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DIVISION OF COMPUTERS IN CHEMISTRY

1.
STRUCTURE AND STABILITY OF TRANSITION METAL-CARBON CLUSTERS.
Douglas L Strout, Department of Physical Sciences, Alabama State University,
Montgomery, AL 36117, Fax: 334-229-1088, dstrout@mathlab.alasu.edu
Theoretical studies have been carried out on lanthanum-carbon clusters (LaCx+)
and palladium-carbon clusters (PdCx+). At each cluster size (x=number of
carbon atoms), various isomers have been compared using the B3LYP density
functional method to determine the lowest energy structure. The contrast
between early and late transition metals is discussed. The results are also
compared to experimental ion mobility results concerning the cluster formation
process. Linear, cyclic, bicyclic, and graphitic cluster isomers are discussed.
2.
USING THE CAR-PARRINELLO AB INITIO MOLECULAR DYNAMICS METHOD AS
A PRACTICAL TOOL IN COMPUTATIONAL ORGANOMETALLIC CHEMISTRY.
Tom K. Woo, Department of Chemistry, University of Western Ontario, London,
ON N6A 5B7, Fax: 519-661-3022, twoo@uwo.ca
The Car-Parrinello ab initio molecular dynamics (CP-AIMD) method, first
developed by R. Car and M. Parrinello in 1985, has a long and successful
history the condensed matter and solid state physics arena. However, it has
only recently gained in popularity amongst quantum chemists. Part of the
reason for the belated adoption of the method in this community has been due
to the computational expense of simulating first row elements (C, N, O) and
transition metals. However, recent methodological advances coupled with rapid
improvements in computing technology have allowed CP-AIMD simulations to
become much more practical – particularly for groups with modest computing
resources. In this contribution, we hope to demonstrate how the CP-AIMD can
be used as an effective tool in computational organometallic chemistry.
Specifically, the method will be contrasted to traditional LCAO based quantum
chemical methods. For this ‘how-to’ symposium, the practical aspects of
performing such simulations will be covered, including a basic introduction to
the method, what methods and program codes are available and the nature of
the computing resources that are best suited for the CP-AIMD method.
3.
COMPUTATIONAL ACTINIDE CHEMISTRY: A PERSPECTIVE OVERVIEW. Jun Li,
and Bruce E. Bursten, Department of Chemistry, The Ohio State University, 100
West 18th Avenue, Columbus, OH 43210, Fax: 614-292-1685, li.208@osu.edu
The chemistry of the actinide elements has been of intense interest since the
beginnings of nuclear power and technology. An understanding of the structure
and bonding in actinide-containing compounds provides useful comparisons and
contrasts with the chemistry of other elements (such as the transition metals)
and may contribute to national efforts in nuclear waste remediation. In this talk,
we will review current developments in theoretical investigations of the electronic structure and bonding in actinide organometallic complexes, with
particular attention on the challenges, methodologies, and practical aspects in
computational actinide chemistry. Special emphasis will be given to applications
of relativistic density functional theory (DFT) to the electronic structures,
spectroscopy, and physico-chemical properties of various actinide compounds,
from small actinide-containing molecules to large organoactinide systems.
4.
DIFFERENTIAL BINDING OF LIGANDS TO METAL CENTERS: WHICH FACTORS
MAKE A DIFFERENCE? Ronald F. See 1, Michele L. Goodbread 1, Gregory J.
Jancy 2, and Sarah M. McCollester 1. (1) Department of Chemistry, Indiana
University of PA, Weyandt Hall, Indiana, PA 15705, Fax: 724-357-5700,
rfsee@grove.iup.edu, (2) Department of Chemistry, Saint Louis University
The bond order sum (BOS) of coordination ligands to 2+ metal centers has
been shown (Inorg. Chem. (1998) 37, 5369) to be a function of the specific

ligand, with values ranging from 1.88 (water) to 2.56 (isothiocyanate ion). A
strongly correlated relationship (R2=0.98) has been found between the ligandspecific BOS and the total bonding to the coordinating nitrogen atom in the free
ligands isothiocyanate, acetonitrile, imidazole and pyridine. This relationship
holds both for molecules that follow the Aufbau principle, and for non-Aufbau
species. The structures of compounds containing organometallic ligands do not
follow the trends of the coordination ligands; in fact, Cr(CO)6 is in many ways
more analogous to SF6 than to [Cr(Cl)6]3-. Computational studies at the
B3YLP / LACVP* level have been undertaken to help determine the physical
basis for these relationships, and the preliminary results of these calculations
will also be discussed.
5.
DESCRIBING TRANSITION METAL MULTIPLE BONDING WITH A VALENCE
BOND THEORY, AND ITS EXPRESSION VIA A NOVEL MOLECULAR MECHANICS
ALGORITHM. Timothy K. Firman, Chemistry, University of Calgary, 2500
University Drive, Calgary, AB T2N 1N4, Canada, firman@ucalgary.ca, and Clark
R. Landis, Department of Chemistry, University of Wisconsin-Madison
We have developed a Valence Bond influenced model for understanding the
shapes of transition metal complexes containing multiple bonds. This model,
which focuses on Lewis-like structures and the balance of forces arising from
- and -bond frameworks, provides a simple method for predicting the
structures of transition metal complexes with  bonds. Potential energy
expressions suitable for implementation in molecular mechanics algorithms have
been derived from consideration of orbital hybridizations and coded into our
UFF2-based molecular mechanics program, VALBOND. The VALBOND method
correctly predicts the structures for a wide variety of experimentally and
computationally characterized compounds containing metal-ligand multiple
bonds.
6.
EFFECTIVE FRAGMENT POTENTIAL METHOD: THEORY AND BIOCHEMICAL
APPLICATIONS. Jan H. Jensen 1, Visvaldas Kairys 2, Ryan M. Minikis 1, Pablo A.
Molina 1, and Hui Li 1. (1) Department of Chemistry, University of Iowa, 331 CB,
Iowa City, IA 52246, Fax: 319-335-1270, jan-jensen@uiowa.edu, (2) Center for
Advanced Research in Biotechnology
Several recent methodological advances necessary for biochemical applications
of the effective fragment method are described: (1) A covalent boundary method
using frozen localized molecular orbitals. (2) A divide-and-conquer method for
constructing EFPs for large systems such as proteins. (3) A vibrational analysis
for partially optimized systems that yield accurate ␦G for reactions. (4) An
extension of the EFP/PCM interface to large systems. Two biochemical applications are discussed: (1) The accuracy of the method is benchmarked by
computing the pKas of several residues in the serine protease inhibitor turkey
ovomucoid third domain, and comparing them to them against experiment. (2)
The active site structure of low-pH ␣-chymotrypsin (a serine protease) is
computed to show that a low barrier hydrogen bond is not present, and that the
very low-field proton chemical shift observed for this system is due mainly to
polarization effects.
7.
QUANTUM DYNAMICS STUDY OF HYDRIDE TRANSFER REACTION IN XYLOSE
ISOMERASE. Mireia Garcia-Viloca, and Jiali Gao, Department of Chemistry,
University of Minnesota, 207 Pleasant Street S.E, Minneapolis, MN 55455, Fax:
612-626-7541, garcia@chem.umn.edu
We have used a combined QM/MM and variational transition state theory to
study the quantum mechanical tunneling effects on the hydride transfer reaction
in xylose isomerase. Although the importance of quantum mechanical tunneling
and zero point energy effects in kinetics is widely appreciated, these contribu-
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tions have been mostly excluded in simulations of protein dynamics. The
methodology used in this study provides a practical way to include quantum
effects in molecular dynamics simulations of enzyme rate constants, as has
been previously demonstrated. D-xylose isomerase is an extensively utilized
enzyme in industry in the production of high-fructose corn syrup, due to its
ability to isomerize D-glucose into D-fructose. Its mechanistic interest originates
from the fact that it appears to catalyze an isomerization reaction by a hydride
shift promoted by a bridged metallic center. One of the two essential magnesium ions per active site has been observed to occupy two alterate positions,
separated by 1.8 Å. It is not known when and how this movement takes place
along the isomerization. Our results indicate the existence of a breathing motion
of the cations during the hydride transfer reaction. We have used this computational method to predict the kinetic isotopic effects (KIEs), agreement with
experimental data further validates our method.
8.
QM/MM STUDIES OF THE MECHANISM OF URACIL-DNA GLYCOSYLASE. Aaron
R. Dinner, New Chemistry Laboratory, University of Oxford, South Parks Road,
Oxford OX1 3QT, United Kingdom, Fax: 617-496-3204, aaron@bellatrix.
pcl.ox.ac.uk, G. Michael Blackburn, Krebs Institute, Sheffield University, and
Martin Karplus, Department of Chemistry, Harvard University
DNA glycosylases catalyze the hydrolysis of the glycosylic bond of premutagenic
nucleotides to generate an apyridiminic site as the first step in base excision
repair. Of the eight such enzymes identified in the human genome, four remove
uracil (U), which arises in DNA at the rate of several hundred bases per cell
each day as a result of misincorporation of deoyxuridine (dU) or deamination of
cytosine (C). The most efficient and well-characterized of these is UDG (present
in almost all known organisms), which excises U from single- or doublestranded DNA (with a preference for U:A pairs) and is associated with DNA
replication forks. Understanding the mechanism of UDG impacts directly on the
interpretation of the behavior of the other uracil-DNA glycosylases since at least
two (SMUG1 and TDG) are structurally related to it. Because transient species
cannot be examined at atomic resolution by experiment, the sequence of
catalytic events has been controversial, and no adequate explanation for the
activity of mutants that lack key residues has been put forth. Here, we use a
hybrid quantum-mechanical/molecular-mechanical (QM/MM) approach in
conjunction with a novel implicit treatment of the solvent to demonstrate that
catalysis proceeds by a stepwise dissociative mechanism in which the phosphate groups of the substrate play a central role. The computational results
serve to reconcile the mutagenesis and structural data.
9.
MULTI-CONFIGURATION MOLECULAR MECHANICS. Donald G. Truhlar, Titus V.
Albu, Jose C. Corchado, Yongho Kim, and Jordi Villa, Department of Chemistry
and Supercomputer Institute, University of Minnesota, 207 Pleasant Street SE,
Minneapolis, MN 55455-0431, Fax: 612-626-9390
Multi-configuration molecular mechanics provides a general and systematic
procedure for extending molecular mechanics to reactive systems in such a way
that barrier regions of potential energy surfaces are based on quantum mechanical electronic structure calculations. The potential energy surface is represented
as the lowest eigenvalue of a 2 × 2 matrix. The diagonal elements of the matrix
are the molecular mechanics potentials of the reactants and products, and the
off-diagonal elements are represented as a Shepard interpolation of multidimensional internal-coordinate Taylor series calculated from quantum mechanical Hessians in the barrier region. A general computer program for calculating
MCMM energies, gradients, and Hessians is available at comp.chem.umn.edu.
10.
PUSHING THE FRONTIERS OF QM/MM METHODS FOR STUDIES OF
ENERGETICS AND DYNAMICS IN LARGE SYSTEMS. Arieh Warshel, Jordi Villà,
Avital Shurki, Gongyi Hong, Marek Strajbl, and Jan Florián, Department of
Chemistry, University of Southern California, 3620 S McClintock Av. #418, Los
Angeles, CA 90089, Fax: 213-740-2701, warshel@invitro.usc.edu
QM/MM approaches have become a popular tool in studies of large systems, yet
the use of such approaches in accurate evaluations of reaction rates is very
challenging. Unfortunately, quantitative studies require a combination of accurate
(ab initio based) potential surfaces and the ability of extensive sampling for

proper evaluation of activation free energies and transmission factors. Our
strategies for overcoming these problems are based on the use of an EVB
potential surface as reference potential for ab initio sampling. The system
considered will include the autoionization of water in solution and in carbonic
anhydrase.

11.
MODELING LARGE AND SMALL SCALE FLEXIBILITY OF PROTEINS AND
LIGANDS DURING SCREENING AND DOCKING. Leslie A. Kuhn 1, Paul C.
Sanschagrin 1, Maria I. Zavodszky 1, Volker Schnecke 2, Ming Lei 3, A. Roy Day 4,
and Michael F. Thorpe 3. (1) Department of Biochemistry and Molecular Biology,
Michigan State University, 502C Biochemistry Building, East Lansing, MI
48824-1319, Fax: 517-353-9334, kuhn@agua.bch.msu.edu, (2) Department of
Biochemistry and Molecular Biology, Michigan State University; Current address:
AstraZeneca Research and Development, Moelndal, Sweden, (3) Department of
Physics and Astronomy, Michigan State University, (4) Center for Biological
Modeling, Michigan State University
Accurate modeling of flexibility between proteins and their ligands remains a
major challenge in docking. Our SLIDE method can quickly screen ∼100,000
molecules to identify and dock favorable ligand candidates, given a protein’s
surface shape and chemistry. Flexibility is modeled for protein side chains and
the linear groups within ligands. However, for some proteins, main-chain
flexibility is also important for ligand binding, and for some ligands, ring
flexibility contributes significantly. We have recently developed a graph-theoretic
method, FIRST, to identify the full range of conformations accessible to a
protein or ligand. FIRST identifies single bonds whose rotations are unconstrained by the covalent and hydrogen-bond network within the structure. Monte
Carlo sampling of these dihedral angles is combined with the simplex method to
generate unstrained conformations of the molecule. This approach provides
input to SLIDE for screening diverse ring conformations in ligands, as well as
the full range of protein conformations.

12.
DOCKING AND VIRTUAL SCREENING WITH FRED. Geoff Skillman 1, Matt
Stahl 1, and Mark McGann 2. (1) OpenEye Software, 3600 Cerrillos Rd., Suite
1107, Santa Fe, NM 87505, Fax: 505-438-3470, skillman@eyesopen.com, (2)
Openeye Software
Computational screening of compound databases can be an important early step
in drug-design projects for which target structural information is available. FRED
(Fast Rigid Exhaustive Docking) is a novel non-stochastic docking algorithm,
which exhaustively samples the rotational and translational degrees of freedom
of ligand conformers within a protein active site. FRED typically uses a 1Å
exhaustive search resolution in conjunction with a smooth gaussian docked
poses. These poses are then optimized against one or more empirical scoring
functions (PLP, Chemscore, gaussian shape). Docking time at the default
exhaustive search resolution (1Å) is on average 12-13 conformers/second on a
Pentium3 800Mhz. Results of applying FRED to crystallographic-complex
reproduction, inhibitor enrichment, and library design will be presented.

13.
DOCKING OF FLEXIBLE LIGANDS USING PHARMACOPHORIC ENSEMBLES.
Diane Joseph-McCarthy, Bert E. Thomas IV, and Juan C. Alvarez, Biological
Chemistry, Wyeth Research, 87 CambridgePark Drive, Cambridge, MA 02140,
Fax: 617-665-8993, djoseph@genetics.com, jalvarez@genetics.com
Computational mining of three-dimenional (3D) molecular databases has proven
to be extremely valuable in the identification of novel biologically active
compounds as drug leads. Accurate virtual screening of large molecular
databases requires consideration of the conformational flexibility of the ligand
molecules. A pharmacophore-based docking method whereby conformers of the
same or different molecules are overlaid and simultaneously docked by their
largest 3D pharmacophore is discussed. In addition, the use of an automated
script to generate chemically labeled site points with the program MCSS is
presented. These target-derived theoretical pharmacophore points can be directly
matched to the database pharmacophores. The effect of the site point set on
sampling and the use of molecular docking results as launch points for
pharmacophore searches will also be discussed.
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14.
VERY LARGE SCALE VIRTUAL SCREENING BY PHARMACOPHORE-BASED
DOCKING. Volker Schnecke, Medicinal Chemistry, AstraZeneca R&D Mölndal,
S-43183 Mölndal, Sweden, Fax: +46 31 776 3710, volker.schnecke@
astrazeneca.com
We propose a strategy that enables us to rapidly screen very large databases,
like the AstraZeneca in-house collection, consisting of more than one million
compounds. The core of our setup is the screening-tool SLIDE, which models
induced fit of both ligand and protein side chains upon docking. In order to
tackle full ligand flexibility, we prepare diverse sets of conformers for all
compounds using OpenEye’s Omega. Potential ligands are clustered based on
2D fingerprints, and the hit list is examined via a web-based interface. We
present different ways to initiate searches, ranging from very restricted queries
for molecules that mimic known ligands, to rather general screens. The time for
searching our in-house collection can be as low as one hour on a single
processor for a small pharmacophore. More general searches can be done
within the same time frame by running SLIDE in parallel on a network of up to
50 processors.
15.
APPLICATIONS OF SUBSHAPE MATCHING TO PROBLEMS OF LEAD
EVOLUTION. Robert V. Stanton 1, Santosh Putta 2, Christian Lemmen 2, John E.
Eksterowicz 3, and Peter D. J. Grootenhuis 4. (1) Molecular Design Group,
DuPont Pharmaceuticals Research Laboratories, 150 California Street, Suite
1100, San Francisco, CA 94111, rstanton@combichem.com, (2) Chemical and
Physical Sciences R&D, Dupont Pharmaceuticals Research Labs, (3) Chemical
and Physical Sciences, DuPont Pharmaceuticals Research Laboratories, (4)
DuPont Pharmaceutical Research Labs
Molecular volumetric considerations can help determine the viability of small
molecules for interacting with protein active sites and have proven to be an
effective tool for lead evolution and database screening. However, as the target
volume (ie docking spheres generated from an active site, or shapes derived
from known ligands) becomes larger or the putative ligand becomes smaller,
standard techniques are quickly challenged as the number of possible volume
matches becomes enormous. In such cases scoring functions must be relied
upon to separate the results. We present here applications of a subshape
matching technique which seeks to avoid these problems by eliminating
non-optimal alignments through a series of aggressive filters. Applications using
this technique to define shape based descriptors as well as for docking will be
discussed.
16.
STOCHASTIC APPROXIMATION WITH SMOOTHING: A FAST DOCKING
APPROACH. Christophe L. M. J. Verlinde, Biomolecular Structure Center,
University of Washington, Box 357742, Seattle, WA 98195, Fax: 206-685-7002,
verlinde@u.washington.edu, and David J. Diller, Pharmacopeia
Classical global optimization algorithms, such as Metropolis Monte Carlo
Simulated Annealing (MMCSA), are too slow for docking in the proteomics
arena. Therefore, we examined the merits of two other algorithms, TRUST and
SAS, thus far never applied to molecular docking. TRUST (Terminal Repeller
Unconstrained Subenergy Tunneling) was no better than MMCSA, but SAS
(Stochastic Approximation with Smoothing) reliably found the correct docking
mode and was 100-1000 faster than MMCSA. Conceptually SAS ‘averages’ the
energy landscape by convoluting it with a Gaussian. As a result the transformed
landscape has only one minimum, which can easily be found by conjugate
gradient methods. The molecular docking pose at that minimum is then taken as
a starting point for minimization in an energy landscape which has been
’averaged’ to a lesser degree. This process is repeated until the ’averaging’ is so
negligable that minimization takes place in the original energy landscape.

the simplified, knowledge—based energy function and simulated tempering
dynamics have accurately determined the native structure of the SH2 domain
complexes with the recognition peptides. The effect of the native structure
topology on molecular recognition mechanism and accuracy of structure
prediction for the peptide—SH2 domain complexes has been studied by
simulating the process of the native structure assembly with the constrained
native peptide—protein contacts. The relationship between energetic frustration
in the peptide—protein interactions and structural stability has been established,
whereby important topological features of the peptide—protein interface are
determined by the thermodynamically stable elements of the structure. The
results of this analysis suggests that a limited knowledge about the native
topology can improve the quality of structure prediction by reducing the
frustration in the peptide—protein interactions.
18.
AUTOMATED DOCKING OF ISONICOTINIC-ACYL-NADH INTO THE WILD-TYPE
AND MUTANT-TYPE INHA ACTIVE SITES: A MOLECULAR MODELING AND
DOCKING APPROACH. Khawaja Sohail Qamar, Habibah A. Wahab, and Pazilah
Ibrahim, School of Pharmacy, Universiti Sains Malaysia, 11800 Minden, Penang,
Malaysia, sohailqamar@yahoo.com
In our studies we have attempted to explore the machanism of action as well as
resistance of isoniazid with the help of various Molecular modelling techniques.
We have docked isonicotinic-acyl-NADH into the wild-type and mutant-type
InhA; an enzyme involved in the biosynthesis of mycolic acids in Mycobacterium
tuberculosis. All models of ligand and enzymes were generated with the help of
Amber6 program package which are then docked into the wild-type and
mutant-type InhA active sites individually using computational automated
docking package AutoDock 3.0, wherein a new hybrid Lamarkian genetic
algorithm is implemented in complex with Pseudo-solis and Wets local search.
Isonicotinic-acyl-NADH bounds with wild-type InhA in almost the same conformation as found by x-ray crystallography. The residue Phenylalanine 40 of the
wild-type InhA was found to make specific interactions with the adenine rings of
isonicotinic-acyl-NADH that might help to position the complex of activated form
of isoniazid and NADH but in case of mutant-type InhA, the adenine ring drifts
away as a result of strong interactions of the mutant residue Alanine 94 with the
phosphates in the middle of isonicotinic-acyl-NADH. The predictions of these
interactions at the molecular level can be of primary importance in elucidating
the resistance developed in the newly emerged mutant strains of Mycobacterium
tuberculosis.
19.
COMPARATIVE DOCKING STUDIES OF THE BINDING OF POLYCYCLIC
AROMATIC HYDROCARBONS TO THE ESTROGEN RECEPTOR. Katrina W.
Brown 1, Stephen B. Little 2, and James R. Rabinowitz 2. (1) Curriculum in
Toxicology, University of North Carolina Chapel Hill, 509 Mary Ellen Jones Bldg,
CB# 7270, Chapel Hill, NC 27599-7270, Fax: 919-541-0694,
brown.katrina@epa.gov, (2) ECD/NHEERL, US Environmental Protection Agency
Polycyclic aromatic hydrocarbons are a class of ubiquitous organic chemicals
some of which are carcinogenic and show estrogenic or antiestrogenic activity.
The interactions of several PAHs and some of their possible metabolites with
the ligand binding domain of the estrogen receptor have been examined using
molecular docking and quantum mechanical methods. The geometries of the
ligands were optimized at the Hartree-Fock level and the molecules were then
individually flexibly docked into the x-ray structure of ER␣. After docking and
scoring, the interaction energies of all of the ligands in the pocket were
compared and it was found that some of the PAH metabolites scored at least as
well as the estradiol. The positions of the top-scoring ligand conformations and
orientations were then compared with the orientation of the estradiol within the
binding pocket. (Does not necessarily reflect EPA policy). *K. B. funded
EPA/UNC TRP CT902908, 827206.

