2), and residues 41-56 of the B1
domain
of protein G (peptide G). By using both protocols in conjunction, we are able to obtain
conformations that are < 2.0 Å backbone RMSD in agreement with experimental structures. We
also will present preliminary results for a 64-residue prion protein with an experimentally
unknown structure.

General Oral - Molecular Mechanics and Simulation
COMP 43 [968042]: Ab initio molecular dynamics study of
carbonic acid in aqueous environment
Padma Kumar Padmanabhan 1 , Andrey G. Kalinichev2 , and R. James Kirkpatrick2 . (1)
Department of Geology, University of Illinois at Urbana-Champaign, 245 Natural History Bldg,
1301 W. Green Street, Urbana, IL 61801, Fax: 217-244-4996, padma@uiuc.edu, Phone:
217-244-2355, (2) Department of Geology and NSF WaterCAMPwS, University of Illinois at
Urbana-Champaign

Abstract
The stability of carbonic acid (H2CO3), the elusive member of the carbonate system, is
investigated employing a combination of ab initio (Car-Parrinello) molecular dynamics and ab
initio metadynamic techniques. The reaction pathways and the energy barriers for the
conformational rearrangements as well as for the dissociation of carbonic acid in water are
deduced and compared with those in the gas-phase. There are significant changes in the H2CO3
water solvation shell during the conformational changes, requiring a cooperative mechanism
that

involves larger energy barriers relative to the gas-phase. H2CO3 makes strong hydrogen bonds
with water molecules with occasional proton exchanges between them. This behavior is
suggestive of its natural tendency to form bicarbonate ion under ambient conditions.

General Oral - Molecular Mechanics and Simulation
COMP 44 [1000938]: Computational study of the charge
distribution and bond strengths of &beta;-difunctional
complexes
William Hercules1 , Jason S. Matthews2 , and John AW. Harkless2 . (1) Computational
Physics
Laboratory, Howard University, 2355 Sixth Street, NW, Washington, DE 20059, Fax:
202-806-5442, Phone: 202-806-7203, (2) Department of Chemistry, Howard University

Abstract
Zinc oxide is a versatile material that finds applications in the fabrication of sensors,
varistors,
surface acoustic wave devices and photo- and electroluminescent devices. Significant effort has
been directed toward the exploitation of the unique properties of this wide band gap (3.37 eV),
large exciton binding energy (60 meV) semiconducting metal oxide. The growth of high quality
ZnO has been achieved via several different methods, including metal organic chemical vapor
deposition (MOCVD).
&beta-difunctional ligands complexed to zinc have found utility as precursors for the MOCVD of
ZnO and as catalysts for the copolymerization of CO2 with epoxides. Enhancement of precursor
decomposition and catalyst behavior requires determination of charge distribution in the
organic
ligand. This study describes a computational analysis of the of charge distribution in the ligand
and correlates the results to the behavior of synthesized organometallic complexes. We employ
an ab-initio calculation approach utilizing Hartree-Fock and DFT methods to investigate the
charge distribution and bond strengths for a series of &beta-difunctional complexes.

General Oral - Molecular Mechanics and Simulation
COMP 45 [995830]: Electronic polarization in the
enzymatic
pocket of ODCase through first principles molecular
dynamics
simulation
I-Feng W. Kuo, Chemistry and Material Science, Lawrence Livermore National Laboratory,
L-367, PO BOX 808, Livermore, CA 94551-9989, Fax: 925-423-0909, kuo2@llnl.gov,
Phone:
925-422-2251, and Christopher J. Mundy, Chemistry and Materials Science Directorate,
Lawrence Livermore National Laboratory

Abstract
Traditionally, it is believed that enzyme catalyze reactions by stabilizing the transition state,
thereby lowering the free energy barrier. However, recent findings have shown that a multitude
of phenomena also likely contribute to the efficiency of enzymes, such as coupled protein
motion, quantum mechanical tunneling, or strong electrostatic binding. Using first principle

molecular dynamics and Orotidine 5'-monophosphate decarboxylase (ODCase) as the
prototypical enzyme, we looked into the role of electrostatic binding. The initial starting
structure used is based on x-ray crystal structure obtained for ODCase bound to its inhibitor
6-hydroxyuridine 5'-phosphate (BMP). By substituting the inhibitor BMP with orotidine
5'-monophosphate (OMP) and use metadynamics to sample different proposed reaction path, we
will show the effect of electronic polarization on different key resides in the enzymatic site
through different hypothetical reaction pathways.

General Oral - Molecular Mechanics and Simulation
COMP 46 [1012083]: Ab initio molecular dynamic
simulations of the benzene dimer
Stephen Garrison1, Ines Gonzalez2, Carlos Gonzalez3, Edward C. Lim2, and Manuel Marquez4.
(1) Philip Morris USA Research Center, Interdisciplinary Network of Emerging Science and
Technologies, Richmond, VA 23234, stephen.garrison@nist.gov, Phone: 301-975-4489, (2)
Chemistry, University of Akron, (3) Computational Chemistry Group, National Institute of
Standards and Technology, (4) Research Center, Philip Morris USA, Interdisciplinary Network
of Emerging Science and Technologies (INEST Group)

Abstract
Here we present our work on ab initio molecular dynamics simulations of the benzene dimer to
solve the discrepancies concerning the minimum energy configuration.

General Oral - Molecular Mechanics and Simulation
COMP 47 [990969]: Surface phenomenon at the
liquid/vapor
interface of water and methanol from first principles
simulation
I-Feng W. Kuo, Chemistry and Material Science, Lawrence Livermore National Laboratory,
L-367, PO BOX 808, Livermore, CA 94551-9989, Fax: 925-423-0909, kuo2@llnl.gov,
Phone:
925-422-2251, Christopher J. Mundy, Chemistry and Materials Science Directorate,
Lawrence
Livermore National Laboratory, Matthew J. McGrath, Department of Chemistry, University of
Minnesota, and J. Ilja Siepmann, Departments of Chemistry, Chemical Engineering and
Materials Science, University of Minnesota

Abstract
Interfaces play a vital role in atmospheric and biological systems. Surprisingly, even for the
most common interfacial systems such as the aqueous liquid/vapor interface or the methanol
liquid/vapor interface, there are still a current and active debate about the structure and
dynamics at the interfacial region. Previously, using first principles simulation based on
density
functional theory using BLYP exchange and correlation functionals, we were able to stabilize an
aqueous liquid/vapor interface and observe two unique surface phenomenons such as surface
expansion and the existence of “acceptor-only” moieties. For the methanol liquid/vapor
interface, density functional theory was used in conjunction with the BLYP and PBE exchange
and
correlation functionals. Here, will compare the structural and dynamical properties of

methanol
liquid/vapor interface to recent experiments as well as examine the similarity and differences
between water and methanol liquid/vapor interfaces. To conclude, we also put our findings in
the context of results obtained by a variety of classical empirical potentials and demonstrate
why it is necessary to use first principles simulations to tackle similar systems in the future.

General Oral - Molecular Mechanics and Simulation
COMP 48 [992695]: Thermal denaturing of protein
lysozyme
with single mutation
Maria Eleftheriou, Robert Germain, Ajay Royyuru, and Ruhong Zhou, Computational Biology
Center, IBM TJ Watson Research Center, 1101 Kitchawan Road, Yorktown Heights, NY 10598,
mariae@us.ibm.com

Abstract
Biomolecular simulations enabled by massively parallel supercomputers such as BlueGene/L
promise to bridge the gap between the currently accessible simulation time scale with the
experimental time scale for many important protein folding processes. In this study, molecular
dynamics simulations were carried out for both the wild-type and the mutant hen lysozyme
(TRP62GLY) on a 512-processor BlueGene/L prototype machine to study the single mutation
effect on lysozyme stability and mis- folding. Our thermal denaturing simulations at 400500K
with both the OPLSAA and CHARMM force fields show that the mutant structure is indeed much
less stable than the wild-type, which is consistent with the recent urea denaturing experiment
(Dobson and co-workers, Science 2002, Nature 2003). Detailed results also reveal that the
single mutation TRP62GLY first induces the loss of native contacts in the beta-domain region of
the lysozyme protein at high temperatures, then the unfolding process spreads into the
alpha-domain region. Even though the OPLSAA force field in general shows a more stable
protein structure than the CHARMM force field at high temperatures, the two force fields
examined here display qualitatively similar results for the misfolding process, indicating that
the
thermal denaturing of the single mutation is robust and reproducible with various modern force
fields. These results also offer some insights into the mechanism behind the lysozyme protein
misfolding and amyloid formation.

General Oral - Quantum Chemistry
COMP 49 [999768]: Does nature use the variational
theorem? A comparative study of enzyme active site
geometry
from crystal structures and quantum mechanics
Jason DeChancie1, Fernando Clemente1, Hakan Gunaydin1, Adam Smith1, K. N. Houk1, and
David Baker2. (1) Department of Chemistry and Biochemistry, UCLA, 607 Charles E. Young
Drive East, Los Angeles, CA 90095-1596, Fax: 310-206-1843, jdechanc@chem.ucla.edu,
Phone:
310-825-0269, (2) Biochemistry, University of Washington/ HHMI

Abstract

Quantum mechanical optimizations of theoretical enzymes (theozymes), which are predicted
catalytic array of biological functionalities stabilizing a particular transition state, have been
carried out for a set of 10 diverse enzyme active sites. For each theozyme, the rate determining
TS plus the catalytic amino acid side chains are optimized using B3LYP/6-31G(d). To
determine
if the theozyme can reproduce the evolutionary catalytic geometry in nature, the positions of
optimized catalytic atoms (covalent, partial covalent, or stabilizing interactions with TS atoms)
are compared to the positions of the crystal structure. Using RMSD criteria of •• 1 Å between
theozyme and crystal structure catalytic atoms successful recapitulation is achieved in 9 of 10
enzymes. The comparisons between theoretically predicted catalytic sites and those present in
enzymes are discussed.

General Oral - Quantum Chemistry
COMP 50 [992719]: Enzyme binding specificity and
catalytic
mechanisms in both wild-type mAChE and H447I mutant: A
combined QM/MM-FE and thermodynamic integration study
Yuhui Cheng, Department of Chemistry and Biochemistry, University of Carlifornia at San
Diego, 9500 Gilman Drive, La Jolla, CA 92093-0365, ycheng@mccammon.ucsd.edu, Phone:
858-822-2771, Xiaolin Cheng, Department of Chemistry and Biochemistry, University of
California, San Diego, and J. Andrew McCammon, Howard Hughes Medical Institute, Department
of Chemistry and Biochemistry, University of California at San Diego

Abstract
The reaction mechanism of two inhibitors TFK+ or TFK0 binding to either wildtype or H447I
mutated mouse acetylcholinesterase (mAChE) has been investigated by a combined ab initio
quantum mechanical/molecular mechanical (QM/MM) approach and classical molecular
dynamics
simulations. In the wild-type mAChE, either TFK+ or TFK0 binding is a spontaneous process.
The
reaction proceeds through the nucleophilic addition of the Ser203-O&gamma to the carbonyl-C
of
TFK+ or TFK0, and the reaction is facilitated by simultaneous proton transfer from Ser203 to
His447. The free energy difference between the tetrahedral intermediate and the near-attack
reactant conformation at the B3LYP(6-31G*) QM/MM level is over 20 kcal/mol, which is
consistent with the experimental reaction rate. Furthermore, a TFK+ binding mechanism in the
H447I mutant has been proposed. A water molecule takes over the role of His447 and
participates in the breaking and forming of bonds as a "charge relayer". The potential energy
barrier for this reaction at MP2(6-31+G*) QM/MM level is less than 10 kcal/mol, which is
in
accord with experimental measurements. In contrast with the wild type mAChE, the conserved
residue of the catalytic triad, Glu334, acts as the catalytic base in the reaction. These
predictions await experimental comparisons. The oxyanion hole, formed by peptidic NH groups
from Gly121, Gly122, and Ala204, is also found to play an important role in catalysis as in the
wild type. However, molecular dynamics simulation on the TFK0 and H447I complex suggests
that a water molecule cannot replace His447 for the case of the neutral ligand. Thermodynamic
integration in the complex demonstrates that the TFK0 and H447I complex is much less stable
at all thermodynamically. Therefore, TFK0 is inactive in H447I mutant, which is quite

consistent with experimental observations.

General Oral - Quantum Chemistry
COMP 51 [990931]: Efficiency of bimetal-aided
phosphodiester bond cleavage in nucleotidyl transfer
reactions
Matteo Dal Peraro, Marco De Vivo, and Michael L. Klein, Department of Chemistry,
University
of Pennsylvania, 231 S. 34th Street, Philadelphia, PA 19104, Fax: 1-215-573-6233,
matteodp@cmm.upenn.edu, mdevivo@cmm.upenn.edu, Phone: 1-215-989-9347

Abstract
Ribonuclease H (RNase H) belongs to the nucleotidyl-transferase superfamily and catalyzes, in
presence of Mg2+ or Mn2+ ions, the hydrolysis of phosphodiester linkages of the RNA strand,
degrading RNA·DNA hybrids. It is involved in a number of biochemical processes such as
replication initiation and DNA topology restore, being also a promising target for anti-HIV drug
design. Based on recent crystallographic structures of Bacillus halodurans (Bh) RNase H, we
investigate possible reaction mechanisms applying a hierarchical computational approach,
which
combine classical force field-based and advanced quantum mechanical methods (Car-Parrinello
QM/MM calculations). We offer first-principles-based insights of mechanistic details of the
enzymatic bimetal-aided nucleotidyl transfer reaction and possible interpretations of
experimental evidences, proposing reasons governing either catalytic or inhibitory effects of
different divalent metal-ions. Importantly, these results might inspire the design of specific
inhibitors based on the enzymatic reaction transition state.

General Oral - Quantum Chemistry
COMP 52 [1012080]: The nature of high energy
phosphoryl
bonds: An anomeric effect
Jeffrey D. Evanseck1 , Eliza A. Ruben2 , and Michael S. Chapman2 . (1) Department of
Chemistry and Biochemistry, Duquesne University, 600 Forbes Ave, Pittsburgh, PA 15282,
Fax:
412-396-5683, evanseck@duq.edu, Phone: 412-396-6337, (2) Kasha Laboratory of
Biophysics,
Florida State University

Abstract
Phosphorylated metabolites with elevated phosphoryl transfer potentials, such as ATP, are often
referred to as high energy to reflect their exothermic free energies of hydrolysis. Quantum
chemical computations and natural bond orbital (NBO) analysis on eight model compounds show
that both phosphoryl bond lengths and experimental free energies of hydrolysis correlate with
the magnitude of the bond weakening generalized anomeric effect, n(O) °ú ••"*(O°ªP), a type of
electron delocalization. This implies that the anomeric effect controls phosphoryl bond
strengths
and consequently the magnitude of free energies of hydrolysis. Taken together this indicates
that the anomeric effect and therefore O°ªP bond strengths can be modulated by the
environment. We suggest that the anomeric effect is a significant component of high energy

bonds and could have important implications for our understanding of the mechanisms with
which enzymes enhance the rate of phosphoryl transfer reactions throughout biochemistry.

General Oral - Quantum Chemistry
COMP 53 [1012719]: Specific reaction parameterization
for
the AM1/d Hamiltonian for phosphoryl transfer reactions
Kwangho Nam, Jiali Gao, and Darrin M. York, Department of Chemistry, University of
Minnesota, 207 Pleasant St. SE, Minneapolis, MN 55455-0431, Fax: 612-626-7541,
nam@chem.umn.edu, Phone: 612-624-4617

Abstract
A new quantum model, based on a modified AM1/d Hamiltonian, is developed to model
phosphoryl transfer reactions catalyzed by enzymes and ribozymes for use in linear-scaling
calculations and combined quantum mechanical/molecular mechanical simulations. The model is
designated AM1/d-PhoT, and is parameterized to reproduce high-level density functional
results
from a recently constructed database of quantum calculations for RNA catalysis (QCRNA). The
AM1/d-PhoT model is tested in the gas phase and in solution using a QM/MM potential. The
results indicate the method provides significantly higher accuracy than MNDO/d, AM1 and PM3
methods, and for the transphosphorylation reactions in close agreement with the
density-functional calculations at the B3LYP/6-311++G(3df,2p) level with a reduction in
computational cost of around four orders of magnitude. In addition, this simulation models using
the AM1/d-PhoT Hamiltonian and QM/MM-Ewald method are validated on hydrolysis reactions
of
cyclic and acyclic phosphates in solution. The AM1/d-PhoT model performs very reliably, and
reproduces accurately the relative hydrolysis rates of dimethylphosphate and ethylenephosphate
in solution. These results suggest the method may have considerable promise in the study of
phosphoryl transfer reactions in ribozymes, kinases and phosphatases.

General Oral - Quantum Chemistry
COMP 54 [993349]: Theory and application of the novel
Direct COSMO-RS model (D-COSMO-RS)
Michael Diedenhofen, COSMOlogic GmbH & Co.KG, Burscheider Str. 515, Leverkusen
D-51381, Germany, diedenhofen@cosmologic.de, Phone: +49(0)2171731684, and Andreas
Klamt, COSMOlogic GmbH&CoKG

Abstract
The D-COSMO-RS model, an extension of the original COSMO-RS [2] “Conductor like screening
model for real solvents” approach, has been developed recently. In the normal COSMO-RS
concept the quantum chemical COSMO [1] calculations for solutes and solvents are used as a
reference state. In a next step the surface interactions of solutes and solvents, i.e. the
electrostatic deviations from the conductor limit, as well as hydrogen bond interactions, are
quantified using the polarization charge densities •• of neighboring segments as descriptors.
Finally the chemical potentials of solutes and solvents are derived from a post-SCF statistical
thermodynamics treatment. While this concept has proven to be very successful for the
calculation of chemical potentials, it is not capable of providing any information about the
response of the solute wave function on the presence of a specific solvent, and hence it cannot

be used for the prediction of specific solvation effects on molecular properties as geometries,
dipole moments, spectra, etc. Technically these properties can be treated on the continuum
dielectric solvation level, but this level is theoretically inappropriate at least for polar
solvents,
and it is unable to take into account specific hydrogen bonding interactions. Thus it was a
challenging idea to use the effective solvent response functions •• S(••;T) arising from
COSMO-RS directly in a quantum chemical SCF calculation. Since this method will avoid the
indirect calculations by a conductor-SCF followed by post-SCF COSMO-RS, we call this
approach
“Direct COSMO-RS” or D-COSMO-RS. The theoretical basis of the model and first applications
to solvent effects on geometries and on electronic g-tensors [3] will be given.
[1] Klamt, A.; Schüürmann, G. Perkin. Trans. , 799-805 (1993). [2] Klamt, A. J. Phys.
Chem.
,9
99 , 2224-2235 (1995). [3] Sinnecker, S.; Rajendran, A.; Klamt, A.; Diedenhofen, M.;
Neese,
F; J. Phys. Chem. A 110, 2235 -2245 (2006).

General Oral - Quantum Chemistry
COMP 55 [967615]: Solvation effects on the keto-enol
tautomerization of malonaldehyde
Mark A. Freitag, Trenton L. Pruden, David R. Moody, James T. Parker, and Marcel Fallet,
Department of Chemistry, Creighton University, 2500 California Plaza, Omaha, NE 68178,
Fax:
402-280-5737, freitag@creighton.edu, Phone: 402-280-2274

Abstract
Recent studies have mapped the keto-enol tautomerization of malonaldehyde through a
transition state that leads exclusively to the Z isomer of the enol, which contains an extensively
studied intermolecular hydrogen bond. However, we will show that a competing transition state
exists that leads to both the E and Z isomers of the enol at the B3LYP/6-31G(d,p) and
MP2/6-31G(d,p) levels of theory. Both the RHF-based and the relatively new DFT-based
Effective Fragment Potential methods have been used to model solvation effects, and the
results are compared with full ab initio calculations.

General Oral - Quantum Chemistry
COMP 56 [993832]: QM/MM methods for large scale
biochemical simulations: Implementation in NWChem
computational chemistry package
Marat Valiev, EMSL, Pacific Northwest National Laboratory, P.O. Box 999, MS K8-91,
Richland, WA 99352, Fax: 509-376-0420, marat.valiev@pnl.gov, Phone: 509-376-9114

Abstract
This presentation will be focused on the recently implemented QM/MM module in NWChem,
freely available computational chemistry package designed to run on high-performance parallel
supercomputers as well as conventional workstation clusters. Taking advantage of the modular
structure of the code, the NWChem QM/MM implementation offers an integrated and flexible
framework for large scale biochemical simulations (single point properties, optimizations,
dynamics, free energy). An example application to photostability of DNA will also be discussed.

General Oral - Quantum Chemistry

COMP 57 [1000210]: Quadratic scaling multireference
correlation in polyenes and long molecules with the local
density matrix renormalization group
Johannes Hachmann, Wim R. Cardoen, and Garnet K-L. Chan, Department of Chemistry and
Chemical Biology, Cornell University, 140D Baker Laboratory, Ithaca, NY 14853-1301,
jh388@cornell.edu, Phone: 607-255-2970

Abstract
We have implemented a low-order-scaling Local Density Matrix Renormalization Group
(l-DMRG) algorithm for large linear systems [1]. Numerical calculations show that quadratic
scaling with system size as well as rapid convergence with the number of DMRG states and
sweeps is achieved. Due to the multireference nature of the ansatz, we do not require
localization in the occupied space.
We have performed multireference calculations with up to a hundred electrons in a hundred
orbitals and obtained numerically exact results for Slater-Determinant spaces up to dimension
1058. Results for a number of strongly correlated problems, including the metal-insulator
transition in the dissociation of hydrogen chains are presented. We further demonstrate
size-extensivity of the method and the effect of different screening thresholds.
[1] Hachmann, Cardoen, Chan, JCP, to be submitted.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 58 [961863]: An approximate DFT-method to
understand complex materials structures, properties and
functions
Thomas Frauenheim, Bremen Center for Computational Materials Science, Bremen
University,
Bibliotheksstrasse 1, Bremen 28359, Germany, frauenheim@phys.uni-paderborn.de, Phone:
0049-5251-602337

Abstract
An efficient density-functional theory approach known as density-functional tight-binding
method
(DFTB) is introduced and applied to predictive simulations of complex nanoscale materials and
properties. Successful applications to inorganic structures are shown to cover a broad spectrum
of problems, ranging from semiconductor growth through amorphous carbon phases with
nanodiamond nucleation to surface and interface design in semiconductor technology. Most
recently, we focus our research on nanofunctionalization of inorganic substrates and
organic-inorganic hybrid surfaces/interfaces. Approaching new frontiers the DFTB-method is
generalized to cover weak interactions which are crucial for modelling of soft materials. By
coupling to Molecular-Mechanics force-fields DFTB provides an efficient computational tool for
addressing large technologically relevant materials and biomolecular systems. New
developments in time-dependent density-functional-theory further allow to study the
interaction
of ultra-short intense laser pulses with materials and photo-induced chemical processes.

Additionally, the development of novel simulation tools combining DFTB with Keldysh Greens
function techniques will be described.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 59 [956284]: Tight-binding density functional
theory:
An approximate Kohn-Sham DFT scheme
Gotthard Seifert Sr., Physikalische Chemie, Technische Universitaet Dresden, Bergstr. 66,
Dresden D-01062, Germany, Fax: +49 351 463 35953, Gotthard.Seifert@chemie.tudresden.de,

Abstract
The DFTB method as an approximate KS-DFT scheme with an LCAO representation of the KS
orbitals can be derived within a variational treatment of an approximate KS energy functional
given by second-order perturbation with respect to charge density fluctuations around a
properly
chosen reference density. But it may also be related to cellular Wigner-Seitz methods and to the
Harris functional. It is an approximate method, but it avoids any empirical parametrization by
calculating the Hamiltonian and overlap matrices out of a DFT-LDA-derived local orbitals
(atomic orbitals - AO's) and a restriction to only two-centre integrals. Therefore, the method
includes ab initio concepts in relating the Kohn-Sham orbitals of the atomic configuration to a
minimal basis of the localized atomic valence orbitals of the atoms. Consistent with this
approximation the Hamiltonian matrix elements can strictly be restricted to a two-centre
representation.Taking advantage of the compensation of the so called "double counting terms"
and the nuclear repulsion energy in the DFT total energy expression, the energy may be
approximated as a sum of the occupied KS single-particle energies and a repulsive energy,
which can be obtained from DFT calculations in properly chosen reference systems. This relates
the method to common standard "tight-binding -TB" schemes, as they are well known in solid
state physics. This approach, which defines the density-functional tight-binding (DFTB)
method
in its original (non-self-consistent) version, its further development - e.g. including
self-consistency - as well as the aspects of the computational realization and accuracy will be
discussed.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 60 [957653]: The SCC-DFTB method applied to
biological systems: Successes, problems and extensions
Marcus Elstner, Theoretical Chemistry, TU Braunschweig, Hans-Sommer-Straße 10,
38106
Braunschweig, Germany, Fax: ++49 5251602345, m.elstner@dkfz.de, Phone: ++49 6221
915600

Abstract

The approximate Density Functional Theory Method (SCC-DFTB) is derived from DFT by a
second order expansion of the total energy expression with respect to the charge density [1]. In
this talk, we:
1)Evaluate the method with respect to its accuracy describing organic and biological molecules
in
comparison with other semi-empirical methods and DFT. This includes reaction energies,
geometries and vibrational frequencies of small organic molecules and also structural and
energetic properties of larger biological molecules, like polypeptides and DNA fragments.
2)Discuss limitations/extensions of the second order formalism: inclusion of third order terms
in the charge density fluctuations allows for a better treatment of highly charged systems,
which is in particular relevant for the calculation of proton affinities. Further, we critically
review the treatment of the electron-electron repulsion in DFTB and suggest a modification,
which leads to an improved description of H-bonded systems. An evaluation for H-bonded
systems and PAs is given.
3)Illustrate cases, where the underlying DFT description leads to a failure of SCC-DFTB. The
local nature of the available correlation functionals does not allow for treatment of VdW systems
within DFT. Since this shortcoming is inherited by SCC-DFTB, we have included dispersion
forces
empirically because of their crucial role for the stability of protein and DNA structures [2].
The
local nature of common DF exchange functionals leads to problems in the description of ionic
and charge transfer excited states.
4)Review the usage of DFTB within hybrid QM/MM [3] methods and the application to biological
systems.
[1] Elstner et al., Phys. Rev. B 58 (1998) 7260 [2] Elstner et al.,J. Chem. Phys. 114
(2001)
5149 [3] Cui et al., J. Phys. Chem. B 105 (2001) 569

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 61 [974155]: A practical parameter optimization
technique for semiempirical methods
James J. P. Stewart, Stewart Computational Chemistry, 15210 Paddington Circle, Colorado
Springs, CO 80921, MrMOPAC@Worldnet.att.net, Phone: 719-488-9416

Abstract
Although, in principle, parameter optimization is a straightforward problem of minimizing the
value of a function in a multi-parameter space, in practice many complications occur during
the
development of semiempirical methods. These range from faults in the approximations, faulty
and incomplete data, and inaccurate derivatives, to the hazards posed by the possibility of
multiple minima in the parameter hypersurface. The problems encountered during the
development of a new method will be discussed, along with their resolution, and the
implications for increased accuracy illustrated by examples of long standing faults being
corrected.

DFTB, An Approximate DFT Method: Theory and

Applications,
Sponsored by Elsevier
COMP 62 [975771]: Looking at DFTB from a semiempirical
perspective
Walter Thiel, Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, D45470,
Mülheim an der Ruhr, Germany, thiel@mpi-muelheim.mpg.de, Phone: +49 208 306 2150

Abstract
The DFTB approach can be viewed as a simplified implementation of density functional theory
(DFT) or as a semiempirical method with tight-binding (TB) integral approximations and
DFT-inspired integral evaluation. The lecture will discuss the DFTB approach in relation to
conventional MNDO-type semiempirical methods, both with regard to formalism and
performance. It will also cover recent semiempirical OMx-type methods with orthogonalization
corrections.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 63 [979927]: Recent developments and applications
of
the DFTB (Density Functional Tight Binding) method
Keiji Morokuma, Cherry L. Emerson Center for Scientific Computation and Department of
Chemistry, Emory University, 1515 Dickey Drive, Atlanta, GA 30322, Fax: 4047277412,
morokuma@emory.edu, Phone: 4047272180

Abstract
The DFTB method, developed by groups in Paderborn and Dresden, is a semiempirical
two-center approximation to the density functional method, and has been shown to provide
reasonable reliability at modest cost. Our group (G. Zheng, H. Witek, S. Irle, and many others)
has been involved in further development of the method on three fronts: 1. analytical
geometrical second derivative and numerical derivative of gradient with respect to external
electric field, 2. determination of parameters for first row transition metals with HCNO atoms,
3. implementation of DFTB in the Gaussian package. I will report on our recent progresses on
these developments. We have applied the DFTB as stand alone or with the ONIOM(DFT:DFTB)
scheme, sometimes combined with molecular dynamics (MD), to many nanostructure and
catalysis applications. Author affiliation also at Fukui Institute for Fundamental Chemistry,
Sakyo, Kyoto University, Kyoto, Japan

Molecular Similarity and Indexing Methods
COMP 64 [992751]: Molecular similarity: Effective
methodological testing for practical utilization
Ajay N. Jain, Cancer Research Institute, University of California, San Francisco, Box 0128,
San
Francisco, CA 94143-0128, Fax: 650-240-1781, ajain@jainlab.org, Phone: 415-5027242

Abstract
Methods for evaluating the similarity of small molecules for the purposes of drug discovery are
numerous and varied. A recurring debate within the field has to do with the relative utility of
2D
versus 3D methods for virtual screening or for ligand design exercises. One particular
challenge
facing this field is a serious complication of inductive bias. Data sets are highly variable with
respect to the degree to which test molecules are trivially similar to query molecules.
Segregation of training and test ligands can be made randomly, but given that chemical
exploration often elaborates chemical classes with minor substituent variation, this leads to
tests
where most methods perform equivalently. Segregation based on temporal or intellectual
property relationships provides a means to test similarity methods effectively in the way in
which they must be used in practice. A number of data sets and the performance of multiple
methods will be presented.

Molecular Similarity and Indexing Methods
COMP 65 [996013]: Bridging chemical and biological
space:
“Target Fishing” using 2D and 3D molecular descriptors
James H. Nettles, Jeremy L. Jenkins, Andreas Bender, Zhan Deng, John W. Davies, and Meir
Glick, Lead Discovery Center, Novartis Institutes for Biomedical Research, 250 Massachusetts
Ave, Cambridge, MA 02139, james.nettles@novartis.com, Phone: 617-871-3904

Abstract
New genomic technologies, using small molecules as probes for phenotypic screening, promise
to reveal larger system relationships, but identifying the individual macromolecular effectors
is
still a difficult and time consuming task. To relate a specific compound with its biological space
we have used a database of >46,000 diverse small molecules having measured activity toward
546 target proteins to test 3 different methods of relating chemical structure to biological
function. Both 2D and 3D methods of similarity searching were evaluated for predicting a
molecule's biological target with success rates up to 90%. If close analogues are present in the
database, small molecule targets were more reliably predicted by 2D descriptors. However, the
incorporation of 3D descriptors is shown to enhance the procedure by accurately assigning
target
activity for molecular probes with structural dissimilarity to other entries in the reference
database. Additionally, the “fuzzy” FEPOPS 3D approach tested here provides automatic
alignments of the biologically important bits present in the chemical structures. We use crystal
structures of protein-ligand complexes to show that the predicted alignment of chemical
features
correlates with the biological mode of binding.

Molecular Similarity and Indexing Methods
COMP 66 [1000697]: Ligand-based design at GSK via pFPs
and SCOPE
G. Patrick Brady1, Chaya Duraiswami2, Zheng P. Yang1, Xuan Hong1, and Martha S Head2.
(1) Computational and Structural Sciences, GlaxoSmithKline, 1250 South Collegeville Road,

UP12-210, P. O. Box - 5089, Collegeville, PA 19426, Fax: 610-917-7393,
Pat.G.Brady@gsk.com, Phone: 610-917-6541, (2) Computational and Structural Sciences,
GlaxoSmithKline Pharmaceuticals

Abstract
This presentation focuses on the application of two GSK in-house methodologies- pFP and
SCOPE- to ligand-based design, with particular focus on lead-hopping capacity. pFP is an
in-house implementation of three- and four-point pharmacophore fingerprinting (pFP) that
incorporates proprietary GSK physiochemical featurization and utilizes imported molecular
conformers. The pFP toolkit contains applications for computing, scoring, and filtering pFPs
and
for building ligand-based pFP models on the basis of activity discrimination bit scoring (lead ID
modeling) and PLS regression in pFP descriptor space (lead opt modeling). SCOPE (Statistical
Conformational Occupancy analysis and Pharmacophore Elucidation) is an extension of the
4D-QSAR approach that incorporates Boltzmann weighting of conformations and Gaussian
smoothing of grid occupancies and enables the utilization of conformations and alignments. The
grid cell occupancies can be used as descriptors for Bayesian QSAR modeling via the
Binary-QuaSAR™ formalism with MOE. Here, SCOPE pharmacophore elucidation and pFP
methodologies will be applied to both in-house data and the data set provided for this ACS
session, with particular focus upon lead-hopping in the context of virtual screening and
ligand-based activity modeling.

Molecular Similarity and Indexing Methods
COMP 67 [982516]: Molecular equivalence index searching
Veerabahu Shanmugasundaram 1 , Michelle Hall2 , Man Chang1 , and John Raymond1 . (1)
Computer-Assisted Drug Discovery, Pfizer Global Research & Development, 2800 Plymouth
Road, Ann Arbor, MI 48105, Fax: 734-622-2782,
Veerabahu.Shanmugasundaram@pfizer.com,
Phone: 734-622-7131, (2) Department of Chemistry, University of Texas, Austin

Abstract
Today several database searching and virtual screening approaches are employed to select
compounds from commercially available collections for follow-up screening, hit-to-lead etc.
Some of these methods, (such as pharmacophore and QSAR based methods), require high
quality assay data in order to faithfully capture the underlying structure-activity relationships
and be used as effective tools in database searching. Other methods such virtual screening
(“high-throughput docking”) require preliminary 3-D structural information of the target. In
contrast, similarity searching or HDNN (hit-directed nearest neighbor searching) do not
require
such information and is used widely in the early phases of drug discovery. Similarly, a
relatively
newly developed methodology called “molecular equivalence index searching” or MEQI searching
does not require any a priori structural knowledge or high quality assay information for its
application. MEQI searching is based on keyword lists, which are pre-computed based on 2-D
chemical graph theoretic information of the compounds. MEQI analysis dissects a chemical graph
into a labeled pseudo-graph based on a molecular equivalence function, and then maps the
pseudo-graph into an index. MEQI searching provides a variety of information regarding the
structural and topological features contained in the molecules such as cyclic systems, ring
systems, functional groups etc. Several examples illustrating the application of this

methodology
will be presented.

Molecular Similarity and Indexing Methods
COMP 68 [998051]: Validating topomer shape similarity as
a predictor of biological similarity
Robert Jilek, Tripos Inc, 1699 South Hanley Road, St. Louis, MO 63144, rjilek@tripos.com,
Phone: 314-647-1099, and Richard D. Cramer, Chief Scientific Officer, Tripos, Inc

Abstract
Although developed primarily to enable useful searching within very large chemical spaces,
topomer shape similarity continues to prove quite effective in a slower but highly convenient
"dbtop" implementation. The following sets of performance data will be reviewed: 1)
prospective trials with an assay-average hit rate of 39% (>=20% response @ 10 uM) for
compounds whose Tanimoto similarity to query averaged 0.36; 2) retrospective separations
among the twenty most numerous classes of active structures as tabulated by the World Drug
Index; 3) direct comparisons of virtual screening "enrichments", to ROCS and various docking
programs, on six literature data sets; 4) performance on trials to be provided by the
symposium
organizers.

Molecular Similarity and Indexing Methods
COMP 69 [979004]: Cluster representation using reduced
graphs
Eleanor J. Gardiner1 , David A. Cosgrove2 , Peter Willett1 , and Valerie J. Gillet3 . (1)
Department of Information Studies, University of Sheffield, Western Bank, Sheffield, United
Kingdom, e.gardiner@sheffield.ac.uk, Phone: +44-114-2222674, (2) AstraZeneca, (3)
Department of Information Studies, University of Sheffield, Regent Court, 211 Portobello
Street,
Sheffield S1 4DP, United Kingdom, Fax: +44 (0) 114 2780 300, v.gillet@sheffield.ac.uk,

Abstract
Chemical databases are routinely clustered, with the aim of grouping molecules which share
similar structural features. However when molecules are clustered using fingerprints it may
be
difficult to decipher the structural commonalities which are present. Previously we have used
reduced graphs, where each node corresponds to a generalised functional group, as topological
molecular descriptors for virtual screening. Here we represent the molecules of a cluster as
reduced graphs. By repeated application of a Maximum Common Substructure (MCS) algorithm
we obtain one or more reduced graph cluster representatives. The sparsity of the reduced
graphs
means that the MCS calculations can be performed in real time. The reduced graph cluster
representatives are readily interpretable in terms of functional activity and can be mapped
directly back to the molecules to which they correspond, giving the chemist a rapid means of
assessing potential activities contained within the cluster.

General Oral - Drug Discovery
COMP 70 [993377]: 3D Pharmacophores and database

searches using PHASE
Shashidhar N. Rao1 , Alexander M. Smondyrev2 , Mee Shelley1 , Jason K. Perry1 , B. Woody
Sherman3, Leah L. Frye4, Jeremy R. Greenwood2, and Steven L. Dixon3. (1) Application
Science, Schrodinger, 120 W. 45th Street, New York, NY 10036-4041, rao@schrodinger.com,
Phone: 646-366-9555, (2) Schrodinger, Inc, (3) Schrödinger, Inc, (4) Schrödinger

Abstract
Pharmacophore modeling and 3D database searching are deemed as integral to lead discovery
and lead optimization, and the continuing need for improved pharmacophore based tools has
driven the development of PHASE. We present the results of investigations carried out
employing a novel, tree based partitioning algorithm in PHASE, wherein we have exhaustively
analyzed the spatial arrangements of functional groups common and essential to the biological
activity of inhibitors of p38 MAP kinase, CDK2 and DHFR, and antagonists of the glycoprotein
IIb/IIIa receptor. These pharmacophore hypotheses are validated in a number of ways, including
their ability to: (1) rationalize the binding affinities of a training set of molecules of varying
activity, (2) successfully predict the affinities of a test set of molecules, and (3) selectively
retrieve known actives from a database of drug like molecules. In addition, we have used the
multiple binding mode detection capabilities in PHASE to distinguish two classes of p38 MAP
kinase and glycoprotein receptor antagonists (GPIIb/IIIa and alphavbeta3).

General Oral - Drug Discovery
COMP 71 [974217]: Development of 3D molecular
database
incorporating stereoisomerism and virtual screening of
ACE
inhibitors using the Shape Signatures algorithm
Zhiwei Liu1 , Peter J. Meek1 , Lifeng Tian1 , William J. Welsh2 , and Randy J. Zauhar1 . (1)
West
Center for Computational Chemistry and Drug Design and Department of Chemistry &
Biochemistry, University of the Sciences in Philadelphia, 600 South 43rd Street, Philadelphia,
PA
19104, z.liu@usip.edu, Phone: 215-895-1169, (2) Department of Pharmacology, University
of Medicine & Dentistry of New Jersey, Robert Wood Johnson Medical School

Abstract
An enhanced version of the NCI database of ~250,000 compounds, containing 5.6 million 3D
structures and the complete set of stereoisomers, has been prepared. Each structure has been
optimized using the MMFF94 force field. The Shape Signatures algorithm has been used with an
ACE inhibitor, enalapril, as the query molecule against the NCI database and a small database
of known drugs (10+ classes, 423 drugs with 3073 stereoisomers). The top 250 hits contain
11
known ACE inhibitors, with total screening time < 1hr. Docking has been performed to compare
with and validate the Shape Signatures results. Whilst docking of known ACE inhibitors gives
significant correlation between the fitness score (50 to 87) and the pIC50 value, 4% (or
70%)
of the docking scores of the top 250 hits are above 75.0 (or 50.0), respectively. The
sensitivity

to stereoisomerism of Shape Signatures and comparison with docking and other virtual
screening
techniques are discussed.

General Oral - Drug Discovery
COMP 72 [1012654]: Identification of novel bioisosteric
replacements from molecular docking
Paul Beroza, Komath Damadoran, Thomas Macke, and Santosh Putta, Computational Sciences,
Telik Inc, 3165 Porter Drive, Palo Alto, CA 94304, pberoza@telik.com, Phone: 650 845
7836

Abstract
Bioisosteric replacement, the substitution of one chemical fragment with a related one, is a
common approach to modulate the behavior of a biologically active molecule. We have
developed a method to identify non-traditional bioisosteric pairs. Many drug-like molecules are
docked to a protein target, and their binding poses are compared to see if substructures between
pairs of molecules adopt the same shape and possess the same interactions with the protein. A
combination of structural interaction fingerprints, molecular shape comparison, and
retro-synthetic fragmentation of the molecules was successful in identifying potential
bioisosteric
replacements that are not in the traditional repertoire of medicinal chemistry.

General Oral - Drug Discovery
COMP 73 [1012814]: Super fast conformer search
algorithm based on recursive conformer build-up with local
rotational symmetry consideration
Jiabo Li1, Jon Sutter1, Samuel Toba1, and C. M. Venkatachalam2. (1) Accelrys Inc, 10188
Telesis Court, San Diego, CA 92121, jli@accelrys.com, Phone: 858-799-5425, (2) Accelrys,
Inc

Abstract
A highly efficient new algorithm for 3D conformer search of drug-like molecules is presented.
The new algorithm is based on a divide-and-conquer approach which also considers local
rotational symmetry to eliminate redundant, topologically symmetrical conformers during the
build up process. Conformer models with diverse sampling in 3D pharmacophore space for
drug-like molecules can be generated at an extremely fast rate (~7 molecules/second for a set
of 50000 molecules). Extensive validation studies have been performed to determine the ability
of the algorithm to reproduce binding conformers of ligands in the PDB, to cover 3D
pharmacophore space, and to generate pharmacophore models from the conformers produced.

General Oral - Drug Discovery
COMP 74 [999934]: Quantifying kinase-likeness
Anton Filikov, Informatics and Modeling, ArQule Inc, 19 Presidential Way, Woburn, MA
01801,
Fax: 781-376- 6019, afilikov@arqule.com, Phone: 781-994-0647, and Mark A. Ashwell,
Medicinal Chemistry, ArQule Inc

Abstract
The search for kinase inhibitors is an active research area for the pharmaceutical industry. Do

kinase inhibitors carry any peculiar features that make them different from the other druglike
compounds? One approach utilized at ArQule to address the question employs surrogate docking.
It is a fast structure-based screening method that uses a 2D Bayesian categorization model built
on a training set obtained by docking of a limited number of diverse compounds. Once these
models are built on a small set of diverse kinase structures, they not only yield the chemical
features that are peculiar to kinase inhibitors, but also allow high thoughput screening of large
chemical libraries for kinase-likeness. Progress in this area will be contrasted with a
commonly
employed technique, which involves the construction of an extensive database of kinase
inhibitors and comparison with non-kinase molecules.

General Oral - Drug Discovery
COMP 75 [1000026]: Probing the source of the
exceptional
role played by chlorine in the FXa S1 pocket
Doree Sitkoff, Computer-Assisted Drug Design, Bristol-Myers Squibb, Pharmaceutical
Research
Institute, P.O. Box 5400, Princeton, NJ 08543-5400, Fax: 609-818-3545,
doree.sitkoff@bms.com, Phone: 609-818-5046

Abstract
The quest for a FXa inhibitor with desirable pharmacokinetic properties has led to the discovery
of a wide array of FXa inhibitors with neutral groups replacing the basic functionalities that in
earlier inhibitors typically interacted with Asp189 in the S1 pocket. Interestingly, a large
fraction
of the most potent neutral inhibitors display a chlorine atom at the S1 pocket base. Moreover,
literature SAR suggests the chlorine is preferred over the similarly-sized methyl group by up
to
20-fold. Here, we probe the possible sources of the binding energy conferred by the chlorine
atom in FXa ligands using computational methods including quantum and molecular mechanics,
and considering database and other experimentally-derived data. The results can be generalized
to other trypsin-like serine proteases, and to the potential role of chlorine in other ligandprotein
systems.

General Oral - Molecular Mechanics and Simulation
COMP 76 [996315]: VB/MM: A valence bond ride through
classical landscapes
Avital Shurki, Department of Medicinal Chemistry and Natural Products, The Lise
Meitner-Minerva Center for Computational Quantum Chemistry, The Hebrew University of
Jerusalem, Ein Kerem Campus, Jerusalem 91120, Israel, Fax: +972-2-675-7076,
avital@md.huji.ac.il, Phone: +972-2-675-8696

Abstract
The growing demand for realistic methods that would calculate chemical reactions in biological
systems resulted with the development of hybrid quantum mechanical (QM) molecular
mechanical (MM) schemes. Recent years have proven schemes that are based on concepts from

valence bond (VB) methodology, to be beneficial for the description of enzyme catalysis and
reactivity. The development of a new hybrid (QM/MM) method where the QM part is treated by
ab-initio Valence Bond (VB) theory will be presented. This VB/MM method has the advantages
of Empirical VB (EVB) methodology but should provide better accuracy and does not rely on
empirical parameterization for the quantum part. The validity of the method will be shown to be
successful in several examples.

General Oral - Molecular Mechanics and Simulation
COMP 77 [983336]: Multi-state empirical valence bond MD
simulation of hydroxyl ion transfer in liquid water
Ivan S. Ufimtsev1 , Andrey G. Kalinichev2 , Todd J. Martinez3 , and R. James Kirkpatrick2 .
(1)
Department of Geology, University of Illinois at Urbana-Champaign, 1301 W.Green St.,
Urbana,
IL 61801, iufimts2@uiuc.edu, Phone: 217-244-2355, (2) Department of Geology and NSF
WaterCAMPwS, University of Illinois at Urbana-Champaign, (3) Department of Chemistry and
the Beckman Institute, University of Illinois at Urbana-Champaign

Abstract
Proton transfer between water molecules and among water molecules and solute species or solid
surfaces plays a fundamental role in many important natural and technological processes. In the
current work, the solvation and dynamics of hydroxyl ion in liquid water has been studied using
molecular dynamics simulation. The classical Newtonian equations of motion were integrated
within a multistate empirical valence bond (MS-EVB) force field. The empirical parameters in
EVB Hamiltonian matrix elements have been fitted to reproduce the QM/MM potential energy
surface of the H3O2
- dimer as well as geometries and energies of small (H2O)nOH- clusters
solvated in water. This method has been used to investigate the structural and dynamical
properties of such clusters together with the dynamics of the process in which H2O molecules
exchange a proton hole.

General Oral - Molecular Mechanics and Simulation
COMP 78 [999510]: Combining quantum mechanical
methods with molecular mechanics methods in ONIOM
Thom Vreven1, K. Suzie Byun2, Istvan Komaromi2, Stefan Dapprich2, John A. Montgomery
Jr.1 , Keiji Morokuma2 , and Michael J. Frisch1 . (1) Gaussian, Inc, 340 Quinnipiac Street,
Building
40, Wallingford, CT 06492, thom@gaussian.com, Phone: 203-284-2501, (2) Cherry L.
Emerson
Center for Scientific Computation and Department of Chemistry, Emory University

Abstract
The formulation of ONIOM as an extrapolation scheme instead of a summation scheme, as most
other hybrid QM/MM methods, has a number of consequences. We investigate those issues, and
present several extensions to the ONIOM(QM:MM) scheme. First, we discuss the extension of
ONIOM(QM:MM) to electronic embedding, and show how this can be more stable than QM/MM
with electronic embedding. Second, we investigate the link atom correction, which due to the
extrapolation nature is implicit in ONIOM, but not in QM/MM. Third, ONIOM can combine three
methods, forming ONIOM(QM-high:QM-low:MM). We show that 3-layer ONIOM allows larger
QM

regions, and how electronic embedding can be incorporated. Finally, we discuss practical
aspects, such as possible discontinuities in the potential when very small QM regions are used.
We present a set of rules that ensure that the partition used avoids such problems, and allow
ONIOM(QM:MM) to be used in a reliable and productive manner.

General Oral - Molecular Mechanics and Simulation
COMP 79 [993417]: Parameterization of novel anticancer
drugs via a QM/MM force matching procedure and effect
of
drug-binding on DNA flexibility
Katrin Spiegel1 , Alessandra Magistrato2 , Patrick Maurer3 , Paolo Ruggerone4 , Paolo
Carloni 2 ,
Ursula Rothlisberger3, Jan Reedijk5, and Michael L. Klein1. (1) Department of Chemistry,
University of Pennsylvania, 231 S. 34th Street, Phialdelphia, PA 19104-6323,
spiegel@cmm.upenn.edu, Phone: 215-898-9347, (2) Sector of statistical and biological
physics
and INFM-Democritos Center, International School for Advanced Studies, SISSA/ISAS, 34100
Trieste, Italy, (3) Institute of Molecular and Biological Chemistry, Federal Institute of
Technology EPFL, CH, (4) Department of Physics, University of Cagliari, Italy, (5) Leiden
Institute of Chemistry, Leiden University, Netherlands

Abstract
Azole-bridged diplatinum compounds are promising new anticancer drugs designed to
circumvent
resistance problems of existing platinum drugs. The lack of cross-resistance to cisplatin and
similar drugs arises most probably from the much smaller distortion induced in duplex DNA.
However, so far only little structural data is available. The scope of our research is therefore to
give a detailed picture of the interaction of these drugs to DNA and to describe the effect of
drug-binding on the global DNA parameters and duplex flexibility – properties, which are key
factors in the DNA-protein recognition process. Hybrid quantum classical (QM/MM)
simulations
of three different drug-DNA adducts have already been carried out and they accurately describe
local distortions at the Pt-lesion. Here, we show how these simulations can be further exploited
to derive accurate classical force field parameters via a force matching procedure. Using this
new set of parameters we perform classical molecular dynamics simulations to validate the new
parameter set and to compare structural and dynamical properties of the drug-DNA complexes
to the corresponding cisplatin-DNA adduct. In particular, we address the flexibility of the
minor
groove opposite the Pt-lesion by introducing an adaptive bias force (ABF) in the classical MD
simulations. Both, HMG-containing proteins and DNA-glycosylases interact with the minor
groove and therefore changes in the free energy associated to minor groove deformation could
greatly affect the protein recognition process.

General Oral - Molecular Mechanics and Simulation
COMP 80 [993799]: Peptide hydrolysis in thermolysin:
Reactant structure and reaction mechanism studied with
classical and QM/MM molecular dynamics
Guillaume Lamoureux1 , Jochen Blumberger2 , and Michael L. Klein1 . (1) Department of

Chemistry, University of Pennsylvania, 231 South 34th Street, Philadelphia, PA 19104,
Phone:
215-573-4773, (2) Department of Chemistry, Center for Molecular Modeling, University of
Pennsylvania

Abstract
Thermolysin is a monozinc enzyme that has a well-characterized endopeptidase function, but
whose reaction mechanism is incompletely understood. We have assessed the reactivity of
various structures of the peptide-enzyme complex using short QM/MM molecular dynamics
simulations. The structures were obtained using a substrate-docking procedure allowing for
peptide flexibility and for insertion of water molecules into the active site, and were refined
using classical molecular dynamics on a force field corrected for charge-transfer effects. These
studies show that additional water molecules are enhancing the reactivity of the structure by
stabilizing the substrate into a conformation prone to a nucleophilic attack. The free energy
profile of the complete hydrolysis reaction (nucleophilic attack and peptide bond dissociation)
is
obtained from constrained QM/MM simulations. The stabilization of the transition state in the
enzymatic pocket which leads to rate enhancement of several orders of magnitude is discussed
and analyzed by comparing to a model hydrolysis reaction in aqueous solution.

General Oral - Molecular Mechanics and Simulation
COMP 81 [998714]: QM/MM study of the 1H and 205Tl NMR
spectra of the thallium bound G-quadruplex from Oxytricha
nova
Christina M Ragain, Jose A. Gascon, J Patrick Loria, and Victor S. Batista, Department of
Chemistry, Yale University, PO Box 208107, New Haven, CT 06520-8107, Fax: 203-4326144,
christina.ragain@yale.edu, Phone: 203-432-5911

Abstract
The 1H and 205Tl Nuclear Magnetic Resonance (NMR) spectra of the thallium bound Guanine
quadruplex d(G4T4G4)2 from Oxytricha nova are investigated by using Quantum
Mechanics/Molecular Mechanics hybrid methods in conjunction with the Gauge Independent
Atomic Orbital (GIAO) approach. It is shown that accurate 1H NMR calculations require the
implementation of the ONIOM Electronic Embedding (B3LYP/6-32G*:Amber) level of theory
with
extended QM layers where the influence of neighboring planes is explicitly considered,
indicating
that 1H NMR chemical shifts are strongly influenced by Guanine stacking in the G-quadruple.
The 205Tl NMR spectra require the implementation of the all-electron QM/MM
(RHF/UGBS:Amber) level in order to account for complete electronic shielding. A complete
assignment of 205Tl NMR chemical shifts 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.

General Oral - Molecular Mechanics and Simulation
COMP 82 [975489]: Simulation of long-range electron
transfer in proteins using a combined QM/MM-classical

molecular dynamics approach
Jochen Blumberger, Department of Chemistry, Center for Molecular Modeling, University
of
Pennsylvania, 231 S. 34th Street, Philadelphia, PA 19104, jochen@cmm.upenn.edu, Phone:
215-573-8697, and Michael L. Klein, Department of Chemistry, University of Pennsylvania

Abstract
A fundamental process in photosynthesis, respiration and future design of bio-electronic
devices
is the long-range electron transfer (LRET) between two cofactors in a protein matrix. While
experiments have already given valuable insight into LRET theoretical calculations are still at
an
early stage of development. The reason is that computation of rate determining free energies
for LRET is an enormously challenging task requiring explicit electronic structure calculation
and
sampling of the protein fluctuations over nanoseconds. This is clearly beyond the time scale that
can be accessed with straightforward QM/MM methods in the near future. Combining QM/MM
with classical MD we present a computational scheme that allows to calculate the relevant
thermodynamic and kinetic parameter for diabatic LRET at the QM/MM level but with the
statistical accuracy of classical MD. By formulating LRET as a redox process the difficulty of
computing reliable excited states is avoided as well as the problem of charge separation in
uncorrected density functionals. Our approach is illustrated by the computation of the
reorganization free energy for electron self exchange between two Ru-porphyrin cofactors
bound
to a four-helix bundle protein. The number we obtain, 1.2 eV, is in excellent agreement with
experimental estimates for similar systems. We find that 2/3 of the free energy barrier for
LRET
is due to the solvent and only 1/3 due to the protein while the contribution of the porphyrin
cofactors is vanishingly small. In the presentation we will discuss the range of problems that
can
be addressed with our approach as well as its limitations.

General Oral - Molecular Mechanics and Simulation
COMP 83 [995577]: Understanding enzymes, the Nature's
catalysts, from QM (SCC-DFTB)/MM MD and free energy
simulations
Hong Guo, Haobo Guo, Qin Xu, and Niny Rao, Department of Biocehmistry & Cellular &
Molecular Biology, University of Tennessee, M407 Walters Life Sciences, University of
Tennessee, Knoxville, TN 37996, hguo1@utk.edu, Phone: 865-974-3610

Abstract
The QM(SCC-DFTB)/MM molecular dynamics and free energy simulations have been performed
on several enzymes including chorismate mutase, cytidine deaminase, serine-carboxyl
peptidases and histone methyltransferases. Considerable new insights are obtained concerning
the catalytic mechanisms and substrate specificities for these enzymes. The results suggest that
the QM treatment with the tight-binding DFT method in the QM/MM studies can be rather useful
in the understanding of enzyme catalysis, although certain corrections may need to be
introduced in order to compare with experimental data.

General Oral - Quantum Chemistry
COMP 84 [998542]: A novel linear/exponential hybrid
force
field scaling scheme
Shujiang Yang and Miklos Kertesz, Department of Chemistry, Georgetown University, 37th
and
O Streets, NW, 606 Reiss, Washington, DC 20057-1227, sy37@georgetown.edu, Phone:
202-687-5959

Abstract
The harmonic frequency of the longitudinal optical (LO) mode of polyyne is obtained by various
quantum mechanical techniques at various first principles levels. Since Pulay's scaled quantum
mechanical force field scheme fails in this case, we introduce a novel linear/exponential force
field scaling scheme based on the intrinsic behavior of coupling longitudinal force constants in
internal coordinates. With this scaling scheme applied to B3LYP/6-31G* calculations, the LO
mode frequency of polyyne is predicted to be about 1870 cm-1. This is in contrast to previously
widely accepted values in the 2000-2200 cm-1 region, but is consistent with recently
observed
Raman peaks near 1850 cm-1 with long carbon chains encapsulated inside carbon nanotubes
after taking account of nanotube environmental effect. The linear/exponential scaling scheme
has been successfully applied to cis-transoid and all-trans polyacetylenes. Further applications
are in progress to other extended conjugated systems, such as polydiacetylene, annulenes,
carotenoids, porphine, etc.

General Oral - Quantum Chemistry
COMP 85 [981249]: Ab initio modeling of the interaction of
mercury with aromatic molecules
Janice A. Steckel, National Energy Technology Laboratory / Parsons Projects Inc, P.O. Box
10940, Pittsburgh, PA 15236, Fax: 412-386-5920, Phone: 412-386-4430

Abstract
Mercury is a hazardous metal and is present in coal and at ppb concentrations in the flue gas of
coal fired power plants. Activated carbon, which contains areas of graphitic carbon, has been
used with varying success as a sorbent. The goal of this research project is to better
characterize
the interaction of mercury with aromatic molecules in order to add to the qualitative
understanding of how mercury interacts with sorbents such as activated carbon. Calculations
are
carried out for mercury interactions with a series of aromatic molecules, with and without
functional groups, for neutral complexes, cationic complexes and triplet states. With this series
of calculations it will be possible to add to our understanding of how mercury interacts with
extended aromatic molecules and to begin to explain the nature of mercury interactions with
graphitic surfaces.

General Oral - Quantum Chemistry
COMP 86 [997204]: Ab initio molecular dynamics studies of
proton transport mechanisms in the superprotonic phase

of
CsH 2 PO 4
Hee-Seung Lee and Mark E. Tuckerman, Department of Chemistry, New York University,
100 Washington Square East, Room 1001, New York, NY 10003, hls240@nyu.edu

Abstract
Caesium dihydrogen phosphate (CsH2PO4), like other hydrogen bonding crystals (KH2PO4
family), exhibits a superprotonic phase transition at elevated temperature. Specifically,
CsH2PO4 undergoes a paraelectric to superprotonic phase transition at T=502K, resulting an
ion
conductivity increase of four orders of magnitude. Recently, the superprotonic phase of
CsH2PO4
has received a lot of attention because of its use as a solid electrolyte in fuel cells. In the
present work, we investigate the structural and dynamical properties of the superprotonic
phase
of CsH2PO 4 using Car-Parrinello ab initio molecular dynamics (CPAIMD) simulations. The
proton
transport mechanism of CsH2PO4 has been deduced from the behavior of an analogous
compound CsHSO4, which is believed to have fast SO4
- rotations followed by slow proton
jumps. However, unlike CsHSO4, all the oxygen atoms of CsH2PO4 are involved in the
hydrogen bonding network and any type of rotation of PO4
- may break hydrogen bonds.
Therefore, a key to understand the proton transport mechanisms of CsH2PO4 in the
superprotonic phase is to determine how PO4
- is oriented in the hydrogen bonding network and
how fast it rotates. Structural parameters obtained from the CPAIMD simulation will be
compared to the available experimental data and the validity of existing model will be assessed.
More importantly, from the analysis of a CPAIMD trajectory, we found two different proton
conduction mechanisms: a slow proton diffusion involving PO4
- rotation and a fast Grotthuss
type proton hopping across several units of PO4
-.

General Oral - Quantum Chemistry
COMP 87 [1000675]: QM/QM electronic embedding for
electronic structure studies of surface chemistry
Hrant P. Hratchian1 , Ryan D. Fenno1 , Ujjal Das1 , Krishnan Raghavachari1 , Thom Vreven2 ,
and Michael J. Frisch2. (1) Department of Chemistry, Indiana University, 800 E Kirkwood
Ave,
Bloomington, IN 47405, Fax: 812-855-8300, hhratchi@indiana.edu, Phone: 812-8560829, (2)
Gaussian, Inc

Abstract
Despite significant advancements in quantum chemistry (and computer technology) in recent
years, electronic structure studies of surface chemistry remain difficult. As the principal
limitation is tied to system size, investigations of reactive surface chemistry frequently employ
cluster models where the number of heavy atoms can be minimized. Though cluster models

have been successfully employed in a number of investigations, excision from an extended
surface largely limits their use to problems involving strictly localized effects. Hybrid models,
such as QM/MM and QM/QM schemes, are a promising avenue for modeling large surface
segments. Because of our focus on materials and surface chemistry where MM or semiempirical
parameters may not be available, a QM/QM scheme is of particular interest. However, in almost
all QM/QM applications published in the literature thus far, only a mechanical embedding
scheme is used and coupling between the two regions is treated only mechanically with the
wavefunction in the central region unaffected by the electrons of the environment. We are
presently developing a sequence of electronic embedding schemes for more realistic simulations.
The resulting hierarchy, where the treatment ranges from simple point charge embedding to
interaction integrals in the Fock matrix, will be discussed. We will also describe our current
development status and present results from initial applications to ongoing studies of silicon and
silicon oxide surface chemistries.

