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Corvallis, OR 97331, John.Block@oregonstate.edu, and Douglas R Henry, Elsevier-MDL
The 166 and 324 MDL structural keys were evaluated for their ability to classify correctly substrates in
terms of their likelihood to be metabolized by one of five different cytochrome P450 mixed function
oxidases. The substrates were in an extensive relational database of 41,000 compounds linked to 65,000
routes of metabolism. Additional data included enzymes, animals and reaction conditions. For this study,
only metabolism in humans was included. The five CYP P450 enzymes CYP1A2, CYP2B6, CYP2C9,
CYP2D6 and CYP3A4 were considered. Five different classification schemes were used: Bayes-Naïve,
Java C45 Decision Tree, Ripper Decision Rule, K-Nearest Neighbor and Support Vector Machine. Stratified
cross validation was used with each classifier. This project showed the problem with having a consistent
database to test structural keys and classifier algorithms.
COMP 149 Use of multiple-category Bayesian modeling to predict side effects
Robert D Brown, David Rogers, and Ton Van Daelen, SciTegic, Inc, 9665 Chesapeak Dr. #401, San
Diego, CA 92123, Fax: 858 279 8804, rbrown@scitegic.com
The rapid growth of in the amount of biological information available from high-throughput screening
studies and drug compendia such as MDL's Drug Data Reports (MDDR) and Derwent's World Drug Index
would appear to provide a strong experimental base for the flagging of potential drug side effects.
However, current methods, such as rational drug design, virtual docking, and QSAR modeling, do not
appear to be easily applied to this task, due to slow computational speed, difficulty in automating, or
difficulty in handling large, diverse data sets.
Laplacian-modified Bayesian modeling was developed to rapidly analyze high-throughput screening data
using 2D molecule fingerprints. It can be extended so that a single model can predict the absolute
probability of thousands of different activity classes. From this prediction, one can not only see what class
a particular molecule is most likely active in, but competitive activity classes that may appear later as
side-effects. The process is rapid enough to learn all of a drug compendium such as MDDR in minutes,
and can then be used to suggest primary effects and side effects of hundreds of molecules per minute.
COMP 150 Property matching of reference datasets for classification models
Niklas Blomberg, DECS Computational Chemistry, AstraZeneca, AstraZeneca R&D Mölndal, S-431 83,
Molndal, Sweden, Fax: +46 31 776 37 92, Niklas.Blomberg@AstraZeneca.com, and Sorel Muresan, DECS
Computational Chemistry, Astrazeneca
Binary classification schemes have found many applications within computational drug discovery. Among
the earlier examples were schemas to discriminate between “drugs” and “non-drugs” but the technique is
applied to problems such as prediction of toxicity and “frequent hitters” as well as “target class” library
design. Virtual screening protocols can be regarded as classification models: the end point is a
computational procedure to partition the screening database into binders and non-binders. Commonly,
classification models are developed from rather large datasets of actives (such as “in-house and literature
compounds acting towards target X”). However there is usually a lack of negative data and one often
resorts to a set of randomly selected compounds from a suitable database. Compounds targeting a
specific target or protein family commonly have a similar physico-chemical profile and there is a marked risk
that any classification scheme will model the difference in physico-chemical properties rather than any
specific pharmacophoric features. We have developed a simple procedure to extract reference datasets
with physical-chemical properties matching those of the target datasets. The procedure uses the F-test in
combination with a genetic algorithm based optimisation to select a reference set with matched
distributions. The procedure is broadly applicable in the development of classification models and virtual
screening protocols for the common case that there is a scarcity of negative (inactive) reference data. In
some example applications of the algorithm we show that this provides an easy means to avoid some
common pitfalls of classification models. It is notable that without deteriorating test-set performance one
can remove bias from differing physical-chemical distributions for target class models. The procedure also
highlights the need to take property differences into account when docking / virtual screening protocols
are developed.
COMP 151 Electron paramagnetic resonance and equilibrium atomic configurations studies of
binuclear niobium molecules in Li-Nb phosphate glass dielectrics
Sabrina A. Arrington-Peet, Rakhim R. Rakhimov, and Vladimir I. Gavrilenko, Center for Materials
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Research, Norfolk State University, Norfolk, VA 23504, Fax: 757-823-9054, s.a.arrington@nsu.edu
The purpose of this research was to investigate paramagnetic properties of binuclear niobium complexes
Nb─O─Nb with two nonequivalent Nb4+ ions in lithium niobium phosphate glass (LNPG) using electron
paramagnetic resonance (EPR). Equilibrium atomic configurations of the system were studied by total
energy ab initio method. Experimental EPR spectrum analysis revealed nonequivalent distribution of the
charge and electron spin density between two Nb atoms. The niobium atoms could exist in either of the
two forms, Nb4+─Nb4+ or Nb3+─Nb5+. The theoretical analysis of the complex revealed that the Nb
atoms could in fact exist in either of these forms depending upon the state of the Nb complex. The Nb
atoms in freestanding molecule are equivalent with oxygen atom having only one local equilibrium position
in the center of the molecule, indicating centro-symmetric structure. However, when the Nb complex was
embedded in the glass the potential energy and atomic geometry changed due the distortions of the
molecules. The effect of external potential in LNPG resulted in an appearance of two nonequilibrium
geometries for the central oxygen atom shifted from the center by DR ≈ 0.3Å to 0.4Å. The model correctly
predicts the appearance of the two nonequivalent geometries of the complex embedded into LNPG, which
was confirmed experimentally. Theoretical value of the distortion exceeds experimental value by
approximately a factor of 2. This indicated that further modification of the model is required.
COMP 152 Novel docking and scoring approach to rank-ordering compounds by potency
Xuan Hong1, Scott Kahn2, C. M. Venkatachalam1, Chaya Duraiswami3, Catherine E. Peishoff4, and
Martha S. Head4. (1) Accelrys, Inc, San Diego, CA 92121, Xuan.2.Hong@gsk.com, (2) Accelrys Inc, (3)
Computational and Structural Sciences, GlaxoSmithKline Pharmaceuticals, (4) Computational, Analytical
and Structural Sciences, GlaxoSmithKline Pharmaceuticals
Docking calculations are typically used for three purposes: (1) predicting the binding modes of cognate
ligands in protein structures, (2) high throughput docking to identify active compounds for a protein target,
and (3) rank ordering a set of closely related analogs by their potency. While many docking and scoring
programs are able to predict binding modes of cognate ligands with satisfying correctness and can be
successfully used for lead identification, to the best of our knowledge very few programs can rank order
analogs by their potency with good accuracy. We will present a novel approach aimed at using the results
of a docking calculation to estimate binding affinities. It seeks to incorporate contributions to binding free
energy that are not adequately described by typical scoring functions. These contributions include the
consideration of (1) multiple ligand conformations to binding free energy, (2) solvation and desolvation
processes taking place upon binding, and (3) entropy change upon binding. Several novel descriptors
were developed to characterize these contributions. We will describe our modeling strategy and its
application to specific test cases. Results will also be presented with a comparison of rank-ordering of the
compounds using our scoring function against their potency.
COMP 153 Quantum Mechanical Modeling of self-reproducible living PNA chip immersed in the lipid
bilayer vesicle controlled by quantum computing logic gates
Arvydas Tamulis, Vykintas Tamulis, and Jelena Tamuliene, Institute of Theoretical Physics and
Technology, Vilnius University, A. Gostauto 12, 2600 Vilnius, Lithuania, tamulis@mserv.itpa.lt
In order to better understand the origin of life and the production of artificial living organisms and
programmable nano-biorobots we used ab initio quantum mechanical (QM) Hartree-Fock (HF), density
functional theory (DFT), QM semiempirical PM3 and molecular dynamics (MD) NAMD, GROMACS and
CHARMM simulations to investigate various bioorganic systems of artificial minimal living organisms based
on peptide nucleic acid (PNA), photo-sensitizer, lipid precursor and SH anion molecules. Quantum
modeling of nano-structures self-assembly in PNA based minimal living organisms were performed using
our developed software for building PNA double helix and additionally our implemented code in quantum
chemical program packages for the calculations of extended DFT for accurate descriptions of hydrogen
bonding and Van der Waals interactions. Our originally developed codes for electron charge and spin
density tunneling calculations and visualization in electronic and magnetic excited states we used for
quantum mechanical search of new light harvesting sensitizers in artificial living organisms and for quantum
modeling of molecular electronics and spintronics logical elements in PNA based minimal living organisms
COMP 154 Application of Swarm algorithm for efficient in silico screening of chemical database
Lei Wang, Department of Computer Engineering and Computer Science and J.G. Brown Cancer Center,
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University of Louisville, Louisville, KY 40291, lei.wang@louisville.edu, J. Graham, Department of Computer
Engineering and Computer Science, University of Louisville, and John O. Trent, J. G. Brown Cancer
Center, University of Louisville
This work attempt to rise up the efficiency of docking based virtual screening job by application of swarm
intelligence. Virtual screening is an important structure based drug screening method. It's complementary
to the high through put screening method. There are two kind of docking: rigid docking and flexible
docking. Rigid docking is faster but less accurate. Flexible docking is more accurate but slower. On the
other hand, although the virtual chemical library normally contains more than millions of compound, the
docking result is a small set of compounds. Our application attempt to explore the possibility of speeding
up the Virtual Screening process by parallel computation and generate a heuristic method based on a
rough Structure-Score-Relationship (SSR).
COMP 155 Dynamics of single-substrate continuous cultures: An integrated model of bacterial cell
Shakti Gupta1, Sergei S. Pilyugin2, and Atul Narang1. (1) Department of Chemical Engineering, University
of Florida, Gainesville, FL 32611, shaktig@ufl.edu, (2) Department of Mathematics, University of Florida
When a chemostat is perturbed from its steady state, it displays complex dynamics. For instance, if the
identity of the growth-limiting substrate is switched abruptly, the substrate concentration and cell density
undergo a pronounced excursion from the steady state that can last several days. These dynamics occur
because certain physiological variables respond slowly. In the literature, several physiological variables
have been postulated as potential sources of the slow response. These include the transport enzyme, the
ribosomes, and the concentrations of adenine nucleotides. The goal of this work is to systematically
explore the relative role of these variables. We studied the role of transport enzymes by describing
experiments in which low levels of the transport enzyme limits growth. It was shown that the long lags
occur because transport enzyme synthesis is autocatalytic. A model was developed accounting the
transport enzyme synthesis, which can capture these experimental data quantitatively. We extended the
model by describing experiments in which the lags persist even if the transport levels are high. In this case,
the growth rates appear to be limited by the protein synthetic machinery (ribosomes). An extended model
taking due account of ribosomes synthesis can capture these observed transients qualitatively. Since the
cell consumes the substrate, but is unable to convert it to proteins effectively. The excess substrate in the
cell is thus discharged as partially oxidized metabolites. We have further extended the model by
incorporation of the energy balance, which constrains the relative rates of protein synthesis, metabolite
excretion, and respiration.
COMP 156 On the use of suffix trees in multiple sequence alignment
Kal Renganathan Sharma, Formerly Principal, Mathur Post, Anna University - Sakthi Engineering College,
Mount, Ramapuram (opp. MGR Gardens), Chennai 602105, India, Fax: 2526019,
jyoti_kalpika@yahoo.com
The sequencing of the 3 billion basepairs in human genome, was completed two years ahead of
schedule. Three mammalian genomes have been sequenced in its entirety. Projections of the lifespan of
an individual increasing to 200 years have been drawn up given the information available from these
projects. Disease mechanism models and its relation with gene expression and the therapeutic action and
the alteration of the gene expression can be used to devise cures for every human disease there is by the
year 2050 according to the inventors of biochip and microarray analyses. The time taken to align two
complete human genome sequences by the current methods of dynamic programming using a 1 GHz
computer can run to over 60 years and run in half-a day on the fasted 20 Terra flop supercomputer. The
scope is immense in the area of seeking global alignment in less time. VLDB, Very Large Database
storage can be improved using approaches such as the Parallel Disk Model. Representing sequence
information in the form of suffix tree taps into the inherent microstructure of the polynucleotide or
polypetide. An approximate alignment either for two or sequences or for k sequences can be obtained in
O(n) time. The error bounds are calculated and compared with the optimal solution obtained in O(n^2) time
for two sequences by the Smith and Waterman algorithm. Multiple sequence optimal alignment problem
has been shown to be NP complete. Hence the O(n) approximate solution may have applications in
protein family alignment, study of repetitive sequences. ALU repeats for example, occurs 600,000 times in
human genome.
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COMP 157 Parallel computing in the undergraduate chemistry curriculum
Khamis Siam, Department of Chemistry, Pittsburg State University, 1701 S. Broadway, 103 Heckert Wells,
Pittsburg, KS 66762, Fax: 620-235-4003, kssiam@pittstate.edu
We have built an in-house beowulf cluster of 16-processors and have installed computational chemistry
software such as MPQC, ghemical, etc. We have been using these software packages for a few years and
have introduced our students in the organic chemistry sequence and upper level courses including
research to the use and implementation of paprallel processing in computational chemistry.
We will present some examples of student work and the sort of assignments we make in our organic and
upper level courses which have helped our students deepen their understanding of chemistry and of the
emerging field of computational chemistry.
COMP 158 Q-Chem 3.0: More chemistry, faster
Jing Kong, Q-Chem Inc, 5001 Baum Blvd, Pittsburgh, PA 15213, jkong@q-chem.com
Q-Chem is an ab initio quantum chemistry program. To bring you some of the most recent developments in
quantum chemistry, the new release of Q-Chem, 3.0, will include the following features/improvements: (1)
NMR chemical shifts for large structures in O(N) time; (2) DFT calculations with thousands of basis functions
with fast Coulomb; (3) MP2 at the speed of HF and DFT with RI-MP2; (4) A family of EOM-CCSD methods
for the ground and excited states of difficult systems, especially open-shell systems; (5) Efficient valence
correlation models for bond-breaking; (6) Improved efficiency for derivatives and triple corrections; (7)
QM/QM, QM/MM hybrid methods; (8) Anharmonic correction at low cost; (9) Rigorous continue-medium
solvation model.