17.
HIERARCHY OF SIMULATION MODELS IN PREDICTING MOLECULAR
RECOGNITION MECHANISMS FROM THE BINDING ENERGY LANDSCAPES.
Gennady M. Verkhivker, Department of Computational Chemistry, Pfizer Global
Research and Development La Jolla, 10777 Science Center Drive, San Diego, CA
92121, Fax: 858-678-8244, verk@agouron.com

20.
ROLE OF SURFACE CROSSING IN NONADIABATIC TRANSITIONS. Nikita
Matsunaga, Department of Chemistry and Biochemistry, Long Island University,
1 University Plaza, Brooklyn, NY 11201, Fax: 718-488-1465,
Nikita.Matsunaga@liu.edu

Structural and equilibrium aspects of peptide binding with SH2 domains have
been studied with the energy landscape approach. Computer simulations using

Nonadiabatic interaction is ubiquitous in chemical reactions. Spin-forbidden
reactions, where the spin states of reactant and product are different, play an
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important role in many organometallic compounds. Minimum energy crossing
point search algorithm is used to uncover reactivity difference of M(OR)3 (M=V,
Nb and Ta) toward oxygen atom transfer from (RO)3WNO. The triplet states of
M(OH)3 are found to be important in adduct formation, which subsequently
undergoes intersystem crossing to the singlet products. Modeling of singlemolecule based electronic device in terms of resonant tunneling model is also
discussed. Self-assembled monolayer of conjugated organic molecules between
gold electrodes shows negative differential resistance (NDR). The resonant
tunneling model explains the NDR behavior as well as the observed substituent
effects.

Recently developed hybrid quantum mechanics/molecular mechanics (QM/
MM) methods are overcoming these limitations through the application of the
expensive QM method only to the region where it is specifically required, usually
the metal center and its immediate environment. The presentation will discuss
the main features of the QM/MM method IMOMM in relation with its application
to enantioselective catalysis. A few representative examples of applications
carried out in our group will be reviewed, including asymmetric dihydroxylation
by osmium tetroxide and enantioselective addition of diethylzinc to benzaldehyde.

21.
METAL/MACROCYCLE INTERACTIONS: ALKALI METAL BINDING TO
REDOX-ACTIVE AZACROWN ETHERS. Andrew L. Sargent, Department of
Chemistry, East Carolina University, Greenville, NC 27858, sargenta@mail.
ecu.edu, and John W. Sibert IV, Department of Chemistry, University of Texas at
Dallas

24.
[3+2] VERSUS [2+2] ADDITION OF METAL OXIDES ACROSS C=C DOUBLE
BONDS. Dirk V. Deubel, Department of Chemistry, University of Calgary,
Calgary, AB T2N 1N4, Canada, Fax: +1-403-289-9488, deubel@ucalgary.ca, and
Gernot Frenking, Department of Chemistry, University of Marburg

Wurster’s azacrown ethers comprise a new class of redox-active macrocycles
wherein one or more units of N,N,N⬘N⬘-tetramethyl-p-phenylenediamine
(Wurster’s reagent) have been incorporated into the macrocyclic backbone.
Interest in redox-active crowns stems, in part, from the ability to modulate the
strength and/or selectivity of metal ion coordination as a function of the ligand
oxidation state. Of particular interest in the Wurster’s crowns is the possibility
that the redox unit can participate directly in the endocyclic binding. Such an
interaction results from the close proximity of the donor groups in the redox
moiety to the binding pocket, as illustrated below for two structural isomers of
the Wurster’s crown. The energetic and structural consequences of the redox
modulation within the free and alkali-metal bound macrocycles have been
investigated with high level ab initio computational methods. Results which
address the anomalous facile oxidation of the Wurster’s cyclophane-crown ether
hybrids will also be presented.

The peri-, chemo-, stereo-, and regioselectivity of the addition of the transitionmetal oxides OsO4 and LReO3 (L=O−, NPH3, Me, Cp) to ketene have been
investigated using density-functional methods. While metal-oxide additions to
ethylene were recently reported to follow a [3+2] mechanism only, the calculations reveal a strong influence of the metal on the periselectivity of the ketene
addition: OsO4 again prefers a [3+2] pathway across the C=C moiety whereas,
for the rhenium oxides LReO3, the [2+2] barriers are lowest. Furthermore, a
divergent chemoselectivity arising from the ligand L has been found: ReO4− and
(NPH3)ReO3 add across the C=O bond while MeReO3 and CpReO3 favor the
addition across the C=C moiety. In contrast, metal-oxide additions to diphenylketene probably follow a different mechanism: We give theoretical evidence for a
zwitterionic intermediate that is formed by nucleophilic attack at the carbonyl
moiety and undergoes a subsequent cyclization yielding the thermodynamically
favored product.

25.
HYBRID APPROACH FOR SIMULATING THE DYNAMICS OF PROTON AND
HYDRIDE TRANSFER IN ENZYMES. Sharon Hammes-Schiffer, Department of
Chemistry, Pennsylvania State University, 152 Davey Lab, University Park, PA
16802, Fax: 814-863-5319, shs@chem.psu.edu
22.
THE USE OF HYBRID QM/MM TECHNIQUES IN ASYMMETRIC
HYDROGENATION. Steven H. Feldgus, Department of Chemistry, Hamilton
College, 198 College Hill Rd., Clinton, NY 13323, Fax: 315-859-4744,
sfeldgus@hamilton.edu, and Clark R. Landis, Department of Chemistry,
University of Wisconsin-Madison
We have been conducting hybrid QM/MM calculations to elucidate reaction
mechanisms and energetics in [Rh(diphosphine)]+-catalyzed asymmetric
hydrogenations of prochiral olefins. Our initial work examined the Me-DuPHOS
ligand, where we were able to reproduce experimental details, such as the
“anti-lock-and-key” behavior, using a reaction pathway that begins with a
catalyst-enamide adduct, followed by the addition of hydrogen. However, recent
evidence suggests that for similar electron-rich diphosphine ligands, hydrogen
addition to the metal occurs prior to olefin coordination, a previously unobserved pathway in Rhodium-catalyzed asymmetric hydrogenation. We will
present preliminary DFT and QM/MM results showing the relative importance of
this dihydride pathway for different ligands at different temperatures. We have
also carried out ab initio molecular dynamics simulations to further investigate
these catalytic systems. A short “how-to” section will address computational
modeling of catalytic reactions.
23.
QM/MM METHODS AS A NEW TOOL FOR THE THEORETICAL STUDY OF
ENANTIOSELECTIVE CATALYSIS. Feliu Maseras, Unitat Quı́mica Fı́sica,
Department Quı́mica, Universitat Autònoma de Barcelona, Edifici C.n, 08193
Bellaterra, Spain, Fax: 34935812920, feliu@klingon.uab.es
Enantioselective catalysis constitutes one of the most appealing areas for
computational organometallic chemistry. The large size of the systems involved
and the requirement of high-level methods have however posed traditionally a
major obstacle to its study.

A hybrid approach for simulating proton and hydride transfer reactions in
enzymes will be presented. The electronic quantum effects are incorporated with
an empirical valence bond potential, and the nuclear quantum effects are
included with a mixed quantum/classical method in which the transferring
hydrogen nucleus is described as a multidimensional vibrational wavefunction. A
perturbation formula is utilized to incorporate the nuclear quantum effects into
the free energy profiles. The molecular dynamics with quantum transitions
surface hopping method is combined with a reactive flux approach to calculate
the transmission coefficient and to investigate the real-time dynamics of reactive
trajectories. Nuclear quantum effects such as zero point energy, hydrogen
tunneling, and nonadiabatic transitions, as well as the dynamics of the complete
enzyme and solvent, are included during the generation of the free energy
profiles and dynamical trajectories. Applications to hydride transfer in liver
alcohol dehydrogenase and dihydrofolate reductase will be presented.

26.
DEVELOPMENT AND APPLICATIONS OF THE ONIOM(MO:MM) METHOD. Thom
Vreven, Gaussian, Inc, 140 Washington Ave., New Haven, CT 06474,
thom@gaussian.com, and Keiji Morokuma, Cherry L. Emerson Center for
Scientific Computation and Department of Chemistry, Emory University, 1515
Pierce Drive, Atlanta, GA 30322, Fax: 404-727-6586
We discuss the combination of QM methods with MM methods within the
ONIOM framework. Several aspects of ONIOM(MO:MM) are different from most
other QM/MM methods. For example, we can combine two QM methods with a
MM method in ONIOM(MO:MO:MM), a feature that is not known in other hybrid
schemes. We will also present the extension of ONIOM(MO:MM) to include
electronic embedding. When the QM and MM regions are covalently bound,
ONIOM(MO:MM) with electronic embedding allows the user to balance the
polarization of the wave function, without disrupting the total electrostatic
interaction between the two regions. Finally, we consider some aspects of the
geometry optimization of large systems, and the current and expected capabili-
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ties of the ONIOM and MM codes in the Gaussian package. We also discuss
some applications of the ONIOM(QM:MM), including the opsin shift of bacteriorhodopsin.

27.
MEAN-FIELD MOLECULAR DYNAMICS WITH SURFACE HOPPING:
APPLICATION TO THE SOLVATED ELECTRON AND CONJUGATED POLYMERS.
Kim F. Wong, Department of Chemistry, University of Texas, MC A5300, Austin,
TX 78712, Fax: 512-471-1624, kfwong@mail.utexas.edu, and Peter J. Rossky,
Institute for Theoretical Chemistry, Dept. of Chemistry & Biochemistry,
University of Texas
To evaluate the suitability of the combined mean-field/surface hopping (MF/SH)
algorithm for the simulation of realistic chemical environments, we have
implemented MF/SH for the nonadiabatic molecular dynamics simulation of the
solvated electron. Both the relaxation dynamics following electron injection into
pure water and following photoexcitation from the equilibrium ground state
electron-water system are considered. The validity of a mean-field evolution of
the classical variables is monitored via the deviations of the solvent coordinates
and momenta between the mean-field molecular dynamics trajectory and a
reference adiabatic molecular dynamics trajectory. In agreement with earlier
MF/SH simulations on low dimensional model systems, our results show that
divergence between momenta occurs rather rapidly. Present results show that
mean-field evolution is valid on a 30 - 70 fs timescale for ground state excitation and on a 7 - 10 fs interval for the electron injection environment. Even for
the shorter time cases, the times correspond to approximately 20 solvent time
steps in simulation. Considering that estimated electronic coherence times for
excited state dynamics are considerably shorter, the results indicate that the
method is a viable one for high dimensional, strongly interacting systems.
Application of MF/SH to the excited state dynamics of conjugated polymers will
also be discussed.

28.
HYBRID QM/MM STUDIES OF SERINE PROTEASE CATALYSIS AND INHIBITION.
Ian H. Hillier, Neil A. Burton, Zubeir Tai, M. Paul Gleeson, Grant MacKenzie,
and David Sheppard, Department of Chemistry, Manchester University, Oxford
Road, Manchester, United Kingdom, Fax: +44-161 275 4734,
Ian.Hillier@man.ac.uk
One of the most experimentally studied classes of enzymes is that of the serine
protease family. Much attention has been focussed on finding inhibitors for
these enzymes due to the potentially wide range of therapeutic possibilities.
Traditional inhibitor design has focussed on complementary binding of substrates and does not exploit the specific nature of the catalytic triad of serine,
histidine and aspartate amino acid residues, and the oxyanion hole which are
conserved throughout the enzyme series. In this paper we present example
studies of the reactivity of a range of protease enzymes using both ab initio and
semi-empirical QM/MM methods. We discuss the similarities and anomalies of
the reactions of trypsin, elastase and tryptase using selected models, natural
substrates and inhibitors. The potential energy surfaces and mechanisms are
compared with those of other enzyme systems.

29.
RECENT DEVELOPMENTS IN THE COMBINED QUANTUM MECHANICAL AND
MOLECULAR MECHANICAL METHODS. Martin Karplus, Dept. of Chem. & Chem.
Biol, Harvard University, 12 Oxford St, Cambridge, MA 02138, Fax:
617-496-3204, marci@tammy.harvard.edu, and Qiang Cui, Department of
Chemistry, University of Wisconsin, 1101 University Avenue, Madison, WI
53706, Fax: 617-496-4793, qiang@tammy.harvard.edu
Recent developments in combined Quantum Mechanical and Molecular Mechanical (QM/MM) methods will be discussed. First, we examine molecular properties
that can be calculated from analytical derivatives of the energy. Test calculations
have demonstrated that molecular properties such as vibrational frequencies, IR
intensities, and chemical shift tensors from QM/MM calculations are in good
agreement with full QM results. Second, we have introduced an approximate
DFT (SCC-DFTB) approach as the QM level into QM/MM. Third, we have
developed a multi-layer QM/QM⬘/MM method in which QM can be ab initio or
DFT and QM⬘ is semiempirical (e.g. AM1, SCC). The interaction between QM⬘

and QM is treated in an explicit manner. Consequently, the polarization effect
between the region of interest (QM) and its local environment (QM⬘) can be
described accurately with little extra computational cost. Several applications to
enzyme catalysis will be used to illustrate the methods.

30.
HITS, LEADS, AND ARTIFACTS FROM DOCKING AND HIGH-THROUGHPUT
SCREENS. David M. Lorber 1, Binqing Wei 2, Susan McGovern 1, John J. Irwin 1,
and Brian K. Shoichet 1. (1) Dept. of MPBC, Northwestern University, 303 E.
Chicago Ave., Chicago, IL 60611-3008, Fax: 312-503-5349,
dlorber@northwestern.edu, b-shoichet@northwestern.edu, (2) Dept of MPBC,
Northwestern University
There are several first-principle reasons why molecular docking screens might
not work. That they do testifies to the question, “can we find some novel
inhibitors,” and the low bar that we set—a 10% hit rate is more than satisfactory. Docking is difficult because of inaccurate scoring functions, inadequate
sampling, and complicated binding sites. We will consider the impact of adding
ligand flexibility, solvation, and semi-empirical partial charges on results in a
simplified site. The impact on hit rates in more complicated sites will then be
described, with a comparison to high-throughput screening hit rates. Finally, we
will make the distinction between an interesting lead and a hit from virtual or
high-throughput screening. Many docking and high-throughput screens have
returned hits that, on detailed investigation, turn out to be uninteresting,
pathological inhibitors. Such pathological inhibitors are common in databases,
turn up often in screens, and can be avoided with proper controls.

31.
COMPUTATIONAL MAPPING OF PROTEINS FOR THE BINDING OF ORGANIC
SOLVENTS. Sheldon Dennis, Tamas Kortvelyesi, and Sandor Vajda, Department
of Biomedical Engineering, Boston University, 44 Cummington Street, Boston,
MA 02215, Fax: 1-617-353-6766, sdennis@bu.edu, vajda@bu.edu
Computational mapping of proteins for the preferred binding sites of organic
solvents is surprisingly difficult. While X-ray and NMR data indicate that
different types of molecules bind to the same and very limited number of sites,
current computational methods such as GRID and MCSS usually result in large
numbers of energy minima. We have developed a three-step mapping procedure
that seems to avoid this difficulty. Step 1 of the algorithm entails a multi-start
minimization of a soft free energy that represents only electrostatic and
desolvation effects, i.e., it is assumed that the changes in solute-solvent and
solute-solute van der Waals interactions compensate each other. The ligand
molecules, initially distributed around the entire protein, move to surface regions
with favorable electrostatic and desolvation interactions. In Step 2, the positions
found in Step 1 are refined by minimizing a free energy potential based on the
Charmm energy with ACE (Analytic Continuum Electrostatics) term representing
desolvation effects. In Step 3, the energy minima determined in Step 2 are
clustered, and the average free energy of each cluster is used to rank the
binding sites around the protein. The algorithm was used for the mapping of
hen egg-white lysozyme to find preferred binding sites for methanol, methylene
chloride, acetonitrile, acetone, isopropanol, t-butanol, urea, and DMSO in
aqueous solution. In agreement with available NMR data, all eight different
molecules were shown to cluster in site C, a region of the lysozyme active site.
Results also show that, while binding at the same location, each ligand type
binds in a number of orientations that have comparable affinities.

32.
VIRTUAL SCREENING TO A WATER CONTAINING ACTIVE SITE: THE WATER
CHALLENGE IN LEAD HUNTING. Pavel Pospisil, Silvana Raic-Malic, Gerd
Folkers, and Leonardo Scapozza, Department of Applied Biosciences,
Pharmaceutical Chemistry, Swiss Federal Institute of Technology,
Winterthurerstr. 190, 8057 Zurich, Switzerland, Fax: 0041-1-6356884,
pospisil@pharma.ethz.ch
Targets of virtual screening usually contain discrete waters, which are neglected
in common docking procedures. But data from crystal structures point out the
importance of discrete waters in the binding and should be included in the
docking. We screened the filtered ACD database on the viral Thymidine kinase
with and without crystal water molecules, using the program DOCK, FlexX and

© 2001, American Chemical Society. All rights reserved.

COMP
seven scoring functions. The purine-like compounds prefer to dock to the empty
site. In contrary, the pyrimidine analogs prefer to dock to the water-containing
site and bind by means of waters as the natural substrate thymidine. In the
screening to the empty site, they do not appear in between the top scorers. To
assess the prediction of the docking protocol, binding affinities of some of the
top scorers in the water site were measured using an in-vitro inhibition assay.
Some of them showed indeed good binding to the enzyme.

crystallized receptor-ligand structures consistently predicting bound conformations with the lowest free energies around 2 A from the native complex.

33.
DOCKING COMBINATORIAL LIBRARIES EFFICIENTLY USING FLEXX. Dennis
Sprous, Robert Clark, David Lowis, Joe Leonard, and Trevor Heritage, Research
& Develpoment, Tripos, Inc, St. Louis, MO 63144, Fax: 314-647-9241

Fast and Effective molecular docking protocols are at the heart of techniques
involved in Computer-Aided-Drug-Design. Recently, a lot of scientific effort has
been directed towards improving the speed and accuracy of the scoring
functions in order to allow for scanning of huge databases in search of
prospective drug molecules. These efforts have led to better scoring functions
but they are limited in either speed and accuracy issues or are not widely
applicable.
Herein, we present a scoring function that addresses the following features:
a) accuracy b) efficiency c)has wide applicability d)each term has a physical
basis for its presence and e)the calculated binding free energy correlates with
RMSD (for conformers of the same complex) and with experimental Binding
Free Energy/IC50/Ki values(for different receptor-ligand complexes). Our function
includes evaluation of desolvation penalty using the Solvation Energy Density
Occlusion approximation(SEDO), which is an approximation to a more rigorous
macroscopic electrostatic model.
The scoring function is tested on a) different conformations of the proteinligand complexes in an attempt to score the conformation with the lowest
RMSD as the highest scoring conformation and also on b) a number of
protein-ligand complexes with known experimental binding free energies, in an
attempt to score the ligand with the lowest binding free energy as the best
ligand.

We present a generic protocol (CFX) for docking combinatorial libraries that
exploits their underlying structural redundancy, thereby trading a combinatorial
CPU demand for an additive one. Rather than docking each ligand in the library
independently, representative core orientations are identified by docking a
diverse and representative sample of library members into the binding site. The
core binding geometries obtained are then used to determine a distribution of
potential energetic contributions for every substituent at each variation site.
Energetics for entire ligands can then be estimated by summing contributing
R-group energies for each core pose considered. This presentation will discuss
in detail equations governing the growth of CPU demand and present comparisons to results obtained by docking ligands one at a time. CFX consistently
returns poses scoring as low as (or lower than) those obtained by serial
docking. The described protocol allows not only the very rapid docking of
combinatorial libraries but also through use of experimentally derived core
positions, the detailed examination of the compatibility of a combinatorial library
with a particular ligand binding mode.

34.
DOCKING OF PROTEIN MODELS. Ilya Vakser, and Andrei Tovchigrechko,
Pharmacology, Medical University of South Carolina, 173 Ashley Avenue,
Charleston, SC 29425, Fax: 843-792-2475, vakseri@musc.edu
The number of protein-protein interactions in a genome is significantly larger
than the number of individual proteins. Moreover, a large part of protein
structures will be models of limited accuracy. Thus, the structure-based
methods for building this network have to be fast and insensitive to significant
inaccuracies of modeled structures. To simulate the structural precision of
modeled proteins, we created a sophisticated procedure that distorts protein
structures from PDB. A nonredundant database of 475 cocrystallized proteinprotein complexes was supplemented by arrays of models of each subunit, with
RMSD values from 1 to 10 angstroms (the range of precision of modeled
proteins). At each RMSD level, the models were docked by GRAMM in the
low-resolution mode. The predicted complexes were compared with the
cocrystallized complexes from the database using a number of statistical criteria.
The results showed the feasibility of docking protein models with significant
structural inaccuracies.

36.
SEDO_SCORE: A NEW SCORING FUNCTION FOR EVALUATING
PROTEIN-LIGAND INTERACTIONS. Nidhi Arora, and Donald Bashford,
Department of Molecular Biology, The Scripps Research Institute, 10550 N.
Torrey Pines Road, TPC-15, La Jolla, CA 92037, Fax: 858-784-8896

37.
SUPPORT VECTOR MACHINES APPLIED TO PROTEIN LIGAND SCORING. Brian
B. Goldman, Computational Chemistry and Molecular Modeling, Vertex
Pharmaceuticals, 130 Waverly Street, Cambridge, MA 02139,
bgoldman@vpharm.com
This talk will discuss our application of support vector machines to the
protein-ligand scoring problem. Support vector machines are a relatively new
class of machine learning algorithms that have grown out of recent advances in
statistical learning theory. These algorithms may be used for either data
classification or regression. In contrast to standard classification or regression
algorithms that minimize the number or errors or mean square error on training
data, support vector machines minimize a bound derived from learning theory
that is related to the expected error rate of the classifier on unseen data. We will
introduce support vector machines for protein-ligand scoring and discuss an
extension to the standard support vector formulation that allows us to include
information from both correctly and incorrectly docked ligands during the
training phase of the algorithm. Experimental results and algorithmic details will
be presented.

35.
TREKKING THE SMOOTH ASSOCIATION PATHWAYS IN PROTEIN DOCKING.
Carlos J. Camacho, and Sandor Vajda, Department of Biomedical Engineering,
Boston University, 44 Cummington St, Boston, MA 02215, Fax: 617-353-6766,
ccamacho@bu.edu

38.
DE NOVO LIGAND DESIGN APPLIED TO CHIRAL RECOGNITION OF OLEFINS BY
CYCLOPENTADIENYL COMPLEXES OF RHENIUM. David P. White, and Aaron
M. Gillespie, Department of Chemistry, University of North Carolina at
Wilmington, 601 S. College Rd, Wilmington, NC 28403, whitedp@uncwil.edu

We propose a docking method which follows the dominant driving forces at the
different length scales of the protein binding process. This method allows for an
efficient selection of a downhill path which minimizes the evolving free energy
of a receptor and its ligand. Starting from encounter complexes with as much
as 10 A rms deviation (RMSD) from the native conformation, the method locally
samples the six dimensional space of rigid-body receptor-ligand structures
subject to a van der Waals constraint. The sampling is initially biased by the
desolvation and electrostatic components of the free energy, which capture the
partial affinity of unbound structures within 4 A of the native state. By slowly
tuning in the rapidly varying van der Waals energy on the biasing field, we attain
improved discrimination below 4 A RMSD from the bound state. The method,
with no free parameters, was tested in 8 different sets of independently

Organorhenium fragments, [(5-C5H5)Re(PPh3)(NO)]+, are known to stereoselectively bind prochiral unsaturated species. Steric effects, specifically the amount
of nonbonded repulsion between ligands on Re and substituents on the
unsaturated species, are thought to give rise to the stereoselective binding. In
this talk, we present the use of molecular mechanics (MM) to model these
steric effects in the binding of [(5-C5R5)Re(L)(NO)]+, R=H, Me; L=PPh3, PMe3
to prochiral ␣–olefins. Molecular mechanics optimized structures are subjected
to Semi-Empirical Quantum Mechanical (SEQM) optimization using PM3tm.
Finally, DFT calculations are performed on all low energy structures from the
PM3tm results. Ligand repulsive energies of the olefins in the [(5C5R5)Re(L)(NO)]+ environment will be compared for MM, SEQM, and DFT
structures.