General Oral - Quantum Chemistry
COMP 88 [985627]: Inclusion of long-range exchange in
TD-DFT: Towards a quantitative charge-transfer model
Anthony D. Dutoi, Department of Chemistry, University of California, Berkeley, CA 94720,
t_dutoi@bastille.cchem.berkeley.edu, Phone: 510-642-9304, Andreas Dreuw, Institut für
Physikalische und Theoretische Chemie, Universität Frankfurt, and Martin Head-Gordon,
Department of Chemistry, University of California Berkeley and Chemical Sciences Division,
Lawrence Berkeley National Laboratory

Abstract
Recently, the poor behavior of TD-DFT as regards charge-transfer (CT) excited states has been
discussed in the literature. Building on a scheme proposed by Tawada et. al. [J. Chem. Phys.
120 8425 (2004)], we have developed an add-on exchange kernel for use with any functional.
It has the property of preserving the ground-state functional while producing the correct
electrostatics on the excited state surface, fully self-consistently. Introduction of a
system-dependent parameter into the model allows quantitative agreement of asymptotic CT
and ionization energies by construction. The value of this parameter may often be estimated
from properties of the ground state, with the unmodified functional. We will present the results
of recent tests and applications of this functional modification.

General Oral - Quantum Chemistry
COMP 89 [1000828]: Quantum Monte Carlo study on the
proton affinities of the 3D-block transition metals
Ainsley Anthony Gibson, Floyd Fayton Jr., and John AW. Harkless, Department of
Chemistry,
Howard University, 525 College Street NW, Washington, DC 20059, Fax: 202-806-6882,
ainsley.gibson@gmail.com, Phone: 240-353-5750

Abstract
The proton affinities of the 3d-block transition metals are investigated using various levels of
electronic structure theory. The ab initio methods used in solving the the time independent
non-relativistic Schrodinger equation include; Hartree-Fock(HF), post Hartree-Fock[CI, CISD,
CCSD, CASSCF, MRCI, MP2 and MP4] methods, and quantum Monte Carlo(QMC) methods, both
Variational Monte Carlo(VMC) and fixed-node Diffusion Monte Carlo(DMC). Density Functional

Theory(DFT) with the B3LYP functional is also used in these calculations to obtain results for
comparative analysis. The Wachters+f basis set is used for the transition metals and a cc-pVTZ
basis is used for hydrogen.

General Oral - Quantum Chemistry
COMP 90 [999595]: Reagents for electrophilic amination: A
quantum Monte Carlo theoretical study
Carlos Amador-Bedolla 1 , Romelia Salomon-Ferrer2 , Alan Aspuru-Guzik 3 , José Alfredo
Vázquez-Martínez1, and William A. Lester Jr.2. (1) Facultad de Química, Universidad Nacional
Autónoma de México, Ciudad Universitaria, México 04510, Mexico, amador.carlos@gmail.com,
Phone: 55-562-3767, (2) Kenneth S. Pitzer Center for Theoretical Chemistry, Department of
Chemistry, Chemical Sciences Division, Lawrence Berkeley National Laboratory, (3) Kenneth
S.
Pitzer Center for Theoretical Chemistry, Department of Chemistry, University of California,
Berkeley

Abstract
Carbon-nitrogen bonds are usually formed by the nucleophilic attack of a nitrogen to an
electrophilic carbon in a typical SN_2 type of reaction. The reverse reaction, however, is
possible: a nucleophilic carbon can replace a leaving group previously attached to an
electrophilic nitrogen. We study several molecules to investigate their potential use as
electrophilic reagents. We perform very precise diffusion quantum Monte Carlo calculations and
analyse the resulting snapshots of the electron distribution to locate and characterize the lone
electron pair on the nitrogen atom, which is believed to be the most important characteristic in
determining the nucleophilic/electrophilic properties of the molecule. To make this study
quantitative, we use the Electron Pair Localization Function and our own modification to this
concept. We present our predictions of useful electrophilic reagents for amination.

General Oral - Quantum Chemistry
COMP 91 [1012658]: Prediction of excited states for
carbon,
nitrogen and oxygen systems using quantum Monte Carlo
Floyd Fayton Jr., Ainsley Anthony Gibson, and John AW. Harkless, Department of Chemistry,
Howard University, 525 College St., NW, Washington, DC 20059, Fax: 202-806-5442,
Phone:
202-806-6882

Abstract
Quantum Monte Carlo (QMC) refers to a class of ab initio methods that use a stochastic
simulation to solve the many-body Schrödinger equation. QMC differs from post-Hartree Fock
methods in that it includes electron correlation explicitly. Diffusion Monte Carlo (DMC) and
Variational Monte Carlo (VMC) are applied to elucidate the thermodynamic and electronic
properties of reactions of nitrogen plasma with carbon in an oxygenated environment. In order
to reach that goal, excited states of the atomic and binary compounds of carbon, nitrogen, and
oxygen were estimated in order to illustrate the ability to accurately describe the range of
reactions that may occur. These structures include, NO, CO, N2, O2, and selected excited states
of the constituent elements. In order to show the accuracy of various electronic structure
techniques (DMC, VMC, B3LYP, MP2, CASSCF and CISD) values were compared against

experiment.

General Oral - Quantum Chemistry
COMP 92 [1000664]: Quantum Monte Carlo studies of
ozone
dissociation and excited states
John AW. Harkless, Department of Chemistry, Howard University, 525 College St., NW,
Washington, DC 20059, Fax: 202-806-5442, jharkless@howard.edu, Phone: 202-8066899

Abstract
The powerful quantum Monte Carlo (QMC) method is applied to describe the dissociation of the
ozone molecule as well as provide a discussion of several low-lying electronically excited states.
Values from QMC, in its variational Monte Carlo (VMC) and fixed-node diffusion Monte Carlo
(DMC) variants, will be compared to single- and multi-reference theory, including
configuration
interaction (CI) and complete active space self-consistent field (CASSCF) estimates of
excitation energies.
This work is part of a series of investigations into developing a simplified, robust prescription
for
performing QMC calculations for complex systems.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 93 [963548]: Development and application of
QM/MM
methods based on the SCC-DFTB approach
Qiang Cui, Chemistry, University of Wisconsin, Madison, 1101 University Ave, Madison, WI
53706, Fax: 608-262-4782, cui@chem.wisc.edu, Phone: 608-262-9801

Abstract
Motivated by the long-term goal of understanding vectorial biological processes such as proton
transport (PT) in biomolecular ion pumps, a number of developments were made to establish
combined quantum mechanical/molecular mechanical (QM/MM) methods suitable for studying
chemical reactions involving significant charge separation in the condensed phase. These
developments will be discussed with representative problems. Specifically, free energy
perturbation and boundary potential methods for treating long-range electrostatics were
implemented to test the robustness of QM/MM results for protein systems. It was shown that
consistent models with sufficient sampling were able to produce quantitatively satisfactory
results, such as pKa for titritable groups in the interior of proteins, while an inconsistent
treatment of electrostatics or lack of sufficient sampling may produce incorrect results.
Modifications were made to an approximate density functional theory (SCC-DFTB) to improve
the description of proton affinity and hydrogen-bonding, which are crucial for the treatment of
PT in polar systems. Test calculations on water autoionization and diffusion constants of proton
and hydroxide in bulk water showed that both improvements are necessary for quantitatively
reliable results. Finally, the newly established SCC-DFTB/MM-GSBP protocol was used to
explore

mechanistic issues in carbonic anhydrase (CA), which revealed surprising features that have
not
been discussed in previous simulation studies.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 94 [998835]: Simulations of biological systems with
DFTB and the divide-and-conquer linear scaling method
Weitao Yang, Department of Chemistry, Duke University, Durham, NC 27708, Fax:
919-660-1605, weitao.yang@duke.edu, Phone: 919-660-1562

Abstract
We report the development of a molecular dynamics simulation method with combination of the
DFTB method and the Divide-and-Conquer linear scaling approach for biomolecules, and
molecular mechanics description of the solvent. We have carried out simulations of structures
of
proteins and the complex mechanics of biopolymers in single-molecule atomic force microscopy
experiments. Comparison with experimental results demonstrated the promise of this approach.
Challenges will also be outlined.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 95 [956907]: Next-generation DFT-based quantum
models for simulations of biocatalysis
Darrin M. York, Department of Chemistry, University of Minnesota, 207 Pleasant Street
S.E,
Minneapolis, MN 55455, Fax: 612-626-7541, york@chem.umn.edu, Phone: 612-624-8042

Abstract
The theoretical study of biocatalytic processes has been in the spotlight of computational
chemistry over the last several years. The use of combined quantum mechanical/molecular
mechanical (QM/MM) simulations and linear-scaling electronic structure methods have been
instrumental in providing insight into the mechanisms of biocatalysis. In many instances the
spatial extent of the quantum region and/or the configurational space that must be sampled on
the quantum surface precludes the use of high-level electronic structure methods. In these
instances, empirical quantum models that are several orders of magnitude more efficient have
emerged as invaluable tools. The current quantum models such as NDDO-based semiempirical,
SCC-DFTB and related methods have limitations, some of which are in common and others of
which are more specific to a particular class of methods. Some of these limitations include the
accuracy of barriers in chemical reactions, charge-dependent response properties, coupling of
exchange and polarization, completeness of the electrostatic description, modeling of dispersion
interactions and relative conformational energies. In this talk, a strategy for the design of a
next-generation DFT-based quantum model for biocatalysis is outlined from functional form
derived from density-functional theory to parameterization and validation based on high-level
quantum chemical calculations and experiment. The integration of this model with many-body

(e.g., polarizable) force fields will be outlined, and applications to highly charged phosphoryl
transfer reactions in solution will be presented.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 96 [977139]: Stabilization energies of DNA base
pairs
and aminoacid pairs: WFT, DFT and DFTB calculations
Pavel Hobza, Center for Biomolecules and Complex Molecular Systems, Institute of Organic
Chemistry and Biochemistry, Flemingovo nam. 2, 166 10 Prague, Czech Republic, Fax:
+420-220-410-320, pavel.hobza@uochb.cas.cz, Phone: +420-220-410-311

Abstract
Structures and stabilization energies of noncovalently bound molecular clusters playing a role
in
biodisciplines are investigated. Specifically, we consider H-bonded and stacked structures of
DNA base pairs and amino acid pairs. Structure of pairs is either optimized or is taken from
experiment. Benchmark stabilization energies of complexes studied are determined as the
Complete Basis Set (CBS) limit of the CCSD(T) calculations. The role of CCSDT level is also
discussed. Resulting stabilization energies of H-bonded and stacked pairs are very larger, much
larger than considered before. This is especially true about stacked DNA base pairs and amino
acid pairs. Stabilization energy of these structures originates exclusively in London dispersion
energy and only high-level wave function theories can be applied. The use of density functional
theories including the recently introduced hybrid meta GGA functionals is discussed.
Surprisingly
accurate stabilization energies for all complexes investigated were obtained from SCC-DFTB-D
calculations which empirically cover the London dispersion energy. The method which allows to
study complexes with several thousand of atoms was successfully applied also to other extended
biomolecular complexes containing DNA.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 97 [972309]: SCCDFTB as a bridge between MM and
high-level QM
Jan Hermans, Department of Biochemistry and Biophysics, University of North Carolina,
Chapel Hill, NC 27599-7260, Fax: 919-966-2852, hermans@med.unc.edu, Phone: 919966-4644

Abstract
Is the greater effort required for use of SCCDFTB justified? Initial results with crambin and
Ace-Ala-NMe showed improvement relative to standard MM. Was improvement to be expected?
Probably, yes: both SCCDFTB and MM force fields have been calibrated against high-level QM
and features such as, varying charge distribution, should give the former the edge. However,
MM force fields are calibrated also against experimental data. Thus, we have not yet found an

SCCDFTB-based representation of water that is more effective than the simple-point-charge
models. --- Two systems show superiority of SCCDFTB over MM: torsion of N-methylacetamide
(NMA) affects the geometry at N; the H…O=C angle of hydrogen-bonded dimers of NMA varies
more widely than with MM. Finally, simulations with SCCDFTB can be used to produce a sample
against which to fit MM parameters. Energies are recalculated with a high-level QM program,
thus the MM force field is calibrated at that level. These samples can be used also to compare
different formulations of the force field.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 98 [993890]: An implementation of DFTB in amber9
Adrian E Roitberg, Department of Chemistry, University of Florida, Quantum Theory
Project,
Gainesville, FL 32611, Phone: 352-392-6972

Abstract
We will present details of the implementation of DFTB in amber 9.0, with emphasis on the
comparison with other semiempirical methods. We will also show how DFTB and DFTB/D
relative conformational energies for polyalanine peptides compares with more traditional QM
methods such as HF, DFT, MP2 and LMP2. The correlation of DFTB/D results with MP2 and
B3LYP/D will be shown to be extremelly good. An example of applications of amber 9 QM/MM to
enzymatic systems will be exemplified for the enzyme transialidase.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 99 [953629]: Vibrational circular dichroism and
Raman optical activity of biomolecules: What information
can
we extract
Karl J. Jalkanen and Julian D. Gale, Nanochemistry Research Institute, Department of
Applied
Chemistry, Curtin University of Technology, GPO Box U1987, Perth, Western Australia 6845,
Australia, Fax: 61-8-9266-2300/4699, K.Jalkanen@curtin.edu.au, Phone: 61-8-92667172

Abstract
In this talk a brief overview of the theory of vibrational circular dichroism (VCD) and Raman
optical activity (ROA) will be given and the various ways to treat the effects due to the
environment both explicitly, implicitly and with hybrid approaches. The use of theory to fully
interpret and understand the experimental vibrational absorption (VA), VCD, Raman scattering
and ROA spectra of biomolecules will be discussed with examples. Finally the use of changes in
the these spectra as a function of environment will be shown to be useful not only in monitoring

conformational differences, but also structural and functional states of the molecules, as well as
ligand binding and aggregation.

Molecular Similarity and Indexing Methods
COMP 100 [1000427]: Implementing a text based method
(Lingo) using Finite State Machines for fast similarity
searching
J. Andrew Grant1, James Haigh2, and Roger Sayle2. (1) Lead Discovery, AstraZeneca
Pharmaceuticals Ltd, Mereside, Macclesfield SK10 4TF, United Kingdom,
andrew.grant@astrazeneca.com, Phone: +44 1625 514647, (2) OpenEye Scientific Software,
3600 Cerrillos Road, Suite 1107, Santa Fe, NM 87507, Fax: 505-473-0833,
roger@eyesopen.com, Phone: 505-473-7385

Abstract
Searching and matching patterns of text is a broad problem in Information retrieval. Algorithms
for string matching in Computational Biology have been widely applied to problems of
identifying relationships in DNA or protein sequences. In contrast Chemoinformatics approaches
tend to focus on graph based methods for describing molecules and identifying similarities
between them. However the recent work of Vidal et al (J. Chem. Inf. 2005, 45, 386-393)
introduced molecular representations in the form of strings to obtain similarity measures,
which
can be combined with efficient approaches for pattern matching, such as Finite State Machines.
Such efficiencies offer the potential for fast neighbourhood calculations, requiring only little
computer memory. As such applications including the real time browsing of very large
molecular
databases or fast clustering of data become feasible. The focus of the presentation is to
demonstrate that such simplified models lead to a useful measure of similarity.

Molecular Similarity and Indexing Methods
COMP 101 [997710]: What is a property-based similarity?
Igor V. Tetko, GSF - National Centre for Environment and Health, Institute for
Bioinformatics,
Ingolstaedter Landstrasse 1, Neuherberg 85764, Germany, itetko@vcclab.org, Phone:
+49-89-31873575

Abstract
The goal of any similarity search is to identify molecules similar to the query molecule. Since
target properties can be different there cannot be a "universal" similarity measure, and the
similarity should be "tailored" to the property. The main question of any similarity measure is
how to provide the best selection and normalization of the descriptors. While similarity search
is
an unsupervised method, its counterpart is a supervised modeling that has its goal to predict the
target property. By building a model we actually do the variable selection and normalization that
is also required for the unsupervised search. Thus we implicitly introduce a new physical
property-based similarity measure. The Associative Neural Network method defines the
property-based similarity as a correlation of residuals of the ensemble of models. The
advantages of the introduced similarity measure and examples of similarity search in the

descriptors and property-based spaces will be exemplified and discussed.

Molecular Similarity and Indexing Methods
COMP 102 [998107]: Methods to enhance the perfomance
of
similarity searching
Jérôme Hert1 , David J. Wilton2 , and Peter Willett2 . (1) Department of Pharmaceutical
Chemistry, University of California, San Francisco, 1700 4th Street, QB3 Building Room 509,
San Francisco, CA 94143-2550, Fax: +1-415-514-4260, hert@cgl.ucsf.edu, Phone:
+1-415-514-4253, (2) Department of Information Studies, University of Sheffield

Abstract
Fingerprint-based similarity searching is well established for virtual screening applications.
This
paper investigates alternative ligand-based approaches in which we test the hypothesis that
fusing the outputs of similarity searches based on a single bioactive reference structure and on
its nearest neighbors is more effective than a similarity search involving just the reference
structure. This "turbo similarity searching" approach was evaluated using different similarity
measures, and datasets and was found to provide a simple way to improve the performance of
simulated virtual screening searches.

Molecular Similarity and Indexing Methods
COMP 103 [999360]: Quantitating similarity between
molecular ensembles
Essam Metwally1 , Edmond Abrahamian2 , and Robert D. Clark2 . (1) Tripos, Inc, 1699 S.
Hanley Rd., Saint Louis, MO 63144, emetwall@tripos.com, Phone: 314-951-3260, (2)
Informatics Research Center, Tripos, Inc

Abstract
Many methods have been proposed for assessing the similarity between pairs of ligand
molecules, but very few have been put forward that provide a way to meaningfully compare
ensembles of molecules. Such comparisons are important, however, when generating and
evaluating alternative ligand-based alignments and 3D search queries associated with them. The
alternative hypermolecular structures generated through the GALAHAD pharmacophore
elucidation program provide a useful avenue for exploring this problem.

Molecular Similarity and Indexing Methods
COMP 104 [997789]: Shape-based screening using multiple
structures: Why might it work?
Paul C. D. Hawkins, Applications, OpenEye Scientific Software, 3600 Cerrillos Road, Suite
1107, Santa Fe, NM 87505, Fax: 505-473-0833, phawkins@eyesopen.com, Phone: 505473-7385

Abstract
Given recent success in shape-based virtual screening using a Gaussian representation of
molecular shape, investigation into the reasons for this success are warranted. In this study we
will investigate the level to which shape space is shared between molecules that are active

against the same receptor. As a corollary, we will examine the effect of using multiple
components in a single query in the shape-based similarity tool ROCS (either a single molecule
in multiple conformations or different molecules in a single conformation). This expansion of
the
query to include multiple components will shed light on the shapes that are held in common by
molecules active against a given receptor.

Molecular Similarity and Indexing Methods
COMP 105 [1008913]: Panel Discussion
Ajay N. Jain, Cancer Research Institute, University of California, San Francisco, Box 0128,
San
Francisco, CA 94143-0128, Fax: 650-240-1781, ajain@jainlab.org, Phone: 415-5027242, and
Anthony Nicholls, OpenEye Scientific Software, 3600 Cerrillos Road, Suite 1107, Santa Fe,
NM 87507, Phone: 505-473-7385

Abstract
This panel will feature the speakers from both sessions of the Molecular Similarity and
Indexing Symposium. In this concluding discussion, we will address the main questions of the
symposium regarding the relative merits and practical utility of 2D and 3D methods for
addressing questions involving molecular similarity.

Emerging Technologies in Computational Chemistry,
sponsored by Schrodinger, Inc
COMP 106 [967322]: Highly accurate first-principle
prediction of ionization equilibria in proteins
Jana Khandogin, Department of Molecular Biology, Scripps Research Institute, 10550 North
Torrey Pines Road, La Jolla, CA 92037, Fax: 858-784-8688, janakhan@scripps.edu, Phone:
858-784-8070, and Charles L. Brooks III, Molecular Biology, TPC6, The Scripps Research
Institute

Abstract
Recently developed lambda-dynamics based continuous constant pH molecular dynamics
(CPHMD) method has shown great promise for the first-principle prediction of pKa values in
proteins. However, quantitative accuracy has been hampered mainly by the large random error
and overestimation of pKa shifts in carboxylate side chains that form salt bridge interactions.
Here, I will demonstrate that both convergence and accuracy can be significantly improved by
exploiting the replica-exchange enhanced conformational sampling and an improved
parametrization of the GBSW implicit solvent model as well as by accounting for the sale effect
through an approximate Debye-Huckel screening function. The high accuracy and robustness of
the improved method is demonstrated by REX-CPHMD titration simulations of 10 proteins that
exhibit anomalously large pKa shifts for the carboxylate and histidine side chains. For a total of
135 titrating groups, the root-mean-square deviation with respect to experimental data is
about
1 unit, or 0.8 for the exposed and 1.5 for the completely buried residues. I will also present a
recent application of the CPHMD simulation to the pH-dependent folding of the c-peptide of
ribonuclease A.

Emerging Technologies in Computational Chemistry,
sponsored by Schrodinger, Inc

COMP 107 [987469]: Accelerating computations to order
N
for electrostatic interactions of biomolecular systems
Benzhuo Lu, Chem. & Biochem, university of California at San Diego, 9500 Gilman Dr, La
Jolla, CA 92093-0365, blu@mccammon.ucsd.edu, Phone: 858-822-0168, Xiaolin Cheng,
Department of Chemistry and Biochemistry, University of California, San Diego, Jingfang
Huang, Department of Mathematics, University of North Carolina, and J. Andrew McCammon,
Department of Chemistry & Biochemistry and Department of Pharmacology, University of
California, San Diego

Abstract
An order N algorithm both in cpu time and storage is developed and implemented for the
calculation of electrostatic interaction of biomolecular system. A boundary integral approach is
used to solve the linearized Poisson-Boltzmann equation, in which the new version of fast
multipole method (FMM) is applied for far field integration. Proper integral formulas are also
given to describe the interacting system with more than one macromolecules, the algebraic
system generated by which is well conditioned, and fits well the present FMM frame and can be
treated similarly as in the single molecule case. Besides the electrostatic interaction energy, we
also show that the force and torque calculations, through computing the surface stress tensor by
an interpolation method as a post-processing, are also to O(N). This approach enhances the
present computational ability to treat electrostatics of large scale system, such as in
protein-protein binding, and hopefully supply a potential way for mocelcular dynamics or
Brownian dyanmics simulations of these processes with full PB forces.

Emerging Technologies in Computational Chemistry,
sponsored by Schrodinger, Inc
COMP 108 [991487]: Novel statistical-thermodynamic
method for computation of protein-ligand binding entropy:
Docking tests with 11 scoring functions
Anatoly M. Ruvinsky, Center for Bioinformatics, The University of Kansas, 2030 Becker
Drive,
Lawrence, KS 66047, ruvinsky@ku.edu, Phone: 785-864-1164

Abstract
We present results of testing of the ability of eleven popular scoring functions to predict native
docked positions using a recently developed method [1,2] for estimation the entropy
contributions of relative and torsional motions to protein-ligand binding affinity. The method is
based on the Monte-Carlo integration of the configurational integral over clusters obtained from
multiple docked positions. We use a test set of 100 PDB protein-ligand complexes and
ensembles of 101 docked positions generated by Wang et al [3] for each ligand in the test set.
To test the suggested method we compare the averaged root-mean square deviations (RMSD)
of the top-scored ligand docked positions, accounting and not accounting for entropy
contributions, relative to the experimentally determined positions. We demonstrate that the
method increases docking accuracy by 10-21% when used in conjunction with the AutoDock
scoring function, by 2-25% with G-Score, by 7-41% with D-Score, by 0-8% with LigScore,
by

1-6% with PLP, by 0-12% with LUDI, by 2-8% with F-Score, by 7-29% with ChemScore,
by
0-9% with X-Score, by 2-19% with PMF, and by 1-7% with DrugScore. We also compare the
performance of the suggested method with the method based on ranking by cluster occupancy
only. We analyze how the choice of a RMSD-tolerance and a low bound of dense clusters
impacts on docking accuracy of the scoring methods. We derive optimal intervals of the
RMSD-tolerance for 11 scoring functions.
1. Ruvinsky A.M. submitted, 2006.
2. Ruvinsky AM, Kozincev AV. J Comp Chem 2005; 26: 1089-1095.
3. Wang R, Lu Y, Wang S. J Med Chem 2003; 46: 2287- 2303.

Emerging Technologies in Computational Chemistry,
sponsored by Schrodinger, Inc
COMP 109 [996006]: Characterization of conformational
equilibria through Hamiltonian replica-exchange
simulations:
Prevailing over large energy barriers, close confinement
and
strong entropic and solvation effects
José D. Faraldo-Gómez and Benoît Roux, Institute for Molecular Pediatric Sciences,
University
of Chicago, Center for Integrative Sciences, 929 East 57th Street, Chicago, IL 60637,
faraldo@uchicago.edu, Phone: 773-834-2812

Abstract
Simulations based on the replica-exchange molecular-dynamics framework (REMD) are
emerging as a useful tool to describe the conformational variability that is intrinsic to most
chemical and biological systems. We show that a novel extension of this method, known as
Hamiltonian REMD, greatly facilitates the characterization of conformational equilibria across
large energetic barriers, or in the presence of substantial entropic effects, overcoming some of
the difficulties of temperature-based REMD. In particular, we compare HREMD and TREMD
through computation of the gas-phase free-energy difference between the D2d and S4 states of
tetrabutylammonium (TBA), an important compound in ion-channel physiology. Taking
advantage of the greater efficiency of the HREMD scheme, the conformational equilibrium of
TBA was investigated in a variety of conditions. Simulation of the gas-phase equilibrium in the
100-300 K range allowed us to determine the entropy difference between these states, as well
as its temperature dependence. Through HREMD simulations in a water droplet, the effect of
solvation on the equilibrium was also elucidated. Finally, TBA was simulated within the binding
cavity of the KcsA potassium channel, and density maps for the protein-ligand complex were
constructed and compared with X-ray crystallography data. Novel insights were thus gained into
the association of potassium channels with quaternary-ammonium blockers such as TBA,
specifically in relation to the energetic coupling with permeant ions. Overall, this work
illustrates
the potential of HREMD in the context of molecular recognition and computational drug design,
in which one of the most challenging issues remains to account for conformational flexibility.

Emerging Technologies in Computational Chemistry,

sponsored by Schrodinger, Inc
COMP 110 [999777]: QM/MM geometry optimization
Thom Vreven and Michael J. Frisch, Gaussian, Inc, 340 Quinnipiac Street, Building 40,
Wallingford, CT 06492, thom@gaussian.com, Phone: 203-284-2501

Abstract
Geometry optimization of large QM/MM systems can be carried out with a macro/micro scheme,
which alternates geometry steps in the QM region with full minimizations of the MM region.
This
significantly reduces the number of QM calculations. Because only the QM atoms are treated
with a second order optimizer and internal coordinates, the bottlenecks associated with
coordinate transformation and Hessian manipulation are avoided.
We present extensions to the macro/micro scheme. We show the extension to electronic
embedding ONIOM(QM/MM), and how translation/rotation of the QM region during the MM
minimization improves convergence. Second, the QM and MM regions are coupled only through
first order terms in the standard scheme, which compromises convergence behavior and
complicates the optimization of saddle points. We now include second order coupling using
analytical MM contributions, employing linear scaling methods. This improves convergence and
allows for the optimization of saddle points in very large systems.

Emerging Technologies in Computational Chemistry,
sponsored by Schrodinger, Inc
COMP 111 [999701]: Applications of the charge patching
approach to individually heterostructured semiconductor
nanocrystals
Joshua Schrier, Denis Demchenko, and Lin-Wang Wang, Computational Research Division,
Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Mailstop 50F-1650, Berkeley, CA
94720, jschrier@lbl.gov, Phone: (510) 486-4735

Abstract
First principles density functional calculations typically involve finding self-consistent
solution to
the Kohn-Sham equations, scaling with the cube of system size. However, electrons are
provably "nearsighted" in semiconductors, and this is manifested in nearly identical charge
densities for both the interior of nanocrystals and bulk semiconductors. Consequently, local
charge "motifs" may be obtained from self-consistent planewave pseudopotential local density
approximation (LDA) calculations on small prototype systems, and then assembled ("patched")
to reconstruct the electron density of large nanostructures. The LDA potential is determined
directly from this charge density, and the eigenvalues of only the few band-edge states of
interest may be determined using parallelized interior eigenvalue solvers. In this manner one
can obtain parameter-free ab initio quality results for multi-thousand atom systems. In this
talk, I will highlight the recent applications of this method to colloidal quantum dot quantum
wells (QDQWs) both with and without Mn-dopants, and to CdSe/Ag2Se heterostructured
nanocrystal rods. In both cases, the behavior of the wavefunction and optical properties are
presented, and used to show how the various geometric features may be used to manipulate the
quantum confinement effects.

General Oral - Molecular Mechanics and Simulation

COMP 112 [997661]: Applying molecular dynamics to
understand signal transduction: Recognition of TRPC6 by
FKBP12
Peng Tao, Department of Chemistry, Ohio State University, 100 West 18th Avenue, Columbus,
OH 43210, tao.21@osu.edu, Phone: (614)688-3339, John C Hackett, Division of Medicinal
Chemistry and Pharmacognosy, The Ohio State University, and Christopher M. Hadad,
Department of Chemistry, The Ohio State University

Abstract
TRPC6 calcium channels are currently the subject of intense investigation for their role in
modulating smooth muscle tone in blood vessels and lung. Binding of FKBP12 is a prerequisite
for the formation of a multiprotein complex involved in channel regulation. To study the
elements of molecular recognition on FKBP12 for binding to the TRPC6 intracellular domain,
20
ns molecular dynamics simulations were performed on the complex of FKBP12 and a peptide
model of wild type TRPC6 intracellular domain, as well as phosphorylated Ser768, Ser768Asp,
and Ser768Glu mutants. The phosphorylated peptide demonstrated the greatest binding affinity
by the MM-GB/SA method, due to the strong interaction between the phosphate group and two
lysine residues of FKBP12 at the binding site. These trajectories also revealed transient,
non-simultaneous interactions with the -NH3(+) group of these lysines. This feature was not
observed in simulations containing the other peptides. Decomposition of the binding free
energies into each amino acid residue identified important additional structural elements
necessary for this protein-protein interaction.

General Oral - Molecular Mechanics and Simulation
COMP 113 [997618]: Binding induced folding in p53-MDM2
complex
Hai-Feng Chen and Ray Luo, Department of Molecular Biology and Biochemistry, UC-IRVINE,
3144 Natural Sciences I, Irvine, CA 92697, Fax: 9498248551, haifengc@uci.edu, Phone:
9498249562

Abstract
p53 plays a key role in maintaining the genomic integrity of cells. It causes cell-cycle arrest or
activates apoptosis in response to DNA damage and other types of stresses. The MDM2
oncoprotein can bind the transactivation domain of p53 and downregulate its ability to activate
transcription. It has been found that binding to p53 significantly influences the folding of
MDM2.
Thus, the relationship between binding and folding is very important for understanding the
function of p53 and MDM2. We have simulated temperature-induced unfolding of apo- and
bound-MDM2 at 498K to study the coupling between binding and folding. The simulation results
show that apo- and bound-MDM2 both unfold via a two-state process. Transition probability
(p-50 rule) was used to determine the transition state ensemble for apo- and bound-MDM2.
The
rate limiting step was found to be the disruption of the MDM2 hydrophobic core. The unfolding
simulations suggest that p53 unbinds first, then MDM2 tertiary structure unfolds, and finally
MDM2 secondary structure unfolds.

General Oral - Molecular Mechanics and Simulation

COMP 114 [1000997]: Molecular dynamics simulations of
viral capsid self-assembly
Hung D. Nguyen, Department of Molecular Biology, The Scripps Research Institute, TPC6,
10550 North Torrey Pines Road, La Jolla, CA 92037, Fax: 858-784-8688,
hdnguyen@scripps.edu,
Phone: 858-784-9782, and Charles L. Brooks III, Department of Molecular Biology, TPC6,
The Scripps Research Institute

Abstract
For about half of the known virus families, the coat that protects their genome in the form of
DNA or RNA is a ‘spherical' or icosahedral capsid which are composed of many copies of
individual proteins that must self-assemble correctly, rapidly, and reproducibly on a biological
timescale in order to propagate an infection in vivo. Elucidating the self-assembly of empty
viral
capsids may have the potential to assist in developing novel approaches to interfere with viral
infection. We have developed a geometric model that mimicks the basic shape and interface
interactions of each capsid protein for use in conjunction with the rigid-body Monte Carlo
simulation method and the discontinuous molecular dynamics algorithm - a fast alternative to
standard molecular dynamics. This model has allowed us to simulate the spontaneous formation
of multiple complete T=1 viral capsids simultaneously in relatively large systems containing
many capsid proteins. Also, our simulation results are able to capture in general main features
of self-assembly as observed in experiments on a variety of viruses. Detailed analysis on the
kinetics and thermodynamics of capsid self-assembly will be presented.

General Oral - Molecular Mechanics and Simulation
COMP 115 [967587]: Molecular dynamics simulations on
AmtB of Escherichia coli: Mechanism of ammonia transport
Yirong Mo, Department of Chemistry, Western Michigan University, 1903 W. Michigan,
Kalamzoo, MI 49008, Fax: 269-387-2909, ymo@wmich.edu, Phone: 269-387-2916, and
Yuchun
Lin, Chemistry, Western Michigan University

Abstract
Molecular dynamics (MD) simulations have been performed at the atomic level to study the
ammonium/ammonia transport across the Escherichia coli AmtB membrane protein. Free
energy
simulations indicated that the entrance of NH4
+ into the periplasmic recruitment vestibule
requires only 3.1 kcal/mol. This is consistent with the X-ray crystal structure where one NH4
+ is captured. In this vestibule, NH4 + loses one water of hydration. But the loss is compensated
by a hydrogen bond with AmtB protein, first with the backbone carbonyl oxygen of F161, then
with the hydroxyl group of S219, as well as the stabilizing ••-cation interactions with the
aromatic
rings of W148 and F107. In the end of this recruitment vestibule, the phenyl ring of F107
dynamically switches to an open state. This is correlated with a slight rotation and shifting of
the indole ring of W148 which eventually creates a slot for the initially buried carboxylate
group
of D160 to become exposed to the bulk solvent. A hydrogen bond wire between NH4

+ and the

carboxylate group of D160 via two water molecules was observed. Thus, D160 is most likely
the
proton acceptor from NH4
+. This explains the high conservation of D160 in Amt proteins and
why the D160A mutant would completely quench the activity of AmtB. Once NH4
+

deprotonates, the phenyl ring of F215 rotates to open, and the subsequent crusade of NH3
through the channel is straightforward. Simulations also confirmed that water molecules can go
through the channel alone.

General Oral - Molecular Mechanics and Simulation
COMP 116 [991537]: Molecular dynamics study of gemini
surfactants at the air/water interface
Ekta Khurana, Department of Chemistry, Center for Molecular Modeling, University of
Pennsylvania, 231 S. 34th Street, Philadelphia, PA 19104-6323, Fax: 215-573-6233,
ekhurana@sas.upenn.edu, Phone: 215-573-8697, Steven O. Nielsen, Department of
Chemistry,
University of Texas at Dallas, and Michael L. Klein, Department of Chemistry, University of
Pennsylvania

Abstract
The behavior of the cationic gemini surfactants CsH2s-a,w- bis (C12 H25 N+(CH3)2 Cl-) at the
air/water interface is not completely understood. We report the results of all atom molecular
dynamics simulations of these surfactants, with s=3, 4, 6, 12, 14 and 16, at the air/water
interface at surface area per molecule corresponding to critical micelle concentration (cmc). It
was observed that the behavior of the surfactants at the interface depends on the length of the
spacer chain. Only the surfactants with spacer length of twelve carbon atoms and fourteen
carbon atoms gave a stable monolayer at the air/water interface, with the initial surface area as
measured by surface tension and neutron reflectivity experiments. In another MD simulation of
the surfactant corresponding to s=3, at surface area per molecule at 1/10th of cmc, a stable
monolayer was observed at the air/water interface. In all other cases we observe movement of
some surfactant molecules from the air/water interface into the aqueous phase, resulting in a
stable primary monolayer of surfactants at the interface and a small concentration of surfactant
molecules below it. The simulations have helped to throw more light on the low resolution
picture emerged from experimental density profile analyses.

General Oral - Molecular Mechanics and Simulation
COMP 117 [996610]: Prediction of glucose transport
pathways in the human glucose transporter 1 (GLUT1)
Kuei-Ling Kuo, School of Pharmacy, National Taiwan University, 12F No.1 Ren-Ai Road Sec.1,
Taipei 100, Taiwan, Fax: +886 2 2391 9098, kueiling0907@yahoo.com.tw, Phone: +886 2
2312
3456 ext 8404, and Jung-Hsin Lin, School of Pharmacy, National Taiwan University, 12F
No.1
Ren-Ai Road Sec. 1, Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan, Fax:
+886-2-23919098, jlin@ntu.edu.tw, Phone: +886-2-23123456 ext 8404

Abstract

Passive transport of glucose across the plasma membrane is mediated by members of the
glucose transporter (GLUT/SLC2A) family. GLUT1, known as the red blood cell glucose
transporter, is one of the most extensively studied membrane transporters. However, the
molecular mechanism of GLUT1-mediated glucose transport is still largely unknown. We have
conducted molecular dynamics simulations of the GLUT1 transporter in the full-hydrated POPC
bilayer to refine the homology model of GLUT1 based on chemical crosslinking data. Umbrella
sampling was then employed to calculate the potential of mean force profile, which indicated
that the refined structure did have lower free energy. The glucose transport pathways were
predicted by a novel docking scheme which can locate a series of juxtaposed ligand binding sites
within such membrane channels, along with the most favorable conformation at each binding
site. Detailed knowledge of glucose transport will lead to advances in the understanding and
designing the therapeutics of glucose homeostasis disorders, including type 2 diabetes mellitus.

General Oral - Quantum Chemistry
COMP 118 [993396]: Raman spectroscopy: New challenges
for theory
Lasse Jensen, Department of Chemistry, Northwester University, 2145 Sheridan Rd.,
Evanston,
IL 60208-3113, l.jensen@chem.northwestern.edu, Phone: 847-491-2793, and George C
Schatz,
Department of Chemistry, Northwestern University

Abstract
Vibrational spectroscopy provides a wealth of information about the structure of molecules,
their
physical and chemical properties and the interactions between molecules. The interplay between
theory and experiments presents a unique possibility for gaining a detailed understanding of the
underlying physics. Raman scattering is one such spectroscopy and, besides the traditional
normal Raman scattering, several variants exits such as : Resonance Raman, Surface-enhanced
Raman, Hyper-Raman and Raman Optical Activity. The modeling of these spectroscopies
requires different theoretical methodology in order to describe them. In this work we will
discuss
how time-dependent density functional theory can be applied to these very different Raman
techniques. Selected results will be presented with an emphasis on how the theoretical methods
can address the very different aspects required in the modeling.
References: L. Jensen, J. Autschbach, G. C. Schatz, JCP, 122, 224115, 2005; L. Jensen, L. L.
Zhao, J. Autschbach, G.C. Schatz, JCP, 123, 174110, 2005; L. L. Zhao, L. Jensen, G. C. Schatz,
JACS., 128, 2911-2919, 2006; L. Jensen, G. C. Schatz, JPCA, ASAP, 2006;

General Oral - Quantum Chemistry
COMP 119 [1012632]: DOVE 2D-IR spectroscopy:
Computational simulation and experiment
Ian R. Gould, Department of Chemistry, Imperial College, Exhibition Road, london SW7 2AY,
United Kingdom, Fax: 44 207 5945809, i.gould@imperial.ac.uk, Phone: 44 0207 5945809

Abstract
Doubly Vibrationaly Enhanced (DOVE) 2-Dimensional Infra-Red spectroscopy is a technique in
which the coupling of vibrational modes in a molecule are measured. The information generated
can probe the underlying molecular structure in a highly analogous manner to 2-D NMR
techniques, however, there are significant benefits in working in an optical regime.

Principally,
since measurements are related to the optical de-phasing timescale it is in principle possible to
approach femtosecond resolution, additionally the technique is extremely sensitive and
non-destructive. These properties of DOVE-2D-IR suggest that it has strong potential as a
technique for protein structure determination. We present here our experimental spectra for
some small molecules and amino acids and compare them with quantum mechanically derived
spectra.

General Oral - Quantum Chemistry
COMP 120 [1012684]: Methyl rotations in crystals:
Quantum
mechanical calculations, nuclear magnetic relaxometry and
neutron diffraction crystallography
Xianlong Wang 1 , Frank B. Mallory1 , Peter Beckmann2 , and Michelle M. Francl1 . (1)
Department of Chemistry, Bryn Mawr College, 101 N Merion Ave, Bryn Mawr, PA 19010, Fax:
610-526-5086, xloongw@yahoo.com, mfrancl@brynmawr.edu, Phone: 610-526-5108, (2)
Department of Physics, Bryn Mawr College

Abstract
Internal rotations of methyl groups in a series of aromatic compounds have been studied using
cluster models consisting of 8 to 13 molecules of the compounds. The clusters represent well
the
environment for the methyl group in the crystals. The computed rotational barriers are
compared with experimental results measured by solid state nuclear magnetic relaxation and
neutron diffraction methods. Through the comparative studies, the effect of intramolecular and
intermolecular interactions to the internal rotation of the methyl groups was investigated. It is
found that the intramolecular interactions are dominant in the barriers, but the intermolecular
interactions may increase or decrease the barriers slightly. The intramolecular interactions
are
originated from the hyperconjugation between the methyl groups and the aromatic rings and the
steric effects. The intermolecular interactions affect the internal rotations through the
inter-methyl interactions and/or changing the aromatic backbone structures.

General Oral - Quantum Chemistry
COMP 121 [965014]: Frozen-density embedding as an
efficient method for modeling solvent effects on molecular
properties
Christoph R. Jacob1, Johannes Neugebauer2, Evert Jan Baerends1, and Lucas Visscher1. (1)
Theoretical Chemistry, Vrije Universiteit Amsterdam, De Boelelaan 1083, 1081 HV
Amsterdam,
Netherlands, jacob@few.vu.nl, Phone: +31 20 598 7561, (2) Laboratory of Physical
Chemistry,
ETH Zurich

Abstract
We present the efficient implementation of the orbital-free frozen-density embedding (FDE)
scheme for the description of solvent effects on molecular properties. To obtain molecular
properties in solution, this scheme is used in combination with a simplified way of constructing
the frozen electron density of the solvent environment, e.g., by using a

sum-of-molecular-fragments density. In our implementation the embedding potential is
evaluated in a way that scales linearly (with a very small prefactor) with the size of the frozen
environment and, therefore, allows for investigations on very large systems. This is shown for
the absorption spectrum of aminocoumarin C151, where calculations with up to 1500 atoms in
the solvent shell were carried out. Furthermore, we have compared the performance of FDE to a
purely electrostatic solvent model based on a QM/MM scheme using a polarizable force field. It
is found that both solvent models agree for ground-state properties, while there are significant
differences in the description of response properties.

General Oral - Quantum Chemistry
COMP 122 [952894]: Quadratic String Method for
determining the minimum energy path based on
multiobjective optimization
Steven Knox Burger and Weitao Yang, Department of Chemistry, Duke University, Box
90346,
Durham, NC 27708-0346, steven.burger@duke.edu, Phone: 919-660-1642

Abstract
Based on a multiobjective optimization framework, we develop a new quadratic string method
for finding the minimum energy path. In the method, each point on the minimum energy path is
minimized by integration in the descent direction perpendicular to path. Each local integration
is
done on a quadratic surface approximated by a damped Broyden-Fletcher-Goldfarb-Shanno
(BFGS) updated Hessian, allowing the algorithm to take many steps between energy and
gradient calls. The integration is performed with an adaptive step size solver, which is
restricted
in length to the trust radius of the approximate Hessian. The full algorithm is shown to be
capable of practical superlinear convergence, in contrast to the linear convergence of other
methods. The method also eliminates the need for predetermining such parameters as step size
and spring constants, and is applicable to reactions with multiple barriers. The effectiveness of
this method is demonstrated for the Muller Brown potential, a 7-atom Lennard-Jones cluster
and
the enolation of acetaldehyde to vinyl alcohol.

General Oral - Quantum Chemistry
COMP 123 [994902]: Benchmark study of noncovalent
interactions in the zeolite model complexes and their use
for
validation of density functionals and force fields
Yan Zhao, Department of Chemistry and Supercomputing Institute, University of Minnesota,
207 Pleasant St. SE, Minneapolis, MN 55455-0431, Fax: 612-626-9390,
yzhao@chem.umn.edu,
Phone: 612-625-5311, and Donald G Truhlar, Department of Chemistry, University of
Minnesota

Abstract
Benchmark interaction energies for the noncovalent complexes of water, methane, ethane, and

ethylene with zeolite model compounds were determined as the sum of the infinite basis set
limit of MP2 energies and a CCSD(T) correction term evaluated with a small basis set. These
benchmarks are used as reference data to test a variety of density functionals and force fields.
This work was supported in part by the NSF and ONR.

General Oral - Quantum Chemistry
COMP 124 [1000278]: Reliable energetic prediction for
the
G3/99 test set and extended systems: The
correlation-consistent Composite Approach (ccCA)
Angela K. Wilson1, Nathan DeYonker1, Thomas R. Cundari1, Tom Grimes1, Scott Yockel1,
Adriana Dinescu2, and Benjamin Mintz1. (1) Department of Chemistry, University of North
Texas, Box 305070, Denton, TX 76203-5070, Fax: 940-565-4318, akwilson@unt.edu,
Phone: 940-565-4296, (2) Chemistry, University of North Texas

Abstract
The correlation-consistent Composite Approach (ccCA), an ab initio composite technique for
computing atomic and molecular energies, has been shown to successfully reproduce
experimental data for a number of systems. The ccCA has been applied to the G3/99 test set,
which includes 223 enthalpies of formation, 88 adiabatic ionization potentials, 58 adiabatic
electron affinities, and 8 adiabatic proton affinities. The method results in an almost zero mean
deviation for the G3/99 set (with a best value of -0.10 kcal mol-1), and a 0.96 kcal mol-1
mean absolute deviation, which is equivalent to the accuracy of the G3X model chemistry. There
are no optimized or empirical parameters included in the computation of ccCA energies. Overall,
ccCA performs as well or better than Gn methods for most first-row molecules, while for
second-row molecules, ccCA is an improvement over Gn model chemistries. The method also
has shown great utility for extended chemical systems.

General Oral - Quantum Chemistry
COMP 125 [990501]: Theoretical investigations of
atmospheric species relevant for the search of highenergy
density materials
Marzio Rosi1 , Giulia de Petris2 , and Anna Troiani2 . (1) Isituto di Scienze e Tecnologie
Molecolari (ISTM), Italian National Research Council (CNR) and University of Perugia, c/o
Department of Chemistry, Via Elce di Sotto 8, 06123 Perugia, Italy, Fax: 01139 075
5855606,
marzio@thch.unipg.it, Phone: 01139 075 5855532, (2) Dipartimento di studi di chimica e
tecnologia delle sostanze biologicamente attive, University of Rome "La Sapienza"

Abstract
The great effort put in the last decades in the study of the natural cycles of ozone and carbon
dioxide, of the chemistry of air pollution and its effect on the depletion of ozone and on the
greenhouse effect caused by combustion processes has shown the great importance of simple,
but very reactive, species, as ions, radicals and “exotic” molecules. Being these species in the
gas phase, it is particularly appropriate for their study the joint use of theoretical methods, at
ab initio level, with experimental techniques, mass spectrometry specifically. Both these
investigations methods improved in the last few years and, for this reason, they are

particularly
suitable for applications involving the study of the atmosphere. On the one hand, the high
performance computing allows nowadays the theoretical investigation of more and more
complex species at a great level of accuracy. On the other hand, mass spectrometry, with the
development of techniques of neutralization/reionization, can now study neutral species
(radicals, unstable molecules) which are of great interest in the atmospheric chemistry. The
combined use of accurate theoretical methods and mass spectrometry techniques allowed us to
discover recently several new species, both cationic and neutral, which can be important for the
chemistry of terrestrial and planetary atmospheres. The neutral species are experimentally
detected starting from a charged precursor of appropriate connectivity for the neutralization
experiment aimed at the formation of the neutral by a vertical process. Some of these new
species show also the peculiarity of being metastable: these species can dissociate towards the
products through very exothermic processes; however, the dissociation usually presents an
activation barrier. This “metastability” suggests that these species should be promising
candidates of high energy density materials (HEDM), which can be the next generation of
environmentally benign propellants and explosives, especially in relation to spacecraft
propulsion.

General Oral - Quantum Chemistry
COMP 126 [1000522]: Quantum chemical molecular
dynamics study of catalyst-free SWNT growth from
SiC-derived carbon
Zhi Wang1 , Stephan Irle1 , Guishan Zheng1 , Keiji Morokuma1 , and Michiko Kusunoki2 . (1)
Cherry L. Emerson Center for Scientific Computation and Department of Chemistry, Emory
University, 1515 Dickey Drive, Atlanta, GA 30322, Fax: 404-727-7412,
zwang6@emory.edu,
Phone: 404-727-2381, (2) FCT Central Research Department, Japan Fine Ceramics Center

Abstract
Metal catalyst-free SWNT synthesis has been reported in the exceptional case where SiC is used
as carbon source material and thermally decomposed in vacuum at high temperatures. Carbide
derived carbon has been shown to possess unique properties, and in this case, preference for
carbon nanotube (CNT) growth of zigzag type are observed in experiments. Such a CNT
synthesis has the advantage that subsequent purification is no longer necessary, as no metal
catalyst is required. In order to understand the underlying nucleation and growth mechanisms,
we have performed high temperature quantum chemical molecular dynamics simulations
(QM/MD) based on density functional tight binding (DFTB) on SiC surfaces, and we observe
both
SWNT cap formation on the C face, graphene sheet formation on the Si face, as well as
substantial tube growth during the simulation. For the latter we have periodically removed Si
atoms from random positions of the growing slab. In the context of Si removal we will address
the role of oxygen by including oxygen in our simulations.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 127 [1000515]: Calculation of the reduction
potential

of Flavin Adenine dinucleotide in medium chain acyl-CoA
dehydrogenase using combined DFTB/MM simulations
Sudeep Bhattacharyay 1 , Marian T. Stankovich2 , and Jiali Gao2 . (1) Chemistry, University
of
Minnesota, 207 Pleasant Street SE, Minneapolis, MN, MN 55455,
sudeep@chemsun.chem.umn.edu, Phone: 612-625-0769, (2) Department of Chemistry,
University of Minnesota

Abstract
The enzyme active site can have significant effects on the redox properties of cofactors. In
acyl-CoA dehydrogenase, which is involved in the first step of metabolic oxidation of fatty acids,
the midpoint potential was found to have shifted by 110 mV when the substrate is bound to
form the Michaelis complex (1). The change of the redox potential has been proposed to be a
key regulatory factor in the reaction. To understand the roles of specific active site residues on
the change in the reduction potential, we have carried out molecular dynamics simulations and
free energy calculations of the FAD-bound enzyme. The experimentally observed reduction of
Flavin Adenine Dinucleotide (FAD) in medium chain acyl-CoA dehydrogenase occurs with the
transfer of two electrons and one proton:
FAD + 2e + H+ -> FADH- ; E0 = -0.145 V
Using a similar approach described previously (2), we have carried out a free energy
simulations, by treating the FAD cofactor quantum-mechanically using the self-consistent
charge
tight-binding density functional theory (SCC-DFTB) embedded in the classically treated protein
environment. We present the strengths and shortcomings of this computational approach for
computing redox potentials of organic cofactors in an enzyme, and discuss the findings in the
active site of acyl-CoA dehydrogenase.
1. Mancini-Samuelson, G. J., Kieweg, V., Sabaj, K. M., Ghisla, S., and Stankovich, M. T.
(1998) Redox properties of human medium-chain acyl-CoA dehydrogenase, modulation by
charged active-site amino acid residues, Biochemistry 37, 14605-14612. 2. Formaneck, M.
S.,
Li, G., Zhang, X., and Cui, Q. (2003) Calculating Accurate Redox Ppotentials in Enzymes with a
Combined QM/MM Free Energy Perturbation Aproach, J Theor Comp Chem 1, 53-67.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 128 [950070]: Binding and catalysis of
metallo-beta-lactamase studied using a SCC-DFTB/CHARMM
approach
Dingguo Xu1, Yanzi Zhou2, Daiqian Xie2, and Hua Guo1. (1) Department of Chemistry,
University of New Mexico, Albuquerque, NM 87131, Fax: 505 277 2609, hguo@unm.edu,
Phone:
505 277 1731, (2) Department of Chemistry, Nanjing University

Abstract
The binding dynamics and first step of the beta-lactam hydrolysis reaction catalyzed by a class
B2 beta-lactamase are investigated using a quantum mechanical/molecular mechanical
(QM/MM) approach. The QM region, which includes the catalytic zinc ion and its protein
ligands,

the antibiotic molecule, a histidine side chain, and an active-site water, is treated with the
self-consistent charge density function tight binding (SCC-DFTB) method; while the MM region
is
described by the CHARMM force field. The binding pattern is found to agree with existing
crystallographic data. The nucleophilic attack of the substrate carbonyl carbon by the activesite
water is found to be concerted with the proton transfer to a metal-binding Asp residue. The
resulting anionic intermediate is stabilized by the metal ion, avoiding the formation of a
tetrahedral intermediate. The corresponding potential of mean force shows a single barrier of
14
kcal/mol, in agreement with kinetic data.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 129 [961839]: Quantum-mechanical simulations of
inclusion compounds: Cyclodextrine and polypeptides in
aqueous solution
Hélio A. Duarte, Department of Chemistry, Universidade Federal de Minas Gerais - UFMG,
Av.
Antonio Carlos, 6627, Belo Horizonte - MG 31270-901, Brazil, Fax: ++55-31-34995700,
duarteh@ufmg.br, Phone: ++55-31-3499-5748, Serguei Patchkovskii, Department of
Chemistry,
Steacie Institute for Molecular Sciences, Hélio F. Dos Santos, Department of Chemistry,
Universidade Federal de Juiz de Fora, and Thomas Heine, Physikalische Chemie, Technische
Universität Dresden

Abstract
ß-cyclodextrine (ß-CyD) and its inclusion compound with angiotensine (1-7) (ANG(1-7)) in
aqueous solution have been investigated by means of QM/MM hybrid methods. The QM part has
been treated with DFTB including second-order density correction scheme and the correction for
London dispersion (DC-SCC-DFTB), in the MM part Rappé's universal force field (UFF) is
employed. Born-Oppenheimer Molecular Dynamics trajectories of the whole system, containing
up to 275 QM atoms and 7456 water molecules of 0.2 ns were carried out. The flexibility of the
structures, the dynamics of encapsulated water molecules in ß-CyD, the conformation of ANG
(1-7) in water and the formation of the ß-CyD:ANG(1-7) inclusion compound via tyrosine
residue in aqueous solution are discussed.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 130 [998626]: Effective application of SCCDFTB in
simulating structural and thermodynamic properties of
molecular systems
Hao Hu1, Weitao Yang1, and Jan Hermans2. (1) Department of Chemistry, Duke University,
Box 90349, Durham, NC 27708, haohu@duke.edu, Phone: 919-660-1657, (2) Department

of
Biochemistry and Biophysics, University of North Carolina

Abstract
Designed to mimic ab initio Density Functional Theory, SCCDFTB reproduces very well
structural
and energetic properties for a large variety of molecules. Compared with many other
semi-empirical QM methods, SCCDFTB produces qualitatively better results with a comparable
minimal computational cost. For those reasons, the applications of SCCDFTB in the full-scale
QM or combined QM/MM simulations are very promising. We discuss here applications of
SCCDFTB in the calculation of structural and thermodynamic properties of different molecular
systems, specifically, full-scale QM simulation and accurate QM/MM free energy simulation
with
SCCDFTB method. We will present the simulation results of liquid water by linear-scaling
divide-and-conquer SCCDFTB method, with the comparison to classical water models. We will
also show here how to effectively implement SCCDFTB in free energy simulations, and discuss
how to combine SCCDFTB with high-level QM methods to achieve high-accuracy QM/MM free
energy simulations.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 131 [1000788]: Development and application of
CHARMM's hybrid QM/MM reaction path methods
H. Lee Woodcock III and Bernard R. Brooks, Laboratory of Computational Biology, National
Heart, Lung and Blood Institute, National Institutes of Health, 50 South Dr. MSC 8014,
Bethesda, MD 20892-8014, Fax: 301-402-3404, hlwood@nih.gov, Phone: 301-451-9972

Abstract
Recent work will be presented on extending CHARMM's pathway searching facilities (e.g. the
replica path method (RPM) and nudged elastic band (NEB) method) to work with hybrid
SCCDFTB QM/MM coupled potentials. The replica path method involves the definition of a
reaction path via replication of a set of macromolecular atoms. An "important" subset of these
replicated atoms is restrained with a penalty function based on weighted root-mean-square
rotation/translation best-fit distances between adjacent (i ± 1) and next adjacent (i ± 2)
pathway steps. An independent subset of the replicated atoms may be treated quantum
mechanically. This treatment can be performed in a highly parallel manner in which large
numbers of processors can be efficiently employed. In addition, ongoing work is being done that
seeks to develop new methods for computing free energies of reactions. This effort entails
extending the Replica Path method to sample orthogonal directions of conformational space
while maintaining the viability of a well described reference pathway. This is accomplished by
applying holonomic planar restraints such that pathway point i will be equidistant from points
(i
+ 1) and (i - 1). This allows for extremely efficient, highly parallel, sampling of an entire
reaction pathway via either classical or hybrid QM/MM potentials.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier

COMP 132 [1003328]: Proton transfer in
bacteriorhodopsin
studied with SCC-DFTB QM/MM
Nicoleta Bondar1 , Marcus Elstner2 , Stefan Fischer3 , Sandor Suhai1 , and Jeremy C. Smith3 .
(1) Computational Molecular Biophysics, IWR, University of Heidelberg, Im Neuenheimer Feld
368, D-69120 Heidelberg, Germany, Fax: +49-6221-548868, N.Bondar@dkfz.de, Phone:
+49-6221-548801, (2) Theoretical Chemistry, TU Braunschweig, (3) IWR - Computational
Molecular Biophysics, University of Heidelberg

Abstract
Due to uncertainties in the relative orientation of the proton donor (retinal Schiff base) and
acceptor (Asp85) groups, the mechanism of the primary proton-transfer step in
bacteriorhodopsin is highly controversial. To understand how retinal and protein structural
rearrangements translate into proton pumping we performed an extensive set of Quantum
Mechanical/Molecular Mechanical reaction-path calculations using SCC-DFTB to describe the
quantum mechanical region. Fine-tuning of the retinal chain in the K intermediate allows
bacteriorhodopsin to store energy while avoiding a wasteful thermal relaxation back to the
resting state bR. Although the primary proton-transfer step involves a short distance (3-4 Å),
three very different pathways were found that have barriers consistent with experiment. The
proton-transfer energetics is shaped by the flexibility and electrostatic environment of the
protein, and hydrogen-bonding interactions between the proton acceptor Asp85 and specific
water molecules significantly influence the stability of the post proton-transfer state.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 133 [990339]: New semiempirical density functionals
Donald G. Truhlar, Yan Zhao, Nathan E. Schultz, Erin E. Dahlke, and Mark Iron, Department
of
Chemistry and Supercomputing Institute, University of Minnesota, 207 Pleasant St. SE,
Minneapolis, MN 55455-0431, Fax: 612-626-9390, truhlar@umn.edu, Phone: 612-6247555

Abstract
Semiempirical molecular orbital theories became particularly useful with the advent of
theoretical model chemistries such as those based on neglect of differential overlap. Current
interest includes simpler theories like tight binding and more complete ones like density
functional theory, scaling all correlation, Gaussian-x, and multi-coefficient correlation
methods.
The lecture will emphasize a variety of new semiempirical density functionals, including some
that are based on kinetic energy density, Hartree-Fock exchange, and/or dependence on the
unoccupied orbitals ("fifth rung" functionals). New functionals developed in this way have
improved performance for bonds involving metal atoms, barrier heights, charge transfer
complexes, pi systems, and noncovalent interactions. Some of these results are already
published in Y. Zhao, N. E. Schultz, and D. G. Truhlar, J. Chem. Phys. 2005, 123, 161103, J.
Chem. Theory Comput. 2006, 2, 364. This work was supported in part by the NSF, the DOE, and
ONR.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory

COMP 134 [957440]: Possible modifications to the NDDO
approximations
James J. P. Stewart, Stewart Computational Chemistry, 15210 Paddington Circle, Colorado
Springs, CO 80921, MrMOPAC@Worldnet.att.net, Phone: 719-488-9416

Abstract
The basic NDDO approximations have proven useful over the past 30 years. However, during
that time, various limitations have been discovered. These limitations could not be removed by
improved parameterization, and therefore must be attributed to deficiencies in the
approximations themselves. Various modifications to the core-core correction will be proposed.
The technique for parameter optimization will be briefly explained, and the results of
application
of the new method to molecular and solid-state systems presented.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 135 [1000558]: Chemically accurate DFT via
empirical
localized orbital corrections
Richard Friesner, Department of Chemistry, Columbia University, 116th and Broadway,
New
York, NY 10027, Fax: 212-854-7454, Phone: 212-854-7606

Abstract
We have developed a novel methodology for improving DFT thermodynamics via empirical
corrections based on a localized orbital analysis. The most accurate version of the methodology
using the B3LYP functional, B3LYP-LOC, displays an average error of 0.8 kcal/mole in
predicting
atomization energies for the 222 molecules in the G3 data set of Pople and coworkers, as
compared to an error of 4.8 kcal/mole for B3LYP itself, and 1.1 kcal/mole for G3 theory. We
have also extended the approach to ionization potentials and electron affinities, obtaining a
factor of ~3 reduction in the average error for these quantities. In addition to providing
superior
numerical results, the methodology also yields insights into the dominant error in current DFT
functionals, and possible paths for developing new, improved approaches. We will describe the
methodology and present the results discussed above.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 136 [996643]: All electron calculations of FK506
binding protein complexes
Kazuo Kitaura, Research Institute for Computational Sciences, National Institute of Advanced
Industrial Science and Technology, 1-1-1 Umezono, Tsukuba 305-8568, Japan, Fax:
+81-29-851-5426, kazuo.kitaura@aist.go.jp, Phone: +81-29-861-6737

Abstract
We have developed the fragment molecular orbital (FMO) method for very large molecules. In
the method a molecule is divided into fragments and ab initio MO calculations are performed on
the fragments, their dimers and optionally trimers to obtain the total energy and other

properties of the whole molecule. We applied the method to FK506 binding protein complexes.
The geometries of a somewhat reduced complex model were optimized at the FMO-RHF/3-21G
level, and then for a better estimate of binding FMO-MP2/6-31G* calculations were carried
out
on the entire protein-ligand complexes. The results indicate that the electron correlation
contribution to binding is extremely important and it accounts for 70-80 % of the binding
energy.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 137 [973299]: New methods for quantum mechanical
study of protein
John ZH. Zhang, Department of Chemistry, New York University, 100 Washington SQ East,
New York, NY 10003, Fax: 212-260-7905, jz2@nyu.edu, Phone: 212-998-8412

Abstract
An efficient MFCC (molecular fractionation with conjugate caps) approach for ab initio
computation of proteins or other large biological molecules is presented. Newc development and
implementation for ab initio computation of total electron density and energy of protein are
discussed and various numerical examples are provided. Two specific approaches for protein
energy calculations are discussed. One is based on constructing total electron density matrix of
the system based on the MFCC ansatz, and the other employs direct MFCC energy calculation
coupled with molecular mechanics for long range fragment interactions.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 138 [992212]: Modulating transition metal reactivity
in metalloenzymes
Nigel Richards, Chemistry, University of Florida, Box 117200, Gainesville, FL 326117200,
Fax: 352-846-2095, richards@qtp.ufl.edu, Phone: 352-392-3601

\ Abstract
The role of metalloenzyme structure in modulating transition metal reactivity is often difficult
to
assess using experimental approaches. Hybrid density functional theory (DFT) calculations
represent a method for determining the electronic structure of metal centers, investigating the
properties of hypothetical reaction intermediates, and probing the importance of specific
protein
residues in controlling metal chemistry. Recent DFT investigations of the electronic structure
and
reactivity of the metal centers in oxalate decarboxylase and oxalate will be discussed.