COMP 159 QSPR analysis of solvent effect on selectivity of 18-crown-6 between Nd3+ and Eu3+ ions:
A Monte Carlo simulation study
Hag Sung Kim, Department of Environmental &Living Chemistry, Ulsan College, San 29 Muger-dong
Nam-gu, Ulsan 680-749, South Korea, Fax: 82-52-279-3183, hskim@mail.uc.ac.kr
We have investigated the solvent effects on Δlog Ks (the difference of stability constant of binding) and
the different free energies of binding of Nd3+ and Eu3+ ions to 18-crown-6, i.e., the selectivity of Nd3+ and
Eu3+ ions to 18-crown-6 using a Monte Carlo simulation of statistical perturbation theory (SPT) in diverse
solvents. The stability constant (Δlog Ks) of binding of Nd3+ and Eu3+ ions to 18-crown-6, in CH3OH was
calculated in this study as -1.06 agrees well with the different experimental results of -0.44 ~ -0.6,
respectively. We have reported here the quantitative solvent-polarity relationships (QSPR) studied on the
solvent effects the relative free energies of binding of Nd3+ and Eu3+ ions to 18-crown-6. From the
calculated coefficients of QSPR, we have noted that DN dominates the differences in relative solvation
Gibbs free energies of Nd3+ and Eu3+ ions and DN dominates the negative values in differences in the
stability constant (Δlog Ks) as well as the relative free energies of binding of Nd3+ and Eu3+ ions to
18-crown-6 but π* dominates the positive values in differences in the stability constant (Δlog Ks) as well as
the relative free energies of binding of Nd3+ and Eu3+ ions to 18-crown-6.
COMP 160 QSPR analysis on selectivity of between K+ and Na+ ions to 12-Crown-4: A Monte Carlo
simulation study
Hag Sung Kim, Department of Environmental &Living Chemistry, Ulsan College, San 29 Muger-dong
Nam-gu, Ulsan 680-749, South Korea, Fax: 82-52-279-3183, hskim@mail.uc.ac.kr
The solvent effects on the relative free energies of binding of K+ and Na+ ions to 12-crown-4 and Δlog Ks
(the difference of stability constant of binding) has been investigated by a Monte Carlo simulation of
statistical perturbation theory (SPT) in several solvents. Comparing the relative free energies of binding of
K + and Na+ ions to 12-crown-4, in CH3OH of this study with experimental works, there is a good
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agreement among the studies. We have reported here the quantitative solvent-polarity relationships
(QSPR) studied on the solvent effects the relative free energies of binding of K+ and Na+ ions to
12-crown-4. we noted that DN(donor number) dominates the differences in relative solvation Gibbs free
energies of K+ and Na+ ions and DN dominates the negative values in differences in the stability constant
(Δlog Ks) as well as the relative free energies of binding of K+ and Na+ ions to 12-crown-4 and π* (Kamlet
-Taft's solvatochromic parameters) dominates the positive values in differences in the stability constant
(Δlog Ks) as well as the relative free energies of binding of K+ and Na+ ions to 12-crown-4 .
COMP 161 Solid state DFT methods and the property prediction of energetic materials
Jennifer A. Ciezak, Weapons and Materials Research Directorate, Army Research Laboratory, Aberdeen
Proving Ground, MD 21005, jciezak@arl.army.mil, and S. F. Trevino, Weapons and Materials Research
Directorate, U. S. Army Research Laboratory
There is a growing interest in developing a deeper understanding of the chemical and physical processes
that lead to chemical decomposition of energetic materials. Decomposition has been proposed to result
from transfer of thermal and mechanical energy into the internal degrees of freedom of the molecule. As
such, a clear need exists for the vibrational characterization of energetic materials using both experimental
and quantum chemical methods. Inelastic neutron scattering studies of several energetic materials will be
presented in combination with solid-state DFT results to provide insight into both the molecular properties
and crystalline environment. The results indicated that solid-state DFT methods could be applied to
energetic molecules to obtain reliable results for molecular structure and vibrational spectra.
COMP 162 Theoretical study of hydrogen-bonded complexes of bromophenols with ammonia:
Correlations and predictions of pKa values
Jun Han and Fu-Ming Tao, Department of Chemistry and Biochemistry, California State University,
Fullerton, Fullerton, CA 92834, Fax: 714-278-5316
A simple practical method for predicting the acidity constants (as pKa's) of bromophenols is proposed
based on density functional theory calculations of a series of hydrogen-bonded complexes of phenol and
all congeners of bromophenols, with ammonia as a single probe molecule. Relevant structural parameters
and molecular properties of these complexes, primarily involving the acidic hydroxyl group, are examined
and plotted against the known pKa values of bromophenols and phenol. Strong linear correlations are
found for these compounds. Such correlations are used to determine the pKa values of bromoophenols
whose experimental acidities have large uncertainties. Similar predicted pKa values are obtained using
different structural parameters and molecular properties of the complexes. The study may be extended to
determine the acidities of other halogen-substituted phenols.
COMP 163 Toward the development of an accurate virtual screening protocol: Recent improvements
in protein ensemble docking
Luciano Mueller, Department of Macromolecular Structure, Bristol Myers Squibb Pharmaceutical Research
Institute, Route 206 & Provinceline Road, P. O. Box 4000, Princeton, NJ 08543-4000,
luciano.mueller@bms.com, and Daniel L. Cheney, Structural Biology and Modeling, Bristol-Myers Squibb
In earlier reports we have shown that using multiple, representative conformations of a target protein
significantly enhanced sampling over a range of protein targets and ligand chemotypes, and using a
variety of docking programs in “high accuracy” mode, and that refinement and re-scoring of the “raw”
complexes lead to significant improvements in the ability to predict accurately the binding pose. In the
present study, we examine the results of protein ensemble docking using an expanded dataset of ligands
and targets, and also examine alternative methods of scoring and protein ensemble generation.
COMP 164 Computational analysis of the folding pathway of a mutant cold shock protein
Sergio Urahata, Adam Clarke, and Alfredo E Cardenas, Department of Chemistry, University of South
Florida, 4202 E. Fowler Ave. SCA 400, Tampa, FL 33620, surahata@cas.usf.edu
In this work, we use the Stochastic Difference Equation in length algorithm to compute folding trajectories
for the Cold Shock protein Bc-CspR3E (Protein Data Bank 1I5F) which is a mutant species of Bc-CspB
from Bacillus subtilis (Protein Data Bank 1C90). These proteins have the same sequence with the only
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difference being the presence of a glutamic acid in position 3 in Bc-CspR3E instead of arginine. In total,
25 complete trajectories were obtained at room temperature and each of them has 400 intermediate
slices. We present detailed results of the folding process for this protein that indicates an early collapse
event without formation of the beta turns. This hydrophobic collapse occurs by collaborative interactions
between different parts of the protein. Finally, the role of the glutamic acid in position 3 is also analyzed.
COMP 165 MM/PBSA studies on conformational changes of Yersinia Protein Tyrosine Phosphatase
and use in structure-based inhibitor design
Xin Hu and C. Erec Stebbins, Laboratory of Structural Microbiology, The Rockefeller University, 1230 York
Ave, New York, NY 10021, hux@rockefeller.edu
The bacterial protein tyrosine phosphatase (YopH) is an essential virulence determinant in Yersinia spp.,
which cause gastrointestinal diseases and the plague. These pathogens represent an important medical
concern due to the emergence of antibiotic resistance and their potential use as biological weapons. Like
eukaryotic PTPases, YopH catalyzes the hydrolysis of the phosphate moiety of phosphotyrosine within a
highly conserved active binding pocket, which is characterized by the closure of the so-called "WPD loop"
triggered by ligand binding. In the present work, we have studied the conformational changes and
dynamic properties of the WPD loop by molecular dynamics simulations. The driving force of the
conformational transition imposed by the phosphate or its analogues was investigated by free energy
calculations using MM/PBSA, which allowed us to further evaluate the binding affinity of a diverse set of
phosphate mimetics in good correlation with experimental results. Finally, we illustrate the use of MM/PBSA
combined with docking and virtual screening in the development of novel, potent YopH inhibitors as
antiplague drugs.
COMP 166 Molecular dynamics simulations of R67 DHFR: Investigation of the cooperative binding
Chuanyin Shi, Department of Chemistry and Biochemistry, Old Dominion University, 4541 Hampton Blvd.,
cshi@odu.edu, and Jennifer L. Radkiewicz, Department of Chemistry, Old Dominion University, Fax:
(757)683-4628, jradkiew@odu.edu
R67 dihydrofolate reductase (R67 DHFR) is a plasmid–encoded enzyme and can catalyze the conversion
of dihydrofolate (DHF) to tetrahydrofolate (THF). This is very important for DNA synthesis in the cell. This
enzyme has the same function as chromosomal DHFR but has a totally different structure which consists of
four identical 78 amino acid strands. Therefore, it relies on a different method for binding and catalysis.
The four identical subunits will form a D2 symmetric tetramer, the active site can bind two ligands, and the
enzyme exhibits positive and negative cooperativity. We performed molecular dynamics simulations on
several complexes, and analyzed the results. The stability of the tetramer and the probability of
near-attack conformers will be discussed. Most importantly, the differences in binding contacts between
various complexes will be presented. This data will provide useful insights into the unique binding
properties of this enzyme.
COMP 167 New Krypton bonded molecules: A theoretical study
Scott Yockel and Angela K. Wilson, Department of Chemistry, University of North Texas, Box 305070,
Denton, TX 76203-5070, Fax: 940-565-4318, yockel@unt.edu
The coupled cluster approximation with single, double, and quasiperturbative triple excitations [CCSD(T)]
was used in combination with the Douglas-Kroll (DK) contracted correlation consistent basis sets
[cc-pVnZ-DK, where n=D(2), T(3), Q(4), and 5] and small-core relativistic pseudopotentials (PP) with
correlation consistent polarized valence basis sets (cc-pVnZ-PP and aug-cc-pVnZ-PP) to investigate the
impact of scalar relativistic corrections on energetic and structural properties of small molecules containing
third-row (Ga–Kr) atoms. These molecules were taken from the Gaussian-2 (G2) extended test set for
third-row atoms. Atomization energies, ionization energies, electron affinities, and proton affinities for
molecules in the test set were determined and compared with non-relativistic results which were obtained
in a recent study in which the standard and augmented correlation consistent basis sets were used in
combination with CCSD(T). Several schemes were used to extrapolate the energies to the complete basis
set (CBS) limit.
COMP 168 Binary QSAR-based library design
Hua Gao, Computational Chemistry, Pfizer Inc, Eastern Point Road, Groton, CT 06340, Fax:
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(860)686-6126, hua.gao@pfizer.com
A set of 671 cdk5 inhibitors was analyzed with binary QSAR method. A binary QSAR model with predictive
accuracy of 90% on actives, 91% on inactives (overall 91%) was obtained for a training set of 492
compounds. The model was validated with a set of 51 compounds not included in the training set, and
further tested with a set of 128 inactives (IC50 > 100 mM). The derived binary QSAR model was
successfully used in the screening of a virtual combinatorial library of 300,000 compounds. Good results
were obtained when compounds were selected from the virtual library based on the binary QSAR model
for synthesis and subsequently tested against cdk5. The result indicates that binary QSAR is very useful in
compound selection for HTS, and in focused or targeted combinatorial library design.
COMP 169 Revisiting the estimation of relative free energies from a single ensemble
Daniel J. Price, Department of Molecular Biology, The Scripps Research Institute, 10550 N. Torrey Pines
Rd., TPC 6, La Jolla, CA 92037, and Charles L. Brooks III, Department of Molecular Biology, TPC6, The
Scripps Research Institute
Techniques for performing conventional single-topology free energy perturbations (FEP) are adapted to
obtain relative free energies of hydration and binding for a congeneric series of compounds from a single
simulation of a pseudo-chemical reference state. Convergence of the calculations benefit from using a
modern generalized Born solvation model (GBMV) to reduce configurational space, the GASP procedure
for performing the transformation from the reference state to the chemical end points, and by limiting the
transformations considered to relatively isosteric mutations. The protocol is validated by calculating relative
free energies of hydration for a series of substituted benzenes, with errors of 0.5 kcal/mol when compared
to estimates obtained with conventional FEP in explicit solvent. The method is then applied to the
calculation of relative free energies of binding for two model systems which have both received previous
theoretical efforts: beta-cyclodextrin bound to a series of monosubstituted benzenes and trypsin bound to
several p-substituted benzamidines. There is good accord with experiment in both cases (average error =
0.3 kcal/mol with cyclodextrin and 0.7 kcal/mol with trypsin), and a novel explanation for the ranking of the
trypsin series is presented.
COMP 170 RMSD: Routine measure stirs doubts
Jeremy J Yang, OpenEye Scientific Software, 3600 Cerrillos Road, Suite 1107, Santa Fe, NM 87507,
Fax: 505.473.0833, jj@eyesopen.com
Root mean square distance (RMSD) measurements between molecule conformations are routine and
widespread in scientific literature. It appears widely accepted that to measure the difference or sameness
between conformers, that is, a distance in "conformation space", a sole RMSD calculation is sufficient.
While some interaction models depend on the square of interatomic distance, does this provide a physical
basis for use of RMSD? Is the current widespread use of RMSD justified, and if so how? This study
examines and evaluates RMSD and its uses, and some alternative measures of distance between
conformers.
COMP 171 A novel MD/BD model for the simulation of multi-scale
Peter E Krouskop, Department of Chemistry and Biochemistry, Duquesne University, 308 Mellon Hall, 600
Forbes Ave., Pittsburgh, PA 15282, krouskop@duq.edu, and Jeffry D. Madura, Department of Chemistry &
Biochemistry, Center for Computational Sciences and Duquesne University
Quantum dots (QDs) are being used in the development of new biosensors. During the fabrication of
these sensors, the size and shape of groups of QDs on the substrate surface have been observed to be
solvent dependent. We wish to illucidate the physical and chemical interactions important in the
development of the observed secondary, QD structures. The size scales of the biosensors and QDs make
this a good platform from which we are developing multiscale simulation methods. To this end, we have
begun to develop a novel combination of molecular dynamics (MD) and Brownian dynamics (BD) in a
single, multi-scale simulation. The model allows for simulation of system that range in size from atoms to
groups of proteins. The methodology for this hybrid technique and the results of preliminary simulations will
be presented.
COMP 172 Active site structure and reaction mechanism of DNA polymerase β studied by molecular
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dynamics simulation and QM/MM method
Ping Lin and Lee G. Pedersen, Department of Chemistry, University of North Carolina, University of North
Carolina, CB#3290, Chapel Hill, NC 27599-3290, plin@email.unc.edu
Earlier theoretical and experimental studies have found that the two metal ions play a vital role in
organizing the active site toward the catalytic reaction. In this study, we investigated the general features
of the ternary structure of DNA polymerase β-(primer-template) DNA-incoming nucleoside triphosphate
(dNTP) using classic molecular dynamic simulation, especially the active site structure and the role of the
metal ions. Our calculations indicate that the two Mg2+ ions are important in bringing the dNTP and 3'-OH
group of the primer in places for the nucleophilic attack. The active site structures under different metal
coordination conditions were also investigated using combined quantum mechanics and molecular
mechanics method (QM/MM), and a detailed reaction mechanism is proposed based on current study.
COMP 173 Classical and ab initio molecular dynamics of quartz surfaces
Alexander D. MacKerell Jr. and Pedro E. M. Lopes, Department of Pharmaceutical Sciences, University of
Maryland, 20 Penn Street, Baltimore, MD 21201, Fax: 410-706-5017, alex@outerbanks.umaryland.edu,
lopes@outerbanks.umaryland.edu
Silica dusts are known to be toxic and cause lung disease-silicosis. Little is known about the actual
mechanism and we have applied computational techniques to Quartz surfaces to address the problem.
Two distinct surfaces were used, (011) and (100), characterized by single and geminal OH groups when
fully protonated. Classical molecular dynamics was used to study the interaction of the model surfaces with
slabs of water. Newly developed CHARMM parameters were first validated by comparing theoretical results
of water confined between two silica slabs with experimental VDOS spectra. Ab initio molecular dynamics
were performed on homolitically cleaved surfaces exposing Si-O· groups. Very different behaviours were
found between (011) and (100) surfaces. Whereas on (011) reconstruction is very fast, taking place in less
than 600fs, on (100) after 2ps some Si-O· radicals remain unreacted. It is expected that these groups are
very reactive towards water, forming the full hydroxylated surface. On the other hand, the groups formed
on (011), might be stable towards reaction with water and play a role in the toxicity of quartz.
COMP 174 Conformationally sampled pharmacophore for δ opioid ligands
Denzil Bernard1, Andrew Coop1, and Alexander D. MacKerell Jr.2. (1) Department of Pharmaceutical
Sciences, University of Maryland, School of Pharmacy, 20 Penn Street, Baltimore, MD 21201, Fax:
410-706-0346, dbern002@umaryland.edu, (2) Department of Pharmaceutical Sciences, University of
Maryland
The use of low energy conformers of ligands in pharmacophore development neglects the dynamic nature
of receptor-ligand interactions and does not insure inclusion of the interacting conformers in
pharmacophore determination. A conformationally sampled pharmacophore (CSP), which increases the
probability of including the receptor bound form of the ligand, may be obtained by including all possible
conformations of a ligand in pharmacophore development. This method, previously used in the
development of a non-peptidic δ opioid activity pharmacophore, was extended to peptidic δ opioid ligands.
Conformational sampling was achieved by replica exchange MD simulations and the pharmacophore
developed from measured geometric parameters. Quantitative prediction of efficacy by the CSP was
assessed by the use of overlap integrals, with BW373U86 as the reference molecule. A maximum distance
criterion from the aromatic to the hydrophobic group in the ligands and equal weighting to all points in
conformer space gave improved predictions.
COMP 175 Controllable water channel gating of nanometer dimensions
Rongzheng Wan1, Jingyuan Li2, Hangjun Lu3, and Haiping Fang1. (1) Shanghai Institute of Applied
Physics, Chinese Academy of Sciences, P.O. Box 800-204, Shanghai, China,
wanrongzheng@sinap.ac.cn, (2) Department of Chemistry, Zhejiang University, (3) Department of Physics,
Zhejiang Normal University
The dynamics of water molecules in a single-walled carbon nanotube (SWNT) under continuous
deformations was studied with molecular dynamics simulations. The flux and occupancy remain almost
fixed within a deformation of 2.0 Å but decreases sharply for a further deformation of 0.6 Å. The nanopore
is an excellent on-off gate that it is both effectively resistant to deformation noises and sensitive to
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available signals. Biological water channels are expected to share this advantage due to similar wavelike
water distributions. The minimal external force required for triggering an open-close transition falls within
the working range of many available experimental facilities, which provides possibility of developing
SWNT-based nanoscale devices.
COMP 176 Development and parametrization of MMFF/NQEq
Naofumi Nakayama, Shigeaki Obata, and Hitoshi Goto, Department of Knowledge-based Information and
Engineering, Toyohashi University of Technology, Toyohashi 441-8580, Japan, Fax: +81-532-48-5588,
nakayama@cochem2.tutkie.tut.ac.jp
Molecular simulations using conventional force fields have been successful for understanding the
nanoscopic behavior of molecules in several chemical environments. However, the classical approaches
have some shortcomings due to the electrostatic interaction calculated by fixed atomic charges. To
describe the charge reorganization due to nuclear structrural changes of the molecules, recently, we
developed the new charge equilibration (NQEq) framework that the parameters are classified to 60 atomic
types and optimized to reprduce the experimental dipole moments of several organic compounds. In this
study, we presented the new force field, MMFF/NQEq, that the electrostatic energy term evaluated with
fixed charges based on the bond-charge increment method in the Merck Molecular Force Field (MMFF)
was replaced by the energy expression of NQEq, and that the parameter set of torsion interaction term
was refined. MMFF/NQEq can reproduce the relative energies of conformational isomers of the organic
compounds obtained by high-level ab initio calculations.
COMP 177 Development of fragment-based chemical descriptors using novel frequent common
subgraph mining approach and their application in QSAR modeling
Raed Khashan1, Weifan Zheng2, Jun Huan3, Wei Wang3, and Alexander Tropsha4. (1) Laboratory for
Molecular Modeling, Laboratory for Molecular Modeling, School of Pharmacy, University of North Carolina,
CB 7360, Beard Hall, School of Pharmacy, Chapel Hill, NC 27599, raed@email.unc.edu, (2) Laboratory for
Molecular Modeling, School of Pharmacy, University of North Carolina at Chapel Hill, (3) Department of
Computer Science, University of North Carolina at Chapel Hill, (4) Laboratory of Molecular Modeling,
School of Pharmacy, The University of North Carolina at Chapel Hill
We present a novel approach to generating fragment-based molecular descriptors. Using labeled chemical
graph representation of molecules, Fast Frequent Subgraph Mining (FFSM) method developed in this
group is used to find chemical fragments that occur in at least a subset of molecules in a dataset. The
counts of each frequent fragment have been used as descriptors in variable selection k Nearest Neighbor
(kNN) QSAR modeling. This approach has been applied to Maximum Recommended Therapeutic Dose
(MRTD) and Salmonella mutagenicity datasets. We followed established protocols for model validation, i.e.,
randomization of target property and splitting the datasets into training, test, and validation sets. Highly
predictive models have been generated with the external R2 for both test and validation sets exceeding
0.70. Frequent subgraphs implicated in validated models afford mechanistic interpretation of the results in
terms of essential pharmacophoric elements responsible for the compound activity.
COMP 178 Developpement and aplication of a novel software for asymmetric catalyst design
Christopher R. Corbeil and Nicolas Moitessier, Department of Chemistry, McGill University, 801
Sherbrooke Street West, Montreal, QC H3A 2K6, Canada, christopher.corbeil@mcgill.ca
In the field of Drug design today virtual screening is now a complement to HTS and has reduced the
amount of time required to produce a viable lead molecule. Virtual screening techniques have been
applied to the field of assymetric catalyst design. By modeling the transition state using a SEAM-like
method, molecular mechanics and an exhaustive conformational search it will be shown that it is possible
to relativly rank the catalysts modeled. This will direct the search for the most optimum catalyst for a
desired reaction.
COMP 179 Electron paramagnetic resonance and equilibrium atomic configurations studies of
binuclear niobium molecules in Li-Nb phosphate glass dielectrics
Sabrina A. Arrington-Peet, Rakhim R. Rakhimov, and Vladimir I. Gavrilenko, Center for Materials
Research, Norfolk State University, Norfolk, VA 23504, Fax: 757-823-9054, s.a.arrington@nsu.edu
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The purpose of this research was to investigate paramagnetic properties of binuclear niobium complexes
Nb─O─Nb with two nonequivalent Nb4+ ions in lithium niobium phosphate glass (LNPG) using electron
paramagnetic resonance (EPR). Equilibrium atomic configurations of the system were studied by total
energy ab initio method. Experimental EPR spectrum analysis revealed nonequivalent distribution of the
charge and electron spin density between two Nb atoms. The niobium atoms could exist in either of the
two forms, Nb4+─Nb4+ or Nb3+─Nb5+. The theoretical analysis of the complex revealed that the Nb atoms
could in fact exist in either of these forms depending upon the state of the Nb complex. The Nb atoms in
freestanding molecule are equivalent with oxygen atom having only one local equilibrium position in the
center of the molecule, indicating centro-symmetric structure. However, when the Nb complex was
embedded in the glass the potential energy and atomic geometry changed due the distortions of the
molecules. The effect of external potential in LNPG resulted in an appearance of two nonequilibrium
geometries for the central oxygen atom shifted from the center by DR ≈ 0.3Å to 0.4Å. The model correctly
predicts the appearance of the two nonequivalent geometries of the complex embedded into LNPG, which
was confirmed experimentally. Theoretical value of the distortion exceeds experimental value by
approximately a factor of 2. This indicated that further modification of the model is required.
COMP 180 Folding Trp-cage to atomic resolution: Searching parameter space for a free-energy
minimum
Olgun Guvench and Charles L. Brooks III, Department of Molecular Biology, TPC6, The Scripps Research
Institute, 10550 N. Torrey Pines Rd, La Jolla, CA 92037, Fax: 858-784-8688, guvench@scripps.edu
We present an all-atom implicit-water protein force-field and its parameterization using a self-consistent
approach, with the target of parameterization being the folding of the 20-residue mini-protein Trp-cage.
The force-field includes interaction terms that are all short-ranged in nature, making it computationally
expedient. The terms accounting for intramolecular and protein – water hydrogen bonding, as well as the
hydrophobic effect, are all of the form k*f(x,) where f(x) is a function of the atomic coordinates and k is an
energetic parameter subject to optimization. Using a self-consistent Z-score optimization protocol in
conjunction with replica-exchange molecular dynamics (REMD) for enhanced thermodynamic sampling, we
show that it is possible to start with a set of parameters (k's) that lead to rapid denaturation of the protein
at laboratory temperature and to algorithmically optimize these parameters such the native state becomes
a 2 kcal/mol free-energy minimum at laboratory temperature.
COMP 181 Hydration and dewetting near graphite-CH3 and graphite-COOH Plates
Jingyuan Li1, Ting Liu2, Xin Li3, Lei Ye2, Huajun Chen2, Haiping Fang4, Zhaohui Wu2, and Ruhong
Zhou5. (1) Department of Physics, Zhejiang University, 38 Zheda Road, Hangzhou, China,
quengwan@yahoo.com.cn, (2) Department of Computer Science, Zhejiang University, (3) Department of
Chemistry, Columbia University, (4) Shanghai Institute of Applied Physics, (5) IBM Thomas J. Watson
Research Center
The dynamics of water near the nanoscale hydrophobic (graphite-CH3) and hydrophilic (graphite-COOH)
plates has been studied in detail with molecular dynamics simulations in this paper. It is shown that these
designed surfaces (by growing a layer of methyl or carboxyl groups on top of graphite) can have significant
impact on the neighboring water dynamics, with the hydrophilic carboxyl surface having even more
profound effects. The water hydrogen bond lifetime is much longer near both types of surfaces than that
in the bulk, while on the other hand the water diffusion constant is much smaller than that in the bulk. The
difference in the diffusion constant can be as large as a factor of eight and the difference in the hydrogen
bond lifetime can be as large as a factor of two, depending on the distance from the surface. Furthermore,
the water molecules in the first solvation shell of surface atoms show a strong bias in hydroxyl group
orientation near the surface, confirming some of the previous findings. Finally, the possible water
dewetting transition between two graphite-CH3 plates and the effect of the strength of the solute-solvent
attractions on the water drying transition are investigated. The relationship among the dewetting transition
critical distance, van der Waals potential well depth, and the water contact angle on graphite-CH3 surface
is also analyzed based on a simple macroscopic theory, which can be used to predict the dewetting
transition critical distance.
COMP 182 Inhibition of protein-protein interactions in the extracellular signal-regulated kinase (ERK)
Alba T. Macias, Chad N Hancock, Eun Kyoung Lee, Su Yeon Yu, Alexander D. MacKerell Jr., and Paul
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Shapiro, Department of Pharmaceutical Sciences, University of Maryland at Baltimore, 20 South Penn
Street, Baltimore, MD 21201, alba_macias@hotmail.com
The extracellular signal regulated kinases (ERK1/ERK2) signal transduction pathways play a critical role in
cell proliferation. Hyper-activation of ERK is thought to be involved in many human cancers. Thus,
inhibition of ERK signaling could be an approach to prevent cancer cell proliferation. Currently, no specific
inhibitors of the ERK proteins exist. Known kinase inhibitors lack specificity for ERK because they target
the ATP binding region which is well conserved among protein kinases. We targeted a protein-protein
docking site using computer-aided drug design (CADD). Following a CADD screen of over 800,000
molecules, 80 potential small molecular weight compounds were tested for activity in biological assays.
Several compounds inhibited ERK-specific phosphorylation of Rsk-1 or Elk-1, two substrates of ERK
involved in cell proliferation. Direct binding between the compounds and ERK2 was indicated by
fluorescence quenching and active compounds showed a dose dependent reduction in the proliferation of
several cancer cell lines.