© 2001, American Chemical Society. All rights reserved.

COMP
39.
COMPUTATIONAL CHEMISTRY ON COMMODITY HARDWARE: DESIGN,
IMPLEMENTATION, AND APPLICATIONS. Michael D. Bartberger, and K. N.
Houk, Department of Chemistry and Biochemistry, University of California, 405
Hilgard Avenue, Los Angeles, CA 91423, Fax: 310-206-1843,
mdb@chem.ucla.edu
Due to advances in performance of commodity-type computational hardware
(such as the PC and Macintosh) and the ready availability of many computational chemistry codes for such platforms, construction of supercomputer-class
clusters of workstations is an attractive option for the investigation of chemical
systems at a fraction of the cost of traditional high-performance computing
solutions. This presentation will focus largely on the “How-To”s of rapid
construction and low-maintenance administration of such clusters, and types
and sizes of computational problems amenable to such a platform. Results of a
variety of electronic structure, molecular dynamics, and docking calculations
involving inorganic, organic, and organometallic systems will be discussed.
40.
TOWARD THE IDENTIFICATION OF DORMANT AND ACTIVE SPECIES IN MAO
(METHYLALUMINOXANE) ACTIVATED, DIMETHYLZIRCONOCENE CATALYZED
OLEFIN POLYMERIZATION. Eva D. Zurek, and Tom Ziegler, Department of
Chemistry, University of Calgary, 2500 University Drive, Calgary, AB T2N 1N4,
Canada, edzurek@ucalgary.ca, ziegler@ucalgary.ca
Possible structural candidates for the active (III) and dormant (IV) species in
dimethylzirconocene catalyzed, MAO (methylaluminoxane) activated olefin
polymerization, have been studied via Density Functional Theory (DFT). These
species are [Cp2ZrMeAlMe3]+[MeMAO]− (III) and [Cp2ZrMe]+[MeMAO]− (IV),
respectively, where Me=CH3 and Cp=n5-C5H5. Relative energies in gas-phase and
toluene solution as well as 1H and 13C NMR chemical shifts have been calculated. These chemical shifts have been compared with 1H and 13C NMR data
from new experimental investigations studying the interaction between Cp2ZrMe2
and MAO in toluene solution. By combining experimental and theoretical results,
we have been able to identify the most likely candidates for both the dormant
and active species. Moreover, we are able to predict that an Al/Zr ratio of
∼248:1 at 298.15K is necessary in order for all of the Cp2ZrMe2 to bind to MAO
as the structures we propose for III and IV. This ratio corresponds to the
disappearance of the following species from solution: free Cp2ZrMe2, the weak
complex of Cp2ZrMe2 and MAO (I) and [Cp2ZrMe(µ-Me) Cp2ZrMe]+[MeMAO]−
(II). Such a mixture would have a IV/III ratio of 1.76.
41.
PREDICTION OF 195PT NMR CHEMICAL SHIFTS IN L2PTX2 COMPOUNDS AND
M . . . M (M=MO,W) VIBRATIONAL FREQUENCIES IN X3M . . . MX3
COMPOUNDS. Thomas M. Gilbert, Department of Chemistry, Northern Illinois
University, DeKalb, IL 60115, Fax: 815-753-4802, tgilbert@marilyn.chem.niu.edu
Using theory to determine accurate physical parameters pertaining specifically to
the transition metal in transition metal compounds has only recently become
viable. Using optimized structures as starting points in calculating 195Pt NMR
chemical shifts proves key in obtaining results commensurate with experimental
values. Surprisingly, structural parameters physically distant from the platinum
center determine the chemical shift to a greater extent than do those nearby. In
contrast, the calculated metal-metal stretching frequency in triply bonded
X3M . . . MX3 compounds (X=OCR3, CH2CR3, NMe2) depends little on the
molecular periphery, and is equally insensitive to a variety of models and basis
sets. As a result, one can suggest reasonable molecular simplifications that
accelerate computations substantially. Comparison between calculated and
experimental data suggests a scaling factor for calculating these low-energy
modes.
42.
REACTIONS OF PARAMAGNETIC CHROMIUM COMPLEXES: FIRST-PRINCIPLES
APPROACH TO RATIONAL DESIGN OF CATALYSTS IN SPIN-FORBIDDEN
REACTIONS. Douglas J. Doren, and James S. Hess, Department of Chemistry
and Biochemistry, University of Delaware, Newark, DE 19716, Fax:
302-831-6335, doren@udel.edu
Reaction mechanisms that involve a change of spin state are inherently subtle in
that their rate may be limited by activated processes on either of two electronic

state potential surfaces, or by the non-adiabatic crossing between those
surfaces. This talk will describe density functional theory studies of selective
oxidation reactions catalyzed by a family of organometallic Cr complexes,
including the known complex, Cp*CrOCl2. In some reactions of these paramagnetic complexes, a change of spin is required in going from reactants to
products; in others it is a possibility that must be explored. Methods for finding
the minimum energy crossing point between the two potential surfaces will be
described, as well as some subtleties of finding optimal wave functions in these
systems. Density functional theory predictions of the overall reaction rates will
be described, with an emphasis on the effects of ligand substitution on the
reaction rates. Comparisons to experimental tests of predicted ligand substitution effects will be made.

43.
QM/MM STUDIES OF ACETYLCHOLINESTERASE. Margaret M. Hurley,
Computational and Information Sciences Directorate, U.S. Army Research
Laboratory, ATTN: AMSRL-CI-HA, Aberdeen Proving Ground, MD 21005, Fax:
410-297-9521, hurley@arl.army.mil, J. B. Wright, U.S. Army Soldier and
Biological Chemical Command, Gerald H. Lushington, Ohio Supercomputer
Center, and William E. White, Edgewood Chemical and Biological Center
Large biological systems present inherent difficulties to the modeling community. Mixed quantum/classical techniques are gaining in popularity as a means of
overcoming some of these difficulties. Here we present results comparing 2
QM/MM implementations (the SIMOMM technique of Gordon et al as implemented in GAMESS, and the ONIOM technique of Morokuma et al as implemented in Gaussian) as performed on the enzyme acetylcholinesterase and
several model nerve agents. This work represents part of the initial phase of a
DoD HPCMO Challenge project on modeling interactions of nerve agents with
AChE.

44.
DENSITY FUNCTIONALS IN THE H-BONDING, SOLVATED-ION, AND
H+-TRANSFER ARENAS. Dennis R. Salahub, Steacie Institute for Molecular
Sciences, National Research Council Canada, 100 Sussex Drive, Ottawa, ON
K1A0R6, Canada, Fax: 613-954-5242, Dennis.Salahub@nrc.ca
I will give an overview of Density Functional Theory in the context of modeling
complex (bio) systems, concentrating on how various DFT functionals perform
for a variety of hydrogen-bonded and proton-transfer problems. Attention will
focus on the GGA (Generalized Gradient Approximation) and on the kineticenergy-density-dependent functionals (LAP) that we are developing. In view of
future QM/MM approaches, attention will be focused on situations where
polarization and charge-transfer effects are important. A selection of applications
will be made from the following: ⭈ Cooperative hydrogen bonding networks
involving negative ions near enzyme active sites. ⭈ SIBFA MM for intra- and
inter-peptide interactions ⭈ KSCED embedding for cooperative hydrogen bonded
networks ⭈ Ab initio MD for an alanine dipeptide model, comparisons with
CHARMM, etc. ⭈ Proton sponges ⭈ Micro-solvated formic acid.

45.
“CLASSICAL” CHARGE-TRANSFER MODELS FOR HYBRID QUANTUM/
CLASSICAL DYNAMICS: A WAVEFUNCTION APPROACH. Jorge A. Morales, and
Todd J. Martinez, Department of Chemistry, University of Illinois, Urbana, IL
61801, Fax: 217-244-3186, morales@spawn.scs.uiuc.edu
A recently derived hierarchy of charge-transfer models starting from the exact
valence bond (VB) theory and ending in the “classical” charge equilibration (CE,
“QEq” or “fluctuating charge”) model will be presented. This set of models will
describe charge-transfer processes both within the classical region and between
quantum and classical regions of a hybrid quantum/classical (QC) theory. Unlike
well-known density functional theory (DFT) approaches, the lowest-level CE
model is derived here form an ab initio, “wavefunction” theory without a direct
relationship to statistical mechanics. In turn, the higher-level models properly
describe bond forming/breaking processes thereby correcting the CE dissotiation
into charged atoms or fragments whenever a bond is broken in the gas phase.
The present theory implies a generalization of the concepts of atomic electronegativity and hardness in an atomic-pair fashion with a marked bond character
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through overlap terms. Both theoretical aspects and numerical results will be
presented.

46.
NEW HYBRID QUANTUM MECHANICAL/MOLECULAR MECHANICAL METHODS
FOR RNA CATALYSIS. Darrin M. York, Department of Chemistry, University of
Minnesota, 207 Pleasant Street S.E, Minneapolis, MN 55455,
york@chem.umn.edu
Recent advances in the development of hybrid quantum mechanical/molecular
mechanical methods for large-scale calculations of biological molecules are
presented. A new model for integrated linear-scaling Kohn-Sham numerical
density functional calculations with many-body molecular mechanics force fields
based on “chemical potential equalization” are presented. The method makes
significant advances toward the seamless integration of quantum electronic
structure methods with empirical force fields. In addition, recent progress in the
development and application of a new semiempirical Hamiltonian for biological
phosphate hydrolysis will be outlined.

47.
FAST METHODS FOR DESCRIBING ELECTRON CORRELATION. Martin
Head-Gordon, Department of Chemistry, University of California Berkeley and
Chemical Sciences Division, Lawrence Berkeley National Laboratory, Berkeley,
CA 94720, mhg@bastille.cchem.berkeley.edu
I will discuss new advances in the approximate treatment of electron correlation
by methods that represent the correlation amplitudes in terms of local functions.
Such methods are also naturally suited to treating a system at two levels, where
a central part of interest is correlated, while an outer part is not. The focus of
this talk will be on new advances that permit coupled cluster calculations on
large systems. This includes methods for describing double and triple electron
correlations. The treatment of double excitations can either be in an active space
or a full space. I hope to present the results of very large active space calculations, as well as large calculations of the triples correlation energy, in addition
to results that are already published.

48.
USE OF GENOMIC INFORMATION IN DRUG DESIGN. Paul Caron, Director of
Informatics, Vertex Pharmaceuticals, 130 Waverly Street, Cambridge, MA
02139-4242, Fax: 617-577-6680, caron@vpharm.com
The focused integration of chemistry, biology, genetics, and clinical observations
with this genomic information can, in principle, be used to reap the true benefits
of the completed human genome sequence and improved therapeutics. We will
discuss some of our ongoing efforts in this area and outline how and why the
information in the completed human genome sequence is important for drug
design.

49.
COMPARATIVE PROTEIN STRUCTURE MODELING OF GENES AND GENOMES.
Andrej Sali, Department of Biochemistry, Structural Biology and Chemistry, The
Rockefeller University, 1230 York Avenue, New York, NY 10021-6399, Fax:
212-327-7540, sali@rockefeller.edu
Structural genomics aims to determine or accurately predict 3D structure of
most proteins (1). This aim will be achieved by a focused, large-scale determination of protein structures by X-ray crystallography and NMR spectroscopy,
combined efficiently with accurate protein structure prediction. Comparative
protein structure modeling will be discussed in this context. To allow large-scale
modeling, we automated fold assignment, sequence-structure alignment,
comparative model building, and model evaluation (2). These steps were
implemented mostly in our program Modeller, which is available on the Web at
http://guitar.rockefeller.edu/. The modeling pipeline has been applied to all of the
approximately 600,000 protein sequences in the TrEMBL database, resulting in
3D models for segments of approximately 250,000 proteins. These models are
stored in the ModBase database (3), accessible over the web at http://pipe.
rockefeller.edu/modbase. Several examples of how comparative modeling can be
useful in the biological analysis of individual proteins as well as whole genomes
will be described.

50.
HOMOLOGY MODELS, HIGH THROUGHPUT DOCKING, AND DRUG DESIGN.
David J. Diller, Molecular Modeling, Pharmacopeia, Box 5350, Princeton, NJ
08543-5350, Fax: 609-452-3672, ddiller@pharmacop.com
The complete sequencing of the human genome leads to many interesting drug
design problems. These problems include designing combinatorial libraries
focused to a particular target type, e.g., kinases, GPCRs etc. and addressing
compound selectivity on a genome wide basis. One obvious strategy to address
these problems is to use structure- based methods in conjunction with homology models. This, however, raises the nebulous issue as to how far we can
really trust homology models. In this talk we describe some validation work with
kinase homology models in the context of high throughput docking. In addition
we describe how we typically use homology modeling and multiple sequence
alignment in a library design project.
51.
NEW MODELING DEVELOPMENTS AT MERCK. Simon Kearsley, Director of
Chemoinformatics, Merck, P.O. Box 2000, Rahway, NJ 07065,
simon_kearsley@merck.com
Abstract text not available.
52.
FINGERPRINT ANALYSIS OF PROTEINS AND LIGANDS FOR
HIGH-THROUGHPUT SCREENING. W. Todd Wipke, Zheng Yang, Matt Evans,
and John P. Hall, Department of Chemistry and Biochemistry, University of
California, 1156 High Street, Santa Cruz, CA 95064, wipke@secs.ucsc.edu
Successful sequencing of the human genome and that of other species will
eventually lead to very large databases of proteins that can be used for
screening candidate drugs. In this paper we describe our studies of three-point
pharmacophores in proteins and in small molecules and the effectiveness of
these methods in automatically recognizing known ligands and classes of
biologically active small molecules. Several methods of forming the fingerprint
will be discussed as well as different screening methods.
53.
ITERATIVE DESIGN OF GENE-FAMILY DIRECTED SCREENING LIBRARIES.
Michelle L. Lamb 1, Erin K. Bradley 1, David C. Spellmeyer 1, Mark J. Suto 1, and
Peter D. J. Grootenhuis 2. (1) Chemical and Physical Sciences, DuPont
Pharmaceuticals Research Laboratories, 150 California Street, Ste. 1100, San
Francisco, CA 94111, Fax: 415-732-7170, (2) DuPont Pharmaceuticals Research
Labs
A novel process for the design of a gene-family screening library will described.
Pharmacophores of known ligands for the G-Protein Coupled Receptor (GPCR)
gene family defined the “space” to be covered by a synthetic library. Iterative
analysis of the library for coverage of this space was used to identify “holes”,
pharmacophores that had not yet been sampled by the library. Templates and
libraries from a variety of sources were prioritized and informative design of
combinatorial libraries was employed to expand around medicinal chemists’
knowledge of privileged GPCR substructures to fill these “holes”.
54.
INVESTIGATING ORGANOMETALLIC REACTION MECHANISMS USING
MULTI-REFERENCE WAVEFUNCTIONS. Mark S. Gordon, Chemistry, Iowa State
University, 201 Spedding Hall, Ames, IA 50011, mark@si.fi.ameslab.gov
After discussing some background regarding MCSCF and multi-reference
wavefunctions and minimum energy reaction paths, several examples will be
discussed in which the use of such wavefunctions is critical for obtaining
accurate desriptions of the reactions.
55.
MODELLING THE CHEMISTRY OF ORGANOMETALLIC SYSTEMS WITH
METAL-METAL BONDS. Arthur A. Low, Department of Physical and
Environmental Sciences, Tarleton State University, Box T-0540, Stephenville, TX
76401, low@tarleton.edu
The study of the nature of the metal-metal interaction in compounds with
bridging -acid ligands has been the subject of a number of theoretical
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investigations. One class of compounds that has been of particular interest is
the family of compounds with the general formula of [CpM(⬀-AO)]2 with M=Co,
Ni, and Fe; and A=C or O. Using the 18 electron rule, these compounds have
formal metal-metal bond orders ranging from 1 to 2. However, theoretical
calculations reveal a more complicated picture of the bonding in these complexes. The calculations include a study of the geometric structure of these
complexes through ab initio geometry optimizations at the DFT level of computation.
56.
THEORETICAL STUDIES OF TUNGSTEN CATALYTIZED ENDO- AND
EXO-SELECTIVE CYCLIZATION OF 1-ALKYN-5-OL. Yinghong Sheng 1,
Djamaladdin G. Musaev 1, K. Subba Reddy 2, Frank E. McDonald 2, and Keiji
Morokuma 1. (1) Cherry L. Emerson Center for Scientific Computation and
Department of Chemistry, Emory University, 1515 Pierce Dr, Atlanta, GA 30322,
Fax: 404-727-6586, (2) Department of Chemistry, Emory University
Endo- and exo-cyclizations of 1-alkyn-5-ol have been studied with a density
functional theory both in the absence and presence of tungsten carbonyl
catalyst. Many possible reaction pathways have been compared. In the best
endo-cyclization pathway, tungsten carbonyl at first forms a pre-reaction
complex, 1-alkyn-5-ol-W(CO)5, which is converted via hydride migration to
tungsten vinylidene intermediate with a substantial rate-determining barrier.
Without tungsten complex this barrier would be much higher. The subsequent
steps from the vinylidene intermediate occur via a unexpected complicated
mechanism. At first, ring closure between the alkoxy oxygen and the terminal
vinylidene carbon takes place, which is followed by hydride transfer from the
oxygen to the tungsten with a substantial barrier. Eventually this hydride on
tungsten is transferred to the a carbon atom. The role of the tungsten catalyst in
the entire reaction process has been analyzed in detail.
57.
THEORETICAL STUDIES OF MAIN GROUP METALLOCENES. Ohyun Kwon, and
Michael L. McKee, Department of Chemistry, Auburn University, Auburn, AL
36849, Fax: 334-844-6959, kwonohy@mail.auburn.edu
Over the last decade, main group metallocenes have attracted the attention of
chemists because of their structural fluxionality and synthetic utility in organometallic chemistry. In main group metallocenes, -type interactions between a
main group element and cyclopentadienyl (Cp) rings become weaker due to the
absence of d-orbitals compared to transition metal analogues resulting in
deviations from typical sandwich structures. In this talk, we will present a
systematic computational approach to modeling of main group metallocenes as
well as a review of some calculated results for metallocenes of Groups 1, 2, 13,
and 14 elements. We will focus on the nature of the bonding interaction
between main group elements and Cp rings. The potential energy surface of
main group metallocenes having different hapticities will be discussed at various
levels of theory. In addition, calculations will be presented using the combined
QM/QM approach for metallocenes with substituted cyclopentadienyl ligands and
metallocene clusters.
58.
MODELING ORGANOTRANSITION METAL REACTIONS IN AQUEOUS MEDIA:
APPLICATION TO HYDROFORMYLATION. Stephen A. Decker 1, Jorge J. Carbo 2,
Thomas Cundari 3, Pradipta Bandyopadhyay 4, and Mark S. Gordon 4. (1)
Department of Chemistry, CROMIUM, University of Memphis, 3744 Walker Ave.,
Memphis, TN 38152-3550, Fax: 901-678-3447, sdecker@memphis.edu, (2)
Unitat de Quimica Fisica, Universitat Autònoma de Barcelona, (3) Chemistry,
CROMIUM, University of Memphis, (4) Chemistry, Iowa State University
The majority of computational modeling studies focusing on organotransition
metal reactions are performed with the species in the gas phase, which biases
the calculations against charged and polar species. A variety of computational
solvation schemes have been developed ranging from those that treat the bulk
effects of the solvents (such as Onsager’s Self Consistent Reaction Field
approach) to those that model the individual solvent molecules explicitly (such
as the Effective Fragment Potential method). Although much work has been
done to incorporate solvation effects in organic and biological chemistry, the
application of these methods to organometallic chemistry has not been as
common. This talk will give some background on the various methods commonly employed to model the solvent and will present results from a recent
study focusing on modeling Rh-phosphine catalyzed olefin hydroformylation in

aqueous media. The energetic and mechanistic changes induced by the presence
of the solvent, along with the reliability and efficiency of a number of different
solvation models, both the bulk solvation and the explicit solvation approaches,
will be addressed.
59.
COMPUTATIONAL MODELLING OF ENZYMATIC KETO-ENOL ISOMERIZATION
REACTIONS. Johan Aqvist, and Isabella Feierberg, Department of Cell and
Molecular Biology, Uppsala University, Biomedical Center, POB 596, SE-751 24
Uppsala, Sweden, Fax: 46-18-536971, aqvist@xray.bmc.uu.se
We will discuss recent computer simulations of keto-enol type of isomerization
reactions in the enzymes glyoxalase I (GlxI) and ketosteroid isomerase (KSI) as
well as triosephosphate isomerase (TIM). The general catalytic feature that
emerges from these studies is that electrostatic stabilization of the labile
high-energy intermediates is the key to attaining a high rate acceleration in
enzymes catalyzing proton abstraction from non-acidic carbon atoms. While
such stabilization is achieved by a divalent cation in GlxI and partly by a
charged lysine residue in TIM, the case of KSI shows that dipolar interactions
alone can suffice. In all cases one also observes a significant reduction of the
reorganization energy for proton transfer which is caused by having very few
groups that need to reorient themselves during catalysis. Path integral simulations are also used in the case of GlxI to investigate the influence of quantum
mechanical motions on the catalytic rate enhancement.
60.
MIXED QM/MM METHODS FOR MODELING PROTEIN ACTIVE SITE
CHEMISTRY. Richard A. Friesner, Department of Chemistry, Columbia
University, 3000 Broadway, MC 3110, New York, NY 10027, Fax: 212-854-7454,
rich@chem.columbia.edu
We have developed mixed quantum mechanics/molecular mechanics (QM/MM)
methods based on the use of frozen molecular orbitals as an interface between
the QM and MM regions. Interface parameters have been optimized and tested
for the 20 naturally occuring amino acids and a graphical user interface to
facilitate automatic specification of the QM region for protein active sites has
been developed. We will discuss benchmark validation data obtained for model
systems as well as applications to a number of enzymes such as cytochrome
P450.
61.
QM/MM STUDY OF THE DEACYLATION STEP IN ELASTASE: EXPLORING
ACTIVE SITE DYNAMICS AND THE EFFECT OF QUANTUM REGION SIZE. Maya
Topf 1, Peter Varnai 2, and W. Graham Richards 1. (1) Physical and Theoretical
Chemistry Laboratory, Oxford University, South Parks Road, OX1 3QT, Oxford,
United Kingdom, Fax: 44-1865-275905, maya@bellatrix.pcl.ox.ac.uk, (2)
Laboratoire de Biochimie Thrique, Institut de Biologie Physico-Chimique
Elastase is a serine protease enzyme that hydrolyzes amide and ester bonds. It
has been suggested that the in the deacylation step of the reaction, nucleophilic
attack of a hydrolytic water on the acyl-enzyme carbonyl carbon leads to the
formation of a tetrahedral intermediate. Classical molecular dynamics simulations were performed on the tetrahedral intermediate, which was modeled from
a high resolution crystal structure of the acyl-enzyme, and suggested that such
a stable intermediate exists in solution at 300K. The stability of this putative
intermediate was further examined using a combined Hartree-Fock QM/MM
potential to provide an improved model for the highly polarized active site of
elastase. Three simulations were compared, each with systematically increased
size of the quantum region. The equilibrium and dynamic properties of the
active site from each simulation were analyzed and compared in terms of
energetics, atomic and electronic structure. The theoretical results, in conjunction with the experimental structures, provide detailed insight into a key step of
this important biological mechanism.
62.
DFT QM/MM METHOD FOR SIMULATION OF CHEMICAL REACTIONS IN
ENZYMES. Weitao Yang, Yingkai Zhang, and Haiyan Liu, Department of
Chemistry, Duke University, Durham, NC 27708, Fax: 919-660-1605,
yang@chem.duke.edu
A density functional theory QM/MM method for free energy calculation of
enzyme reactions will be presented. The smooth connection between the QM
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and MM regions is provided by a pseudo-bond QM/MM approach. An efficient
iterative optimization procedure has been developed to determine optimized
structures and minimum energy paths for a system with thousands of atoms on
the QM/MM potential. Using this method, we obtained the reaction paths and
free energy barriers for the two steps of the reaction catalyzed by enolase. The
calculated free energies of activation are 13.1 kcal/mol and 9.4 kcal/mol for the
first and the second step, respectively, consistent with the reaction rates
measured from experiments. The calculation also provide detailed analysis of the
mechanism and rate enhancement.