ADME and Physical Property Prediction
COMP 139 [995822]: Accurate pKa and proton state
prediction using Epik
John C. Shelley1, Jeremy R. Greenwood1, Matt Timlin1, Makoto Uchiyama1, and Mee
Shelley2.
(1) Schrodinger, Inc, 101 SW Main St., Suite 1300, Portland, OR 97204, Fax: 503-299-

4532,
jshelley@schrodinger.com, Phone: 503-299-1150, (2) Schrödinger

Abstract
Epik is a software program for automatically predicting pKa values and for adjusting the
protonation state for large collections of ligands, particularly medicinal compounds. Epik uses a
modified version of the time-tested Hammett and Taft approaches to predict pKa values.
Protonation state adjustment produces one or more of the dominant forms for the ligand, using
a previously developed template-based tautomerization technology in combination with a proton
addition/removal mechanism based on the estimated pKa values. Selection of the dominant
forms is based upon the estimated populations of the various protonation states at the target
pH. Epik's speed and accuracy when applied to drug-like molecules will be presented. In
addition, its role and benefits in drug design will be described.

ADME and Physical Property Prediction
COMP 140 [967423]: Rule-based analysis of ADMET data
using rough set theory
Jose Luis Medina-Franco1 , Gerald M Maggiora2 , Jay T Goodwin3 , and Philip S Burton3 . (1)
Department of Pharmacology & Toxicology, Bio5 Institute, University of Arizona, College of
Pharmacy, University of Arizona, Tucson, AZ 85721, medina@pharmacy.arizona.edu, Phone:
(520) 626-0974, (2) Department of Pharmacology and Toxicology, University of Arizona,
College
of Pharmacy, Bio5 Institute, Tucson, AZ 85721, maggiora@pharmacy.arizona.edu, Phone:
520-626-5905, (3) ADMETRx, Inc

Abstract
Predicting biopharmaceutical properties such as bioavailability is a notoriously difficult task.
Classification methods that predict categories (e.g., high, medium, and low) tend to be more
reliable than quantitative methods that provide continuous values, as typically found in QSPR
applications. Of the many classification methods, those that generate literal rules (“If A is high
and B is low, then C is active”) are particularly attractive since they are easy to understand and
thus facilitate communication among scientists. Rule-based methods have a long history in
artificial intelligence and decision tree applications. The current work applies a relatively new
rule-based method derived from rough set theory (RST) that has a number of advantages over
other methods. A brief introduction to RST will be presented followed by an example of
rule-based bioavailability predictions for a set of oxazolidinones based on their solubilities,
permeabilities, and clearance.

ADME and Physical Property Prediction
COMP 141 [984039]: Using relational databases for
physical
property prediction
TJ O'Donnell, gNova Inc, 3675 Texas St., San Diego, CA 92104, tjo@gnova.com, Phone:
619-251-8304

Abstract
Physical and theoretical properties are often computed using fragment based methods. For
example, the xlogp method uses 80 fragments and parameters to estimate the octanol-water
partition coefficient and the tpsa method computes the theoretical polar surface area using
about 35 fragments. I have developed a set of SQL tables and functions in order to enable

computations using such methods from within a relational database of structures using
PostgreSQL and CHORD. I will discuss this approach, with regard to speed, flexibilty,
maintainability and ability to interact with other database operations. I will also show new
parameter sets, some with as few as 33 fragments, that have been derived using statistical
linear models to correlate fragments to physical properties.

ADME and Physical Property Prediction
COMP 142 [999839]: Physicochemical property
calculations
L. A. Carreira1 , Tad S. Whiteside1 , Saravanaraj N Ayyampalayam2 , and Said H. Hilal3 . (1)
Chemistry Department, University of Georgia, Athens, GA 30602, Fax: 706-542-9454,
butch@sunlc3.chem.uga.edu, Phone: 706-542-2051, (2) Chemistry, University of Georgia,
(3)
Ecosystem Research Division, U.S. Environmental Protection Agency

Abstract
Computer models have been developed to estimate a wide range of physical-chemical properties
from molecular structure. The SPARC modeling system approaches calculations as site specific
reactions (pKa, hydrolysis, hydration) and ‘whole molecule' properties (vapor pressure,
boiling
point, molecular volume, diffusion coefficient, electron affinity, refractive index, Henry's
constant, solubility, activity coefficient, liquid/liquid portioning). The system consists of a
toolbox of base models whose parameters are shared across both site specific and whole
molecule properties. The power of the technique is its ability to couple whole molecule and site
specific chemistry to calculate new properties. For example water pKa and properties models
are
coupled to calculate the gas phase pKa and the pKa in any solvent or mixed solvent. pKa and
property models are coupled to calculate tautomeric equilibrium constants in any solvent. pKa,
hydrolysis and property models are coupled to calculate complex macro pKa's where ionization,
hydrolysis and tautomerization may couple to yield very complex apparent pKa's. pKa and
partition coefficient are coupled to calculate logD distributions as a function of pH. Several
examples of complex modeling will be presented.

ADME and Physical Property Prediction
COMP 143 [962592]: Accurate solubility prediction with
error bars for electrolytes: A machine learning approach
Timon S Schroeter1, Anton Schwaighofer1, Sebastian Mika2, Antonius ter Laak3, Detlev
Suelzle3, and Nikolaus Heinrich3. (1) Intelligent Data Analysis Group (IDA), Fraunhofer
FIRST,
Kekulestr. 7, 12489 Berlin, Germany, timon@first.fhg.de, Phone: +493063921882, (2)
idalab
GmbH, (3) Computational Chemistry, Schering AG

Abstract
We present a machine learning approach (Gaussian Process model) that provides a statistical
modeling of aqueous solubility based on measured data. The model was validated on the well
known set of 1311 compounds by Huuskonen et.al. For 91% of the compounds, our predictions
were correct within one order of magnitude, even though the respective compounds were not
used in training the model. Existing commercial software achieves 79% correct predictions

within one order of magnitude. On an in-house dataset of 632 drug candidates at Schering
(mostly electrolytes), 82% of our predictions are correct within one order of magnitude,
compared to only 64% achieved by commercial software. Additional validations with new
in-house measured data will be presented. On top of the accurate predictions, the proposed
machine learning model also provides confidence estimates for each individual prediction.

ADME and Physical Property Prediction
COMP 144 [994962]: Active algorithm training: A key to
accurate physicochemical predictions applied to lead
optimization
Karim Kassam1, Eduard Kolovanov2, Sanji Bhal1, and Greg Pearl1. (1) Advanced Chemistry
Development, Inc, 110 Yonge Street, 14th Floor, Toronto, ON M5C 1T4, Canada,
karim.kassam@acdlabs.com, Phone: 416-368-3435, (2) Advanced Chemistry Development

Abstract
Is there a price to be paid for the application of inaccurate predictions? Training is much easier
than you may think. As a result of the additive-constitutive fragmental approach taken by
ACD/Labs for physicochemical property prediction, the software offers algorithm training tools
for pKa, logP, logD, and most recently, solubility. Accuracy Extender and System Training allow
chemists to utilize in-house knowledge from experimental measurements to improve
predictions
for proprietary/novel compounds. In turn, improved accuracy of prediction can have a major
impact on the use of these values. In this presentation, we shall be discussing the details of
algorithm training and illustrating the effective application of predictors in ACD/Structure
Design Suite. This software tool rapidly identifies appropriate structural modifications for
optimization
of physicochemical properties and select ADME parameters of compounds in the lead
optimization process.

Current Trends in Molecular Docking and Virtual Screening
COMP 145 [997441]: MM-GBSA scoring in docking
applications
Matthew P. Jacobson1 , Niu Huang2 , Chakrapani Kalyanaraman3 , and Katarzyna Bernacki3 .
(1) Department of Pharmaceutical Chemistry, University of California, San Francisco, 600
16th
Street, Room N472C, Box 2240, San Francisco, CA 94143, Fax: 415-514-4260,
matt@cgl.ucsf.edu, Phone: 415-514-9811, (2) Department of Biopharmaceutical Sciences and
Pharmaceutical Chemistry, University of California, San Francisco, (3) Department of
Pharmaceutical Chemistry, University of California San Francisco

Abstract
MM-GBSA scoring is a promising approach for both lead discovery and optimization that
incorporates treatment of solvation effects neglected by simpler docking scoring functions. I
will
provide an overview of my group's work using OPLS/GB scoring in docking non-covalent and
covalent inhibitors. The method is implemented in Prime and uses the efficient multi-scale
truncated Newton (MSTN) minimization algorithm, making it possible to apply MM-GBSA
scoring
to hundreds of thousands of ligands. We have extensively evaluated the method in retrospective

tests of ligand pose accuracy, enrichment of known inhibitors, and relative binding affinities.
One advantage of MM-GBSA scoring is that the receptor and ligand can be treated in a
consistent manner, making it possible to 1) incorporate “induced fit” effects by explicitly
sampling receptor degrees of freedom, and 2) improve the robustness of docking when using
homology models instead of crystal structures by refining the binding site conformations.

Current Trends in Molecular Docking and Virtual Screening
COMP 146 [1000714]: Use of the Glide extra precision
methodology for docking and scoring
Richard A. Friesner1 , Robert B. Murphy2 , Matthew P. Repasky3 , and B. Woody Sherman3 .
(1)
Department of Chemistry and Center for Biomolecular Simulation, Columbia University, New
York, NY 10027, Fax: 212-854-7454, Phone: 212-854-7606, (2) Schrödinger, (3)
Schrödinger,
Inc

Abstract
We will describe the latest advances that we have made in the Glide extra precision (XP)
methodology for docking and scoring. To improve docking accuracy, we have combined Glide XP
with the use of mixed quantum mechanical/classical mechanical (QM/MM) methods, which can
generate polarized charges in the electrostatic field of the protein. The XP scoring function
contains novel terms that describe hydrophobic enclosure of ligand groups by the protein, which
can lead to exceptionally large contributions to the binding affinity. The methods are evaluated
via tests on large and diverse data sets, in which docking accuracy, enrichment, and absolute
binding affinity prediction are assessed, and compared with alternative approaches.
Preliminary
results evaluating the basic ideas of the XP approach via all atom molecular dynamics
simulations will be presented. Finally, combination of these methods with MM/GBSA
calculations
can be used for lead optimization; preliminary results will be shown.

Current Trends in Molecular Docking and Virtual Screening
COMP 147 [985268]: Computational assessment of nuclear
hormone receptor selectivity
Stanley R. Krystek Jr.1 , Akbar Nayeem2 , and Dora Schnur2 . (1) Computer-Assisted Drug
Design, Bristol-Myers Squibb Company, Pharmaceutical Research Institute, P.O. Box 5400,
Princeton, NJ 08543-5400, Fax: 609-818-3545, stanley.krystek@bms.com, Phone:
698-818-3914, (2) Computer-Assisted Drug Design, Bristol-Myers Squibb

Abstract
Protein target class selectivity is seen as a critical issue in drug discovery. The active sites for
related proteins can be highly conserved differing by a single or a few amino acids. As a result,
selectivity and avoidance of off-target effects may be difficult to achieve. This work will focus
on using molecular docking and scoring functions to assess the selectivity for a published series
of nonsteroidal progesterone receptor agonists.

Current Trends in Molecular Docking and Virtual Screening
COMP 148 [1000684]: Structural descriptors, similarity
search, bioisosteric search, and virtual screening
Guyan Liang, Isabelle Morize, and Abdelazize Laoui, Sanofi-Aventis Pharmaceuticals, JR1-

2104,
P. O. Box 6800, Bridgewater, NJ 07059, Fax: 908-231-3605, Guyan.Liang@sanofiaventis.com

Abstract
With increased corporate compound collection and explosion of available therapeutic targets, it
becomes more and more expensive to apply the strategy of “whole-deck” high throughput
screening (HTS). Inevitably, in-silico virtual screening becomes an alternative and/or
complementary route for lead identification, especially for those targets that are either too
difficult or too expensive to do HTS. Among variety of virtual screening technologies,
bioisosteric search and similarity search using 2D descriptors are most straightforward to
implement with the least computational expense. However, it is often a major concern that
those searches limit their results within the same chemotypes of their query molecules and do
not allow scaffold hopping. Using public domain data (from MDDR) and Sanofi-Aventis
proprietary results, the present study demonstrated that combining different similarity
searches,
especially with bioisosteric replacement, could deliver promising chemotype coverage. In many
cases, their enrichment of novel chemotypes can rival, complement, or even surpass
docking-based methods.

Current Trends in Molecular Docking and Virtual Screening
COMP 149 [950836]: Calculating binding energies using
molecular dynamics simulations and GB/SA: Application to
protein-ligand docking in AMBERDOCK
Devleena Mazumder Shivakumar and David A. Case, Department of Molecular Biology, The
Scripps Research Institute, 10550 N. Torrey Pines Ct., TPC 15, La Jolla, CA 92037,
devleena@scripps.edu, Phone: 858-784-9781

Abstract
Since protein-ligand binding is a process of mutual molecular recognition, rational drug design
is
greatly concerned with understanding the principles of molecular recognition. Due to the
formidable combinatorial complexity of modeling the interaction between a flexible protein and
a flexible ligand, most of the current docking methods limit their search by approximating the
receptor as a rigid structure. Keeping in mind the limitation of this approximation, a fast and
efficient framework to address the problem of docking a flexible ligand into a flexible receptor
protein and calculate binding energies has been developed. AMBERDOCK uses the traditional
all-atom AMBER force field for protein atoms and the recently developed general AMBER force
field (GAFF) for the small molecules. The interaction between the ligand and the protein is
represented by electrostatic and van der Waals energy terms and the solvation energy is
calculated using Generalized Born solvation model as implemented in AMBER. In addition to
ligand flexibility, this method also allows a part of the receptor flexible during minimization
and
Molecular Dynamics smulation, in order to reproduce the so-called “induced-fit”. Various
aspects
of docking involving ligand/receptor flexibility, charge models, minimization vs. MD and
solvent

models will be elucidated. The method has been applied to different protein targets, such as
M102Q T4Lys, M102Q/L99A T4Lys, cytochrome c oxidase, amp C beta-lactamase, DHFR, and
tested against a library of 5,000-10,000 small molecule ligands.

Current Trends in Molecular Docking and Virtual Screening
COMP 150 [1000636]: Identification of novel PKC inhibitors
using a computationally-driven screening system
David J. Bearss1 , Cory L. Grand1 , Hariprasad Vankayalapati1 , and Calum MacRae2 . (1)
SuperGen, Inc, Salt Lake City, UT 84109, David.Bearss@supergen.com, Phone: 801-7462669,
(2) Massachusetts General Hospital

Abstract
The use of computational methods that dock small molecules into macromolecular structures
and score their potential binding affinity is becoming common in the identification and
optimization of lead molecules. However, there have been significant obstacles that limit the
application of these approaches on a wider scale, in particular in relation to current scoring
schemes and the interpretation of docking results as they relate to predicting biological activity.
We have developed a computationally-driven process called CLIMBTM that combines predictive
computational models with early biological screening to identify leads with potent activities and
excellent drug-like properties. As a proof of the effectiveness of this process, we performed a
screen using CLIMBTM to identify inhibitors of a protein kinase C family member. CLIMBTM has
also been used to identify lead compounds against several clinically relevant drug targets and
these compounds are being pursued in ongoing pre-clinical development projects.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 151 [999897]: Medicinal chemistry: Attracting
students to an upper level chemistry course
Anne G. Glenn, Department of Chemistry, Guilford College, 5800 W. Friendly Ave,
Greensboro,
NC 27410, aglenn@guilford.edu, Phone: 336-316-2234

Abstract
Guilford College is a small liberal arts college in Greensboro, NC. With four full-time faculty in
the Chemistry Department, offering upper level electives is difficult, especially those that
might
attract few students. Through our offering a medicinal chemistry course at the undergraduate
level, students can take a class that integrates advanced concepts in chemistry and biology into
an area of applied chemistry that is of great interest to them. This course focuses on the
mechanism of drug action and methods used in drug discovery. Besides traditional lecture,
students are also required to research one drug of interest and present their findings. The
course
also takes advantage of local resources by bringing in speakers who are engaged in medicinal
chemistry research, both from academia and industry. The course is taught in alternate years to
advanced chemistry and biology majors, many with career paths such as medicine or pharmacy.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors

COMP 152 [999092]: Introduction to biomedicinal
chemistry:
A senior undergraduate course for chemistry,
biochemistry and biology majors
Ramachandra S. Hosmane, Laboratory for Drug Design and Synthesis, Department of
Chemistry & Biochemistry, University of Maryland, Baltimore County (UMBC), 1000 Hilltop
Circle, Baltimore, MD 21250, Fax: 410-455-1148, hosmane@umbc.edu, Phone: 410-4552520

Abstract
An undergraduate elective course in medicinal chemistry at the 400 level was developed about
10 years ago partly to bridge the gap in the curriculum of chemistry and biology majors and
partly to meet the needs of senior undergraduates in those disciplines for scantly available
upper
level elective courses to fulfill their graduation requirements. This course is now one of the
most
popular, and the best-enrolled, elective course in the sciences at UMBC, ranging between 7585
students every time the course is offered. The class lectures cover the fundamentals of
medicinal chemistry, including principles and methods of drug design, physicochemical basis of
drug action, QSAR methods to enhance the drug potency, mechanisms of drug action, drug
distribution, metabolism, inactivation, excretion, case studies of selective drugs, and current
status of drug discovery and development. The biweekly online quizzes, which count as 20% of
overall grade, cover mainly the drug applications as antibacterials, antivirals, analgesics,
anticancer agents, steroid and peptide hormones, and vitamins. The three in-class 1-hour
exams
plus the 2-hour final exam count as 80% of the overall grade. The course makes an extensive
use of the Blackboard medium of instruction.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 153 [1000715]: Medicinal chemistry for
undergraduates at UNC-Greensboro: From organic
structures
and mechanisms to drug action
R. Bruce Banks, Department of Chemistry and Biochemistry, University of North Carolina at
Greensboro, Greensboro, NC 27402, rbbanks@uncg.edu, Phone: 336-334-4606

Abstract
The practice of medicinal chemistry combines the experimental approaches of chemistry and
biology. Undergraduate medicinal chemistry courses provide students with the opportunity to
study this integrative approach to drug discovery and design. In 2003, introductory medicinal
chemistry was offered to students at UNC-Greensboro as an advanced special topics course in
the Department of Chemistry and Biochemistry. This course attracted students with majors in
chemistry, biochemistry, biology, nutrition, psychology, and exercise and sports science,
especially those planning to enter medical, pharmacy or other professional and graduate
programs. Topics in drug discovery, drug design and drug action were explored starting from an

organic chemistry perspective, but incorporating basic concepts from biochemistry and
pharmacology. The format and content of the course, as well as the challenges of teaching
medicinal chemistry to students with diverse academic backgrounds, will be discussed.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 154 [979324]: Molecular modeling in the medicinal
chemistry curriculum
Warren J. Hehre, Wavefunction , Inc, 18401 von Karman, Irvine, CA 92612, Fax:
949-955-2118, hehre@wavefun.com, Phone: 949-955-2120

Abstract
Medicinal chemistry is about understanding and developing relationships between molecular
structure, physicochemical properties and biological activity. It seems logical that the same
visualization and calculation tools used by researchers to understand drug action and ultimately
design new drugs should be brought into the curriculum.
The talk describes a practical “hands-on” approach to molecular modeling with a focus on three
specific areas of relevance to medicinal chemistry: structure-property relationships,
conformational analysis and similarity analysis. The first is illustrated by the correlation
between
molecular polarity, as obtained from quantum chemical electrostatic potential maps, and
transport across the blood-brain barrier. The second is used to ask whether or not the
conformation of a molecule bound into a protein is the lowest-energy conformer of the
(unbound) molecule and, if it is not, what energetic “price needs to be paid” in order for it to
adopt a suitable conformation. The last is illustrated by a screen of a potential drug for adverse
side effects based on a pharmacophore model.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 155 [995635]: Pharmacological chemistry: A popular
upper-level elective course
Jennifer L. Powers, Department of Chemistry and Biochemistry, Kennesaw State
University,
1000 Chastain Road, MS 1203, Kennesaw, GA 30144, Fax: 770-423-6744,
jpowers@kennesaw.edu, Phone: 770-423-6256

Abstract
A medicinal chemistry course has been taught as an elective at our university since 1997. The
pre-requisite for this course is Biochemistry I. Students who take this course have various
career
goals including medicine, pharmacy, pharmaceutical sales, forensic chemistry, and chemical
industry. This talk will provide examples of content and ancillary activities used. While the
overall process of drug approval is discussed, the focus is on applications of chemistry and
biochemistry to the area of drug discovery and drug development. Several different classes of
drugs are used as examples. Currently, as part of the course, students are required to work in
pairs to become “experts” on a particular drug's development, pharmacokinetics, and mode of
action. They then give an oral presentation during the last week of class. Although a textbook is
used, students also learn content from reading journal articles and hearing seminars from
invited

speakers from local industry.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 156 [1000279]: More than organic: An experiment in
medicinal chemistry
Thomas A. Newton, Department of Chemistry, University of Southern Maine, P.O. Box 9300,
96 Falmouth St, Portland, ME 04104, newton@maine.edu, Phone: 207-780-4316

Abstract
This talk will present the results of a 1-time experiment by an organic chemist to demonstrate
to students the relevance of the material they learned in their introductory organic chemistry
course. The organization of the course, the topics covered, and student evaluation of the course
will be discussed.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 157 [995983]: Undergraduate medicinal chemistry at
Vanderbilt University
Terry P. Lybrand, Department of Chemistry and Center for Structural Biology, Vanderbilt
University, Box 351822, Station B, Nashville, TN 37235, Fax: 615-936-2211,
terry.p.lybrand@vanderbilt.edu, Phone: 615-343-1247

Abstract
Medicinal chemistry courses have become increasingly popular as an elective option in the
undergraduate chemistry curriculum. Historically, such classes were often taught as upper
division organic chemistry courses, with a strong emphasis on synthesis and physical organic
chemistry principles. We have taken a rather different approach at Vanderbilt, and offer an
upper division medicinal chemistry elective that is based on general pharmacology concepts and
material. The class focuses heavily on the molecular bases of therapeutic action, metabolism,
and drug side effects, and emphasizes the central role of chemistry (analytical, bio, organic, and
physical) in the study of drug action and development of new therapeutic agents. This course
design strategy poses certain challenges at the undergraduate level, but the medicinal chemistry
course at Vanderbilt has proven to be an extremely popular elective option. I will discuss our
experiences at Vanderbilt in developing and offering this class.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 158 [966705]: Simulation of processes on the
nanometer scale using the DFTB method
Thomas Heine, Physikalische Chemie, Technische Universität Dresden, Dresden D-01062,
Germany, Fax: +49-351-46335953, thomas.heine@chemie.tu-dresden.de, Phone:
+49-351-46335370

Abstract
Many processes involve a change of structural topology, i.e. bond breaking and bond formation.
To treat those – at least qualitatively – correctly, it is necessary to include quantum mechanics

in the simulation technique. With the density-functional based tight-binding method (DFTB) we
are able to perform such simulations, both on the nano meter and on the nano second scales.
In this paper, I will briefly present a modern implementation of DFTB. This method has been
applied in various computer simulations of processes in materials. They include the study of the
rupture process of a MoS2 inorganic nanotube (see figure), where simulation and experimental
tensile stress tests agree on the mechanical properties of these tubes. Furthermore, I will
present calculations of the diffusion coefficients in molten halides, a simulation of the 13C NMR
pattern of Sc3NC80 and the evaluation of the stability of several fullerites based on lower
fullerenes C20, C28 and C50.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 159 [955778]: DFTB-based QM/MD simulations of
nanostructure formation processes far from
thermodynamic
equilibrium
Stephan Irle1 , Zhi Wang2 , Guishan Zheng2 , and Keiji Morokuma2 . (1) Fukui Institute for
Fundamental Chemistry, Kyoto University, Takano Nishihiraki-cho 34-4, Sakyo-ku, Kyoto
606-8103, Japan, Fax: +81 75-781-4757, stephan@euch4e.chem.emory.edu, Phone: +81
75-711-7708, (2) Cherry L. Emerson Center for Scientific Computation and Department of
Chemistry, Emory University

Abstract
The maintenance of organization in nature is not – and cannot be – achieved by central
management; order can only be maintained by self-organization [1]. With this realization at the
end of the last century we have come to recognize that fundamental understanding of
nanostructure formation processes requires modeling of dissipative systems open to energy and
interaction with environment. The study of reaction pathways such as A + B --> C associated
with isolated reaction systems in a traditional quantum chemical modeling sense is inherently
flawed by the failure to describe the emergent features of systems far from thermodynamic
equilibrium exhibiting self-assembly and auto-catalytic processes, which are omni-present in
the
biological as well as carbon nanotechnological world. We present successful applications of the
DFTB method as basis for quantum chemical molecular dynamics (QM/MD) simulations of
fullerene and metallofullerene formation (see Figure 1) and synthesis of carbon nanotubes from
SiC and from carbon-containing feedstock gases in the presence of metal catalysts, using
parameters developed in our group. The application of DFTB as high or intermediate level in
ONIOM-based MD simulations for the modeling of nanostructures far from thermodynamic
equilibrium will also be addressed in this talk.
[1] C. K. Briebacher, G. Nicolis, and P. Schuster, Self-Organization in the Physico-Chemical
and
Life Sciences, Report EUR 16546 (European Commission, 1995)

DFTB, An Approximate DFT Method: Theory and
Applications,

Sponsored by Elsevier
COMP 160 [965531]: Carbon ad-dimer interactions with
nanocarbons as a route to new materials
Peter Zapol1, Michael Sternberg2, L. A. Curtiss1, D. M. Gruen2, Gary S. Kedziora3, David A.
Horner4, and Paul C Redfern5. (1) Materials Science and Chemistry Divisions, Argonne
National
Laboratory, 9700 S. Cass Ave., Argonne, IL 60439, Phone: 630-252-6085, (2) Materials
Science
Division, Argonne National Laboratory, (3) User Productivity Enhancement and Technology
Transfer, High Performance Technonogies, Inc, (4) Department of Chemistry, North Central
College, (5) Chemistry Division, Argonne National Laboratory

Abstract
The adsorption of carbon dimers on diamond surfaces results in the growth of
ultrananocrystalline diamond films. We have investigated mechanisms of growth and secondary
nucleation of diamond crystallites on several diamond surfaces using DFTB. The adsorption of
carbon dimers on carbon nanotubes leads to a rich spectrum of structures and electronic
structure modifications. Barriers for the formation of carbon dimer induced defects calculated
using DFTB are considerably lower than those for the Stone-Wales defect. The electronic states
of the ad-dimers depend on defect structure and tube type and size. Multiple adsorption of
carbon dimers provides a route to structural engineering of patterned tubes that may be of
interest for nanoelectronics.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 161 [985782]: CMx charges for SCC-DFTB and some
GaN vignettes
Christopher J. Cramer, Department of Chemistry and Supercomputing Institute, University
of
Minnesota, 207 Pleasant St. SE, Minneapolis, MN 55455-0431, Fax: 612-626-2006,
cramer@pollux.chem.umn.edu, Phone: 612-624-0859

Abstract
In the self-consistent charge density functional tight binding method (SCC-DFTB) the
second-order expansion of the DFT energy with respect to probability density fluctuations is
accounted for via pairwise interactions between atomic partial charges determined in a
self-consistent fashion. CMx charges are determined from an optimized mapping procedure and
improve upon Class II charge models. In addition to a discussion of this technical extension,
time will be devoted to modeling the chemistry of molecular precursors to GaN.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 162 [967520]: Wafers, platelets, rods and spheres:
Using DFTB to determine the structural minima of atomic

clusters
Koblar A. Jackson, Physics Department, Central Michigan University, Mt. Pleasant, MI
48859,
Fax: 989-774-2697, jackson@phy.cmich.edu, Phone: 989-774-3310

Abstract
We have developed a completely unbiased search method for finding the most stable structure
of intermediate-sized atomic clusters. The method takes advantage of the relative speed of the
density functional-based tight binding (DFTB) method to identify a large number of low-lying
local minima on the DFTB energy surface. It then exploits the density functional theory (DFT)
foundation of the DFTB to make the jump to the DFT energy surface, so as to result in the fully
optimized ground state structure at the DFT level of theory. The power of the method will be
illustrated through applications to Sin and Cun, systems which show a fascinating array of
cluster shapes. In both cases, the predicted ground state structures are validated by comparing
calculated results to structurally sensitive experimental data such as ionization potentials, ion
mobilities, vertical detachment energies and photoelectron spectra.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 163 [951148]: Application of SCC-tight-binding to
reactive systems at extreme conditions
M. Riad Manaa, Evan Reed, Kurt Glaesemann, and Laurence Fried, Chemistry and Materials
Science, Lawrence Livermore National Laboratory, 7000 East Avenue, P.O. Box 808, L-282,
Livermore, CA 94551, manaa1@llnl.gov, Phone: 925-423-8668

Abstract
A typical shock wave produces a pressure 500,000 times that of the Earth's atmosphere,
traveling as fast as several kilometers per second, and raising the internal temperature of the
system up to 5,500 Kelvin. These conditions initiate fast and complex chemical reactions in
organic molecular solids. Our effort is geared toward unraveling detailed decomposition
pathways and effective kinetic rate laws of stable products at the high-pressure and
temperature
conditions. The self-consistent charge, density functional based tight binding method has been
implemented in a new, efficient, multi-scale shock wave simulation technique to study the
chemistry of nitromethane at shock speeds ranging from 5.5 up to 8 km/s for an extended time
of several hundreds picoseconds. These simulations represent the farthest glimpse to date
behind the shock front in a chemically reactive molecular dynamics simulation of reactive
materials. Kinetic rate laws for decomposition products, and early chemical reaction
mechanisms
will be discussed for several of these simulations.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 164 [996713]: Equilibrium chemical order and
segregation at alloy surfaces and nanoclusters computed
using tight-binding derived coordination-dependent bond

energies
Micha Polak and Leonid Rubinovich, Department of Chemistry, Ben-Gurion University,
84105
Beer-Sheva, Israel, Fax: 972-8-6461469, mpolak@bgu.ac.il, Phone: 972-8-6461469

Abstract
Surface-induced bond energy variations, computed by the self-consistent NRL tight-binding
(TB)
method, are incorporated as an elemental interaction model in the statistical-mechanical free
energy concentration expansion method (FCEM). First, segregation profiles computed for clean
and sulfur-covered Pt-Rh surfaces are used as a test case, yielding good agreement with
reported experimental data, and highlighting the role of subsurface tensions in the emergence of
oscillatory profiles even in the absence of "chemical mixing" tendency. Secondly, 923 atom
cuboctahedron clusters of Pd-Cu reveal core and surface mixed-type chemical ordering,
whereas
Pd-Rh tends to separate into clusters exhibiting distinct demixed order. At high temperatures
the
clusters exhibit surface segregation and disordering followed by desegregation processes, all
reflected in characteristic Schottky-type configurational heat capacity. Comparing Pd-Cu with
Pd-Cu-Rh reveals distinct ternary alloying effects. The role of the TB computed bond energy
variations in the segregation related order-disorder transitions is demonstrated.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 165 [985773]: Continuum solvation models in the
21st
century
Christopher J. Cramer, Department of Chemistry and Supercomputing Institute, University
of
Minnesota, 207 Pleasant St. SE, Minneapolis, MN 55455-0431, Fax: 612-626-2006,
cramer@pollux.chem.umn.edu, Phone: 612-624-0859

Abstract
Continuum solvation models are constantly expanding their range of application; they're not just
for homogeneous liquid solutions at 298 K anymore. Recent extensions of the SMx series of
solvation models will be described and key applications will be presented. Technical challenges
introduced by the continuum approximation will not be ignored.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 166 [974027]: Solvation energies of amides and
peptides obtained from hybrid DFT/ONIOM/AM1
calculations
and the Cramer/Truhlar (SMx) solvation methods
J. J. Dannenberg, Department of Chemistry, Graduate School and Hunter College of the City
University of New York, 695 Park Avenue, New York, NY 10021, jdannenberg@gc.cuny.edu,
Phone: 212-772-5343, Pedro Salvador, Institut de Quimica Computacional and Departament de
Quimica, Universitat de Girona, Amparo Asensio, Facultad de Farmaicia, Departamento Quimica

Organica, Universidad de Valencia, and Robert Wieczorek, Faculty of Chemistry, University of
Wroclaw

Abstract
We demonstrate how DFT and the ONIOM method (using DFT and the AM1 semiempirical
method as high and low levels) can be used in concert with the Cramer/Truhlar (SMx) solvation
methods to obtain credible solvation free energies for peptides and peptide models in water and
other solvents. Results will be compared with experimental observations of amides and
peptides.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 167 [999471]: Characterizing protein-ligand
interactions by calculating NMR chemical shift
perturbations
Bing Wang and Kenneth M. Merz Jr., Department of Chemistry, University of Florida, P.O Box
118435, Gainesville, FL 32611, bwang@qtp.ufl.edu, Phone: 352-392-7554

Abstract
The formation of protein-ligand complexes induces significant changes of NMR chemical shifts.
Theoretical study of these chemical shift perturbations (CSPs) can provide insights into
protein-ligand interactions at the molecular level. Recently, we have developed a fast approach
to calculate NMR chemical shifts using the divide and conquer (D&C) method at the
semiempirical level. To demonstrate the utility of this approach for characterizing proteinligand
interactions, we have calculated CSPs for three complexes: the FK506 binding protein
(FKBP)-GPI complex, cellular retinol-binding protein (CRBP) and neocarzinostatin. By
comparing
with experimental values, we were able to select the native state of the ligand from a collection
of decoy poses and evaluate the quality of NMR structures for the binding pocket. Our results
suggest that our approach is helpful for drug discovery techniques such as SAR by NMR.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 168 [997569]: Semiempirical methods in
structure-based drug design
Martin B Peters, Department of Chemistry and the Quantum Theory Project, University of
Florida, 2328 New Physics Building, Gainesville, FL 32611-8435, Fax: 352-392-8722,
peters@ufl.edu, Phone: 352-846-3281, and Kenneth M. Merz Jr., Department of Chemistry,
University of Florida

Abstract
X-ray crystallography of drug-receptor complexes is expensive and time consuming. During a
drug design process hundreds of compounds are designed however only a handful of
drug-receptor complexes are crystallized. Template forcing is a tool where all the compounds in
the set can be aligned onto the drug molecule in the complex's crystal structure. The alignment
of chemical similar structures can be carried out by an atom-mapping scheme however aligning
diverse compounds is a challenging problem. Here we present a novel algorithm to flexibly
align chemically diverse compounds using a genetic algorithm and a semiempirical scoring

function. Analysis of the interactions between the receptor and the drug molecules is
investigated using the SemiEmpirical-COMparative BINding Energy Analysis (SE-COMBINE) by
Peters and Merz Jr. (J. Chem. Theory Comput., 2006, 2:383-399). The SE-COMBINE
approach
decomposes the intermolecular interaction energy between a series of receptor-ligand
complexes
at the semiempirical level of theory using the PairWise energy Decomposition (PWD) method,
Raha et al. (J. Am. Chem. Soc. 2005, 127, 6583-6594). SE-COMBINE uses the residue
pairwise interaction energies to build Quantitative Structure Activity Relationship (QSAR)
models with multivariate statistical tools such as Partial Least Squares (PLS). The flexible
alignment
and SE-COMBINE approaches were used to study the intermolecular interactions between
inhibitors of receptors including trypsin and agonists of Peroxisome Proliferator-Activated
Receptor (PPAR) g.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 169 [1000258]: Semiempirical quantum mechanics:
Large-scale application in protein-ligand interaction
Kaushik Raha1 , Niu Huang2 , John J Irwin1 , Kenneth M. Merz Jr.3 , and Brian K. Shoichet1 .
(1)
Department of Pharmaceutical Chemistry, University of California, San Francisco, QB3
Building,
501-C, 1700 4th Street, San Francisco, CA 94143, raha@blur.compbio.ucsf.edu, Phone:
415-514-4253, (2) Department of Biopharmaceutical Sciences and Pharmaceutical
Chemistry,
University of California, San Francisco, (3) Department of Chemistry, University of Florida

Abstract
We have applied linear-scaling semiempirical quantum mechanics (QM) in large-scale studies
of
protein-ligand interactions. This led to the development of a QM based scoring function
implemented in the semiempirical QM package DivCon, that was used to calculate the binding
affinity of a diverse set of protein-ligand complexes. We also developed a pairwise energy
decomposition (PWD) scheme in order to dissect the interaction between a protein and ligand.
PWD was used to attribute the interaction energies to residues and functional groups of the
protein-ligand complex. We showed that chemically identical, but conformationally distinct
functional groups form dominant interactions that influence binding. In another important
application, we used linear-scaling semiempirical QM for calculating electrostatic potential
maps
of therapeutically important protein targets. These electrostatic potential maps were then used
to calculate grid-based electrostatic interaction energies between protein receptor and small
molecule ligands docked from a database using the computer program DOCK. We investigated
the effect of polarization of protein receptors, on the enrichment of known ligands from a
database of decoys in a large-scale virtual screening experiment.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 170 [996906]: Ab initio reference data for

semiempirical

parametrizations

Dirk Bakowies, Laboratory of Physical Chemistry, ETH Zurich, CH-8093 Zurich,
Switzerland,
Fax: +41-44-6321039, bakowies@chem-edu.ethz.ch, Phone: +41-44-6326841

Abstract
Thermochemical quantities are among the most important reference data for semiempirical
parametrizations. These data are typically obtained from experiment, but the development of
composite ab initio approaches like Pople's G2 (Gaussian2) and G3 procedures has provided new
sources of reference data where experimental values are either lacking or inaccurate. Most of
these ab initio approaches require empirically calibrated corrections themselves to achieve
adequate accuracy, although a number of truly ab initio procedures without calibration has also
been proposed (e.g. Weizmann and HEAT protocols). They are typically accurate enough to
provide results of benchmark quality, but so demanding computationally that they are
applicable
only to fairly small molecules. This talk presents an analysis of alternative ab initio procedures
whose development is guided by the requirements in terms of accuracy and computational
efficiency imposed by the establishment of large reference data sets for semiempirical
parametrizations.

ADME and Physical Property Prediction
COMP 171 [994969]: What determines successful
applications of in silico ADME?
Jay T Goodwin1 , Philip S Burton1 , and Gerald M Maggiora2 . (1) ADMETRx, Inc, 4717
Campus
Drive, Suite 600, Kalamazoo, MI 49008, jtgoodwin@admetrx.com, Phone: (269) 372-3272,
(2)
Department of Pharmacology and Toxicology, University of Arizona

Abstract
In silico modeling of ADME/tox properties is often considered to be the ultimate driver for more
efficient and effective drug discovery. Many examples of new, innovative and powerful
statistical methods for developing predictive models have emerged in recent years. Yet the
promise remains unfulfilled. Is this due to lack of performance, or unrealistic, perhaps less
well-informed expectations of potential utility? Are such methods being oversold? This
presentation will focus on other key determinants of successful development of effective
predictive models, including the generation of quality in vitro data, the application of
structure/property landscape mapping to develop local (vs. global) models, and the assessment
of prediction uncertainty and model-space membership. Even with good predictive models the
challenge to the user remains – understanding how such models are being and should be used in
discovery decision-making, and the associated risks that viable drug candidates may be missed.

ADME and Physical Property Prediction
COMP 172 [997603]: In silico ADME screening for
enhanced
hit rates in drug discovery
Brian E. Mattioni and Vijay K. Gombar, Discovery Drug Disposition, Eli Lilly and Company,
Lilly Corporate Center, Indianapolis, IN 46285, Fax: 317-276-7040, mattionibe@lilly.com,
Phone: 317-651-4379

Abstract
Poor absorption, distribution, metabolism, and excretion (ADME) characteristics of compounds
often contribute to increased attrition of candidates entering the development and clinical stages
of drug discovery. Therefore, the ability to predict the ADME properties of compounds earlier in
the drug discovery process can decrease attrition by directing experimental resources to those
compounds with an increased probability of success. This presentation will discuss key modeling
aspects that are necessary to develop accurate and robust ADME in silico models. First, an
appreciation for assay variability when attempting to build reliable in silico models will be
highlighted. Further, the calibration of global in silico models for specific project teams will be
demonstrated (i.e., defining the limits of applicability in local structure-activity relationship
space). Increasing prediction accuracy and certainty through the use of ensemble modeling
techniques will also be addressed. Lastly, examples will be given of the successful application of
ADME in silico models for several discovery projects within Lilly Research Laboratories.

ADME and Physical Property Prediction
COMP 173 [999770]: Implementing a roadmap in early
ADME prediction
Jacques R. Chretien, Marco Pintore, and Nadege Piclin, BioChemics Consulting SAS,
Innovation Center, 16 L. de Vinci, 45074 Orleans cedex 2, France, Fax: +33 2 38 41 72 21,
jacques.chretien@biochemics-consulting.com, Phone: +33 2 38 41 70 76

Abstract
At the last 231th ACS meeting about half a dozen companies were proposing solutions for ADME
predictions with interesting and clear documentations. If possibilities and interests of the
models
are always underlined, their genuine quality, limitations and/or applicability domain is never
precised. At first glance, most raw data are coming from literature and computational tools
(Multilinear Relationships (MLR), Artificial Neural Networks (ANN), various Classifiers…)
have
similar performances. Nevertheless some results and/or their absence might be triggering for
a
pharmaceutical company that would like to select and buy a new predictive package based on a
rational selection. The question that arises is how Computational Chemistry, with its in silico
solutions, could decrease this nightmare of early ADME prediction for valuable attrition
decrease? For this purpose, a Roadmap has been proposed to deliver a general strategy to
perform robust comparison or “benchmarks” within a multidisciplinary approach. It is
supported
by the Molecular Experimental Design (MED) concepts. Furthermore as in vivo ADME data have
a limited and variable exploitable information content, added value have been derived from
innovative cutting edge technologies using Fuzzy Logic, Genetic Algorithms and Radial Basis
Function (RBF). Different key examples will be presented to validate use of such a roadmap by
simulated in silico comparisons or genuine benchmarks between in silico and in vitro
approaches to estimate in vivo data.

ADME and Physical Property Prediction
COMP 174 [996640]: Can we estimate the accuracy of
ADMET
predictions?
Igor V. Tetko1 , Pierre Bruneau2 , Hans-Werner Mewes1 , Douglas Rohrer3 , and Gennadiy

Poda3.
(1) GSF - National Centre for Environment and Health, Institute for Bioinformatics,
Ingolstaedter Landstrasse 1, Neuherberg 85764, Germany, itetko@vcclab.org, Phone:
+49-89-31873575, (2) Centre de Recherche, AstraZeneca, (3) Structural & Computational
Chemistry, Pfizer Global R & D

Abstract
This article reviews recent developments in methods to access the accuracy of prediction and
applicability domain of ADMET models and methods to predict physico-chemical properties of
compounds in the early stages of drug development. The methods are classified into two main
groups, namely, methods based on the analysis of similarity of molecules and methods based
on the analysis of calculated properties. Using the example of octanol-water distribution
coefficients we exemplify consistency of estimated and calculated accuracy of the ALOGPS
program (http://www.vcclab.org) to predict in house and publicly available datasets. The
importance of the methods for improvement of the quality of the high-throughput screening and
hits triage, and in particular to avoid improper filtering of compounds standing far from the
investigated chemical space is discussed.

ADME and Physical Property Prediction
COMP 175 [1007387]: Metabolism and toxicity modeling:
Models and examples
Marcel J. de Groot, Sandwich Chemistry, Pfizer Global Research and Development, Sandwich
Laboratories, Ramsgate Road, Sandwich, United Kingdom, Phone: +44-(0)1304-648746

Abstract
Drug-Drug Interactions form a large stumbling block in the development of novel drug.
Computational tools are being developed to flag possible liabilities in new compounds even
before these are synthesised. Models for hERG and cytochromes P450 will be discussed as
examples as toxicity and drug metabolism endpoints. The different computational methodologies
used to generate these models (e.g. Bayesian statistics, small molecule overlays, homology
modelling etc.) and examples of use in drug discovery programs will be discussed.

Current Trends in Molecular Docking and Virtual Screening
COMP 176 [999375]: Inhibitor based refinement of
homology modeled protein structures for molecular
docking
Iris Antes and Thomas Lengauer, Computational Biology and Applied Algorithmics, Max Planck
Institute for Informatics, Stuhlsatzenhausweg 85, Saarbruecken D-66123, Germany, Fax:
++49-681-9325-399, antes@mpi-inf.mpg.de, Phone: ++49-681-9325-319

Abstract
We have developed a new ligand based refinement strategy and program, DynaDock, for
homology models. The algorithm performs an iterative refinement of a given homology model
by alternately docking known inhibitors into the receptor (with FlexX) and refining the docked
complexes by a new combined Monte-Carlo and molecular dynamics approach. Next to the
refinement of the binding pocket side chains, which is the focus of most other approaches, our
algorithm allows the adjustment of the overall backbone conformation in the vicinity of the
binding pocket. DynaDock was developed and extensively evaluated (docking of known
inhibitors and virtual screening) during a drug design project, which produced several highly
potent and selective lead compounds for the inhibition of aldosterone synthase (CYP11B2). We
have extended the program for general use and evaluated it through the successful refinement

of homology models of various known (X-Ray) cytochrome P450 structures (improvements in
the Ca-RMSD up to 3.2 Å).

Current Trends in Molecular Docking and Virtual Screening
COMP 177 [1008144]: Fragment docking-based
pharmacophore screening
B. Woody Sherman, Steven L. Dixon, Ramy Farid, and Matthew P. Repasky, Schrödinger, Inc,
120 West 45th Street, New York, NY 10036-4041, sherman@schrodinger.com, Phone:
646-366-9555

Abstract
Virtual screening approaches have an inherent balance between speed and accuracy.
Ligand-based approaches tend to be faster at the expense of ignoring structural information of
the target whereas structure-based techniques generally yield more accurate results and
increased diversity of active molecules while sacrificing speed. We have developed a novel
workflow that couples structure-based fragment docking with ligand-based pharmacophore
hypothesis generation and database searching. The methodology relies on the ability of the
docking algorithm to accurately dock fragment molecules and rank them based on their ability
to make key interactions with the target. We show that Glide XP is able to perform this task
well due to its special motif recognition terms in the energy function. Based on the most
favorably docked fragments, a pharmacophore hypothesis is constructed and used to search a
database for novel compounds. While the docking component of this workflow relies on highly
accurate sampling and scoring, it is fast because of the small number of rotatable bonds in the
members of the fragment library. The pharmacophore screening approach is approximately 23
orders of magnitude faster than most docking algorithms and is able to detect novel compounds
that may be missed by traditional ligand-based screens. We show that this approach is able to
produce robust enrichment curves as well as find novel compounds that can reproduce key
fragment recognition motifs.

Current Trends in Molecular Docking and Virtual Screening
COMP 178 [993288]: Recent developments in the FlexX
family
Holger Claußen, BioSolveIT GmbH, An der Ziegelei 75, 53757 St. Augustin, Germany, Fax:
+49 2241 2525 525, Holger.Claussen@biosolveit.de, Phone: +49 2241 2525 0

Abstract
The size of molecular libraries steadily increases not only due to progress in combinatorial
chemistry. Thus, molecular docking methods must cope with the rapidly increasing amount of
compounds and several new application scenarios arise, e.g., finding appropriate scaffolds for
new pockets, choosing suitable linkers to bridge the gap between two sub-pockets, or selecting
focused sublibraries. Furthermore, the scoring problem still remains to be solved. Whilst not
having a universal scoring function at hand, our approach to nonetheless come up with
chemically sensible solutions strongly relies on filtering to rule out evidently wrong poses as
early as possible - at best prior to docking. Thus, we integrated several filters before, during,
and after docking. This includes receptor based pharmacophore constraints and extends to both
standard and combinatorial screenings. While maintaining quality, we were able to speed up
sequential docking up to a factor of 10 (i.e. ~1s/compound). Combining FlexX-Pharm with
combinatorics even leads to much higher speed-up factors. Besides a priori target knowledge
experience from runs on test data sets helps to define filters and gain new insights. Assisted by

a newly developed environment for detailed interactive docking analysis, it shall be
demonstrated how, for example, buriedness-based approaches or pharmacophores plus new
scoring schemes derived by such analyses do improve the screening results for both standard
and combinatorial libraries.

Current Trends in Molecular Docking and Virtual Screening
COMP 179 [1007731]: Overview of recent evaluations of
high
throughput docking methods for lead finding: Consensus
and
caveats
Wendy D. Cornell1 , Georgia McGaughey2 , J. Christopher Culberson1 , Jean-Francois
Truchon3,
Christopher I. Bayly3, Vladimir N. Maiorov4, and Robert P. Sheridan5. (1) Molecular Systems,
Merck Research Laboratories, P.O. Box 2000, RY50SW-100, Rahway, NJ 07065,
wendy_cornell@merck.com, Phone: 732-594-4954, (2) Department of Medicinal Chemistry,
Merck & Co., Inc, (3) Department of Medicinal Chemistry, Merck Frosst Centre for
Therapeutic
Research, (4) Molecular Systems, Merck Research Laboratories, Merck & Co., Inc, (5)
Molecular
Systems, Merck & Co

Abstract
Selecting among available software for high throughput docking (HTD) is a challenging task. A
number of papers evaluating HTD software have appeared in the recent literature from
molecular modeling research groups in academia and the pharmaceutical industry. These
evaluations are useful because they provide a side-by-side comparison of the performance of
these programs using data sets comprised of pharmaceutically interesting protein targets and
drug-like candidate ligands. Here we summarize the results of a meta-analysis of HTD
evaluations published from 2003 to early 2006 and also a new evaluation carried out recently
at Merck. Consensus findings and caveats are drawn from these evaluations and related papers.

Current Trends in Molecular Docking and Virtual Screening
COMP 180 [1000115]: Ligand based clustering of alphabeta barrel enzymes
Chakrapani Kalyanaraman, Margy E. Glasner, Ranyee Chiang, Nima Fayazmanesh, Patricia
Babbitt, and Matthew P Jacobson, Department of Pharmaceutical Chemistry, University of
California San Francisco, 600 16th Street, Box No. 2240, San Francisco, CA 94143,
ck@cgl.ucsf.edu, Phone: 6503465678

Abstract
Bioinformatics methods have been extensively used to trace the evolutionary relationships
among protein sequences as well as to annotate enzyme functions. These methods are generally
based on measures of overall similarity between protein sequences and thus do not directly
assess changes in the active site that can lead to changes in specificity and function. Partly for
this reason, ambiguous and incorrect annotations based on sequence similarity alone are
common. In this work we have used structure-based as well as sequence-based methods to
cluster proteins and predict changes in specificity for sequences in the functionally diverse
enolase superfamily. Specifically, we have used homology modeling and virtual screening to

investigate 80 sequences annotated as Ala-Glu epimerases. The virtual screening results were
used to cluster the proteins in a manner analogous to a phylogenetic tree. Overall, the
sequence-based and ligand-based trees are remarkably similar, but the ligand-based trees are
directly tied to the predicted selectivity of the enzymes.

Current Trends in Molecular Docking and Virtual Screening
COMP 181 [1009354]: A position specific interactionbased scoring technique for virtual screening
Claudio Chuaqui, Cancer Chemistry Department, AstraZeneca R&D Boston, 35 Gatehouse
Drive, Waltham, MA 02451, Claudio.Chuaqui@astrazeneca.com, Phone: 111-111-1111, Ravi
Nandigam, School of Chemical Engineering, Purdue University, Juswinder Singh, Conxcys Inc,
and Zhan Deng, Lead Discovery Center, Novartis Institutes for Biomedical Research

Abstract
We have described previously an interaction profile based approach that enables us to capture
the conservation of interactions between a set of protein-ligand receptor complexes [1,2]. A
position-specific weighted version of the interaction profile will be presented in the talk. The
weighting extends the capability of the profiles to rank order or classify inhibitors of a target
protein in accordance to their potency (or any other biochemical assay value, to be general).
The determination of the weighted profile involves assigning weights to residues based on their
relative importance to correctly discriminating potent and non-potent inhibitor classes. We
applied Non-negative Matrix Factorization (NMF) to identify the inherent linearly independent
features embedded in the interaction profiles. The weights of the SIFt [2] bits are determined
by optimizing a nonlinear objective function using Simulated Annealing. The details involved in
determining the profile weights and results for p38 will be discussed during the presentation.
1. Chuaqui C, Deng Z, Singh J.; Interaction profiles of protein kinase-inhibitor complexes and
their application to virtual screening. J Med Chem. 2005, 48:121-33.
2. Deng Z, Chuaqui C, Singh J. Structural interaction fingerprint (SIFt): a novel method for
analyzing three-dimensional protein-ligand binding interactions. J Med Chem. 2004, 47:33744.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 182 [1009340]: Perspectives in developing and
teaching courses in medicinal chemistry
J. Phillip Bowen, Center for Drug Design, Department of Chemistry and Biochemistry,
University of North Carolina at Greensboro, 400 New Science Building, PO Box 26170,
Greensboro, NC 27402-6170, Fax: 336-334-5402, jpbowen@uncg.edu, Phone: 336-3344257

Abstract
Understanding the concepts and applications of medicinal chemistry is important for chemistry
students. For chemistry majors who plan on pursuing research careers, many jobs are directly
related to the development of new medicines. For those chemistry majors who plan to pursue
healthcare careers, learning drug action at the molecular level is valuable and rewarding. There
are many different approaches to adopt when teaching medicinal chemistry, and there are many
topics from which to choose. This presentation will focus on the development of medicinal
chemistry courses, the lessons learned, and what issues need to be explored by anyone thinking
of offering a course in a chemistry department.

Teaching Medicinal Chemistry to B.S. Undergraduate

Chemistry Majors
COMP 183 [996961]: SMC Pharmaceuticals: A quadraginta
duoque month report
J. Philip Bays, Department of Chemistry and Physics, Saint Mary's College, Notre Dame, IN
46556, pbays@saintmarys.edu, Phone: 574-284-4663

Abstract
Medicinal Chemistry is offered biennially in the chemistry curriculum at Saint Mary's College.
This paper outlines the evolution of that course over two iterations and preparations for a third.
The focus will be on the instructor's goals, the topics discussed, student involvement, the course
as an integrative learning experience, its position in a chemistry curriculum, and an evaluation
by both instructor and students.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 184 [1009305]: Synergy in the chemistry curriculum:
Outcomes and benefits from the teaching of medicinal
chemistry
Eugene Gooch, Department of Chemistry, Elon University, 2562 Campus Box, 100 Campus
Drive, Elon, NC 27244, Fax: (336) 278-6258, Phone: (336) 278-6221

Abstract
Medicinal chemistry courses have been independently developed at many American colleges,
both large and small. Although they are typically not part of the requirements for an
undergraduate chemistry BS degree, they are well worth the time and effort needed to develop
them. Teaching a medicinal chemistry course has had a significant beneficial impact on several
components of the chemistry curriculum at Elon University and other colleges in the Piedmont
area of North Carolina. Specific outcomes and benefits to the faculty instructors, to the students
and to the departmental programs will be discussed.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 185 [999100]: Teaching a biochemistry based
medicinal chemistry course
Greta A. Olsen, Department of Chemistry, North Georgia College and State University, 82
College Circle, Dahlonega, GA 30533, gaolsen@ngcsu.edu, Phone: 706-864-1506

Abstract
The difficulties encountered when teaching medicinal chemistry to undergraduates include
condensing a large subject area into a brief course, organizing these topics in a logical fashion,
and attracting students to a course that is typically elective in nature. A course providing a
survey of Medicinal Chemistry from a biochemical perspective has been designed organized
using drug class and mode of action as the primary framework. The organization of the course,
topics of interest to the groups of students electing to take the course, and feedback from those
students will be presented.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors

COMP 186 [998696]: Teaching drug design at the
University
of Minnesota
Carston R. Wagner, Department of Medicinal Chemistry, University of Minnesota, 308
Harvard
St. SE, 8-174 Weaver-Densford Hall, Minneapolis, MN 55455, Fax: 612-624-0139,
wagne003@umn.edu, Phone: 612-625-2614

Abstract
In order to attract and educate students about the field of medicinal chemistry at the University
of Minnesota, a new introductory course in drug design was developed. The course targets
chemistry, biochemistry and chemical engineering majors and is geared to cover all of the
major
concepts in one semester. Besides traditional lectures, the course incorporates in class group
problem sets and problem based take-home examinations. In addition, the students receive
training in modern methods of molecular modeling, which they use to complete a drug design
based project during the semester. The general effectiveness and experience with this course
will be discussed.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 187 [990824]: Teaching medicinal chemistry at a
small
liberal arts college
Nora S. Green, Department of Chemisty, Randolph-Macon College, Box 5005, Ashland, VA
23005, ngreen@rmc.edu, Phone: 804-752-7341

Abstract
The Medicinal Chemistry course at Randolph-Macon College is an introduction to the discovery
and development of new drugs for junior and senior chemistry majors and minors. The course
covers structure-activity relationships, combinatorial chemistry, basic pharmacology, and
mechanisms of drug action with a combination of traditional lecture and active learning
pedagogies. As much as possible, HIV drug therapies are used as a recurring example and
common thread for discussions. The principles learned, however, are generally applicable to
other drug classes. The course is rounded out by considering the FDA approval process and some
political, ethical, and socioeconomic factors which influence the production of new drugs.

Teaching Medicinal Chemistry to B.S. Undergraduate
Chemistry Majors
COMP 188 [983739]: Chem 316: The organic chemistry of
drug design and drug action
Richard B. Silverman, Department of Chemistry, Northwestern University, 2145 Sheridan
Road, Evanston, IL 60208-3113, Fax: 847-491-7713, Agman@chem.northwestern.edu,

Abstract
This lecture will focus on the genesis and teaching of the title medicinal chemistry course taught
at Northwestern University. Topics covered include how lead compounds are discovered and
modified by physical-organic as well as structure-based approaches to enhance potency and
bioavailability; what receptors are and how they function; what enzymes are and how they

function; the design of enzyme inhibitors and inactivators; DNA-interactive agents; drug
metabolism; and prodrug and drug delivery system design and action. The lecture will include
how the students are evaluated, the types of exam questions used, the required term paper and
what it includes, the teaching style, how the students do and what they think about the course.

Poster Session
COMP 189 [996088]: Genetic algorithms for developing
odor-structure relationships
Barry K. Lavine and Nikhil Mirjankar, Department of Chemistry, Oklahoma State
University,
107 Physical Science, Stillwater, OK 74078-3071, Fax: 405-744-6007,
bklab@chem.okstate.edu,

Abstract
A methodology to facilitate the design of new odorants with specialized properties has been
developed. The heart of the methodology is a genetic algorithm for pattern recognition analysis
which is used to select descriptors that create class separation in a plot of the two or three
largest principal components of the data. This approach to feature selection and classification
has several advantages. First, overly complicated solutions are avoided. Second, pattern
recognition of data at a higher level is performed, e.g., detection of outliers, and recognition of
unusual data structures. Third, chance or spurious classification, which is always of concern
when
using any variable selection technique, will not pose a problem because of the stringent criteria
imposed on feature selection by the fitness function of the pattern recognition GA. The
efficiency and efficacy of this procedure is demonstrated by a study recently completed in our
laboratory on tetralin and indane musks.

Poster Session, Sci-Mix
COMP 190 [1000623]: A fast and reliable method for
predicting pKa values
Shuming Zhang, Jon Baker, and Peter Pulay, Department of Chemistry and Biochemistry,
University of Arkansas, Fayetteville, AR 72701, Fax: 479-575-4601, shumingz@uark.edu,
Phone: 479-575-5080

Abstract
We have developed a fast and reliable protocol for predicting the acid/base dissociation
constants (pKa) of organic molecules in water. The geometries are optimized at the
OLYP/3-21G(d) level using the COSMO continuum solvation model. The energy difference
between the protonated/deprotonated system, £GH, calculated at the OLYP/6-311+G(d,p) level,
yields the pKa for functional group f through a simple linear fit: pKa (f) = ƒÑf £GH + ƒ"f. To
date we have parameterized 7 functional groups in 600 molecules. The fitting parameters
probably account for specific solvation effects. It is important to carry out the optimization in
the presence of the solvent. The standard deviation between experimental and calculated pKa
values is less than 0.5 pKa units for organic acids and less than 0.7 pKa units for bases. We
have successfully predicted pKa values for 44 drug-like molecules, with a mean absolute
deviation of only 0.50 pKa units.