COMP 183 Investigating the effects of methanol and n-octane entrainers on solubility and
microscopic structure in supercritical carbon dioxide
Kelly E. Anderson, Department of Chemistry, University of Minnesota, 207 Pleasant St SE, Minneapolis,
MN 55455, and J. Ilja Siepmann, Departments of Chemistry, Chemical Engineering and Materials Science,
University of Minnesota
Isobaric-isothermal Gibbs ensemble Monte Carlo simulations were carried out to investigate the effects of
entrainer presence on solubility and structure of hexamethylbenzene and benzoic acid in supercritical
carbon dioxide. The entrainers methanol and n-octane were used to contrast polar versus non-polar
cosolvent effects. The simulations using the transferable potentials for phase equilibria–united atom
(TraPPE–UA) force field indicate that the presence of either cosolvent promotes solubility relative to the
neat solvent system. These results are consistent with the experimental results of Dobbs, Wong, Lahiere,
and Johnston. A detailed structural analysis is performed to relate changes in the microscopic structure to
the solubility enhancement.
COMP 184 Learning chemistry from available compounds
Geoffrey Skillman and Roger Sayle, OpenEye Scientific Software, 3600 Cerrillos Road, Suite 1107,
Santa Fe, NM 87507, skillman@eyesopen.com
It is the role of medicinal chemistry in drug design is to identify and synthesize analogs of lead molecules
that may improve chemical or biological properties, avoid patented chemistries, or eliminate undesirable
moieties. Identifying medicinally relevant, synthetically feasible analogs has been addressed with some
difficulty by computational methods. We describe a method that uses information gleaned from a collection
of known chemical entities to identify chemical analog families. We present an analysis of medicinal
features common to biologically active compounds. We also demonstrate the use of these features in
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generating analog families.
COMP 185 Library design based on privileged structures through docking and direct design in the
protein binding pocket
Christof Gerlach1, Hans FG Velec1, Michael Smolinski2, David G. Hangauer2, Andreas Heine1, and
Gerhard Klebe1. (1) Institute of Pharmaceutical Chemistry, Philipps-University Marburg, Germany,
Marbacher Weg 6, Marburg, Germany, Fax: +49-6421-2828994, gerlachc@staff.uni-marburg.de, (2)
Department of Medicinal Chemistry, State University of New York at Buffalo
Successful automated computational ligand design requires rigorous validation of predicted binding
geometries. Assessing the predictive power of our inhibitor design tools we selected trypsin and thrombin
as well-established model cases. Via the analysis of ligand binding using ITC we factorize binding affinity
into thermodynamic contributions. We start with a privileged ligand scaffold well-suited to address key
interactions of the recognition pattern shared by serine proteases. Binding modes of these privileged
scaffolds are generated by docking. The best ranked solutions are optimized by local searches based on
knowledge-based potentials derived from CSD. For individual members of the series the crystal structure
and the binding-affinity towards both enzymes are determined. Facing experimental data with the
computer-generated geometries assesses the predictive power of the latter. Starting with the determined
binding geometry of the privileged scaffold and searches by docking routines for novel side-chain
decorations reveals ligands with optimal complementarity to the target protein.
COMP 186 Ligand refinement with combined force field and shape potential
Stanislaw Wlodek, Geoffrey Skillman, and Anthony Nicholls, OpenEye Scientific Software, 3600 Cerrillos
Road, Suite 1107, Santa Fe, NM 87507, stan@eyesopen.com
A procedure for fitting a ligand into its electron density with the use of MMFF force field potential and a
Gaussian shape component has been developed. It employs a series of adiabatic optimizations of
gradually increasing shape potential. Starting from a ligand connection table, conformers are generated,
rigidly oriented to the density's shape, and optimized to fit the electron density. The final structures are
realistically strained and fit the crystallographic data very well. We demonstrate the application of this
process to a variety of ligand-protein complexes from the pdb.
COMP 187 Mapping protein-ligand binding free energy contributions solely onto the ligand atoms
Sathesh Bhat, Enrico O. Purisima, and Traian Sulea, Biotechnology Research Institute, National
Research Council of Canada, 6100 Royalmount Avenue, Montreal, QC H4P 2R2, Canada, Fax:
514-496-5143, traian.sulea@nrc-cnrc.gc.ca
Component analysis of binding free energies in the context of PB/GB calculations to estimate polar
contributions to solvation is a non-perturbing alternative to computational alanine scanning, which
partitions the total binding affinity into atomic contributions from both interacting molecules. However,
splitting (equally) the binding affinity between partners can result in seemingly different conclusions from
those of experimental mutational studies as to atomic/group contributions to binding. Here, employing a
boundary element Poisson continuum electrostatic model calibrated with respect to solute dielectric and
atomic radii on experimental protein-ligand binding affinities, we partition the total protein-ligand binding
free energy only between the ligand atoms. A critical step in our decomposition is the assignment of the
protein electrostatic desolvation to ligand atoms. Binding affinity distributions calculated over ligands are
consistent with actual data for analog series. We can survey the ligand molecule for under-optimized
energy components and locally improve them, as guided, for example, by charge optimization.
COMP 188 Modeling of interfaces: Adsorption of 2-methyl-4-nitroaniline on hydrogen-terminated
Si(100) 2x1 surface
Suely M. Black, Department of Chemistry and Center for Materials Research, Norfolk State University, Fax:
757-823-9054, smblack@nsu.edu, and Sheena Inge, Center for Materials Research, Norfolk State
University, Fax: 757-823-9054, adimom@yahoo.com
Materials obtained by deposition of organic layers on inorganic substrates may lead to the development of
novel devices. Combination of non-linear optical properties of MNA with processability of silicon may lead
to applications to electronic devices preparation and design. This study aims to determine the orientation
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of MNA on the H/Si(100) surface. The long-term goal is to determine the least expensive, yet reliable,
theoretical method and model system to describe the adsorption of organic molecular compounds on
inorganic surfaces. The inorganic surface was modeled by a limited number of silicon atoms from the
infinite crystal with the dangling bonds terminated with hydrogen atoms. Two cluster, Si31H46 and
Si58H72, were used in the investigation. The organic and inorganic systems were optimized with different
theoretical approaches, and then brought together for constrained geometry optimizations using ONIOM,
a multi-theory level method. The results are strongly dependent on the cluster size and theoretical
approach.
COMP 189 Molecular docking and analysis of conformation adopted by tetrapeptide inhibitors into
active site of thrombin
Cristina C. Clement and Manfred Philipp, Chemistry Department, Lehman College, City University of New
York, 250 Bedford Park BLVD West, Bronx, New York City, NY 10468, cclement_us@yahoo.com
In silico structure-based design and screening of reversible tetrapeptides inhibitors [sequence space:
D-Phe-Pro-D-Arg-P1'-CONH2] for thrombin was performed by docking peptides into active site of thrombin
target 1ABJ.pdb using the softwares “SCULPT”–from MDL and BioMedCAche from Fujitsu. The P1'
position was varied with D and L amino acids. The advanced molecular mechanics (MM) force–field
provided by the same softwares was used to assess the structural fitness of the ligand into each of the
S1', S1, S2 and S3 subpockets of thrombin (based on van der Waals and electrostatics interactions). A
structure-activity relationship (SAR) for tetrapetides was performed using in vitro assays for thrombin
inhibition. There is a 2 to 500 fold experimentally determined difference between the Kis of peptide
inhibitors having one single variation at P1'. The analysis of the structural models together with the Ki
obtained experimentally suggests that the tetrapeptides differing in one single amino acid at P1' position
are adopting different conformations into active site of thrombin which might be the basis for their
significant differences in their inhibitory potential.