63.
QM/MM TECHNIQUES FOR EXAMINING ENZYME MECHANISMS: FREE
ENERGIES BY THE REPLICA/PATH METHOD. Bernard R. Brooks, Laboratory of
Biophysical Chemistry, NHLBI, National Institutes of Health, Bldg 12A Room
2041, Bethesda, MD 20892-5626, Fax: 301-496-2172, brb@nih.gov, Yong S.
Lee, Center for Information Technology, National Institutes of Health, Debananda
Das, Laboratory of Biophysical Chemistry, National Heart, Lung and Blood
Institute, National Institutes of Health, and Thomas E. Cheatham III, Department
of Medicinal Chemistry, University of Utah
In order to examine enzyme mechanism and other chemical reactions involving
macromolecules using ab initio electronic structure calculations it is necessary
to partition larger molecules into separate QM (Quantum Mechanical) and MM
(Molecular Mechanical) regions. Basic principles for an optimal interface will be
presented and a method which satisfy these principals, double link atom with
gaussian MM charges method, will be presented and compared with alternatives. Improved abilities to examine free energies of complex pathways is
provided by the Replica/Path method. When combined with molecular dynamics,
free energy profiles can be extracted from the restraint terms. Due to the
requirements of only nearest neighbor and next nearest neighbor communications, such applications will run well on very large-scale parallel machines with
limited cross sectional bandwidths (Beowulf clusters). This can be used in
conjunction with combined QM/MM (Quantum Mechanical and Molecular
Mechanical) methods to examine enzyme mechanism and other chemical
reactions involving macromolecules and solvent degrees of freedom. Applications of these methods towards elucidating the mechanisms of aldose reductase
and of serotonin N-acetyltransferase will be presented.

66.
TARGETING A SHARED ESSENTIAL PROTEIN INTERACTION INTERFACE IN
NUCLEAR HORMONE RECEPTOR SIGNALING PATHWAYS. R. Kip Guy 1,
Timothy R. Geistlinger 2, Jamie M. R. Moore 2, James R. Arnold 3, Thomas A.
Robertson 2, and I. D. Kuntz 2. (1) Department of Pharmaceutical Chemistry and
Department of Cellular and Molecular Pharmacology, University of California,
San Francisco, 513 Parnassus Avenue, San Francisco, CA 94143-0446,
rguy@cgl.ucsf.edu, (2) Department of Pharmaceutical Chemistry, University of
California, San Francisco, (3) Computational Chemistry, Structural Genomix
The nuclear receptor (NR) superfamily is a group of small-molecule ligand
activated transcriptional factors that are crucial for normal development and for
regulation of dynamic homeostasis in the adult. The NR’s integrate multiple
input signals including tissue and developmental context and hormonal levels to
produce distinct patterns of gene expression. Several members of the NR family
are therapeutic targets in diverse diseases including cardiovascular disease,
diabetes, and cancer. The NR’s exert their effects by dynamic regulation of the
formation of multiprotein complexes that include coactivators, co-repressors,
and the basal transcription machinery. In general, the conformation adopted by
the NR upon binding of hormone allows the binding of coactivating proteins,
while that adopted by the unliganded receptor prevents coactivator binding and
allows for corepressor or chaperone binding. A number of the NR’s work
through a common family of early coactivator proteins, the steroid receptor
coactivators (SRC), whose function is essential for signaling. The SRC’s bind to
the NR’s through a common motif (LXXLL), termed the NR box. The SRC family
members have multiple NR boxes of differing affinity that may or may not work
cooperatively depending upon context. We have developed a series of a-helical
peptidomimetics of the NR box of the SRC’s that block formation of the
transcriptional activation complex. These reagents may prove to be quite useful
in dissecting the mechanisms of NR signaling.

67.
HIGH-THROUGHPUT MAPPING AND ANALYSIS OF PROTEIN FUNCTIONAL
EPITOPES. Dean R. Artis, and Sachdev S. Sidhu, Division of Bioorganic
Chemistry, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080-4990,
dra@dna.com
Abstract text not available.

64.
TARGET CLASS APPROACHES TO GENOME MINING AND DRUG DESIGN.
Jonathan S. Mason, Stanley R. Krystek, and Doree F. Sitkoff, Structural Biology
and Modeling, Bristol-Myers Squibb, P.O. Box 4000, Princeton, NJ 08543, Fax:
609-252-6030, masonj@bms.com
With recent advances in genomics and protein structure determination methods,
a wealth of 3D structural data of potential drug targets is becoming available.
Such data energizes the development and enhancement of computational tools
to characterize structural features of proteins including protein-ligand interactions. Methods for clustering and analyzing protein families utilizing knowledgebased threading and structure-structure/sequence superpositions, together with
spatial descriptors such as site 4-point complementary pharmacophore fingerprints will be described. Such descriptors have demonstrated utility in drug
design methods such as virtual screening, library design and selectivity studies
and have a common frame of reference with ligand-based fingerprints, that have
provided a powerful similarity and diversity measure. Target class approaches to
the discovery of new targets and leads now play an important role in the
pharmaceutical industry strategy for drug discovery. Examples and strategies
will be discussed for characterization/annotation of genome sequences, virtual
screening, selectivity studies and library design for enzyme and receptor targets.

65.
THE SERINE PROTEASE FAMILY AS A MODEL SYSTEM FOR RAPID GENE
DISCOVERY AND TARGET IDENTIFICATION FOR THE DEVELOPMENT OF
NOVEL ANTICANCER DRUGS. Ed Madison, Executive Director of Biological
Research, Corvas International, Inc, 3030 Science Park Road, San Diego, CA
92121, Fax: 858-455-7895, ed_madison@corvas.com
Abstract text not available.

68.
CHEMICAL APPROACHES FOR FUNCTIONAL PROTEOMIC PROFILING. Doron
Greenbaum, Amos Baruch, Linda Hayrapethian, Zbynek Bozdech, Joseph DeRisi,
and Matthew Bogyo, Department of Biochemistry and Biophysics, University of
California, San Francisco, 513 Parnassus Ave., San Francisco, CA 94143, Fax:
415-502-4315, dgreenbaum@itsa.ucsf.edu, mbogyo@biochem.ucsf.edu
With genome sequencing projects in humans and other organisms now
complete, emphasis has shifted to defining protein function. Gene expression
profiling and proteome-wide analysis of changes in protein levels are commonly
used methods for systems-based analysis of biological processes, however
these methods fail to provide information regarding the activity of enzymatic
proteins. In most cases enzymes such as proteases are subject to exquisite
post-translational regulation resulting in transcription and translation levels that
do not correlate with enzyme activity. Current methods to monitor protease
activity rely on non-selective reporter substrates making analysis of data
difficult. Furthermore, approaches that utilize selective reagents such as
antibodies fail to provide information about potentially novel enzymes. We have
developed a general method for profiling protease activity using chemical probes
that covalently cross-link to their targets in an activity-dependent manner. These
reagents allow us to track the activities of multiple proteases within a complex
mixture of proteins derived from any source. Labeled proteins can be resolved
by simple SDS-PAGE and purified by affinity chromatography to facilitate their
identification by a variety of means. Furthermore, the active site directed probes
also provide a method to screen for specific inhibitors without the need to
clone, express and purify enzyme targets. This approach allows the rapid
development of reagents that can be used to assign physiological functions to
specific enzymes during a given biological process.
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69.
BRINGING DRUG DISCOVERY TO THE GENOME. Michael Milburn, Vice
President, Structural Biology, Structural Genomix, 10505 Roselle Street, San
Diego, CA 92121, mike_milburn@stromix.com
Using a high-throughput genomics-driven platform, Structural Genomix (SGX) is
solving a large number of protein targets in known drug pathways and therapeutically important gene families. A multiple organism, genomics-based
approach enhances the success rate and capacity for obtaining target structure
information. SGX has established this approach in the infectious disease arena
by determining novel target structures across a large number of various disease
organisms. Prokaryotic and eukaryotic targets currently in the SGX pipeline will
impace a variety of therapeutic areas, including infectious/metabolic diseases
and cancer. By revealing active site shape and charge information, protein
structures provide templates for aiding drug discovery and enabling structurebased drug design.
70.
WHICH SEQUENCE SHOULD I TARGET? THE ADVANTAGES OF AN
INTEGRATED PLATFORM IN STRUCTURAL PROTEOMICS. Jacquelyn S.
Fetrow, Chief Science Officer, GeneFormatics, Inc, 5830 Oberlin Drive, Suite
200, San Diego, CA 92121-3754, jacquefetrow@geneformatics.com
Amino acid sequence information alone often fails to allow important function
information to be identified in a significant fraction of genome sequences.
Incorporation of three-dimensional structural information can produce significantly more and higher quality function annotations. This realization has resulted
in the current focus on structural proteomics projects. We present a structurebased function assignment method that improves both the yield and quality of
functional annotations in whole or partial proteome analysis. Our structurebased method sheds biological insight not otherwise provided by sequence-only
function prediction methods. The DIAMOND platform includes in silico functional
analysis and structure and function confirmation by NMR spectroscopy.
71.
DATA ACCESS: THE NEXT GENE. Peter M. Smith, Discovery Research
Applications, Wyeth Ayerst Research, CN 8000, Princeton, NJ 08543, Fax:
732-274-4733, smithp@war.wyeth.com, and Peter Bennett, Synomics
There are a two main models for data access to diverse databases across an
enterprise: a data index/meta layer, and a data warehouse. We discuss the pros
and cons of these, but now present another layer of functionality that addresses
the problem. This is the use of a middle tier of computing based on ObjectOriented design. As a practical implementation of this layer, we use Enterprise
Java Beans (EJB) hosted via a mid-tier application server. These components
map to the database fields and present these data to the user via flexible and
adaptable interfaces. This layer builds on the data catalog or data warehouse
models and adds the advantages of scalability, distributed access, and openness
to provide much more flexible and intuitive tools than previously available.
72.
BIOMOLECULAR INFORMATICS: A “-PHORE” APPROACH FOR “-ICS”
SCIENCES. Alexander Tropsha, Laboratory for Molecular Modeling, School of
Pharmacy, University of North Carolina, CB # 7360, Beard Hall, School of
Pharmacy, Chapel Hill, NC 27599-7360, Fax: 919-966-0204,
alex_tropsha@unc.edu
Modern biological and chemical sciences are characterized by an extraordinarily
rapid expansion of biomolecular databases giving rise to “-ics” sciences:
genomics, proteomics, bioinformatics, chemoinformatics, etc. This expansion
has dramatically altered the way we store, process and exploit molecular
information to understand the relationships between molecular or macromolecular structure and its biological action. This paper will discuss a uniform
approach to the analysis of biomolecular databases that is based on the
identification of activity or function specific chemical motifs (“-phores”). The
examples of this approach include: (1) identification of descriptor pharmacophores in chemical databases using variable selection QSAR, and (2) discovery
of function specific amino acid residue patterns in proteins using Simplicial
Neighborhood Analysis of Protein Packing (SNAPP) method developed recently
in our laboratory. The paper will emphasize the importance of integration of
chemo- and bioinformatics for the prediction and validation of both drugs and
their targets in the post-genomic era.

73.
A FEDERATED DATABASE APPROACH TO INTEGRATING LIFE SCIENCES DATA.
Peter Schwarz, and Julia Rice, Exploratory Database Systems, IBM Almaden
Research Center, 650 Harry Road, San Jose, CA 95120, Fax: 408-927-2100,
pschwarz@us.ibm.com, julia@almaden.ibm.com
This talk will discuss federated databases, how they are positioned viz a viz
warehouses and then illustrate the use of DiscoveryLink, a federated database
approach, to integrating some Life Sciences datasources.
74.
THE DISCOVERY WAREHOUSE: CREATING A PRODUCTIVE SOURCE OF
ORGANIZATIONAL KNOWLEDGE RATHER THAN A DATA CEMETERY. Neil
Kipling, Jonathan Davies, and Jack Elands, IDBS, 2 Occam Court, Surrey
Research Park, Guildford GU2 7QB, United Kingdom, nkipling@idbs.co.uk
Global companies face the challenge of how best to convert large amounts of
varied and dispersed discovery data into useful information - and make it
globally accessible. Since we cannot reliably predict where and how knowledge
will be generated, a fundamental requirement is to provide easy access to
information for many people across the organization. However, this needs to be
achieved without impeding data capture performance.
IDBS and a major pharmaceutical company have recently collaborated to
address these challenges through the implementation of a global discovery data
warehousing solution. This presentation will draw upon this experience,
discussing an evaluation and implementation scheme and the benefits of several
new data retrieval tools that are being developed to provide a broad user base
with access to the information, using a web based application.
75.
FLEXIBLE QUERY BUILDER FOR ORACLE CARTRIDGES. Lewis Jardine
Jardine, NetGenics UK Ltd, 11C Park House, Milton Park, Abingdon, Oxfordshire
OX14 4RS, United Kingdom, ljardine@netgenics.com
One of the problems associated with the application of large database systems
for HTS and genomics data is the problem of querying collections of databases
containing complex datatypes. One recent development, the advent of objectrelational technology (such as Oracle Cartridges) has simplified this problem, by
allowing domain specific data to be held within standard tools rather than a
mixture of relational and non-relational proprietary solutions. This at least solves
the problems caused by the plethora of different databases and platforms.
However, this is not enough to solve all the problems associated with data access.
Straight forward, commonly used, standard queries can be entered via forms,
but exploratory, non-standard, complex queries require extensive knowledge of
SQL to generate them. Since these queries typify the Discovery process either
domain experts must learn SQL or they must work hand in hand with a SQL
expert. Either way, this is expensive, inefficient and prone to error.
A better solution is to provide tools that domain experts can use to construct
complex compound queries without the need to learn SQL. These tools must
not only handle standard SQL statement but must be flexible enough to handle
the domain specific data objects, such as chemical structures or genomic
sequences held with for instance Oracle cartridges.
The ChemSymphony and MetaSymphony team has had considerable previous
experience in the design and construction of flexible and intuitive user tools for
Discovery informatics. We present a flexible query builder for access to all SQL
databases and complex objects within Oracle cartridges. This tool requires
absolutely no knowledge of SQL on behalf of the user.
76.
REACTIONS OF METAL ATOMS WITH SMALL ORGANIC MOLECULES:
COMPARISON OF THEORY WITH EXPERIMENT. Craig A. Bayse, Department of
Chemistry, Michigan Technological University, 1400 Townsend Drive, Houghton,
MI 49931, Fax: 906-487-2061, cabayse@mtu.edu
Recent experimental studies of reactions of metal atoms in crossed-molecular
beams by the Davis group at Cornell University have yielded many interesting
results. The reaction of compounds such as HCHO and MeCHO with metal
atoms, the initial step is the formation of an eta-2-carbonyl complex. Subsequent steps involve insertion of the metal into the C-H and C-C bonds of the
ligand. Observed final products include hydrogen, CO, MCO and MH2; but no
methane is observed. In this work, we examine the potential energy surfaces of
the reactions of yttrium and niobium with the simple aldehydes above using DFT
and CCSD(T) methods. The results are in very good agreement with experiment.
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77.
METHYL BUTANOATE DECOMPOSITION ON AL(111) WITH COMBINED DFT
METHODOLOGIES. Susanne M. Opalka, Surfaces and Lubricants, Alcoa
Technical Center, 100 Technical Drive, Alcoa Center, PA 15069-0001, Fax:
724-337-2809, Susanne.Opalka@alcoa.com
Ab initio density functional simulations were used to probe the reaction
pathways for methyl butanoate decomposition on periodic Al (111) surfaces.
The optimum molecular conformations for physisorption and chemisorption
were identified with constant energy molecular dynamics at elevated temperatures. Preliminary intermediate structures for decomposition reactions were
simulated with anneal-quench molecular dynamics and with constrained ground
state minimizations. Two possible reaction pathways for forming reaction
intermediate structures, during sequential stages of decomposition, were
determined from ground state minimizations. The thermal stability and kinetic
behavior of the intermediates from both pathways were assessed with a series
of elevated temperature molecular dynamic annealing studies. These results
were interpreted to identify the most energetically favorable and accessible
reaction pathway for methyl butanoate decomposition. The energetics of methyl
butanoate decomposition was compared with those previously determined for
the decomposition of butanoic acid and butanol on Al (111).
78.
COMPUTATIONAL METHOD OF RANKING THE ELECTRON DONATING ABILITY
OF LIGANDS IN ORGANOMETALLIC COMPLEXES. Kevin R. Squire, Baytown
Polymers Center, ExxonMobil Chemical Company, 5200 Bayway Drive, Baytown,
TX 77520-2101, Fax: 281-834-2480, kevin.r.squire@exxon.com
A great deal of experimental effort in the last ten years has been spent designing and synthesizing new ligands for metallocene polymerization catalysts. The
driving force behind this work is the hypothesis that more electron donating
ligands will improve the activity and molecular weight properties of zirconium
and hafnium based polymerization catalysts. To help speed up these developments, we have developed a computational method for ranking the electron
donating ability of ligands in metallocene complexes. The method is based upon
the concepts of absolute electronegativity and hardness of Lewis acids,
developed by R. G. Parr and R. G. Pearson in the 1980s. Complexes of the type
M(L)(Me)2+ were modeled using ab initio quantum mechanics, where M is the
metal of the metallocenes and L is the ligand being screened for electron
donating ability. These dimethyl complexes were modeled instead of full
metallocenes to eliminate any steric influences that would prevent optimal
bonding between the ligand, L, and the metal, M. Cationic complexes were
modeled because the active form of metallocene polymerization catalysts is
believed to be a cation. The absolute electronegativity is calculated as minus the
average energy of the HOMO and LUMO orbitals in the model, while the
absolute hardness is calculated as half the energy difference between the HOMO
and LUMO orbitals. The smaller the absolute electronegativity of the complexes,
the higher we rank the electron donating ability of the ligand, L. The model
predicts that unsubstituted cyclopentadienyl, Cp, ligands are poor electron
donors. As alkyl groups are added to the Cp, the ligand becomes more electron
donating. Branched alkyl groups are slightly more effective than linear ones.
Multiple alkyl groups are even more effective at increasing the electron donating
ability of ligands. Indenyl and fluorenyl rings are found to be more electron
donating than Cp’s, because of the decreased hardness of the fused ring
systems. Studies of heterocycle analogs of these ligands show that aza- and
phospha- substitutions decrease the electron donating ability of ligands while
thia substitutions and borollides are nearly equivalent in electron donating ability
to hydrocarbyl ligands.
79.
THEORETICAL STUDIES OF METAL-LIGAND BOND ENTHALPIES ACROSS THE
TRANSITION SERIES. Jamal Uddin, Christine Morales, Jim Maynard, and Clark
R. Landis, Department of Chemistry, University of Wisconsin-Madison, 1101
University Avenue, Madison, WI 53706, Fax: 608-262-6143,
uddin@chem.wisc.edu
Metal-ligand bond dissociation enthalpies are invaluable in the assessment of
reaction mechanisms and the understanding of bonding trends in transition
metal complexes. Experimental determination of metal-ligand bond enthalpies,
although critical, is a slow and tedious process. Recent developments in
computational methods make systematic assessment of trends in metal-ligand

bond enthalpies across the transition series a relatively rapid and accurate
exercise. Most previous computational investigations of metal-ligand bond
enthalpies have focused on highly unsaturated di- and tri-atomics. In such
systems, exchange and promotional energies complicate the analysis of bond
enthalpy trends. We have begun a systematic study of metal-ligand bond
enthalpies for saturated transition metal complexes that encompasses the
D-block of the periodic table and a wide assortment of ligands. In this presentation we will present computational (DFT, CCSD(T)) bond dissociation enthalpies
for neutral and cationic complexes of the type MHx-L ( L=H, Me, Et, iPr, t-Bu,
CH2F, C2H, C2H3, NH2, OH, F, and BH2) for all transition elements. Using these
data and analysis of electron density distributions, we address fundamental
issues such as the nature of periodic trends in M-L bond enthalpies, covalency
and ionicity in metal-ligand bonds, and how molecular shapes and bond
enthalpies are influenced by electron counts.
80.
STATIC DFT AND AB INITIO MOLECULAR DYNAMICS STUDIES ON CATALYTIC
ALKENE HYDROAMINATION. Hans Martin Senn, Department of Chemistry,
University of Calgary, 2500 University Dr. NW, Calgary, AB T2N 1N4, Canada,
Fax: +1-403-289-9488, senn@ucalgary.ca, Peter E. Blöchl, Institute of
Theoretical Physics, Clausthal University of Technology, and Antonio Togni,
Laboratory of Inorganic Chemistry, ETH Zürich
We have investigated group 9 and group 10 d8 transition-metal complexes in
view of their potential application as catalysts for the hydroamination of alkenes.
We used the projector-augmented wave (PAW) method, a plane-waves-based
method with all-electron wavefunctions capable of performing Car–Parrinello ab
initio molecular dynamics simulations. Two principal mechanistic pathways have
been explored: (a) External nucleophilic attack of the amine on the coordinated
alkene, followed by either protonolytic cleavage of the metal–alkyl bond or
protonation of the metal with subsequent C–H reductive elimination; (b)
activation of the N–H bond by oxidative addition of the amine, followed by
+
alkene insertion and reductive elimination. Complexes of the type {MCl(PH3)2}z
have been considered, with M=Ni(II), Pd(II), Pt(II) (z=1) or M=Co(I), Rh(I), Ir(I)
(z=0). The reaction profiles for the two mechanistic cycles will be discussed,
comparing their features, considering the influence of electronic and steric
factors, and assessing the suitability of different metal centres.
81.
STRUCTURE AND ELECTRONIC PROPERTIES OF COMPUTATIONALLY
CHALLENGING METAL CONTAINING MOLECULES. Melvin E. Zandler, and
Francis D’Souza, Department of Chemistry, Wichita State University, Wichita, KS
67260-0051, Fax: 316-978-3431, zandler@twsu.edu
Only recently it has become possible to apply ab initio molecular orbital
methods to the study the structure and electronic properties of large organic
molecules containing metal atoms. A case-study of the problems and eventual
successful (ab initio) DFT treatment of two such systems will be discussed here:
(a) the HOMO-LUMO energies of a donor-(acceptor-1)-(acceptor-2) type
covalently linked molecular triad consisting of a ferrocene, C60, and dinitrobenzene entities, and (b) the determination of the HOMO-LUMO gap in zinc
tetraphenylporphyrin bearing 0 to 8 bromo substitutions at the beta-pyrrole
positions, as represented by optical absorption spectra, electrochemical redox
potential sums, and molecular orbital calculations. In the former molecular triad,
the subtle interplay of frontier orbital location and energetics led to incorrect
HOMO location with semi-empirical and Hartree Fock methods, however, correct
HOMO and LUMO locations were achieved by density functional B3LYP method.
The optical transition energies in the latter brominated zinc porphyrins decreases in magnitude with the inductive effect of adding bromines at the beta
position. This decrease in HOMO-LUMO separation accelerates after 4 bromines,
which we show from computations, is due to the considerable non-planar
saddle distortion of the porphyrin ring bearing more than 4 bromines.
82.
ADVENTURES IN PARAMAGNETISM: MODELLING OPEN SHELL SYSTEMS
WITH & WITHOUT DFT. Thomas Cundari 1, Stephen A. Decker 1, and Nikita
Matsunaga 2. (1) Department of Chemistry, CROMIUM, University of Memphis,
Memphis, TN 38152-6060, Fax: 901-678-3447, tcundari@memphis.edu, (2)
Department of Chemistry and Biochemistry, Long Island University
The modelling of open-shell complexes presents particular challenges above and
beyond those that one typically encounters in computational organometallic
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chemistry. Reliable modeling of open-shell transition metal complexes is
particularly challenging when states of differing multiplicity are close in energy,
giving rise to the possibility of spin transitions. Chemical processes involving
spin transitions are quite important in industrial and biological catalysis. This
presentation will focus on (a) the scission of NO by V-triad complexes, and (b)
the activation of dinitrogen by low-coordinate Fe complexes. Computational
methods to be employed include density functional, Hartree-Fock and postHartree-Fock theory. Emphasis is placed on the role of the metal and its
chemical environment in effecting these important small molecule activations.