Poster Session
COMP 191 [1000974]: A novel series of selective

estrogen

receptor

modulators

Izabela Hartman and Randy J. Zauhar, West Center for Computational Chemistry and Drug
Design and Department of Chemistry & Biochemistry, University of the Sciences in
Philadelphia,
University of the Sciences in Philadelphia, 600 S 43rd Street, Philadelphia, PA 19104,
izabela_hartman@yahoo.com, Phone: 610-718-1787

Abstract
The development of a novel Selective Estrogen Receptor Modulators (SERMs) is essential in
treatment of osteoporosis and breast cancer. This study is designed to investigate analogs of
several known on the market SERMs. By applying computational techniques including Shape
Signatures as well GOLD and computer-assisted lead modification, novel bioactive analogs
suitable for oral delivery were identified. Computational studies included virtual screening on
both commercially available compounds as well as compounds that are not readily available.
Additional study was focused on pharmacophore analysis to create new set of EM652 analogs,
which promising bioactivity was predicted via CADD techniques.

Poster Session
COMP 192 [991870]: A protocol to evaluate the potency
of HIV-1 protease drugs to combat resistance
Tingjun Hou, Department of Chemistry and Biochemistry, Postdoc researcher, 9500 Gilman
Drive, University of California, San Diego, CA 92122, tihou@ucsd.edu, Phone: 858-8224596

Abstract
HIV-1 protease (HIV-1 PR) has been an important drug target for the antiretroviral treatment
of
HIV infection. The efficacy of protease drugs is impaired by the rapid emergence of resistant
virus strains. To understand the molecular basis and evaluate the potency of an inhibitor to
combat resistance are no doubt important in AIDS therapy. In this study, we first identified
residues having significant contribution to binding with six substrates using molecular
dynamics
(MD) simulations and Molecular Mechanism Generalized Born Surface Area (MM/GBSA)
calculations. Among the six critical residues, Asp25, Gly27, Ala28, Asp29 and Gly49 are well
conserved and should be target residues for potent drugs to form strong interactions with. We
then calculated the contribution of each residue to binding with seven FDA approved drugs and
one inhibitor TMC114 that is being tested in Phase III clinical trials. Comparison of the
interaction profiles of individual residues between drugs and substrates and evaluation of
conservation of each residues showed that mutations on not conserved residues that have more
favorable interactions with drugs than substrates usually cause resistance. An empirical
parameter called free energy/variability (FV) value, which combines the binding free energy
and
the variability at each sequence position, had a high accuracy (88%) to identify experimentally
reported resistant mutations. Finally, we applied the protocol to evaluate the potency of
TMC114, an inhibitor being tested in Phase III clinical trials. Our analysis suggested that
TMC114
is more potent than amprenavir but may be susceptible to mutations on Val32 and Ile84.

Poster Session
COMP 193 [997216]: A QSPR study on melting points of

high-energy

molecules

Min Kyu Park1, Soo Gyeong Cho2, and Yoon Seok Kim1. (1) Warhead System Team, Agency
for Defense Development, P.O. Box 35-5 (Tech-3-1), Yuseong, Daejeon 305-600, South
Korea,
Fax: 82-42-821-2390, pmk5135@chol.com, Phone: 82-42-821-4108, (2) High
Explosives Team,
Agency for Defense Development

Abstract
Predicting melting points of high-energy molecules is great importance in deciding where the
high-energy molecule will be useful in the business of explosives and propellants. Sometimes, a
great deal of efforts in deriving promising high-energy molecules turned out to be in vain due to
a moderately low melting point, especially if one wanted to derive a new high-energy molecule
which is quite stable at an extended temperature range, i.e. approximately 300 °C. In order to
avoid a pitfall related to the melting point in deriving promising high-energy molecules, we
attempted to find a good QSPR equation to predict the melting point of a variety of high-energy
molecules. Fifty-four high-energy molecules were selected from ICT-Database for high-energy
molecules (ver. 7.0, 2004, ICT Inc.). QSAR module in Cerius program (Accelrys Inc.) was
utilized to calculate molecular descriptors and to establish QSPR equations. Various
computational schemes including PLS, MLR, and GFA (Genetic Function Approximation) methods
were utilized. We will provide the results obtained from different statistical schemes.

Poster Session
COMP 194 [997176]: A QSPR study on sublimation energies
of high-energy molecules
Soo Gyeong Cho and Jin Rai Cho, High Explosives Team, Agency for Defense Development,
P.O. Box 35-5 (Tech-3-6), Yuseong, Daejeon 305-600, South Korea, Fax: 82-42-8212390,
soocho@add.re.kr, Phone: 82-42-821-3704

Abstract
We have developed a series of QSPR equations to predict sublimation energies of various types
of high-energy molecules. Accurate estimation of sublimation energies will greatly assist for
one
to predict the heats of formation of high-energy molecules in the solid state. QSAR module in
Cerius program by Accelrys Inc. was utilized to calculate 102 molecular descriptors, and to
establish a good QSPR equation. One of important features in this study was the GFA (Genetic
Function Approximation) method in deriving good QSPR equations with important molecular
descriptors. Based on our numerous calculations, we have derived a QSPR equation with 5
molecular descriptors (HB Donor, LogP, Jurs-FNSA-2, Jurs-SASA, Jurs-PPSA-1), which
provide
excellent results with an average error of 2.0 kcal/mol in a set of high-energy molecules. This
new QSPR equation appears to provide better results than the predictive models proposed by
others previously.

Poster Session
COMP 195 [999207]: Ab initio modeling of the A(2A)
adenosine receptor and prediction of its ligand binding
sites
Min-Wei Liu and Jung-Hsin Lin, School of Pharmacy, National Taiwan University, Room

1236,
12F No.1 Ren-Ai Road Sec. 1, Taipei 100, Taiwan, Fax: +886 2 2391 9098,
r94423005@ntu.edu.tw, Phone: +886 2 2312 3456 ext 8404

Abstract
Albeit the number of globular proteins structures being determined is rapidly increasing, the
determination of membrane protein structures via experimental approaches remains a major
challenge in the field of structural genomics. As a rule, it is also more costly to determine the
structures of membrane proteins experimentally. Thus, computer modeling may be served as a
viable way to obtain membrane protein structures prior to experimental methods. It is
reasonable to assume that the native structure of membrane protein will also be the structure
of
free energy minimum, which is regarded as the guiding principle of our approach. The human
adenosine A(2A) receptor has recently been identified as a candidate target for designing
therapeutics for the Huntington disease. We first used the hydropathy plot to help predicting the
amino acid sequences that are located within the transmembrane domain. After the
transmembrane helice were identified, their optimal tilt angles with respect to the membrane
normal, orientations, and packing conformations were then determined by optimizing their free
energy based on the Poisson-Boltzmann theory with a membrane-like dielectric medium.
Subsequently, the loops that link these optimized transmembrane helices were constructed to
make a full length A(2A) receptor model, which was refined by molecular dynamics
simulations.
Finally, docking simulations were conducted to predict the binding sites of known substrates and
inhibitors to validate the model. The detailed knowledge of the binding locations will help to
design more potent inhibitors for this receptor.

Poster Session
COMP 196 [1000213]: Ab initio QM/MM studies of histone
lysine methyltransferase
Po Hu, Shenglong Wang, and Yingkai Zhang, Department of Chemistry, New York University,
100 Washington Square East, New York, NY 10003, ph413@nyu.edu, Phone: 212-998-8442

Abstract
Histone lysine methylation is emerging as an important mechanism to regulate chromatin
structure and gene activity. To understand its reaction mechanism and product specificity, we
have employed ab initio QM/MM method and molecular dynamics simulations to calculate free
energy profile of the methyl-transfer reaction catalyzed by histone lysine methyltransferase
SET7/9. The calculated free energy barrier is consistent with the experimental result. Our
calculations have characterized reaction mechanism, elucidated the specific role of some key
residues, and provided theoretical understanding of its catalytic power and product specificity.

Poster Session
COMP 197 [1000251]: Accounting for loop rearrangements
in docking calculations
Sergio E Wong, Department of Pharmaceutical Chemistry, University of California San
Francisco, Box 2240, San Francisco, CA 94143-2240, sergio.wong@itsa.ucsf.edu, Phone:
415-502-1409, and Matthew P. Jacobson, Department of Pharmaceutical Chemistry,
University
of California, San Francisco

Abstract

Accounting for large induced fit effects in docking calculations remains a challenging problem.
Attempts to address this problem usually search, to some extent, the receptor conformational
space for every putative ligand conformation. Here an alternative approach that avoids this
massive search is presented and applied to a set of proteins that undergo a loop-latching motion
during binding. This approach is based on the assumption that the holo state is, to some extent,
partially populated in absence of a ligand i.e. a conformational selection hypothesis. The
performance of this method was evaluated geometrically (RMSD to the known holo loop
structure), docking known substrates into the predicted holo-like structures and by the
resulting
poses. In four of the six cases examined the known ligand docking rank improved and resulted
in the correct pose. In the other two cases, it appears other factors, in addition to the loop
structure, causes the discrepancies in the docking calculations.

Poster Session, Sci-Mix
COMP 198 [997667]: Hydrolysis of ••--lactam via ab initio
and
QM/MM simulations
Anastassia N. Alexandrova and William L. Jorgensen, Department of Chemistry, Yale
University, 225 Prospect Street, New Haven, CT 06520, anastassia.alexandrova@yale.edu,
Phone: 203-432-6288

Abstract
Hydrolysis reactions of ••-lactam in aqueous solution and at the active site of the CCrA
metallo-••-lactamase have been studied via Monte Carlo QM/MM simulations, employing the
PDDG/PM3 QM method and the TIP4P explicit solvent model. Various reaction mechanisms have
been considered, activation barriers have been computed, and the preferred pathway has been
revealed for both cases. The role of the solvent in the reaction has been elucidated. The
resonance stabilization in ••-lactam, alone and coordinated to the model active site of the CCrA
metallo-••-lactamase, and of the stationary points on its hydrolysis routes have been examined
via ab initio NBO and molecular orbital analysis. The electronic origin of the preference in the
reaction mechanism has been revealed.

Poster Session, Sci-Mix
COMP 199 [950843]: AMBERDOCK: Application of molecular
dynamics simulations and GB/SA in protein-ligand docking
Devleena Mazumder Shivakumar and David A. Case, Department of Molecular Biology, The
Scripps Research Institute, 10550 N. Torrey Pines Ct., TPC 15, La Jolla, CA 92037,
devleena@scripps.edu, Phone: 858-784-9781

Abstract
The theory and the application of MD simulations in protein-ligand dockings and its
implementation in AMBERDOCK as a fast and efficient scoring function to calculate binding
energies will be discussed. Due to the formidable combinatorial complexity of modeling the
interaction between a flexible protein and a flexible ligand, most of the current docking methods
limit their search by approximating the receptor as a rigid structure. Keeping in mind the
limitation of this approximation, a fast and efficient framework to address the problem of
docking a flexible ligand into a flexible receptor protein and calculate binding energies has been
developed. AMBERDOCK uses the traditional all-atom AMBER force field for protein atoms and
the recently developed general AMBER force field (GAFF) for the small molecules. The
interaction between the ligand and the protein is represented by electrostatic and van der Waals

energy terms and the solvation energy is calculated using Generalized Born solvation model as
implemented in AMBER. In addition to ligand flexibility, this method also allows a part of the
receptor flexible during minimization and Molecular Dynamics smulation, in order to
reproduce
the so-called “induced-fit”. The method has been applied to different protein targets, such as
M102Q T4Lys, M102Q/L99A T4Lys, cytochrome c peroxidase, amp C beta-lactamase, and
tested
against a library of 5,000-10,000 small molecule ligands. Detailed simulation results will be
presented.

Poster Session, Sci-Mix
COMP 200 [967109]: An efficient parallel coupled cluster
program for distributed memory computers
Tomasz Janowski and Peter Pulay, Department of Chemistry and Biochemistry, University
of Arkansas, Phoenix Hall, Fayetteville, AR 72701, Fax: 479-575-4049, janowski@uark.edu,

Abstract
Coupled Cluster methods are often important, e.g., for weak interactions, but for larger systems
are practical only on parallel computers. The efficiency of our new parallel CCSD program
derives from its formulation in terms of matrix multiplications. Parallelization uses the
recently
developed Array Files. We can perform CCSD and QCISD energy calculations of unprecedented
size on modest PC clusters, e.g, QCISD/aug-cc-pVQZ (1512 basis functions) on the benzene
dimer. This capability enables us to test the additivity of basis set and higher order correlation
contributions for ••-•• interactions. Other benchmark calculations (naphthalene dimer,
nucleic
acid base pairs) will also be presented. We have developed less expensive, but still very
accurate approximations, such as the use of MP2 amplitudes for weak localized pairs. However,
unlike in local correlation techniques, our goal is to closely reproduce full-accuracy results.
Current work is focused on adding triple substitutions, and using natural orbitals for distant
pairs.

Poster Session, Sci-Mix
COMP 201 [1000643]: An efficient search protocol for
mapping potential energy landscapes and conformations of
an
amphiphilic octadecapeptide
Ralph A. Wheeler, Zunnan Huang, and Zhanyong Guo, Department of Chemistry and
Biochemistry, University of Oklahoma, 620 Parrington Oval, Rm. 208, Norman, OK 73019,
Fax:
405-325-6111, rawheeler@chemdept.chem.ou.edu, Phone: 405-325-3502

Abstract
We have developed new molecular dynamics protocols for protein folding simulations called
disrupted velocity (DIVE) search simulations. The simulations can explore a diverse set of
conformations on the potential energy surface of a peptide. We illustrate the new MD
simulations by investigating the global and local potential energy minima of a de novo designed
amphiphilic octadecapeptide using the AMBER99 force field with implicit solvation and compare
the results with those from the replica exchange method (REM). Results demonstrate that DIVE
simulations are more efficient than REM for sampling different regions of conformational space.

Poster Session
COMP 202 [999429]: An investigation of the structures,
vibrational spectra, and relative energetics of CH 3 C O B r O 3
isomers
Sujata Guha, Department of Chemistry, Tennessee State University, 3500 John Merritt
Boulevard, Nashville, TN 37209, Fax: 615-963-5326, sguha@tnstate.edu, Phone: 615-9635334, and Joseph S. Francisco, Department of Chemistry, Purdue University

Abstract
The structures, vibrational spectra, and relative energetics of CH3COBrO3 isomers have been
examined using the B3LYP method in conjunction with different basis sets. The CH 3COOBrO2
structural form is found to possess the lowest energy with an estimated heat of formation of
-38.2 kcal mol-1, at 0 K, as determined from G2MP2 theory. The next lowest energy structural
from is CH3COOOOBr, which lies 7.7 kcal mol-1 above CH3COOBrO2. The isomeric forms
possessing higher energies are CH3COOOBrO and CH3COBrO3. We have examined the
implication of the formation of CH3COBrO3 isomers from the atmospheric cross-reactions of
the
acetylperoxy (CH3COO2) and bromine monoxide (BrO) radicals and determined the possible
dissociation products of the most likely CH3COBrO3 isomers.

Poster Session
COMP 203 [998323]: Analyses of adsorption capacity of
hydrogen in MOFs using grand canonical Monte Carlo
simulations
Dong Hyun Jung1, Daejin Kim1, Tae Bum Lee2, Jaheon Kim3, and Seung-Hoon Choi1. (1)
Insilicotech Co Ltd, A-1101 Kolontripolis, 210, Geumgok-Dong, Bundang-Gu, 463-943,
Seongnam-Shi, South Korea, Fax: 82-31-728-0444, dhjung@insilicotech.co.kr, Phone:
82-31-728-0443, (2) CRO, Insilicotech Co Ltd, (3) Department of Chemistry, Soongsil
University

Abstract
We performed grand canonical Monte Carlo simulations on the series of MOFs, that are
Metal-Organic Frameworks having various organic linkers and nanocube frameworks, to find
out
rational design and synthetic strategies toward efficient hydrogen storage materials. We have
optimized potential parameters to reproduce the experimental adsorption isotherms of the
considered MOFs. The optimization of the parameters was done to fit the experimental results at
77 K. After the parameterization of the potential function, we adopted this condition to analyze
the adsorption sites and the binding energies with respect to the variation of the linkers such as
a functionalization. The calculation results showed good agreement with experimental
adsorptions and we analyzed the adsorption sites of each MOF and the relationship between the
adsorption characteristics and the hydrogen uptake capacity.

Poster Session
COMP 204 [999010]: Application of FMO-MO method for
large-scale molecule: Fluctuation of solvation
Toshio Watanabe1, Yuichi Inadomi2, Hiroaki Umeda1, Takayoshi Ishimoto1, and Umpei
Nagashima1. (1) Research Institute for Computational Sciences, National Institute of Advanced

Industrial Science and Technology, and CREST-JST, 1-1-1 Umezono, Tsukuba, Ibaraki 3058568,
Japan, Fax: +81-29-851-5426, donjo@nifty.com, Phone: +81-29-861-5080-x55188,
(2)
Computing & Communications Center, Kyushu University

Abstract
The fragment molecular orbital (FMO) method is able to calculate large-scale full ab initio
calculation with chemical accuracy and reasonable computational cost. In the FMO method, large
molecule is divided into many small fragments, and the molecular orbitals (MOs) of whole
molecule can not be calculated. The FMO-MO method makes possible to calculate the MOs of
whole molecule using the results calculated by the FMO method. In the previous report in 231st
ACS National Meeting (COMP 157), the FMO-MO calculation was carried out by using one
snapshot of lysozyme covered with solvent molecules, and large solvent effect on the MO
energy levels was discussed. However the fluctuation of the solvation could not be considered.
The multiple FMO-MO calculations using the multiple snapshots produced by classical MD
simulation are carried out. The fluctuation of solvation is estimated and the useful range of the
FMO-MO calculation with one snapshot is discussed.

Poster Session
COMP 205 [1000352]: Assessment of basis set
performance
for density functional theory
Brent Wilson, Brian P. Prascher, and Angela K. Wilson, Department of Chemistry,
University of
North Texas, Box 305070, Denton, TX 76203-5070, Fax: 940-565-4318, Phone: 940565-2948

Abstract
We investigate the importance of basis set choice in the description of atomic and molecular
properties determined using density functional theory (DFT). The BLYP and B3LYP density
functionals have been used in combination with the correlation consistent basis sets of Dunning
and coworkers (cc-pVnZ, where n = D, T, Q, and 5). While these basis sets have been widely
used in ab initio computational studies, they have not been rigorously evaluated for their use in
DFT. To accomplish this, we investigate the necessity of high angular momentum functions (l ••
2) in the cc-pVnZ basis sets, and determine how these functions contribute to the description of
structures, ionization potentials, electron affinities, and dissociation energies for a range of
molecular species.

Poster Session, Sci-Mix
COMP 206 [990644]: Bi-directional, iterative approach to
the structural determination of the binding site of antidiabetic drugs at GPR40
Irina Tikhonova1 , Chi Shing Sum2 , John Childress2 , Susanne Neumann2 , Craig J. Thomas3 ,
Bruce M. Raaka2, Stefano Costanzi1, and Marvin C. Gershengorn2. (1) Computational Chemistry
Core Laboratory, NIDDK, National Institutes of Health, 12A Center Drive Rm 4051 MSC 5646,
Bethesda, MD 20892-0810, Fax: 301-480-4586, tikhonovai@niddk.nih.gov, Phone:
301-451-7354, (2) NIDDK Clinical Endocrinology Branch, National Institutes of Health, (3)
Chemical Biology Core Facility, NIDDK, National Institutes of Health, National Institutes of
Health

Abstract
GPR40 is a G-protein-coupled receptor (GPCR) and a potential target for the treatment of type
2 diabetes. In this work, integrated computational studies including phylogenetic and
chemogenetic analyses, homology-based modeling, molecular dynamics simulation,
ligand-protein pharmacophore analysis, and automated flexible docking were performed aimed
at delineating the ligand binding site of GPR40 and identifying potential ligands. Several key
residues for the ligand binding were proposed and experimentally validated by site-directed
mutagenesis. Following analysis of the proposed binding cavity and the structures of docked
compounds (fatty acids and synthetic agonists), new analogs are suggested with potentially
higher affinity for the receptor using de novo design and virtual screening techniques. These
data provide the first reported attempt of structural studies of the ligand binding site of GPR40.

Poster Session
COMP 207 [995080]: Binding affinity and mechanism of
HEPT analogs with HIV-1 reverse transcriptase using the
Linear Interaction Energy Approximation
Antonios Tavlarakis, Horace Greeley High School, 70 Roaring Brook Road, Chappaqua, NY
10514, atavlarakis@gmail.com, Phone: 91480697955, and Ruhong Zhou, Computational
Biology Center, IBM TJ Watson Research Center

Abstract
A fast Linear Interaction Energy method based on a Surface Generalized Born continuum solvent
model (LIE-SGB) has been proposed recently for protein-ligand binding affinity predictions.
The
current study will apply this method to a large set of HEPT analogues (56 ligands) binding to
HIV-1 reverse transcriptase. The LIE-SGB method gives an RMS error of 1.07 kcal/mol
(average
unsigned error of 0.90 kcal/mol) with a correlation coefficient r2 of 0.811. The leave-one-out
cross validation also shows a very encouraging RMS error of 1.14 kcal/mol with a correlation
coefficient r2 of 0.784. The binding affinities are found to be mainly driven by van der Waals
interactions and the net loss of ligand cavity energies, while the net electrostatic interactions
are
found to be anti-binding for this binding set. These findings agree well with a previous study on
a smaller binding set (20 HEPT analogues) using the explicit solvent based LIE method. Some
discussions about various LIE-SGB fitting schemes and descriptors are also presented with
comparisons to explicit solvent models.

Poster Session, Sci-Mix
COMP 208 [997776]: Binding affinity prediction of
metalloprotein ligands: QM/MM Linear Response approach
Akash Khandelwal and Stefan Balaz, Department of Pharmaceutical Sciences, North Dakota
State University, Sudro 8B2, Fargo, ND 58105, akash.khandelwal@ndsu.edu, Phone:
701-231-9403

Abstract
We have recently extended the classical Linear Response (LR) approach by replacing the
ensemble electrostatic and van der Waals energies via the QM/MM energies, which were
calculated for the time-averaged structures resulting from force-field MD simulations. In this
study, we applied the QM/MM LR approach to the set of inhibitors acting on matrix

metalloproteinase (MMP) 3 and tumor necrosis factor-alpha converting enzyme (TACE), and
compared the results with those for MMP-9 inhibition. Excellent correlations were obtained
for
individual enzymes as indicated by r2~0.900 in all cases. However, the optimized regression
coefficients were not completely transferable among individual enzymes. Although the combined
model (MMP-3, MMP-9 and TACE, n=80) explained 72% of the variation in activity with SD
of 0.426, optimization of coefficients for individual systems is advisable for superior
predictivity. The precision of the QM/MM LR approach makes this method a useful tool for the
development
of selective metzincin inhibitors.

Poster Session
COMP 209 [998586]: Binding mode analysis between
membrane dipeptidase (MDP) and its substrates
Minkyoung Kim1 , Junhyoung Kim1 , Eunkyoung Jung1 , Jae-Min Shin2 , Seung-Hoon Choi1 ,
Min-Kook Kim3, Sang-Kee Kang3, and Yun-Jaie Choi3. (1) Insilicotech Co. Ltd, A-1101
Kolontripolis, 210, Geumgok-Dong, Bundang-Gu, Seongnam-Shi 463-943, South Korea,
mkkim@insilicotech.co.kr, Phone: 82-31-728-0443, (2) SBScience Co. Ltd, (3) School of
Agriculture Biotechnology, Seoul National University

Abstract
Membrane dipeptidase (MDP) is a membrane-bound glycoprotein involved in the hydrolysis of
dipeptides, showing specific activity for dipeptides. Although general roles in the organism are
still unknown, the dipeptidase is well-known as the sole metabolic enzyme for penem and
carbapenem ß-lactam antibiotics in mammals. Recent study showed that membrane dipeptidase
was the receptor for a lung-targeting peptide identified by in vivo phage display. Also, the
crystal structure of the cilastatin-liganded human renal dipeptidase was reported. In this work,
we constructed a virtual library including known MDP substrates and analyzed the binding
characteristics using molecular docking and pharmacophore-based screening. Based on this
work,
we investigated which chemical feature plays an important role in the binding modes.

Poster Session, Sci-Mix
COMP 210 [995742]: Calculation of relative solvation free
energies of RNA/drug-binding complexes by the coupled
reference interaction site model/molecular dynamics
method
Holly Freedman1, Ly Le1, Linh Huynh1, Dmitry Tikhonov2, and Thanh N. Truong1. (1) Henry
Eyring Center for Theoretical Chemistry / Department of Chemistry, University of Utah, 315
S. 1400 E. Rm 2020, Salt Lake City, UT 84112, holly@mercury.hec.utah.edu,
lyle@mercury.hec.utah.edu, Phone: 801-581-5465, (2) Institute of Mathematical Problems
of Biology RAS

Abstract
Better methods are needed to calculate solvation components of relative binding free energies
of receptor–ligand interactions. Here this problem is addressed using the coupled reference
interaction site model (RISM)/ simulation approach, which allows the RISM solvation free
energy expression to be evaluated from the radial distribution functions for solvent atoms about
atomic solute sites determined from simulation trajectories. We apply our new methodology for

finding solvation free energy to study the thermodynamics of the RNA-drug binding complexes of
an RNA aptamer with theophylline and five analogs. The results can be compared with those from
the Molecular Mechanics- Poisson-Boltzmann with Solvent Accessible surface area (MMPBSA) and the Thermodynamics Integration (TI) solvation free energy methods.

Poster Session
COMP 211 [1000273]: Carbon-hydrogen vs.
carbon-heteroatom activation by a high-Valent
zirconium-imido complex
Aaron Pierpont, Chemistry, CASCaM, University of North Texas, Box 305070, Denton, TX
76201, Fax: 940-565-4318, AWP319@aol.com, Phone: 940-369-7753, Thomas R.
Cundari,
Department of Chemistry, University of North Texas, and Hassan Rabaa, Department de
Chimie, Universite Ibn Tofail

Abstract
A density functional theory study of carbon-hydrogen versus carbon-heteroatom bond activation
is presented. Heteroatom groups (X) investigated include X = F, Cl, OH, SH, NH2, PH2. The
activating model complex is a prototypical d0 zirconium-imide. It is found that while C-X
activation has a thermodynamic advantage over C-H activation, the former has a kinetic
advantage. Implications for catalytic hydrocarbon functionalization and phosphine-ligand
degradation are discussed. The present results for a high-valent metal complexes are
compared/contrasted with low-valent bond activating complexes.

Poster Session
COMP 212 [991894]: Characteristic IR, VCD, and 2D IR
spectroscopic features of isotope-labeled polypeptides
Jun-Ho Choi, Seungsoo Hahn, and Minhaeng Cho, Department of Chemistry, Korea University,
Anam-dong, Seongbuk-gu, 136-701 Seoul, South Korea, Fax: +82-2-3290-3121,
jhchoi54@hanmail.net, Phone: +82-2-3290-3548

Abstract
Amide I vibrational infrared absorption, circular dichroism, and two dimensional IR spectra of
isotope-labeled polypeptides with various conformations were theoretically investigated by
using Hessian matrix reconstruction method and fragmentation analysis. Molecular dynamic
simulations of various polypeptides in aqueous solution were performed for considering solvent
effects. A variety of vibrational spectroscopic properties, such as local mode frequencies,
solvents effects, vibrational coupling constants were investigated and their isotope labeled
spectra of IR, VCD, and 2D IR were compared for representative conformations of alanine
polypeptides in liquid water.

Poster Session, Sci-Mix
COMP 213 [990319]: Comparison of charge models for
fixed-charge forcefields: Small molecule hydration free
energies in explicit solvent
Élise Dumont, Laboratoire de Chimie Théorique, Paris, France, elise.dumont@ens.fr, Phone:
+33
(0) 1.44.27.25.04, David L. Mobley, Pharmaceutical Chemistry, University of California, San

Francisco, John D. Chodera, Graduate Group in Biophysics, University of California, San
Francisco, UCSF Mission Bay, Box 2240, 600 16th Street, San Francisco, CA 94143-2280,
Fax:
415 502-4222, jchodera@ugcs.caltech.edu, Phone: 415 867-7384, and Ken A. Dill,
Department
of Pharmaceutical Chemistry, University of California at San Francisco

Abstract
The method by which partial charges are computed for small molecules in fixed-charged
molecular mechanics forcefields is of tremendous importance for ligand binding free energy
calculations, as small differences in the partial charge distribution can have large effects on
computed binding affinities. There are many choices for obtaining partial charges, including the
level of quantum theory, the use of a continuum reaction field, and the method by which partial
charges are computed from the electron density. We consider several combinations of these
choices and test how well the resulting charge models can reproduce experimental free energies
of hydration for a set of small molecules, using the AMBER GAFF forcefield and two different
fixed-charge water models (TIP3P and TIP4P-Ew). As the calculation of binding free energies
involves removal of the ligand from solvent, we expect accurate reproduction of hydration free
energies is likely essential for computing accurate binding free energies.

Poster Session
COMP 214 [961176]: Computational investigation of
pressure profiles in lipid bilayers with embedded proteins
Justin Gullingsrud1 , Arneh Babakhani1 , and J Andrew McCammon2 . (1) Department of
Chemistry, University of California, San Diego, 9500 Gilman Drive, MC-0365, La Jolla, CA
92123, Fax: 858-534-4974, jgulling@mccammon.ucsd.edu, ababakha@mccammon.ucsd.edu,
Phone: 858-534-2913, (2) Howard Hughes Medical Institute and Department of Chemistry
and
Biochemistry and Department of Pharmacology, University of California, San Diego

Abstract
The lateral pressure profile in a lipid bilayer membrane has been the subject of theoretical
scrutiny recently due to its potential to radically alter the function of biomedically important
membrane proteins. Experimental measurements of the pressure profile are still hard to come
by, leaving first-principles all-atom calculations of the profile as an important investigative
tool.
We report here an efficient implementation of pressure profile calculations in the molecular
dynamics package NAMD, capable of distinguishing between internal, bonded, and nonbonded
contributions as well as those of selected atom groups. Also described are the results of the
calculation of a pressure profile for a simple protein-lipid system consisting of melittin
embedded in a DMPC bilayer. Partitioning of the lateral pressure by atom type revealed
substantial perturbation of the pressure profile and surface tension in an asymmetric manner.

Poster Session
COMP 215 [999213]: Computational modeling of methane
hydrates at NETL
Charles E. Taylor, U.S. DOE/NETL, P.O. Box 10940, Pittsburgh, PA 15236-0940, Fax:
412-386-5920, charles.taylor@netl.doe.gov, Phone: 412-386-6058

Abstract
Research at NETL is underway to determine the physical properties of methane hydrates, either

recovered hydrates or synthesized in sediment recovered from naturally occurring hydrate
deposits. A combination of laboratory measurements and computational simulation calculations
are in use at NETL to obtain these properties. The two groups are not working in a vacuum. The
data generated from the laboratory are used in the modeling simulations while the results of the
modeling are used to design new experiments. We have combined laboratory and computational
modeling research on the kinetics of methane hydrate dissociation and the thermoconductivity of
methane hydrate. NETL has invested in both laboratory equipment and high-powered computers
to support this research effort. Computational research involves using numerous techniques
such as molecular dynamics, Monte Carlo, and non-equilibrium kinetics, and reservoir flow
simulation.

Poster Session
COMP 216 [999979]: Computational studies of gas and
condensed phase properties of donor-acceptor
complexes of
sulfur oxides
Jean M. Standard, Peter S. Fudacz, Brian N. Ida, and Piotr Gorczynski, Department of
Chemistry, Illinois State University, Campus Box 4160, Normal, IL 61790-4160, Fax:
309-438-5538, standard@ilstu.edu, Phone: 309-438-7700

Abstract
Donor-acceptor complexes of sulfur oxides, such as those formed with water and ammonia, are
important species in atmospheric chemistry. These donor-acceptor complexes also exhibit large
structural and property differences in the gas and condensed phases. Gas and condensed phase
density functional calculations of donor-acceptor complexes formed between sulfur oxides and
nitrogen-containing donor molecules, H3N, (CH3)H2N, (CH3)2HN, and (CH3)3N, have been
carried out. The condensed phase was modeled using the Polarizable Continuum Model.
Systematic studies of the unusual differences between the gas and condensed phase geometries
and other properties of these complexes are reported. Similar investigations of donor-acceptor
complexes formed between oxygen-containing donor molecules and sulfur oxides also have been
completed. Gas and condensed phase results for two intriguing complexes never before studied,
CH3OH-–SO3 and (CH3)2O-–SO3, will be presented. Results from the application of Natural
Resonance Theory analysis to the study of the bonding in the donor-acceptor complexes also will
be presented.

Poster Session, Sci-Mix
COMP 217 [990029]: Computer-aided rational molecular
design of a new non-peptide chitinase inhibitor
Hiroaki Gouda, Yusuke Sakoh, and Shuichi Hirono, School of Pharmaceutical Sciences,
Kitasato
University, 5-9-1 Shirokane, Minato-ku, Tokyo 108-8641, Japan, Fax: +81-3-34405246,
godah@pharm.kitasato-u.ac.jp, Phone: +81-3-3444-3548

Abstract
Since family 18 chitinases are essential enzymes for fungi and insects, they are potential
targets
for the design of antifungals and pesticides. Recently, a novel cyclic pentapeptide chitinase
inhibitor, argadin, has been isolated. The crystal structure of argadin binding to a family 18
chitinase from Serratia marcescens [ChiB] has been also reported. In this study, we design a

new non-peptide chitinase inhibitor using a molecular modeling method on the basis of the
interaction mode of argadin with ChiB. First, the peptide backbone of argadin is replaced by a
14-membered macrolide that possesses more drug-like properties. Then, the functional groups
corresponding to the side chains of argadin are introduced to the 14-membered macrolide. The
docking and free energy calculations suggest that the designed molecule could bind to ChiB in
the fashion similar to argadin-ChiB interaction mode and have a binding affinity comparable to
that of argadin.

Poster Session
COMP 218 [999915]: Configurational-bias sampling
technique for predicting side-chain conformations in
proteins
Tushar S Jain1, David Cerutti1, and J Andrew McCammon2. (1) Department of Chemistry and
Biochemistry, UCSD, La Jolla, CA 92093-0365, tjain@mccammon.ucsd.edu, Phone:
8585342798,
(2) Howard Hughes Medical Institute and Department of Chemistry and Biochemistry and
Department of Pharmacology, University of California, San Diego

Abstract
Prediction of side-chain conformations is an important component of several biological
modeling
applications. In this poster, I will discuss an advanced Monte-Carlo sampling strategy for
predicting side-chain conformations. Our method is based on a cooperative rearrangement of
atoms that belong to a group of neighboring side-chains. This rearrangement is accomplished by
deleting groups of atoms from the side-chains in a particular region, and regrowing them with
the generation of trial positions that depends both on a rotamer library and a molecular
mechanics potential function. This method allows us to incorporate flexibility about the
rotamers
in the library and explore conformation space in a continuous fashion about the primary
rotamers. We have tested our algorithm on a set of 76 proteins using the all-atom AMBER99
force-field and electrostatics that are governed by a distance-dependent dielectric function. The
accuracies of our predictions are comparable to the best results in the literature that often used
Hamiltonians that have been specifically optimized for side-chain packing. We believe that the
continuous exploration of phase space enables our method to overcome limitations inherent with
using discrete rotamers as trials.

Poster Session
COMP 219 [966510]: Conformational energy of bioactive
ligand-protein complexes
Iwona E. Weidlich, Laboratory of Medicinal Chemistry, National Cancer Institute, National
Institutes of Health, Boyles Street 376, (work performed at University of Medical
Sciences,Faculty of Pharmacy,Poznan,Poland), Frederick, MD 21702, iweidlic@helix.nih.gov,
Phone: 301-846-5971, and Marc C Nicklaus, Laboratory of Medicinal Chemistry, National
Cancer Institute, National Institute of Health

Abstract
Structure-based design usually focuses upon the optimization of ligand affinity. Succesful drug
design also requires the optimization of many other properties including dissolution,
absorption,
protein binding etc. In our previous study we have reported (Bioorg.Med.Chem. 3, 1995,

411-428) the conformational changes of small molecules when binding to proteins using
molecular mechanics analysis and the strain energy range of small molecules found in both the
CSD and PDB. This work describes the compilation of calculate the ligand deformation energy in
the protein environment by minimizing the 232 different ligands within its binding site in
higher-level: ab initio to better understanding of the energetic and conformational change of
ligands and their receptor proteins interactions. All optimization were done starting at
RHF/3-21G level of theory, followed by RHF/6-31G(d), at the DFT level, using B3LYP/631G(d)
and B3LYP/6-31+G(d) basis sets. The results obtained so far will be presented here.

Poster Session
COMP 220 [996318]: Conformational search of Antifreeze
protein type I
Pranav Dalal, Life Sciences, D.E.Shaw India, 3rd Floor G.Pulla Reddy Bldg, Begumpet,
Hyderabad, AndhraPradesh N/A/, India, Phone: 011-91-40-5539-0320

Abstract
Antifreeze Protein (AFP) Type I is a monomeric, alanine-rich protein comprised of 37 amino
acids, containing three 11-amino acid repeats (TA2NA7) and additional N- and C-terminal
capping sequences. It folds into a single, fairly straight alpha-helix. This protein with its
simple
alpha-helical structure provides a very good scaffold to understand the protein folding process,
especially that of an alpha-helix. To obtain an insight into this process, we have explored the
conformational space of this protein using various global as well as local conformational search
procedures. The results from these simulations will be presented and their implications on
protein-folding will be discussed.

Poster Session, Sci-Mix
COMP 221 [991068]: Core-shell potential derived charges:
A
detailed analysis
Jeffrey S. Tan1, Raymond P. Scaringe2, and Kenneth R. Morris1. (1) Department of
Industrial
and Physical Pharmacy, Purdue University, 575 Stadium Mall Drive, West Lafayette, IN
47907,
Fax: 765-494-6545, jeffstan@pharmacy.purdue.edu, Phone: 765-496-1857, (2)
Pharmaceutical
Research Institute, Bristol-Myers Squibb

Abstract
A core-shell potential-derived (CSPD) charge model is presented for the purposes of modeling
electronic environments in molecular assemblies. Each atom is decomposed into a core with
fixed charge and position representing the atomic nucleus, and a dynamic shell with its charge
and position as the model variables. These variables are optimized only to emphasize
reproduction of a quantum mechanical electrostatic potential, as defined in a
least-squares-based error function. Point charges are obtained from a modified singular value
decomposition algorithm while charge positions are obtained from a conjugate gradient
algorithm. This non-linear system requires iterative solutions for the two sets of variables
until
convergence. Comparisons between traditional potential derived point charge models and CSPD

will be discussed. The effects of electrostatic potential sampling on the characteristics of the
charge model will also be discussed.

Poster Session
COMP 222 [992744]: Density functional calculations on
3-hydroxykynurenine
Brendan C Dutmer and Thomas M. Gilbert, Department of Chemistry and Biochemistry,
Northern Illinois University, DeKalb, IL 60115, Fax: 815-753-4802, bdutmer@niu.edu,
Phone:
815-753-6896

Abstract
3-Hydroxykynurenine (3HK) is a UV blocker in the eye that decreases in concentration with
age
and is thought to react with lysine residues on lens proteins leading to substantial yellowing of
the eye. Because 3HK and many 3HK derivatives absorb UV light strongly, calculations of
absorption spectra will aid in the experimental determination of protein modification products.
TD-DFT calculations on plausible products of addition and substitution of propylamine to 3HK
were carried out using B3PW91/MIDIY++ where the propylamine is used to mimic the lysine
residues. The choice of DFT/basis set was made by using the G3/99 test set on all combinations
of B3LYP, B3PW91, MPW1PW91, PBE1PBE, MPW1K, BLYP, BPW91, MPWPW91 and
PBEPBE with
MIDIY++ and 3-21++G(d,p). All hybrid density functionals, particularly B3PW91, worked
well
with the MIDIY++ basis set except for MPW1K which was routinely outperformed even by pure
density functional models.

Poster Session
COMP 223 [980056]: Density functional theory studies of
some periodic systems
Jamal Uddin and Gustavo E Scuseria, Department of Chemistry, Rice University, Houston, TX
77005, uddin@rice.edu, Phone: 713-348-3734

Abstract
Density functional theory (DFT) for calculating the quantum mechanical ground states of
condensed matters has become a significant component of materials research. Recently, DFT
methodologies of Gaussian suite of programs, which make use of Gaussian type orbitals (GTOs)
have been extended to study periodic systems. In this poster, structural, electronic and
magnetic properties as well as energetics of some crystalline solids and surfaces calculated
using
this periodic boundary conditions (PBC) code will be presented. Performance of a novel
meta-Generalized Gradient Approximation functional (TPSS) and a screened exchange hybrid
functional (HSE) will be compared with a conventional Local Density Approximation (LSDA) and
a Generalized Gradient Approximation (PBE) functional.

Poster Session
COMP 224 [997244]: Design of database system for
high-energy molecules
Soo Gyeong Cho1, Jin Rai Cho1, Youngyong In2, Sung Kwang Lee2, and Kyoung Tai No3. (1)
High Explosives Team, Agency for Defense Development, P.O. Box 35-5 (Tech-3-6), Yuseong,

Daejeon 305-600, South Korea, Fax: 82-42-821-2390, soocho@add.re.kr, Phone:
82-42-821-3704, (2) Research Institute of Bioinformatics & Molecular Design, (3)
Department of Biotechnology, Yonsei University

Abstract
It is a complicated research process to derive novel high-energy molecules with greater power,
and, at the same time, which are safer than those currently used in a number of military and
civil application. In order to find high-energy molecules with a rare combination of
performance
and safety, one has to carefully investigate numerous molecular aspects which may relate to
either of these natures. Our main approach is to find excellent QSPR equations for performance
and safety by using some molecular descriptors which are relatively easy to compute with
molecular modeling packages. During the course of this study, we developed a new database
system for high-energy molecules in which (1) a variety of high-energy molecules (both
virtual
and real) were archived, (2) molecular descriptors for each high-energy molecule relevant to
either performance or safety were calculated from an in-house calculation engine, and (3)
some
high-energy molecules were retrieved by imposing certain criteria in performance, safety, and
other physicochemical properties. The detailed characteristics of DB design and calculation and
search engines for our new DB will be presented.

Poster Session, Sci-Mix
COMP 225 [997512]: Design, development and evaluation
of
novel protein property-encoded surface translator
(PPEST)
descriptors for protein similarity comparison
Qiong Luo, C. Matthew Sundling, and Curt M. Breneman, Department of Chemistry and
Center
for Biotechnology and Interdisciplinary Studies, Rensselaer Polytechnic Institute, 110 8th
Street,
Troy, NY 12180-3590, Fax: 518-276-4887, luoq@rpi.edu, sundlm@rpi.edu, Phone: 518276-4237

Abstract
The comparison of the three-dimensional structures of protein molecules is a challenging
problem. In this study, a new technique, which we call PPEST (Protein Property-Encoded
Surface
Translator), was developed based on the PEST algorithm for describing the shape and property
distribution of proteins. This method uses a technique akin to ray-tracing to explore the volume
enclosed by a protein. The triangulated protein surface subjected to internal ray-reflection is
derived from the Gaussian Accessible surface provided by MOE which is calculated by the
accessibility to solvent molecule modeled by a sphere. Probability distributions are derived
from
the ray-trace, and based on the geometry of the reflecting ray, and joint dependence on
properties, such as the molecular lipophilicity and molecular electrostatic potential. These
probability distributions, stored as histograms, make a unique profile for each protein and they
are independent of molecular orientation. Similarity of two proteins is then derived from the

profiles using proposed similarity metrics. The performance of the proposed approach was
analyzed and it presented promising results.

Poster Session
COMP 226 [998742]: Developing "class-optimized" scoring
functions for drug design
Zhong-Wei Zhang, School of Pharmacy, National Taiwan University, 12F No.1 Ren-Ai Road
Sec.1, Taipei 100, Taiwan, Fax: +886 2 2391 9098, fiesta1221@yahoo.com.tw, Phone: +886
2
2312 3456 ext 8404, and Jung-Hsin Lin, School of Pharmacy, National Taiwan University,
12F
No.1 Ren-Ai Road Sec. 1, Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan,
Fax: +886-2-23919098, jlin@ntu.edu.tw, Phone: +886-2-23123456 ext 8404

Abstract
The scoring function for ligand-receptor interactions is a crucial element for computational
drug
design. Ideally, the scoring fucntion not only needs to be accurate, but should also apply to as
general cases as possible. Furthermore, the numerical values of the scoring function should be
able to map to the binding free energies of the ligand receptor complexes. However, due to the
hetergeneous nature of binding thermodynamics of ligand receptor complexes in solution, it is
difficult, if not impossible, to predict the binding free energies with single scoring function for
all
possible ligand receptor complexes. The choice of molecular descriptors, which constitutes the
variables for a scoring function, plays important roles for the accuracy and the preditive power
of the scoring function. We have therefore conducted systematic evaluation of molecular
descriptors to predict the binding free energies of ligand-receptor complexes based on
comprehensive survey of the Protein Databank (PDB) and the binding affinity data in the
literature. Also, the ligand-receptors complexes are optimally classified using a decision
function
to assign each complex to the best scoring function for the prediction of the binding free energy.
The results showed that this approach can significantly improve the accuracy and predictive
power of the scoring scheme.

Poster Session, Sci-Mix
COMP 227 [998093]: Development of a new seven-site
model for water
Katie A. Maerzke, Department of Chemistry, University of Minnesota, 207 Pleasant St. SE,
Minneapolis, MN 55455, maerzke@chem.umn.edu, Phone: 612-624-7666, and J. Ilja
Siepmann,
Departments of Chemistry, Chemical Engineering and Materials Science, University of
Minnesota

Abstract
Exhaustive studies of n-site, where n equals 3, 4, or 5, water models using SPC, TIP4P, and
TIP5P geometries, respectively, have shown that none of the n-site model geometries under the
constraint of using one Lennard-Jones site and n fixed partial point charge sites is sufficient to
yield an accurate vapor-liquid coexistence curve from the triple point up to the critical point,
temperature of the density maximum, and liquid-phase structure. Recently, a very accurate
Gaussian charge polarizable model has been developed by Paricaud et al [J. Chem. Phys., 122,

244511, 2005]. However, this model uses smeared Gaussian charges, a dipole polarizabililty,
and a Buckingham exp-6 potential rather than the usual point charges and Lennard-Jones
potential. Since the functional form of this model is different from that of common force fields,
extensions to mixtures are not straightforward. We are investigating whether a 7-site model
using only Lennard-Jones and point-charge sites can yield an improved description of water's
fluid phases. The seven sites are the atomic sites, lone pair sites, and oxygen-hydrogen bond
center sites. We fit to the vapor-liquid coexistence curve, temperature of the density
maximum,
and dielectric constant, and use the radial distribution function as a further check on the
accuracy of our model.

Poster Session
COMP 228 [991560]: DFT calculations on titanium dioxide
and titanate clusters
Jason L Martin and Peter Pulay, Department of Chemistry and Biochemistry, University of
Arkansas, Fayetteville, AR 72701, jlm07@uark.edu, Phone: 479-575-4601

Abstract
Titanium dioxide treated with hot, concentrated sodium hydroxide solution spontaneously forms
titanate sheets that roll up in nanotubes. The ultimate goal of this study is to understand the
atomic structure and the formation mechanism of these nanotubes. Optimized energies and
geometries of titanate clusters derived from anatase, lepidocrocite and rutile are calculated
using density functional theory, and compared in energy and structure.

Poster Session
COMP 229 [999242]: DFT Study for rational design of
internal donor: Correlation between structure of internal
donor and its stereoregulating ability in heterogeneous
Ziegler-Natta catalyst
Jin Woo Lee1, Won Ho Jo2, and June Huh2. (1) School of Materials Science and Engineering,
Seoul National University, Shilimdong San 56-1, Kwanakku, Seoul, South Korea, Phone:
+82-2-880-8021, (2) Hyperstructured Organic Materials Research Center and School of
Materials
Science and Engineering, Seoul National University

Abstract
DFT calculation relative to the adsorption of several 1,3-diethers on the (110) and (100)
surfaces of MgCl2 was performed. 1,3-diethers are preferentially absorbed on the (110)
surface,
while the extent of selective adsorption shows a tendency to increase as the bulkiness of the
substituents increases. From energy decomposition, it is observed that the selective adsorption
is originated almost entirely from the differences between the intramolecular energies of
1,3-diethers on (110) and (100) surfaces. In addition, it is found that the extent of selective
adsorption has direct influence on the isotacticity of obtained polypropylene. This result
indicates
that main role of 1,3-diethers is selective poisoning of (110) surface and prior coordination of
1,3-diethers to TiClx (x = 4 or 3) on (110) surface was also confirmed. Finally, systematic
investigation of various 1,3-diethers was performed to provide the guideline for rational design
of internal donors.

Poster Session
COMP 230 [997992]: Electronic structure of
2,5-didehydrofuran and 2,5-didehydrothiophene, and their
formation by Bergman-like cycloaromatization reactions
Kevin Lloyd Bartlett, Andrew B Caldwell, and Adam N. Mentze, Department of Chemistry and
Biochemistry, Seattle Pacific University, 3307 3rd Ave W, Seattle, WA 98119-1940,
klbartle@spu.edu, Phone: 206-281-2101

Abstract
We have computationally investigated the cycloaromatization reaction of diethynylether and
diethynylthioether, to form 2,5-didehydrofuran and -thiophene, a reaction which is
fundamentally similar to the Bergman reaction of enediynes. In order to explicitly describe the
diradical nature of the product, we used multireference methods (CASSCF and CASPT2), in
addition to DFT, both for energies and geometry optimizations. We also calculated the
singlet-triplet gap in the diradical products, and explored the lower excited states as well.
Interestingly, we discovered that, regardless of basis set or method, there were two low-lying
triplet states of different electronic symmetry – 3B2 and 3B1 – both within 10-15 kcal/mol of
the ground state singlet. The cyclization reactions are predicted to be only modestly
endothermic.

Poster Session
COMP 231 [999518]: Evaluating docking methods with a
hydropathic scoring function
Micaela Fornabaio1 , Francesca Spyrakis2 , Claudia Calò2 , Alessio Amadasi2 , Ashutosh
Tripathi1, Pietro Cozzini2, Andrea Mozzarelli2, 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, Phone: 804-828-9482, (2) Department of Biochemistry and
Molecular
Biology, University of Parma

Abstract
Several algorithms and scoring functions are currently available for ligand docking. We
analyzed
a set of 19 protein-ligand complexes with known 3D structure, available from the PDB. The
docking programs Autodock, GOLD and FlexX were used to dock each of these ligands into their
own receptor's active sites. The HINT (Hydropathic INTeractions) scoring function was used to
evaluate the energetics of the generated poses. The results of choosing "best" pose based on
HINT score, docking score, and rmsd will be compared and the value of free energy correlations
in dock scoring will be discussed. Other topics concerning the effect of water and ionization state
on docking results will be shown.

Poster Session
COMP 232 [1012689]: Evaluation of descriptors used to
mine
a drug metabolism database
John H. Block, Department of Pharmaceutical Sciences, Oregon State University, College of
Pharmacy, Corvallis, OR 97331, John.Block@oregonstate.edu, Phone: 541-737-5779, and

Douglas Henry, BIOSAR Research

Abstract
Using a small database of defined substrates in humans for different cytochrome P450 mixed
function oxidases, a series of descriptors were evaluated in terms of how well they correctly
classified substrates in terms of their likelihood to be metabolized by different cytochrome
P450
mixed function oxidases. Five different classification schemes were used: Bayes-Naïve, Java
C45 Decision Tree, Ripper Decision Rule, K-Nearest Neighbor and Support Vector Machine. The
descriptors also were evaluated in terms of the structural information they provided.

Poster Session
COMP 233 [992456]: Exploring structure, dynamics and
assembly of the 30S ribosomal subunit by coarse-grained
molecular dynamics simulations
Qizhi Cui and David A. Case, Department of Molecular Biology, The Scripps Research Institute,
10550 North Torrey Pines Road, La Jolla, CA 92037, Fax: 858-784-8896,
qzcui@scripps.edu,

Abstract
We have developed coarse-grained molecular dynamics (MD) simulation methodology and tools
which allow us to use the available traditional all-atom molecular modeling software (e.g.
AMBER) to perform very large time scale sampling for large biological systems like the
ribosome. We have successfully applied the methodology and tools to the entire 30S subunit
from Thermus thermophilus. With the low-resolution model, we are able to run MD
simulations
for the entire 30S subunit for hundreds of nanoseconds in days. A series of hundred nanosecond
Langevin dynamics simulations are performed for bound and unbound 16S RNA. The
conformational changes of the 16S RNA and its interaction with the 30S proteins are examined.
Our simulations suggest that ribosomal proteins play important roles in maintaining the native
16S RNA structure. Primary binding proteins help more in stabilizing the conformation of the
RNA than do secondary and tertiary binding proteins. Ribosomal proteins appear to bind to the
RNA in an organized fashion wherein primary and secondary binding proteins help to prepare
the
binding sites for tertiary binding proteins. By allowing the ribosomal proteins binding to the
RNA
in different order, we have examined correlations between the 16S RNA folding and the protein
binding order. Our simulations can also provide a pseudo-real-time picture at the molecular
level about the assembly process of the 30S subunit. The 16S RNA folding from its secondary
structure to its native tertiary structure coupled with the sequential and cooperative protein
binding events are analyzed from dynamic point of view.

Poster Session
COMP 234 [996334]: Fock matrix construction using Ninf-G
GridRPC programming middleware
Hiroaki Umeda1, Yuichi Inadomi2, Toshio Watanabe1, Takayoshi Ishimoto1, and Umpei
Nagashima1. (1) Research Institute for Computational Sciences, National Institute of Advanced
Industrial Science and Technology, and CREST-JST, 1-1-1 Umezono, Tsukuba, Ibaraki, Japan,
Fax: +81-29-851-5426, h-umeda@aist.go.jp, Phone: +81-29-864-5080 (ext. 55259),
(2)

Computing & Communications Center, Kyushu University

Abstract
Fock matrix construction routine has been implemented on the Grid environment using Ninf-G
GridRPC (Grid Remote Procedure Call) programming middleware. Grid-enable Fock matrix
construction routine is based on a parallel Fock matrix construction routine for a layered
multi-processor system such as EHPC system. We have introduced our Grid-enable routine into
GAMESS, and perform benchmark calculation using AIST Super Cluster system as server sites.
In this paper, we explain how to implement Grid-enable Fock matrix construction rouitne with
a
GridRPC/MPI hybrid model using Ninf-G programming middleware. In addition to Grid-enable
Fock matrix construction, we will try to implement Grid-enable diagonalization using Ninf-G,
because diagonalization process becomes bottleneck of SCF calculation when highly parallel Fock
matrix construction is enabled.

Poster Session
COMP 235 [1000659]: Free energy calculations of
chemical
reactions in complex systems with ab initio QM/MM method
Han Zheng, Shenglong Wang, and Yingkai Zhang, Department of Chemistry, New York
University, 100 Washington Square East, New York, NY 10003, zhenghan@nyu.edu, Phone:
212-998-8442

Abstract
To simulate chemical reactions in complex systems, extensive sampling on a reasonably
accurate potential energy surface is needed to obtain reliable results. The free energy changes
associated with the reactions are not only better-defined for such systems, but also characterize
the reactions better than the potential energies. Very recently, we have implemented the
umbrella sampling method to calculate potential of mean force (PMF) for chemical reactions by
directly performing molecular dynamics simulations on an ab initio QM/MM potential energy
surface. It has been successfully applied to study several methyl transfer reactions in condensed
phase and enzymes. Meanwhile, several avenues are being pursued to improve its efficiency and
accuracy.

Poster Session, Sci-Mix
COMP 236 [990817]: Free energy vs. potential energy
landscapes of drug-like molecules
Yonas Abraham1, Aaron George2, Rebecca Harris2, Phillip S. Hammond2, and Jeffrey D.
Schmitt2. (1) Department of Computer Science, Wake Forest University, 1834 Wake Forest
Road, Winston-Salem, NC 27106, yonas.abraham@targacept.com, Phone: 336-480-2100,
(2)
Molecular Design Group, Targacept, Inc, 200 East First Street, Suite 300, Winston-Salem, NC
27101-4165, jeff.schmitt@targacept.com, Phone: 336-480-2124

Abstract
To gain information about molecular shape tendencies, the life science community has
traditionally focused primarily on conformational search methodologies that explore the
Potential
Energy Surface (PES). The output of these methods is a collation of so-called minimum energy
conformers. In our effort to gain more insight into molecular shape and overall behavior, we
have used both PES conformational search techniques and ab initio molecular dynamics to study

a set of neuronal nicotinic receptor (NNR) ligands that possess a non-trivial structure-affinity
relationship. This latter method, properly executed, provides the free energy landscape. In this
poster we show the sometimes dramatic difference in predicted behavior between these two
methods. Significantly, conformers predicted to be highly populated in one method are
disallowed in the other method. This work constitutes our first exploration into the use of an ab
initio derived free energy landscape to better understand small molecules of biological interest.

Poster Session, Sci-Mix
COMP 237 [996723]: Grid methods for free energy
calculations and ligand scoring
Viktor Hornak1 , Raphaël Geney2 , Robert C. Rizzo3 , and Carlos L Simmerling2 . (1) Center for
Structural Biology, Stony Brook University, Stony Brook, NY 11794, Fax: 631-632-1555,
viktor.hornak@sunysb.edu, Phone: 631-632-1439, (2) Department of Chemistry, SUNY
Stony
Brook, (3) Department of Applied Mathematics and Statistics, Stony Brook University

Abstract
A variant of one-window free energy grid (OWFEG) method for protein-ligand interaction is
evaluated. Current implementation uses implicit solvation model to significantly increase
computational efficiency and improve sampling. Several scoring schemes based on interpolation
of free energy grids are suggested and evaluated in terms of correctness of rank ordering a
series of ligands with respect to experimental binding data. The influence of implicit (several
variants of Generalized Born model) and explicit solvation models on the quality of ligand
ranking is investigated. The reproducibility of results related to the choice of “reference”
compound is also examined. Lastly, computational efficiency with regard to solvation model is
discussed and contrasted to other standard methods for free energy calculations, such as
MM-PBSA.

Poster Session
COMP 238 [1012674]: High-throughput, grid based
prediction of ADMETox parameters leveraging the unused
computational capacity of enterprise IT infrastructure
Gábor Põcze1, Ákos Papp1, András Petz2, Zsolt Gulyas2, Róbert Lovas3, József Kovács3,
Gábor Gombás3, Péter Kacsuk3, and László Ürge1. (1) ComGenex Inc, Záhony u. 7, Budapest
H-1031, Hungary, dgyorgy@comgenex.hu, Phone: 800-555-1212, (2) ComGrid Ltd, (3)
MTA
SZTAKI

Abstract
Pharmaceutical companies are facing the challenges that modern drug discovery requires
precise
“high-throughput” in silico systems that are able to predict the ADMETox properties for
millions
of structures in a very short time. On the other hand, mergers in the pharmaceutical industry
demand the secure integration of geographically distributed information and computation
resources. These challenges make indispensable the usage of GRID systems in enterprise
infrastructures. As a consequence, chemical applications developed for traditional environments
have to be redesigned to meet the requirements of this new technology.
ADMEToxGrid is an enterprise Grid system designed to predict molecular properties for

extremely large number of compounds in a reasonable time and in a secure manner. To achieve
the requested high throughput, the system can utilize computational clusters, as well as exploit
the unused capacity of the desktop computers located at the different sites of the enterprise.
The advanced tracking of prediction tasks and packages ensures the safe and reliable operation
of the system, and the predicted properties can automatically be integrated into the proprietary
database of the company.
The poster describes the ADMEToxGrid system, detailing the features provided by the
technologies implemented in the grid framework. In addition, we present the first experiences
with the application of the system, showing the results of benchmark tests.

Poster Session
COMP 239 [994961]: Highly selective prediction of
catalytic
sites in proteins using electrostatics and sequence
conservation
Huyuan Yang and Mary Jo Ondrechen, Department of Chemistry and Chemical Biology and
Institute for Complex Scientific Software, Northeastern University, Boston, MA 02115, Fax:
617-373-8795, Phone: 617-373-4492

Abstract
Computational prediction of catalytic and other interaction sites in protein structures is one
critical step along the path from genomic information to beneficial applications. The present
approach to the prediction of such sites combines a purely structure-based, electrostatics
method, THEMATICS, with sequence conservation. Predictions of this combined method are
tested on a set of 60 well-characterized enzymes with catalytic residues labeled in the CatRes
database and/or in PDBsum. For present purposes, a prediction is considered correct if it
includes half or more of the known catalytic residues, partially correct if it contains at least
one
but fewer than half of the known residues, and incorrect if it contains none. The present method
is correct for 65% of the proteins in the test set, partially correct for 32%, and incorrect for
3%.
Selectivity is excellent, as measured by the low filtration ratio of 4%. Comparison with other
methods shows exceptional performance.