COMP 190 Molecular dynamics of helical m-phenylene ethynylene foldamer with PEG side chains
One-Sun Lee and Jeffery G. Saven, Department of Chemistry, University of Pennsylvania, 231 S. 34
street, Philadelphia, PA 19104, one@sas.upenn.edu
The folded states of 18-monomer oligo(m-phenylene ethynylene) foldamers (mPE) with polyethylene glycol
(PEG) side chains solvated in water are examined using NpT molecular dynamics simulation. The helical
parameters are comparable to those of mPE without side the PEG chains in a previous study, but the
number of water molecules inside the cavity of mPE is reduced. The cavity of mPE is occupied by the PEG
side chains instead of water molecules. The mean value of the number of side chains threaded inside the
cavity is 2. The helical structure of backbone is maintained and the turns of the helix are in close contact
during the simulation. The simulations reveal how the flexibility of PEG groups facilitates the solvation of
complex molecular surfaces.
COMP 191 Molecular modeling study of binding between DNA and CC-1065 analogue
Guangyu Sun, Laboratory of Medicinal Chemistry, CCR, NCI-Frederick, NIH, 376 Boyles St., Frederick, MD
21702, Marc C Nicklaus, Laboratory of Medicinal Chemistry, CCR, NCI, NIH, Denise P. Simmons,
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Laboratory of Cellular Carcinogenesis and Tumor Promotion/CCR/NCI/NIH, and Jing-Yu Lai, CovX, 9381
Judicial Dr
A newly designed CC-1065 analogue, which is based on methyl carbamate and aimed at eliminating the
irreversible hepatic and renal toxicities of CC-1065 while retaining its antitumor activity that many existing
analogues lack, has shown high reactivity toward DNA segments 5'-AATTA* and 5'-AGTTA* but low
reactivity toward 5'-AAAAA* in in vitro evaluation. In order to explain its different alkylation reactivities
toward different DNA segments, long molecular dynamics (MD) simulations (generally >1ns) have been
performed with AMBER program, using both implicit and explicit solvation models. In both types of
simulations, the bound complexes remained stable throughout the simulation. The binding energy,
calculated as the difference in potential energy between the complex and free DNA and ligand, shows
that the binding between the ligand with 5'-AATTA* and 5'-AGTTA* is stronger than with 5'-AAAAA*.
These data support our hypothesis that the CC-1065 analogue will form stable DNA complexes. The data
also correlate well with our experimental observations that this analogue has a sequence preference for
5'-AATTA*, 5'-AGTTA*, followed by 5'-AAAAA*, supporting the notion that pre-alkylation binding dominates
the analogue's reactivity with different DNA sequences. Among the different energy components,
contributions from the van der Waals and 1-4 electrostatic energy terms account for most of the
differences in the total binding energies among various DNA segments. Similar results were obtained from
MD simulations using explicit water solvent.
COMP 192 New estimate of beta-sheet folding cooperativity based on molecular dynamics
simulations of a three-stranded beta-sheet
Daniel R. Roe, Department of Chemistry, Stony Brook University, Stony Brook University, Chemistry Dept,
Stony Brook, NY 11794, Fax: 631-632-1555, droe@ic.sunysb.edu, Viktor Hornak, Center for Molecular
Medicine, Stony Brook University, and Carlos Simmerling, Department of Chemistry, State University of
New York at Stony Brook
The thermodynamic behavior of a three-stranded anti-parallel beta-sheet was studied via two replica
exchange molecular dynamics simulations starting from different unfolded structures. Both simulations find
a fully folded sheet consistent with experimental results. Matching previous predictions of non-two-state
folding, a four-state free-energy landscape is observed. Folding cooperativity perpendicular to strand
direction was observed and quantified. Cooperativity was measured by observing how the free energy
profile for forming a hairpin is affected by the presence or absence of the other hairpin. A lower limit of
cooperativity is observed in experiments as the presence or absence of the other hairpin is uncertain. The
atomic level detail of these simulations allows hairpin states to be known at all times, allowing a more direct
measure of cooperativity. The cooperativity is observed to be 2 kcal/mol larger than the previously
obtained lower limit.
COMP 193 Predictive tools for structure-based drug design: A comparative study of force field-based
scoring functions
Pablo Englebienne and Nicolas Moitessier, Department of Chemistry, McGill University, 801 Sherbrooke
street West, Montreal, QC H3A 2K6, Canada, Fax: 514-398-2382, pablo.englebienne@mcgill.ca
Docking methods are widely used in modern drug design and development. The limitations of these
techniques include inaccurate scoring of docked poses and the neglect of side-chain flexibility in the
protein receptor. As our first step towards a program for the development of predictive tools in drug design
and development, we compared the accuracy in the prediction of binding affinity with numerous commonly
used force fields with diverse parameterization. The entropic contribution to the free energy of binding is
modelled by an estimation of the solvation energy, as well as a penalty for freezing rotatable bonds. The
training set included three different protein targets in complexes with ligands showing large structural
diversity and a wide activity range. The output of this preliminary research is being applied to the
production of a coarse-grained force field, which will be able to account for side-chain flexibility in the
protein target.
COMP 194 Probing inherent helical preferences in Pt-beanpole complexes using molecular
mechanics
Per Ola Norrby1, John A. Gladysz2, and Fedor A. Zhuravlev1. (1) Department of Chemistry, Technical
University of Denmark, Building 201, Kemitorvet, DK-2800 Kgs. Lyngby, Denmark, Fax: +45-45933968,
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pon@kemi.dtu.dk, fedorz@kemi.dtu.dk, (2) Institut für Organische Chemie, Friedrich-Alexander Universität
Erlangen-Nürnberg
The X-ray data for square planar diplatinum “beanpole” complexes indicates a preference for helical
conformation [1]. Since it is generally thought that helicity is coded at the 2D level [2] the beanpole system
is unique in that it lacks any classical coding elements, such as H-bonding. The question then whether the
observed helicity is due to crystal packing forces or an inherent conformational preference. Using a
Pt-aware molecular mechanics force field, we find that helical conformations are preferred in vacuo. The
elements contributing to the inherent helical preference are elucidated. [1] Stahl, J.; Bohling, J. C.; Bauer,
E. B.; Peters, T. B.; Mohr, W.; Martín-Alvarez, J. M.; Hampel, F.; Gladysz, J. A. Angew. Chem., Int. Ed.
2002, 41, 1871. [2] Rowan, A. E.; Nolte, R. J. M. Angew. Chem., Int. Ed. 1998, 37, 6