83.
QM/MM MODELLING OF ENZYMATIC REACTIONS. Walter Thiel,
Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1, 45470
Mülheim an der Ruhr, Germany, Fax: +49-208-306-2996, thiel@mpimuelheim.mpg.de
In recent years, it has become possible to model chemical reactions in large
biomolecules using combined quantum mechanical/molecular mechanical
(QM/MM) methods. The lecture will first discuss some methodological issues
and a modular implementation of current QM/MM schemes in the ChemShell
software. It will then address the proton transfer reactions in triosephosphate
isomerase and the hydroxylation reaction catalysed by p-hydroxybenzoate
hydroxylase. These reactions have been investigated at various QM/MM levels
(QM: semiempirical, density functional, ab initio; MM: CHARMM, GROMOS)
using both geometry optimizations and molecular dynamics simulations.

84.
PARAMETERIZATION OF AN AM1/D HAMILTONIAN TO TREAT NUCLEOPHILIC
REACTIONS ON PHOSPHATES OF BIOLOGICAL INTEREST. Xabier Lopez,
Kimika Fakultatea, Euskal Herriko Unibertsitatea, P.K. 1072, San Sebastian
20080, Spain, Fax: +34-943-21-22-36, poplopex@sq.ehu.es
Phosphate diesters play a fundamental role in biology, and have been the
subject of numerous theoretical and experimental studies. Hybrid QM/MM
methods are particularly promising theoretical tools to characterize the mechanisms for these type of reactions. Due to the size of the system, one is often
constrained to use a semi-empirical method for the quantum part of the system.
In this talk we will describe the parameterization of an AM1/d Hamiltonian to
describe nucleophilic reactions on phosphates. The Hamiltonian combines the
use of d-orbitals for phosphorus with Gaussian core-core terms to improve
short-ranged intermolecular interactions including hydrogen bonds. Parameters
were fit to a recent ab initio database of small model phosphate hydrolysis
reactions calculated with hybrid density-functional methods and large basis sets.
Preliminary applications to RNase A will be presented.

85.
FRONTIER BONDS IN QM/MM METHODS: A COMPARISON OF DIFFERENT
APPROACHES. Nathalie Reuter 1, Annick Dejaegere 2, Bernard Maigret 1, and
Martin Karplus 2. (1) Neuroendocrinologie et biologie cellulaire digestives,
Faculte de Medecine, Xavier Bichat, Paris 75870, France, Fax: 01-42-28-87-65,
reuter@bichat.inserm.fr, (2) Laboratoire de Chimie Biophysique, Universite Louis
Pasteur
Hybrid Quantum Mechanical/Molecular Mechanical methods are very efficient
and useful tools for the study of enzyme catalysis. A problem in such methods
is the treatment of the frontier between the quantum part describing the reactive
site and the classical part describing the environment. We present here
semi-empirical (AM1) results obtained for small systems using three different
approaches to describe the frontier region: 1) the “link atom” formalism, 2) the
local self-consistent field (LSCF) approach, and the generalized hybrid orbital
(GHO) method. To be able to compare the LSCF formalism to the other
methods, we developped an interface between the GEOMOP and CHARMM
programs. Comparisons with full quantum calculations at the same level are
also reported. By comparing the performance of the various boundary descriptions in the presence of strong polarizing fields, we show that the choice of the
QM/MM model is important in determining the electron distribution of the entire
quantum region. Results of QM and QM/MM geometry optimizations on small
systems are also presented.

86.
OPTIMIZATION OF PARAMETERS FOR NDDO METHODS. James J. P. Stewart,
Stewart Computational Chemistry, 15210 Paddington Circle, Colorado Springs,
CO 80921-2512, jstewart@fujitsu.com
Semiempirical methods can be applied to large systems, however such methods
are of limited accuracy. This is a consequence of three and only three potential
faults: some reference data may be inaccurate, the optimization of parameters
might be incomplete, and the set of approximations used might be too restrictive. A general technique of optimizing parameters has been developed, which
allows the global minimum in error-function space to be located. This technique
has been applied to the NDDO method, resulting in a new parameter set in
which the predictive power of NDDO is sufficient to allow some potential errors
in experimental reference data to be identified. A brief history of the NDDO
method, the current status, and the likely directions in which future improvements can be made will be discussed.
87.
TOWARD ALL-ELECTRON MODELING OF BIOLOGICAL SYSTEMS. Kenneth M.
Merz Jr., Department of Chemistry, The Pennsylvania State University, 152
Davey Laboratory, University Park, PA 16802, Fax: 814-863-8403,
merz@psu.edu
In this talk we will describe our recent efforts at extending semiempirical
linear-scaling methodologies (SLM) to biological systems. Firstly, we will briefly
discuss the divide and conquer approach as applied to semiempirical theory at
the NDDO level (i.e., MNDO, MNDO/d, AM1 and PM3). We will also demonstrate
the performance of the method and discuss its range of applicability to
biological macromolecules. In particular, we will focus on applications that
examine charge transfer effects at the biomolecule/water interface. In order to
begin to widely apply SLM to biological systems new tools must be developed.
Thus, we will describe the implementation and application of novel PoissonBoltzmann (PB) methodologies that use charge distributions determined using
SLM. Results from these calculations will be described and the range of
applicability of the PB/SLM will be discussed. The final topic will cover the
development of QM/QM methodologies framed within the context of divide and
conquer.
88.
STRATEGY FOR STORING MULTIPLE CONFORMATION IN A DATABASE. Matt
Stahl, OpenEye Software, 3600 Cerrillos Rd., Suite 1107, Santa Fe, NM 87505,
mstahl@eyesopen.com, and Anthony Nicholls, OpenEye Scientific Software Inc
A number of issues arise when pregenerating conformers for use in rapid
database searching and docking. The quality of structures and ability to closely
reproduce bioactive conformations is critical. Storage in a format that is
compact, easily searchable by similarity and substructure, and amenable to
relational databases is a tremendous asset in high throughput modeling. Omega
was written to produce high quality small molecule ensembles and address
issues common to data management of large virtual libraries. A validation of
Omega’s conformer generation algorithm on a large experimental data set will
be presented. Examples of how the OEBinary file format facilitates data mining
and management of virtual libraries will be discussed.
89.
RELEVANT AND USEFUL DESCRIPTORS FROM A BIOLOGICAL ACTIVITY
PROFILING DATABASE (RSMDB). Hao Chen, NovaScreen Biosciences
Corporation, 7170 Standard Drive, Hanover, MD 21076-1334,
hchen@novascreen.com
The ability to predict molecular interactions (i. e., binding) between low
molecular weight drug and drug-like organic molecules with biological macromolecules such as proteins relies essentially on determining relevant molecular
descriptors. Useful descriptors should be associated with and determine these
molecular interactions. NovaScreen’s Reactivity-Selectivity Mapping DataBase
(RSMDB) is comprised of the biological activity profiles of drug-like organic
molecules with pharmacologically related proteins. We are exploring protein and
chemical descriptors that appear to be linked with molecular interactions and
detected by the RSMDB. Examples of data analysis, validation, capture, and
retrieval as well as the potential utility of this information will be discussed.
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90.
CHEMIINFORMATICS WITH QUANTUM MECHANICS. Tim Clark, FriedrichAlexander-Universität Erlangen-Nürnberg, Computer-Chemie-Centrum,
Nägelsbachstrasse 25, D-91052 Erlangen, Germany, Fax: +49-9131-8526565,
clark@chemie.uni-erlangen.de
The detail of molecular electrostatics, polarizability, bonding sites, ionization
potentials and electron affinities provided by semiempirical moleular orbital
theory provides a series of information-rich descriptors for cheminformatics.
Examples of new types of property prediction techniques and fast screening will
be given.
91.
COMPOUND CLASSIFICATION BY VARSA SHAPE DESCRIPTORS: AN
APPROACH COMBINING. Jie Liang, and Chang-Yu Hu, Department of
Bioengineering, University of Illinois at Chicago, 851 S. Morgan St., SEO (MC
063) #218, Chicago, IL 60607, Fax: 312-996-5921, jliang@uic.edu
The development of molecular descriptors and classification method are critical
for identify biologically active compounds. Shape based descriptors play special
roles in characterizing compounds by geometry and physicochemical texture.
We report a new class of shape descriptors, called VARSA (VARying Shapes by
␣ complex), and describe the application of advanced kernel based method for
compound classification. VARSA is based on the ␣ shape theory, where
simplicial complexes describing the molecule at multiple resolutions are
calculated. Because there are a large number of variables (162 variables), we
apply an advanced kernel based method for compound classification, bypassing
the variable selection step. Using Support Vector Machine (SVM), we aim to
uncover the higher order interactions between variables in the VARSA descriptors. SVM can project data points of lower dimension (d=162) to a feature
space of much higher dimension (d=13,203 for 2-degree polynomial kernel) in
order to separate data points of different classes. An optimal separating plane in
feature space is then identified using quadratic programming. We report
excellent classification results combining VARSA and SVM for PAF receptor
antagonists, 5HT3 receptor, angiotensin-coverting enzyme inhibitors, ACE, and
HMG CoA reductase inhibitors kindly provided by Dr. Hans Briem. Using a
three-fold cross validation, the predictive correctness on the testing sets are:
PAF 100% (both positive and negative), 5-HT3 100%, HMG CoA 100%, and ACE
93% (13/14), which were much higher than earlier results using k-NN methods
on DOCK based descriptors (26%, 62%, 47%, 00%, respectivly). However, our
method failed for thromboxane A2 receptor antagonists.

interest), and are usually determined based on the symmetry of the ordered
phase and how it differs from the disordered phase, while the reversible work
for embryo formation (formation of the critical nucleus) is defined using
thermodynamics and statistical mechanics. In this paper we describe a novel
approach to compute the free energy surface as a function of a set of orderparameters that are spatially inhomogeneous, using Monte Carlo simulations.
Given a set of order parameters (in general spatially inhomogeneous) [f1(r),
f2(r) . . . ], the Landau-Ginzburg formalism relates the free energy hyper-surface
to the probability of observing the system in a state characterized by particular
values of the set of order parameters, P[f1(r), f2 (r) . . . ]. The total free energy
difference between the ordered and the disordered phase, and the free energy
difference between the disordered phase and a disordered phase in which a
nucleus of the ordered phase has formed, are expressed as path integrals in the
order parameter space. In our approach, we calculate the probability function
P[f1(r), f2 (r) . . . ], accurately by performing Monte Carlo simulations in
conjunction with umbrella sampling. We describe an application of this new
approach, wherein we study the nucleation of hexagonal ice from pure water
and clathrate hydrates from water/carbon dioxide mixtures.
94.
FOR THE FIRST TIME: THE INTIMATE PROPERTIES OF MORPHINE, THE
ORIPAVINE PET, AND ENKEPHALINS THEORETICALLY SYNTHESIZED FROM
FRAGMENTS. Chérif F. Matta, Chemistry Department, McMaster University,
1280 Main Street West, Hamilton, ON L8S 4M1, Canada, Fax: 905-522-2509,
mattacf@mcmaster.ca
A new method of computing the properties of large molecules, not amenable to
direct computation, is presented. The molecule is broken into fragments which
are small enough to be computable but large enough to exhibit a high degree of
transferability of the electron densities of its kernel atoms. The atoms in the
different fragments are determined as proper open systems according to the
Quantum Theory of Atoms-In-Molecules developed by Bader. The properties of
the atoms from the fragments are summed to obtain the properties of the large
molecule. The method is tested and used to explore the electron density of
some important opioids. The most stable conformations of the most active
opioid agonist, 7-[1-phenyl-3-hydroxybutyl-3-]endoetheno- tetrahydrothebaine
(PET), are identified and used as templates to predict three biologically active
conformations of the natural brain pain killers (the enkephalins) corresponding
to the three opioid receptor subtypes. The reactive surface of PET is used as an
indirect (complementary) probe to the reactive surface of the opioid receptor.

92.
CLUSTERING OF VERY LARGE DATASETS. Geoff M. Downs, and John M.
Barnard, Barnard Chemical Information Ltd, 46 Uppergate Road, Stannington,
Sheffield S6 6BX, United Kingdom, downs@bci2.demon.co.uk
Chemical databases pose particular problems for cluster analysis software. The
number of compounds to be handled, and the number of descriptors for each
compound, often overwhelm the capabilities of standard statistical analysis
packages. Indeed the time and space requirements of some of the best
algorithms preclude their application to very large datasets, and this has meant
that inferior and somewhat ad hoc methods have often had to be used for
chemical applications. Recent work, outside the chemical informatics community, has led to the development of new algorithms, and improvements to
existing ones, which may be useful in clustering large chemical databases. This
paper reviews some of this recent work, and discusses the opportunities it
presents for more effective clustering of chemical datasets. Among the matters
considered is the choice of an appropriate “slice” across a hierarchy, and
identification of the “natural” number of clusters in a dataset.
93.
NOVEL COMPUTATIONAL METHODOLOGY FOR THE STUDY OF NUCLEATION
PHENOMENA. Ravi Radhakrishnan, and Bernhardt Trout, Department of
Chemical Engineering, MIT, 77 Massachusetts Ave., 66-021, Cambridge, MA
02139, Fax: 617-258-8224, rradhak@mit.edu, trout@mit.edu
The key to a successful theory that describes the process of nucleation is the
determination of a set of dynamical variables (order parameters and their
conjugate fields) that govern the phase transition, and a rigorous formalism to
compute the reversible work for the “embryo formation”. The order-parameters
are system dependent (i.e., depend on the particular order-disorder transition of

95.
DENSITY FUNCTIONAL COMPUTATION OF NMR SPIN-SPIN COUPLING
CONSTANTS FOR HEAVY METAL COMPOUNDS: METHODOLOGY AND
APPLICATIONS TO SOLVENT EFFECTS. Jochen Autschbach, and Tom Ziegler,
Chemistry, University of Calgary, 2500 University Drive, Calgary, AB T2N 1N4,
Canada, Fax: 403-289-9488, jautschb@ucalgary.ca
We have recently developed the methodology and a density functional implementation for the computation of NMR spin-spin coupling constants for
molecules containing heavy atoms. Scalar relativistic “corrections” to coupling
constants due to the presence of 6th row atoms are often larger in magnitude
than their corresponding nonrelativistic values and are therefore essential in
order to compare with experimental results. Spin-orbit effects represent the
dominant influence e.g. for Tl - halide couplings. Applications address the
problem of the interpretation of heavy nuclear spin-spin couplings for coordinatively unsaturated systems being experimentally studied in solution. Substantial
and sometimes non-intuitive solvent influence should be taken into consideration for the discussion of such spectra. Evidence of aforementioned solvent
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effects is provided by relativistic density functional studies of linear Hg and
square planar Pt complexes as well as from a study of the complex [(NC)5PtTl(CN)]−, for which the unusual experimental coupling pattern is reproduced and
explained by our computations.
96.
DEVELOPMENT OF A VIRTUAL KINETIC LABORATORY: A STEP TOWARD
GLOBAL SCIENCE. Thanh N. Truong, Department of Chemistry/Henry Eyring
Center for Theoretical Chemistry, University of Utah, 315 South 1400 east, rm
2020, Salt Lake City, UT 84112, Fax: 801-581-4353, Truong@chemistry.
chem.utah.edu
This is the first public presentation on our development of an on-line Virtual
Kinetic Laboratory (VKLab), an integrated web-based problem-solving environment for research and education in reaction kinetics. To the best of our
knowledge it is among the firsts of its kind for research and education in
computational chemistry. In particular, it provide an environment in which
researchers and students in science or engineering can perform research or
learn computational methods in chemical thermodynamics and reaction kinetics,
access information, and computational resource regardless of physical and
geographic location, age, physical limitation, and personal schedule. Such an
environment will catalyze interactions between the science and engineering
disciplines and foster collaborations in developing and validating new computational methodologies. Discussion on the development roadmap, theoretical
background and demonstration for thermodynamic properties and rate constants
of chemical reactions will be provided. Elaboration on its potential impact on
research in computational chemistry is also provided.
97.
PHARMCOPHORE IDENTIFICATION USING MASSIVE DISTRIBUTED
COMPUTING. Christopher E. Keefer, Eric C. Bigham, and S. Stanley Young,
GlaxoSmithKline, 5 Moore Drive, Research Triangle, NC 27709,
cek43215@GlaxoWellcome.com
The identification of the binding conformation and key binding features by
inference from binding data rather than crystal structure data is a goal of
pharmaceutical informatics. There is a need for new methods of inference, and
the ability to deal with large data sets in a timely manner. We combine fast
conformation generation, a statistical inference method, recursive partitioning,
and massive distributed computing. The benefit of combining these technologies
is the ability to determine multi-point pharmacophores for large data sets, in
less than a day for over ten thousand compounds using hundreds of desktop
computers.
98.
ACCELERATED PROTEIN FOLDING SIMULATIONS BY THE SELF-GUIDED
POISSON-BOLTZMANN MOLECULAR DYNAMICS. Ray Luo, and Peter A.
Kollman, Department of Pharmaceutical Chemistry, Univ. Calif. San Francisco,
San Francisco, CA 94143-0446, luo@cgl.ucsf.edu
Continuum solvent models have been widely accepted as an efficient treatment
of solvation in computational studies of biochemical systems. However, there
has been no satisfactory treatment of solvation in large biochemical systems
unless the time-consuming Poisson-Boltzmann approach is used. Recently we
implemented an efficient finite difference Poisson-Boltzmann treatment of
solvation and long-range electrostatic interactions for macromolecular simulations. Briefly, solvation forces, and long-range electrostatic forces are computed
from the finite-difference grid. Short-range electrostatic and van der Waals
forces are computed from the conventional particle-particle method with a
nonbonded list. Molecular dynamics simulation with the Poisson-Boltzmann
method has been demonstrated to be robust and efficient for many systems
studied. The Poisson-Boltzmann Molecular Dynamics is only five to six times as
slow as the pure vacuum simulations for the many proteins studied. This is
comparable to the efficiency of the Generalized Born Molecular Dynamics. It is
expected that the Poisson-Boltzmann Molecular Dynamics will be even more
efficient than the pair-wise Generalized Born Molecular Dynamics for larger
systems because the particle-particle particle-mesh approach used. More
importantly, the Poisson-Boltzmann Molecular Dynamics is performed with no
electrostatic cutoff, a very important issue to simulate highly charged systems.
The second part of the talk covers an application of continuum solvent models
in protein folding simulations. Molecular dynamics simulation may provide very

useful insights into protein-folding mechanisms and pathways. However,
brute-force simulations by conventional molecular dynamics with explicit water
molecules is too expensive to achieve this goal. In this study, we used the
Poisson-Boltzmann/Surface Area method to accelerate dynamics simulations. To
improve sampling during dynamics, we took advantage of the fast conformational transitions when a continuum solvent is used. In addition, “self-guided”
forces, as proposed by Wu and Wang, were used to improve transition rate.
Preliminary studies indicate that the current strategy is able to simulate folding
of three small proteins ranging from 23 to 36 residues to native-like folds within
two nanosecond’s simulation time. The main-chain RMSD is in the range of 2 to
4 A for the three small proteins and protein domains. The different and common
features of the folding events observed in the three proteins are compared.
99.
NON-NUCLEOSIDE INHIBITORS OF HIV-1 REVERSE TRANSCRIPTASE BINDING
CALCULATIONS. Zhigang Zhou 1, Marcela Madrid 2, and Jeffry D. Madura 1. (1)
Department of Chemistry and Biochemistry, Duquesne University, 600 Forbes
Av, Pittsburgh, PA 15282, Fax: 412-396-5683, zhou7454@duq.edu, (2)
Pittsburgh Supercomputer Center
Seven non-nucleoside inhibitors were docked in HIV-1 Reverse Transcriptase by
MOE-Dock. When they were docked into their original crystal structures (1VRT,
3VRT and 1RTH) of HIV-1 RT, Neviropine and 105U91⬘s docked structures
agreed very well with their crystal structures with RMS of 0.55 in 3VRT and
0.22 in 1VRT for Neviropine and 0.6 for 105U91. Five new inhibitors, Neotripterifordin and its analogues, were docked into the active sites of two reverse
transcriptase structures (1VRT and 3HVT ) by two force fields (Amber and
MMFF94) using different charge schemes. The docked results show that the two
force fields and different charge schemes gave very similar docked structures.
The docked orientations and positions of the five are very similar with RMS of
0.2-1.5 on atoms of common frame structure. Also they are similar with
Neviropine in the active site. The docked Neotripterifordin interacts with the
residues of Gly-187, Lys-100, Tyr-315 and Leu-231, etc. The calculation give us
useful information on investigation the inhibit mechanism and further calculation
on binding free energy, dynamic behaviors and inhibitor QSAR to design better
inhibitor.
100.
REFINED MODEL OF THE HIV-1 INTEGRASE-VIRAL DNA COMPLEX USED FOR
INHIBITOR DOCKING STUDIES. Yun Tang, and Marc C. Nicklaus, Laboratory of
Medicinal Chemistry, National Cancer Institute, NIH, 376 Boyles Street, Room
205, Frederick, MD 21702, Fax: 301-846-6033, yuntang@helix.nih.gov
HIV-1 integrase (IN) catalyzes the integration of viral DNA into human DNA, a
critical step in HIV infection. Hence IN is seen as an attractive target for AIDS
therapy. In pursuance of IN inhibitors, several classes of compounds have been
found, yet none have become approved drugs so far. A key reason is that we
have little experimental data about the whole enzyme’s structure and how it
binds to viral and human DNA.
In our previous work, we have proposed structural models for the whole
protein and its complexes with viral and human DNA. Here, we report a model
that has been refined further by means of molecular dynamics simulations. We
focus on the IN core domain dimer binding to the viral DNA U5 end, with two
Mg2+ ions at the active site. Using these models, we have studied the interaction mechanism of analogs of recently discovered diketo acid IN inhibitors with
the active site of the complex. Such compounds have been confirmed to bind to
the complex of IN and viral DNA, in a manner that suggests competition with
human DNA. Our model of the inhibitor binding may be helpful for structurebased design of new compounds.
101.
APPLICATION OF THE MM-PBSA METHOD TO COMPUTATION OF FREE
ENERGY DIFFERENCES IN DNA DUPLEXES MODIFIED BY STEREOISOMERS OF
ACTIVATED BENZO[A]PYRENE. Shixiang Yan 1, Nicholas E. Geacintov 1, and
Suse Broyde 2. (1) Department of Chemistry, New York University, New York,
NY 10003, sy8@scires.nyu.edu, (2) Department of Biology, New York University
We have applied the molecular mechanics Poisson-Boltzmann surface area
(MM-PBSA) methodology to elucidate the origins of certain puzzling biophysical
and biological differences between stereoisomeric covalent adducts, derived
from the reaction of metabolically activated benzo[a]pyrene, an environmental
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carcinogen, with DNA. This method for computing free energies of DNA
duplexes has recently been shown to be quite successful, according to experimental benchmarks (Kollman et al., Acc. Chem. Res. 33, 889-897, 2000).
Stereospecific differences in melting temperatures, susceptibility to DNA repair,
conformational heterogeneity, and their base pair sequence context differences,
have been rationalized via molecular dynamics simulations together with free
energy calculations, using AMBER 5.0 with MM-PBSA.