Poster Session
COMP 240 [994502]: In silico ADME:  Predicting
lipophilicity vs. pH
Luc Quéré1, E. Hanon2, Richard Taylor3, Géraldine Longfils4, I. Ortmans4, and F. Lebon4. (1)
Global Chemistry, UCB S.A, Chemin du Foriest, Braine l'Alleud 1420, Belgium, (2) CNS
Pharmacology, UCB SA, (3) Chemical Research (UK), UCB SA, (4) Chemical Research (BE),
UCB SA, chemin du Foriest, Braine-l'Alleud 1420, Belgium, Florence.Lebon@UCB-Group.com,
Phone: +322386309

Abstract
Lipophilicity is a major determinant in the fate of potential drug candidates. LogPoct/water
encodes the partition of one unique species whereas the distribution coefficient LogDoct/water
takes into account the partitioning of all forms (ionic or neutral) present at a specific pH. To
minimize propagation of errors on LogD prediction, we optimized both the LogP and pKa
predictions upon which LogD prediction depends.
Correlations between experimental LogPoct/water and several prediction methods show that all

methods perform similarly. The accuracy of 3 standard methods (clogP, AlogP, ACD) was
analysed in terms of prediction confidence intervals (bootstrap method). We show that when
there is a consensus between the 3 methods, their average gives a better prediction than any
single method in isolation. To improve pKa prediction, we enriched commercial solutions with
in-house data. Finally, those predicted clogPoct/water and pKa values are incorporated into a
house-made program allowing the computation of logDoct/water profiles.

Poster Session
COMP 241 [1012686]: In silico screening torwards the
dopaminergic receptor of the cat flea Ctenocephalides
felis
Jörg Cramer, Anette Klinger, Sonja Gerber, and Paul Selzer, Intervet Innovation GmbH, Zur
Propstei, Schwabenheim D-55270, Germany, joerg.cramer@intervet.com, Phone:
49-6130-948-419

Abstract
About 30% of the known human drug targets are related to GPCRs, illustrating their
pharmaceutical importance. In contrast the knowledge about invertebrate GPCRs is limited. So
far it has been mainly restricted to model organisms like Drosophila melanogaster and
Caenorhabditis elegans. Structural information such as X-ray is limited for GPCRs and missing
for insect GPCRs. However, global changes of the climate conditions and the increase of
insecticide resistance might imply that also invertebrate GPCRs will become interesting targets
in human and animal health as well as in phyto medicine. In that context the dopamine
receptors I and II of Ctenocephalides felis (CfDopRI, CfDopRII) were recently identified by
Gerber et al. (1) in a bioinformatic analysis and functionally expressed in oocytes of Xenopus
laevis. Bioinformatic analyses revealed that dopamine receptors are highly conserved in
arthropods like the honeybee Apis mellifera, the tsetse fly Anopheles gambiae and Drosophila
melanogaster. In the course of this work we started a modelling approach for the orthologue
CfDopRI receptor using available structural and pharmaceutical information of the human
D1-like and insect dopaminergic receptors. Our aim is to identify new potential agents acting
against CfDopRI. Furthermore we want to establish a protein structure model explaining
potential biological interactions of active ligands. The developed structure model of CfDopRI is
supposed to represent a dopaminergic antagonist binding cavity and the structural insights are
compared with available information of the human dopaminergic receptor (D1-like). In
addition
first results of the in silico screening campaign are discussed resulting from combined
pharmacophore and docking studies.
1) Identification and characterisation of the dopamine receptor II from the cat flea
Ctenocephalides felis S. Gerber, A. Krasky, A. Rohwer, S. Lindauer, E. Closs, D. Rognan, N.
Gunkel, P. M. Selzer, C. Wolf (submitted)

Poster Session, Sci-Mix
COMP 242 [994111]: Influence of protonation states in
protein side chain and loop conformation
Gabriela Barreiro1 , Ben Sellers2 , and Matthew P. Jacobson1 . (1) Department of
Pharmaceutical Chemistry, University of California, San Francisco, 600 16th Street, Room
N472C, Box 2240, San Francisco, CA 94143, gabriela.barreiro@gmail.com, Phone:
415-441-2987, (2) Graduate Group in Biophysics, University of California, San Francisco

Abstract

Protonation states of ionizable residues play an important role in protein structure and
function.
We have observed that alternative protonation states due to local shifts in pKa can affect the
accuracy of computational side chain and loop prediction methods. We have addressed this issue
by developing a new algorithm to optimize the protonation state of titratable groups. This new
algorithm is integrated with our hierarchical approach to all-atom protein loop prediction such
that protonation states are evaluated simultaneously with conformational sampling using the
OPLS-AA force field and the Surface Generalized Born solvent model. We have selected high
resolution X-ray structures with ionizable residues embedded in short loops (up to 7 residues)
that were calculated to have shifted pKa values. Preliminary results show improvements in side
chain and loop prediction accuracy when the correct protonation state is accounted for.

Poster Session
COMP 243 [979266]: Integer sequences related to
chemistry
Neil J. A. Sloane, AT&T Shannon Labs, 180 Park Ave, Room C233, Florham Park, NJ 07932,
Fax: 973-360-8178, njas@research.att.com, Phone: 973-360-8414, and Parthasarathy
Nambi,
Bellevue Community College, Bellevue, WA 98007, PachaNambi@yahoo.com, Phone:
425-564-1000

Abstract
The aim of this poster is to inform ACS members about the On-Line Encyclopedia of Integer
Sequences. This a free database containing over 117,000 number sequences, which receives
tens
of thousands of downloads each day. Entries of interest to chemists include: enumerations of
alkanes, enumerations of fullerenes, coordination sequences of zeolites, magic numbers from
cluster chemistry, Kekule structures in benzenoid hydrocarbons, self-avoiding walks on
lattices,
ligand binding on ladder lattices, multivalent binding in one and two dimensional lattices,
sequences arising from the enumeration of trees, graphs, directed graphs, etc.

Poster Session
COMP 244 [998720]: Intramolecular interaction energies
during dynamics simulations of oligopeptides by fragment
molecular orbital-Hamiltonian algorithm method
Takayoshi Ishimoto1 , Hiroyuki Teramae2 , Yuichi Inadomi3 , Hiroaki Umeda1 , Toshio
Watanabe1, and Umpei Nagashima1. (1) Research Institute for Computational Sciences,
National Institute of Advanced Industrial Science and Technology, and CREST-JST, 1-1-1
Umezono, Tsukuba, Ibaraki 305-8568, Japan, Fax: +81-29-851-5426, Phone: +81-29861-5080
(ext. 55465), (2) Department of Chemistry, Josai University, (3) Computing &
Communications
Center, Kyushu University

Abstract
We analyzed the interaction energies between residues (fragments) in an oligopeptide occurring
during dynamic simulations by using the fragment molecular orbital-Hamiltonian algorithm
(FMO-HA) method, an ab initio MO-molecular dynamics technique. The FMO method enables not
only calculation of large molecules based on ab initio MO but also easy evaluation of

interfragment interaction energies. The glycine pentamer [(Gly)5] and decamer [(Gly)10]
were
stabilized by attractive interaction energies owning to intramolecular hydrogen bonds between
fragments n and n+3 (and n+4), and ••-strand structures were characterized by repulsive
interaction energies between fragments n and n+2. We analyzed interfragment interaction
energies during dynamics simulations as the peptides' geometries changed from •• helix to ••
strand. Intramolecular hydrogen bonds between fragments 2-4 and 2-5 control the geometrical
preference of (Gly)5 for the ••-strand structure. The pitch of one turn of the •• helix of (Gly)
10

elongated and thus weakened during dynamics due to a shifting of the intramolecular hydrogen
bonds controlled the tendency toward ••-helix or ••-strand structure of (Gly) 5 and (Gly)10.
Evaluation of interfragment interaction energies during dynamics simulations thus enabled
detailed analysis of the process of the geometrical changes occurring in oligopeptides.

Poster Session, Sci-Mix
COMP 245 [998331]: Investigating bias in docking screens
with target, ligand and decoy benchmarking sets
Niu Huang1 , John J Irwin2 , and Brian Shoichet2 . (1) Department of Biopharmaceutical
Sciences
and Pharmaceutical Chemistry, University of California, San Francisco, 600 16th St., Suite
N474E, San Francisco, CA 94143, nhuang@cgl.ucsf.edu, Phone: 415-200-6637, (2)
Department
of Pharmaceutical Chemistry, University of California, San Francisco

Abstract
Structure-based virtual screening is now one of the most widely-used approaches to leverage
structure for ligand discovery. Whereas the ultimate test of docking is prospective prediction of
novel ligands, a pragmatic approach for routine testing of algorithmic developments is to use
experimentally-observed poses of selected ligands and enrichment of known actives as
performance evaluation criteria. Here we report datasets that may be used to benchmark
docking programs. We are making available a set of actives and a corresponding Database of
Universal Decoys (DUD) for forty drug targets. Decoys were selected from ‘drug like'
compounds to have similar physicochemical properties to known actives, while having
dissimilar
chemical structure. To facilitate routine testing of our docking program against these forty
systems we developed a high throughput virtual screening pipeline. We compared docking
enrichments against DUD with other background databases. Our results show that enrichment
depends on the database used for docking, and suggest that a carefully calibrated decoy
database is important for effectively evaluating docking enrichment.

Poster Session, Sci-Mix
COMP 246 [995837]: KNOBLE: KNOwledge-Based Ligand
Enumeration
Christof Gerlach, Christian Sohn, Tobias Craan, W ibke E. Diederich, and Gerhard Klebe,
Fachbereich Pharmazie, Philipps-Universitaet Marburg, Institut fuer Pharmazeutische
Chemie,
Marbacher Weg 6, 35032 Marburg, Germany, Fax: ++49-6421-282-8994,
diederic@staff.uni-marburg.de, Phone: ++49-6421-282-5810

Abstract

Combinatorial Chemistry is an efficient technique to provide tailor-made compound libraries
preferably leading to new lead structures modulating the function of a target protein. Herein we
present a computational combinatorial method where building blocks are derived from a search
of generated target protein subpockets. We selected the serine protease thrombin as a well
established model case. Subpockets are compared with all stored binding pockets in
CAVBASE.All fragments which bind to similar subpockets are extracted. Subsequently, a
substructure search is performed giving rise to a subset of putative building blocks with
suitable
functional groups for the later synthesis. The obtained building blocks are docked
combinatorially
using FlexXC. Through re-scoring with scoring functions developed in our group, a subset of the
most promising library members is generated.Subsequent synthesis of single members of the
generated library followed by experimental affinity determination validated our
knowledge-based strategy of building block generation.

Poster Session
COMP 247 [980040]: Ladderane formation mechanisms:
The
uphill battle
Dustin H. Nouri and Dean J. Tantillo, Department of Chemistry, University of California,
Davis,
Davis, CA 95616, dhnouri@ucdavis.edu, Phone: 530-752-1503

Abstract
Ladderanes are molecules composed of linearly fused cyclobutane rings. Ladderane
lipid-containing bilayers, recently discovered in Anammox bacteria from the Black Sea, have
been shown to make extremely dense, tightly packed membranes. Lipids containing both three
and five 4-membered rings concatenated together have been extracted from these bacteria
([3]- and [5]-ladderanes respectively). How these highly strained polycycles are formed is an
unsolved mystery, but their formation in Nature will almost certainly require enzymatic
intervention. Here we probe several potential mechanisms for ladderane formation, utilizing
hybrid DFT (B3LYP/6-31G(d)) computations to locate and assess the energetics of pathways
connecting linear polyenes to various ladderanes. In particular, we have uncovered many
unusual rearrangements on the pathway connecting the linear cationic polyene and the
[3]-ladderane shown.

Poster Session
COMP 248 [998846]: MD simulation study of ABAD/ligand
complexes
Xiaoxia Ge, Department of Biophysics and Physiology, Weill Medical School of Cornell Univ,
1300 York Ave. D-501, New York, NY 10021, xig2003@med.cornell.edu, Phone: 212-7464237

Abstract
Recent evidence indicates that Amyloid beta peptide (Abeta) induces neurotoxicity in
Alzheimer's disease (AD) through direct interaction with a mitochondrial enzyme Abeta binding
alcohol dehydrogenase (ABAD). Although the structural information of ABAD-Abeta binding site
is unavailable, crystal structures of human and rat ABAD complexed with NADH/NAD+ and
substrates or inhibitors provide a basis for studying their interactions.
Molecular Dynamics (MD) simulation was performed at ns time scale for the complex of ABAD

with known substrates or inhibitors. The binding free energies were calculated. The protein
dynamic feature revealed from the MD study rationalized the experimental data. The MD
simulation results are beneficial to understand the role of ABAD in neurotoxicity and design
potential inhibitors.

Poster Session
COMP 249 [998668]: Mechanism of gating in a ClC channel
at
atomistic level
Youn Jo Ko, June Huh, and Won Ho Jo, Hyperstructured Organic Materials Research Center
and
School of Materials Science and Engineering, Seoul National University, Seoul 151-742, South
Korea, Phone: 82-2-8808021

Abstract
In the present work, we calculate the free energy barrier for chlorine ion conduction by using
atomistic molecular dynamics simulation and demonstrate that the glutamate is responsible for
the fast gating of a ClC channel. As the glutamate residue is protonated from the deprotonated
one, the free energy barrier for conduction of chlorine ion becomes lower to 6.5 kcal/mol from
22.5 kcal/mol, indicating that protonation of the glutamate residue is prerequisite for the
chlorine ion conduction. It is found that the glutamate residue contacts only with water
molecules from the extracellular side, which implies that the gating of the ClC channel is
greatly
affected by pH of the extracellular side. It is also shown that the protonation of the glutamate
residue is closely related to the chlorine ion conduction because the number of water molecules
contacting the glutamate residue greatly increases as the chlorine ion approaches the glutamate
residue. On the basis of the results mentioned above, a mechanism for the chlorine ion
conduction is proposed.

Poster Session
COMP 250 [997182]: Mechanism-based tuning of the
desired
properties of biomimetics: (Salen)Mn biomimetic
compounds
as therapeutic agents and synthetic catalysts
Yuri G. Abashkin, Advanced Biomedical Computing Center, National Cancer Institute, P.O.Box
B, Frederick, MD 21702-1201, abashkin@ncifcrf.gov, Phone: 301-846-5552, and Stanley
K. Burt,
Advanced Biomedical Computing Center, National Cancer Institute at Frederick

Abstract
Salen-manganese complexes that mimic catalases and perform as catalytic scavengers of
reactive oxygen species may have broad clinical applicability. These complexes are also known
as synthetic asymmetric catalysts that are important alternative to enzymes because they give
high enantioselectivity and, in contrast to biological catalysts, can be used with a wide range of
substrates. Based on the results of our recent DFT calculations we discuss a novel approach to
understanding the mechanism of action for (salen)Mn compounds and how to tune these
compounds electronically and structurally to archive the desired properties. We show that
electronic tuning (substituted salen compounds) can be very effective in the case of

spin-forbidden reactions allowing interplay between various reaction channels. Structural
changes (adding or eliminating bulky ligands) give the opportunities to govern a substrate
approach to the catalyst thus enhancing the desired catalytic activities.

Poster Session
COMP 251 [997679]: Mechanistic and kinetic study of
naphthalene formation
Nawee Kungwan and Thanh N. Truong, Henry Eyring Center for Theoretical Chemistry /
Department of Chemistry, University of Utah, 315 South 1400 East, rm 2020, Salt Lake City,
UT
84112, kungwan@mercury.hec.utah.edu, Phone: 801-585-3899

Abstract
Naphthalene formation is known to be an important reaction in the study of polycyclic aromatic
hydrocarbons (PAH) and soot formation in combustion systems. Several mechanisms of this
reaction have been proposed in the literature. Here we propose a new mechanism from the
reaction of benzyl radical with propargyl radical. Benzyl radicals are produced during
combustion
by the reaction of CH3CCCH2 with propargyl, of CH2CCCH2 with CH2CHCH2, and of
CH2CHCCH2 with propargyl, which proceed via a multi-well mechanism. We present a full
mechanism study of benzyl radical and naphthalene formations. A multi-well master equation
was used to obtain the temperature and pressure dependent rate constants. We discuss the
results in some detail.

Poster Session
COMP 252 [979851]: Mechanistic studies of nickel
catalyzed
vinylcyclopropane-cyclopentene rearrangements
Dean J. Tantillo and Selina C. Wang, Department of Chemistry, University of California,
Davis,
Davis, CA 95616, djtantillo@ucdavis.edu, scwang@ucdavis.edu, Phone: 530-752-1503

Abstract
The [1,3] sigmatropic rearrangement of vinylcyclopropane to cyclopentene is an efficient
avenue
to synthesize 5-membered rings, a structural motif found in many natural products. Such
reactions usually require high-temperature conditions and are facilitated by activating
substituents on the cyclopropanes. Recently, Louie and co-workers reported that Nheterocyclic
carbene ligands in combination with Ni(0) can facilitate the rearrangements of unactivated
vinylcyclopropanes at low temperature, with high yields. Modern quantum mechanics methods
were used to study the mechanism of Ni(0)-promoted vinylcyclopropane-cyclopentene
rearrangements as well as to predict the outcome of reactions with different substrates.

Poster Session
COMP 253 [985110]: Membrane assembly of simple helix
homo-oligomers studied via molecular dynamics simulations
Lintao Bu, Wonpil Im, and Charles L. Brooks III, Department of Molecular Biology, TPC6, The
Scripps Research Institute and Center for Theoretical Biological Physics, 10550 North Torrey

Pines Road, La Jolla, CA 92037, lintaobu@scripps.edu, Phone: 858-784-9289

Abstract
The assembly of simple transmembrane helix homo-oligomers is studied by combining a
generalized Born implicit membrane model with replica exchange molecular dynamics
simulations to sample the conformational space of various oligomerization states and the native
oligomeric conformation. Our approach is applied to predict the structures of transmembrane
helices of three proteins - glycophorin A, the M2 proton channel and phospholamban, using only
peptide sequence and the native oligomerization state information. In all the cases, the
methodology reproduces native conformations that are in good agreement with available
experimental structural data. Thus, our method should be useful in the prediction of native
structures of transmembrane domains of other peptides. When we ignore the experimental
constraint on the native oligomerization state and attempt de novo prediction of the structure
and oligomerization state based only on sequence and simple energetic considerations, we
identify the pentamer as the most stable oligomer for phospholamban. However, for glycophorin
A and the M2 proton channel, we do not identify the native oligomerization state and instead
tend to predict higher oligomers as more stable. Our studies demonstrate that reliable
predictions of the structure of transmembrane helical oligomers can be achieved when the
observed oligomerization state is imposed as a constraint, but that further efforts are needed for
the de novo prediction of both structure and oligomeric state.

Poster Session
COMP 254 [998398]: Molecular dynamics simulation on
hydrogen adsorption into catenated metal organic
frameworks
Tae Bum Lee1, Dong Hyun Jung1, Daejin Kim1, Jaheon Kim2, and Seung-Hoon Choi1. (1)
CRO, Insilicotech Co Ltd, A-1101 Kolontripolis, 210, Geumgok-Dong, Bundang-Gu, 463-943,
Seongnam-Shi, South Korea, Fax: 82-31-728-0444, tblee@insilicotech.co.kr, Phone:
82-31-728-0443, (2) Department of Chemistry, Soongsil University

Abstract
We performed molecular dynamics simulations on the series of MOFs, that are Metal-Organic
Frameworks having different organic linkers and those of catenated frameworks, to find out
rational design and synthetic strategies toward efficient hydrogen storage materials. The results
showed the density of adsorbed hydrogen molecules was increased at the various pores created
by catenation of MOFs comparing to the value of conventional MOFs while the large amount of
volume in uncatenated MOFs was invalid to store hydrogen. The molecular dynamics calculations
were done by three different force fields to avoid the potential biased consequence and the
analysis of result was performed during the NVE dynamics after preliminary NVT dynamics at
77K. Those calculation results commonly showed the proper control of pore size for hydrogen
storage into MOF by catenation would be one of the efficient ways to increase hydrogen capacity
of MOFs.

Poster Session
COMP 255 [997784]: Molecular dynamics simulations of
PAMAM dendrimer-induced pore formation in DPPC bilayers
using a coarse grained model
Hwankyu Lee, Department of Biomedical Engineering, University of Michigan, Ann Arbor, MI
48109, leehk@umich.edu, Phone: 734-262-4056, and Ronald Larson, Dept. of Chemical
Engineering, University of Michigan

Abstract
We have performed 0.5microsecond-long molecular dynamics (MD) simulations of 0%, 50%,
and 100% acetylated third (G3) and fifth-generation (G5) polyamidoamine (PAMAM)
dendrimers
in dipalmitoylphosphatidylcholine (DPPC) bilayers with explicit water using the coarse
grained
(CG) model developed by Marrink et al. (J. phys. Chem. B. 2004, 108, 750-760), but with
long-range electrostatic interactions included. Radii of gyration of the CG G5 dendrimers are
1.99-2.32 nm, close to those measured in the experiments by Prosa et al. (J. Polymer. Sci.
1997, 35, 2913-2924) and atomistic simulations by Lee et al. (J. Phys. Chem. B. 2006,
110,
4014-4019). Starting with the dendrimer initially positioned near the bilayer, we find that
positively charged un-acetylated G3, and 50%-acetylated and un-acetylated G5 dendrimers
insert themselves into the bilayer, and only un-acetylated G5 dendrimer induces hole formation
at 310K, but not at 277K, which agrees qualitatively with experimental observations of Hong et
al. (Bioconjugate Chem. 2004, 15, 774-782) and Mecke et al. (Langmuir. 2005, 21,
10348-10354). At higher salt concentration (~500mM NaCl), un-acetylated G5 dendrimer
does
not insert into the bilayer. The results suggest that with inclusion of long-range electrostatic
interactions into coarse-grained models, realistic MD simulation of membrane-disrupting
effects
of nanoparticles at the microsecond timescale is now possible.

Poster Session
COMP 256 [995388]: Molecular interactions of the His-tag
bound oligonucleotides and a recombinant protein
Swarnalatha Y. Reddy, Bruce P. Branchaud, and Rich B. Meyer, Enabling Technologies R &
D,
Molecular Probes, Invitrogen Corp, 29851 Willow Creek Road, Eugene, OR 97402, Fax:
541-335-0206, Phone: 541-335-0023

Abstract
InVision™ His-tag In-gel Stain by Invitrogen corp. is a simple, less time consuming and
ready-to-use stain for visualizing the His-tagged fusion protein bands. As a need to improve
His-tagged products, a charged molecular platform like oligonucleotide is envisioned as an
alternative to Ni2+ metal chelate. Computational modeling studies based on semiempirical
quantum mechanical procedures (utilizing linear-scaling molecular orbital method) have been
undertaken on His-tag bound to oligonucleotides complexes. These studies have been focused to
gain understanding of the conformations, molecular interactions and electronic structure that
influence the performance of the generally useful biochemical tool, His-tag. Also, the influence
of His-tag bound to the recombinant protein at the molecular level, utilizing similar procedures
would be discussed.

Poster Session
COMP 257 [955838]: Molecular modeling and simulation: A
better understanding of the porphyrin stacks
Zhi-Hang Tang, Computer Department, Hunan Institute of Engineering, Xiangtan 411101,
China, tang106261@mail.dhu.edu.cn, and Bao-An Yang, Glorious-Sun School of Business and

Management, Donghua University

Abstract
The creation of novel supramolecular architectures through self-assembly of simple molecules
is
one of the most promising approaches for the design of nanodevices. Offering several attractive
features for molecular self-assembly, porphyrins and their derivative have received much
attention in the last two decades. Although it is believed that the major driving forces operating
in the self-assembly process are the non-covalent intermolecular interactions such as
pi-stacking, hydrogen bonding, and van der Waals interactions, little is know about the detailed
mechanism of assembly. We present here a unique example of the formation of the ultra-large
well-ordered superhelix structure based on the self-assembly of porphyrin derivative driven
by
these interactions. The geometry of this porphyrins derivative has been optimized using ab
initio
calculation to understand the structural and electronic properties. Umbrella-sampling
molecular-dynamics simulations were performed to investigate porphyrin-porphyrin
potentials of
mean force in THF and water solution.

Poster Session
COMP 258 [981595]: Molecular modeling of a readily
available polymer having biological activity against HIV-1
Nidhi Nidhi, Accelrys, Inc, 10188 Telesis Court, Suite 100, San Diego, CA 92121, Fax:
858-799-5100, nidhi@accelrys.com, Phone: 858-799-5262, and Donald B. Boyd,
Department of
Chemistry and Chemical Biology, Indiana University-Purdue University at Indianapolis

Abstract
Interest in a polymeric material formed from the degradation of third-generation
cephalosporins
arises from its ability to inhibit the RNase H and polymerase activities of HIV-1 reverse
transcriptase (RT). To shed light on the three-dimensional structure of the polymeric
material,
we apply molecular modeling to the so-called aminothiazole methoxime
(2-amino-4-thiazolyl-methoxyimino, ATMO) oligomer. The MMFF94s force field and Monte
Carlo
Multiple Minimum (MCMM) method were used to generate low energy conformers. These
exhibit
only random coil conformations and therefore do not show secondary structure. A distribution
analysis of the torsional angles at the rotatable bonds shows that some of the bonds populate
specific angle ranges.

Poster Session
COMP 259 [997775]: Molecular modeling study of TRH-R1
and TRH-R2
Francesca Deflorian1 , Stefano Costanzi1 , Susanne Neumann2 , Stanislav Engel2 , Jian-Kang
Jiang3, Craig J. Thomas3, Bruce M. Raaka2, and Marvin C. Gershengorn2. (1) Computational
Chemistry Core Laboratory, NIDDK, National Institutes of Health, Bethesda, MD 20892-5646,
deflorianf@niddk.nih.gov, Phone: 301-451-7355, (2) NIDDK Clinical Endocrinology Branch,

National Institutes of Health, (3) Chemical Biology Core Facility, NIDDK, National Institutes of
Health, National Institutes of Health

Abstract
Thyrotropin-releasing hormone (TRH) receptors belong to the superfamily of rhodopsin-like
GPCRs. Two murine TRH receptor subtypes exist, mediating different physiological effects.
Using
homology modeling, molecular dynamics simulation, and automated flexible docking, we
investigated the binding sites of both TRH receptor subtypes. Homology models of both mouse
TRH receptors were built using the crystal structure of bovine rhodopsin as structural
template.
A 10ns MD simulation has been performed on each model in a hydrated lipid bilayer
environment. The optimized models were used for virtual ligand-binding studies with docking of
TRH, TRH analogues and nonpeptide ligands. Mutational and ligand SAR data were used to guide
all modeling procedures. Our results highlight common features and differences between the
subtypes. In particular, the higher basal activity of the TRH-R2 subtype was associated with a
higher mobility of W6.48 in our model. Furthermore, elements participating in discrimination
between agonists and antagonists were proposed.

Poster Session
COMP 260 [955835]: Molecular simulation on self-assembly
of perylenediimide-bridged silsesquioxane
Zhi-Hang Tang, Computer Department, Hunan Institute of Engineering, Xiangtan 411101,
China, tang106261@mail.dhu.edu.cn, and Bao-An Yang, Glorious-Sun School of Business and
Management, Donghua University

Abstract
Introduction of conjugated organic functionalities, such as perylenediimide, into the bridged
silsesquioxane (PBS) presents an efficient and promising approach to fabrication of
optoelectronic devices. Self-assembly of perylenediimide-bridged silsesquioxane molecules into
micrometer-sized tubes has been reported recently, and a possible mechanism was presented.
In this work, molecular simulation is conducted to understand the packing details of PBS
molecules and shows a different mechanism from the previous study.

Poster Session
COMP 261 [998247]: Multiscale Monte Carlo modeling of
macromolecules
Jerome P Nilmeier, Graduate Group in Biophysics, UC San Francisco, 71 Kissling St., San
Francisco, CA 94103, jnilmeier@yahoo.com, Phone: 415-621-6638, Evangelos A. Coutsias,
Department of Mathematics and Statistics, University of New Mexico, and Matthew P. Jacobson,
Department of Pharmaceutical Chemistry, University of California, San Francisco

Abstract
A multiscale Monte Carlo sampling scheme for macromolecules is presented that allows for
hierarchical sampling of sidechain and backbone degrees of freedom, as well as the protonation
states of titratable side chains. The method uses the OPLS-AA 2001 forcefield, and a SGB/NP
implicit solvent model for solvation. The sidechains are sampled from a rotamer library, and
the
backbone degrees of freedom sampled using an analytical loop closure algorithm. The multiscale
sampling strategy is adapted from the multiple ‘time step' sampling algorithm of Berne, and
obeys detailed balance. Validation data will be presented on binding pockets, cyclic peptides,

and flexible loops. As an application of the method, binding pocket flexibility is studied in the
absence of ligand. The method presented could provide insight into flexible residues of a protein
that are likely to change conformation in the presence of a ligand.

Poster Session
COMP 262 [1000627]: Neural network based QSAR models
of
Tipranavir analogs: HIV protease inhibitors
Chad R Bernier1 , Barun Bhhatarai2 , Sunil Kumar3 , and Rajni Garg1 . (1) Department of
Chemistry, Clarkson University, 8 Clarkson Avenue, Potsdam, NY 13699-5810,
berniecr@clarkson.edu, Phone: 315-268-2357, (2) Department of Chemistry, Clarkson
University, 8 Clarkson Avenue, Potsdam, NY 13699-5812, bhhatarb@clarkson.edu, Phone:
315-268-2357, (3) Department of Electrical and Computer Engineering, Clarkson
University

Abstract
HIV is a deadly retrovirus spreading throughout the world. HIV protease is one of the key viral
enzymes needed for its reproduction. Many drugs have successfully been developed to inhibit
this enzyme. However, the virus' fast reproduction cycle and tendency to mutate necessitates a
constant development of new drugs. Recently approved Tipranavir is a pyranone based anti-HIV
drug. It has been shown that compounds containing a cycloalkylpyranone scaffold, also have HIV
protease inhibitory activity. A large dataset of these compounds have been modeled using
neural networks. A genetic algorithm was used for feature selection. The resulting models are
compared to traditional 2D QSAR techniques.

Poster Session
COMP 263 [996417]: Neural network-based Particle Swarm
Optimization (PSO): A novel approach for optimizing
experimental conditions
Zhaohui Liu, Wei Qi, and Zhimin He, School of Chemical Engineering and Technology, Tianjin
University, Tianjin 300072, China, qiwei@tju.edu.cn, qiwei@tju.edu.cn, Phone:
-086-022-27407799

Abstract
This paper presents a hybrid intelligent system which uses PSO algorithm with a well trained
BP
network to optimize experimental conditions for chemical or biochemical design problems. The
trained BP network provides the objective function value of each experimental condition. Based
on a model of social interactions of swarms, PSO searches the simulated multidimensional
response space of BP network by adjusting the position and the velocity of individual particles,
and finally finds the optimal condition and the responding experimental result. Here, central
composite design (CCD) was carried out to optimize four key variables (Na2HPO4, KH2PO4,
initial pH and medium volume) that significantly influence the production of beta-mannanase
from Bacillus licheniformis, which is a versatile enzyme and have been widely used in the food,
feed, oil and paper industries. Experiment data of CCD was applied to training the network, as
well as examining. The optimal conditions were obtained by neural network-based PSO. Under
these conditions 33% increase in enzyme activity is experimentally validated.

Poster Session
COMP 264 [998229]: Neurotransmitter transporters in

lipid
bilayers: A molecular dynamics study
Diego A. Pantano, Center for Molecular Modeling, Department of Chemistry, University of
Pennsylvania, 234 S 34th Street, Philadelphia, PA 19104, diego@cmm.upenn.edu, Phone:
(215)
573-4773, and Michael L. Klein, Department of Chemistry, University of Pennsylvania

Abstract
The uptake of neurotransmitters from the synapse to the cytoplasm of neurons is driven by
sodium- and chloride-dependant transporters by means of electrochemical gradients. The
disfunction of these transporters has been implicated in several diseases of the nervous system.
In spite of the relevance of these kind of proteins, most of its properties remain unknown.
In order to shed light on these systems we have carried out molecular dynamics experiments on
a Leucine Sodium Symporter from Aquifex aeolicus (Yamashita et al. 2005. Nature 437:215)
inserted in a DOPC bilayer.
Our analysis from a geometric point of view shows a closed pore at the intracellular half, where
the channel is completely dehydrated, and slightly opened at the extracellular side where it is
partially hydrated. We have also studied the role played by the sodium ions regarding the
stability of the leucine molecule in this structure.

Poster Session
COMP 265 [996515]: New termination mechanism for olefin
polymerization catalyzed by n-alkyl (R) substituted 3-R
indenyl zirconocenes as determined by DFT calculations
Victor L. Cruz1 , Sonia Martinez2 , Javier Martinez-Salazar2 , and Jose Sancho3 . (1)
Department
of Macromolecular Physics, Instituto de Estructura de la Materia. CSIC, Serrano 113-bis,
28006-Madrid, Spain, victor.cruz@iem.cfmac.csic.es, Phone: +34 915616800, (2)
Department of
Macromolecular Physics, Instituto de Estructura de la Materia. CSIC, (3) Centro de
Investigacion
Repsol-YPF

Abstract
Ethylene polymerisation experiments were performed using bis-indenyl zirconocene catalysts
containing linear alkyl chains of different length in the 3-position of the aromatic ligands. A
sharp decrease in polymer molecular weight is observed when the alkyl substituent is n-propyl
or larger. Traditional termination mechanisms (••-transfer to monomer and ••-elimination)
were
investigated by DFT showing no difference among the series of n-alkyls (methyl, ethyl,
n-propyl, n-butyl) considered. Based on DFT calculations a new termination mechanism is
proposed where a hydrogen atom transfer from the alkyl substituent to the polymer growing
chain in presence of the zirconium atom is considered. The n-alkyl chain substituent should
contain at least three C atoms for this mechanism to take place. The new cationic species is
able to complex a new ethylene monomer and to continue the polymerisation process with a
minimal impact on polymerisation activity. Therefore, this new mechanism is able to explain
the
experimental findings.

Poster Session, Sci-Mix

COMP 266 [998282]: Nonpolar implicit solvation: An
analysis
of the cavity-dispersion decomposition scheme
Chunhu Tan and Ray Luo, Department of Molecular Biology and Biochemistry, UC-IRVINE,
Irvine, CA 92697-3900, Fax: 949-824-8551, tanc@uci.edu, Phone: 949-824-9562

Abstract
The surface area representation of nonpolar sovlation in existing implicit solvent models, which
correlates nonpolar solvation free energy by the solvent accessible surface area (SA), has been
found to be not accurate or transferable. It has been recognized that the nonpolar component of
the solvation free energy should be decomposed into two parts: the van der Waals repulsive
part (cavity term) that is correlated well with SA and the van der Waals dispersion part
(dispersion term) that is correlated well with solvent accessible volume. The new
decomposition
scheme has been implemented in the Poisson-Boltzmann (PB) solvent with newly released
AMBER9. Our study shows that, with the new decomposition, the cavity term can be correlated
excellently with SA for 42 tested small molecule templates. To compute the dispersion term, we
have adopted the surface integral approach by Floris and Tomasi. The optimized nonpolar
solvation component in the PB solvent works well on monomer systems outside the training set,
but limitation was observed on tested dimer systems. Development of more accurate nonpolar
solvation model that can overcome the limitation is underway in our group.

Poster Session
COMP 267 [991773]: Novel Monte Carlo sampling and
knowledge-based scoring approach for small molecule
conformations
Kristin L. Glab, Ralf Mueller, Kristian W. Kaufmann, and Jens Meiler, Department of
Chemistry
& Center for Structural Biology, Vanderbilt University, Nashville, TN 37235,
kristin.l.glab@vanderbilt.edu, Phone: 952-270-7839

Abstract
Efficient sampling of low-energy conformations of small molecules is useful for
computationally-intensive simulations, such as of protein-ligand docking. To this end, we have
derived free-energy profiles of dihedral angles between pairs of various atom types based on
statistical analysis of crystal structures from the Cambridge Structural Database (CSD).
44,800
crystal structures produced a data set of 403,200 dihedral angles. The atoms forming each bond
of interest were classified into one of 32 types according to element and hybridization state, and
all measured dihedral angles involving the same atom-type pair were tallied in a single
histogram of dihedral angle versus frequency. After taking the negative logarithm of the
histograms, the final free-energy profiles are compared to those calculated using traditional
molecular mechanics simulations of representative compounds. Application of our sampling and
scoring technique for protein-ligand docking is illustrated within RosettaLigand.

Poster Session
COMP 268 [997458]: On the application of accelerated
molecular dynamics to liquid water simulations
Cesar Augusto F. de Oliveira, Howard Hughes Medical Institute and Department of

Chemistry
and Biochemistry, University of California San Diego, 9500 Gilman Drive, San Diego, CA
92093-0365, Fax: 858-534-4974, cesar@mccammon.ucsd.edu, Phone: 8585342798,
Donald
Hamelberg, Howard Hughes Medical Institute and Department of Chemistry and Biochemistry,
University of California, San Diego, and J Andrew McCammon, Howard Hughes Medical Institute
and Department of Chemistry and Biochemistry and Department of Pharmacology, University of
California, San Diego

Abstract
Water plays different roles with respect to protein properties, enzyme-substrate binding and
catalysis. Although continuum dielectric models have been successfully applied in
macromolecular simulations, for a complete understanding of the behavior of many biochemical
systems, an explicit treatment of water is essential. Recently, Our group proposed a very
promising simulation method for biomolecules, which consists of an all-atom molecular
dynamics (MD) technique that can accelerate the simulations without advance knowledge of the
potential-energy wells or barriers. The main idea is to modify the potential-energy surface by
adding a bias, or boost, potential in regions close to the local minima, such that all transitions
rates are increased. By applying the accelerated MD simulation method to liquid water, we
observed that this new simulation technique can accelerate the molecular motions of liquid
water without losing its microscopic structure and equilibrium properties. Our results showed
that
the application of small boost energy on the potential energy surface significantly reduces the
statistical inefficiency of the simulation while keeping all the other calculated properties
unchanged. On the other hand, although aggressive acceleration of the dynamic simulation
increases the self-diffusion coefficient of water molecules greatly and dramatically reduces the
correlation time of the simulation, configurations representative of the true structure of liquid
water are poorly sampled. Our results also showed the strength and robustness of this
simulation technique, which confirm this approach as a very useful and promising tool to extend
the time scale of the all-atom simulations of biological systems with explicit solvent models.
However, we should keep in mind that there is a compromise between the strength of the boost
applied in the simulation and the reproduction of the ensemble average properties.

Poster Session
COMP 269 [998121]: Physics-based scoring of proteinligand
complexes
Niu Huang, Department of Biopharmaceutical Sciences and Pharmaceutical Chemistry,
University of California, San Francisco, 600 16th St., Suite N474E, San Francisco, CA 94143,
nhuang@cgl.ucsf.edu, Phone: 415-200-6637, and Matthew P. Jacobson, Department of
Pharmaceutical Chemistry, University of California, San Francisco

Abstract
We have demonstrated that an all-atom molecular mechanics force field combined with an
implicit solvent model for scoring protein-ligand complexes is a promising approach for
improving the discrimination between known ligands and decoys in virtual screening of large
compound databases. The further development of our rescoring method involves in exploring in
depth contributions from different intrinsic and environmental effects on several
representative
protein systems, such as the more physically appealing dielectric constant used for the protein

and ligand interiors, the proper treatment of ligand intramolecular energies, and the
compensation of the underestimated energetics by scaling up correlated terms. Moreover,
incorporating receptor flexibility during rescoring stage is shown to improve the
discrimination
between ligands and decoys significantly. Preliminary results on accurately ranking database
compounds with respect to their estimated binding affinities are also presented.

Poster Session, Sci-Mix
COMP 270 [999277]: Predicting cardiovascular safety: The
importance of using the appropriate high quality datasets
Wendy Sanderson1, Luca Fenu1, Theo Thielemans1, Christophe Buyck1, Michael Engels1, Ard
Teisman2, and Trevor Howe1. (1) Molecular Informatics, Johnson & Johnson Pharmaceutical
Research & Development, Turnhoutseweg 30, Beerse 2340, Belgium,
wsanders@prdbe.jnj.com,
Phone: +32-14-606496, (2) Cardiovascular Safety, Johnson & Johnson Pharmaceutical
Research & Development

Abstract
The importance of detecting potential cardiovascular liabilities early in the discovery process is
generally fully recognized. Within J&J different experimental models have already been
systematically utilized for some time resulting in vast amounts of cardiovascular safety data.
Previous predictive in silico modeling has focused primarily on modeling of data from hERG
binding assays. However, the cardiac action potential is complex and depends not only on hERG
but on multiple ion channels. Consequently, we made predictive models based on the isolated
guinea pig right atrium (using thousands of data points for rate, force and refractory period)
and
on the rabbit Langendorff heart (using hundreds of data points on APD60 and triangulation). For
these models we evaluated the performance of PLS (Simca), neural networks (SARA), decision
trees (RuleQuest) and Bayesian statistics (SciTegic).
In conclusion, the newly developed multi-channel predictive models classified compounds better
than the experimental ion channel binding assay data alone.

Poster Session
COMP 271 [999649]: Prediction of conformational
polymorphism for molecular crystal
Shigeaki Obata, Naofumi Nakayama, and Hitoshi Goto, Department of technology, Toyohashi
university of technology, 1-1 Hibarigaoka, Tenpaku-cho, Toyohashi-shi Aichi-ken, Japan, Fax:
+81-532-48-5588, obata@cochem2.tutkie.tut.ac.jp, Phone: +81-532-48-5588

Abstract
Computational prediction of an organic crystal structure and its polymorphism can provide
useful
information for analyses of crystal growth and crystal habit, and predictions of physical and
optical properties in crystal phase. Therefore, in order to predict the crystal packing of organic
compound, we have developed a new crystal calculation method including prediction of
conformational polymorphism by using our original conformation search program (CONFLEX)
and
crystal packing application (KESSHOU). As the first step in this method, conformers of flexible
molecule are generated in gas phase, and then, virtual crystal structures constructed from those
conformers are subjected to crystal structure optimization. Finally, conformational

polymorphism
of the molecule can be estimated by comparing packing energies of energy-minimum crystal
structures on a reliable potential energy hypersurface. In this work, conformational
polymorphism problem in the aspirin crystal will be discussed.

Poster Session
COMP 272 [987962]: Protein long loop structure
prediction:
Advances in sampling method and implicit solvent model
Kai Zhu, David L. Pincus, Suwen Zhao, and Richard A. Friesner, Department of Chemistry,
Columbia University, 3000 Broadway, New York, NY 10027, kaizhu@chem.columbia.edu,

Abstract
We have developed an improved sampling algorithm and energy model for protein loop
prediction, the combination of which has yielded the first methodology capable of achieving
good results for the prediction of loop backbone conformations of 11 residue length or greater.
Applied to our newly constructed test suite of 104 loops ranging from 11 to 13 residues, our
method obtains average/median global backbone root-mean-square deviations (RMSDs) to the
native structure (superimposing the body of the protein, not the loop itself) of 1.00/0.62Å for
11
residue loops, 1.15/0.60Å for 12 residue loops and 1.25/0.76Å for 13 residue loops. Sampling
errors are virtually eliminated while energy errors leading to large backbone RMSDs are very
infrequent, as compared to any previously reported efforts, including our own previous study.
We attribute this success to both an improved sampling algorithm and, more critically, the
inclusion of a hydrophobic term, which appears to approximately fix a major flaw in SGB/NP
solvation model that we have been employing.

Poster Session
COMP 273 [998137]: Pushing the boundaries of molecular
docking with decoys and model systems
Alan P. Graves, Graduate Group in Biophysics, University of California San Francisco, 1700
4th
Street, Byers Hall Rm 501, San Francisco, CA 94143, agraves@blur.compbio.ucsf.edu, Phone:
415-514-4253, and Brian K. Shoichet, Department of Pharmaceutical Chemistry, University
of California, San Francisco

Abstract
Molecular docking is widely used to predict novel lead compounds for drug design. The likelihood
of discovering a new lead largely depends on the strength of the docking scoring function. An
imperfect scoring function can lead one astray by predicting incorrect ligand conformations or
by
selecting non-binding molecules over true ligands. These false-positive hits may be referred to
as “decoys”. Previously, we published a database of geometric and hit-list decoys predicted by
our force field-based scoring function, DOCK3.5.54, two knowledge-based scoring functions,
and
three empirical scoring functions for several well characterized model protein systems that
range
in complexity from a small, hydrophobic, binding cavity to real drug targets. We are using the
decoys from our model protein systems as well as prospectively testing novel hits to compare
and push the limits of more energetically sophisticated scoring schemes. A clear understanding

of the strengths and weaknesses in the ability of these methods to accurately distinguish correct
geometries and true binders from decoys will ultimately direct the optimization and
improvement of our current docking models.

Poster Session
COMP 274 [996857]: Q-Chem 3.0: More chemistry, faster
Jing Kong, Q-Chem Inc, 5001 Baum Blvd, Pittsburgh, PA 15213, jkong@q-chem.com,
Phone:
412-687-0695

Abstract
Q-Chem is an ab initio quantum chemistry program. To bring you some of the most recent
developments in quantum chemistry, we have made the new release of Q-Chem 3.0, which
includes the following features/improvements: a) NMR chemical shifts for large structures in
O(N) time; b) DFT calculations with thousands of basis functions with fast Coulomb; c) MP2 at
the speed of HF and DFT with RI-MP2; d) A family of EOM-CCSD methods for the ground and
excited states of difficult systems, especially open-shell systems; e) Efficient valence
correlation models for bond-breaking; f) Improved efficiency for derivatives and triple
corrections; g) QM/QM, QM/MM hybrid methods; 7. Anharmonic correction; h) Rigorous
continue-medium solvation model.

Poster Session
COMP 275 [995613]: QM(SCC-DFTB)/MM molecular
dynamics and free energy simulations of histone
methyltransferases
Haobo Guo and Hong Guo, Department of Biocehmistry & Cellular & Molecular Biology,
University of Tennessee, M407 Walters Life Sciences, University of Tennessee, Knoxville, TN
37996, hguo2@utk.edu, Phone: 865-974-3830

Abstract
The QM(SCC-DFTB)/MM molecular dynamics and free energy simulations have been performed
on histone methyltransferases and several mutants for understanding the catalytic mechanism
and substrate specificity for this family of enzymes.

Poster Session
COMP 276 [993340]: QM/MM study of spectral tuning in bR
and sRII
Michael Hoffmann1 , Marius Wanko1 , Paul Strodel2 , Walter Thiel3 , Thomas Frauenheim4 ,
Klaus
Schulten5, Emad Tajkhorshid6, and Marcus Elstner7. (1) Theoretische Physik, Universitaet
Paderborn, Pohlweg 55, Paderborn 33098, Germany, hoffmann@phys.uni-paderborn.de,
Phone:
+49 5251 60 2332, (2) Department of Physics, University of Paderborn, (3) Max-PlanckInstitut
für Kohlenforschung, (4) Bremen Center for Computational Materials Science, Bremen
University, (5) Department of Physics and Beckman Institute, U. of Illinois at
Urbana-Champaign, (6) Theoretical and Computational Biophysics Group, University of Illinois
at
Urbana Champaign, (7) Theoretical Chemistry, TU Braunschweig

Abstract

The mechanism of color tuning in the rhodopsin family of proteins, that comprises amongst
others the photoreceptor pigments involved in vision, has been studied by comparing the optical
properties of the light-driven proton pump bacteriorhodopsin (bR) and the light detector
sensory
rhodopsin II (sRII). Although showing a high structural similarity the maximal absorption is
blue-shifted from 568 nm in bR to 497 nm in sRII. Despite several experimental and
theoretical
studies, the molecular mechanism of this shift is still a matter of debate.
We have applied a QM/MM technique, using SCC-DFTB for ground state properties and the
OM2/MRCI and SORCI method for excited states calculations, to determine the absorption
spectra of these two retinal proteins. The high efficiency of the methodology has allowed us to
study dynamical effects, the effect of mutations on the absorption energies as well as the
contribution of different protein side chains to the spectral shift.

Poster Session
COMP 277 [998202]: QSAR studies of anti-HIV-1 Ritonavir
analogs
Raghava Chaitanya Kasara1 , Barun Bhhatarai2 , and Rajni Garg2 . (1) Chemistry Department,
Clarkson University, Potsdam, NY 13676, Fax: 315-268-6610, kasarar@clarkson.edu,
Phone:
315-268-2357, (2) Department of Chemistry, Clarkson University, Potsdam, NY 136995812,
bhhatarb@clarkson.edu, Phone: 315-268-2357

Abstract
The aspartic protease (PR) of the human immunodeficiency virus type-1 (HIV-1) is an
important
target for the design of specific anti-viral agents. QSAR models were developed for a large
dataset of Ritonavir analogues, which are anti-HIV-1 peptidic protease inhibitors. These models
clearly indicate that hydrophobicity of the molecules plays an important role in the inhibition
of
the viral protease. It is hoped that these studies would help in the design of more effective
HIV-1 peptidic protease inhibitors with improved antiviral activity, enzyme inhibition, and
better
pharmacokinetic properties. Additionally, these models may have the potential to be used as
screening tools for searching large databases for new leads.

Poster Session
COMP 278 [1012633]: Quantum mechanical investigation of
stacked DNA bases
Ian R. Gould, Department of Chemistry, Imperial College, Exhibition Road, london SW7 2AY,
United Kingdom, Fax: 44 207 5945809, i.gould@imperial.ac.uk, Phone: 44 0207 5945809

Abstract
The interaction of Hydrogen-bonded DNA base pairs is well determined at the quantum
mechanical level of description whether one uses HF, DFT, MP2 or CCSD(T). However, the
nature of the Pie-stacking interactions is much more difficult to investigate due to the
dispersive
nature of the interaction and so requires the application of high quality correlation methods. In
this work we investigate a series of Pie-stacked base-pairs taken from known crystal

structures
using DFT, MP2, Localised MP2 and CCSD(T).

Poster Session
COMP 279 [990745]: Quasiclassical trajectory study of the
vibrational quenching of hydroxyl radicals through collision
with O atoms
R. Viswanathan1, M. Dolgos2, and R. J. Hinde2. (1) Department of Chemistry, Yeshiva
University, 500 West 185th Street, New York, NY 10033, raji@yu.edu, Phone: 212-9605443, (2)
Department of Chemistry, University of Tennessee

Abstract
The collisional removal of vibrationally excited OH radicals by O atoms is studied by the
quasiclassical trajectory method. To evaluate the effect of different topological features on the
scattering processes two different global potential energy surfaces, DMBE IV and TU, are used.
Results for reactive, exchange, and inelastic scattering probabilities are reported for central
collisions with a fixed relative translational energy for vibrational levels of OH ranging from
v=1
to v=8. Vibrational state distributions of product molecules are also compared on the two
potential energy surfaces. Both surfaces predict higher probabilities for reaction than for
exchange or inelastic scattering. The vibrational state distributions of the product diatomic
molecules are different on the two surfaces. While multiquanta transitions are observed on the
DMBE IV PES, such transitions are less probable on the TU PES.

Poster Session
COMP 280 [997355]: Rationalizing the observed trends in
ring opening polymerizations of several lactones using
1,5,7–Triazabicyclo[4.4.0]dec–5–ene (TBD) as catalyst:
Towards establishing a reaction mechanism
Anthony M Chuma, The Center on Polymer Interfaces and Macromolecular Assemblies
(CPIMA), Stanford University, IBM Almaden Research Center, 650 Harry Road, San Jose, CA
95120, achuma@us.ibm.com, Phone: (408) 927-1138

Abstract
Rationalizing the observed trends in ring opening polymerizations of several lactones using
1,5,7–Triazabicyclo[4.4.0]dec–5–ene (TBD) as catalyst: Towards establishing a reaction
mechanism
Anthony Chuma, Julia E. Rice, Hans Horn, Russell C. Pratt, Bas G. G. Lohmeijer, Robert M.
Waymouth and James L. Hedrick
IBM Almaden Research Center, 650 Harry Road, San Jose, California 95120; Stanford
University, Stanford, California 95032
Ring-opening polymerization (ROP) of cyclic esters is the most common way to create
polyesters with controlled, high molecular weights. The reaction has historically been catalyzed
by metal compounds but biomedical and microelectronic applications of these polyesters
necessitate the use of metal-free catalysts. While development of metal-free organocatalytic
ROPs of cyclic esters has enjoyed considerable success, using either a bifunctional
aminothiourea
catalyst [1] or more recently a bifunctional 1,5,7–Triazabicyclo[4.4.0]dec–5–ene (TBD)

catalyst
[2], details of the mechanism are less well-understood. In fact, different proposals have been
suggested for the mechanism of action of these catalysts. One mechanism involves activation of
the cyclic ester by nucleophilic attack (of the catalyst) at the carbonyl center [2]. Another
mechanism involves activation strictly through hydrogen bonding [1]. These alternative
mechanisms will be compared and contrasted using density functional methods, and the
ramifications of the most likely mechanism on future catalyst design will be discussed.
[1] Dove, A.P.; Pratt, R.C.; Lohmeijer, B.G.G.; Waymouth, R.M.; Hedrick, J.L, J. Am. Chem.
Soc. 2005, 127, 13798. [2] Pratt, R. C.; Lohmeijer, B. G. G.; Long, D. A.; Waymouth, R. M.;
Hedrick, J. L., J. Am. Chem. Soc. 2006, 128, 4556.

Poster Session
COMP 281 [998657]: Recognition and dynamic gating in
DNA
intercalation
Shu-Hao Yeh and Jung-Hsin Lin, School of Pharmacy, National Taiwan University, Room
1236,
12F No.1 Ren-Ai Road Sec. 1, Taiwan, Fax: 886-2-23919098, r94423004@ntu.edu.tw,

Abstract
Anthracyclines such as doxorubicin and daunomycin are important anti-cancer agents and are
well-known DNA intercalators. However, the dynamic intercalating processes of these
intercalators are seldom discussed. Here we conducted molecular dynamics simulation with the
umbrella sampling technique to investigate the dynamic association and dissociation processes
of these intercalators. For comparsion of solvent models, the DNA-intercalator complexes were
first equilibrated with the generalized Born model and explicit waters, respectively, and then
the
dissociation process was performed by dragging the intercalators out of DNA with many
sucessive windows. It was observed that after the intercalators have left the intercalation site,
the distance between base pairs soon recovered to a normal range. Subsequently, the simulation
for the association process was performed to investigate the recognition and dynamic opening of
the intercalation site. Finally, the potentials of mean force (PMF) were calculated by the
weighted histogram analysis method (WHAM) and the dissociation rate constants were
estimated and compared with the experimental values.

Poster Session
COMP 282 [998702]: Refining loop conformations in
comparative models
Ben Sellers, Graduate Group in Biophysics, University of California, San Francisco, 600
16th
Street, Room N472, San Francisco, CA 94143, sellersb@gmail.com, Phone: 415-342-1863,
Kai
Zhu, Department of Chemistry, Columbia University, Jerome P Nilmeier, Graduate Group in
Biophysics, UC San Francisco, and Mattew P. Jacobson, Department of Pharmaceutical
Chemistry, University of California San Francisco

Abstract
Loop prediction is an essential step in refining comparative models. Though current methods
have been successful in re-predicting loops within crystal structures, such methods generally
perform worse on similar loops within comparative models. We have developed a method for

predicting loops when the loop surroundings are incorrect by augmenting our current loop
prediction algorithm to simultaneously optimize nearby side chains. We have validated our
methodology on perturbed crystal structures in which loops were deliberately moved away from
the native conformation and regional side chains were allowed to re-optimize around the
incorrect loop. We then applied this technology to the refinement of comparative models of
antibodies and have seen an increase in accuracy in the majority of cases with our new method.

Poster Session
COMP 283 [1001085]: RI-CIS(D): Efficient perturbative
correction on CIS
Young M. Rhee, Department of Chemistry, University of California Berkeley, Berkeley, CA
94720, ymrhee@gmail.com, Phone: 510-642-9304, and Martin Head-Gordon, Department of
Chemistry, University of California Berkeley and Chemical Sciences Division, Lawrence
Berkeley National Laboratory

Abstract
A perturbative correction scheme of configuration interaction with single substitution
(CIS(D)) is
further developed. The method utilizes the resolution of the identity (RI) approximation for
efficient evaluations of various electron repulsion integrals. Use of the approximation
introduces
negligible errors in the excitation energies, compared to the original CIS(D) energies. The
scaling property of the method is discussed together with its applicability to electronic
excitations in biological molecules, where the time-dependent density functional theory
(TDDFT)
may fail due to significant charge transfer characteristics in the excitations.

Poster Session
COMP 284 [1000526]: RNA Loop prediction
Laura Dominguez and Matthew P Jacobson, Department of Pharmaceutical Chemistry,
University of California San Francisco, 600 16 street, Box no. 2240, San Francisco, CA
94143, lauraok@gmail.com, Phone: 415 244 8441

Abstract
RNA carries out a wide variety of biological functions. We know that most of the RNA structure
exists as double-helix, but the active or the binding site is mostly present in the pseudoknot
region of RNA. We are trying to find a methodology to predict the structure of these pseudoknot
regions. We use the protein modeling program PLOP to predict the RNA loop/pseudoknot
structures. PLOP uses an all-atom force field and implicit solvent models as well as
crystallographic symmetry and ionic strength as different values. We used crystallographic
structures with resolution below 2.2 Angs as a validation set. Accuracy of the results are
measured using backbone root-mean-square deviations. The best predicted structures have
RMSDs in the range of 0.4-1.1 Angstroms.

Poster Session, Sci-Mix
COMP 285 [997230]: Shrinking residues for enhanced
Monte
Carlo sampling for proteins
Sara E. Nichols1 , Julian Tirado-Rives2 , and William L. Jorgensen2 . (1) Department of
Computational Biology and Bioinformatics, Yale University, William L. Jorgensen Research

Group, New Haven, CT 06511, sara.nichols@yale.edu, Phone: 203-432-6288, (2)
Department of
Chemistry, Yale University

Abstract
Sampling a variety of conformations of a protein is important for understanding the energetics
of its structure. Due to the presence of many degrees of freedom, steric clashes present a major
hurdle of randomly traversing conformational space efficiently. When sampling the energy
surface using a Metropolis criterion, how one generates a new trial structure has a significant
impact on whether the structure will be accepted. We propose a novel algorithm that involves
randomly shrinking side-chains in order to sample more diverse dihedral distributions, and
influence local environments with out major disruption of global structure. The main focus of
this work is to generate structures with increased sampling diversity while searching for
global minima.

Poster Session
COMP 286 [996180]: Silanol/catechol hydrogen bonding as
a clue for the adhesion of marine mussel: Density
functional
theoretical studies
Young Seuk Cho, Division of Mathematics and Statistics, Pusan National University, Miryang
627-706, South Korea, Fax: +82-55-350-5339, choys@pusan.ac.kr, Phone: +82-55350-5331,
Junkyung Jang, Department of Nanomaterials, Pusan National University, and Sungu Hwang,
Department of Nanomedical Engineering, Pusan National University

Abstract
Mussel adhesive proteins display an extraordinary capability to adhere to various substrates
underwater. One common feature of all adhesive proteins isolated from mussels is the presence
of high level of the amino acid 3,4-dihydroxyphenyl-L-alanine (DOPA). The DOPA residues are
believed to play a key role both in the chemisorption of the polymers to substrates underwater
and in the covalent cross-linking of the adhesive. In order to understand the binding of DOPA,
we performed a density functional theoretical study on the clusters representing catecholsilanol
interactions. We compared the interactions with phenol-silanol, catechol-water, and
phenol-water interactions, and other intermolecular hydrogen bonding.

Poster Session
COMP 287 [995329]: Structure development of
compressible
block copolymer systems
Junhan Cho, Department of Polymer Science and Engineering, Dankook University, San-8,
Hannam-dong, Yongsan-gu, Seoul 140-714, South Korea, Fax: 822-709-2614,
jhcho@dku.edu,

Abstract
Recently, a new and simple field-theoretic computer simulation method for polymeric systems
that allows for finite compressibility and pressure effects has been developed based on a
compressible random-phase approximation (RPA) theory. Free volume effects are incorporated
in the free energy functional for the dissipative dynamics through effective RPA interactions

that
account for the excluded volume and the attractive nonbonded interactions. Block copolymers
with various type of self-assembly behavior are considered here. Such behavior includes upper
order-disorder transition (UODT), reverse lower disorder-order transition (LDOT),
immiscibility
loop, and barotropicity/baroplasticity. Our special interest is devoted through the fieldtheoretic
simulations to the structure development of ABC triblock copolymer melts and films with mixed
UODT and LDOT behavior, and their pressure responses in connection with input molecular
parameters for constituent blocks.

Poster Session
COMP 288 [1012634]: Structure-based de novo design:
Fantasy or opportunity?
Huifen Chen, Computer Assisted Drug Discovery, Discovery Technologies, Pfizer Global
Research and Development, Ann Arbor Labs, 2800 Plymouth Rd, Ann Arbor, MI 48105, Fax:
734-622-2782, Huifen.Chen@pfizer.com, Phone: 734-622-1614, Man Chang, ComputerAssisted
Drug Discovery, Pfizer Global Research & Development, and Jack Andrew Bikker, Pfizer Global
Research & Development, Ann Arbor Laboratories

Abstract
Structure-based drug design has played an increasingly important role in the drug discovery
process owing to the recent developments in structural biology and computational modeling
tools. This has been accelerated by the increasing availability of protein-ligand co-crystal
structures for many drug targets. However, the traditional SBDD approach is still slow and
highly dependent on the intellect of the individuals involved. Could existing de novo design tools
help accelerate the SBDD process and provide meaningful and non-obvious ideas? Case studies
using several well-studied protein targets have been carried out and the outcomes will be
presented.

Poster Session
COMP 289 [998340]: Targeting protein-protein inhibition
with the multiple protein structure method
Anna L. Bowman, Kristin L. Meagher, and Heather A. Carlson, Department of Medicinal
Chemistry, University of Michigan, Ann Arbor, 428 Church Street, Ann Arbor, MI 48109,
abowman@umich.edu, Phone: 734-615-9092

Abstract
There is a strong interest in inhibiting protein-protein interactions. However, because of their
large and often shallow interfaces protein-protein interactions are notoriously difficult to
inhibit
with small molecules. We present a technique to target such binding sites with ensembles of
protein structures from molecular dynamics simulations. We start by showing our success with
HIV-1 protease. This central target of AIDS treatment is a classic example of successfully
targeting a protein-protein interaction with a therapeutic small molecule. We then outline how
this technique is being used to target the binding cleft of p53-HDM2. The p53-HMD2 system is
of critical importance in cell cycle control and it is a key target for the development of new
anti-cancer therapies. We are using high-throughput screening coupled with our models to
discover new inhibitors for these systems.