COMP 195 Schering-Plough 3D – A web-based application to share three-dimensional project
information
Johannes H Voigt, Ravi Radhakrishnan, and Corey Strickland, Structural Chemistry, Schering-Plough
Research Institute, 2015 Galloping Hill Road, Kenilworth, NJ 07033, Fax: 908-740-4640,
johannes.voigt@spcorp.com
A web-based application based on the WebLabViewer 4.0 Active X control (Accelrys) was developed at
the Schering-Plough Research Institute to allow easy sharing and exchange of 2D and 3D project data
between Structural Chemists, Medicinal Chemists, and Biologists. The molecular representation (lines,
sticks, ball&stick etc.) and color of ligands and protein structures can be easily changed. Molecular objects
can be turned on and off intuitively, and surfaces can be calculated and displayed. Since structures are
loaded on demand, there is no intrinsic limit for the number of structures. Several projects include up to
300 in-house X-ray structures and up to 5,000 modeled and docked structures. The same XYZ-space is
used for related projects. Thus e.g. in-house, published, and modeled structures of various kinases or
proteases respectively can be compared. Browsing and selecting molecules is aided by 2D-structure image
links and hierarchical organization into subsections. Text, substructure, and similarity searches can be
made. Sessions can be saved or loaded into DS Viewer Pro 5.0 (Accelrys) allowing manipulation and easy
generation of high quality graphics for reports and presentations. The tool also helps the crystallographers
and modelers to organize their data, e.g. structures can be automatically loaded back into Maestro 7.0
(Schrödinger Inc.) via a cgi-script and a Maestro-Python script. An example using published aspartic
protease structures from the PDB is presented to demonstrate the scope of this tool.
COMP 196 Standard reference simulations for docking and scoring: enabling robust computational
screening for drug design
A. Jayne Oliver-Kapur1, Anne M. Chaka1, Michael K. Gilson2, and Frederick P Schwarz1. (1)
Computational Chemistry Group, National Institute of Standards and Technology, 100 Bureau Drive, Stop
8380, Gaithersburg, MD 20899-8380, jaynekapur@gmail.com, (2) Center for Advanced Research in
Biotechnology, University of Maryland Biotechnology Institute
Our aim at the National Institute for Standards and Technology is to develop and evaluate a series of
Standard Reference Simulations (SRS) to calculate ligand-receptor binding energies, assess the accuracy

60 of 103

2005/05/27 5:53 AM

Program Report

http://oasys.acs.org/acs/230nm/comp/programs/programreport.cgi?p...