102.
FREE ENERGY CALCULATIONS FOR STEREOISOMERIC DNA ADDUCTS
DERIVED FROM BENZO[C]PHENANTHRENE. Min Wu 1, Shixiang Yan 1, Nicholas
E. Geacintov 1, and Suse Broyde 2. (1) Department of Chemistry, New York
University, New York, NY 10003, mw402@nyu.edu, (2) Department of Biology,
New York University
The MM-PBSA (molecular mechanics Poisson-Boltzmann surface area) method
has recently been successfully used for calculating relative free energies of DNA
duplexes (Kollman et al., Acc. Chem. Res. 33, 889-897, 2000). This methodology has been applied to elucidate the origins of the resistance to repair of
sterically hindered fjord region DNA adducts by the human nucleotide excision
system. Free energies of a pair of stereoisomeric DNA adducts, 1R (+) and 1S
(−)-trans-anti-B[c]Ph-N 6-dA, derived from the reaction of metabolites of the
fjord region polycyclic aromatic carcinogen, benzo[c]phenanthrene, have been
computed. We used AMBER 5.0 to carry out a 2-ns molecular dynamics
simulation, which provided the ensemble of structures for the free energy
analysis. We found that 1R (+) and 1S (−)-trans-anti-B[c]Ph-N 6-dA adducts
have similar free energies, in line with their similar experimental thermodynamic
stabilities and similar susceptibilities to DNA repair.

103.
BASE SEQUENCE EFFECTS IN BENDING INDUCED BY BULKY
CARCINOGEN-DNA ADDUCTS: EXPERIMENTAL AND COMPUTATIONAL
ANALYSIS. Qian Ruan 1, Ping Zhuang 1, Sheng Li 1, Rebecca Perlow 2, A. R.
Srinivasan 3, XiangJun Lu 3, Suse Broyde 2, Wilma K. Olson 3, and Nicholas E.
Geacintov 1. (1) Department of Chemistry, New York University, 29 Washington
Pl. Rm453, New York, NY 10003, Fax: 212-998-8421, qr200@nyu.edu, (2)
Department of Biology, New York University, (3) Department of Chemistry,
Rutgers University
We have carried out a combined experimental and computational investigation
of bending in DNAs covalently modified by carcinogenic metabolites of the
environmental chemical benzo[a]pyrene. We have synthesized a number of
different oligonucleotides containing adducts derived from the tumorigenic
benzo[a]pyrene metabolite, (+)-anti-benzo[a]pyrene diol epoxide, and its (−)-anti
enantiomer, in several different sequence contexts. Our goal is to elucidate the
stereoisomer and sequence dependence of bending induced by the benzo[a]pyrenyl adducts. Experimental gel mobility investigations were carried out, and
these were employed in computer simulations to quantify the deformations of
DNA three-dimensional structure brought about by carcinogen damage. Detailed
calculations of the local atomic motions of model nonamers reveal significant
distortions in the roll angle, i.e., bending into the major groove, at the base-pair
step that is immediately adjacent to the lesion site. Statistical mechanical
computations which link this local structural information to the global features
of DNA responsible for gel mobility provide information on the degree of dimer
and overall bending. We find that the adducts derived from the (+)-anti isomer
are considerably more bent than those derived from the (−)-anti isomer,
regardless of sequence, and that A-T base pairs flanking the lesion site allow for
local flexibility. The differences in bending between the two stereoisomeric
adduct duplexes and the observed base sequence context effects may play a
significant role in the differential processing of these lesions by cellular
replication, transcription and repair enzymes.

104.
CALCULATIONS ON THE FLIP-IN AND FLIP-OUT FORM OF PHOTODAMAGED
DNA. Pierre Tran, and Olaf Wiest, Department of Chemistry & Biochemistry,
University of Notre Dame, Notre Dame, IN 46556-5670
We are interested here in the mechanism of recognition and repair of the
damaged DNA by the enzyme DNA photolyase. Evidence from different methods

(NMR studies, gel shift experiments and computational simulations) have shown
a local deformation of the DNA containing the cis,syn cyclobutane thymine
dimer T<>T. We will present two models of the DNA (flipped-in and flipped-out
structures) containing the T<>T lesion. We and others have shown that the
flipped-out structure is the one relevant for the recognition of photodamaged
DNA by DNA photolyase. The structure and dynamics of the biologically relevant
flipped-out species was elucidated by molecular dynamics calculations using a
modified AMBER force field. The results and their relevance for substrate
recognition by the enzyme will be discussed.

105.
MOLECULAR MODELING OF THE BINDING OF VARIOUS DEOXYURIDINE AND
ANHYDROHEXITOL SUBSTRATES TO THYMIDINE KINASE. S. Scott
Zimmerman, Douglas G. Harris, Jianyin Shao, and Benjamin D. Morrow,
Department of Chemistry and Biochemistry, Brigham Young University, C205
BNSN, Provo, UT 84602-5700, Fax: 801-378-5474, scott_zimmerman@byu.edu
In an earlier study, de Winter and Herdewijn (J. Med. Chem. 1996, 37, 47274737) investigated the binding of various 5-substituted 2⬘-deoxyuridine substrates of thymidine kinase of herpes simplex virus type-1. They used a
computational procedure that achieves good correlation with experimentally
determined IC50 values. We applied an alternative procedure to the same
deoxyuridine substrates, using only two readily calculated quantities—the
binding energy and the molecular surface area. Our simplified method achieves
the same degree of correlation with the IC50 values as did the earlier procedure.
We then applied this procedure to examine the binding and predict the IC50
values of various 5-substituted pyrimidine 1,5-anhydrohexitol substrates of
thymidine kinase.

106.
MOLECULAR MODELING STUDIES OF POTENTIAL INHIBITORS AGAINST
PROTEIN KINASE C. Shunqi Yan, Dina M. Sigano, Marc C. Nicklaus, and Victor
E. Marquez, NCI-FCRDC, National Cancer Institute, NIH, 376 Boyles Street, Bldg
376 RM205, Frederick, MD 21702, Fax: 301-846-6033, yshunqi@helix.nih.gov
Protein kinase C (PK-C) is a family of serine/threonine specific isozymes that are
regulated by phosphorlation, by calcium, and by associaion with phospholipids
and 1,2 - diacylglycerol (DAG). DAG binds to the C1 domain of both classic and
novel members of the PK-C family to activate their downstream pathways. In
this study, a small, focused combinatorial library including all possible variations
of acyl branched alkyl chains from the active diacylglycerol enantiomer (S-DAG)
has been examined using docking and dynamic methods to help identify the
analogue with the highest binding affinity (Ki) for PKC and minimun lipophilicity.
Docking of ligands into an empty C1b domain of PK-C delta clearly showed the
existence of a prefered binding orientation. Furthermore, molecular dynamic
simulations indicate that binding discrimination could arise from a favorable van
der Waals contact between the large-branched sn1 acyl of the ligands and the
aromatic ring of Trp252. The rank of our docking and dynamic results agree
well with the experimentally determined Ki values.

107.
HYDROGEN BOND ANALYSIS OF THE TYPE 1 ANTIFREEZE PROTEIN IN THE
WATER AND THE ICE/WATER INTERFACIAL REGION. Pranav Dalal 1, Jared E.
Knickelbein 2, A. D. J. Haymet 3, and Jeffry D. Madura 1. (1) Department of
Chemistry and Biochemistry, Duquesne University, 308 Mellon Hall, 600 Forbes
Avenue, Pittsburgh, PA 15282, Fax: 412-396-5683, dalal@duq.edu, (2)
Department of Chemistry, Duquesne University, (3) Department of Chemistry
and Institute for Molecular Design, University of Houston
Most computation modeling studies of antifreeze proteins have examined
protein-iceinteractions in vacuuo, neglecting the effects of water. To correctly
understand the interactions at play in these systems, full account of the
environment must be considered. In order to do so, we have computationally
modeled an ice/water interface without any constraints, involving Winter
Flounder Antifreeze Protein Type I (HPLC6) 1. Our molecular dynamics (MD)
simulation results show that with the protein present, the ice/water interfacial
region is ∼15 Å wide. The number of hydrogen bonds between HPLC6 and the
ice/water interfacial region were computed. These values are not significantly
different from the number of hydrogen bonds between HPLC6 and solvent
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water. Thus, there is no gain of hydrogen bonds when HPLC6 desolvates from
the water and interacts with the ice/water interfacial region, supporting the
hypothesis that the interaction between the antifreeze protein and the ice/water
interfacial region is not driven by hydrogen bonding.
108.
QUINONE INHIBITORS DOCKING STRUCTURES IN ITS OXIDOREDUCTASE AND
BINDING FREE ENERGY CALCULATIONS. Zhigang Zhou 1, Owen A. Moe 2, and
Jeffry D. Madura 1. (1) Department of Chemistry and Biochemistry, Duquesne
University, 600 Forbes Av, Pittsburgh, PA 15282, Fax: 412-396-5683,
zhou7454@duq.edu, (2) Department of Chemistry, Lebanon Valley College
Eight quinone inhibitors, Duroquinone and its analogues, were docked in
Quinone Oxidoreductase (1DXO). The “best” docked comformation and position
of Duroquinone agree very well with its crystal structure with RMS <0.01 .
Using the docked structures of these quinones, the relative binding free energy
were calculated by the method proposed by Shen and Qhiocho. If the dielectric
constant of 3 was used in calculation, the correlation between the calculated and
experimental binding free energy of seven active quinones is 0.81 (R2). The
only except is the 9,10-anthraquinone, which is inactive in experiment, seemly
being active in the calculation from the calculated free energy. From docked
structure, it is found that all docked quinones parallel with co-factor, FAD, with
the rough distance of 3.6Å (all quinones have same distance to FAD). The
carbonic oxygens of quinones form hydrogen bonds with hydroxyl groups on
residues of Tyr-126 and Tyr128. Also they can form hydrogen bonds by a water
molecule bridge on each side. This calculated results help use to understand the
binding mechanism of quinones in Quinone Oxidoreductase.
109.
MOLECULAR SIMULATION OF HAMMERHEAD RIBOZYME: I. SOLUTION
STRUCTURE OF DIFFERENT STAGES OF THE CLEAVAGE REACTION. Evelyn A.
Mayaan, Brent A. Gregersen, and Darrin M. York. Department of Chemistry,
University of Minnesota, 207 Pleasant St. S.E, Minneapolis, MN 55455,
mayaa001@tc.umn.edu
Hammerhead Ribozyme (HHR) is a small self-cleaving RNA under study as a
model for RNA catalysis. Although many questions about its mechanism remain,
crystallographic structures representing various stages of the cleavage reaction
offer insight into the possible details. There is some concern about the degree
to which the crystal structures reflect the HHR structure in solution, and how
these differences might influence the proposed mechanism. To address these
questions, we have performed a series of molecular dynamics simulations
starting from recent crystallographic data of a native state, a metal-ion bound
inactive form, a catalytically trapped intermediate, and a recently published
enzyme-product complex. All simulations were performed using the CHARMM
C27 force field for nucleic acids in the NPT ensemble with periodic boundary
conditions and Particle Mesh Ewald method for electrostatics. The structure and
dynamics of HHR with solvent and ions were analyzed and compared to
available experimental data.
110.
MOLECULAR SIMULATION OF HAMMERHEAD RIBOZYME, II: THE EFFECT OF
SALT CONCENTRATION ON STRUCTURE AND DYNAMICS. Brent A. Gregersen,
Evelyn A. Mayaan, and Darrin M. York. Department of Chemistry, University of
Minnesota, 207 Pleasant St. S.E, Minneapolis, MN 55455,
gregerse@chem.umn.edu
Much research has been devoted to understanding the catalytic process in the
hammerhead ribozyme, an RNA molecule that undergoes self-cleavage in the
presence of certain divalent metal cations. X-ray crystallographic studies indicate
the ribozyme undergoes a large conformational change from the native form
upon metal ion binding. Recently it has been discovered that high concentrations of monovalent cations also catalyze the phosphodiester isomerization;
however, the details of the mechanism and role of the ions have not been
resolved. To characterize the structure, dynamics and metal ion binding, we
have performed a series of molecular dynamics calculations of the hammerhead
ribozyme under low, medium and high salt conditions. All simulations were
performed in the NPT ensemble using periodic boundary conditions, using the
CHARMM C27 force field for nucleic acids and the particle mesh Ewald method
for electrostatics. The resulting trajectories are compared to each other and to
available experimental data.

111.
BRIDGED BINUCLEAR METAL MOTIF. Petra Munih 1, Martin Karplus 2, Gregory
A. Petsko 3, and Dagmar Ringe 3. (1) Program of Biophysics and Structural
Biology, Brandeis University, The Rosenstiel Basic Medical Sciences Research
Center, Waltham, MA 02454, munih@tammy.harvard.edu, (2) Dept. of Chem. &
Chem. Biol, Harvard University, (3) Rosenstiel Basic Medical Sciences Research
Center, Brandeis University
The “bridged binuclear metal” motif appears in a number of hydrolytic metalloenzyme active sites. It consists of two metal cations (usually divalent) bridged
by an endogenous ligand (usually a carboxylate, coordinating the metals in a
bidentate fashion), an exogenous one (a water molecule, a substrate, hydroxide)
or both. In most of these enzymes, the motif has been found to be critical for
catalysis.
We have investigated the role of the “bridged binuclear metal” motif with
Mg2+ as the metal by simple and general (non-enzyme specific) ab-initio (DFT).
Subsequently, an aminopeptidase substrate analog was added to the motif to
describe a prototype amide hydrolysis reaction with Zn2+ and Mg2+ as the
metals. Their respective coordination spheres were completed by terminal water
ligands. Implications of the results for understanding the role of the motif are
discussed.
112.
THEORETICAL STUDIES ON ZINC BINDING SITE OF HDLP PROTEIN. Di-Fei
Wang, Olaf G. Wiest, and Paul Helquist, Department of Chemistry and
Biochemistry, University of Notre Dame, Notre Dame, IN 46556, dwang@nd.edu
Zinc is a crucial metal in many biological systems. In catalytic sites of Znproteases, the zinc ion usually coordinates to His, Glu, Asp and Cys. The
prevailing geometry is tetrahedral. The recent X-ray elucidation of HDLP protein
shows that it contains one His, two Asp and one water in the active site. Unlike
other Zn-proteases, the zinc center seems to be neutralized by two negative
charged Asp. So how strong is the ligand binding affinity? In this work, we will
present our B3LYP calculation to investigate the ligand binding preference and
affinity of several kinds of ligands in the zinc binding site of HDLP protein.

113.
ENZYME CATALYZED ESTER HYDROLYSIS IN HALOALKANE DEHALOGENASE:
A COMBINED QM/MM STUDY. Lakshmi S. Devi Kesavan, and Jiali Gao,
Department of Chemistry, University of Minnesota, 207, Pleasant st SE, Smith
Hall, Minneapolis, MN 55455, kesavan@chem.umn.edu
Haloalkane Dehalogenase catalyzes the dehalogenation of haloalkanes via a
two-step process. The first step involves a SN2 displacement reaction in which
the carbon-halogen bond is cleaved forming a covalently bound ester intermediate and a halide ion. The ensuing step involves the ester hydrolysis forming an
alcohol product. The focus of our present work is to study the second step
namely, hydrolysis of the ester intermediate. Ester hydrolysis is a frequently
encountered chemical step in many enzymatic reactions. In Dehalogenases, the
ester is proposed to undergo a base hydrolysis, in which one of the catalytic
triad residue (His289) activates a crystallographic water molecule in the active
site, which subsequently hydrolysis the ester intermediate (Figure). The alcohol
is released from the active site followed by the halide ion. We have used a
combined QM/MM methodology, to understand the mechanism of ester
hydrolysis, whether it is a concerted process or a step-wise mechanism.
Specifically, we have mapped a two-dimensional potential energy surface to
address this issue.
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114.
MIXED QUANTUM/CLASSICAL MOLECULAR DYNAMICS SIMULATIONS OF
HYDRIDE TRANSFER IN DIHYDROFOLATE REDUCTASE. Pratul K. Agarwal,
Salomon R. Billeter, and Sharon Hammes-Schiffer, Department of Chemistry,
The Pennsylvania State University, University Park, PA 16802,
pagarwal@shspc1.chem.psu.edu
Dihydrofolate reductase (DHFR) catalyzes the reduction of folate or dihydrofolate
(DHF) to tetrahydrofolate (THF). Experimental studies of hydride transfer in
DHFR indicate a link between the protein dynamics and enzymatic activity.
We are studying the hydride transfer reaction catalyzed by DHFR with mixed
quantum/classical methods. An empirical valence bond (EVB) approach is
implemented to obtain the potential energy surface for the solvated ternary
complex consisting of the complete protein, the cofactor nicotinamide adenine
dinucleotide phosphate, and the substrate DHF. We are investigating the
quantum dynamical effects with the molecular dynamics with quantum transitions (MDQT) method, in which the transferring hydrogen nucleus is treated
quantum mechanically. The MDQT method is combined with a reactive flux
approach to calculate the transmission coefficient and to analyze the real-time
dynamics of reactive trajectories. This study provides information about the
effect of protein dynamics on the hydride transfer reaction.

115.
GAS-PHASE MODELS OF ENZYME-SUBSTRATE INTERACTIONS: THE EFFECTS
OF HYDROGEN-BONDING INTERACTIONS ON SUBSTRATE IONIZATION
POTENTIALS. Dennis S. Marynick, Gary R. Kinsel, Sor Koon Goh, Edet F.
Archibong, and Jon Hardesty, Department of Chemistry and Biochemistry,
University of Texas at Arlington, 502 Yates St., Arlington, TX 76019-0065, Fax:
817-272-3808, dennis@uta.edu
We present a gas phase model of a hydrogen bonded protein-substrate
complex, and we use this model to address the following fundamental question:
How can protein-substrate interactions modulate the redox potentials of a bound
substrate? Our model system is (pro)nDHB (pro=proline, DHB=2,5-dihydroxybenzoic acid, n=0, 1, 2 or 4). Experimentally, clusters of DHB with proline have
been generated in the gas phase by laser desorption and their ionization
potentials have been measured. The computational approach involves initial
exploration of the cluster potential energy surfaces via force field techniques,
followed by high-level density functional calculations that quantitatively reproduce the experimental ionization potentials. We find that the IPs of these
clusters, which are associated with ionization from the  system of the DHB
and are closely related to oxidation potentials, are dramatically lowered, from
8.054 eV in unassociated DHB to 6.97 eV in the (pro)nDHB complex. Further,
we demonstrate that the IP lowering in the larger clusters is primarily due to an
inductive effect, with secondary contributions from spin delocalization. Our
model represents the first gas-phase mimic of a protein-substrate complex, and
offers a unique opportunity to evaluate the subtleties of protein-ligand interactions in the absence of solvent.

116.
QUANTUM MECHANICAL/MOLECULAR MECHANICAL STUDY USING GAUSSIAN
CHARGES AND THE DOUBLE LINK ATOM METHOD. Debananda Das, Bernard
R. Brooks, and Eric M. Billings, Laboratory of Biophysical Chemistry, National
Heart, Lung and Blood Institute, National Institutes of Health, 12 South Drive,
MSC 5626, Bethesda, MD 20892, debdas@helix.nih.gov
Hybrid quantum mechanical and molecular mechanical (QM/MM) calculations
are becoming popular in the investigation of reaction mechanisms of macromolecules. While studying enzymatic reactions using QM/MM methodology, the
immediate vicinity of the enzyme undergoing the reaction is modeled by
quantum mechanics while the rest of the enzyme and its environment is treated
by molecular mechanics. The quantum region can be treated at different levels
of sophistication, depending on the complexity of the active site of the enzyme.
The molecular mechanical region can be treated by different force fields. We
have used a gaussian function to spread out the molecular mechanics charges.
One link atom each has been used on the quantum and molecular mechanics
regions to saturate the valencies. Effect of the link atoms and gaussian blur on
the dipole moment is discussed. Calculations on some model systems will be
presented.