Poster Session
COMP 290 [997653]: The CHECKIN program: Design and
implementation of an automated process for submitting
open-access NMR data for compound validation and
registration
James F. Mattes, Chemical and Screening Sciences, Wyeth Research, 865 Ridge Road,
Monmouth Junction, NJ 08852, Fax: 732-274-4850, mattesj@wyeth.com, Phone: 732274-4644,
Alvin C. Bach, Discovery Analytical Chemistry, Wyeth Research, and Walt Massefski, Chemical
&
Screening Science, Wyeth Research

Abstract
At Wyeth we have implemented a computer application called CHECKIN to submit open-access
NMR data for compound validation and registration. This process usually requires the requestor
to submit a sample to Discovery Analytical Chemistry (DAC) for NMR analysis. DAC staff
prepare an NMR sample, which is used to collect data that is reviewed by DAC for consistency
with the proposed compound structure. This evaluation process is designed to reduce the number
of misidentified compounds submitted to the corporate library by having a second set of eyes
examine the data for each submission.
The new computer application allows the requestor to select previously acquired open-access
NMR data and enter it into the standard workflow for evaluation. The CHECKIN application saves
time for the requestor and DAC staff, and saves compound library material for Wyeth. An
explanation of the workflow and implementation for Bruker and Varian data will be presented.

Poster Session
COMP 291 [995346]: Theoretical investigation of the low
energy structures of Si x L y c l u s t e r s
John D. Head, Department of Chemistry, University of Hawaii, 2545 The Mall, Honolulu, HI
96822, Fax: 808-956-5908, johnh@hawaii.edu, Phone: 808-956-5787, and Yingbin Ge,
Ames Laboratory, Iowa State University, Ames, Iowa 50011

Abstract
We will discuss a computational strategy for theoretically identifying the most stable
structures
for fully passivated Si clusters obtained using ab initio calculations. The global optimization
procedure uses a genetic algorithm based search procedure which has been developed in our
laboratory. Since the search procedure entails performing local geometry optimization
calculations on several thousand SixLy clusters we will also describe the fast NDO based
semiempirical method we have developed for prescreening the cluster energies. We will
illustrate our computational strategy by discussing the low energy structures we have
determined for the Si10H16, Si10F16 and Si10(OH)16 and related clusters. Not too surprisingly
we find the Si core in the global minima of SixHy clusters, such as Si10H16, to resemble a
fragment of the bulk Si lattice providing there is enough H atoms to completely saturate the
cluster surface. Whereas, we have found a very different global minimum structure for the
Si10F16 cluster presumably because of high F atom electronegativity which favors formation of
SiF3 groups on the cluster surface. We will present the global minimum for the Si10(OH)16
cluster where the ligand acts as an intermediate electronegativity case between the
hydrogenated and fluorinated silicon clusters.

Poster Session
COMP 292 [1000044]: Theoretical study of the binding of
ligands to zinc sulfide nanoparticles
Mark Turner and Peter Pulay, Department of Chemistry and Biochemistry, University of
Arkansas, Fayetteville, AR 72701, moturne@uark.edu, Phone: 479-575-5080

Abstract
Nanoparticles composed of II-VI semiconductors, for instance zinc sulfide and selenide, are only
stable if their surfaces are protected by ligands. The ligands are mostly hydrocarbon chains
with
a functional group, mostly carboxyl or thiol. However, the detailed mechanism of the binding of
these ligands to the nanoparticle is unknown. The present calculations explore possible binding
configurations of ligands to ZnS nanoparticles with wurtzite structure, using density functional
theory.

Poster Session
COMP 293 [994746]: Theoretical study to investigate
HHR3/HHR4 selectivity: Receptor modeling and molecular
docking of histamine ligand
Jingfa Xiao, department of chemistry, Unoversity of Utah, Salt Lake City, UT 84112,
jingfa@mercury.hec.utah.edu, Phone: 801-581-5465

Abstract
The histamine receptor belongs to the family of G-protein-coupled receptors (GPCRs), which
represents one of the most relevant target families in small-molecule drug design. Molecular
modeling methods have been applied to construct three-dimensional models for histamine ligand
complexes with human H3 and H4 receptor subtypes (HHR3 and HHR4), using the bovine
rhodopsin crystal structure as a template for the modeling study. The HHR model was generated
using the MODELLER approach and the transmembrane helices of HHR were identified by the
Hidden Markov method. Different histamine ligands, in particular the
indoly-2-yl-(4-methyl-piperazin-1-yl)-methanones analogues, were docked into the HHR3
and
HHR4, to evaluate the agreement between theoretical and experimental results as regards their
HHR3/HHR4 selectivity. The different position of aromatic region in the two receptors might
explain the structural basis of this biological property.

Poster Session
COMP 294 [999127]: Thermal unfolding of polyalanine in
water by molecular dynamics simulations and theoretical
prediction of infrared spectra: Helix-coil transition kinetics
Seongeun Yang and Minhaeng Cho, Department of Chemistry, Korea University, Anam-dong,
Seongbuk-gu, Seoul 136-701, South Korea, Fax: 82-2-3290-3121, seongeun@korea.ac.kr,
Phone: 82-2-3290-3548

Abstract
Vibrational spectroscopies combined with laser-induced temperature jump (T-jump) method
have been powerful in tracking the fast events occurring in submicroseconds, such as secondary
structure formations. The unfolding of ••-helix forming Ala-based polypeptides has been
extensively studied by these techniques as well as by molecular dynamics (MD) simulations.

But
most computational studies lack insights into kinetics perspective based on spectroscopic
observations. We studied the helix-coil transition kinetics of a homopolymeric polyalanine by
carrying out T-jump MD simulations and calculating one-dimensional infrared (1D IR) spectra
to
investigate the dependence on force fields and T-jump magnitudes. MD simulation results
suggest definitely the presence of 310-helix, but we demonstrate that the amide I 1D IR spectra
cannot resolve 310-helix separately, as well known experimentally. We find that the
conventional criteria do not guarantee the validity of two-state mechanism. Instead, we suggest
a new set of spectroscopic criteria to determine the transition temperature of polypeptides.

Poster Session
COMP 295 [999939]: Time-domain ab initio simulation of
electron and hole relaxation dynamics in a single-wall
semiconducting carbon nanotube
Brad F. Habenicht, Colleen F. Craig, and Oleg V. Prezhdo, Department of Chemistry,
University
of Washington, Seattle, WA 98195-1700, cfcraig@u.washington.edu, Phone: 206-543-2738

Abstract
The electron and hole relaxation in the (7,0) zig-zag carbon nanotubes is simulated in time
domain using a surface-hopping Kohn-Sham density functional theory. Following a
photoexcitation between the second van Hove singularities, the electrons and holes decay to the
Fermi level on characteristic subpicosecond timescales. Surprisingly, despite a lower density of
states, the electrons relax faster than the holes. The relaxation is primarily mediated by the
high frequency 1500 cm-1 C-C stretching longitudinal optical (LO) phonons. Hole dynamics are
more complex than the electron dynamics: in addition to the LO phonons, holes couple to lower
frequency breathing modes and decay over multiple time-scales.

Poster Session
COMP 296 [1000841]: Trajectory surface-hopping
molecular
dynamics: Backtransfer in a dye-sensitized semiconductor
system
Colleen F. Craig, Walter R. Duncan, and Oleg V. Prezhdo, Department of Chemistry,
University
of Washington, Seattle, WA 98195-1700, cfcraig@u.washington.edu, Phone: 206-543-2738

Abstract
The mean-field, or Ehrenfest, treatment of electron-nuclear interaction is known to result in
many qualitative failures. Explicit electron-nuclear correlations and state-specific nuclear
dynamics are impossible to model in a mean-field regime, and so this approach cannot
accurately describe processes such as charge dynamics in quantum dots and carbon nanotubes,
or relaxation of biological chromophores. The fewest-switches surface-hopping (FSSH) method
is a popular alternative, since it retains the essential physics – including detailed balance –
while
remaining computationally simple. Here we present an implementation of FSSH methodology
coupled with the Kohn-Sham (KS) scheme for time-dependent density functional theory
(TDKS). The FSSH-TDKS method is illustrated with calculations of backtransfer at the

alizarin-TiO2 interface following the initial dye-to-semiconductor ultrafast electron transfer;
these results are compared to traditional mean-field results.

Poster Session
COMP 297 [998684]: Valence selectivity of the gramicidin
A
channel
Jin Woo Park, Youn Jo Ko, and Won Ho Jo, Hyperstructured Organic Materials Research
Center
and School of Materials Science and Engineering, Seoul National University, Seoul 151-742,
South Korea, jinu1115@snu.ac.kr, Phone: 82-2-880-8021

Abstract
Ion channels are membrane proteins that allow rapid movement of ions across membranes.
Gramicidin A (gA) channel, the simplest one, is formed by head-to-head association of two
monomers at their amino termini, one from each bilayer leaflet. The gA channel structure is
known at atomic resolution and the channel's permeability characteristics are well defined. The
gA channel is selective for monovalent cations, with no measurable permeability to anions or
polyvalent cations. In this work, we have investigated the conduction of a single ion through the
gA channel by using molecular dynamics (MD) simulations. To simulate complete, continuous
conduction events of a single ion through the channel within a feasible computing time, we use
the steered molecular dynamics (SMD) technique that accelerates the conduction by applying
external forces on a single ion in a manner that still retains the intrinsic conduction
mechanism.
Employing Jarzynski's equality between free energy and irreversible work, we can obtain the
free energy profile along the conduction pathway through a time series analysis of MD
trajectories. The calculated profile pinpoints barriers and binding sites inside the channel. We
examine valence selectivity of the gramicidin A channel by performing SMD of K+ and Ca2+.

Poster Session
COMP 298 [998988]: Variational transition state theory
with
multidimensional tunneling with Block Hessians
Yao-Yuan Chuang, Department of Applied Chemistry, National University of Kaohsiung, 700
Kaohsiung University Rd., Nan-Tzu District, Kaohsiung, Taiwan, Fax: 886-7-5919351,
ychuang@nuk.edu.tw, Phone: 886-7-591-9460

Abstract
Variational Transition State Theory with Multidimensional Tunneling (VTST/MT) has been used
for calculating the rate constants of reactions in both gas and condensed phases. The Hessian
matrix update method has been used to reduce the computational costs in geometry
optimization and trajectory following procedures. In this poster, we apply VTST/MT with
updated
Hessian matrices to calculate the rate constants of five reactions. Although we found that using
updated Hessians calculated based on the Hessian matrix evaluated at the saddle point will not
generate good vibrational frequencies. However, we can obtain reasonable rate constants either
by re-computing the full Hessian matrices at fixed intervals or by applying the Block Hessians
which is constructed by numerical one-side differences in the “critical” region and applying
the
Bofill updating scheme for the rest of the Hessian elements. The mean unsigned percentage

deviation (MUPD) of four studied reactions is 21 with the Block Hessians and the MUPD of the
fifth reaction which is the association of HBr and C2H2 is 75. Using Block Hessians with
VTST/MT calculation is attractive since it can be easily parallelize to a cluster environment if
one
calculates rate constants of a large system or applying complex ab initio method without
analytical Hessians form.

Poster Session
COMP 299 [997688]: Vibrational analysis of n-butyl,
isobutyl, sec-butyl and tert-butyl nitrite
Ryan P. McLaughlin1 , William A. Donald2 , Yuyuan Zhang3 , and Duangporn Jitjai1 . (1)
Department of Chemistry, Seattle University, 901 12th Avenue, P.O. Box 222000, Seattle, WA
98122-1090, mclaughlinr@seattleu.edu, Phone: (206) 296-5943, (2) University of
California,
Berkeley, (3) University of Southern California

Abstract
Density functional theory and Moeller-Plesset calculations using 6-31G* and 6-311G* basis
sets
were used to determine ground state molecular geometries and vibrational frequencies of
n-butyl, isobutyl, sec-butyl and tert-butyl nitrite. The presence of cis and trans rotational
conformers of these four nitrite compounds was also examined. The cis-type conformers
calculated for n-butyl, isobutyl and sec-butyl all show evidence of an internal pseudo-hydrogen
bond between the nitrite group and the alpha-carbon hydrogen atoms. Raman and infrared
spectra of these compounds have also been measured, and, along with the ab initio calculations,
were used to perform partial vibrational mode assignments for the observed transitions,
including, where possible, assignments for the different conformers. The characteristic N=O
stretch frequency for the trans conformer of all compounds examined here was predicted to
decrease with increasing branching at the alpha-carbon, while the same mode for the cis
conformer of the compounds illustrates no change among the primary and secondary nitrites.
Furthermore, a decrease in the relative number of cis to trans conformers was observed from
n-butyl and isobutyl to sec-butyl nitrite. Vibrational spectra of tert-butyl nitrite show that
only
the trans conformer of this compound is present.

Poster Session
COMP 300 [964889]: Calculating the conductivity of single
molecules: Going beyond coherent transport
Alessio Gagliardi1 , Thomas Frauenheim2 , Alessandro Pecchia3 , and Aldo Di Carlo3 . (1)
Department of Theoretical Physics, Paderborn University, Vogeliusweg 25.2.1.14, Paderborn
33098, Germany, gagliard@phys.upb.de, Phone: 0049-5251-602325, (2) Department of
Theoretical Physics, Bremen University, (3) Department of Electronic Engeneering,
University of
Rome "Tor Vergata"

Abstract
Today molecular electronics present many challenges for both theory and experiment. Our
interest is in the most fundamental system of a single molecule bound to metallic electrodes
under the effect of a bias. Despite its simplicity this system involves many problems. High level
quantum chemical methods are too computationallyexpensive to treat the very large clusters

required to simulate the real semi-infinite electrodes (hundreds of atoms). On the other hand,
lower level methods are often unable to catch the real behaviour of molecular systems present
between the electrodes. In this work we present the development of a code to describe
conductivity inside molecular devices. We implement non-equilibrium Green's function
formalism (NEGF) with the use of density functional tight binding (DFTB) for the electronic
structure. DFTB is in essence a tight binding formalism parametrised using DFT. DFTB is able to
describe large systems (many hundreds of atoms) with similar accuracy to DFT whilst avoiding
the cost of full DFT implementations. Beyond the difficulties in the electronic structure
calculation the transport component of the problem presents its own challenges. When a bias is
applyed a current starts to flow trough the system. So fort the part of the device really
described in our simulations is just a subsytem. In order to describe the open boundary
conditions we use the Green function formalism. The formalism is able to catch other important
aspects of the process, like the effect of the bias on the charge distribution, the scattering
processes induced by the vibrations of the molecule (vibrons) and the electrons and the dynamic
correlation among electrons.

Poster Session
COMP 301 [979455]: Docking of novel reversible
monoamine
oxidase-B inhibitors: Efficient prediction of ligand binding
sites and estimation of inhibitors thermodynamic
properties
Kemal Yelekci, Faculty of Arts and Sciences, Kadir Has University, Fatih 34230, Istanbul,
Turkey, Fax: +90 212 533 6515, yelekci@khas.edu.tr, Phone: +90 212 533 6532, and
Mustafa
Toprakci, Medical School, Istanbul Bilim University

Abstract
Monoamine Oxidase (MAO, EC 1.4.3.4) is a flavoenzyme bound to the mitochondrial outer
membrane and is responsible for the oxidative deamination of neurotransmitter and dietary
amines. It has two distinct isozymic forms, designated MAO-A and MAO-B, with each displaying
different substrate and inhibitor specificities. They are the well-known target for
antidepressant
and neuroprotective drugs. Elucidation of the x-ray crystallographic structure of MAO-B has
opened the way for molecular modeling studies. In this study 15 reversible and selective MAO-B
inhibitors have been docked computationally to the active site of the MAO-B enzyme. AutoDock
3.0.5 was employed to perform the automated molecular docking. The result of docking studies
generated the inhibitors' thermodynamic properties such as free energy of bindings and
inhibition constants. Moreover, 3D pictures of inhibitor-enzyme complexes afforded invaluable
data regarding the binding orientation of each inhibitor in the active site of MAO-B.

Poster Session
COMP 302 [958352]: DFTB/MM studies on wetting
behavior
and adsorption reactions on technical surfaces
Jan M. Knaup1 , Christof Köhler2 , Thomas Frauenheim3 , Marc Amkreutz4 , Peter Schiffels4 ,
and
Otto-Dietrich Hennemann4. (1) Theoretical Physics, University of Paderborn, Warburger Str.

100, D-33098 Paderborn, Germany, knaup@phys.upb.de, Phone: +49-5251-602331, (2)
Theoretical Physics, University of Paderborn, (3) Department of Physics, Universität
Paderborn,
(4) Fraunhofer IFAM

Abstract
We report on studies of the wetting behavior of functionalized SiO2 surfaces and the adsorption
reactions of adhesive component molecules on native Al2O3 surfaces. We investigate the
behavior of small water droplets on different functionalized surface models constructed, using
density functional based tight binding (DFTB), by Monte Carlo methods employing the Dreiding
force field and SPCE water model. The results obtained from these calculations are comparable
to experimental observations. We investigate the condensation of epoxy-resin adhesive
component molecules on hydroxylated gamma-alumina, using the nudged elastic band method
with DFTB forces and energies. Besides providing a qualitative insight into the occupation
competition for surface adsorption sites, our results indicate that QM/MM embedding schemes
including electrostatic interactions will enable us to include solvent effects in future studies of
inorganic/organic hybrid interfaces. First steps towards the development of such embedding
schemes, suitable for highly coordinated inorganic solids, are underway.

Poster Session, Sci-Mix
COMP 303 [967569]: Modeling long-range proton transfer:
New methods and application to the Bacterial Reaction
Center
Peter H. König1, Michael Hoffmann1, Qiang Cui2, and Thomas Frauenheim1. (1) Department
of Physics, Universität Paderborn, Warburger Str. 100, 33098 Paderborn, Germany,
koenig@chem.wisc.edu, Phone: 608 262 6844/608 265 3644, (2) Department of Chemistry,
University of Wisconsin-Madison

Abstract
The computational description of long-range proton transfer (PT) in proteins is still a
formidable
challenge. Its accurate description requires adequate sampling of phase space. We introduce a
new set of reaction coordinates to describe complex proton transfer pathways. In conjunction
with efficient methods such as the SCC-DFTB and QM/MM/continuum electrostatics multiscale
approaches, this allows the dynamical exploration of the free energy surface for PT. This
methodology is applied to compute the potential of mean force for proton transfer along a
curved, 20 A long pathway in the bacterial reaction center (BRC). The dynamics of the protons
transfer processes show the participation of different hydrated proton species. Further, solvent
reorientation around the channel plays a major role. This emphasizes the importance of
dynamical approaches to long-range proton transfer.

Poster Session
COMP 304 [965327]: Rare Earth defects in GaN
Simone Sanna1, Ben Hourahine2, Uwe Gerstmann1, and Thomas Frauenheim3. (1)
Theoretische Physik, Universität Paderborn, Warburger Str. 100, Paderborn, Germany, Fax:
+49
5251-60-3435, sanna@phys.uni-paderborn.de, Phone: +49 5251 602328, (2) SUPA,
Department
of Physics, The University of Strathclyde, (3) Bremen Center for Computational Materials
Science, Bremen University

Abstract
Rare earth (RE) doped semiconductors are suitable materials for new applications in
optoelectronics and spintronics. The important features of the optical emission spectra of RE
doped materials come from sharp intra-f transitions, which are largely unaffected by the
surrounding semiconductor host. The extraordinary magnetic properties of some RE ions is in
part due to the large spin of 4f electrons. Modeling the microscopic structure and properties of
defects involved in these processes presents a substantial challenge to current theoretical
methods. While it is possible to investigate issues of defect stability using pseudo-potential
based approaches (avoiding modeling strongly-correlated electrons), this cannot address
luminescence or spin-ordering in these materials. In attempt to improve the theoretical
description of these systems, a form of the LDA+U method was implemented in the framework
of the DFTB calculation scheme. We present here simulations of several RE ions and associated
defects in wurtzite GaN.

Poster Session
COMP 305 [1000098]: Vibrational spectra and energetics
of the water heptamer anion
Kadir Diri1, Thomas Sommerfeld1, Kenneth D. Jordan1, Joseph R. Roscioli2, and Mark A.
Johnson2. (1) Department of Chemistry and Center for Molecular and Materials Simulations,
University of Pittsburgh, Pittsburgh, PA 15260, kad246@pitt.edu, Phone: 412- 624 8694,
(2)
Sterling Chemistry Laboratory, Yale University

Abstract
In this work we analyze the vibrational spectra of the (H2O)7
- cluster obtained recently by the
Yale part of the team. The spectrum is interesting due to the appearance of different (H2O)7
-

isomers depending on the number of attached Ar atoms. Parallel tempering Monte Carlo
simulations performed using a one-electron model Hamiltonian with Drude oscillators to
account
for the polarization effects and dispersion interactions [Wang, F.; Jordan, K. D. J. Chem. Phys.
2001, 114, 10717] are used to identify low-lying isomers of (H2O)7
-. Selected low-energy
isomers are then characterized by means of the all-electron Becke3LYP, MP2, and CCSD(T)
methods. We propose an assignment of the observed spectra based on comparison of calculated
harmonic spectra and electron binding energies with the corresponding experimental values.
Based on this analysis we conclude that the most stable isomer is not observed experimentally.
This raises intriguing questions about the mechanism of formation of the clusters in the
experiment and the role of the Ar atoms.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 306 [949740]: Computing optical properties of
conformationally flexible molecules
Filipp Furche, Institut für Physikalische Chemie, Universität Karlsruhe, Kaiserstr. 12, D76128
Karlsruhe, Germany, filipp.furche@chemie.uni-karlsruhe.de, Phone: +49(721)608-7227

Abstract
I will review recent extensions and improvements of the time-dependent density functional
(TDDF) treatment of optical and excited state properties. With the advance of computational
methods and technology, molecules can be treated under increasingly realistic conditions, e.g.,
in solution and at finite temperature. These effects are of special importance for optical
rotatory
dispersion (ORD) and circular dichroism (CD) spectra of conformationally flexible molecules,
because small conformation changes can lead to radical changes in the ORD and CD spectra. I
will show that conformational flexibility can be captured by combining TDDF calculations with
ab
initio molecular dynamics simulations. Given a reasonably efficient (TD)DF code, medium-sized
molecules can be reliably treated by this method, as I will demonstrate for several classes of
beta-lactam antibiotics. Solvation effects are included by continuum solvent models.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 307 [952821]: Optical spectra from Tight-Binding
methods: Time dependent DFT vs. Bethe-Salpether
approaches
Thomas A. Niehaus, Theoretical Physics, University of Paderborn, Warburger Str. 100, D 33098 Paderborn, Germany, Fax: 049-5251-60-3435, niehaus@phys.uni-paderborn.de,
Phone:
049-5251-60-2337, and Thomas Frauenheim, Department of Physics, Universität
Paderborn

Abstract
In recent years it was shown that the generalization of density functional theory to time
dependent problems (TDDFT) provides optical spectra with predictive power at a moderate
computational cost. However, also intolerable failures have been reported for charge transfer
excitations in molecules and solid state applications. As an alternative to TDDFT, the solution of
the Bethe-Salpeter equation based on GW quasiparticle energies is expected to overcome these
problems. Focusing on molecular systems, we show how both approaches can be implemented in
the framework of density functional based tight-binding methods. Special emphasis will be
given
on conceptual similarities and differences in the treatment of the electron-hole interaction.
Finally, some benchmark studies will be presented to show which accuracy can be expected from
these approximate theories.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 308 [965925]: Excited state photodynamics on
semi-empirical and QM/MM grounds
Marius Wanko1 , Michael Hoffmann2 , Thomas Keal3 , Paul Strodel1 , Walter Thiel4 , Thomas
Frauenheim5, and Marcus Elstner6. (1) Department of Physics, University of Paderborn,
Warburger Str. 100, D-33098 Paderborn, Germany, Fax: +49-5251-603435,

wanko@phys.upb.de, Phone: +49-5251-602325, (2) Department of Physics, Universität
Paderborn, (3) MPI für Kohlenforschung, (4) Max-Planck-Institut für Kohlenforschung, (5)
Bremen Center for Computational Materials Science, Bremen University, (6) Theoretical
Chemistry, TU Braunschweig

Abstract
The ultrafast dynamics of photo-excited molecular systems is still a young branch of
photochemistry. The enormous progress in fs-spectroscopy has gained new insights in the
formation of excited state intermediates and radiationless decay mechanisms. Despite the wide
information extracted from time-resolved experimental techniques about lifetimes and
energetics, structural details of the detected intermediates are often unknown. Therefore,
theoretical investigations of reaction pathways and simulations of excited state dynamics and
decay play an important part in completing the picture. This work presents recent
methodological developments in semi-empirical surface-hopping approaches and QM/MM
embedding based on the DFTB and OM2/MRCI methods. Prospects for application to biological
systems as well as limitations of the underlying QM methods are reviewed.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 309 [996911]: A comparison of ground and excited
state properties using SCC-DFTB and semiempirical
methods
John M. McKelvey, McKelvey Computational Chemistry, 10819 Middleford Pl, Ft Wayne, IN
46818, JMMcKel@attglobal.net, Phone: 260-489-2160, and Sergei Tretiak, Theoretical
Division,
Los Alamos National Laboratory

Abstract
UV-VIS properties including absorbtion and emission band shapes and Lmax are computed and
compared using semiempirical and SCC-DFTB methods. Ground and excited state geometries as
well as absorbtion and emission band shapes are compared for SCC-DFTB, AM1, NDDO_G, and
in some cases B3LYP DFT methods, all employing ground and excited state vibrational normal
modes. In several cases band shapes computed via refractive index and Duschinski procedures
are compared. Lmax results are compared for time-dependent DFTB, INDO/S, NDDO-G and
AM1 methods.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 310 [994813]: The gDFTB method applied to
transport in Si nanowires and carbon nanotubes
Alessandro Pecchia, Dep. of electronics engineering, University of Rome "Tor Vergata", Via
del Politecnico 1, Rome 00133, Italy, pecchia@ing.uniroma2.it, Phone: ++390672597781,
Luca
Latessa, Electronics Engineering, Università di Roma "Tor Vergata", Thomas Frauenheim,
Bremen Center for Computational Materials Science, Bremen University, and Aldo Di Carlo,
Department of Electronic Engeneering, University of Rome "Tor Vergata"

Abstract
The gDFTB code [1-2] is an extension to non-equilibrium Green's functions formalism of the
density-functional tight-binding (DFTB) method for quantum transport calculations. We
examine
the state of the art of the development of such simulator, including parallel distribution
strategies and sparse algorithms for calculations of the Green's functions. We then show
applications to electronic transport of carbon nanotubes and Si nanowires, promising candidates
for future nanoelectronic devices. A detailed analysis of the I-V characteristics and
subthreashold
behaviour of coaxially gated field-effect transistors is considered. Our atomistic DFT-based
calculations include the effect of reduced screening of such one-dimensional systems, including
the presence of classical and quantum capacitance. Incidentally the simulator is able to catch a
physically interesting negative quantum-capacitance regime [3] which appears in CNT of small
diameter and is due to exchange effects of the electron-electron interactions. Similar
calculations have also been applied to gated Si nanowires of different diameters and growth
directions. Here the effects of quantum capacitance are less strong, and essentially limited only
by the density of states. Device characteristics of short wires are studied in detail, including an
analysis of quantum transport and gate control of the device. We also show calculations
including incoherent transport due to electron-phonon scattering treated within the NEGF
formalism and using realistic phonons of the one dimensional wire.
1) A. Pecchia and A. Di Carlo, Rep. Prog. Phys. 67, 1497 (2004 2) A. Di Carlo et. al, Chapt. 5
of Introducing molecular electronics, Sprinter Series in Physics 2005, G. Cuniberti, G. Fagas,
K.
Richter eds. 3) L. Latessa et al., Phys. Rev. B 72, 035455 (2005)

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 311 [994692]: Application of DFTB in molecular
electronics
Jeffrey R Reimers1 , Gemma C. Solomon1 , Zheng-Li Cai1 , Noel S. Hush2 , Alessio Gagliardi3 ,
Thomas Frauenheim4, Alessandro Pecchia5, and Aldo Di Carlo5. (1) School of Chemistry, The
University of Sydney, Sydney 2006, Australia, Fax: 61-2-93513329,
reimers@chem.usyd.edu.au, Phone: 61-2-93514417, (2) School of Molecular and Microbial
Biosciences, The University of Sydney, (3) Theoretical Physics Department, University of
Bremen, Germany, (4) Bremen Center for Computational Materials Science, Bremen
University,
(5) Department of Electronic Engeneering, University of Rome "Tor Vergata"

Abstract
Molecular electronics involves the passing of current between two electrodes through a single
conducting molecule. Calculations in this area require not only the ability to handle large
systems including metal-electrode fragments but also require accurate positioning of molecular
and metallic energy bands and must treat occupied and virtual orbitals on an equivalent footing.
Each of these requirements presents difficulties for standard DFT calculations, making DFTB an
attractive alternative proposition. We present enhancements to the SCC-DFTB program that
allow it to diagnose and utilize molecular symmetry, increasing computational speed and
accuracy whilst providing important information concerning molecular orbitals and molecular
vibrations. Optimized geometries are then obtained for molecules sandwiched between gold

electrodes, leading to Green's-function based calculations of steady-state through-molecule
electrical conductivity and incoherent inelastic tunnelling spectroscopy (IETS) arising from
electrical current activation of molecular vibrational modes.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 312 [997434]: “Amusing” tales of modeling in drug
discovery
Charles H. Reynolds1 , Brett A. Tounge1 , and Jian Li2 . (1) Johnson & Johnson
Pharmaceutical
R&D, Welsh and McKean Roads, PO Box 776, Spring House, PA 19477, Phone: 215-6285675,
(2) Computer-Aided Drug Discovery, Johnson & Johnson Pharmaceutical R & D

Abstract
Modeling has assumed an increasing role in drug discovery as the methods available to
computational chemists have become ever more capable. With gains in computer power and
algorithmic improvements it is now possible to carry out simulations that would have been
unthinkable only a few years ago. For example, quantum calculations are now being applied to
protein-sized systems. I will give examples where computational chemistry has provided new
insights into drug targets such as beta-secretase (BACE), metalloproteinases, and ion channels.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 313 [954375]: AM1* and beyond: Aspects of
modern
semiempirical methods
Tim Clark, Friedrich-Alexander-Universität Erlangen-Nürnberg, Computer-ChemieCentrum,Nägelsbachstrasse 25, D-91052 Erlangen, Germany, Fax: +49-9131-8526565,
clark@chemie.uni-erlangen.de, Phone: +49-9131-8522948

Abstract
We have recently parameterized AM1* (standard AM1 for H, C, N, O and F and AM1 plus
d-orbitals for heavier elements) for Al, Si, P, S, Cl, Ti, Zr, Cu and Zn. The techniques used in
particular to ensure robust behavior of the method and features of a future method, such as
orthogonalization and dispersion corrections and techniques to treat the core-core repulsion
consistently will be discussed.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 314 [957647]: QM/MM calculations of proton
transfer
reactions and excited states properties in biological
systems
using semi-empirical methods
Marcus Elstner, Theoretical Chemistry, TU Braunschweig, Hans-Sommer-Straße 10,
38106

Braunschweig, Germany, Fax: ++49 5251602345, m.elstner@dkfz.de, Phone: ++49 6221
915600

Abstract
Semi-empirical (SE) methods like AM1, PM3 or INDO/s are widely used in QM/MM
simulations
due to their computational efficiency, allowing to treat large systems and perform long MD
simulations. SCC-DFTB, which is derived from DFT by a second order expansion of the total
energy expression with respect to the charge density constitutes an alternative to the traditional
SE methods, being comparable in the computational efficiency. SCC-DFTB has been shown to be
quite accurate in the determination of extended molecular structures like polypetides or DNA
fragments, while reparametrization of SE methods has led to an impressive accuracy for e.g.
heats of formations or excited states properties. Concerning the description of hydrogen bonds
and proton affinities, both types of methods meet similar difficulties.
SCC-DFTB/MM has been applied to various biological systems up to now, in particular we have
studied proton transfer reactions e.g. in bR, aquaporin, BRC, ADH or GFP. Excited state energies
are calculated in the framework of time dependent density functional linear response theory
(TD-DFT) with great efficiency, however, TD-DFTB inherits also the shortcomings of TD-DTF
(GGA functionals), e.g. for charge transfer excitations. This makes the use of wave function
based (e.g. MRCI) methods (AI and SE) mandatory for many interesting questions related to
biological chromophores like the retinal Schiff base in rhodopsins, especially for the
description
of color tuning and the dynamics in electronically excited states.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 315 [977638]: Considerations for running long
timescale semi-empirical QM/MM MD simulations: A QM/MM
implementation of the Particle Mesh Ewald approach
Ross C Walker and David A. Case, Department of Molecular Biology, The Scripps Research
Institute, 10550 North Torrey Pines Rd., La Jolla, CA 92037, rcw@scripps.edu, Phone:
858-784-8889

Abstract
Advances in computing power are now making long timescale, of the order of a nanosecond or
more, semi-empirical QM/MM molecular dynamics (MD) simulations routinely possible.
Currently
available QM/MM MD implementations were not designed with this use in mind. A
semi-empirical QM/MM interface that was recently released as part of AMBER v9 has been
designed specifically for MD simulations. Examples of specific problems that have been
addressed include gradient accuracy, energy conservation, long range electrostatics (PME),
execution speed, link atom stability, support for implicit solvents and ease of use. Examples of
the importance of obtaining accurate gradients on each MD step along with accurately treating
long range electrostatic interactions will be given including details of the implementation of a
Particle Mesh Ewald (PME) approach for QM/MM simulations.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 316 [990880]: Development and application of

semiempirical quantum models to study RNA catalysis
Darrin M. York, Department of Chemistry, University of Minnesota, 207 Pleasant Street
S.E,
Minneapolis, MN 55455, Fax: 612-626-7541, york@chem.umn.edu, Phone: 612-624-8042

Abstract
New semiempirical quantum models have been developed to study phosphoryl transfer reactions
catalyzed by RNA enzymes, or ribozymes. The study of RNA catalysis is or considerable interest
in the design of new medical therapies and biotechnology. Central to the rational engineering of
new ribozyme-based technology is a fundamental understanding of the molecular mechanisms of
catalysis and allosteric control. However, the theoretical modeling of RNA catalysis has
presented significant challenges that require new methods capable of delivering accurate,
predictive insight into problems that span large spatial domains and long time scales. The
objective of this talk is to describe recent advances in the design of new semiempirical quantum
models for RNA catalysis and their application to prototype ribozyme systems such as the
hairpin ribozyme.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 317 [999927]: Free energies of chemical reactions
in
enzyme and in solution: From quantum mechanics to
statistical mechanics
Hao Hu, Zhenyu Lu, and Weitao Yang, Department of Chemistry, Duke University, Box
90349,
Durham, NC 27708, Fax: 919-660-1605, haohu@duke.edu, weitao.yang@duke.edu, Phone:
919-660-1657

Abstract
Development of methods for determining first-principles QM/MM free energy of chemical
reactions in solution and in enzyme will be presented. The first method is our QM/MM-FE
approach which provides a very efficient and accurate approximation to reaction free energy
assuming the independent dynamics of the QM and MM subsystems (JCP, 112:3483, 2000).
The
independent dynamics assumption in QM/MM-FE can be removed by the reaction path potential
(RPP) approach which is an analytical energy expression of the combined QM/MM potential
energy along the minimum energy path (J. Chem. Phys. 121, 89, 2004). The recent
development of quantum mechanics/molecular mechanics free energy reaction path
(QM/MM-FERP) leads to significant further enhancement in accuracy and stability.
Applications
of the methods to enzyme and solution reaction dynamics will be featured.

ADME and Physical Property Prediction
COMP 318 [983120]: Estimation of the total entropy of
fusion from molecular structure using SPARC
Tad S. Whiteside and L. A. Carreira, Chemistry Department, University of Georgia, Athens,
GA
30602, twhitesi@uga.edu, Phone: 706-542-2051

Abstract
The total entropy of fusion of any arbitrary organic compound can be estimated by a model
developed using SPARC (SPARC Performs Automated Reasoning in Chemistry). The entropy of
fusion occurs via multiple mechanisms, dependent on the molecule. A general mechanistic
model was developed as a function of a molecule's individual functional groups, the "symmetry"
of these functional groups, and the type of molecule. The model was developed to improve the
calculation of the crystal energy of organic compounds. This energy is an important factor in
SPARC's vapor pressure and solubility models for solid organics. The entropy model has been
tested on 917 reliably measured compounds. and has a RMS deviation of the calculated versus
observed values of 9.91 J mol-1 K-1.

ADME and Physical Property Prediction
COMP 319 [995266]: Calculating physicochemical
properties
for environmental modeling
S. H Hilal1, LA. Carreira2, Tad S. Whiteside2, and A. N Saravanaraj2. (1) Ecosystem Research
Division, U.S. Environmental Protection Agency, 960 College Station Rd, Athens, GA 30605,
Fax: 706-355-8202, Phone: 706-355-8210, (2) Chemistry Department, University of
Georgia

Abstract
Recent trends in environmental regulatory strategies dictate that EPA will rely heavily on
predictive modeling to carry out the increasingly complex array of exposure and risk
assessments necessary to develop scientifically defensible regulations. In response to this need,
researchers at ERD-Athens and University of Georgia have developed a predictive modeling
system SPARC (SPARC Performs Automated Reasoning in Chemistry) that calculates a large
number of physical and chemical properties from molecular structure across all classes of
organic chemicals. SPARC execution involves the classification of molecular structures and the
selection and execution of appropriate “mechanistic” models, such as induction, resonance, and
field effects to quantify reactivity. The basic mechanistic models in SPARC were designed and
parameterized to be portable to any type of chemistry or organic chemical structure. This
expanded prediction capability allows one to choose, for exhaustive validation, the reaction
parameters for which large and reliable data sets exist. Resonance models were
developed/calibrated on more than 5000 light absorption spectra, whereas electrostatic
interaction models were developed using more than 4500 ionization pKas in water. Solvation
models (i.e. dispersion, induction, etc) have been developed using more than 10000 physical
property data points on properties such as vapor pressure, boiling point, solubility, activity
coefficient, Henry's constant, GC retention times, Kow, etc. At the present time, SPARC predicts
chemical properties such as gas phase electron affinity, ionization pKa, ester hydrolysis rate
constant, heat of formation, chemical reduction potential and many other physical properties
strictly from molecular structure.
Disclaimer: This abstract has been reviewed in accordance with the U.S. Environmental
Protection Agency's peer and administrative review policies and approved for publication.
Mention of trade names or commercial products does not constitute endorsement or
recommendation for use.

ADME and Physical Property Prediction
COMP 320 [999993]: Solvation of drug-protein complexes
Terry R. Stouch, Computational Chemistry, Lexicon Pharmaceuticals, 350 Carter Road,

Princeton, NJ 08540, Fax: 609-466-3562, tstouch@lexpharma.com, Phone: 609-4665549, and
Malcolm E. Davis, Structural Biology and Modeling, Bristol-Myers Squibb

Abstract
Solubility and solvation are critical issues in drug design. One of the many reasons for
understanding this phenomena is the determination of the energy required to remove a
molecule's hydration layer during the binding of a drug to its target protein. This can be a
significant part of the overall energy of binding. Desolvation energy has been estimated in many
ways, most of them dependent on a continuum model of solvation. Despite their elegance,
sophistication and appeal, these methods appear to have made little impact on successful
calculation of drug-protein energetics or even on the ranking of the same. Using explict
solvation molecular dynamics simulations of the binding sites of over 40 key drug targets, we
show that the errors in some of these approximations can be of a magnitude equivalent to that
of the total energy of binding.

ADME and Physical Property Prediction
COMP 321 [994945]: Computational models for the
prediction of aqueous solubility that include crystal
packing,
solvation, and ionization
Stephen R Johnson1, Xue-Qing Chen2, Denette Murphy2, and Olafur Gudmundsson2. (1)
Computer-Assisted Drug Design, Bristol-Myers Squibb, P.O. Box 4000, Princeton, NJ
08543-4000, stephen.johnson@bms.com, Phone: 609-252-3003, (2) Pharmaceutical
Candidate
Optimization, Bristol-Myers Squibb Pharmaceutical Research Institute

Abstract
The optimization of aqueous solubility is an important step along the route to bringing a new
therapeutic to market. We will describe the development of an empirical computational model
to rank the pH-dependent aqueous solubility of drug candidates. The model consists of four core
components to describe the solubility. The first is a multivariate QSAR model for the prediction
of the intrinsic solubility of the neutral solute. The second facet of the approach is the
consideration of ionization using a predicted pKa. The third aspect of the model is a novel
method for assessing the effects of crystal packing on solubility. The method consists of a series
of short NPT molecular dynamics simulations of an actual or hypothetical small molecule
crystal
structure at escalating temperatures. The model also includes a Monte Carlo error function that
considers the variability of each of the underlying components of the model to estimate the
90% confidence interval of estimation.

ADME and Physical Property Prediction
COMP 322 [998555]: Interfacial logP in structural
fragment-based QSAR models
James F. Rathman, Department of Chemical and Biomolecular Engineering, The Ohio State
University, Koffolt Laboratories, 140 West 19th Avenue, Columbus, OH 43210-1110, Fax:
614-292-3769, rathman.1@osu.edu, Phone: 614-292-3760, and Chihae Yang, Leadscope,
Inc

Abstract

Although structural fragment-based models have been demonstrated to accurately predict
biological activities, the same approach has not been applied to prediction of ADME properties of
drug candidates or bioaccumulation in assessing the environmental fate of a chemical stressor.
The most obvious reasons involve the importance of metabolism and active transport. Also,
these models are typically based on physical properties and assay data from lipid vesicles or
monolayer experiments. The complex interfacial interactions of a compound with membrane
lipids are difficult to extract from the conventional set of molecular properties predicted from a
QSAR model. These models use octanol-water partition coefficients regardless of the interfaces.
In this study, LogP based on water-lipid partitions has been developed. These predicted
interfacial properties, in conjunction with structural features selected by informatics methods
for
their high association with desired physical properties, are employed to build models for
bioaccumulation, permeability, and narcosis.

Current Trends in Molecular Docking and Virtual Screening
COMP 323 [1000380]: Workshop report on validating
modeling and experimental methods to enable drug
discovery
Anne M. Chaka1 , Christopher I. Bayly2 , Scott Brown3 , Jack R. Collins4 , Michael K. Gilson5 ,
Martha S. Head6, A. Jayne Oliver Kapur1, Kenneth M. Merz Jr.7, Steven W. Muchmore3,
Anthony Nicholls8, Sarangan Ravichandran9, Adrian E Roitberg10, Frederick P Schwarz1, and
Simon P. Webb11. (1) Physical and Chemical Properties Division, National Institute of
Standards
and Technology, 100 Bureau Drive, Stop 8380, Gaithersburg, MD 20899-8380, Fax:
301-869-4020, Phone: 301-975-2481, (2) Department of Medicinal Chemistry, Merck
Frosst
Centre for Therapeutic Research, (3) Abbott Laboratories, (4) Advanced Biomedical Computing
Center, NCI-Frederick, SAIC, (5) Center for Advanced Research in Biotechnology, University of
Maryland Biotechnology Institute, (6) Computational, Analytical and Structural Sciences,
GlaxoSmithKline Pharmaceuticals, (7) Department of Chemistry and The Quantum Theory
Project, University of Florida, (8) OpenEye Scientific Software, Inc, (9) National Cancer
Institute, (10) Department of Chemistry, University of Florida, (11) N/A

Abstract
This presentation will report the outcome of a workshop on Validating Modeling and
Experimental Methods to Enable Drug Discovery held at the National Institute of Standards and
Technology on April 19-21, 2006. The workshop brought together a broad range of experts
from
the pharmaceutical industry, academia, national laboratories, and commercial software
companies to assess the issues and sources of uncertainty underlying both experimental and
computational approaches to quantifying protein/ligand interactions. Recommendations will be
presented for the systematic improvement of the state of the art for docking and scoring
methods and free energies simulations through benchmark measurements, physical property
data, and reference calculations to delineate the essential chemical and physical principles that
govern protein/ligand recognition.

Current Trends in Molecular Docking and Virtual Screening
COMP 324 [991837]: A structure-based study of the hERG
potassium channel using homology modeling and induced

fit
docking
Ramy Farid1 , Tyler Day1 , Richard Friesner2 , and R obert Pearlstein 3 . (1) Schrödinger,
Inc,
120 W. 45th Street, 29th Floor, New York, NY 10036, Phone: 646-366-9555, (2)
Department of
Chemistry, Columbia University, (3) Novartis Institutes for BioMedical Research, Cambridge,
MA
02139, robert.pearlstein@novartis.com

Abstract
The hERG potassium channel is a key cardiac ion channel that terminates the plateau phase of
ventricular repolarization. The inactivated form of hERG promiscuously binds small organic
compounds in the ion conduction pathway, leading to disruption of potassium current and
adverse effects. We used Prime to create a homology model of the S5, P, and S6 helices of the
homo-tetrameric pore domain of hERG based on the crystal structure of the KvAP bacterial
potassium channel. We mapped the three-dimensional locations of residues known to promote
blockade in both open and closed modeled forms of the channel. We then docked a set of known
blockers into the open form of the channel using the induced fit docking protocol of Glide.

Current Trends in Molecular Docking and Virtual Screening
COMP 325 [1012477]: Application of novel refined
distance-dependent descriptors, Transferable Atom
Equivalent
(TAE) techniques and machine-learning methods in
predicting
protein-ligand binding affinity
M. Dominic Ryan, DRI, 544 Newtown Road, Littleton, MA 01460,
dominic.ryan@comcast.net,
Phone: 617-347-1383, Wei Deng, Department of Chemistry, Yale University, Mark J.
Embrechts,
Department of Decision Sciences & Engineering Systems, Rensselaer Polytechnic Institute, and
Curt M. Breneman, Department of Chemistry, Rensselaer Polytechnic Institute

Abstract
Neither physics-based nor knowledge-based protein-ligand scoring functions normally include
electron density derived information, due in part to the expense of obtaining it. The TAE/RECON
method provides these properties in a rapidly evaluated scheme. They were calculated on a first
shell of protein and ligand contact atoms, as defined via a tessellation analysis of the interface.
These data, together with atom pair occurrence, distance-dependent atom pair features and
TAE-feature complementarity were included in a K-PLS QSAR approach with feature sensitivity
analysis to generate an interaction score. The scoring and pattern recognition results obtained
will be discussed.

Current Trends in Molecular Docking and Virtual Screening
COMP 326 [998482]: PROLICSS: Analysis and applications
C. Matthew Sundling1 , M. Dominic Ryan2 , and Curt M. Breneman1 . (1) Department of
Chemistry and Center for Biotechnology and Interdisciplinary Studies, Rensselaer Polytechnic

Institute, 110 8th Street, Troy, NY 12180-3590, Fax: 518-276-4887, sundlm@rpi.edu,

Abstract
PRotein-LIgand Complex Surface Scoring (PROLICSS) is a new pose-dependent scoring function
that evaluates and rank-orders complementary ligand-binding site interactions at their mutual
interaction surface. This methodology, described by us at the previous ACS National Meeting in
Atlanta, GA, rapidly generates a protein-ligand complex interaction surface for each pose,
encodes its respective protein and ligand electronic properties, and quantifies it using machine
learning models to evaluate the resulting pose-sensitive histograms and autocorrelation
fingerprints. These descriptors capture complementary patterns of surface-mapped electronic
properties; in this preliminary study we used electrostatic potential and molecular
lipophilicity to
encode the mutual interaction surface. To train the model, machine learning methods were
utilized to analyze binding affinity scores from docked complexes. The performance of this
approach was assessed using k-NN and SVM clustering, as well as KPLS and SVM regression
methods to predict the binding affinities of a diverse dataset of common protein–ligand
complexes with known experimental binding constants (RCSB PDB / www.pdb.org). The
pose-dependent descriptors and autocorrelation fingerprints were shown to be powerful
metrics
of binding, and can be used as an objective function for docking. Because this method is
compatible with a variety of molecular properties with various levels of precision and
application
speed requirements, it is extendable to virtual screening and automated assessment of docked
poses.

Current Trends in Molecular Docking and Virtual Screening
COMP 327 [999033]: Use of metal coordination geometry
to
improve FlexX docking
Andreas Kämper, Susanne Pfeifer, and Thomas Lengauer, Computational Biology and Applied
Algorithmics, Max Planck Institute for Informatics, Stuhlsatzenhausweg 85, D-66123
Saarbrücken, Germany, Fax: +49-681-9325-399, akaemper@mpi-inf.mpg.de, Phone:
+49-681-9325-305

Abstract
Metalloproteins are valuable targets in structure-based drug design. A characteristic property
of
all metal ions is their coordination chemistry, i.e. the geometrical arrangements in which they
bind to ligating atoms of proteins and small molecules. The current representation of metal ions
in the docking program FlexX was replaced by a more accurate model by incorporating the
correct coordination geometries for all biologically relevant metal ions. The implementation
deals with all possible coordination geometries (ideal and distorted polyhedra), which are
automatically generated from Protein Data Bank files. Here, also missing corners (which are
occupied by ligand or water molecules) are taken into account. Interaction geometries are
generated using a novel set of user-editable rules. Docking results on a large test set with the
new metal ion description reveal a major improvement in the placement in most cases.
Furthermore, docking is sped up significantly.

Current Trends in Molecular Docking and Virtual Screening
COMP 328 [1007188]: Identification of G-protein coupled

receptor kinase-2 (GRK-2) hits by virtual screening
B. N. Narasinga Rao1 , Marcos L. Sznaidman2 , Jeff Yingling2 , and Allen Eckhardt2 . (1)
SCYNEXIS, Inc, P.O. Box 12878, Research Triangle Park, NC 27709-2878, Fax: 919-5448697,
Phone: 919-206-7206, (2) Xsira Pharmaceuticals

Abstract
Virtual screening has become an indispensable tool for hit identification in drug discovery. Two
broad approaches - one based on the ligand and, the other based on 3D-structure of the protein
receptor - have been widely used. The present work describes a composite approach for
screening virtual libraries that uses a cascade of filters based on pharmacophore descriptors, a
user definable ligand shape and receptor constraints. This screening protocol has been named
SAPPHIRE, as an abbreviation for structure-aided pharmacophore implied reagent extraction.
The SAPPHIRE protocol has been used to find hits against G-Protein Coupled Receptor Kinases
(GRKs), members of a small group of Serine/Threonine family protein kinases. The virtual
screening was run on libraries of purchaseable compounds from different vendors. One such
library of about 3000 compounds was purchased and screened in biological assays. Six
compounds showed in vitro activity, with IC50 ranging from 4.7••M to 114••M concentrations.

General Oral - Molecular Mechanics and Simulation
COMP 329 [1012087]: A computational approach to
identifying interaction hot spots in biomolecular complexes
Roland H. Stote1, Virginie Lafont2, Michael Schaefer3, Eider San Sebastian4, Elyette
Martin 1 ,
and Annick Dejaegere5. (1) Lab. Chimie Biophysique ISIS UMR 7006-CNRS, Université Louis
Pasteur, 8 rue Gaspard Monge, Strasbourg 67000, France, rstote@isis-ulp.org, Phone:
33-390-245-128, (2) Structural Biology and Genomics Department, Institut de Génétique et
de
Biologie Moléculaire et Cellulaire, (3) Laboratoire de Chimie Biophysique, Institut le Bel,
Université Louis Pasteur, (4) Kimika Fakultatea, Euskal Herriko Unibertsitatea, (5)
Laboratoire
de Chimie Biophysique, Universite Louis Pasteur

Abstract
A free energy decomposition scheme based on the MM-PBSA approach is presented and used to
identify interaction hot-spots in biomolecular complexes. The binding energy hot spots of the
complex are determined by a free energy decomposition using a combination of surface area,
van der Waals, and electrostatic energy terms. The electrostatic energy is estimated by solving
the linear Poisson-Boltzmann equation and the contributions of each amino acid to the total
electrostatic energy are calculated. The calculations identify protein amino acids that make
important contributions interaction energy of the complexes. Small structural variations on the
energetics of binding are accounted for through the use of multiple conformations. Applications
to protein-protein, protein-DNA and protein-drug interactions are presented. The work shows
that a free energy decomposition scheme can be employed to identify regions of a biomolecular
complex that could be subsequently targeted by small molecules inhibitors.

General Oral - Molecular Mechanics and Simulation
COMP 330 [1012103]: A novel forcefield including charge
transfer and local polarization effects for metalloprotein
simulations

Carmay Lim, Dmitri Sakharov, and C. Satheesan Babu, Academia Sinica, Institute of
Biomedical Sciences, Taipei 115, Taiwan, carmay@gate.sinica.edu.tw, Phone: 2652-3031

Abstract
Nearly half of all proteins contain metal ions, which perform a wide variety of functions
associated with life processes. However, insights into the local/global, structural and dynamical
fluctuations in metalloproteins from molecular dynamics simulations have been hampered by
the
“conventional” potential energy function (PEF), which does not take into account the
non-negligible charge transfer and polarization effects in many metal complexes. In this talk,
we will describe our strategy for deriving ion-water van der Waals (vdW) parameters that
simultaneously reproduce the experimentally observed (i) relative hydration free energies,
(ii)
first-shell CNs, and (iii) average ion-water distances of all the dications. We will also describe
a
novel PEF that incorporates the significant charge transfer and polarization effects in Zn
complexes. Then, we will present the results of simulations of Cys2His2 and Cys4 Zn-binding
sites in proteins using the “conventional” and new forcefields.

General Oral - Molecular Mechanics and Simulation
COMP 331 [999241]: DNA-Binding of ruthenium-arene
anticancer drugs
Christian Gossens, Institute of Chemical Sciences and Engineering, Federal Institute of
Technology Lausanne, Lausanne 1015, Switzerland, Fax: 0041-216930320,
Christian.gossens@epfl.ch, Phone: 0041-216930324, Ivano Tavernelli, Institute of Chemical
Sciences and Engineering, Federal Institute of Technology, and Ursula Rothlisberger, Institute of
Chemical Sciences and Engineering, Federal Institute of Technology EPFL

Abstract
Organometallic ruthenium(II)arene complexes have emerged as promising novel anticancer
compounds. However, little is known about their molecular mechanism of action. Using
Car-Parrinello molecular dynamics (CP-MD), we calculated the free energy profile for the
hydrolysis reaction of [(arene)Ru(II)(en)(Cl)] (1) in explicit quantum water. Gas phase
CPMD
simulations and potential energy calculations at the DFT and MP2 level of theory rationalize the
exclusive chemoselectivity of 1 towards guanine. Three different reaction pathways and the
corresponding transition states have been identified. Subsequently, we performed classical MD
and mixed QM/MM CPMD simulations to characterize the binding mode of two series of
ruthenium(II) arene-complexes to dsDNA. The monofunctional 1 and the bifunctional
[(arene)Ru(PTA)(L)2] (2) series of compounds were both bound to a 12-mer.[1] The free
energy profile for the reaction of 1 with dsDNA has been obtained. A tailor made force field for
compound 1 was derived from our QM/MM trajectories using a new force matching approach.
The
local and global structural modifications of DNA upon complexation were analysed in detail. The
differences of the DNA-interaction-properties between the two series of compounds are
discussed and linked to experimental observations. In particular, an atomistic description of a
Watson-Crick base-pair break upon binding of 2 to dsDNA is proposed (Figure). Fundamental
differences between binding of 1 or 2 to single stranded DNA (ssDNA) and dsDNA are
rationalized.[2,3]
[1] Colombo, Gossens, Tavernelli, Rothlisberger "Modelling Molecular Structure and Reactivity

in
Biological Systems" Editors Naidoo, Hann, Gao, Field, Brady (in print). [2] Dorcier, Dyson,
Gossens, Rothlisberger Organometallics 2005, 24, 2114 -2123. [3] Scolaro, Geldbach,
Rochat,
Dorcier, Gossens, Bergamo, Cocchietto, Tavernelli, Sava, Rothlisberger, Dyson Organometallics
2006, 25, 756-765.

General Oral - Molecular Mechanics and Simulation
COMP 332 [1000969]: Force fields for inorganic
components
in hybrid systems
Hendrik Heinz1 , Soumya S. Patnaik2 , Ruth Pachter2 , Rajesh R. Naik3 , and Barry L. Farmer1 .
(1) 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, Phone:
937-255-5277, (2) Air Force Research Laboratory, Materials & Manufacturing Directorate,
(3)
Materials and Manufacturing Directorate, MLPJ Biotechnology Group, Air Force Research
Laboratory

Abstract
A major challenge in computational chemistry and materials science is the simulation of hybrid
systems such as bioorganic-inorganic and organic-inorganic interfaces. Many force fields have
the capability to deal with biologically oriented or common organic molecules, but compatible
energy models of good quality for inorganic components such as metals, silicates, or
nanoparticles are still scarce. Concepts to develop such models will be outlined for the example
of sheet silicates and fcc metals. An important aspect is the accurate reproduction of
experimental values of surface tensions in the models (both solid-solid and solid-liquid) to be
able to reproduce interfacial properties in hybrid materials such as composites and bioinspired
materials in a simulation. We illustrate that this aspect has received only marginal
consideration
in both open source and commercially available force fields, and that common energy
expressions are capable of quantitatively reproducing surface properties when
parameterizations
are carried out strictly according to physical, model-related guidelines.
[1] H. Heinz, H. Koerner, K. L. Anderson, R. A. Vaia, B. L. Farmer, Chem. Mater. 2005, 17,
5658–5669.

General Oral - Molecular Mechanics and Simulation
COMP 333 [1000809]: Nucleotidyl transfer modulation by
second shell ligands at the RNase H bimetal site
Marco De Vivo, Matteo Dal Peraro, and Michael L. Klein, Department of Chemistry,
University
of Pennsylvania, 231 S. 34th Street, Philadelphia, PA 19104, Fax: 1-215-573-6233,
mdevivo@cmm.upenn.edu, matteodp@cmm.upenn.edu, Phone: 1-215-898-7058

Abstract
An important member of nucleotidyl transferase superfamily is RNase H, a sequencenonspecific
endonuclease that catalyzes the hydrolysis of phosphodiester linkages of the RNA strand,

degrading RNA·DNA hybrids. This enzyme is involved in a number of biochemical processes such
as replication initiation and DNA topology restore, being also a promising target for anti-HIV
drug design. Together with substrate binding, the enzymatic function requires two divalent
metal
ions (Mg2+ or Mn2+) bound at the carboxylate-rich active site. A variety of multi-nanosecond
molecular dynamics simulations are performed based on recent catalytically deficient
crystallographic structures of Bacillus halodurans RNase H complexed with DNA-RNA hybrids.
Different solvated systems, including the wild-type enzyme and mutats, are modeled to
investigate the still unclear role of a second shell active site residue. E188 is proposed to play
indeed a crucial role in the metal coordination during the reaction, as well as in product release
(hindered by E188A mutation). Molecular insights achieved by simulations of E188, E188A,
and
E188Q mutants, performed at different metal ion concentrations, are presented. Dynamical
features of the systems are discussed and compared with both available experimental structures
and our recently proposed quantum mechanics model for the nucleotidyl transfer reaction.

General Oral - Molecular Mechanics and Simulation
COMP 334 [1000948]: Polarizable divalent cations for
biomolecular modeling
Troy W. Whitfield, Biosciences Division, Argonne National Laboratory, Argonne, IL 604394803,
twhitfie@mcs.anl.gov, Phone: 630-252-8688, and Benoît Roux, Institute for Molecular
Pediatric
Sciences, University of Chicago

Abstract
A series of polarizable divalent cations, modeled using classical Drude oscillators, is
parameterized for use with the recently introduced SWM4-NDP model of water, and to be
incorporated into a fully polarizable biomolecular force field. The cations are fitted to
reproduce
experimental and ab initio properties of monohydrates, ion-water complexes and the free
energy of hydration in the bulk. The liquid structure of polarizable ionic solutions is examined.

General Oral - Molecular Mechanics and Simulation
COMP 335 [994240]: Determination of phase boundaries in
3-component lipid membranes by monte carlo simulation
Md R Ali and Juyang Huang, Department of Physics, Texas Tech University, Lubbock, TX
79409,
Fax: 806-742-1182, Md.R.Ali@ttu.edu, Phone: 806-742-4780

Abstract
Three-component model membranes constituted of a fluid-phase phospholipid, a gel-phase
phospholipid, and cholesterol is a useful system to study many cell membrane phenomena, such
as lipid raft formation, phase separation, and molecular lateral distributions. Extracting the
molecular interaction energy parameters from experimental phase boundaries and
thermodynamic data poses lot of challenges. The problem demands developing new
computational methodologies to search for set of interaction energy parameters, which can
precisely reproduce the experimental phase boundaries. A new algorithm, named the
“Composition Evaluation Method”, was developed to efficiently determine the compositions of
the coexisting phases in simulations. In addition, pair correlation functions have been used to

map phase boundaries in the critical region. We found that pairwise interactions can reproduce
the experimental critical point as well as the slope of tie lines, but not the compositions of the
coexisting phases. The result suggests that multibody interactions play important roles in
lipid-lipid interactions.