of the range of methods currently available, and the uncertainty introduced by assumptions and
simplifications. Such a dataset will be helpful in the discovery/development of lead compounds within the
pharmaceutical industry.
For this work we have selected a small, well-defined cyclodextrin host and a test set of diverse guest
ligands as our model system. We aim to demonstrate the concept of a SRS to calculate free energies of
binding by utilizing a range of computational methods from classical pair potentials to ab initio dynamics
calculations with forces calculated from quantum mechanics on the fly. Additionally experimental binding
data obtained by ITC/Biacore will be provided for direct comparison to these computational data. Here we
present the results of our preliminary calculations
COMP 197 Stereoselectivity of hydroxyethyl azide reactions
Donna G. Withrow and Jennifer L. Poutsma, Department of Chemistry and Biochemistry, Old Dominion
University, 4541 Hampton Boulevard, Norfolk, VA 23529, dwith001@odu.edu
A modified Schmidt reaction was found by Jeffrey Aube and co-workers which showed experimentally that
high diastereoselectivity was possible for the final lactam product (J. Am. Chem. Soc. 2003, 125,
7914-7922). Experimental observations for the hydroxyethyl azide reaction showed that the preferred
product resulted from a syn conformation of the N2 and phenyl groups of the intermediate. Ab initio
calculations were carried out to determine why this stereoselective preference is seen. Prior studies have
been completed by Deborah Hewlett and Jennifer Poutsma on the stereoselectivity of hydroxypropyl azide
reactions (J. Org. Chem. 2004, 69, 3439-3446). Experimental results by Aube and the ab initio
calculations showed that the stereoselectivity was a result of a preference for the equatorial conformer in
the intermediate. However, it was noted that when the phenyl group was in an axial position that there
was a favored interaction with the N2 group and the stereoselectivy decreased. This was shown to be the
direct result of a cation-pi interaction. This cation-pi interaction is believed to be the driving force in the
preference of the hydroxyethyl azide reactions as well. Gas phase calculations completed thus far show a
preference for the syn conformation resulting directly from electrostatics. This preference is higher than
what is shown experimentally. The addition of solvent to the calculations is expected to bring the
preference closer to what was seen experimentally. To further study this interaction the phenyl group will
be replaced by a more negative methoxy group.
COMP 198 Studies on different interactions of beta-cyclodextrin with ferrocene derivatives and
adamantane derivatives
Ming Ning, Department of Chemistry, Department of Chemistry, Michigan Technological University, 1400
Townsend Drive, Houghton, MI 49931, Fax: 906-487-2061, mning@mtu.edu, and Richard E. Brown,
Department of Chemistry, Michigan Technological Unversity
The interaction of beta-cyclodextrin modified particle with ferrocene derivatives and adamantane
derivatives are studied with both Ab initio calculations and molecular mechanics simulation
COMP 199 Techniques for efficiently studying reactive events with electronic structure based
biasing and transition path sampling
Christopher N. Rowley1, Nicholas J. Mosey1, and Tom K. Woo2. (1) Department of Chemistry, University
of Western Ontario, 1151 Richmond St., London, ON N6A 5B7, Canada, crowle@uwo.ca, (2) Department
of Chemistry, The University of Western Ontario
In recent years, ab initio molecular dynamics (AIMD) has emerged a powerful tool for studying chemical
reactions. However the time-scales that can be studied are limited to the sub-nanosecond regime due to
the expensive calculation of the electronic potential energy. Many chemical reactions are rare events on
this time-scale, and cannot be studied without special sampling techniques. One solution is to use the
electronic structure to bias the simulation to explore reactive events. Another technique is transition path
sampling, a Monte Carlo technique developed to efficiently harvest an ensemble of reactive trajectories.
This can be used to focus the molecular dynamics simulation on reactive events. We apply these two
methods to the study of rare but important chemical events. We will discuss the ability of these methods to
treat complex potential energy surfaces and aspects regarding the implementation of these techniques.
COMP 200 Theoretical study of the optical properties of Rhodamine 6G in Ag-ethanol suspension
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AlTrev C. Sykes, Center for Materials Research, Norfolk State University, 700 Park avenue, Norfolk, VA
23504, veesykes@yahoo.com, and Suely M. Black, Department of Chemistry and Center for Materials
Research, Norfolk State University
It has been observed experimentally that R6G exhibits a new emission band at 612nm in solution of
aggregated Ag nanoparticles. In this study, the equilibrium atomic geometry, electron energy structure,
and optical properties of Rh6G dye molecules, in pure solvent and in the presence of Ag8 cluster have
been obtained. Calculations of the optimal geometry of the two systems were carried out using Jaguar ®
4.2. The structures were obtained using the density functional theory with the B3LYP
exchange-correlation functional, 3-21G* basis set, and the dielectric continuum model for methanol
solvent. The first excitation energies were obtained for this structure using the 3-21G* and 6-31G* basis
sets, at the B3LYP level. Gaussian 03 implementation of the ZINDO semi-empirical model was applied to
that same structure, and optical transitions energies and intensities were obtained. The theoretically
obtained excitation energies are compared to experimental values.
COMP 201 Two mechanisms served by a single transition state: The branching ratio for CH2O•¯ +
CH3Cl on improved potential energy surfaces
Jie Li1, Xiaosong Li2, Sason Shaik3, and H. Bernhard Schlegel1. (1) Department of Chemistry, WAYNE
STATE UNIVERSITY, 5101 Cass Ave., Detroit, MI 48202, jli@chem.wayne.edu, (2) Department of
Chemistry, Yale University, (3) the department of organic chemistry and the lise meitner-minerva center of
computational chemistry, Hebrew University
The reaction of a formaldehyde radical anion with methyl chloride has been a celebrating example in which
a single transition state leads two products: substitution at carbon (Sub(C)) and electron transfer (ET). Ab
initio molecular dynamics has been used to study this reaction at UHF/6-31G(d), BHandHLYP/6-31G(d)
and other levels of theory. There are ca. 200 trajectories for each level of theory integrated with initial
conditions sampled from thermal distribution at 298K at the transition state. Three types of trajectories are
studied in detail: trajectories go directly to ET product, trajectories go to Sub(C) product, and trajectories
initially go to Sub(C) valley then dissociate to ET products in the end. Energetics and dynamics are
compared at different levels of theory. It was found that the branching ratio of Sub(C) to ET is highly
dependent on the shape of the potential energy surface. Therefore it is important to use a level of theory
for the ab initio molecular dynamics that adequately reproduces the energetics obtained from higher
accuracy calculations.
COMP 202 Unraveling the role of (6-4) Photolyase in DNA repair through homology modeling,
consensus docking, and MD simulations
Chris Harrison and Olaf Wiest, Department of Chemistry and Biochemistry, University of Notre Dame,
Notre Dame, IN 46556-5670, charris5@nd.edu
(6-4) photolyase repairs the (6-4) DNA photolesion, 1, via a light-induced electron-transfer (ET) catalyzed
cycloreversion. Site-directed mutagenesis studies have previously suggested the crucial hydrogen
donor/acceptor role of two active site histidines. In the absence of an x-ray structure of the
enzyme-substrate complex, the details of enzymatic contributions to the repair reaction remain unclear.
Homology modeling to CPD photolyase was used to construct a (6-4) photolyase enzyme model with the
bound cofactors, FADH and HDF. Consensus docking of 1 followed by minimization and NVT equilibrations
provided several refined models of the enzyme-substrate complex and identified the active site as the only
binding position for 1. Catalytically relevant histidines were found in contact with 1, reinforcing their role as
hydrogen donors/acceptors in the mechanistic pathways to yield two thymines. MD simulations of the
enzyme-substrate complex were used to investigate the enzymatic contributions to this light-induced ET
catalyzed DNA repair reaction.
COMP 203 Virtual screening of chemical libraries based on predictive QSAR methods
Mei Wang1, Shuxing Zhang1, Scott Oloff1, Alexander Golbraikh1, Harold Kohn2, and Alexander Tropsha1.
(1) Laboratory for Molecular Modeling, School of Pharmacy, University of North Carolina at Chapel Hill, CB
# 7360, Beard Hall, School of Pharmacy, Chapel Hill, NC 27599-7360, meiwang@email.unc.edu, (2)
Division of Medicinal Chemistry and Natural Products, University of North Carolina at Chapel Hill
QSAR models have been developed for 91 structurally diverse anticonvulsant compounds using two
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approaches: variable selection k nearest neighbor (kNN) method and a new statistical modeling
methodology based on lazy learning theory (termed ALL-QSAR). All models have been extensively
validated by splitting this dataset into multiple training, test, and independent validation sets and
demonstrating high predictive power of the training set models for both test and validation sets. Predictive
models have been applied for virtual screening of a combined chemical database including over 3 million
compounds. 5 new structural classes of compounds unaccounted for in the training set have been
identified. The list of computational hits included structures that were very similar or identical to known
anticonvulsants not included in the training set. The results of this study suggest that virtual screening of
chemical databases or molecular libraries using validated QSAR models presents a new powerful paradigm
for computational drug discovery.
COMP 204 Visualization and interpretation of computational models
Kevin Schmidt, Brian Kelley, Joe Corkery, Jon Christopher, and Robert Tolbert, OpenEye Scientific
Software, 3600 Cerrillos Road, Suite 1107, Santa Fe, NM 87507, kevin@eyesopen.com
VIDA2 is a next generation visualizer for computational models. It provides tight integration of 2D
depiction, 3D visualization and spreadsheet data built on a solid cheminformatics infrastructure (OEChem)
and offering python scripting for custom applications. The central divergence from VIDA1 is the facility to
view and operate upon multiple molecules at once, either through a multi-pane view or the redesigned list
manager. Many thousands of multi-conformer molecules can be handled, either alone or in the context of
a protein active site. Grid and surfaces are handled as additional data classes, with support for many
different formats and operations. Grids, with such properties as electrostatics and electron-density, can be
viewed with real-time iso-contouring. Surfaces may be manipulated by property or by hand. Chemical
handing includes bond and residue perception, substructure searching and SMILES representations.
VIDA2 runs on all major platforms.
COMP 205 Wavelet transforms for calculating time-dependent vibrational frequencies from dynamics
simulations
Ralph A. Wheeler, Department of Chemistry and Biochemistry, University of Oklahoma, 620 Parrington
Oval, Room 208, Norman, OK 73019, Fax: 405-325-6111, rawheeler@chemdept.chem.ou.edu, and Asif
Rahaman, Department of Chemistry, University of Oklahoma
Fourier transforms of autocorrelation functions are typically used to calculate spectra and transport
properties, but require oscillations periodic in time (a stationary time series). The time-scale relation
revealed by a wavelet transform (WT), on the other hand, gives a relation between time and
pseudo-frequency that may be used to calculate vibrational frequencies from dynamics trajectories. This
contribution illustrates the potential of wavelet transforms by calculating vibrational frequencies for HONO
and detecting the molecule's trans-cis conformational change in ab initio molecular dynamics simulations.
Thus, the WT shows potential for giving new insights into non-stationary time series frequently
encountered in chemistry and physics.
COMP 206 A simulation study of the binding modes of formamido-pyrimidine bound to DNA
containing 8-oxo guanine
Kun Song, Department of chemistry, Stony Brook University, Stony Brook, NY 11794, Arthur P. Grollman,
Department of Pharmacological Sciences, Stony Brook University, Carlos de los Santos, Department of
Pharmacology, Stony Brook University, and Carlos Simmerling, Department of Chemistry, Stony Brook
University
8-oxo guanine (8OG) is the most common form of the oxidative DNA damage. Failure to repair this
damage can cause G to T transversions. In E. coli and other bacteria this damage is repaired by
formamido-pyrimidine DNA glycosylase (MutM or Fpg). Currently there are two theories about how MutM
recognizes the damaged base, which are supported by experimental and simulation studies. The key
difference between these two theories is the conformation of the 8OG. We studied the mutation's effects
on the conformations of the residues neighboring the active site and the two binding modes of the wild
type systems using the molecular dynamics simulations and energy decomposition analysis. Our study
suggests that the 8OG's syn conformation seen in the experimental studies is correct, but the details of
the binding differ due to the E2Q mutation.
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COMP 207 Ab initio studies of a 1,2,3,5-tetrazocine
Sarah A Kebbell and Dermot F Brougham, School of Chemical Sciences, Dublin City University,
Glasnevin, Dublin 9, Dublin, Ireland, sarah.kebbell2@mail.dcu.ie
Tetrazocines are eight-membered rings possessing four nitrogen atoms. Tetrazocines do not occur in
nature, so the synthesis of these compounds is a novel idea in itself. James et al[1] have successfully
synthesised a 1,2,3,5 tetrazocine molecule from the photo-rearrangement of a substituted
hexahydropyrrolo-[2,3-d]triazole to a 1,3a,6,6a-tetrahydroimidazo [4,5-c]pyrazole. Ab initio molecular orbital
calculations have been performed on 1,2,3,5 tetrazocines at the HF/3-21G and the B3LYP/6-31G* levels,
in order to obtain more information on the physical properties of these systems. Our results indicate that
for the 1,2,3,5 tetrazocine the planar (aromatic) structure is the most stable, though this is not observed in
nature, presumably due to steric repulsion between the large aromatic substituents often used to stabilise
the molecules. Excluding this structure we found that at the B3LYP-6-31G* level, there is a significant
42.64kcal/mol, thermodynamic stabilisation of 1,2,3,5 tetrazocine over the 1,3a,6,6a-tetrahydroimidazo
[4,5-c]pyrazole.
1. Byrne, C.; Draper, S.M.; James, J.P.; Long, C. J Chem. Research. 1995, 2501
COMP 208 Ab-initio calculations on the energetics of H2 oxidation by FeO+ using GGA+U
Heather J. Kulik, Damian Scherlis, and Nicola Marzari, Department of Materials Science and Engineering,
Massachusetts Institute of Technology, 77 Massachusetts Avenue, Rm #13-5114, Cambridge, MA 02139,
hjkulik@mit.edu
Conventional ab-initio electronic structure methods often fail to provide a qualitatively correct description of
spin-state energetics of systems containing transition metals. The paradigmatic reaction of the oxidation of
H2 by FeO+ demonstrates the severe limitations of common DFT functionals to provide a correct
description of multiplet splittings. A DFT based GGA+U approach is introduced here to predict reaction
energetics with greatly-improved accuracy, as compared to benchmark calculations that use high-level
MP2/MP4 and coupled-cluster approaches. The value of U, a Hubbard-like correction, is obtained in a fully
ab-initio fashion using linear-response theory and is thus not a free parameter. Transition states are
identified using nudged-elastic band and string methods adapted to employ GGA+U. Thanks to the
efficiency of plane-wave basis set implementation, inexpensive scaling of the technique to large
biochemical complexes is demonstrated.
COMP 209 Accurate calculations of interaction energies of H-bonded clusters
Jun Cui1, Valerie N. McCarthy2, Richard A. Christie1, and Kenneth D. Jordan1. (1) Dept. of Chemistry and
Center for Molecular and Materials Simulations, University of Pittsburgh, Pittsburgh, PA 15260,
juc9@pitt.edu, (2) Department of Chemistry, University of Pittsburgh
The n-body decomposition procedure can serve as the basis of computationally efficient strategies for
obtaining near CBS-limit MP2-level interaction energies of large H-bonded clusters. The key is the
realization that the n ≥ 3 body interaction energies are relatively insensitive to the basis set, and that the
major need for large basis sets is in describing the two-body interaction energies. In addition, most of the
3- and 4- body interaction terms are very small, and this has led us to develop a pre-screening algorithm to
eliminate n ≥ 3 body contributions below a user-specified threshold. In my presentation, I describe this
screening strategy and demonstrate its application to the (H2O)21 and (H2O)20CH4 clusters. With the use
of screening, the computational effort to evaluate the net 3- and 4- body interaction energy is reduced by
over an order of magnitude for the n=21 cluster.
COMP 210 AEI: Exploring solvent effects and mechanisms for organic reactions using
computational methods
Orlando Acevedo and William L. Jorgensen, Department of Chemistry, Yale University, New Haven, CT
06520-8107, Fax: 203-432-6299, orlando.acevedo@yale.edu
Density functional theory (DFT) and QM/MM simulations have been carried out on a series of organic
reactions to explore the origin of solvent effects on reaction rates and mechanisms. Presented is the
influence of dipolar aprotic and protic solvents and ionic liquids on SNAr, Kemp decarboxylation, Cope
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elimination and Diels-Alder reactions. Obtaining quantitative agreement with experimental free energies
and geometries required development of improved force fields, methodology, and sampling. My career
goals include: (1) building a research program focused upon the application and development of new
computational tools that target drug discovery, organic and enzymatic catalyst design, and alternative
environmentally friendly solvent design, (2) encouraging minority students to pursue the field of chemistry. I
am prepared to teach General, Organic, and Physical Chemistry courses.
COMP 211 Atomic-scale mechanism of met repressor function
Jieru Zheng1, Ilya Balabin2, and David N. Beratan2. (1) Department of Chemistry, Duke university, Box
90348, Durham, NC 27708, jz7@duke.edu, (2) Department of Chemistry, Duke University
The met repressor is a transcription regulator of structural genes in the methionine biosynthetic pathway. A
product of the pathway, S-adenosylmethionine (SAM), is known to facilitate binding of the repressor to the
operator (met box), acting as a corepressor. Experiments show no evidence of allosteric effects in SAM
binding, suggesting that its function may involve electrostatic interactions with DNA. We explore the SAM
corepressor function using molecular dynamics (MD) simulations and essential dynamics analysis. Three
systems based on the protein-DNA complex were modeled and simulated: the complex with SAM, the
complex without SAM, and the complex with SAH (SAM analog with much weaker electrostatic
interactions). Each system was solvated in TIP3 water, and Na+ and Cl- counterions were added.
Following that, each system was equilibrated for about 6ns using the CHARMM force field. Essential
dynamics-based analysis of the MD trajectories reveals atomic scale details of the protein-DNA and
protein-protein interactions, elaborating the corepressor function in the gene transcription mechanism.
COMP 212 Calculation of absorption line shape based on reduced density matrix approach
Mino Yang, Department of Chemistry, Chungbuk National University, Cheongju 361-763, South Korea,
Fax: 82-43-267-2279, MinoYang@chungbuk.ac.kr
A theory for the line shape of molecular aggregates is formulated based on the reduced density matrix.
Electronic coupling between the molecules is assumed to be weak. The spin-Boson model is introduced to
include the effect of electron-phonon coupling. We derive kinetic equations for the reduced electronic
density matrix associated with the absorption spectrum. General expressions of the time-dependent rate
constants in the kinetic equations are derived by use of the cumulant expansion technique. The resulting
time-dependent kinetic equations are solved numerically. We illustrate the applicability of the present
theory by calculating the line shape of a dimer.
COMP 213 CHARMM Drude polarizable force field parameter development for model compounds
representative of biological systems
Igor V. Vorobyov, Victor M. Anisimov, and Alexander D. MacKerell Jr., Department of Pharmaceutical
Sciences, University of Maryland, 20 Penn Street, Room 601, Baltimore, MD 21201,
vorobyov@outerbanks.umaryland.edu, victor@outerbanks.umaryland.edu
Development of Drude polarizable force field parameters for use in the program CHARMM was performed
for small molecules representative of the building blocks of biomolecular systems. Model systems included
alkanes and neutral polar compounds. The partial atomic charges and atomic polarizabilities were
determined via restrained fitting to perturbed QM electrostatic potential maps. The internal and
Lennard-Jones parameters were determined based on the reproduction of the experimental and/or
high-level QM geometric, energetic and thermodynamic gas- and condensed-phase properties. Additive
CHARMM27 all-atom force field parameters were used as an initial guess for the Drude polarizable force
field development. The Drude polarizable model shows an improvement in the treatment of selected gasand condensed-phase electrostatic properties such as the static dielectric constant and dipole moment.
These improvements allow for a more accurate description of the molecular behavior in both polar and
non-polar environments by the Drude polarizable CHARMM force field.
COMP 214 Collaborative filtering on a family of biological targets
Dumitru Erhan1, Pierre-Jean L'Heureux1, Yoshua Bengio1, and Shi Yi Yue2. (1) Department IRO,
Université de Montréal, 2920 Chemin de la tour, C.P. 6128, Succ. Centre-Ville, Montreal, QC H3C 3J7,
Canada, erhandum@iro.umontreal.ca, lheureup@iro.umontreal.ca, (2) Department of Chemistry,
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AstraZeneca R&D Montreal
Building a QSAR model of a new biological target for which few screening data is available is a daunting
task. However, the new target may be part of a bigger family, for which we have more screening data.
Collaborative filtering is a field of machine learning that tries to build predictive models that link multiple
targets to multiple examples. If there are more commonalities between the targets, a better multi-target
model can be built. We show an example of a multi-target neural network that can use family information to
produce a predictive model of an undersampled target. We show its performance on compound
prioritization for an HTS campaign, and the underlying shared representation between targets.
COMP 215 Comparison of methods of density functional theory modeling of the specific rotation of
amino acid solutions
Matthew D. Kundrat, Department of Chemistry, SUNY at Buffalo, 360 Natural Sciences Complex, Buffalo,
NY 14260-3000, mkundrat@buffalo.edu, and Jochen Autschbach, Department of Chemistry, State
University of New York at Buffalo
When chemists measure the specific rotation of a chiral compound in solution they measure a
phenomenon caused by the interaction of polarized light with a large number of molecules which undergo
conformational changes, vibrate and interact with the solvent. Computational chemists must simulate this
effect by looking at a comparatively small number of configurations of isolated molecules. Most often
computational models are built by first generating a set of a set of local minimum molecular geometries of
the compound, next computing a specific rotation for each conformer, then Boltzmann averaging the
results. We use this method to calculate the specific rotation for a few small amino acid molecules. We also
consider an alternative approach in which molecular dynamics are used to generate a large number of
non-minimized conformers, next calculating the specific rotation of each as before then computing a
straight average. Results from the various methods are compared.
COMP 216 Comparisons of potential energy landscapes and conformations of polyalanine with
different force fields by new molecular dynamics simulation protocols
Zunnan Huang and Ralph A. Wheeler, Department of Chemistry and Biochemistry, University of Oklahoma,
620 Parrington Oval, Rm. 208, Norman, OK 73019, Fax: 405-325-6111,
znhuang@chemdept.chem.ou.edu
Molecular simulations have been applied extensively for studying protein structure and dynamics.
However, conventional molecular dynamics (MD) simulations have extreme difficulty sampling phase space
sufficiently to predict the naturally folded structures of proteins. Here we report newly developed MD
protocols called trajectory and energy perturbed replica microcanonical ensemble search simulations,
which can explore the potential energy surfaces of proteins and efficiently sample myriad potential energy
minima representing diverse conformations. We performed the new MD simulation to investigate the global
and local potential energy minima of a short polyalanine peptide (13 residues) in vacuo. Two commonly
used AMBER MD force fields for protein systems were tested. Comparisons of the secondary structural
conformations and energy minima of this polypeptide highlight likely differences in potential energy
landscapes built on different force fields. The results imply that although beta-sheets have minima located
at higher potential energies than alpha-helices for both force fields, the significantly different distribution of
internal energies of beta-sheets relative to helices accounts for the observation that helical conformations
are favored for AMBER 99, whereas AMBER96 shows more extensive phase space sampling of both
helical and beta-sheet conformations.
COMP 217 Computation of quartic potential energy surfaces and excited vibrational levels of H2O
Nicole R. Brinkmann, John L. Davisson, Michael H. Cortez, and William F. Polik, Department of Chemistry,
Hope College, Holland, MI 49423, Fax: 616-395-7118, brinkmann@hope.edu
The quartic potential energy surface of H2O was computed using the coupled-cluster singles, doubles,
and perturbatively-applied triples [CCSD(T)] level of theory. The cc-pVXZ, aug-cc-pVXZ, and
aug-cc-pCVXZ (X = D-5) families of basis sets were used for these computations. Harmonic frequencies,
anharmonic constants, and resonance constants were computed using second-order vibrational
perturbation theory (VPT2) including the k11,33 Darling-Dennison resonance, and vibrational energy levels
were predicted using these (harmonic, anharmonic, and resonance) spectroscopic constants. The
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spectroscopic constants were fit to experimental vibrational energy levels, and the standard deviation of
the fit was 3.7 cm-1. The average absolute difference between the theoretical harmonic frequencies and
the fitted harmonic frequencies (‹|error|›) was used to gauge the accuracy of the computations. The
(‹|error|›) quantity for computed harmonic frequencies and anharmonic constants at a particular basis set
were compared to that with the next smallest basis set by an average absolute difference (‹|D|›) as a
measure of convergence. Using the aug-cc-pVXZ basis sets, the harmonic frequencies are converged to
less than 3 cm-1 at X = 4 (‹|error|›QZ = 2.76 cm-1;‹|D5Z-QZ|› = 1.29 cm-1). The anharmonic constants

converge more rapidly, and using the cc-pVXZ series of basis sets, they are converged to less than 2 cm-1
at X = T (‹|error|›TZ = 1.89 cm-1;‹|DQZ-TZ|› = 0.03 cm-1). Thus, a scheme was devised for a set of “hybrid”
computations in which the harmonic part of the potential was computed using CCSD(T)/aug-cc-pVQZ while
the more expensive cubic and quartic potential terms were computed using CCSD(T)/cc-pVTZ, and the
vibrational energy levels were predicted using this hybrid potential energy surface. Using this
aug-cc-pVQZ/cc-pVTZ hybrid model, ‹|error|› = 3.56 cm-1 and 2.31 cm-1 for the harmonic frequencies and
anharmonic constants, respectively. Results for H2CO, HFCO, HCO are also presented.