117.
RECENT DEVELOPMENTS TOWARDS A NEW DFT-BASED MANY-BODY
MOLECULAR SIMULATION FORCE FIELD. Kevin Range, and Darrin M. York,
Department of Chemistry, University of Minnesota, 207 Pleasant St. SE,
Minneapolis, MN 55455, range006@tc.umn.edu
Chemical potential equalization (CPE) is a density-functional based method that
provides a description of electron density responses in molecular simulations.
The method incorporates naturally the chemical concepts of hardness and
electronegativity, and models many-body exchange effects, polarization and
charge transfer.
A database of biomolecular fragments has been developed from which the
parameters in the CPE method are fitted to high-level DFT results for conformational changes and responses to applied field perturbations. The variational
fitting technique combines a new method for introducing finite-field perturbations called the orthogonal perturbation response approach (OPRA) with a
non-linear optimization procedure for determination of the CPE parameters. This
is a first step towards the development of a new-generation many-body force
field for biomolecules.
118.
NEW DEVELOPMENTS IN A GENERAL CHEMICAL POTENTIAL EQUALIZATION
FORCE FIELD. Timothy J. Giese, and Darrin York, Department of Chemistry,
University of Minnesota, 207 Pleasant St., SE, Minneapolis, MN 55455,
giese025@tc.umn.edu
Chemical potential equalization (CPE) is a potential energy model for molecular
simulations that treats coupled polarization, charge transfer and many-body
exchange. Consequently, it is a promising model for the development of
transferable molecular force fields where a high degree of charge-charge
interactions play a dominant role. In this paper, two important aspects of the
CPE model are studied: 1) many-body exchange effects in rare gas clusters, and
2) the scaling of the polarizability for a series of polymers and water chains. In
the former, a new multi-coefficient ab initio method for calculating interactions
in rare gas clusters is introduced, and the resulting data is used to parameterize
a CPE model. In the latter, a modified CPE model is introduced that improves
the scaling behavior of the polarizability for polymer systems. Results of
experimental and ab initio polarizabilities as a function of polymer length are
studied and compared.
119.
QUANTUM MECHANICAL CHARACTERIZATION OF NUCLEIC ACIDS: A
LINEAR-SCALING SEMIEMPIRICAL STUDY OF CHARGE FLUCTUATIONS IN DNA
AND RNA. Jana Khandogin, and Darrin M. York, Department of Chemistry,
University of Minnesota, 207 Pleasant St. SE, Minneapolis, MN 55455-0431,
Fax: 612-626-7541, khan0115@tc.umn.edu
Atomic partial charges are often used as quantitative structure activity relationship (QSAR) type descriptors containing information about the electrostatic
distribution of biological macromolecules. Static charges from molecular
mechanics force fields are useful approximations; however, they do not explicitly
account for effects due to the electronic polarization, nor do they allow fluctuations due to the variance in local conformation. In the present paper a linearscaling semiempirical method combined with a new smooth conductor-like
screening model (COSMO) is applied to study atomic charge fluctuations (using
the CM2 charge model) in canonical A and B forms of DNA and RNA. The
influence of the electronic environment, solvent-induced polarization and
conformational dependence of atomic charges are investigated with both AM1
and PM3 Hamiltonians. Finally, new linear-scaling quantum indices for macromolecular characterization and QSAR are introduced including atom-partitioned
local softness functions and surface maps of the local hardness.
120.
DEVELOPMENT OF AN AB INITIO DATABASE FOR BIOLOGICAL PHOSPHATE
HYDROLYSIS. Sacha Zl. Zlatkova 1, Kevin Range 1, Xabier Lopez 2, and Darrin
York 1. (1) Department of Chemistry, University of Minnesota, 207 Pleasant St.,
SE, Minneapolis, MN 55455, range006@tc.umn.edu, (2) Kimika Fakultatea,
Euskal Herriko Unibertsitatea, P.K. 1072, San Sebastian 20080, Spain, Fax:
+34-943-21-22-36, poplopex@sq.ehu.es
RNA catalysis is one of the most important biological reactions, and also one of
the most challenging to model with theoretical techniques. Hybrid quantum
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mechanical/molecular mechanical methods have been demonstrated to be
extremely useful in providing atomic-level details about enzymatic reactions. In
the case of biological phosphate hydrolysis, the problem is complicated by the
high degree of charge-charge interactions, large system size, involvement of
metals ions, and d-orbital chemistry associated with phosphorus. This paper
presents steps toward the development of a new semiempirical Hamiltonian for
QM/MM calculations of RNA catalysis: the construction of a systematic ab initio
database of model biological phosphate hydrolysis reactions based on densityfunctional theory with hybrid functionals and large basis sets. The parameterization method and new semiempirical Hamiltonian forms are briefly outlined.
121.
NEW SEMIEMPIRICAL SPECIFIC REACTION PARAMETER HAMILTONIAN FOR
BIOLOGICAL PHOSPHATE HYDROLYSIS. Xabier Lopez, Kimika Fakultatea,
Euskal Herriko Unibertsitatea, P.K. 1072, San Sebastian 20080, Spain, Fax:
+34-943-21-22-36, poplopex@sq.ehu.es, Sacha Zl. Zlatkova, Department of
Chemistry, University of Minnesota, and Darrin M. York, Chemistry, University of
Minnesota
Hybrid quantum mechanical/molecular mechanical (QM/MM) methods for
studying reactions that involve the hydrolysis of phosphates in biological
systems are extremely important and equally challenging. The size of the
necessary quantum region that may involve, in addition to a phosphate, a sugar
ring and one or more solvated metal ions, often precludes an ab initio treatment
at a sufficient basis set levels. This difficulty is compounded by often very
complex reaction coordinates that require significant conformational sampling.
Some methods such as empirical valence bond methods strive to overcome
this. In the present paper we describe steps to directly improve both the form
and parameterization of the semiempirical model Hamiltonian such that results
of large basis set ab initio reaction profiles are accurately reproduced for around
1/1000 of the computational cost. The main focus is to describe in detail the
parameterization procedure and present the quality of the fitting results. The
dataset itself is detailed in another paper and only briefly described.
122.
THEORETICAL STUDY OF OXIDATION TO DIALKYL SULFIDE AND OXYGEN
INSERTION REACTION TO TRI METHYL SILANE BY METHYLOXORHENIUM
CATALYST. A. Yoshikawa, M. S. Gordon, H. Tan, and J. H. Espenson,
Department of Chemistry, Iowa State University, 201 Spedding, Ames, IA 50011,
Fax: 515-294-5204, yoshi@si.fi.ameslab.gov
The rhenium peroxide, CH3ReO3 (MTO), is an effective catalyst of oxidation, and
hydrogen peroxide and MTO form CH3ReO2(O2) and CH3ReO(O2)2. In experiment, CH3ReO(O2)2 reacts with SEt2 faster than with SPh2 by about100 times,
while the rate of reaction of CH3ReO(O2)2 and HSiEt3 is similar to that of
CH3ReO(O2)2 and HSiPh3. Our calculation results shows that the reactant is
water-coordinated CH3ReO(O2)2(H2O) when the substrate is SEt2, and that the
transition state has an interaction between an oxygen atom in an O2 ligand and
a water molecule transferred from the water ligand in the reactant. However, in
other reactions, because the water transfer does not occur, the actual reactants
are just a non-water-coordinated compound, CH3ReO(O2)2. The calculations
predict that CH3ReO(O2)2(H2O) is more stable than CH3ReO(O2)2 by 6 kcal/mol.
Therefore, the experimental and computational results are consistent with each
other.
123.
DE NOVO LIGAND DESIGN APPLIED TO CHIRAL RECOGNITION OF OLEFINS BY
CYCLOPENTADIENYL COMPLEXES OF RHENIUM. David P. White 1, Aaron M.
Gillespie 1, and Matthew L. TenHuisen 2. (1) Department of Chemistry,
University of North Carolina at Wilmington, 601 S. College Rd, Wilmington, NC
28403, Fax: 910-962-3013, whitedp@uncwil.edu, amg9011@uncwil.edu, (2)
Department of Mathematics and Statistics, University of North Carolina at
Wilmington
Gladysz has shown that fragments of the type [( 5-C5H5)Re(PPh3)(NO)]+
stereoselectively bind prochiral unsaturated species. Steric effects, specifically
the nonbonded repulsion between ligands on Re and substituents on the
unsaturated species, are thought to give rise to the stereoselective binding. In
this poster, we present the use of molecular mechanics to model these steric
effects in the binding of [(5-C5R5)Re(L)(NO)]+, R=H, Me; L=PPh3, PMe3 to
prochiral ␣–olefins. Steric interactions are analyzed by computing ligand

repulsive energies for the olefin in [(5-C5R5)Re(L)(NO)]+ environment . Low
energy structures with low ligand repulsive energies are submitted to SemiEmpirical Quantum Mechanics (SEQM) optimization using PM3tm, and ligand
repulsive energies re-computed. Finally, DFT calculations are performed on all
low energy structures from the PM3tm calculations. Ligand repulsive energies of
the olefins in the [(5-C5R5)Re(L)(NO)]+ environment will be compared for MM,
SEQM, and DFT structures.
124.
OXYGEN ATOM SELF-EXCHANGE REACTIONS OF IRIDIUM AND OSMIUM
COMPLEXES. Olaf Wiest, Sonja B. Braun-Sand, Kevin C. Fortner, David S.
Laitar, and Seth N. Brown, Dept. of Chemistry & Biochemistry, University of
Notre Dame, Notre Dame, IN 46556-5670, Fax: 219-631-6652, owiest@nd.edu,
sbraunsa@nd.edu
Molecular oxygen, O2, is an economical and environmentally friendly oxidant for
organic complexes. The reactions are generally sluggish, and new ways to
catalyze them are being sought after. While investigating Wilkinson’s terminal
oxo complex of iridium, (mes)3Ir=O (mes=mesityl) as a catalyst for the
oxidation, it was found that the intermetal atom transfer between (mes)3Ir=O
and (mes)3Ir was extremely fast. In comparison, the intermetal transfer reaction
between analogous osmium complexes (ArN)3Os and (ArN)3Os=O (Ar=aromatic
group) is very slow. This is surprising because in general, the osmium and
iridium complexes have very similar reactivities. The reasons for the difference
in exchange rates were investigated using ab initio calculations with hybrid
density functional methods.
125.
DFT AND MOLECULAR DYNAMIC STUDY OF THE SCN, TIN AND VN
MATERIALS. Norge Cruz Hernandez Sr., and Javier Fernandez Sanz Sr., Dpto.
Quimica Fisica, University of Seville, Facultad de Quimica, calle: Prof. Garcia
Gonzalez, Sevilla 41012, Spain, Fax: 34-95-455-7174, norge@cica.es
Transition-metal carbides and nitrides, commonly referred to as refractory hard
metals, possess an unusual combination of physical and chemical properties
which make them attractive both from a fundamental and technological point of
view. Despite the richness of the experimental and theoretical results we still
lack a complete theoretical description of the various interesting properties of
this systems. In the present work, results of self-consistent band-structure
calculations for three compounds MN are reported, where M denotes Sc, Ti, or
V. For the calculations, stoichiometric composition is assumed. A first-principles
density functional study of the structure of bulk and MN (001) face are reported.
The surfaces are described by means of a 2 × 2 cell five layers thick. In our
calculation we have shown that metal atoms contract into the bulk and N atoms
expand out to the vacuum region a mount of 0.033, 0.188 and 0.249 A for the
cases ScN, TiN and VN, respectively; comparing with the first plane metals
atoms. The calculations were carried out using the Perdew-Wang 91 exchange
correlation functional and ultra soft pseudopotentials, with valence orbitals
represented by a plane-wave expansion. On the other hand, with the aim of
simulating a more real characteristic of the material, including a big number of
atoms, the classical dynamic simulation were done. In this way, the interaction
potentials (M-N, M-M and N-N) were obtained for simulation of this kind of
materials. The potentials were obtained from DFT periodic calculation using a
new method of separation of the interaction of two films of atoms. The radial
distribution function were obtained and are in agreement with experimental
results. On the other hand, the surface structure characteristics are simulated
using classical molecular dynamics. The classical simulations involved the
simultaneous displacements of the 512 atoms used to simulate the bulk and
1024 atoms to simulate the surface. The calculations were performed using the
code VASP in first principle calculation and DL_POLY for classical dynamic.
126.
MODELING OF TECHNETIUM COMPLEXES USING SEMIEMPIRICAL QUANTUM
MECHANICS TECHNIQUES. Thomas Cundari, and Corneliu Buda, Chemistry,
CROMIUM, University of Memphis, J. M. Smith Chemistry Building, 3744
Walker Avenue, Memphis, TN 38152-6060, Fax: 901-678-3447,
tcundari@memphis.edu, cbuda@memphis.edu
Technetium-99m radiopharmaceuticals are very popular in nuclear medicine for
the imaging of internal organs. The development of Tc radiopharmaceuticals is
especially focused on complexes where ligands are chosen as a function of the
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structure, kinetic inertness, and overall molecular charge in order to target
specific organs. The chemistry of Tc is also important with regards to nuclear
waste remediation. Semiempirical quantum mechanics (SEQM), for example
PM3(tm), entails a compromise between accuracy and computational demands.
However, geometry optimizations can be done in orders of magnitude less time
than ab initio techniques, thus permitting the study of large and realistic
complexes. PM3(tm) calculations were performed for 202 Tc compounds from
the Cambridge Crystallographic Data Centre (CCDC). These compounds have
wide diversity of ligands (hard and soft donors), -1 to 7 oxidation states and 3
to 7 coordination number for central metal atom (Tc). Despite the chemical
diversity of Tc compounds, good modeling was achieved in a fraction of time
compared to ab initio techniques.
127.
EFFECTIVE CORE POTENTIAL STUDY OF THE SUZUKI CROSS-COUPLING
REACTION. Yong Zhao, and Thomas R. Cundari, Department of Chemistry,
University of Memphis, Univ. of Memphis, Memphis, TN 38152,
yongzhao@memphis.edu
The Suzuki coupling reaction is one of the fundamental organic synthetic
transformations for the formation of carbon-carbon bonds. The process works
well in the presence of a wide range of functional groups. This research focuses
on modeling of the catalytic cycle, including oxidation addition, transmetallation
and reductive elimination. Effects of different aryl substiuents (Br, I, Triflate, Cl)
have been explored. Two possible transition states, four- and five-coordinated,
are compared. In this study, the effective core potentials (ECPs) of Stevens et
al. have been employed in conjunction with the:B3LYP hybrid functional.
Transition metal-boron complexes have been proposed as intermediates in some
Suzuki-type couplings and their chemistry is also explored.
128.
COMPUTATIONAL STUDIES ON HYDROGEN BONDS CONTAINING
METAL-TETRAHALIDE ANIONS. Ronald F. See, and Marybeth Faught,
Department of Chemistry, Indiana University of PA, Weyandt Hall, Indiana, PA
15705, Fax: 724-357-5700, rfsee@grove.iup.edu, 1c2h3l4e@forspeed.com
The metal-tetrahalide anions [MX4]2- (where x=Cl or Br) are of considerable
interest in materials science, due to their potential to act as structural scaffolds
through hydrogen bond interactions. [MX4]2- anions can be tetrahedral or
square planar, depending on the metal involved, and this gives these anions
considerable flexibility in their crystal engineering properties. Suggestive
evidence of these hydrogen bonds has been collected through database studies,
but the actual energy of these interactions is not known. Our laboratory has
undertaken computational studies, at the B3LYP / LACVP* level, to determine
the energy and directionality of the hydrogen bond interactions between the
[MX4]2- anions and typical hydrogen bond donors such as CH3OH, CH3NH2,
C2H6 and C6H6. Preliminary results indicate that the hydrogen bond energy to
the [ZnCl4]2- anion is intermediate between hydrogen bonds involving the
chloride anion and the chlorine atom in CH3Cl.
129.
INVESTIGATION OF THE ELECTRONIC STRUCTURE OF
[MN4O3CL(O2CH)3(NH3)3], A MODEL OF A “SINGLE MOLECULE MAGNET”. Ted
A O’Brien, and Ernest R. Davidson, Chemistry Department, Indiana University,
800 E. Kirkwood Avenue, Bloomington, IN 47405, Fax: 812-856-4244,
teobrien@indiana.edu
Polynuclear manganese complexes have attracted attention as “single molecule
magnets” because they exhibit slow magnetic relaxation at low temperature.
This arises from appreciable magnetic anisotropy in a ground state with
large spin multiplicity, leading to a substantial potential energy barrier for
reversal of the magnetic moment. The complex [Mn4O3Cl(O2CMe)3(dmb)3]
(dmb=dibenzoylmethane), for example, has a ground state spin multiplicity of
9/2 and a large anisotropy due to zero-field splitting of the manganese energy
levels. This complex is also a potential model for the water oxidation center in
photosystem II, which is thought to have four manganese centers ligated by
oxygen and chlorine. Molecules such as [Mn4O3Cl(O2CMe)3(dmb)3] pose a
considerable challenge for theory because of the presence of multiple transition
metal ions, large numbers of unpaired electrons, and intermediate spin ground
states. We present results for the geometry and electronic structure of the
model complex [Mn4O3Cl(O2CH)3(NH3)3] obtained with density functional theory,

ab initio, and semiempirical methods. Connections between electronic wavefunctions and empirical models for the energies of spin states based on the
Heisenberg spin Hamiltonian have also been investigated.
130.
CURING DIFFICULT CASES IN MAGNETIC PROPERTIES PREDICTION WITH
SIC-DFT. Serguei Patchkovskii, and Tom Ziegler, Department of Chemistry,
University of Calgary, 2500 University Drive N.W, Calgary, AB T2N 1N4, Canada,
patchkov@ucalgary.ca, ziegler@ucalgary.ca
The Perdew-Zunger self-interaction correction (SIC) was implemented selfconsistently within a molecular DFT program, using the Krieger-Li-Iafrate (KLI)
approximation to the optimized effective potential. Both local and gradientcorrected exchange-correlation functionals are supported. The computationally
efficient implementation relies on the fitting of orbital densities for the evaluation
of orbital Coulomb potentials. The SIC-DFT technique is applied to the calculation of NMR parameters in representative small molecules, containing C, H, N,
O, F, Si, and P. Removal of self-interaction leads to a substantial improvement
in the calculated isotropic chemical shifts for N, O, and F, where SIC-VWN holds
an advantage over both local (VWN), and gradient-corrected functionals (BP86,
revPBE). For C and Si isotropic chemical shifts, which are well described by the
gradient-corrected functionals, SIC functionals performs as well as BP86 or
revPBE. For phosphorus and hydrogen, SIC-GGA functionals offer substantial
advantage over both SIC-VWN, and classic GGA functionals.
131.
BINDING OF ␤-SHEET BREAKER PEPTIDES ON AMYLOID ßA PEPTIDE
FRAGMENTS. Tamas Kortvelyesi 1, Carlos J. Camacho 1, Csaba Hetenyi 2,
Botond Penke 2, and Sandor Vajda 1. (1) Department of Biomedical Engineering,
Boston University, 44 Cummington Street, Boston, MA 02215, kortve@bu.edu,
(2) Institute of Medicinal Chemistry, University of Szeged
The onset of the Alzheimer’s disease is the aggregation of the ß-amyloid (ßA)
peptide which are produced in the brain forming plaques containing 50-100
parallel and/or antiparallel ß-pleated sheet structure. Short - ß-sheet breaker
(BSB) - peptides can bind specifically to ßA peptide to hinder the formation of
plaques. The binding sites of Tjernberg’s (KLVFF) and Soto’s (LPFFD) peptide on
the ßA(1-43) peptide and its fragments (ßA(30-42) and ßA(6-34)) was determined by flexible docking methods (AutoDock and DOCK). The sequence
KLVFFAE of the ßA peptide was found to be active in the interaction with
Tjernberg’s peptide as reported in Ref. [1]. However, we also found other
potential regions of interaction with better scores, which indicates, that Tjernberg’s peptide may act on different sites of the ßA, especially on the C-terminus.
The binding site of the Soto’s peptide was found at the residues YEVH of
ßA(6-34) sequence. The difference in the binding free energies at different
binding sites were calculated by implicit solvation models using CHARMM and
AMBER parameters. The change of the interactions between the BSB peptides
and ßA peptide fragments were analyzed on the basis of MD simulations using
AMBER and GROMACS.
132.
THREADING AND ALIGNMENT USING COMPOSITE PREDICTED SECONDARY
STRUCTURE AND MULTIPLE STRUCTURE ALIGNMENT. Yuling An, and Richard
A. Friesner, Department of Chemistry, Columbia University, 3000 Broadway, New
York, NY 10027, Fax: 212-854-7454, yuling@chem.columbia.edu
We describe a new method using composite secondary structures (SS) from
different predictions and multiple structure alignments from CE[] in recognizing
a low sequence identity, structural homologue of a target protein and aligning
them correctly. In the first step, we enumerate and cluster all the different
predicted SS segments, building a composite SS for a given target-template
pair. Candidate templates are identified based on matching between composite
SS of the target and true SS (from DSSP) of a template as well as their amino
acid sequences. For each of the high-scoring template, a family of composite
templates is generated based on structure-structure alignments to similar folds
in CE. A set of composite templates are derived by fixing conserved regions and
enumerating variable regions within each family. In the refined alignment, SS
segment is overwritten under certain penalty when aligned to a conserved
region; this can potentially correct mistakes made uniformly in all the predicted
SS used. Gap penalty is set high since insertion and deletion can be counted for
when aligning to all the composite templates.
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133.
HYDROPHOBIC RATIO: A NEW INDICATOR FOR MOLECULAR DYNAMICS
STUDY OF PROTEIN FOLDING? Ruhong Zhou, and B. David Silverman, Thomas
J Watson Research Center, IBM, Route 134 & PO Box 218, Yorktown Heights,
NY 10598, ruhongz@us.ibm.com
It is generally accepted that globular proteins fold with a hydrophobic core and
a hydrophilic exterior. Might the spatial distribution of amino acid hydrophobicity exhibit common features? The hydrophobic profile detailing this distribution
from the protein interior to exterior has been examined. A second-order
hydrophobic moment has provided a simple measure of the spatial variation. As
the distance from the interior increases, the moment increases with positive
value over a spatial range before rapidly decreasing and becoming strongly
negative. Such relatively smooth spatial variation of the second-order moment
and consequent change of sign enables the identification of a quasi-invariant
hydrophobic-ratio of distances that is comparable for all of the native structures.
This hydrophobic-ratio is then used in molecular dynamics as an indicator for
detecting unfolding/folding pathways and native-like structures. Several representative proteins have been studied in molecular dynamics unfolding simulations, and the new indicator has been compared with other quantities commonly
used in molecular dynamics or Monte Carlo simulations, including RMSD from
native structure, radius of gyration, fraction of native contacts, etc. The results
show that this new indicator is much more sensitive and useful than those
commonly used ones.
134.
THREE DIMENSIONAL STRUCTURE OF A TRUNCATED, ZINC-BOUND
KININOGEN DOMAIN 5 PREDICTED BY THREADING AND MOLECULAR
DYNAMICS SIMULATION. Ganesh A. Kumar 1, Keith R. McCrae 2, and
Yuan-Ping Pang 1. (1) Department of Molecular Pharmacology and Experimental
Therapeutics, Mayo Clinic and Foundation, 200 First Street SW, Rochester, MN
55905, Fax: 507-284-9111, (2) Hematology-Oncology Division and Department
of Medicine, Case Western Reserve University School of Medicine
High molecular weight kininogen (HKa) domain 5 is reportedly a zinc dependent
inhibitor of angiogenesis. To characterize specific regions of HKa domain 5 with
anti-angiogenic activity for insights into development of peptidic and nonpeptidic
mimetics of HKa domain 5 with potential use as anticancer drugs, we set out to
predict the three dimensional structure of HKa domain 5. Herein we report a
hypothetical three dimensional model of a truncated, zinc-bound HKa domain 5
(R409-K497) predicted by threading and molecular dynamics simulation using
the cationic dummy atom approach and the comparison of this model with the
X-ray structures of endostatin.
135.
ANTECHAMBER: AN ACCESSORY SOFTWARE PACKAGE FOR MOLECULAR
MECHANICAL CALCULATIONS. Junmei Wang, Wei Wang, and Peter A. Kollman,
Department of Pharmaceutical Chemistry, University of California, San Francisco,
CA 94116-044
We present a set of auxiliary programs for molecular mechanic (MM) studies.
This software package is devoted to solve the following problems during the
MM calculations: (1) recognizing the atom type automatically; (2) judging the
atomic equivalence automatically; (3) generating residues description file
automatically; (4) finding the missing force field parameters and supply
reasonable and similar substitutes. As an accessory software package of
AMBER5, antechamber can be applied to generate the proper input files of
Resp, Prep and Link automatically and quickly. Using a simple script file, one
can also run these programs in sequent for molecules in a database on the fly.
Other functions of antechamber including: (1) generate the lone pairs for O, N
and S atoms; (2) perform file format conversion. With this software package,
one can also generate the residue topology file for other two popular MM
package: CHARMM and GROMOS.
136.
COMPARISON OF HYBRID MONTE CARLO AND LANGEVIN DYNAMICS FOR
CONFORMATIONAL SAMPLING. Katarzyna Bernacki, Department of Chemistry,
Columbia University, Havemeyer Hall, New York, NY 10027,
bernacki@chem.columbia.edu
The relative efficiency of Hybrid Monte Carlo and Langevin dynamics simulations
for exploring conformational space is examined. Both methodologies are

implemented using a multiple-time-step protocol. The methods are evaluated
with a focus on the time needed to obtain ergodicity. We use generalized
ergodic measures to assess sampling efficiency. Energetic and structural
properties are compared for several proteins.