General Oral - Molecular Mechanics and Simulation
COMP 336 [985144]: First principles simulations of
vapor-liquid equilibria: Application to methanol
Matthew J. McGrath, Department of Chemistry, University of Minnesota, 207 Pleasant
Street
S.E, Minneapolis, MN 55455, Fax: 612-626-7541, mcgrath@chem.umn.edu, Phone:
612-626-2085, J. Ilja Siepmann, Departments of Chemistry, Chemical Engineering and
Materials
Science, University of Minnesota, I-Feng W. Kuo, Chemistry and Material Science, Lawrence
Livermore National Laboratory, and Christopher J. Mundy, Chemistry and Materials Science
Directorate, Lawrence Livermore National Laboratory

Abstract
A series of first principles Monte Carlo simulations to explore the phase behavior of methanol
are presented. These simulations were run with the freely available CP2K simulation package in
the canonical Gibbs ensemble using the BLYP exchange/correlation density functionals, a triple
zeta basis set with polarization functions, and a plane-wave cutoff of 280 Rydbergs. In order to
increase efficiency, pre-biasing of certain moves with an inexpensive classical potential was
employed, leading to a significant increase in the number of moves accepted per first principles
energy calculation. Results shown include estimations of the critical temperature, boiling
temperature, saturated vapor/liquid densities, and heats of vaporization. Results are compared
to previous simulations of liquid slabs and experimental data where applicable.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 337 [959463]: Spinpolarization in the SCC-DFTB
formalism
Christof Köhler1 , Gotthard Seifert2 , and Thomas Frauenheim1 . (1) Bremen Center for
Computational Materials Science, Bremen University, Bibliotheksstrasse 1, 28359 Bremen,
Germany, c.koehler@phys.uni-paderborn.de, Phone: 049-5251-602378, (2) Department of
Chemistry, Dresden University of Technology

Abstract
We give an overview of the treatment of spinpolarization effects within the self-consistent
charge density-functional based tight-binding (SCC-DFTB) method. Results of the application of
the spinpolarized SCC-DFTB for the magnetic properties of iron clusters and the calculation of
EPR isotropic hyperfine coupling constants of small organic molecules will be presented. We
will
give details of the treatment of the 3d electrons versus the 4s electrons in the calculations of
the iron clusters, leading to modifications in the self-consistent charge formulation of
SCC-DFTB.

DFTB, An Approximate DFT Method: Theory and
Applications,

Sponsored by Elsevier
COMP 338 [960736]: DFTB and modern DFT
Ben Hourahine1, Bálint Aradi2, Simone Sanna3, Thomas A. Niehaus2, and Thomas
Frauenheim2. (1) SUPA, Department of Physics, The University of Strathclyde, John Anderson
Building, 107 Rottenrow, Glasgow G4 0NG, United Kingdom, benjamin.hourahine@strath.ac.uk,
Phone: +44 141 548 2325, (2) Bremen Center for Computational Materials Science, Bremen
University, (3) Theoretische Physik, Universität Paderborn

Abstract
The DFTB method can benefit substantially from a number of developments in density functional
theory while also providing an analytical proving ground for new DFT extensions. In this
contribution, variational energy expressions and related self-consistency strategies are
discussed
in context of SCC-DFTB. Suitable forms of the recent LDA+U functionals for DFTB and the
connection to self-interaction correction (SIC) are also discussed. This leads to an efficient SIC
method for DFTB, a parameter free LDA+U, and an improved form of pseudo-SIC. The
derivative discontinuity issue in Kohn-Sham-like theories including DFTB is then discussed. In
particular the observations that non-self-consistent DFTB exhibits the correct form of bandgap and chemical potential discontinuities is made, and the introduction of these discontinuities
into SCC and spin-DFTB is discussed. Illustrative examples will be presented including strongly
correlated transition metal and lanthanide systems, band-gaps of semiconductors, and ionisation
energies and electron affinities of molecular systems.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 339 [950184]: Relativistic parameterization of the
SCC-DFTB method
Henryk A. Witek, Institute of Molecular Science and Department of Applied Chemistry,
National Chiao Tung University, 1001 Ta Hsueh Rd., 30050 Hsinchu, Taiwan, Fax:
+886-3-5723764, hwitek@mail.nctu.edu.tw, Phone: +886-935-301-982

Abstract
A new parameterization scheme for the DFTB and SCC-DFTB methods will be discussed. It is
based on numerical solutions of the atomic Dirac equation. The previously used scheme, based
on Schrödinger equation, allowed for parameterizing DFTB for only lighter elements. The new
scheme, owing to inclusion of relativistic effects, provides an appropriate framework to develop
a full set of Slater-Koster files for all the periodic table of elements. Advantages of the new
approach will be demonstrated and discussed.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 340 [965612]: SIPs: Tailored parallelization of the
generalized symmetric eigenproblem
Michael Sternberg, Materials Science Division, Argonne National Laboratory, 9700 S. Cass
Ave., Argonne, IL 60439, Phone: 630-252-7020, Hong Zhang, Computer Science Department,
Illinois Institute of Technology, Barry Smith, Mathematics and Computer Science Division,

Argonne National Laboratory, and Peter Zapol, Materials Science and Chemistry Divisions,
Argonne National Laboratory

Abstract
We present the development and initial applications of SIPs, a software package created to
compute large fractions of eigenpairs for sparse symmetric generalized eigenvalue problems,
such as those posed by DFTB. The characteristics of typical eigenspectra include densely
clustered eigenvalues and wide gaps, which challenge the efficiency and robustness of the
solver. The package implements multiple shift-and-invert spectral transformations on parallel
computers and uses the existing software packages SLEPc and PETSc. We describe the
object-oriented design and implementation in SIPs, and demonstrate numerical performance on
an advanced distributed computer.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 341 [964957]: Sparse matrix based implementation
of
the DFTB method
Bálint Aradi1 , Ben Hourahine2 , Christof Köhler1 , and Thomas Frauenheim1 . (1) Bremen
Center
for Computational Materials Science, Bremen University, Bibliotheksstrasse 1, Bremen
28359,
Germany, Phone: +49-5251-602337, (2) SUPA, Department of Physics, The University of
Strathclyde

Abstract
A new Fortran 95 implementation of DFTB (Density Functional based Tight Binding) has been
developed. Unlike previous versions of this method, the sparsity of the DFTB system of
equations has been exploited. Conventional dense algebra is only used to evaluate the
eigenproblems of the system and long-range Coulombic terms, but drop-in O(N) or O(N2)
modules are planned to replace the small code sections these entail. The new features include
spin polarisation, efficient molecular and periodic boundary conditions (including k-points)
and
LDA+U in the DFTB approximation. The user interface had been completely replaced with a new
extensible and human friendly input format. The structure of the new implementation was
designed to be modular in order to allow developers an easy extending and embedding of the
code. An overview and some benchmark details of the new code will be presented and some
further planned developments will be discussed.

DFTB, An Approximate DFT Method: Theory and
Applications,
Sponsored by Elsevier
COMP 342 [988744]: An efficient implementation of
Density-Functional based Tight-Binding method (DFTB) in
Gaussian 03 program: The calculation of energies,
gradients,

vibrational frequencies and IR spectrums
Guishan Zheng1 , Michael Frisch2 , and Keiji Morokuma1 . (1) Cherry L. Emerson Center for
Scientific Computation and Department of Chemistry, Emory University, 1515 Dickey Dr,
Atlanta, GA 30322, Fax: 404-727-7412, gzheng@emory.edu, Phone: 404-727-2381, (2)
Gaussian, Inc

Abstract
We have recently implemented the energy, analytical gradient and frequencies as well as IR
intensities of the closed shell and the spin-polarized (s-)DFTB (with or without the dispersion
contribution(-D)) in the Gaussian program. Several new aspects have been included: 1) For
diatomic parameters, using analytical functions consisting of even-tempered polynomials and
fitted to the original parameters; 2) Removal of unphysical oscillation of diatomic overlap and
Hamiltonian matrix element values in the original parameter tables at long distance; 3) New
scheme for the gamma matrix element for two center charge-charge interactions. These are
intended to improve the numerical accuracy. Parameters for transition metal elements,
recently developed by the Morokuma group, are also incorporated.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 343 [954376]: Double and higher-twist MobiusListing
aromaticity
Henry S. Rzepa, Department of Chemistry, Imperial College London, Exhibition Road, London
SW7 2AZ, United Kingdom, rzepa@ic.ac.uk, Phone: 44 20 7594 5774

Abstract
Heilbronner's analysis using Hückel MO theory of the consequences of imparting a Möbius single
half twist to molecules bearing a cyclical array of p••-orbitals is extended to disymmetric
(chiral)
systems with higher-order half twists (Listing rings). A formal proof that annulenes with an
even
number of half twists follow the 4n+2 aromaticity rule, and those with an odd number a 4n
aromaticity rule, is discussed. The relative stability and high aromaticity of a double-twisted
isomer of [14]annulene is discussed with reference to the Cãlugãreanu-Fuller-White Theorem,
which states that the total twist or linking number Lk can be expressed as the sum of two
components, a twist Tw of a ribbon about a central axis, and a writhe W which defines the
contortion of that axis in space. Further examples of aromatic molecules and pericyclic
transition
states bearing higher-order twists are presented.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 344 [993346]: Computational study of carbon atom
reaction with formaldehyde: Theoretical evaluation of 1 B 1
methylene production
Michael L. McKee, Department of Chemistry and Biochemistry, Auburn University, Auburn,
AL
36849, Fax: 334-844-6959, mckee@chem.auburn.edu, Phone: 334-844-6953

Abstract
Singlet and triplet free energy surfaces for the reactions of C atom (3P and 1D) with CH2O are
studied computationally to evaluate the excited singlet (1B1) methylene formation from
deoxygenation of CH2O by C (1D) atom. Carbon atoms can react by addition to the oxygen lone
pair or to the C=O double bond on both the triplet and singlet surfaces. Triplet C (3P) atoms
will
deoxygenate to give CO plus CH2 (3B1) as the major products, while singlet C (1D) reactions
will form ketene and CO plus CH2 (1A1). No definitive evidence of the formation of excited
singlet (1B1) methylene was found on the singlet free energy surface. A conical intersection
between the 1A' and 1A" surfaces located near an exit channel may play a role in product
formation. The suggested 1B1 state of methylene may form via the 1A" surface only if dynamic
effects are important. In an effort to interpret experimental observation of products trapped by
(Z)-2-butene, formation of cis- and trans-1,2-dimethylcyclopropane is studied
computationally.
The results suggests that “hot” ketene may react with (Z)-2-butene nonstereospecifically.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 345 [952038]: Electron affinities, gas phase
acidities
and potential energy curves: Beyond Dewar with electron
correlation
Edward CM. Chen, Natural and Applied Sciences, University of Houston, Clear Lake City,
2700
Bay Area Boulevard, Houston, TX 77058, ecmc@houston.rr.com, Phone: (713) 667-3001,
Regina
Ting, The Wentworth Foundation, Charles S. Herder, Massachusetts Institute of Technology, and
Edward S. Chen, University of Houston

Abstract
When Dewar first developed his techniques, few gas phase electron affinities of organic
molecules had been reported. The electron capture detector method was developed to measure
electron affinities in the gas phase. Subsequently, many values were determined and have been
confirmed by other techniques. With the advent of modern computer software and hardware, it
is possible for experimentalists to support values by semi-empirical calculations. This
procedure
has been given the acronym CURES-EC. Morse potential energy curves for the neutral and the
anion can be constructed. We have applied CURES-EC to the electron affinities of atmospheric
pollutants, carbon clusters, hydrocarbons, electron acceptors, adenine, guanine, cytosine,
uracil
and thymine and virtually all molecular electron affinities in the NIST tables. We will briefly
review the work by Dewar on electron affinities, discuss published examples, and present
calculations for O2, NO, the essential amino acids, and the Watson Crick hydrogen bonded base
pairs.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 346 [1000968]: Semiempirical quantum chemical

models of the excited states of conjugated polymers
David Yaron, Department of Chemistry, Carnegie Mellon University, 4400 Fifth Ave.,
Pittsburgh, PA 15213, Fax: 412-268-1061, yaron@cmu.edu, Phone: 412-268-1351

Abstract
Semiempirical quantum chemistry provides a powerful tool for exploring the structureproperty
relationships of conjugated polymers and other organic semiconductors. The standard approach
uses AM1 for the molecular structure and INDO for excitation energies. This initial model
provides good predictions for the lowest-energy one-photon states, since these contain tightly
bound electron-hole pairs that resembles the excited states of small organic molecules. To
extend the model to multi-photon states, we have developed methods for including dynamic
dielectric screening of electron-hole interactions. We have also implemented direct
configuration
interaction methods, specialized for semiempirical Hamiltonians, that lower the required
computational resources (both time and memory) by about two orders of magnitude. This allows
us to average over an ensemble of structures that model the disorder present in amorphous thin
films. Such disorder plays an important role in the photophysics, as we will demonstrate by
examples of both inner-sphere (structural) disorder and outer-sphere (environmental)
disorder.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 347 [1003329]: Adapted ab initio theory
Josh McClellan, Department of Chemistry, University of Florida, Gainesville, FL 32611,
Fax:
352-392-8722, mcclella@qtp.ufl.edu, Phone: 352-846-1125, and Rodney J. Bartlett,
Quantum
Theory Project, University of Florida

Abstract
The use of techniques to numerically determine the exchange-correlation potential within
Kohn-Sham Density Functional Theory (KS DFT) using ab initio reference densities is well
established. Recasting standard semi-empirical model Hamiltonians in a KS DFT framework
allows for the input of such high-quality reference densities. Furthermore, this interpretation
of
standard semi-empirical methods gives a more complete description of the core-core repulsive
terms and should help with the difficulties of separating electronic and nuclear-nuclear
contributions to the total energy. The application of approximate exchange-correlation energy
functionals, based on semi-empirical densities, will be explored. Also discussed is a
computationally efficient method for the more complete inclusion of two-center two-electron
integrals using cubic splines. This type of integral fitting is more flexible than the standard
multipole expansion typically used in NDDO methods and works equally well for Slater- and
Gaussian-type two-electron integrals.

Beyond Michael Dewar's Legacy: Modern Semiempirical MO
Theory
COMP 348 [997513]: NO-MNDO: Reintroduction of the
overlap matrix into MNDO
Kurt W. Sattelmeyer, Ivan Tubert-Brohman, and William L. Jorgensen, Department of

Chemistry, Yale University, New Haven, CT 06520, kurt.sattelmeyer@yale.edu, Phone:
203-432-6288

Abstract
The effect of reintroducing the overlap matrix into the secular equations for an NDDO(neglect of
diatomic differential overlap)-based semiempirical molecular orbital method has been
investigated. The resultant non-orthogonal MNDO (NO-MNDO) method has been implemented
and evaluated through parameterization for hydrogen, carbon, nitrogen, and oxygen. This minor
change in the formalism, which introduces no additional parameters, yields significant
improvement over MNDO. In particular, the mean absolute error (MAE) for heats of formation
of a comprehensive set of 622 neutral, closed-shell molecules is reduced from 8.4 kcal/mol
with MNDO to 6.8 kcal/mol with NO-MNDO.

ADME and Physical Property Prediction
COMP 349 [995975]: Computational approaches that
predict
metabolic intermediate complex formation with CYP3A4
Sean Ekins1, David R. Jones2, Lang Li2, and Stephen D Hall2. (1) ACT LLC, 601 Runnymede
Avenue, Jenkintown, PA 19046, ekinssean@yahoo.com, Phone: 215-481-0159, (2)
Department
of Medicine, Division of Clinical Pharmacology, Indiana University School of Medicine

Abstract
Some mechanism-based inhibitors cause irreversible inhibition by forming a metabolic
intermediate complex (MIC) with the cytochrome P450 (CYP). In the present study, 54
molecules (substrates of CYP3A and amine-containing compounds that are not known substrates
of CYP3A) were spectrophotometrically assessed for their propensity to cause MIC formation
with recombinant CYP3A4(+b5). Comparisons of molecular descriptors, e.g. molecular weight
(MW) and partition coefficients showed that mean (±s.d.) MW of MIC forming compounds was
significantly greater than mean MW of non-MIC forming compounds, 472 (±173) vs. 307
(±137), respectively. Computational pharmacophores (Catalyst), recursive partitioning (RP,
Cerius2, ChemTree and R version 2.2.1), and logistic multiple regression models (R version
2.2.1) were applied to predict MIC formation from molecular structure and result in a
quantitative structure activity relationships (QSAR). A pharmacophore built with SKF-525A,
erythromycin, amprenavir, and norverapamil indicated that four hydrophobic features and a
hydrogen bond acceptor were important for these MIC forming compounds providing important
structural insight for interaction with this enzyme and is in agreement with previous
pharmacophores for CYP3A4 inhibitors and substrates. RP methods using either simple
descriptors or 2D augmented atom descriptors indicated that hydrophobic and hydrogen bond
acceptor features were required for MIC formation. These RP methods correctly predicted the
MIC formation status with CYP3A4 for an independent test set. The R tree model predicted 94%
of the validation set. RP models may therefore represent a preliminary approach for CYP3A4
MIC formation prediction that could be further improved using more data and additional
molecular descriptors.

ADME and Physical Property Prediction
COMP 350 [1000101]: Development of in silico models for
human liver microsomal stability
Pil H. Lee1, Lourdes Cucurull-Sanchez2, Jing J. Lu3, and Joshua Du3. (1) Computer Assisted
Drug Discovery, Pfizer, Inc, 2800 Plymouth Rd, Ann Arbor, MI 48105, pil.h.lee@pfizer.com,

Phone: 734-622-4744, (2) Drug Metabolism, Pfizer, Inc, (3) Comp Chem and MPG, Pfizer
Global
R&D - Groton Labs

Abstract
We developed highly predictive classification models for human liver microsomal stability
using
the intrinsic clearance (Clint) as the end point. Human liver microsomal stability is an
important
factor related to Phase I metabolic clearance. Robust in silico models that predict metabolic
clearance are very useful in the early drug discovery stages to optimize the compound structure
and to select promising leads to avoid costly drug development in later stages. In this
presentation, we will describe our efforts to develop various in silico models for metabolic
stability of drugs in human liver microsomes. We will compare the performances of a variety of
models generated using different statistical methods based on several sets of descriptors. A
detailed analysis of results will be shown, including an assessment of the prediction confidence,
the significant descriptors and the use of these models in drug discovery projects.

ADME and Physical Property Prediction
COMP 351 [994984]: Automated regional assignment of
metabolic modification using cross correlation algorithms,
maximum common substructure analysis, and MS/MS
spectral
libraries
Stephen R Johnson1, Jonathan L. Josephs2, Brian Claus1, and Robert A. Langish2. (1)
Computer-Assisted Drug Design, Bristol-Myers Squibb, P.O. Box 4000, Princeton, NJ
08543-4000, stephen.johnson@bms.com, Phone: 609-252-3003, (2) Pharmaceutical
Candidate
Optimization, Bristol-Myers Squibb

Abstract
The assignment of the sites of metabolic modification is typically carried out by the manual
interpretation of the product ion spectra of metabolites. As this is a fairly laborious task, it is
typically only performed later in the discovery cycle. We describe a computational algorithm
that utilizes the cross correlations of the MS/MS spectra of the parent compound, metabolites,
and structural analogues of the parent compound to automatically assign the region of metabolic
modification. The method employs similarity searches, maximum common substructure
elucidation, and fragmentary analysis to identify structural analogues of the parent compound
that differ by a simple modification. The MS/MS spectra of the analogues are then cross
correlated with the parent compound using the mass difference of modification. Highly
correlating analogues are then cross correlated with the metabolites of the parent compound
using the mass difference between the analogue and the metabolite. These correlations are used
to partially assign the MS/MS spectrum of the parent compound by identifying common and
non-common atoms between the parent and analogues. The region of metabolic modification is
then identified by searching for the fragment that shifts by the parent-metabolite mass
difference. The method is demonstrated using a known anti depressant as an example.

ADME and Physical Property Prediction
COMP 352 [957758]: Fuzzy pharmacophore triplets: New

descriptors for the construction of QSAR models and
application to Cyp2D6 inhibition
Frédérique Barbosa, Molecular Modeling, Cerep, 19 avenue du Quebec, Courtaboeuf 1 Villebon-sur-Yvette, 91951 Courtaboeuf Cedex, France, Fax: 33 1 60 92 60 70,
F.Barbosa@cerep.fr, Phone: 33 1 60 92 60 36

Abstract
The prediction of biological activity and ADME properties is a key step in drug discovery. The
quality of the data used for constructing the models as well as the descriptors used for
characterizing the binding properties of compounds are the two main limitations for obtaining
accurate and robust predictions. We have extensively worked on the construction of QSAR
models to predict Cyp2D6 inhibition. These models are based on the data from BioPrint® (more
than 2,500 drugs and drug-like compounds tested in more than 180 in vitro assays) including
more than 1900 IC50 values on Cyp2D6. The main advantage of using BioPrint is the
homogeneity of the data, which overall constitute a large training set for evaluating and
improving various QSAR building methods. We will introduce new descriptors, namely the fuzzy
pharmacophore triplets, and analyze their performance for predicting Cyp2D6 inhibition as
compared to fuzzy bipolar pharmacophore descriptors.

ADME and Physical Property Prediction
COMP 353 [999703]: Mechanistic understanding of dual
inhibition of P-glycoprotein and CYP3A4 using in silico
approaches
Man Chang1 , Huifen Chen2 , Mark Milad2 , Shamsi Raeissi2 , and Eric M. Gifford2 . (1)
Computer-Assisted Drug Discovery, Pfizer Global Research & Development, 2800 Plymouth
Rd.,
Ann Arbor, MI 48105, man.chang@pfizer.com, Phone: 734-622-5854, (2) Computer
Assisted
Drug Discovery, Pfizer Global Research and Development

Abstract
Cytochrome P450s (CYPs) and P-glycoprotein (PGP) are recognized as potentially important
barrier to drug absorption and hence oral bioavailability. Interestingly, there is a large overlap
in
the inhibitor specificity of CYP3A4 and PGP. In order to investigate the mechanistic basis of the
dual inhibition, we quantified the degree of overlap between CYP3A4 and PGP inhibitors using
experimental data of 1581 drugs from Cerep/Bioprint database. Further, we explored the
pharmacophoric features of PGP and CYP3A4 competitive inhibitors using several
computational
approaches. We will describe our developing mechanistic understanding regarding dual
inhibition
of PGP and CYP3A4.

ADME and Physical Property Prediction
COMP 354 [1009791]: Parallel pharmacophoric profiling as
lead optimization tool for the prediction of interactions via
the cytochrome P450 enzyme family
Daniela Schuster, Department of Pharmaceutical Chemistry, Computer Aided Molecular
Design

Group, Institute of Pharmacy, Innsbruck, Austria, Josef-Moeller-Haus, Innrain 52, A-6020
Innsbruck, Austria, Fax: +43-512-507-5269, Phone: +43-512-507-5253, and Thierry
Langer,
Institute of Pharmacy, University of Innsbruck

Abstract
In today's drug discovery process, the early consideration of ADME properties is aimed at a
reduction of drug candidate drop out rate in later clinical development stages. Apart from in
vitro testing, in silico methods are evaluated as complementary screening tools for compounds
with unfavorable ADME attributes. Especially members of the cytochrome P450 (P450)
enzyme
superfamily - e.g. P450 1A2, P450 2C9, P450 2C19, P450 2D6, and P450 3A4 - contribute
to
xenobiotic metabolism, and compound interaction with one of these enzymes is therefore
critically evaluated. In this study, 3D pharmacophore modeling and screening techniques are
applied to the prediction of ADME characteristics of small molecules. This binding-mode
specific
approach is quite different from other physico-chemical property-based models and bears the
advantage of being able to qualitatively evaluate the results by considering the 3D interaction
between the ligand and the metabolic target. Although this approach is suitable for virtual
screening by its high computational efficiency, it still delivers characteristic affinity
information
of a potential drug candidate towards a certain metabolic binding behavior. Both structure-based
and ligand-based models for prominent drug-metabolizing members of the P450 family were
generated using the software packages LigandScout and Catalyst identifying essential chemical
features for substrate and inhibitor activity for all five P450 enzymes investigated. From all
the
generated pharmacophores, a collection of 11 pharmacophores for substrates and inhibitors was
selected, and we suggest using this set of pharmacophores as in silico P450 profiling tool for
early ADME estimation in lead structure identification and optimization.

Current Trends in Molecular Docking and Virtual Screening
COMP 355 [1002701]: Combining docking and
pharmacophore filtering methods for improved virtual
screening
Megan L. Peach, Basic Research Program, SAIC Frederick, Inc, National Cancer Institute,
376
Boyles Street, Frederick, MD 21702, mpeach@helix.nih.gov, Phone: (301) 846-5972, and
Marc
C. Nicklaus, Laboratory of Medicinal Chemistry, National Cancer Institute - Frederick Cancer
Research and Development Center, National Institutes of Health

Abstract
The goal of virtual screening is to distinguish potential leads from inactive compounds in a
database. One method for accomplishing this is by docking compounds into the structure of a
receptor binding site in order to rank-order compounds by the quality of the interactions they
form with the receptor. It is generally established that docking can be reasonably sucessful at
generating good poses of a ligand in an active site. However, the scoring functions that are used
with docking are generally not successful at correctly ranking ligands according to binding
affinity or even distinguishing correct poses of a given ligand from incorrect ones. If scoring

functions are not providing useful or accurate information, why do we continue to rely on them?
Here we show that virtual screening using a docking program for pose generation without regard
to scoring followed by filtering by receptor-based pharmacophore searches can perform better
than more traditional docking+scoring methods. Our approach was applied to two large-scale
virtual screens of the ChemNavigator database for lead identification of inhibitors of the Akt PH
domain and c-Met kinase. (Funded by NCI contract NO1-CO-12400.)

Current Trends in Molecular Docking and Virtual Screening
COMP 356 [1012236]: “Surrogate docking” with AUTOSHIM
ensembles: Using PLS/MAGNET to customize scoring
functions for an ensemble of diverse kinases to predict
the
activity of new kinases, even without crystal structures or
homology models
Eric Martin and David Sullivan, Novartis Institute for Biomedical Research, 4560 Horton St,
Emeryville, CA 94530, Fax: 510-923-2010, eric_martin@chiron.com, Phone: 510-9233306

Abstract
Although crystal structures have been reported for dozens of kinases, there are hundreds more
for which structures have not been determined. Surrogate docking, based on the MAGNET
technology, is a more quantitative and automated alternative to homology model docking for
3-D virtual screening in the absence of a protein structure. MAGNET defines interactions
features
that shim a standard docking scoring function to better predict activity for a particular target.
AUTOSHIM, a recent more automated and quantitative extension of MAGNET, uses PLS
regression against enzyme inhibition assay data to combine pose selection with feature
parameterization, and works naturally with an ensemble of structures to account for protein
flexibility. Surrogate docking uses AUTOSHIM to shim the scoring function for an ensemble of
diverse kinase crystal structures to reproduce the activity of a new kinase without a structure.
Ensemble AUTOSHIM models were parameterized on assay data for each of 9 kinases, using an
ensemble of 16 structures, which included the kinases of interest. Predictive R2 were
determined
for 25% of withheld assay data. In 1 case the models was not predictive (R2<0.3), in 2 cases
there was a clear signal (0.3<R2<0.45), and in 6 cases models were semi-quantitative
(0.45<R2<0.63). The identicle procedure was then applied to 57 new kinases without
structures.
In 21 cases the models were not predictive (R<2<0.3), in 12 cases there was a clear signal
(0.3<R2<0.45) and in 24 cases models were semi-quantitative (0.45<R2<0.73). Thus, while
not
as reliable as having an actual crystal structure, the surrogate ensemble usually gave a signal
and was semi-quantitative >40% of the time.

Current Trends in Molecular Docking and Virtual Screening
COMP 357 [999570]: Using multiobjective optimization to
study the strengths of different interaction energies in
protein-ligand complexes
Sally Mardikian1 , Valerie J. Gillet1 , Richard M. Jackson2 , and David R. Westhead2 . (1)

Department of Information Studies, University of Sheffield, Regent Court, 211 Portobello
Street,
Sheffield S1 4DP, United Kingdom, Fax: +44 (0)113 343 2592, liq03sm@sheffield.ac.uk,
Phone:
+44(0)113 343 3072, (2) Institute of Molecular and Cellular Biology, University of Leeds

Abstract
The development of effective scoring functions continues to pose a challenge for accurate
docking. Many scoring functions work by summing contributions from different factors -e.g. the
hydrogen bond, van der Waals and electrostatic interactions within the GRID scoring
functionwith
no information on the importance of the individual components used in the conformational
search. To be able to understand the roles of individual components, or the GRID interaction
energies in particular, we have developed a docking tool based on a multiobjective genetic
algorithm (MOGA), which aims to lead the search to the Pareto front. Solutions that fall on the
front show different compromises of the different objectives (the interaction energies), and by
examining where the true solution falls we are able to understand the importance of the
different interaction energies for a given complex. The MOGA was tested on different data sets
and the variation in the influence of individual interaction energies will be discussed.

Current Trends in Molecular Docking and Virtual Screening
COMP 358 [998953]: Docking high energy
intermediates/transition states to enzymes
Johannes C. Hermann, John J Irwin, and Brian K. Shoichet, Department of Pharmaceutical
Chemistry, University of California, San Francisco, 1700 4th Street, San Francisco, CA
94143,
joha@blur.compbio.ucsf.edu, Phone: 415-514-4126

Abstract
Given the structure of a protein, can we predict its function? This question is increasingly
pragmatic, as the number of protein structures, determined by the structural genomics
projects
rises. Here we investigate a molecular docking strategy for predicting the substrates and
activity
of proteins. We look to see if docking is able to identify true substrates from among the “decoy”
molecules in the database. We find that when we use the ground state forms of these
metabolites, many of the true substrates rank very highly, but others do not. When we dock
high energy intermediate/transition state forms of the molecules, the docking strategy becomes
much more successful. We cannot only predict substrates, but also enantioselectivity of
enzymes. Docking these transition-state forms of substrates might be generally a useful
approach for annotation of protein function. This might also be a future strategy for ligand
design and for discovering mechanism based, transition state analog inhibitors.

Current Trends in Molecular Docking and Virtual Screening
COMP 359 [999445]: Using pharmacophoric and
pharmacosteric multiplets to characterize binding sites
Robert D. Clark and Edmond Abrahamian, Informatics Research Center, Tripos, Inc, 1699 S.
Hanley Rd., St. Louis, MO 63144, bclark@tripos.com, Phone: 314-951-3365

Abstract
Pharmacophore searching is increasingly being augmented by shape-based methods that identify

candidate ligands based on their ability to match the pharmacostere presented by known
ligands. In both cases, flexible searching methods can be sped up considerably by decomposing
the full query into smaller subsets of features - typically triplets or quartets - then comparing
bitsets or bitmaps that encode the different multiplets found in different molecules. A similar
approach can be used to generate multiplet hypotheses from the site points found within the
binding sites of proteins. Site points are readily identified for hydrogen bonding and ionic
interactions, but complementing hydrophobic, aromatic and steric features on the protein is
more difficult. Nonetheless, doing so represents a goal well worth pursuing, since receptorbased
multiplet hypotheses may provide a way to efficiently screen databases against multiple binding
site configurations.

General Oral - Molecular Mechanics and Simulation
COMP 360 [1000655]: Free energy calculations of a
bacterial
CLC chloride channel homologue
Uma Mahankali, Zhifeng Kuang, Guogang Feng, and Thomas L. Beck, Department of
Chemistry, University of Cincinnati, University of Cincinnati 404 Crosley, PO Box 210172,
Cincinnati, OH 45221, mahanku@email.uc.edu, Phone: 650-283-8006

Abstract
Chloride channels are involved in many physiological functions such as regulation of electrical
excitability and regulation of cell size. The three dimensional structures of bacterial CLC
channel
homologues facilitate a thorough investigation of the functional mechanisms of the chloride
channels using molecular modeling. Selectivity filter (structural element responsible for
selective
ion conduction) and gating (opening and closing of the channel) are two important aspects of
Chloride Channel structural studies. We carried out Free Energy Calculations of the bacterial
CLC
homologue, Escherichia coli. to investigate the protonation effects on a significant glutamate
residue identified as the gate and conserved in all the CLC proteins. Potential of Mean Force
(PMF) calculations were carried out using the Adaptive Biasing Force Method [1,2,3]
implemented in NAMD version 2.6 [4]. PMF profiles for the protonated and unprotonated forms
of the glutamate residue for two different binding site occupancies are presented.
References: [1] E. Darve and A. Pohorille. Calculating free energies using average force. J.
Chem. Phys., 115:9169-9183, 2001. [2] J. Hénin and C. Chipot. Overcoming free energy
barriers using unconstrained molecular dynamics simulations. J. Chem. Phys., 121:29042914,
2004. [3] D. Rodriguez-Gomez, E. Darve, and A. Pohorille. Assessing the efficiency of free
energy calculation methods. J. Chem. Phys., 120:3563-3578, 2004. [4] L. Kalex, R. Skeel, M.
Bhandarkar et al., J. Comput. Phys. 151, 283 1999. Generation of free energy profiles using
the
formalism of unconstrained unconstrained molecular dynamics with an adaptive biasing force is
not a standard feature of NAMD2. Appropriate routines to compute free energy profiles in which
the reaction coordinate is a distance between atoms, centers of mass, and along a given
direction of Cartesian space were written and incorporated by the authors, and will be made
available in the upcoming NAMD distribution.

General Oral - Molecular Mechanics and Simulation

COMP 361 [999319]: Homology modeling and molecular
dynamics simulations of BRCA1 BRCT domain bound to p53
Jin Liu and Ruth Nussinov, Center for Cancer Research Nanobiology Program, Basic Research
Program, SAIC, NCI-Frederick, Frederick, MD 21702, jliu@ncifcrf.gov, Phone: 301-8461123

Abstract
Both BRCA1 gene and p53 gene are commonly mutated in breast cancer. BRCA1 physically
associates with p53 and stimulates p53 transcriptional activity. The BRCT domain of BRCA1 is
suggested to interact with p53 core domain, but there is no directly resolved structure to
provide
the atomic details of the interaction. However, the structure of homologous BRCT domain of
53BP1 bound to p53 core domain is known. Here, we present a homology model of BRCA1-p53
complex based on crystal structure of 53BP1 BRCT domain bound to p53 core domain and the
NMR structure of BRCA1 BRCT domain. Molecular dynamics simulations are performed to
compare the binding of BRCA1 and 53BP1 with p53, respectively. Our simulations suggest that
BRCA1-p53 interaction is weaker than 53BP1-p53 interaction, which is consistent with
experimental observations. Our structure analyses attribute this weaker interaction to BRCA1
linker region structure, the longer loop at the interface, as well as the electrostatic repulsion
at
the BRCA1-p53 interface. To search for the mutants that can stabilize BRCA1-p53 interface,
molecular dynamics were performed for 16 mutants of BRCA1 BRCT domain, among which
cancer-associated F1695L mutant displayed the remarkable stability at the BRCA1-p53
complex
interface due to the stability of linker region, suggesting a way toward design of mutants to
stabilize interface of BRCA1 and p53 thus assist experimental identification of the weak
interaction between BRCA1 and p53. Other possible of binding modes of BRCA1 BRCT domain
with p53 core domain explored by protein-protein docking are also discussed in this study.

General Oral - Molecular Mechanics and Simulation
COMP 362 [992884]: Monte Carlo simulations of model
proteins: Free energy computations for (a) confined
systems
and (b) synthetic peptides
Nitin Rathore, Optimization US, Novozymes North America Inc, 77 Perry Chapel Church Rd,
P O BOX 576, Franklinton, NC 27525, nitr@novozymes.com, Phone: 919-494-3332, Thomas
A. Knotts IV, Chemical and Biological Engineering, University of Wisconsin-Madison, and Juan
J. de Pablo, Department of Chemical and Biological Engineering, University of WisconsinMadison

Abstract
This presentation will describe applications of improved density-of-sates based Monte Carlo
methods for free energy calculations in two very different but challenging biological systems.
Conventional methods have proved challenging due to the rugged nature of the energy
landscape characteristic to bio-molecules. Several advanced techniques have been proposed in
attempts to improve simulations by smoothing out such landscapes. The Monte Carlo approach
used in our computations relies on flat-histogram based uniform energy sampling to
circumvent
some of these problems. The method provides precise estimate of density of states of the

system that can be used to compute free energies or other thermodynamic properties of
interest.
Our first case study will demonstrate how these methods can be used to understand the role of
confinement on thermodynamics of protein folding. Folding transitions in different proteins
confined in a chaperonin-like spherical cage are investigated [1]. The effect of protein topology
and the degree of confinement on entropy and free energy of the protein will be presented. In
the second example, synthetic peptides comprising of beta-amino acids are studied. Beta-amino
acid oligomers of length as short as six amino acids can form stable helical structures. We will
show how these advanced Monte Carlo methods can be employed to identify stable
conformations in short beta-peptides and to obtain free energy differences among these states.
The role of cyclic residue based synthetic amino acid monomers on the stability of these helical
foldamers will also be presented.
1. Cover Page Article , Biophys. J., 90: 1767-1773 (2006)

General Oral - Molecular Mechanics and Simulation
COMP 363 [994721]: Novel computational method for
predicting minimum RNA binding sequences
Peter C. Anderson, School of Pharmacy, University of Wisconsin, 777 Highland Avenue,
Madison, WI 53705, Fax: 608-262-5345, pcanderson@pharmacy.wisc.edu, Phone: 608265-2264,
and Sandro Mecozzi, School of Pharmacy and Department of Chemistry, University of Wisconsin

Abstract
Small RNAs play a critical role in many biological processes, including the regulation of gene
expression, and are valuable drug targets. Identifying the minimum sequence requirements of
RNA binding to small molecules can therefore enhance understanding of RNA-ligand molecular
recognition and aid in drug design or target selection. Experimental techniques for identifying
small RNAs that target specific ligands do not necessarily reveal the simplest RNAs that bind the
ligand. We have developed a computational method that combines molecular dynamics
simulations and free-energy techniques to determine minimum sequences of RNAs required for
selective ligand binding. This method has allowed 33-nucleotide (nt) and 35-nt RNAs targeting
theophylline and flavin mononucleotide, respectively, to be truncated to just 13 nt and 14 nt.
The truncated RNAs maintained selective binding to their targets as shown by binding studies.

General Oral - Molecular Mechanics and Simulation
COMP 364 [998670]: Protein binding mechanism: Fast
induced-fit conformational transitions of neurotoxin
Fasciculin-2 in complex with acetylcholinesterase
Jennifer M. Bui, Department of Chemistry/ Biochemistry, University of California San
Diego,
9500 Gilman Drive MC 0365, la jolla, CA 92093, Fax: 858-534-7042,
jbui@mccammon.ucsd.edu,
Phone: 858-822-2771, and J Andrew McCammon, Howard Hughes Medical Institute and
Department of Chemistry and Biochemistry and Department of Pharmacology, University of
California, San Diego

Abstract
Maintaining effective molecular recognition between interacting proteins is of fundamental
importance to all forms of cellular existence. The way in which proteins interact with one
another begins at random diffusion, dictated by Brownian motion, followed by recognition of

their binding partners via interfacial surface complementary, electrostatic forces or
hydrophobic
attraction. In this presentation, induced-fit mechanism of protein-protein binding is
characterized
using the association of neurotoxin fasciculin-2 and its high affinity binding protein-acetylcholinesterase as a model. The encounter complex, which is rapidly formed by apo forms
of fasciculin-2 and acetylcholinesterase (near diffusion control limit ~109 M -1s -1), appears
to
be sufficiently stable to allow switching to resulting final complex as observed in crystal
structures. Fasciculin-2 conformational transitions in the absence and presence of
acetylcholinesterase are also reported. In the absence of acetylcholinesterase, the high energy
barrier found between the apo and liganded forms leads to transitions that are slow on the time
scale of the diffusional encounter of non-interacting fasciculin-2 and acetylcholinesterase.
Interestingly, fascisculin-2 conformational transitions upon binding to acetylcholinesterase
are
significantly faster than in the absence of acetylcholinesterase; the energy barrier between
these
two states is reduced by half. In addition, favorable electrostatic contributions of the complex
that formed by apo form and acetylcholinesterase possibly promote the fast association kinetics
of fasciculin-2 acetylcholinesterase.

General Oral - Molecular Mechanics and Simulation
COMP 365 [992398]: Protein folding kinetics and
thermodynamics from atomistic simulation
David van der Spoel and M. Marvin Seibert, Department of Cell and Molecular Biology,
Uppsala
Universitet, Husargatan 3 Box 596, SE-751 24 Uppsala, Sweden, Fax: +46 18 511 755,
spoel@xray.bmc.uu.se, Phone: +46 18 471 4205

Abstract
Our understanding of protein folding has improved tremendously due to computer simulations of
molecular dynamics (MD), but determining protein folding kinetics and thermodynamics from
all-atom MD simulations without using experimental data still represents a formidable
scientific
challenge. Simulations can easily get trapped in local minima on rough free energy landscapes
and folding events may only rarely be observed. This necessitates the computation of multiple
simulation trajectries (tens to thousands), which can be independent from each other or coupled
in some manner, as for example in the Replica Exchange MD (REMD) method. Here we present
results obtained with new analysis tool that allows the deduction of faithful kinetic information
from a heterogeneous ensemble of simulation trajectories. The method is demonstrated on the
decapeptide Chignolin for which we predict folding and unfolding time constants of 1.0+/-0.3
and 2.6+/-0.4 us, respectively. We also derive the energetics of folding, and calculate a
realistic
melting curve for Chignolin. This new method greatly expands our capabilities to extract
information from MD simulations.

General Oral - Molecular Mechanics and Simulation
COMP 366 [963713]: Role of histone tails and linker
histone

in chromatin folding as revealed by computer simulations
Gaurav Arya, Department of Chemistry and Courant Institute of Mathematical Sciences, New
York University, 31 Washington Place, Rm. 1001 Main, New York, NY 10003, garya@nyu.edu,
Phone: 212-998-3594, and Tamar Schlick, Department of Chemistry, Courant Institute of
Mathematical Sciences, and the Howard Hughes Medical Institute, New York University

Abstract
We develop a new mesoscopic model of oligonucleosome which incorporates flexible histone
tails to elucidate the physical role of histone tails and linker histone in chromatin folding [1].
The nucleosome core is treated as a rigid electrostatic surface with a set of discrete charges; the
linker DNA is represented by the standard discrete elastic chain model; and the histone tails are
treated as chains of coarse-grained beads where each bead represents five amino acid residues.
Appropriate charges and force field parameters are assigned to each histone chain so as to
reproduce its configurational and electrostatic properties. The model reproduces experimental
results better than its predecessors which model the histone tails as rigid entities. In
particular,
it correctly accounts for salt-dependent conformational changes in the histone tails and the
diffusion constants and sedimentation coefficients of nucleosomal arrays. The positional
distribution of the histone tails obtained via a modified configurational-bias Monte Carlo
approach suggests that the H4 histone tails are the most important tails for mediating
internucleosomal interactions, followed by the H3, H2A, and H2B tails; the contribution of each
tail increases as chromatin becomes more compact through the addition of linker histones. In
addition to mediating internucleosomal interactions, the H3 histone tails screen out electrostatic
repulsions between the entering/exiting DNA linkers. Our studies also suggest that the primary
function of the linker histones is to decrease the entry/exit angle of the linker DNAs and to
screen out electrostatic repulsions between non-adjacent DNA linkers, resulting in highly
compact chromatin with a notably different nucleosome/nucleosome interaction pattern.
[1]. G. Arya, Q. Zhang & T. Schlick, Biophys. J. (in press).

General Oral - Molecular Mechanics and Simulation
COMP 367 [981453]: Winding and unwinding helices: A
precursor to folding through residue selection
Thomas Chun, Jianhua Ren, and C. Michael McCallum, Department of Chemistry, University
of the Pacific, 3601 Pacific Ave., Stockton, CA 95211, Fax: 209-946-2607,
mmccallum@pacific.edu, Phone: 209-946-2636

Abstract
Protein folding is one of the Holy Grails of Chemistry, and many attempts have been made to
approach this problem. Besides the description of folded proteins with experimental means
(X-ray diffraction, NMR spectroscopy, etc.), molecular dynamics simulations are playing a
central role in understanding the folding process. An especially promising approach to protein
folding is the combination of the dynamic description with an analysis of the electronic
structure
forces driving the folding process. In this connection, we investigate the folding and unfolding of
protein helices. In proteins, approximately 70% of all residues are in helices, and these are
overwhelmingly alpha helical. Based on picosecond-length simulations and quantum mechanical
calculations, we show that alpha helical stability is closely connected to the process of winding
and unwinding where the inclusion or exclusion of certain residues in a larger peptide chain is
decisive. The helical stability is strongly influenced by the development of a helical macrodipole
in the winding process and its interactions with terminal groups or side-chain forces.

Free Energy Computations in Drug Discovery
COMP 368 [997279]: Potential of mean force approach for
calculating absolute binding affinities of protein-ligand
complexes
Michael S. Lee and Mark Olson, Department of Cell Biology and Biochemistry, USAMRIID,
1425
Porter St., Frederick, MD 21702, Phone: 301-619-8066

Abstract
In recent years, several methods have been developed to calculate absolute binding affinities of
protein-ligand complexes. Endpoint-based approaches, such as MM-PBSA, are computationally
efficient, but are subject to significant errors in entropy estimation and require taking
differences between large energetic values. On the other hand, path-based approaches
intrinsically include a rigorous determination of entropy but are typically more
computationally
intensive. To reduce errors associated with energy differences, we employed a method whereby
a ligand is spatially pulled out of the binding pocket of the protein and a potential of mean force
is calculated. Umbrella sampling was used to hold the ligand at different points along the pulling
path. Weighted histogram analysis was used to combine the data from multiple simulation
windows. We compared results from explicit and implicit solvent simulations of two diverse
FK506-binding protein (FKBP) complexes to experimentally observed binding affinities. In
addition, we applied our approach to drug design, by calculating the binding affinities of
candidate molecular inhibitors to protein targets of interest in our lab.

Free Energy Computations in Drug Discovery
COMP 369 [994787]: The calculation of free energies of
solvation as functions of temperature
Adam Chamberlin, Department of Chemistry, University of Minnesota, 207 Pleasant St.,
Minneapolis, MN 55455-0431, Fax: 612-626-9390, chamberlin@chem.umn.edu, Phone:
612-239-2473

Abstract
Implicit (continuum) solvation models have proven particularly useful for predicting free
energies of partitioning between different phases (commonly the gas phase and liquid solution).
However, the variation of the free energy of solvation as a function of temperature has not
typically been addressed with such models. Solvation Model 6 with Temperature dependence
(SM6T) is a semiempirical model that has been developed to address this deficiency and it is
presently defined for aqueous free energies of solvation of compounds containing H, C, and O
over the temperature range 273 K to 373 K. SM6T computes the temperature dependence of the
bulk electrostatic contribution to the free energy of solvation using the Generalized Born
equation and the temperature dependence of the solvent dielectric constant. The temperature
dependencies of first solvation shell effects are modeled using parameterized solvent exposed
surface area dependent terms. SM6T predicts the temperature dependence of aqueous free
energies of solvation with a root mean squared error of 0.09 kcal/mol over a large database
(the error associated with assuming no temperature dependence is 0.65 kcal/mol).

Free Energy Computations in Drug Discovery
COMP 370 [995545]: Evaluation of rigorous and
approximate

free energy methods in lead optimization
Matthew P. Repasky and B. Woody Sherman, Schrödinger, Inc, 120 W. 45th Street, New
York, NY 10036, repasky@schrodinger.com, Phone: 646-366-9555

Abstract
The reliable prediction of ligand binding modes and ligand-receptor binding affinities, or at
least
relative ranks of compounds, is a prerequisite for theoretical approaches to achieve their
significant potential in lead optimization. Accurate binding modes can now be obtained with a
relatively high level of accuracy when little receptor reorganization is required, as is often the
case with ligands of a congeneric series. Free energy calculations, either rigorous as in
MC/FEP,
or approximate as in physics-based implicit-solvent models, Linear Response, Extended Linear
Response, and empirical scoring functions, have been shown to achieve a sufficient level of
accuracy for lead optimization in a few isolated cases. To more systematically determine the
reliability of the aforementioned free energy methods in predicting and ranking ligands by
binding affinities, they have been applied to congeneric series of inhibitors for several targets
of
pharmaceutical interest. In addition to comparing the reliability of these free energy methods,
representative examples will illustrate how computation can be used to drive decision making in
lead optimization.

Free Energy Computations in Drug Discovery
COMP 371 [1000953]: Analysis of the change in ligand
entropy upon protein binding
Chia-en Chang1, Wei Chen2, Visvaldas Kairys2, Andrew J. McCammon1, and Michael K
Gilson2. (1) Chemistry and Biochemistry, UCSD, La Jolla, CA 92093,
cchang@mccammon.ucsd.edu, Phone: 240-506-7354, (2) University of Maryland
Biotechnology
Institute

Abstract
The configurational entropy is one of the largest disfavoring effect during protein-drug binding.
Moreover, it is one of the most challenging part in binding free calculations. This study analyzes
the source of the loss of configurational entropy of a HIV drug Amprenavir upon binding to the
HIV-1 protease. The study suggested a large entropic loss upon ligand binding, and this penalty
should not be neglected. We also suggest that the configurational entropy must be accounted for
carefully to optimize lead compounds and to reliably rank docked conformations.

Free Energy Computations in Drug Discovery
COMP 372 [976796]: A multistep approach to structure
based drug design: Studying ligand binding at the human
neutrophil elastase
Thomas Steinbrecher, Dept. of Mol. Biology, The Scripps Research Institute, La Jolla,
10550
N. Torrey Pines Rd., La Jolla, CA 92037, Fax: +497612036189, steinbrt@scripps.edu,
Phone:
+497612036231, David A. Case, Dept. of Molecular Biology, Scripps Research Institute, and
Andreas Labahn, Dept. of Physical Chemistry, University of Freiburg

Abstract
In this study we show that a combination of different theoretical methods is a viable approach
to calculate the binding affinities of new ligands for the human neutrophile elastase. This
protease degrades elastin and likely aids neutrophils in fulfilling their immunological functions.
Abnormally high human neutrophil elastase (HNE) levels are involved in several diseases;
therefore, inhibitors of HNE are of interest as targets for drug design. A recent study has
revealed that cinnamic acid and bornyl ester derivatives bind to HNE, but binding energy
estimates from ligand docking results exhibited no correlation with those calculated from the
IC50 values. To accurately compute binding affinities, we generated possible protein ligand
complex structures by ligand docking calculations. For each of the ligands, the 30 most likely
placements were used as starting points of nanosecond length molecular dynamics simulations.
The binding free energies for these complex structures were estimated using a continuum
solvent (MM-PBSA) approach. These results, along with structural data from the molecular
dynamics runs, allowed the identification of a group of similar placements that serve as a model
for the natural protein ligand complex structure. This structural model was used to perform
thermodynamic integration (TI) calculations to obtain the relative binding free energies of
similar ligands to HNE. The TI results were in quantitative agreement with the measured binding
affinities. Thus, the presented approach can be used to generate a probable complex structure
for known ligands to HNE and to use such a structure to calculate the effects of small ligand
modifications on ligand binding, possibly leading to new inhibitors with improved binding
affinities.

Free Energy Computations in Drug Discovery
COMP 373 [970671]: On avoiding sampling and
convergence
problems in alchemical binding free energy calculations
David L. Mobley, Pharmaceutical Chemistry, University of California, San Francisco, 600
16th
Street, Box 2240, San Francisco, CA 95616, dmobley@maxwell.compbio.ucsf.edu, Phone:
530-219-5072, John D. Chodera, Graduate Group in Biophysics, University of California, San
Francisco, and Ken A. Dill, Department of Pharmaceutical Chemistry, University of California
at San Francisco

Abstract
Alchemical free energy calculations are becoming a promising tool for aiding computational drug
discovery, but results sometimes suffer from unreliability and poor predictive power,
especially
when a ligand co-crystal structure is not available. Here, we study a model binding site in T4
lysozyme as a test system for these methods, and demonstrate that the need for a co-crystal
structure can be alleviated when results are adequately converged. We demonstrate the
difficulty of obtaining converged free energy estimates with the brute force approach often used
in the literature, and present an alternative approach (configuration space decomposition)
which
includes multiple ligand potential bound orientations and is easily parallelizable. This approach
makes convergence substantially easier, and thus improves agreement with experiment. We
also show how slow protein side-chain degrees of freedom can cause convergence problems
when protein flexibility is important, and suggest potential solutions.

Free Energy Computations in Drug Discovery

COMP 374 [1003544]: Grand canonical and systematic
sampling for free energy computations
Matthew Clark, Sia Meshkat, and George Talbot, Scientific Computation, Locus
Pharmaceuticals, Four Valley Square, 512 Township Line Road, Blue Bell, PA 19422, Fax: 214
358 2020, Phone: 215 358 2038

Abstract
The grand canonical and systematic sampling of fragments is sufficiently rapid that it is
practical
to compute ligand- protein binding free energies for a large number of poses over the entire
protein surface, thus identifying multiple putative ligand binding sites and their binding free
energies. The methods were used to simulate protein-ligand systems for which there is
extensive thermodynamic and crystallographic data for the binding of small, rigid ligands. These
low-molecular-weight ligands correspond to the molecular fragments used in computational
fragment based drug design. The simulations correctly identified the experimental binding poses
and rank ordered the affinities of ligands. In addition the combination of fragments to construct
larger molecules provides a measure of free energies, which is compared to experimental
bindings.

Free Energy Computations in Drug Discovery
COMP 375 [995734]: Extension of the coupled reference
interaction site model (RISM)/simulation methodology to
the
determination of relative solvation free energies of
biological
complexes
Holly Freedman1 , Ly Le1 , Linh Huynh1 , Dmitry Tikhonov2 , and Thanh N. Truong1 . (1)
Henry
Eyring Center for Theoretical Chemistry / Department of Chemistry, University of Utah, 315
S.
1400 E. Rm 2020, Salt Lake City, UT 84112, holly@mercury.hec.utah.edu, Phone:
801-581-5465, (2) Institute of Mathematical Problems of Biology RAS

Abstract
The comparison of free energies of biological systems in solution requires accurate calculation
of
solvation components. The coupled reference interaction site model/ simulation methodology
determines these as a function of the set of all radial distribution functions of solvent atoms
about atomic solute sites, these first having been calculated from simulation trajectories; this
method has previously been tested on some small molecular systems. We present results of
applications to relative solvation free energies of biological systems, including relative free
energies of shifted drug-DNA binding modes, and relative free energies of theophylline and
analogues to an RNA aptamer.

ADME and Physical Property Prediction
COMP 376 [990820]: Efficient prediction of ADME
properties
and drug similarity based on the COSMO-RS model

Michael Diedenhofen1 , Andreas Klamt2 , and Karin Wichmann1 . (1) COSMOlogic GmbH &
Co.KG, Burscheider Str. 515, Leverkusen D-51381, Germany, diedenhofen@cosmologic.de,
Phone: +49(0)2171731684, (2) COSMOlogic GmbH&CoKG

Abstract
COSMO-RS [1] and its implementation COSMOtherm meanwhile have been shown to provide
reliable predictions for many important properties as water solubility, octanole-water
partitioning, blood-brain partitioning, and intestinal absorption. Due to its quantum chemical
basis, the method is well suited for extrapolation to new compound classes but excluded from
high-throughput applications in drug design. The fragment based COSMOfrag [2] approach
overcomes this limitation by a combination of COSMO-RS with a huge database of about 45000
pre-calculated drug-like compounds, from which it extracts the required surface polarisation
charges from similar reasonably large fragments. The computation time is thus reduced to less
than a second per compound, enabling applications to usual high-throughput projects. Recently
a
drug similarity measure from the ••-profiles, i.e. from the quantum chemically derived
surface
charges underlying the COSMO-RS approach, called COSMOsim, has been developed [3].
COSMOsim differs from most other similarity screening methods by the fact, that it does not at
all measure similarity based on the presence of functional groups, but on the similarity of
surface polarity. Thus COSMOsim is well suited for detecting options of scaffold hopping.
[1] Andreas Klamt, J. Phys. Chem., 99, 2224-2235 (1995).
[2] Martin Hornig and Andreas Klamt , J. Chem. Inf. Model. 45, 1169 -1177 (2005).
[3] Michael Thormann, Andreas Klamt, Martin Hornig and Michael Almstetter, J. Chem. Inf.
Model. 46, advance article (2006).

ADME and Physical Property Prediction
COMP 377 [983711]: Internal hydrogen bonding and
passive
membrane permeability: Successful in silico prediction of
the
relative permeabilities of cyclic peptides
Taha Rezai, Department of Chemistry and Biochemistry, University of California Santa Cruz,
1156 High St., Santa Cruz, CA 95064, R. Scott Lokey, Department of Chemistry and
Biochemistry, University of California, Santa Cruz, and Matthew P. Jacobson, Department
of
Pharmaceutical Chemistry, University of California, San Francisco, 600 16th Street, Room
N472C, Box 2240, San Francisco, CA 94143, Fax: 415-514-4260, matt@cgl.ucsf.edu, Phone:
415-514-9811

Abstract
We report a detailed physical model for the membrane permeability of cyclic peptides that
shows good predictive ability. The computational modeling was performed in advance of the
experiments and did not involve the use of “training data”. The model involves extensive
conformational sampling of the peptides, represented in all-atom detail, in low (membrane)
and
high (water) dielectric environments. The membrane permeabilities of 11 cyclic peptides were
obtained experimentally using a Parallel Artificial Membrane Permeability Assay and showed a

linear correlation with the computational results with R2 = 0.96. In general, the results
support
the hypothesis that the ability to form internal hydrogen bonds is critical for membrane
permeability. However, we have found that the number of internal hydrogen bonds that can
form in the membrane is only a crude measure of membrane permeability, whereas the detailed
computational model provides overall excellent quantitative prediction of relative
permeabilities.

ADME and Physical Property Prediction
COMP 378 [997762]: Assessing hERG blockade in silico
Erik Evensen, Nicolas Granzella, Hans E. Purkey, Ute Hoch, Tarra Fuchs, and Erin K.
Bradley,
Computational Sciences, Sunesis Pharmaceuticals Inc, 341 Oyster Point Blvd., South San
Francisco, CA 94080, Fax: 650-266-3501, ee@sunesis.com, Phone: 650-266-3693

Abstract
Long QT syndrome sometimes leading to torsade des pointes is a serious drug toxicity often
attributed to blockade of the potassium channel encoded by the human ether-a-go-go related
gene (hERG). In vitro assesment of hERG blockade is sufficiently expensive and time consuming
that it is often not performed routinely during lead optimization. To assist in discovering
clinical
candidates devoid of hERG blockade we have developed an interpretable in silico hERG activity
classifier. The classifier is based on a large variety of descriptors spanning physicochemical
properties to three-dimensional pharmacophores. We have assembled a diverse data set from
the literature as well as in-house compounds and have generated classifiers using tree-based
machine learning methods. We will present results of cross-validation and naive predictions. In
addition, we will describe guidelines for reducing a compound's potential for hERG blockade
learned from the interpretation of the classifiers.

ADME and Physical Property Prediction
COMP 379 [990702]: From data to models: A holistic
approach to improve QSAR reliability
Kemper, Raymond A. Kemper1 , Jenness B. Majeska1 , and Chihae Yang2 . (1) Toxicology and
Safety Assessment, Boehringer-Ingelheim Pharmaceuticals Inc, 175 Briar Ridge Rd,
Ridgefield,
CT 06877-0368, Fax: (203) 798-5797, rkemper@rdg.boehringer-ingelheim.com, Phone:
(203)
798-5515, (2) Leadscope, Inc

Abstract
Application of in silico approaches to hazard identification and safety assessment early in
product development and in the regulatory phases has become increasingly more important,
particularly in light of regulatory and legislative initiatives around the use of animals in
toxicological research and the identification of low level genotoxic impurities and metabolites in
pharmaceuticals. Construction of reliable QSAR models involves many practical and fundamental
challenges, and ready access to high-quality data from which accurate predictive models can be
derived continues to be a major impediment. Another obstacle to be overcome is the
"black-box" nature of many QSAR models, which has hampered optimal collaboration between
toxicologists and chemists. In this paper, a holistic approach will be systematically
demonstrated
to address some of these issues. An internal database was constructed based on the ToxML

standard, which then merged with other public databases including the data from FDA. The
customized training sets reflecting the internal chemical space prepared from this integrated
database containing both external source and the internal data. The results indicate that model
predictions for drug candidates derived from the integrated database are more reliable than
from models derived from any of the individual databases alone.

ADME and Physical Property Prediction
COMP 380 [974107]: Improved naive Bayesian modeling of
numerical data for ADME property prediction
Anthony E. Klon1 , Jeffrey Lowrie1 , and David J. Diller2 . (1) Molecular Modeling,
Pharmacopeia
Drug Discovery, Inc, P.O. Box 5350, Princeton, NJ 08543-5350, Fax: 609-655-4187,
aklon@pcop.com, Phone: 609-452-3676, (2) Molecular Modeling, Pharmacopeia

Abstract
We have implemented a naïve Bayesian classifier which models continuous numerical data using
a Gaussian distribution. Several cases of interest in the area of ADME prediction are presented
which demonstrate that this approach is superior to the implementation of naïve Bayesian
classifiers in which continuous chemical descriptors are modeled as binary data. We
demonstrate
that this enhanced performance, upon comparison with other implementations is independent of
the descriptor sets chosen. We also compare the performance of three implementations of naïve
Bayesian classifiers with other previously described models.

ADME and Physical Property Prediction
COMP 381 [1000395]: Survey of the in silico ADME/Tox
landscape
Omoshile O. Clement, Michelle D'Souza, and Gregory M. Banik, Bio-Rad Laboratories,
Informatics Division, 3316 Spring Garden St, Philadelphia, PA 19104, Phone: 215-6620585

Abstract
In silico ADME/Tox property prediction is a potential method to help to reduce compound
attrition and the associated expenditures in pharmaceutical R&D. However, to apply in silico
methods properly, it is critical for researchers to have a good understanding of their power and
limitations.
In this study, we assessed some current “global” models. The first part of this study involved
the validation of 25 ADME/Tox models, covering 14 endpoints, utilizing 23 ADME/Tox modeling
datasets. This was followed by the evaluation of 25 predictors, covering 14 endpoints, by 75
FDA Consumer Drugs.
The results of the study demonstrate that good models are available to predict certain
pharmacokinetic and physical chemical properties; however, better models to predict a broader
collection of ADME/Tox properties are still needed. And because it is possible to continue
building and improving models, in silico prediction remains a promising technology to quickly
evaluate a drug compound's potential.