COMP 218 Computational analysis and prediction of bioisosteres
Joseph Ban1, Robert Tolbert1, Anthony Nicholls1, and Geoffrey Skillman2. (1) OpenEye Scientific
Software, skillman@eyesopen.com, (2) OpenEye Scientific Software, skillman@eyesopen.com
A common task in medicinal chemistry is to modify one small molecule structure in a minor way to modulate
some biological or chemical property. When two molecular fragments can be substituted one for another,
without grossly affecting these properties, they are termed bioisosteres. Computational methods can be
used to empirically identify as well as characterize bioisosteres. We use molecular shape and electrostatic
potential field similarity to analyze pairs of known bioisosteres. We then systematically identify bioisosteric
fragments from a database of over 2.5 million unique chemical entities.
COMP 219 Computational study on the vanadium-catalyzed asymmetric oxidation of sulfides
David Balcells1, Feliu Maseras1, and Gregori Ujaque2. (1) Feliu Maseras Research Group, Institute of
Chemical Research of Catalonia (ICIQ), Av. Països Catalans, s/n, 43007 Tarragona, Spain, Fax: 977 920
224, dbalcells@iciq.es, (2) Department of Chemistry, Universitat Autonoma de Barcelona
Chiral complexes of vanadium catalyze the oxidation of 1,2-bis(tert-butyl)disulfide. We carried out a DFT
study of this reaction on a model system that gave rise to the following conclusions: 1) the catalyst is a
hydroperoxo V(+5) complex and 2) the oxidation consists of a direct oxygen transfer step. Then we
studied the full catalytic system using a QM/MM method. We found two different diastereoisomers of the
catalyst: a (pro-R) and b (pro-S); see figure. Our results show that the enantioselectivity depends on the
energy difference between a and b (Eab) and the energy difference between the pro-R and pro-S
transition states for a given form of the catalyst (Ea). Eab is modulated by R3 and Ea by R1.

COMP 220 Cycloreversion of the (6-4) photolesion: DFT studies of the DNA repair mechanism
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Chris Harrison and Olaf Wiest, Department of Chemistry and Biochemistry, University of Notre Dame,
Notre Dame, IN 46556-5670, charris5@nd.edu
Formation of the (6-4) photolesion, 1, damages genetic information, leading ultimately to skin cancer and
cell death. Through an unknown mechanism, 1 may be repaired in vivo by (6-4) photolyase. In absence of
an x-ray structure of (6-4) photolyase and the instability of the proposed oxetane intermediate, 2, the
currently proposed mechanism cannot be validated. Mapping of the potential energy surface using hybrid
DFT calculations indicates a barrierless reaction from 2•- to two thymine monomers, 3. As suggested by
Todo et al., the presence of a hydrogen donor and acceptor also results in a barrierless cycloreversion of
2•- to 3. The formation of 2 from 1 is 15.5 kcal/mol uphill. It is thus difficult to rationalize thermal formation
of 2 from 1, followed by electron transfer catalyzed cycloreversion yielding two thymine monomers, 3.
Given these concerns, the currently proposed and alternative mechanistic pathways will be investigated
via gas phase and solution DFT calculations.

COMP 221 Digging the past for a clue: A novel in-silico approach for new leads on
4-OH-pyran-2-ones HIV Protease Inhibitors
Barun Bhhatarai and Rajni Garg, Department of Chemistry, Clarkson University, 8 Clarkson Avenue,
Potsdam, NY 13699-5812, bhhatarb@clarkson.edu
QSAR studies on several series of 4-OH-pyran-2-ones, a non-peptidic HIV-Protease Inhibitors are
presented. This in-silico approach has greatly benefited target drug design and development. With the
help of robust QSAR models different molecular shape, size, and electronic character of various
substituents of the pyranones can be defined. The pyran-2-one scaffold which was derived from
4-OH-coumarines was the basis for the development of Tipranavir, a 4-OH-5,6-dihydropyran-2-one. The
various substituents studied in the archaic scaffolds (i.e., pyran-2-ones, cycloalkyl-pyran-2-ones), were not
considered in current scaffold dihydropyran-2-one. Comparative study of the spectrum of available
synthesized compounds and their activity marked that there are gaps that were not addressed in detail by
synthetic methods in the new scaffolds. Our results show that the balance of hydrophobicity (ClogP),
volume-dependent-polarizability (CMR) and the steric fit of the compounds are crucial for designing novel
more effective inhibitor/lead compounds and simultaneously reducing the number of expensive failures.
COMP 222 Dissociation energy estimation of insulins using all-electron density functional
calculation
Toru Inaba, Mechanical Engineering Research Laboratory, Advanced Simulation Center, Hitachi, Ltd,
832-2, Horiguchi, Hitachinaka, Ibaraki 312-0034, Japan, Fax: +81-29-353-3857,
toru.inaba.ap@hitachi.com, and Fumitoshi Sato, Insititute of Industrial Science, University of Tokyo
The dissociation energy from an insulin dimer to its two monomers was estimated by using the ProteinDF,
which can calculate the canonical wavefunction of proteins using the Gaussian-based density functional
method. The computational molecules were native insulin (Regular), and mutant insulins, i.e. two
rapid-acting insulins (Lispro and Aspart) and a long-acting insulin (Glargine). Molecular dynamics
calculations of these insulin dimers were performed, and the five structures were chosen during their
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equilibrium states. We then calculated the all-electron energies for each dimer and its monomers. The
dissociation energy was simply estimated by subtracting the energy of the dimer from the total energy of
the monomers. The average number of residues, atoms, electrons, and orbitals for the calculated insulin
dimers was 102, 1600, 6200, and 9000, respectively. The calculated order of average dissociation energy
was Lispro, Aspart, Regular, and Glargine. This result was reasonable and these studies will pave the way
in the design of new theoretical medicines. We will describe the method and some of the calculated
properties in this poster.
COMP 223 Do similar ligands bind in a similar fashion?
Jonas Boström1, Anders Hogner2, and Stefan Schmitt2. (1) Department of Medicinal Chemistry,
AstraZeneca R&D Mölndal, Fax: +46-31-7763710, (2) GSI Chemical Computing, AstraZeneca R&D
Mölndal, Fax: +46-31-7763792, Stefan.Schmitt@astrazeneca.com
A central theme in drug design to obtain desired properties in lead molecules is to make small, incremental
modifications since it is generally assumed that similar molecules bind in a similar fashion to the protein.
The scope of the current work is to investigate this general belief, by analyzing the protein databank (PDB)
for pairs of similar ligands complexed to the binding sites of the same biological target. The manner in
which the pairs were retrieved from the databases will be described and a similarity metric, based on
maximum common substructures is introduced. Our findings indicate that for two similar ligands the binding
mode, as defined by the relative orientation in the protein, is conserved. However, the binding sites for
similar ligands in the same biological target are seldom structurally identical, e.g. they differ in side-chain
rotamers, water positions and backbone movements. Data will be presented quantifying these differences.
COMP 224 Drying and hydrophobic collapse in the multi-domain protein and protein oligomers
Xuhui Huang1, Ruhong Zhou2, Pu Liu1, Claudio J. Margulis3, and B.J. Berne1. (1) Department of
Chemistry, Columbia University, 3000 Brodaway, New York, NY 10027, xhuang@chem.columbia.edu, (2)
IBM Thomas J Watson Research Center, IBM Research, (3) Department of Chemistry, University of Iowa
The existence of a drying transition for water confined between hydrophobic particles was found to be
sensitive to the solute-solvent attractions in molecular dynamics simulations. A drying phenomenon was
observed between two paraffin-like plates, but not between two graphite plates. What happens in protein
collapse? In the folding of a multi-domain protein, BphC enzyme, no drying transition was observed even
at very small inter-domain distances. For example, liquid water persisted with a density only 10 to 15%
lower than in the bulk at 4 Angstrom separation of the domains. However, when the attractive forces
between protein and water were turned off, a dewetting transition occurred in the inter-domain region and
the collapse of the two domains sped up by more than an order of magnitude. On the other hand, the
melittin tetramer, displayed a surprising drying transition inside the nanoscale channel formed by the
tetramer. To our knowledge, this is the first time a drying transition was found in real protein systems.
Surface topology can have significant effects on the drying transition of this system. Single point mutations
of the isoleucines in certain locations can switch the channel from being dry to being wet. Study of the
collapse dynamics showed that this hydrophobic collapse was induced by a drying transition in a fraction
of the trajectories.
COMP 225 Dynamic equilibrium between fast and slow forms of thrombin: A structural investigation
of thrombin paradox
Divi Venkateswarlu, Department of Chemistry, North Carolina A & T State University, 116, Hines Hall,
Greensboro, NC 27411, divi@ncat.edu, and Lee G. Pedersen, Department of Chemistry, University of
North Carolina
Thrombin continues to dominate the blood coagulation cascade as a unique enzyme with functional
modulation by sodium-ion binding that renders the enzyme to play a dual role as a pro-coagulant and
anticoagulant. By performing extensive molecular dynamics (MD) simulations on thrombin structure for over
40 nanoseconds of simulation time in explicit water solvent in which sodium-ion binding was modeled to
mimic both fast (Na+-bound) and slow (Na+-free) forms, we provide a structural rationale for the functional
switch triggered by ion-binding. The simulations unambiguously demonstrate that the sodium-ion binding
results in three major conformational changes that are dynamically linked: 1) A major restructuring of the
water-channel that extends the sodium-binding site to the S2-specificity pocket 2) A 120° conformational
switch in the side-chain of 192Glu522, that follows water restructuring, results in a dramatic break down of
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the dynamic linkage between the 60s loop and 192Glu522 and drifts away the 60s loop by ~3Ǻ and 3)
the loss of the oxy-anion hole following a kink in the conformation of 193Gly523. We propose that the
thrombin specificity is perhaps governed by a combination of these changes. The reduced interactions
between the S2' specificity pocket residues and the incoming P2' substrate residues may play a key role in
switching the thrombin function. These simulations provide a detailed look at the dynamic changes in the
thrombin structure for the first time in true sodium-ion bound and free forms devoid of any active-site or
exosite-inhibitors and corroborate with some of the recently reported experimental and structural findings
to explain the thrombin paradox.
COMP 226 Effect of solvent on the stereoselectivity of reactions between hydroxyalkyl azides and
ketones
Anna K. Manukyan, Chemistry&Biochemistry, Old Dominion University, 4541 Hampton blvd, Alfriend
Chemistry, amanukya@odu.edu, and Jennifer Radkiewicz-Poutsma, Department of Chemistry and
Biochemistry, Old Dominion University, 4541 Hampton Blvd., Fax: 757-683-4628, jradkiew@odu.edu
Recently, a new diastereoselective reaction resulting in an N-hydroxyalkyl lactam was discovered. The
starting materials, a hydroxyalkyl azide and a substituted cyclohexanone, form a hemiketal. The azide then
attacks the carbonyl carbon giving an intramolecular Schmidt reaction. This process has the potential to be
an important tool for synthesis. Thus, we have uesd ab initio calculations to explore the stereoselectivity of
this modified Schmidt reaction. A preference for the N2+ leaving group was observed for the
heterosubstituted cyclohexane intermediate. Results concerning the effect of solvent on our calculations
and the effect of phenyl substituents on the cation-π interaction will be presented. Preliminary calculations
on the mechanism of the Schmidt reaction will also be discussed.
COMP 227 Exhaustive computational analysis of peptides for the fragmentation in low-energy
dissociation mass spectrometry
Kazuhiko Fukui and Yutaka Akiyama, Computational Biology Research Center (CBRC), National Institute
of Advanced Industrial Science and Technology (AIST), 2-41-6 Aomi, Koto-ku, Tokyo 135-0064, Japan,
Fax: 81-3-3599-8491, k-fukui@aist.go.jp
In recent years, there has been significant interest in the fragmentation analysis of polypeptides and
proteins using a variety of mass spectrometric techniques that utilize collisions with gaseous atoms,
surfaces, electrons, and photons. Of these methods, the widely used dissociation methods are performed
in a low collision induced dissociation (CID) and multiphoton dissociation (IRMPD). It is known that
protonated peptides/proteins under low-energy conditions dissociate mainly by charge-directed
fragmentation along their backbone, leading to fragmentation into bn/yn ion series. We modeled all
di-peptides (20x20 amino acids) to analyze the structure, energetics, binding energy (cleaved at C'-N
bond) and proton affinity using ab initio molecular orbital calculations on a linux super cluster system. The
calculated results were compared with the mass spectra obtained by FTICR MS for the analysis of
fragmentation pattern and mechanism. The database based on the calculations is also built to predict the
fragment ions in the low-energy dissociation.
COMP 228 Forward-Backward Semiclassical Dynamics
Nicholas J Wright, Department of Chemistry, University of Illinois, 601 S Goodwin, Urbana, IL 61801, and
Nancy Makri, Department of Chemistry, Univerity of Illinois
Forward-backward semiclassical dynamics (FBSD) has emerged as a practical quasiclassical methodology
for including important quantum mechanical effects in the initial state of a system, while retaining a
classical description of the subsequent dynamics. FBSD expressions for time correlation functions or
expectation values constitute rigorous stationary phase limits of the corresponding quantum mechanical
quantities but can be evaluated with relatively little computational power. While allowing the inclusion of
important effects such as zero point energy, the mixing of a quantum mechanical representation of the
initial condition with a classical treatment of the dynamics is at least in principle inconsistent. In this paper
we investigate various manifestations of this issue. Specifically, we examine the classical evolution of the
quantized FBSD phase space density and the validity of the detailed balance condition in model systems.
Our findings indicate that the practical consequences of the inconsistent quantum-classical treatment
generally are of minor significance and suggest specific tests for checking the accuracy of FBSD
calculations in polyatomic systems.
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COMP 229 Homology modeling, docking and molecular dynamics simulation of class I HDACs
Di-Fei Wang1, Olaf G. Wiest2, and Paul Helquist1. (1) Department of Chemistry and Biochemistry, Walther
Cancer Center, University of Notre Dame, Notre Dame, IN 46556-5670, dwang@nd.edu, (2) Walther
Cancer Research Center, University of Notre Dame
Histone deacetylases (HDACs) play a very important role in gene transcriptional process. It has been
found inhibition of HDACs activities could modulate cell growth and reduce the formation of several kinds
of human cancer cells. In order to obtain a better understanding of the interactions between Class I
HDACs and their ligands, homology models of HDAC1-HDAC3 have been constructed. These were then
used in detailed docking studies. Selected HDAC-inhibitor complexes were then subjected to extended
molecular dynamics simulations using AMBER. These results will guide the further selective HDAC inhibitor
design.
COMP 230 Impact of multiple conformations on fingerprint descriptors uses in QSAR
Pierre-Jean L'Heureux1, Benoit Cromp2, Shi Yi Yue3, and Yoshua Bengio1. (1) Department IRO,
Université de Montréal, 2920 Chemin de la tour, C.P. 6128, Succ. Centre-Ville, Montreal, QC H3C 3J7,
Canada, lheureup@iro.umontreal.ca, (2) Department IRO, Université de Montréal, Montréal, QC H3C 3J7,
Canada, crompb@iro.umontreal.ca, (3) Department of Chemistry, AstraZeneca R&D Montreal
Some recent studies on pharmacophore fingerprints have outlined the degredation of signal to noise ratio
when using multiple conformations to extract the fingerprints. We will show examples of this degradation.
In addition, we show the clustering of compounds in feature space as a mean to compare the power of
different fingerprints to seperate biologically active and inactive compounds.
COMP 231 Mechanisms for induced diamagnetic and paramagnetic fields
Keith W. Wiitala, Department of Chemistry and Supercomputing Institute, University of Minnesota, 207
Pleasant St. S.E, Minneapolis, MN 55455-0431, Fax: 612-626-7541
The origins and derivation of the induced diamagnetic and paramagnetic field terms of the extended
nuclear shielding equation and shift mechanisms are provided. Ab initio methodology used to calculate
magnetic nuclear shielding is reviewed to create an appreciation of theory and mathematical constructs.
Also presented are the basic electromagnetic and quantum physics behind the computation of ab initio
NMR shifts for carbon and hydrogen nuclei.
COMP 232 Modeling gene regulatory networks
Peng Zhang, Ming Ouyang, and William J. Welsh, Department of Pharmacology, University of Medicine &
Dentistry of New Jersey, Robert Wood Johnson Medical School, 675 Hoes Lane, Piscataway, NJ 08854,
Fax: 732-235-3474, zhangpe@umdnj.edu
We present a differential equation modeling method that infers the gene regulatory network from time
course expression data in human prostate cancer cells. We propose several methods that focus on
co-regulated gene groups. A stability-based clustering algorithm is used to detect and partition all the
differentially expressed genes into an optimum number of clusters so that each cluster represents a
unique structure feature of the data that corresponds to a co-regulated gene group. The centroid value of
each cluster is used to represent the expression level of that cluster at each time point. Multiple regression
is used to fit the cluster centroids with a set of differential equations. The change in expression level of
each cluster centroid is a weighted sum of expression levels of all cluster centroids. The resulting
interaction matrix is statistically tested by permutation analysis to provide a final image of regulatory
networks among the clusters.
COMP 233 Molecular dynamics simulations of a DNA strand containing two thymine dimers
Lauren L O'Neil, Department of Chemistry and Biochemistry, University of Notre Dame, University of Notre
Dame, Notre Dame, IN 46556, and Olaf Wiest, Department of Chemistry and Biochemistry, University of
Notre Dame, Notre Dame, IN 46556-5670, owiest@nd.edu
Two adjacent thymines, after irradiation of DNA with light produce the cis-syn cyclobutane thymine dimer
(CPD). Thymine dimers block cell replication and transcription, ultimately resulting in cell death. The repair
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of thymine dimers in DNA by excess electrons has been previously studied. Excess electrons were
incorporated into the system via irradiation of a modified thymine base (Tx) and repair of the two CPDs in
the strand were monitored. The ratio of repair of the distal dimer to the proximal dimer was 2.4:1. The
structural and electronic origins of this surprising finding are not known. MD simulations are used to study
the structure and dynamics of CPD-containing DNA duplexes. Specifically, AMBER force fields were used
and 9 ns simulations were run for both the flipped-in and flipped-out forms. The distance of the dimers
from the electron injection point (Tx), the position of each dimer, the overall structure of the DNA duplex will
then be correlated with the experimental results for different sequences.
COMP 234 Monte Carlo simulation study for QSPR of solvent effect on the selectivity of 18-Crown-6
between Gd3+ and Yb+3 ions
Hag Sung Kim, Department of Environmental &Living Chemistry, Ulsan College, San 29 Muger-dong
Nam-gu, Ulsan 680-749, South Korea, Fax: 82-52-279-3183, hskim@mail.uc.ac.kr
The solvent effects on the relative free energies of binding of Gd3+ and Yb3+ ions to 18-crown-6 and Δlog
Ks (the difference of stability constant of binding) have been investigated by a Monte Carlo simulation of
statistical perturbation theory (SPT) in diverse solvents. The relative free energies of binding of Gd3+ and
Yb3+ ions to 18-crown-6, in CH3OH of this study agree well with the experimental results and simulation
works. We reported here a new the quantitative solvent-polarity relationships (QSPR) as the
multi-parameter regression approach study in the solvent effects on the relative free energies of binding of
Gd< and Yb3+ ions to 18-crown-6 and the structural data of those complexes.
COMP 235 Origins of the high affinity binding of the biotin-(strept)avidin complex
Jason DeChancie, 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, and K. N. Houk,
Department of Chemistry and Biochemistry, University of California
DFT and MP2 calculations employing model systems for the (strept)avidin binding site involving the
hydrogen bonding and hydrophobic residues to the ureido moiety of biotin have been carried out. Biotin is
predicted to be significantly polarized in the binding site. Cooperative hydrogen bonding enhances binding
compared to individual interactions. Aspartic acid is the key residue stabilizing the hydrogen bonding
network. Aspartic acid is directly hydrogen bonded with biotin in streptavidin and is one residue removed in
avidin, and the latter is surprisingly more favorable. This work is an advancement towards the answer to a
long lasting question: Why are the majority of protein-ligand interactions so poor in comparison to the
biotin-(strept)avidin complex?
COMP 236 Reduction of computational requirements and trends for high accuracy description of
molecular properties
Benjamin Mintz and Angela K. Wilson, Department of Chemistry, University of North Texas, P.O. Box
305070, Denton, TX 76203-5070, bjm0037@unt.edu
The effect of truncating the basis set size for hydrogen has been examined for the correlation consistent
basis sets (cc-pVnZ, where n = D(2), T(3), Q(4), 5), used in combination with the coupled cluster method,
CCSD(T) (coupled cluster with single, double, and quasiperturbative triple excitations). Several first- and
third-row molecules have been studied, and the impact of truncating the basis set, for the hydrogen atom,
upon the structures and energies of these species has been examined and compared to the overall time
saved in the calculations. The ability to extrapolate a series of truncated basis sets to the complete basis
set (CBS) limit has also been addressed.
COMP 237 Simulation of water soluble potassium channel
One-Sun Lee, Jonathan Bronson, and Jeffery G. Saven, Department of Chemistry, University of
Pennsylvania, 231 S. 34 street, Philadelphia, PA 19104, one@sas.upenn.edu
A method of solubilizing membrane proteins using the Statistical Computational Design Strategy was
recently reported. We investigated the first protein solubalized with this approach, the water soluble
analogue of the potassium channel (WSK-3), using molecular dynamics simulations. Four simulations,
lasting 3.0 ns each, were performed to examine WSK-3's structure and ion binding capacity. The root
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mean square deviation of the protein from its starting structure was ~1.8 Å. Engineered salt bridges that
are important to maintaining WSK-3's structure were identified. The preferred configuration of ions and
water in WSK-3's selectivity filter was consistent with the reported preferences for KcsA. Unexpected
motions of the central cavity's side chains were observed, allowing water diffusion through the side of the
cavity wall. These simulations provide the first atomistic analysis of the membrane protein solubilization
strategy and suggest that it is a viable option for studying membrane proteins.
COMP 238 Solvent effect on relative Gibbs free energy and structural property of Eu3+ to Yb3+ ion
mutation: A Monte Carlo simulation study
Hag Sung Kim, Department of Environmental &Living Chemistry, Ulsan College, San 29 Muger-dong
Nam-gu, Ulsan 680-749, South Korea, Fax: 82-52-279-3183, hskim@mail.uc.ac.kr
The solvent effects on the relative free energies of Eu3+ to Yb3+ ion mutation in solution have been
investigated using a Monte Carlo simulation of statistical perturbation theory (SPT). Our results agree well
with available data that were obtained by others. Particularly, the results of water (SPC/E) solvent are
almost identical with experimental data. For the present Eu3+ and Yb3+ ions, the relative free energies of
solvation vs. Born's function of bulk solvents decrease with increasing Born's function of bulk solvents.
There is also good agreement between the calculated structural properties in this study and the published
works obtained by computer simulation and experimental work
COMP 239 Structural and thermodynamic properties of ammonium chloride clusters
Robert Q. Topper, Department of Chemistry, Medical Technology and Physics, Monmouth University,
Thomas A. Edison Hall of Science, West Long Branch, NJ 07764-1898, Fax: 732-263-5213,
rtopper@monmouth.edu
Ammonium chloride exhibits interesting phase phenomena across a wide range of temperatures,
pressures and preparation methods, including the orientational order-disorder phase transition exhibited at
243K. Its structural and thermodynamic properties continue to attract experimental and theoretical
attention. In the present study, the thermodynamic and structural properties of bulk NH4Cl and small NH4Cl
clusters are investigated using Monte Carlo methods. A basic electrostatic model used in previous work
correctly predicts the order-disorder transition temperature, but does not include the possibility of proton
transfer between NH4+ and Cl- to form HCl, An extended model fit to ab initio data developed by Guillot
and Guissani, and which includes terms to describe the proton transfer reaction, is used to predict the
order-disorder transition temperature of the bulk phase as well as disorder and melting transition
temperatures in small NH4Cl clusters. Comparisons are presented between the predictions of the two
models and to available experimental data.
COMP 240 Study on fiber bonding strength in modeling of paper tensile strength with fiber
characteristics
Tao J S, Yan D B, Liu H B, Xu Y G, Kou S L, and Ge H k, State Key Lab. of Pulp & Paper Engineering,
South China University of Technology, Wushan Road, Tianhe District, Guangzhou 510641, China, Fax:
86-20-8711-1634, chinatjs@163.com
Fiber bonding strength, which is usually evaluated by relative bonded area (RBA), plays an important role
in modeling of paper tensile strength as well as fiber length, width, coarseness, zero span tensile strength,
etc. However, it is difficult to measure RBA with the traditional methods of light scattering and gas
absorption. A novel method to measure the flexibility index (FI) of fibers was carried out to evaluate fiber
bonding strength in place of the traditional ways in this paper. Based on beam-bending theory and digital
image processing technology, which can obtain the quantitative FI easily with the aid of charge coupled
device (CCD) camera, frame grabber, image processing software and computer. Five kinds of chemical
pulp fibers and mechanical pulp fibers were tested and the results showed that FI is in good agreement
with RBA. Strong evidence was offered that FI could explain fiber bonding strength instead of RBA in
modeling of paper tensile strength, and benefited modeling to realize online real-time estimation of the
paper tensile strength for paper mills.
COMP 241 Computational prediction of adenosine receptor homodimerization

73 of 103

2005/05/27 5:53 AM

Program Report

http://oasys.acs.org/acs/230nm/comp/programs/programreport.cgi?p...

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

COMP 242 New tool for the interrogation of macromolecular structure
Francisco Torrens, Institut Univesitari de Ciencia Molecular, Universitat de Valencia, Dr. Moliner-50,
EI-1-38, Burjassot (Valencia) 46100, Spain, Fax: 34-96-354-3156, Francisco.Torrens@uv.es
Our program BABELPDB allows browsing and interrogating the native and derived structural features of
biological macromolecules using data obtained from the Protein Data Bank (PDB). Major features of
BABELPDB are: (1) convert from PDB to other formats; (2) add or remove H atoms; (3) strip the
crystallization water molecules and (4) separate the ALPHA-carbons (C^ALPHA). The coordinates
obtained with BABELPDB allow characterizing the presence of hydrogen bonds (H-bond). The algorithm
for detecting H-bonds is implemented in our program TOPO for the theoretical simulation of the molecular
shape. An example is given to illustrate the capabilities of software: the calculation of the fractal dimension
of lysozyme molecule with and without H atoms. The numbers compare well with reference calculations
performed with our version of program GEPOL and with the results from Pfeifer et al. For proteins,
C^ALPHA skeleton extracted with BABELPDB allows drawing the ribbon image, which determines the
secondary structure.
COMP 243 Computer simulations of physical adsorption
Zhang Ying and Yan Zifeng Sr., State Key Laboratory for Heavy Oil Processing, Key Laboratory of
Catalysis, Universtiy of Petroleum,CHINA, Dongying 257061, CHINA, China, s_zhangying@163.com
The development of digital computers that provide the link between molecular and macro- scopic behavior
has proved to be an extremely powerful research technique. Simulations of physical adsorption have been
carried out widely. Now researches focus on a great interest in studying properties of fluid confined in
realistic models containing some degree of disorder. Molecular dynamics and Monte Carlo in the grand
canonical ensemble (GCMC) are the most general methods to calculate dynamical, structural, and
thermodynamic quantities to be compared to experiments. The development of the Gibbs ensemble
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