General Oral - Drug Discovery
COMP 382 [998828]: Identification of druggabable “hot
spots” in protein binding sites by computational solvent
mapping: Implications for in silico fragment-based drug

design
Melissa R. Landon1, Jessamin Yu1, Spencer C. Thiel2, David Lancia2, and Sandor Vajda3. (1)
Bioinformatics Program, Boston University, 24 Cummington St., Boston, MA 02215,
mlandon@bu.edu, Phone: 617-353-4823, (2) SolMap Pharmaceuticals, (3) Department of
Biomedical Engineering, Boston University, 44 Cummington St, Boston, MA 02215, Fax:
617-353-6766, vajda@bu.edu, Phone: 617-353-4757

Abstract
Druggability is defined as the capability of a protein to bind lead-like compounds with high
affinity. We describe the application of a computational method for binding site prediction, the
CS-Map algorithm, to the identification of druggable subsites, or “hot spots”, within a ligand
binding pocket. The accuracy of the algorithm in the prediction of druggable hot spots is
illustrated by the analysis of a set of fifty proteins for which high affinity drug-like compounds
have been developed. Of particular interest is Renin aspartic protease. While several
peptide-like inhibitors have been developed, currently only one therapeutic agent, Aliskiren,
has
entered Phase III clinical trials. Our mapping results for Renin are consistent with the binding
conformation of Aliskiren, highlighting the importance of particular residue contacts that
Aliskiren makes in the binding pocket to the development of lead-like compounds for Renin
inhibition.

General Oral - Drug Discovery
COMP 383 [998469]: Gaussian-weighted RMSD
superposition
of proteins: A structural comparison for flexible proteins
Kelly L. Damm and Heather A. Carlson, Department of Medicinal Chemistry, University of
Michigan, Ann Arbor, College of Pharmacy, 428 Church St., Ann Arbor, MI 48109-1065,
kdamm@umich.edu, Phone: 734-615-9092

Abstract
A simple RMSD alignment of two different conformations of the same protein can be skewed by
the difference between the mobile regions. To overcome this problem, we have developed a
novel method to overlay two protein conformations by their atomic coordinates using a
Gaussian-weighted RMSD (wRMSD) fit. The algorithm is based on the Kabsch least-squares
method and determines an optimal transformation by calculating the minimal weighted
deviation. Atoms that barely move between the two conformations will have a greater weighting
than those that have a large displacement. We can use wRMSD to evaluate protein folding
predictions; the degree of alignment directly reflects the quality of the prediction. We have also
coupled our wRMSD tool with a BLAST sequence alignment as a method to overlay homologous
proteins. Errors in the initial sequence alignment should not overlap well between the two
structures and will be inherently underweighted in the wRMSD calculation.

General Oral - Drug Discovery
COMP 384 [997205]: High-recall, high-precision prediction
of protein binding sites from 3D structure
Ying Wei, Leonel F. Murga, and Mary Jo Ondrechen, Department of Chemistry and Chemical
Biology and Institute for Complex Scientific Software, Northeastern University, Boston, MA
02115, Fax: 617-373-8795, wei.y@neu.edu, Phone: 617-373-4492

Abstract

Prediction of binding sites in proteins from 3D structure is addressed. Catalytic and binding
residues tend to have anomalies in the theoretical microscopic titration curves (THEMATICS).
These anomalies serve as predictive markers and, we argue, afford advantage in catalysis and
recognition. THEMATICS predictions apply to any 3D structure, including novel folds and
proteins
with orphan sequences. The sensitivity and selectivity of THEMATICS is measured through
comparison to an annotated database, a set of 168 well-characterized proteins with
experimental literature references compiled in the original CatRes Database. THEMATICS shows
high sensitivity (fraction of proteins for which the correct site is identified) of 88%. The
filtration ratio, defined as the fraction of all ionizable residues selected, is used to quantify the
selectivity. The low filtration ratio of 8.2% is indicative of good selectivity, particularly when
compared with other methods. These good benchmarks indicate that the method has reliable
predictive capabilities for applications.

General Oral - Drug Discovery
COMP 385 [999727]: Macromolecular crowding
destabilizes
ordered oligomers of an amyloidogenic peptide
Edward P. O'Brien Jr., Institute for Physical Science and Technology, University of
Maryland
College Park, College Park, MD 20742, edobrien@glue.umd.edu, Phone: 301-405-4798,
Bernard
R. Brooks, Laboratory of Computational Biology, National Heart, Lung and Blood Institute,
National Institutes of Health, and D. Thirumalai, Institute for Physical Science and Technology
and Department of Chemistry and Biochemistry, University of Maryland

Abstract
Experiments have shown that inert macromolecules (referred to as macromolecular crowders)
can accelerate protein aggregation. We show that these crowding particles could possibly
suppress amyloid (a disease related protein aggregate) formation by destabilizing ordered
oligomer formation. Using molecular simulations we find that the dimerization of an amyloid
forming peptide into an ordered ••-sheet, which is the predominant secondary structure motif
in
amyloid, is destabilized by molecular crowding. Using free energy methods we show that
molecular crowders destabilize the ordered dimer because extended conformations, as is found
in ••-sheets, have a larger excess chemical potential than more compact conformations. This
chemical potential gradient shifts the equilibrium towards compact disordered dimers that have
muted amyloid forming propensity. Based on these results we predict that under certain
conditions crowding will slow amyloid formation, increase the critical nucleus size and possibly
prevent amyloid formation altogether.

General Oral - Drug Discovery
COMP 386 [997567]: Structure prediction and ligand
binding
in serotonin 2b and 2c receptors
Jenelle Bray1 , Nagarajan Vaidehi2 , and William A Goddard III1 . (1) Materials and Process
Simulation Center, California Institute of Technology, Beckman Institute (139-74), Pasadena,
CA 91125, jenelle@caltech.edu, Phone: 626-395-2724, (2) Immunology, City of Hope
Graduate

School of Biological Sciences

Abstract
The MembStruk first principles computational method for predicting the three-dimensional
structure of GPCRs is used in conjunction with the MSCDock ligand docking method to predict
the structures and ligand binding of the serotonin receptors 5-HT2B and 5-HT2C. The protocol
is
validated by the agreement of experimental mutagenesis results to the predicted serotonin
binding sites in the two receptors. These binding site predictions lead to the hypothesis that
serotonin binds differently in serotonin 2b and serotonin 2c because of small variations in the
sequences of TM4 and TM5 between the two receptors. Additional mutation experiments are
proposed to further validate the serotonin binding sites. Binding sites for other agonists and
antagonists are proposed. The calculated binding energies for agonists and antagonists bound in
5-HT2B and 5-HT2C are compared to experimental binding constants.

General Oral - Drug Discovery
COMP 387 [993791]: Protein family-based homology
modeling and its application to lead optimization
Suo-Bao Rong and John H. van Drie, Computer-Aided Drug Discovery, Global Discovery
Chemistry, Novartis Institutes for BioMedical Research, Cambridge, MA 02139,
suobao.rong@novartis.com, Phone: 617-871-3892

Abstract
In the post-genome era, the number of protein sequences is exponentially increasing to exceed
the capability of experimentally determining protein structures by X-ray crystallography and
NMR spectroscopy. Thus, protein structure prediction using homology modeling approach has
been a critical component in structure-based drug design. Because the quality of homology
modeling is significantly dependent on the accuracy of sequence alignment, it is difficult to build
quality structural model for those proteins having < 30% sequence identity with the protein
structures used as template. On the basis of the protein evolution principle that the 3D
structures of proteins from the same family are more conserved than their primary sequences,
the protein family-based homology modeling approach has been attempted to build 3D
structural models for several proteins. This approach consists of three steps: (1) creating
multiple sequence alignment using protein family-based approach, (2) adjusting sequence
alignment using profiling methods, and (3) building and optimizing structural model. Several
structural models constructed using this approach (e.g. PKB PH domain: ~100 AA and NAAG
peptidase: ~640 AA) have been applied in lead optimization. Furthermore, the quality of these
structural models have been confirmed, by the X-ray crystal structures published after the
modeling, to have RMSDs between 1 - 2.5 •• when being superimposed with the crystal
structures.

General Oral - Drug Discovery
COMP 388 [1012665]: Analysis of ligand structures in the
Protein Data Bank
Matthew Stahl, OpenEye Scientific Software Inc, 3600 Cerrillos Road, Suite 1107, Santa Fe,
NM 87507, mstahl@eyesopen.com, Phone: 505-473-7385

Abstract
There have been a number of ligand structures deposited in the Protein Data Bank (PDB) in
questionable conformations. Although the availability of structure factors for most of the PDB is
sadly lacking, public deposition of structure factors for some models provides an opportunity

for
further analysis. We have re-solved a number of ligand structures using a protocol that
accounts
for both strain energy and experimental data in a rigorous fashion. The strain energy and
conformational differences, and agreement with experiment of the alternate solutions will be
presented. In addition, examples of improbable structural motifs will be provided.

General Oral - Quantum Chemistry
COMP 389 [999511]: DFT Studies on electron attachment
to
DNA/RNA subunits
David, J Zhang and Henry, F. Schaefer III, Center for Computational Chemistry, The
University
of Georgia, 1004 Cedar St., Athens,GA, GA 30605, jzhang@chem.uga.edu, Phone:
706-542-7379

Abstract
The structures, energetics, and vibrational frequencies of nine hydrogenated 9H- keto-guanine
radicals (G+H)and closed-shell anions (G+H)are predicted using the carefully calibrated
(Chem. Rev. 2002, 102, 231) B3LYP density functional method in conjunction with a DZP++
basis set. These radical and anionic species come from consecutive electron attachment to
corresponding protonated (G+H)+ cations in low pH environments. The (G+H)+ cations are
studied using the same level of theory. The proton affinity (PA) of guanine computed in this
research (228.1 kcal/mol) is within 0.7 kcal/mol of the latest experiment value. The radicals
range over 41 kcal mol-1 in relative energy, with radical r1, in which H is attached at the C8
site of guanine, having the lowest energy. The lowest energy anion is a2, derived by hydride ion
attachment at the C2 site of guanine. There is no stable N2-site hydride existing in the gas
phase. A dissociated structure a9 was predicted in this research. The theoretical adiabatic
electron affinities (AEA), vertical electron affinities (VEA), and vertical detachment energies
(VDE) were computed, with AEAs ranging from 0.07 eV to 3.12 eV for the nine radicals.

General Oral - Quantum Chemistry
COMP 390 [999304]: Quadratic String Method for
determining the conformational change pathway of
Tryptophanyl-tRNA Synthetase
Steven Knox Burger, Hao Hu, and Weitao Yang, Department of Chemistry, Duke University,
Box 90346, Durham, NC 27708-0346, steven.burger@duke.edu, Phone: 919-660-1642

Abstract
Obtaining thermodynamically favored conformational pathways for large scale structural
transitions of biomolecules is an important and challenging problem. With the recently
developed quadratic string method (QSM), we demonstrate here methods and applications about
how it could be effectively implemented to solve this problem. The main principle of the QSM is
it reduces the energy perpendicular to the path through optimization procedures allowing rapid
convergence to the minimum energy path. We have implemented the QSM in Sigma and
employed it in the study of the significant conformational changes of Tryptophanyl-tRNA
Synthetase (TrpRS) during it's catalysis cycle. The results provide important insights into the
coupling between conformational dynamics and enzymatic functions of TrpRS, as well as
evidence for the effectiveness of QSM in solving multi-transition state paths, a general problem
in many fields.

General Oral - Quantum Chemistry
COMP 391 [1012078]: Key stereoelectronic forces along
the
reaction coordinate that regulate rate and selectivity
enhancements of Lewis acid catalyzed Diels-Alder
reactions
Jeffrey D. Evanseck, Department of Chemistry and Biochemistry, Duquesne University,
600
Forbes Ave, Pittsburgh, PA 15282, Fax: 412-396-5683, evanseck@duq.edu, Phone:
412-396-6337, and Joshua A Plumley, Center for Computational Sciences, Department of
Chemistry and Biochemistry, Duquesne University

Abstract
Stereoelectronic effects affecting the rate and selectivity enhancements of the BF2OCH3
catalyzed Diels-Alder reaction between butadiene and acrolein has been investigated along the
reaction coordinate employing density functional theory and natural bonding orbital analysis to
probe specific stereoelectronic effects. Three separate orbital interactions derived from the
uncomplexed lone pair on the dienophile formyl group and the antibonding orbitals between
boron and either fluorine or oxygen of the Lewis acid (n(O) ƒ••*(B-X) X=F,O) have been
identified. The dominant interaction involves an antiperiplanar configuration typifying the
anomeric effect, while the other two interactions reflect hyperconjugation. All three
stereoelectronic effects have been found to be at a maximum along the reaction coordinate
significantly different than the transition structure. Stereoelectronic effects become important
depending on the stereoisomer reaction pathway. It is found that there is a relationship between
a stronger anomeric effect and lower activation energy and enhanced endo/exo selectivity.

General Oral - Quantum Chemistry
COMP 392 [1001001]: Dinuclear catalytic strategy among
metallo ••-- lactamase superfamily
Matteo Dal Peraro1 , Paolo Carloni2 , Alejandro Vila3 , and Michael L. Klein1 . (1) Department
of
Chemistry, University of Pennsylvania, 231 S. 34th Street, Philadelphia, PA 19104, Fax:
1-215-573-6233, matteodp@cmm.upenn.edu, Phone: 1-215-989-9347, (2) International
School
for Advanced Studies (SISSA/ISAS) and INFM-Democritos Center, (3) Biophysics Section and
Instituto de Biolog¨ªa Molecular y Celular de Rosario (IBR)

Abstract
The metallo ••-lactamase folding superfamily features a compact ••••/•••• sandwich scaffold
that
is largely evolutionary diverged and distributed among different organisms. The superfamily
catalyzes a variety of hydrolytic reactions using the metal ions accommodated at the active site.
Bacterial metallo ••-lactamases, Glyoxalase II, flavoproteins, phosphodiesterase RNase Z,
N-acyl-L-homoserine lactonase are some of the members for which structural data are
currently
available. Despite the poor sequence identity, they share a similar architecture at the active
site, where two metal ions are bridged by a water-hydroxide nucleophilic agent. Here, the
reaction mechanisms of CcrA metallo ••-lactamase from Bacteroides fragilis, and Glyoxalase II

are studied by Car-Parrinello quantum mechanics-molecular mechanics dynamics. The reaction
paths indicate a common role for the metals: the first zinc ion promotes the nucleophilic attack,
whereas the second metal stabilizes the leaving group. Moreover, a common function is found
for relevant second shell ligands in modulating the substrate binding and the catalytic activation.
Structural comparisons with other members of the superfamily are also proposed in the light of
these catalytic insights in order to understand the general catalytic strategy of these dinuclear
enzymes.

General Oral - Quantum Chemistry
COMP 393 [1012110]: Competition between protein
ligands
and cytoplasmic inorganic anions for the metal cation
Carmay Lim and Todor Dudev, Academia Sinica, Institute of Biomedical Sciences, Taipei 115,
Taiwan, carmay@gate.sinica.edu.tw, Phone: 2652-3031

Abstract
Many of the essential metalloproteins are located in the cell, whose cytoplasmic fluid contains
several small inorganic anions that play an indispensable role in cell volume, regulation, signal
transduction, muscle contraction, as well as cell growth and metabolism. However, the physical
principles governing the competition between these abundant, intracellular anions and protein
or
nucleic acid residues in binding to cytoplasmic metal cations are not well understood. This talk
will address the following intriguing questions:
1. How could a metal cation bind to its target protein against a high background concentration of
inorganic anions such as Clƒ{, NO2ƒ{, NO3ƒ{, H2POƒƒ{, and SO42ƒ{ in the cytoplasmic fluid?
2. What are the factors governing the competition between protein and inorganic ligands for a
given cytoplasmic metal cation?
3. Once the metal cation is bound to protein ligands, how does the metal-binding site defend
itself from alien attack by cellular anions?

General Oral - Quantum Chemistry
COMP 394 [1012095]: Metalla crown ether energetics via
GridChem
Scott R. Brozell, Department of Chemistry, The Ohio State University, 100 W. 18th Avenue,
Columbus, OH 43210, srb@osc.edu, Phone: 650-726-4372, and Sudhakar Pamidighantam,
NCSA, University of Illinois at Urbana Champaign

Abstract
Both the binding affinity for small metal cations and the solution conformations of Metalla
Crown Ethers (MCEs) depend critically on the alpha,omega-bis(phosphorus-donor) polyether
groups that form the crowns. For molybdenum containing unsymmetrical MCEs with bulky
substituents like dibenzodioxaphosphepin, computations can supplement experiment because
crystallization problems have prevented X-ray diffraction studies and the assignment of NMR
spectra have been difficult due to flexibility in the crown. In the present study, conformational
energetics of MCE's such as Mo(CO)4{2-Ph2PO(CH2CH2O)2-C12H8-2'-OPPh2} will be
described
using empirical, semi-empirical, and ab-initio methods. The calculated spectral properties
will be
compared to experimental results. During this presentation we shall also demonstrate the
Computational Chemistry Grid (CCG) as a community portal to accomplish such computations

and analyses: https://www.gridchem.org/ The CCG is a virtual organization providing services
for the chemistry community including access to high performance computing hardware and
software with management tools at the researchers desktop and consulting available online.

General Oral - Quantum Chemistry
COMP 395 [1000666]: Surface growth control in metallic
quantum dots
Dmitri S. Kilin, Department of Chemistry, University of Washington, Seattle, WA 98195,
dkilin@gmail.com, Phone: 206-543-2738

General Oral - Quantum Chemistry
COMP 396 [992849]: The use of ONIOM in computational
nanomaterials research
Stephan Irle1 , Zhi Wang2 , and Keiji Morokuma2 . (1) Fukui Institute for Fundamental
Chemistry, Kyoto University, Takano Nishihiraki-cho 34-4, Sakyo-ku, Kyoto 606-8103,
Japan,
Fax: +81 75-781-4757, stephan@euch4e.chem.emory.edu, Phone: +81 75-711-7708, (2)
Cherry
L. Emerson Center for Scientific Computation and Department of Chemistry, Emory University

Abstract
In the area of computational materials research we find ourselves forced today to study
nanoscale electronic structures a priori with the focus on a size domain where quantum
mechanics and classical mechanics meet to create a new, fascinating arsenal of quantum
phenomena and structural wonders. Unfortunately, although methodological advances in recent
years extended the applicability of molecular orbital (MO) and density functional theory (DFT)
methods to larger and larger systems, the size range required for the nanometer scale remains
far beyond their reach. QM/MM hybrid methods typically used for large-scale biochemical
investigations are not capable to take into account the extended delocalized electronic structures
encountered in fullerene and nanotube sp2 carbon-based nanomaterials. In these systems,
where proper description of the electronic structure over the entire nanoscale size range is
important, one has to apply integrated MO:MO approaches as formulated in the elegant
ONIOM(HL:LL) approach, with HL referring to high level and LL to low level quantum chemical
methods (in our case typically tight binding density functional, DFTB). In this presentation we
will discuss recent developments and applications in three areas relevant to such computational
nanomaterials research: a) investigations of ammonia physisorption on
pristine/defective/oxidized carbon nanotubes (CNTs), b) “ONIOM rings” for treatment of CNT
functionalization reactions without employing non-Kekule patch models, and c) ONIOM
molecular
dynamics (ONIOM/MD) studies for zeolite-based double-wall carbon nanotube (DWNT) growth.

General Oral - Quantum Chemistry
COMP 397 [977082]: Yin-Yang atom: A simple QM/MM
interface
Yihan Shao, Q-Chem, Inc, 5001 Baum Blvd, Suite 690, Pittsburgh, PA 15213,
yihan@q-chem.com, Phone: 412-687-0695, and Jing Kong, Q-Chem Inc

Abstract
A new and simple combined ab initio quantum mechnical molecular mechanical (QM/MM)
method is proposed. Within this model, the MM end atom of a covalent bond connecting the QM

and MM regions is called a "Yin-Yang" atom, and has double characters: to other MM atoms, it
looks like an ordinary MM atoms; to QM atoms, it acts like a hydrogen atom. This model
introduces only one new empirical parameter for a Coulombic repulsion terme between the MM
end atom and the QM end atom of the cross-region covalent bond to reduce the energy gradient
from the combined model at full-QM equilibrium geometry. The performance of our new model
is evaluated with the calculation of equilibrium geometry and protonation energies for dozens of
molecules.

Free Energy Computations in Drug Discovery
COMP 398 [1000354]: Quantifying the conformation space
of
FKBP ligand binding
Michael R. Shirts, Havemeyer Hall, Mail Code 3131, Columbia University, New York, NY
10027,
michael.shirts@columbia.edu, Phone: 212-854-5650, Christopher D. Snow, Biophysics
Program,
Stanford University, Guha Jayachandran, Department of Computer Science, Stanford
University,
Vijay S. Pande, Department of Chemistry, Stanford University, and Richard Friesner,
Department of Chemistry, Columbia University

Abstract
One of the biggest challenges in free energy calculations of ligand binding is the sampling of
conformational space. We sample the binding conformational space of FKBP12 and a series of
ligands, both by massively parallel molecular dynamics using Folding@Home, and by novel
continuum solvent methods using structure predicition algorithms for sampling, and rigorously
assess the translation, rotation, and protein and ligand torsional degrees of freedom involved in
ligand binding. Understanding this conformational landscape not only allows us to determine the
free energy of binding with high precision, but also to identify and verify methods that allow for
much more efficient exploration of the ligand binding connfiguration space.

Free Energy Computations in Drug Discovery
COMP 399 [988045]: Use of free energy methods and
structure-based drug design in the discovery of a
potential
new class of drugs for diabetes
M. Rami Reddy, Metabasis Therapeutics Inc, 11119 North Torrey Pines Road, La Jolla, CA
92037, Fax: (858)622-5573, reddy@mbasis.com, Phone: (858)622-3967, Mark D. Erion,
Metabasis Therapeutics, Inc, Qun Dang, Department of Medicinal Chemistry, Metabasis
Therapeutics, Inc, Paul D. van Poelje, Department of Biochemistry, Metabasis Therapeutics,
Inc,
and William N. Lipscomb, Department of Chemistry and Chemical Biology, Harvard University

Abstract
Computational assessment of the binding affinity of enzyme inhibitors prior to synthesis is an
important component of computer-assisted drug design (CADD) paradigms. Potential drug
molecules for diabetes were designed using CADD approaches based on fructose
1,6-bisphosphatase (FBPase) inhibitor complex X-ray crystal structures. Although free
energy

perturbation (FEP) methodology is the most accurate means of estimating relative binding
affinities of inhibitors, practical applications are restricted to analysis of structurally related
inhibitors due to its complexity and computation-intensive nature. However, FEP calculations
played an important role in this project in helping to elucidate the contributions of individual
heteroatoms of adenosine monophosphate to FBPase binding affinity as well as for predicting
relative solvation and binding free energies of enzyme inhibitors. The interplay of
crystallography, medicinal chemistry, biology and FEP methods in the structure-based drug
design of clinical candidates for type-2 diabetes will be discussed.

Free Energy Computations in Drug Discovery
COMP 400 [993255]: Water binding free energy: A critical
component of successful structure based drug design
Frank P. Hollinger, Technology & Informatics, Locus Pharmaceuticals, Inc, Four Valley
Square,
512 Township Line Road, Blue Bell, PA 19422, Fax: 215-358-2020,
fhollinger@locuspharma.com,
Phone: 215-358-2004, and Ted T. Fujimoto, Technology & Informatics, Computational
Chemistry, Locus Pharmaceuticals, Inc

Abstract
Crystal structures provide one view of the water structure around a protein surface. The
information content from a crystal structure is typically insufficient to be able to differentiate
between tightly bound water molecules and those less tightly bound yet still present in the
crystal structure. An understanding of this binding differential is essential when doing
structure
based drug design.
A novel approach has been developed which permits the calculation of binding free energies of
fragments against a protein using a series of Grand Canonical Monte Carlo simulations. Through
a process of simulated annealing of chemical potential we obtain accurate binding energies for
fragments interacting with a protein. We also obtain exceptional information about the binding
of water to the protein surface. This information enables us to explicitly identify binding sites
for
proteins and design high affinity, selective molecules. A cancer target of interest in the
pharmaceutical industry, HSP-90, will be used as a demonstration of how this information has
been applied to further our understanding of how to use water structure in fragment centered
structure based drug design

Free Energy Computations in Drug Discovery
COMP 401 [993835]: Quorum-quenching proteins as
therapeutic targets: Binding and reaction mechanism
Katrin Spiegel, Marco De Vivo, Matteo Dal Peraro, and Michael L. Klein, Department of
Chemistry, University of Pennsylvania, 231 S. 34th Street, Phialdelphia, PA 19104-6323,
spiegel@cmm.upenn.edu, Phone: 215-898-9347

Abstract
N-acyl-L-homoserine lactones (AHL's) are believed to be involved in cell-to-cell
communication,
regulating gene expression and group behavior in bacteria. This phenomenon is also referred to
as quorum sensing (QS); thus, quorum-quenching proteins, such as AHL-Lactonases constitute
an appealing new target for therapeutic approaches to control pathogens. Based on the recent

crystal structure of the inhibitor-enzyme complex of AHL-lactonase of Bacillus thuringiensis
at
1.7 Å (1), we apply an extensive multi-step computational investigation with the scope to
rationalize the structure-activity data for real substrates and, hence, better understand the
mechanism of AHL-Lactonases. A standard docking procedure is applied to identify possible
substrate binding modes followed by the modeling of a mobile loop region, not defined in the
experimental structure. Then, classical molecular dynamics simulations have been performed
in
order to further refine the best docked structures and to equilibrate the solvated system.
Finally,
we discriminate among possible binding modes by looking at the enzymatic reaction energy
profiles and comparing them to experimental data. To this aim, Car-Parrinello QM/MM
simulations together with an Umbrella-sampling scheme are performed. We confront our
findings to the reaction mechanism of other members of the metallo-••-lactamase folding
family
(e.g. CcrA from Bacteroides fragilis, and Glyoxalase II).
(1) Kim M.H., Choi W.-C., Kang H.O., Lee J.S., Kang B.S., Kim K.-J., Derewenda Z.S., Oh
T.-K., Lee C.H., Lee J.-K. PNAS, 102(49):17606-17611 (2005).

Free Energy Computations in Drug Discovery
COMP 402 [998133]: Free energy surfaces for binding of
COX-2 inhibitors: A combined computational study of
Shape
Signatures, docking and metadynamics
Zhiwei Liu, Mukesh Kumar, Preston B. Moore, and Randy J. Zauhar, West Center for
Computational Chemistry and Drug Design and Department of Chemistry & Biochemistry,
University of the Sciences in Philadelphia, 600 South 43rd Street, Philadelphia, PA 19104,
z.liu@usip.edu, Phone: 215-895-1169

Abstract
To find new selective COX-2 inhibitors and to evaluate the novel Shape Signatures algorithm for
virtual screening, commercially available COX-2 inhibitors were used as queries to screen
chemical databases. Docking of the top hits into COX-2 site were performed using the GOLD
package. Docking scores were high enough and comparable to those of commercial inhibitors.
Metadynamics, a relatively new and highly efficient molecular dynamics technique in free
energy
calculations, was used to obtain free energy surfaces (FES) for binding of selected hit
compounds and inhibitors. Based on the FES, binding kinetics and thermodynamics are discussed
and compared between commercial inhibitors and hit compounds, with reference to identifying
potentially new selective inhibitors. The study illustrates a computational approach to rational
drug design combining fast, less accurate virtual screening techniques with slower, more
accurate molecular dynamics simulations.

Free Energy Computations in Drug Discovery
COMP 403 [992213]: Binding free energy calculations in
the
polar and nonpolar T4 lysozyme mutants
Yuqing Deng, Biosciences Division, Argonne National Laboratory, B236 Building 221, 9300
S

Cass Avenue, Argonne, IL 60439, Phone: 630-252-8688, and Benoit Roux, Dept of
Biochemistry
and Molecular Biology, University of Chicago

Abstract
Calculations of the binding free energies of aromatic ligands to the polar (L99A/M102Q) and
nonpolar (L99A) cavity in engineered T4 lysozyme mutants using free energy perturbation and
molecular dynamics (MD) are presented. Biasing potentials are used to restrain the ligand
orientation and center-of-mass movement relative to the protein. MD simulations are run with
explicit water molecules inside a sphere of 15 Angstrom diameter centered on the binding
pocket. The influence from the rest of the system is incorporated using the generalized solvent
boundary potential (GSBP) method. The total binding free energy is separated into repulsive,
dispersive, electrostatic contributions, addition and removal of the restraints. The computed
binding free energies are generally in good agreement with experimental values well. In
particular, benzene, toluene as well as phenol bind to the T4 lysozyme mutant with the
engineered polar cavity, whereas only benzene and toluene bind to the mutant with the
engineered nonpolar cavity. The free energy decomposition shows that phenol does not bind due
to the greatly unfavorable electrostatic interaction. The decomposition of the nonbond
contributions shows that the the binding cavity is pre-formed in the apo protein, thereby
reducing the cost of steric clash upon ligand binding. For similar-sized ligands The
contributions
from nonpolar interactions is similar for both and polar and nonpolar cavities.

Free Energy Computations in Drug Discovery
COMP 404 [971859]: What is the statistical-thermodynamic
cost of binding entropy in protein-ligand docking and
virtual
screening?
Anatoly M. Ruvinsky, Center for Bioinformatics, The University of Kansas, 2030 Becker
Drive,
Lawrence, KS 66047, ruvinsky@ku.edu, Phone: 785-864-1164

Abstract
We present a novel method to estimate the contributions of translational and rotational entropy
to protein-ligand binding affinity. The method is based on estimates of the configurational
integral through the sizes of clusters obtained from multiple docking positions. Cluster sizes
are
defined as the intervals of variation of center of ligand mass and Euler angles in the cluster.
Then we suggest a method to consider the entropy of torsional motions. We validate the
suggested methods on a set of 135 PDB protein-ligand complexes [2] by comparing the
averaged root-mean square deviations (RMSD) of the top-scored ligand docked positions,
accounting and not accounting for entropy contributions, relative to the experimentally
determined positions. We demonstrate that the method increases docking accuracy by 10-21%
when used in conjunction with the AutoDock docking program, thus reducing the percent of
incorrectly docked ligands by 1.4-fold to 4-fold, so that in some cases the percent of ligands
correctly docked to within an RMSD of 2 A is above 90%. We show that the suggested method
to account for entropy of relative motions is identical to the method based on the Monte-Carlo
integration over intervals of variation of center of ligand mass and Euler angles in the cluster.
[1] Ruvinsky AM, Kozincev AV. J Comp Chem 2005; 26: 1089-1095.
[2] Ruvinsky AM, Kozincev AV. Prot Str Func Bio 2005; 58: 845-851.

General Oral - Drug Discovery
COMP 405 [964979]: From fragment to lead: High
throughput crystallography and rational design to identify
CDKs inhibitors as anticancer drugs
Valerio Berdini, John A. Boulstridge, Maria G. Carr, David M. Cross, Deborah J. Davis,
Lindsay
A. Devine, Tess Early, Ruth E. Feltell, Eva Figueroa, John Lewis, Alistair O'Brien, Marc
O'Reilly,
Matt S. Squires, Gordon Saxty, Lisa Seavers, Donna M. Smith, Gary Trewartha, Margaret T.
Walker, Andrew J. Woodhead, Alison J. Woolford, and Paul G. Wyatt, Computational Chemistry,
Astex Therapeutics Ltd, 436 Cambridge Science Park, Milton Road, Cambridge, Cambridge CB4
0QA, United Kingdom, v.berdini@astex-therapeutics.com, Phone: 0044-1223-226277

Abstract
The abnormal and uncontrolled growth of cells, the characteristics of neoplasia, can often be
attributed to loss of correct cell cycle control. Cyclin dependent kinase (CDKs)/cyclin
complexes
are central to appropriate cellular proliferation by controlling correct progression through the
phases of the cell cycle. In addition not all members of the CDK family influence cell
proliferation exclusively through cell cycle control. Some CDKs control DNA replication, gene
and
transcription regulation. Therefore inhibiting CDKs activity provides attractive targets for
drugs
designed to arrest or recover control of the cell cycle in aberrantly proliferating cells. In
addition, inhibitors of a spectrum of the key CDKs may have additional benefits in terms of
anti-tumour activity. The potential of CDK inhibition as an approach to new anti-cancer agents
has resulted in many reported series of inhibitors and several compounds entering pre-clinical
and clinical development.
Astex high-throughput X-ray crystallographic screening in combination with proprietary
computational tools has been used to identify low-affinity fragment hits for a CDK medicinal
chemistry programme. Using cycles of rational design, structural information gained from
multiple ligand-CDK2 crystal complexes and structure-activity relationships, some of the
fragments were quickly developed into lead series with potent kinase and cancer cell line
antiproliferative activity. This lecture reports the identification of fragment hits and shows the
progress of one of the initial fragment hits to a drug-like compound and the further
optimisation
to deliver an optimized candidate to be tested in an in-vivo tumour-growth model.

General Oral - Drug Discovery
COMP 406 [1012100]: Looking for isozyme specificity of
histone deacetylase class I isozymes
Emilio Xavier Esposito, Department of Chemistry & Molecular Biology and Molecular
Modelling
& Bioinformatics Studio, North Dakota State University, 205 Ladd Hall, 1231 Albrecht Avenue,
Fargo, ND 58105, emilio.esposito@ndsu.edu, Phone: 701-231-8702, and Gregory R. Cook,
Department of Chemistry and Molecular Biology, North Dakota State University

Abstract
Inhibition of Class I Human Histone Deacetylase (HDAC-I) enzymes is one approach to treating

cancer and Lupus through control of the cell's cycles, progression, differentiation, and
apoptosis.
The HDAC-I class of enzymes are the main controller of the cell's life cycle and HDAC-I
inhibition will subsequently obstruct cell differentiation and apoptosis. This circumvents the
problems associated with inhibiting one or several pathway(s) of a cell and not achieving cell
death as other pathways continue the life cycle. Construction of realistic HDAC-I enzyme models
allows for a sound in silica inhibitor study, providing valuable information on the features of
the
target that need to be exploited to devise novel isozyme specific inhibitors. HDAC-I inhibitors
that are known to be bioactive were used as building blocks for several of the novel ligands.
Docking was used to provide a reasonable binding orientation of novel inhibitors in the active
site of each isozyme. Molecular dynamics was employed to calculate relative binding affinities,
energetic and physical interactions between the novel inhibitors and the HDAC-I isozyme
models. The difference and similarities between various known and novel inhibitor for different
HDAC-I isozymes will be discussed.

General Oral - Drug Discovery
COMP 407 [1003409]: Novel pliable target with multiple
locks: Finding the right lock, identifying the right keys
Maricel Torrent, Molecular Systems, Merck Research Laboratories, 770 Sumneytown Pike,
West Point, PA 19486, Fax: 215-652-4625, maricel_torrent@merck.com, Phone: 215652-0823

Abstract
Kinesin spindle protein (KSP) has recently been identified as a novel target for a new
generation
of antimitotic chemotherapeutic agents that do not interact directly with tubulin. As a member
of the kinesin superfamily of molecular motors, KSP couples the energy generated by the
hydrolysis of ATP to the production of a motile force that properly organizes the bipolar mitotic
spindle during mitosis. At the onset of our studies, very little was known regarding the
mechanism of inhibition of KSP by small molecule agents. Lack of competition with ATP and
microtubules suggested that these agents must bind to a third, allosteric binding site elsewhere
in the protein. Here we describe our hunt for an allosteric binding site in a target with
unusually
high plasticity. Having identified this putative binding site, we also discuss our efforts as to how
to quickly recognize and prioritize, among all active ligands, only those that bind specifically to
it.

General Oral - Drug Discovery
COMP 408 [955380]: Engineering enzymes for improved
bioconversion: A computational study
Akbar Nayeem, Computer-Assisted Drug Design, Bristol-Myers Squibb, Pharmaceutical
Research Institute, P.O. Box 5400, Princeton, NJ 08543-5400, Fax: 609-818-3545,
akbar.nayeem@bms.com, Phone: 609-818-3931, and Jonathan Basch, Analytical
Biochemistry,
Technical Operations, Bristol Myers Squibb

Abstract
Epothilone F (EpoF) is an intermediate in the synthesis of BMS-310705, an antitumor
compound

that has been evaluated in phase I clinical trials. A cytochrome P450 enzyme was identified and
cloned from the prokaryote, Amycolatopsis orientalis, which hydroxylates epothilone B to
produce epothilone F. The wild-type epothilone-B hydroxylase was also found to catalyze a
degradative reaction resulting in a loss of epothilone during bioconversion. With the goal of
engineering epothilone-B hydroxylase for improving biosynthetic yield of EpoF, modeling
studies
were carried out in close collaboration with a mutagenesis program. The studies described here
show how a homology model of epothilone-B hydroxylase was used to (a) suggest and
rationalize sites for mutagenesis, and (b) obtain an understanding of the possible mechanism
that led to improved yield in the mutated enzyme. The mutations in epothilone-B hydroxylase
increased the yield from 40% to higher than 80% .

General Oral - Drug Discovery
COMP 409 [993771]: Structure-based design of novel liver
X
receptor (LXR) modulators
Ray J Unwalla1 , Baihua Hu1 , James Jetter1 , Christopher P Miller2 , Michael Collini1 , David
Kaufman1, Franklin Moy1, Irene B. Feingold3, Anna Wilhelmsson4, Annika Goos-Nilsson4,
Mathias Farnegardh4, Tomas Hansson4, Tomas Bonn4, Christopher Enroth4, Ponnal Nambi5, and
Jay Wrobel1. (1) Chemical and Screening Sciences, Wyeth Research, 500 Arcola Rd,
Collegeville, PA 19426, Phone: 484-865-2493, (2) Patent Department, Wyeth Research,
(3)
Department of Drug Safety and Metabolism, Wyeth Research, (4) Karo Bio AB, (5) Department
of Cardiovascular and Metabolic Diseases, Wyeth Research

Abstract
Liver X receptors (LXRs) a and b are nuclear hormone receptors that are involved in the
regulation of cholesterol and lipid metabolism and represent novel targets for the treatment of
atherosclerosis. Like several other nuclear hormone receptors, LXRs form heterodimers with
retinoid X receptor (RXR) and subsequently bind to specific response elements (LXREs) to
regulate the expression, directly or indirectly, of a number of genes involved in cholesterol and
fatty acid metabolism including ABCA1 (involved in Reverse Cholesterol Transport, RCT). The
beneficial role of RCT is shown in several in vivo mouse model (ApoE and LDLr knockout
animals) studies in which treatment with an LXR agonist results in decreased atherosclerotic
lesions. The potential to prevent or even reverse atherosclerotic process by increasing ABCA1
expression makes LXRs an attractive drug target. In this presentation, we will discuss our
structure-based approach in the optimization of our in-house lead series identified by HTS. The
x-ray structures of these receptors reveal a primarily hydrophobic ligand-binding pocket with
a
remarkable capability to accommodate ligands of different shapes and sizes. This cavity
plasticity has posed quite a significant design challenge. However, through the use of an
iterative process consisting of structure-based design and traditional medicinal chemistry, we
have been able to optimize and identify potent LXR balanced agonist.

General Oral - Drug Discovery
COMP 410 [967022]: Discovery of novel and potent
melanin-concentrating hormone receptor 1 antagonists
through structure-based design
Fabrizio Giordanetto, Jan Å Lindberg, Olle Karlsson, and Tord Inghardt, Medicinal

Chemistry,
AstraZeneca R&D Molndal, Pepparedsleden 1, SE-43183 Molndal, Sweden, Fax: 0046 31
7763710, fabrizio.giordanetto@astrazeneca.com, Phone: 0046 31 7065723

Abstract
High-throughput screening (HTS) identified several hits against the Melanin-concentrating
Hormone Receptor 1 (MCH-1R). Homology modelling coupled to docking and scoring was
employed to retrospectively analyse the HTS data and to assess the value of structure-based
virtual screening (VS) in the context of a G-protein-coupled receptor (GPCR). A number of
interesting observations on the importance of protein flexibility and scoring emerged from the
retrospective VS study. Following its successful validation, docking was used extensively during
the idea generation and compound prioritisation steps of the discovery phase. Here,
custom-made, interaction-based scoring functions and post-docking filters proved particularly
helpful. As a result, the initial hits were optimised into metabolically stable, single-digit
nanomolar MCH-1R antagonists.

General Oral - Drug Discovery
COMP 411 [1000918]: Selenium aromatic interactions
Izabela Hartman and Randy J. Zauhar, West Center for Computational Chemistry and Drug
Design and Department of Chemistry & Biochemistry, University of the Sciences in
Philadelphia,
University of the Sciences in Philadelphia, 600 S 43rd Street, Philadelphia, PA 19104,
izabela_hartman@yahoo.com, Phone: 610-718-1787

Abstract
Increasing attention is being paid to the role of selenium, both as an essential component
required for the activity of enzymes and in the context of selenium-based pharmaceutical
agents. A wide range of therapeutics that include selenium are on the market and under
development, such as anticarcinogenic and immunosuppressive agents. We propose that
Se-aromatic interactions may play an important stabilizing role in the structure of folded
proteins and in drug-protein complexes. We have tested this hypothesis against data from the
Cambridge Crystallographic Database and quantum chemical calculations were performed. We
have find evidence that selenium does interact strongly with aromatic rings, and may play a role
analogous to sulfur in stabilizing protein folds. In addition, selenium should be considered along
with sulfur in rational drug design strategies that seek to improve binding to target protein
sites
that include aromatic rings.

General Oral - Molecular Mechanics and Simulation
COMP 412 [965547]: Efficient and precise solvation free
energies via adiabatic dynamics
Jerry B. Abrams, Lula Rosso, and Mark E. Tuckerman, Department of Chemistry, New York
University, 100 Washington Square East, New York, NY 10003, jerry.abrams@nyu.edu,
Phone:
518-461-3302

Abstract
Adiabatic Free Energy Dynamics, introduced by Rosso et al. (J. Chem. Phys. 2002, 116,
4389),
for computing free energy profiles quickly and accurately using adiabatic dynamics, has been
shown to lead to significant speed increases when applied to conformational sampling versus

traditional methods such as Umbrella Sampling. Here is presented an extension of the AFED
method for calculating solvation and binding free energies (transformations between two
thermodynamic states). In this approach, an additional dynamical degree of freedom, ••, is
introduced and it parameterizes a set of switching functions in the potential. Furthermore, a
novel scheme is introduced that requires switching funtions that lead to a barrier in free energy
space and an adiabatic separation between •• and the system. Additionally, it is required that
the temperature of •• be sufficient to ensure frequent barrier crossing in free energy space. A
formal examination of the method shows that the free energies can be directly computed from
the probability distribution function of •• without any post-processing or unbiasing of the
output
data. This new scheme has been used to study the chemical potential of a Lennard-Jones liquid
as well as to compute the solvation free energies of amino acid side chain analogs in TIP3P
water. Comparisons to previous works using Thermodynamic Integration and FEP have shown
that the new ••-AFED method results in very precise free energy calculations using
significantly
shorter trajectories.

General Oral - Molecular Mechanics and Simulation
COMP 413 [998731]: Improving the force field quality and
extensibility: A fragment-based database approach
Huai Sun, Feng Li, Ling Wang, Jianxing Dai, Xijun Wang, and Qinyuan Li, Department of
Chemistry, Shanghai Jiao Tong University, 800 Dongchuan Road, Shanghai 200240, China, Fax:
+86 21 5474 1297, huaisun@sjtu.edu.cn, Phone: +86 21 5474 8987

Abstract
In order to solve the “missing parameter” problems commonly observed in force field
applications, we developed a new approach that makes transferable, extensible, accurate and
modular (TEAM) force fields. In this approach we used a hierarchic structure of molecular
fragments and atom types to identify force field parameters. The transferability was
controllable
by the definition of fragments. For the purposes of parameterization, atom-based and
bond-based fragments were used. The fragments and parameters were stored in databases,
providing possibility of boundless coverage of molecules in chemical and pharmaceutical
applications. All valence and charge parameters were derived from ab initio data using
automatic parameterization software. Coupled with a set of transferable van der Waals
parameters, the result force fields are essentially extensions of the ab initio calculations. In
this
presentation, we will explain the technical details of this method and present validation results
using a database made for synthetic polymers.

General Oral - Molecular Mechanics and Simulation
COMP 414 [986054]: Modeling statherin structure binding
to
hydroxyapatite [001] crystal surface
Kosta Makrodimitris, Department of Chemical & Biomolecular Engineering, Johns Hopkins
University, 3400 N. Charles St., Baltimore, MD 21218, Fax: 410-516-5510,
kosta@jhu.edu,
Phone: 410-516-7308, and Jeffrey J. Gray, Chemical & Biomolecular Engineering, Johns
Hopkins

University

Abstract
Hydroxyapatite (HAP) is the major component of normal bone and teeth. The 43-residue
protein
statherin inhibits both the growth dynamics and nucleation of HAP in the environment of saliva.
Despite their importance in hard-tissue formation and in pathological processes, there is little
known of the statherin structure-function relationship and the molecular structure of the
statherin-HAP interaction. In this work, we model statherin on HAP crystals with a multiscale
Monte Carlo minimization structure prediction method. The protein structure is modeled
according to solid state NMR constraints and includes two modified phosphoserine amino acids
near the N-terminus. The HAP was modeled as a monoclinic crystal surface P21/b and an
appropriate apatite forcefield was chosen. In the predicted model structure, residue Lys6 is
close
to the surface and has hydrogen bonds with HAP, and statherin is strongly bound in the acidic
alpha-helical N-terminus in agreement with solid state NMR experiments.

General Oral - Molecular Mechanics and Simulation
COMP 415 [997869]: Modeling of mechanical structures
using "dummy atoms" and "molecular modeling techniques"
Joseph N. Grima, Ruben Gatt, and Trevor G. Chircop Bray, Department of Chemistry,
University of Malta, Msida MSD 06, Malta, Fax: 356-2133-0400, joseph.grima@um.edu.mt,
Phone: +356 23402274

Abstract
This paper discusses a novel modelling technique where molecular modelling simulations using
commercially available software packages can be used in an ‘unusual' way where simulations
are performed on mechanical structures constructed from ‘beams' and ‘hinges' rather than
molecules. We will show how simple mechanical structures (e.g. a 2D honeycomb structure)
can
be constructed within molecular modelling packages using dummy atoms and then analysed
using custom made force-fields. In particular, we will look how these mechanical structures –
or
rather their ‘dummy atoms construct equivalents' – deform when subjected to mechanical loads.
We will also demonstrate the suitability of this new technique to study systems which are
constructed in such a way that they expand in all directions when uniaxially stretched (i.e.
exhibit auxetic behaviour), a property which is highly desirable in various practical
applications.

General Oral - Molecular Mechanics and Simulation
COMP 416 [998119]: On the suitability of commonly used
force-fields for simulating the Poisson's ratios and moduli
of
single crystalline materials
Joseph N. Grima, Ruben Gatt, and Victor Zammit, Department of Chemistry, University of
Malta, Msida MSD 06, Malta, Fax: 356-2133-0400, joseph.grima@um.edu.mt, Phone: +356
23402274

Abstract
Force-field based simulations have been extensively used to study various structural and

macroscopic properties of materials. Here we discuss the suitability of such techniques for
simulating the Poisson's ratios and moduli of single crystalline materials. We will show that
when the mechanical properties of crystals are simulated using different force-fields, there is
very often a much better agreement in the simulated values of the Poisson's ratios than there is
for the Young's or shear moduli. In particular we will look at the suitability of various
published
force-fields which are parameterised for modelling silicates and zeolites and we will show that
despite the big discrepancies in the values of the moduli, there is excellent agreement with
published experimental data on the Poisson's ratios, and that the simulations correctly
identified
cases where the Poisson's ratios assumed negative values (i.e. auxetic behaviour), a property
which gives materials various enhanced characteristics.

General Oral - Molecular Mechanics and Simulation
COMP 417 [965685]: Theory on the ••--1, 4 bond
breakdown
of chitosan by ultrasonic treatment
Hui Liu, School of Environmental Studies and MOE Biogeology and Environmental Geology
Laboratory, China university of Geosciences, wuhan, MD 430074, China, Fax: +86-2787436235,
jhzhou168@163.com, Phone: +86-27-61065677, and Yumin Du, College of Environmental
Sciences, Wuhan University

Abstract
Four chitosans with different molecular weights and deacetylation degree (DD) and 28 chitosans
derived from these initial chitosans by ultrasonic degradation have been characterized by gel
permeation chromatography (GPC), FT-IR spectroscopy, X-ray diffraction and titrimetric
analyses. The results showed that chitosans with higher DD were more easily degraded, and
ultrasonic degradation decreased the DD of water undissolvable chitosans derived from the
degradation of initial chitosan with a lower DD (especially for the initial chitosans with DD
<90%). So as to further investigate the reasons for the above results, a chitosan molecule with
polymerization of 25 was simulated using Hyperchem Release 7.1 for Windows Molecular
Modeling System, and the hydration energies of the ••-1,4 glucoside bonds were computed. As a
result, the hydration energies of the glucoside bonds are: GlcNAc-GlcNAc (0.85 kcal/mol) >
GlcNAc-GlcN (0.74-0.75kcal/mol) •• GlcN- GlcNAc (0.75-0.76 kcal/mol) > GlcN-GlcN
(0.65-0.67
kcal/mol). So the molecule of chitosan is not degraded randomly. The bond of GlcN- GlcN is
easiest to be degraded, while that of GlcNAc-GlcNAc is most difficult to be degraded. This
conclusion appropriately supports the above experimental results.

General Oral - Molecular Mechanics and Simulation
COMP 418 [998339]: Atomic simulations of
nanodiamond-polyethylene nanocomposites
Zushou Hu1, Olga A. Shenderova2, and Donald W. Brenner1. (1) Department of Materials
Science and Engineering, North Carolina State University, Raleigh, NC 27695, zhu3@ncsu.edu,
Phone: 919-513-2424, (2) International Technology Center, North Carolina State University

Abstract
The influence of nanodiamonds embedded within a polyethylene matrix on the structure,
mechanical and thermal properties of the resulting nanocomposite is being characterized at the

atomic scale using molecular modeling. Initial studies have focussed on the stress-strain
behavior of this system, including the role of chemical crosslinks between the nanodiamond and
the polymer matrix. An enhancement in the tensile modulus relative to the pure polymer is
predicted for the nanocomposite for strains greater than ~2.5%, with the crosslinks producing
a
slightly stiffer structure for strains up to ~13%. For larger strains the composite without
crosslinks becomes stiffer than that with crosslinks. The origin of this effect, along with
predicted structural and thermal properties of this system will be discussed.

General Oral - Molecular Mechanics and Simulation
COMP 419 [1012091]: Towards block-copolymer
nanolithography: A coarse-grain molecular dynamics
approach
Goundla Srinivas1 , Jed Pitera1 , William Swope2 , and Julia E. Rice1 . (1) IBM Almaden
Research Center, 650 Harry Road, D2-410, San Jose, CA 95120, gsriniv@us.ibm.com, Phone:
408-927-1233, (2) IBM Almaden Research Center, IBM

Abstract
Block copolymer nanolithography is an emerging technique with the resolution well beyond that
can be achieved by conventional techniques such as optical or electron beam lithography. Study
of copolymer microstructures, pattern formation and their orientation on substrates has been
the
focus of recent experimental and theoretical studies. However, the computational studies in this
regard are scarce due to large length and time scales involved. Here, we present a detailed
coarse-grain simulation study relevant for block copolymer nanolithography. The results
obtained
are compared with the earlier theoretical predictions. The simulation results also provide
insights
into the experimental observations. In addition, the possibility of furthering experimental
studies
in this direction is discussed.
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COMP 420 [958024]: A justification for the nonadiabatic
surface hopping Herman-Kluk semiclassical initial value
representation method
Yinghua Wu and Michael F. Herman, Department of Chemistry, Tulane University, 6400
Freret
St. Rm 2015, New Orleans, LA 70118, ywu2@tulane.edu, Phone: 203-589-9345

Abstract
The nonadiabatic surface hopping Herman-Kluk (HK) semiclassical initial value representation
(SC-VIR) method combines the single surface HK SC-IVR method and Herman's nonadiabatic
semiclassical surface hopping theory. It preserves the structure of the single-surface HK SCIVR method and the computational overhead simply involves calculating the hopping coefficients
and
the stability matrices at hopping points, which can be easily integrated along the path of a
trajectory. We show that the nonadiabatic surface hopping HK SC-IVR propagator satisfies the
time-dependent Schrödinger equation to the first order of h-bar and through all the orders of
the

nonadiabatic coupling amplitudes. Accuracy and efficiency is demonstrated in applications to
Tully's three model systems.
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COMP 421 [1012639]: DFT and TDDFT studies of the
conformational dependence of the optical properties of
perylene aggregates
Aurora Clark, Department of Chemistry, Washington State University, PO Box 644630,
Pullman, WA 99164-4630, auclark@wsu.edu, Phone: (509) 335-3362

Abstract
Perylenes are robust chromophores that have been used extensively to study energy and
electron transfer. Their thin films share properties with both conventional semiconductors and
insulator-like molecular crystals, making them ideal to examine the two broad classes of
materials. Within the realm of perylene aggregates (dimers, trimers, etc.), the exciton model
has been used to describe the interactions of perylene chromophores based upon the position of
the lowest energy electronic transition and splittings of electronic excitations. This model is
dependent upon the assumption that electron overlap between each perylene unit is negligible.
Here we use density functional theory (DFT) and time-dependendt DFT (TDDFT) to investigate
the optical properties of gas phase 3,4,9,10-perylenetetracarboxylic diimide (PTCDI)
aggregates
of different conformations and compare these results with those predicted by exciton theory.
The observed vibrational progression within the lowest energy transition of PTCDI monomer
and
dimer has been simulated by calculation of the Franck-Condon factors. Trends in Franck-Condon
factors as a function of aggregate size have also been examined.
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COMP 422 [974683]: Local fitting of integrals for efficient
electronic structure calculations
Alex J Sodt, Department of Chemistry, University of California, Berkeley, Latimer Hall,
Berkeley, CA 94720-1460, alexsodt@berkeley.edu, Phone: 510-642-8265, and Martin
Head-Gordon, Department of Chemistry, University of California Berkeley and Chemical
Sciences Division, Lawrence Berkeley National Laboratory

Abstract
In density (or integral) fitting methods, the density (or an orbital product) is replaced with a
sum of atom-centered “auxiliary” functions, which are used to efficiently compute Coulomb
interactions. In this work, we present an algorithm for computing localized fit coefficients that
scales linearly with system size, and introduces only extremely modest errors. We apply the
algorithm to a variety of methods, including the Coulomb piece of the Fock matrix.

General Oral - Quantum Chemistry
COMP 423 [988778]: Low-level integration of quantum
chemistry software: Component-based molecular integral
evaluation
Joseph P. Kenny1, Curtis L. Janssen1, Theresa L. Windus2, and Edward F. Valeev3. (1)
Scalable Computing Research and Design, Sandia National Laboratories, MS 9158, PO Box 969,
Livermore, CA 94551-0969, Fax: 925-294-2776, jpkenny@sandia.gov, Phone: 925-294-

3317,
(2) Department of Chemistry, Iowa State University, (3) School of Chemistry and
Biochemistry,
Georgia Institute of Technology/ Oak Ridge National Laboratory

Abstract
The quantum chemistry working group associated with the Common Component Architecture
effort has designed standard interfaces for molecular integral evaluation, allowing low-level
interoperation between software packages. A description of these interfaces and performance
benchmarks for a prototype implementation within the Massively Parallel Quantum Chemistry
(MPQC) package will be presented. Topics of focus will include components and frameworks
from a scientific programmer's perspective and the benefits of interoperabilty.

General Oral - Quantum Chemistry
COMP 424 [976789]: Oxidative addition of methane, silane
and heavier AH4 congeners to palladium
Joost NP van Stralen and F. Matthias Bickelhaupt, Department of Theoretical Chemistry,
Vrije
Universiteit Amsterdam, De Boelelaan 1083, NL-1081 HV Amsterdam, Netherlands, Fax:
+31-20-5987629, vstralen@few.vu.nl, Phone: +31-20-5987615

Abstract
We have computationally studied the oxidative addition of AH4 to Pd (with A = C, Si, Ge, Sn
and Pb). Our purpose is: (i) exploring the occurrence and competition between direct oxidative
insertion (OxIn) into the A–H bond and an alternative SN2-type mechanism that is known to
occur for oxidative addition of carbon–halogen bonds; (ii) exploring the trends in activation and
reaction enthalpies as A descends from carbon to lead; (iii) analyzing and understanding the
emerging trends in terms of properties of the reactants using the Activation Strain model. Here
we show that OxIn of Pd proceeds via a central barrier only for the C–H bond. For the heavier
A–H bonds, the process is barrierless and significantly more exothermic. Interestingly,
backside
nucleophilic attack proceeds in none of the cases toward an SN2-type mechanism for oxidative
addition. Instead, the process evolves to a novel mechanism for ••-elimination of H2.

General Oral - Quantum Chemistry
COMP 425 [973802]: Polynitrogen species: Fuel or fizzle?
Jonathan M. Mullin and M. S. Gordon, Department of Chemistry, Iowa State University, 201
Spedding Hall, Ames, IA 50011, Fax: 515-294-5204, jonathan@si.fi.ameslab.gov, Phone:
515-294-4604

Abstract
(N 3 CNO 2 ) 2 is a potential high energy molecule that can be derived from cyclic organic
azides. Cleavage of the compound between nitrogen bonds produces two identical products N 3
CNO 2 Further dynamics studies were conducted on N 3 CNO 2 , a breakdown product of the
parent compound. Both the Internal Reaction Coordinate (IRC) and the Dynamic Reaction
Coordinate (DRC) were employed in the study of N 3 CNO 2 . The
Rice-Ramsperger-Kassel-Marcus (RRKM) shows the lifetimes of the intermediate to be on the
nanosecond time scale. Coupled with the larger barrier to break up (N 3 CNO 2 ) 2 versus a low
barrier height to dissociation of a N 2 molecule in N 3 CNO 2 that releases a large amount of
energy shows great promise that the parent compound would release a large amount of energy

in breakdown while possibly being sufficiently able to function as a high energy fuel.
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COMP 426 [1000142]: Simulating fluid phase equilibria and
aggregation from first principles: Water, methanol, and
hydrogen fluoride
J. Ilja Siepmann1 , Matthew J. McGrath2 , I-Feng W. Kuo3 , Christopher J. Mundy4 , Joost
VandeVondele5, Juerg Hutter6, Fawzi Mohamed7, and Matthias Krack7. (1) Departments of
Chemistry, Chemical Engineering and Materials Science, University of Minnesota, 207 Pleasant
St. SE, Minneapolis, MN 55455, Fax: 612-626-7541, siepmann@chem.umn.edu, Phone: 612
624
1844, (2) Department of Chemistry, University of Minnesota, (3) Chemistry and Material
Science, Lawrence Livermore National Laboratory, (4) Chemistry and Materials Science
Directorate, Lawrence Livermore National Laboratory, (5) Department of Chemistry,
University
of Cambridge, (6) Physical Chemistry Institute, University of Zurich, (7) Department of
Chemistry, ETH Zurich

Abstract
This presentation will describe recent developments of an efficient Monte Carlo program for
first
principles (based on Kohn-Sham density functional theory) simulations in the canonical,
isobaric-isothermal, and Gibbs ensembles. To this extent, configurational-bias and
aggregation-volume-bias Monte Carlo techniques and pre-sampling using approximate
potentials
are combined with the mixed-basis set electronic structure program CP2K. The results of first
principles Gibbs ensemble simulations for the vapor-liquid coexistence curves of water
(exploring different exchange and correlation functionals) and methanol and for the aggregation
of hydrogen fluoride in its superheated vapor phase will be presented.
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COMP 427 [972170]: On the interpretation of molecular
multipole moments in terms of in situ local atomic moments
James F. Harrison, Department of Chemistry, Michigan State University, East Lansing, MI
48824-1322, Fax: 517-353-1793, harrison@cem.msu.edu, Phone: 517-355-9715

Abstract
One of the remarkable developments in electronic structure theory is the ability to calculate
accurate electron densities for molecules. Unfortunately the tools we use to interpret properties
derived from these densities have not kept up with this development. Often one still tries to
interpret a multipole moment in terms point charge models in spite of their obvious failings.
For
example, the dipole moment of HF at the MRCI level with an aug-cc-pV5Z basis is 0.7048 au,
which, in the point charge model, predicts a charge of 0.407 on the H atom. However the zz
component of the quadrupole moment at this level is 1.6921 au, predicting a charge of 0.627.
The difference in the calculated charges is due to the neglect of the induced atomic moments. In
this report we will interpret the multipole moments of a series of small molecules in terms of
the induced atomic moments.
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COMP 428 [1006662]: Effect of CNT-amide geometry on
CNT-molecular conductance
Rajeev R. Pandey, Nicolas Bruque, Khairul Alam, and Roger Lake, Department of Electrical
Engineering, University of California, Riverside, Suite 343 Engineering Building Unit 2,
Riverside,
CA 92507, Fax: 951-827-4515, raj@ee.ucr.edu, Phone: 951-827-4515

Abstract
Two semi-conducting CNTs connected by a molecule can act as a resonant tunnel diode (RTD) as
described and analyzed in Ref. [1]. The generic system can be represented as CNT-L-R-L-CNT
where L is a linker such as -CONH- group, and R is a molecule. Study shows that the
conductance is strongly affected by the chemistry at the interface. We demonstrate this effect,
using an amide linker, and -C10H10- as R. The structure is optimized using the B3LYP method
of DFT theory with three different basis sets. Electron transmission is then calculated using the
non-equilibrium Green's function (NEGF) theory for each optimized structure. Results are
compared with a structure where the amide linker is forced to be orthogonal to the CNT plane.
Sensitivity of the conductance to the predicted geometry is analyzed.
1. Pandey, R. R.; Bruque, N.; Alam, K.; and Lake, R. K. Phys. Status Solidi (a), 2006 203, R5.