137.
DENSITY FUNCTIONAL/AB INITIO STUDY OF ␣- AND ␤-D-GLUCOPYRANOSE
WITH AND WITHOUT SOLVENT: ENTROPY EFFECTS OF EXOCYCLIC
HYDROXYMETHYL ROTATIONAL POPULATIONS AND ANOMERIC ENERGY
DIFFERENCES. Frank A. Momany, Gina L. Strati, and J. L. Willett, Plant
Polymer Research, USDA, ARS, National Center for Agricultural Utilization
Research, 1815 N. University St., Peoria, IL 61604, Fax: 309-681-6362,
momanyfa@ncaur.usda.gov
Conformations of both free and hydrated ␣- and ␤-glucopyranose were studied
at the B3LYP/6-311++G** level of theory. Geometry optimization was carried
out to find energy minima, vibrational frequencies, and transition state geometries and energies. Vibrational frequencies were obtained using numerical
hessians. Zero point energy, enthalpy, entropy, and free energy values are
reported. The electronic energy differences between rotamers (gg/gt/tg) of the
hydroxymethyl group differed by only several tenths of a kcal/mol for both ␣and ␤-anomers, with the ␣-anomer conformers being ∼1 kcal/mol lower in
energy. Zero point energy (ZPE) corrections result in a larger energy difference
for the gt and tg conformers of the ␤-anomer, but no large differences were
found between conformations of the ␣-anomer. At 300K the gt conformation of
the ␤-anomer is of lowest free energy with the gg conformation of the ␣-anomer being ∼0.5 kcal/mol higher. The free energy preference for the free
␤-anomer as well as the glucose+water complexes is in agreement with the
experimental observation that the ␤-anomer is preferred in solution. Further, the
tg conformation is not observed in high population in solution by NMR and this
is consistent with the tg conformation of both anomers being higher in free
energy than the gg and gt conformations.

138.
AB INITIO COMPUTATIONAL STUDY OF ␤-D-CELLOBIOSE CONFORMERS
USING B3LYP/6-311++G. Gina L. Strati, J. L. Willett, and Frank A. Momany,
Plant Polymer Research, USDA, ARS, National Center for Agricultural Utilization
Research, 1815 N. University St., Peoria, IL 61604, Fax: 309-681-6362,
stratigl@ncaur.usda.gov
The molecular structure of conformers of ␤-D-cellobiose were studied through
gradient geometry optimization using B3LYP/ 6-311++G**. The conformers are
divided into three classes differing in the torsional angles (,) about the
glycosidic linkage as follows: Class I (∼180°, ∼0°), Class II (∼0°, ∼180°) and
Class III (<60°,<60°). Class III structures are the standard form while the Class I
and II structures are “flipped” about the 1,4 glycosidic linkage. The conformationally dependent geometry changes, energies and vibrational frequencies are
explored along with the hydrogen bonding network. The effects of the geometry
of the hydroxymethyl side chain and the orientation of the -OH group of both
sugar residues on the energy of the structure are examined in detail. In
comparing the electronic energy, the lowest energy structure of the Class I
conformers is ∼4 kcal/mol lower than the best of the Class III structures.
Making a zero point energy correction increases this difference to ∼ 5 kcal/mol.
Interestingly, the vacuum free energy of ␤-D-cellobiose slightly favors the
standard cellobiose conformation over the “flipped” Class I structures.

139.
4D-QSAR STUDY OF MELATONIN RECEPTOR LIGANDS FOR MT1 AND MT2
RECEPTORS. Emilio Xavier Esposito, and Jeffry D. Madura, Department of
Chemistry and Biochemistry, Duquesne University, 320 Mellon Hall, 600 Forbes
Ave, Pittsburgh, PA 15282, exesposito@kent.net
There has been little effort to design MT1 and MT2 receptor specific ligands
based on QSAR models. Previous QSAR studies have been performed using the
data of ligands bound to natural tissues containing various melatonin receptor
subtypes. In an attempt to better understand the properties affecting the binding
of ligands to different subtypes of melatonin receptors, 60 known ligands with
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binding affinities for MT1 and MT2 receptors were selected. Without knowledge
of the bound conformation of melatonin ligands or the structure of the receptor
site, the use of molecular state ensemble averaging in 4D-QSAR allows the
sampling of a myriad of ligand conformations, thus eliminating the question of
“which conformation to use?” Using 4D-QSAR the importance of specific
substituents and the alignment of the ligands with respect to each other is
shown. Employing different alignment strategies, the importance of ligand
alignment with respect to analysis is explored. Through these alignment
schemes it is postulated that the indole ring possesses an important function in
the binding of melatonin receptor ligands to the receptor.

140.
HOLOGRAM QSAR ANALYSIS OF BENZOPYRANE TYPE MODULATORS OF
MULTIDRUG RESISTANCE. Gerhard F. Ecker 1, Penpun Wetwitayaklung 1, and
Peter Chiba 2. (1) Institute of Pharmaceutical Chemistry, University of Vienna,
Althanstrasse 14, Vienna A-1090, Austria, Fax: +431-4277-9551,
gerhard.f.ecker@univie.ac.at, penpun@speedy.pch.univie.ac.at, (2) Institute of
Medical Chemistry, University of Vienna
Inhibition of the multidrug transporter P-glycoprotein (Pgp) is a promising
approach for overcoming multidrug resistance in tumor cells. We synthesized a
series of 36 4-amino-3-hydroxy-benzopyranes structurally related to the
potassium channel activator cromakalim. All compounds were synthesized in
enantiopure form and tested for their ability to inhibit P-glycoprotein mediated
transport of daunomycin. Subsequently a hologram qsar analysis was performed, which gave cross validated q2 values in the range of 0.542 - 0.668. The
best models obtained used bond types, hydrogen atoms, chirality and donor/
acceptor features as information for generating the substructural fragments.
Analysis of the contributions of the fragments to activity identified several
substructures which are benficial for activity.

142.
GAPLS, SVM, AND GA-NN MODELING OF CACO-2 PERMEABILITY USING TAE
DESCRIPTORS. Minghu Song 1, Curt M. Breneman 1, Jinbo Bi 2, Muhsin
Ozdemir 3, Nagamani Sukumar 1, Mark J. Embrechts 4, and Kristin Bennett 5. (1)
Department of Chemistry, Rensselaer Polytechnic Institute, Cogswell Lab Rm
306, 110 8th St, Troy, NY 12180, Fax: 518-276-4045, songm@rpi.edu, (2)
Department of Mathematics, Rensselaer Polytechnic Institute, (3) Department of
Decision Science and Engineering Systems, Rensselaer Polytechnic Institute, (4)
Decision Sciences and Engineering Systems, Rensselaer Polytechnic Institute,
(5) Department of Mathematical Sciences, Rensselaer Polytechnic Institute
Much interest is currently focused on cell-culture models for the prediction of
oral drug absorption. The human intestinal cell line CACO-2 has been generally
accepted as a primary absorption-screening tool in the early stage of drug
development. In an effort to improve lead generation hit-rates, there is great
interest in defining quantitative relationships between molecular structure and
the various modes of CACO-2 permeability. In this study, representative CACO-2
cell permeability data was obtained from the literature. A large set of descriptors
were then generated by combining electron density-based TAE and Wavelet
Coefficient descriptors, with 2D and 3D descriptors from MOE (CCG) and other
sources. Three methodologies were used for building QSPR models: The
Genetic Algorithm/Partial Least Squares (GAPLS) method, Support Vector
Machines (SVM) and a GA-Neural Netork approach. GAPLS is well adapted to
the task of variable selection of the computed descriptors, but is one of several
feature selection methods that may be used. The genetic algorithm in this case
is employed to obtain a predictive PLS model with a small number of latent
variables. SVM modeling and GA-Neural Network approaches were also
investigated and compared. Successful models will be available for screening
drug-like molecular databases for predicted CACO-2 permeability.

143.
GENERATION OF NEW CONFORMATIONALLY-SENSITIVE TAE DESCRIPTORS
FOR PROTEIN MODELING. Bo Jiang, Curt M. Breneman, Nagamani Sukumar,
and Qiong Luo, Department of Chemistry, Rensselaer Polytechnic Institute,
Cogswell 306, 110 8th St, Troy, NY 12180, Fax: 518-276-4045, jiangb@rpi.edu

141.
DESCRIPTORS BASED ON SIMILARITY MEASURES FOR QSAR-STUDIES OF
INHIBITORS OF P-GLYCOPROTEIN. Gerhard F. Ecker 1, Peter Chiba 2, Christian
Klein 1, and Dominik Kaiser 1. (1) Institute of Pharmaceutical Chemistry,
University of Vienna, Althanstrasse 14, Vienna A-1090, Austria, Fax:
+431-4277-9551, gerhard.f.ecker@univie.ac.at, (2) Institute of Medical
Chemistry, University of Vienna
In the present study we used our in house data set of 131 propafenone-type
modulators of tumour cell multidrug resistance to compare classical molecular
descriptors with descriptors based on similarity measures. This approach is
based on the calculation of the similarity of each compound in the data set to a
maximal diverse set of reference compounds. Thus, a subset of 20 compounds
of the SPECS library was selected on basis of maximum diversity. Both
euclidian distance on basis of 39 descriptors and Tanimoto similarity indices
based on UNITY 2D fingerprints were calculated for each compound of the
propafenone data set to the reference compounds. This gave a set of 20
descriptors for each propafenone analogue based exclusively on similarity.
Subsequent partial least squares analysis was used to correlate these 20
similarity based descriptors to the biological activity. Generally the similarity
based approach gave models with higher predictivity and robustness.

The Transferable Atom Equivalent (TAE) method for rapid electron density
reconstruction has evolved into an efficient method for molecular property
descriptor generation. In an effort to enhance the performance of the TAE/
RECON method for protein modeling, a quick, conformationally-sensitive
perturbation method is being developed that will allow the molecular surface
property descriptors associated with each atom type to be sensitive to the local
3D environment. This is accomplished through extensive ab initio computations
to parameterize the internal coordinate dependence of a subset of short-range
TAE descriptors, while descriptors related to long-range effects (e.g. electrostatic
potential) are computed directly from the relaxed electron density representation.
The new conformationally-sensitive TAE descriptors are expected to incorporate
geometric effects into the TAE/RECON modeling approach while retaining
computational efficiency and speed.

144.
QSAR OF INHIBITION OF SOLUBLE EPOXIDE HYDROLASES BY UREA-LIKE
COMPOUNDS. Nathan R. McElroy, and Peter C. Jurs, Department of Chemistry,
Pennsylvania State University, 152 Davey Lab, University Park, PA 16802,
nrm126@psu.edu
A data set of 348 urea-like compounds that inhibit the soluble epoxide hydrolase
enzyme in mice and humans is examined. IC50 values of 0.10 µM to >500 µM
are described as active vs. inactive using various cut-offs. Each compound is
represented by calculated structural descriptors that encode the topological,
geometrical, electronic, and polar surface features. Subsets of descriptors that
accurately identify each compound as active or inactive are found using
classification algorithms ranging from simple (k-nearest neighbor) to complex
(radial basis function neural network). Results obtained using these algorithms
are compared. Correct classification for training and prediction set compounds
are as high as 90%.
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145.
PREDICTION OF POLYMER GLASS TRANSITION TEMPERATURES FROM
MONOMER AND REPEAT UNIT STRUCTURE USING COMPUTATIONAL NEURAL
NETWORKS. Brian E. Mattioni, and Peter C. Jurs, Chemistry Department,
Pennsylvania State University, 152 Davey Lab, Box #43, University Park, PA
16802, bem172@psu.edu
Quantitative structure-property relationships (QSPR) are developed to correlate
glass transition temperatures and chemical structure of polymers. Both
monomer and repeat unit structures are used to build several QSPR models.
Models are developed using numerical descriptors, which encode important
information about chemical structure (topological, electronic, and geometric).
Multiple linear regression analysis (MLRA) and computational neural networks
(CNNs) are used to generate the models after descriptor generation. Optimization routines (simulated annealing and genetic algorithm) are utilized to find
information-rich subsets of descriptors. A 10-descriptor CNN model was found
to be optimal in predicting Tg values using the monomer structure for 165
polymers. A committee of 10 CNNs produced a training set root-mean-square
(rms) error of 10.10K (R-sq=0.980) and a prediction set rms error of 21.69K
(R-sq=0.917). An 11-descriptor CNN model was developed for 251 polymers
using the repeat unit structure. A committee of CNNs produced a training set
rms error of 21.14K (R-sq=0.958) and a prediction set rms error of 21.94K
(R-sq=0.962).
146.
MOLECULAR DYNAMICS SIMULATIONS OF OLIGOMERIC MODELS FOR
AMORPHOUS POLY(ETHYLENE OXIDE) WITH AND WITHOUT MCF3SO3 (M =
NA, LI). Ralph A. Wheeler, Haitao Dong, and Jin-Kee Hyun, Department of
Chemistry & Biochemistry, University of Oklahoma, 620 Parrington Oval, Room
208, Norman, OK 73019, rawheeler@chemdept.chem.ou.edu
Systems of poly(ethylene oxide) with dissolved inorganic salts are used as
solid polymer electrolytes in high energy density batteries. Amorphous tetraglyme, a model for amorphous PEO, and tetraglyme:MCF3SO3 (M=Li, Na;
CF33SO3−=triflate) with an ether oxygen:M+ ratio of 10:1 were studied by
molecular dynamics (MD) simulations at 300K and 400K. Conformational
analysis and structural analysis of M+ interactions with tetraglyme and triflate
ion oxygens are consistent with decreased M+ coordination by tetraglyme and
increased ionic aggregation at the higher temperature. Coordination of Li+ and
Na+ by tetraglyme and triflate ion oxygen atoms, their temperature dependence,
and their implications for ionic association are compared and contrasted.
147.
MOLECULAR DYNAMIC SIMULATION OF PROTEOLIPID SARCOLIPIN IN A
DMPC BILAYER. Ramkumar Rajamani, and Jiali Gao, Department of Chemistry,
University of Minnesota, Smith Hall, 207 Pleasant St SE, Minneapolis, MN
55455-0431, rajamani@chem.umn.edu
Molecular dynamics simulations of sarcolipin (SLN) in a DMPC membrane
matrix have been carried out to determine the structure and orientation of the
protein in a near physiological environment. Based on our simulation results we
predict an ␣-helical trans-membrane region. The helical tilt was estimated at 13
± 4° with respect to the normal of the lipid ␤-layer. This estimation corresponds
well with the helical tilt angle of 10° estimated for phospholamban through NMR
studies. Analysis of protein-lipid interactions between sarcolipin and DMPC
lipids reveal hydrogen bond interactions between arginine residues and the
phosphate head groups. Structural analysis based on average root mean square
(RMS) displacement of individual residues indicates an ␣-helical transmembrane
region spanning residues 8 to 26. A root mean square deviation of 1.2 A° was
estimated on comparing the predicted structure and the experimentally derived
structure for the transmembrane region. Analysis of the transport properties
reveal diffusion coefficients of D=1.7e-8cm2/sec which is similar to that of
phospholipids.
148.
THEORETICAL STUDY OF CONDUCTANCE SPECTRA FOR LINEAR MULTIMETAL
COMPLEXES. Bih-Yaw Jin, Department of Chemistry, National Taiwan
University, Roosevelt Road, Sec. 4, No. 1, Taipei 10600, Taiwan, Fax:
886-2-23636359, byjin@www.ch.ntu.edu.tw
The time-independent scattering formalism is used to compute the electron
conductance spectra for molecular wires based on the linear multinuclear

complexes, [M5(mu5-tpda)4X2]n+, where tpdaH2=tripyridyldiamine, with different
axial ligands X. The central multinuclear linear metal chain and four tpda ligands
wrapped around it are treated by the extended Hubbard model. This allows us to
study the conductance of wire as a function of the strength of electron-electron
repulsion. We have also investigate the relative contribution of the central metal
wire and the ligands to the total conductance. The importance of interference
effect in these compounds is discussed in comparison with chains with a single
tunneling pathway.
149.
DENSITY FUNCTIONAL IMPLEMENTATION OF THE COMPUTATION OF
CHIROPTICAL MOLECULAR PROPERTIES. Jochen Autschbach, and Tom
Ziegler, Chemistry, University of Calgary, 2500 University Drive, Calgary, AB T2N
1N4, Canada, Fax: 403-289-9488, jautschb@ucalgary.ca
We present the underlying formalism and the implementation of an extension of
the Response module of the Amsterdam Density Functional (ADF) program
system in order to compute optical properties of chiral molecules. This includes
the calculation of the frequency dependent optical rotation parameter, as well as
rotatory strengths R0i for electronic excitations 0 - i. The availability of these
quantities will allow us to computationally simulate circular dichroism (CD) and
optical rotation dispersion (ORD) spectra. The approach is based on the
adiabatic approximation of time-dependent density functional linear response
theory, which allows for the efficient computational treatment of rather large
molecules at often very reasonable accuracy. Advantages and shortcomings of
the present method are discussed together with computational results for small
and medium size hydrocarbon molecules.
150.
BASIS SET DEPENDENCE OF ORD- AND CD-SPECTRA. B. Christopher
Rinderspacher, and Peter R. Schreiner, Department of Chemistry, University of
Georgia, Athens, GA 30602, crinders@chem.uga.edu
The research presented on this poster aims at correlating chemical structure
with chiroptical properties. Since the operator for optical rotatory dispersion
(ORD) does not commute with the Hamiltonian, it is necessary to re-evaluate
the usefulness of commonly employed basis sets. As a preliminary result we
found that varying single s-type basis functions on just one hydrogen atom
bound to the stereogenic center of CHBrClF, 3-Methylhexane, 3-Methylheptane,
and 3-Methyloctane reveals that the calculated ORD is highly sensitive to basis
functions even if they do not significantly contribute to the energy. The effect
may be so pronounced taht it changes the sign of the ORD, which is decisive
for determining absolute configurations experimentally. p-Type basis functions
are even more sensitive, which may be expected due to their increased
polarizability and directionality. We seem to have found a distance dependence
of the extrema of the computed ORD and the radial part of the basis functions
ised on the stereogenic center. Hence, with such a correlation we propose to
devise a rule for choosing a good basis to compute ORDs based on geometry
of the molecule.
151.
ISOMERIZATION OF PHOTOCHROMIC DIARYETHENES. Alexander Goldberg,
Akinori Murakami, and Shinichiro Nakamura, Computational Science Laboratory,
Mitsubishi Chemical Corporation Yokohama Research Center, 1000,
Kamochida-cho, Aoba-ku, Yokohama 227-8502, Japan, 5306528@cc.mkagaku.co.jp
Recently a new type of photochromic dairyethenes with the purpose to increase
the photochromic coloration/decoloration (ring closure/opening) performance
was developed. For the application the molecules should have high quantum
yield. Different substituents in different positions of the molecules were
synthesized. It appeared that the molecule might have different stable isomers.
Some isomers favor the photocromic reaction while the others do not. In the
present study we explore the structural and spectroscopic implications of
configurational changes of photocromic diaryethenes. The theoretical study was
confronted the experimental reality. From the analysis of the potential energy
surfaces along the reaction coordinate the following phenomena were establehed: (i) the isomers that have stable minimum at the reaction distance of about
3.7-3.9 Â have better coloration performance; (ii) the relative population of
different isomers is an important parameter in determination of the photocromic
reaction quantum yield. Calculated NMR spectra are in good agreement with the
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experimental ones that support the theoretical structural analysis. Our study is
expected to provide guidance, prediction and insight for the application of
photocromic diaryethenes to optoelectronic devices.

152.
THEORETICAL INVESTIGATION OF CONFORMATION CONVERSION OF
CALIX[4]PYRROLE. Di-Fei Wang, Department of Chemistry and Biochemistry,
University of Notre Dame, Notre Dame, IN 46556, dwang@nd.edu
Calix[4]pyrrole as an efficient anion-binding host has been well studied in recent
years. Our previous density functional theory calculation showed that it has four
typical conformations and the stability sequence is 1,3-alternate partial cone >
1,2-alternate cone. In the presence of anion, it will form cone-like structure. The
estimation of energy barrier of conformation conversion has not yet been
reported. Here we will theoretically investigate all the possible pathways for the
conformation conversion and estimate the corresponding conversion barriers
either in the gas phase or in dichloromethane solution using the B3LYP/6-31G*
method.

155.
HYSTERESIS AND REHYBRIDIZATION: HOW FAR WILL A RADICAL CATION GO
TO MAINTAIN STABILIZATION? Jonas Oxgaard, Chemistry and Biochemistry,
University of Notre Dame, 251 Nieuwland Science Hall, Notre Dame, IN
46556-5670, Fax: 219-631-6652, joxgaard@nd.edu, and Olaf Wiest, Dept. of
Chemistry & Biochemistry, University of Notre Dame
Syn- to anti- interconversions of olefin radical cations are interesting not only
from a fundamental chemistry aspect, but also for potential application in
biologically relevant systems such as carotene and retinal. In this work, the
pathways for interconversion of syn- to anti-conformers of unsubstituted as well
as several substituted butadiene radical cations is investigated by DFT and ab
initio methods.
Where neutral butadienes maintain sp2 hybridization of the olefinic carbons
throughout the interconversion, the radical cationic butadienes rehybridize C2
and C3 in order to retain delocalization and consequently stabilization of spin
and charge. The amount of rehybridization is found to be dependent on the
torsion of the carbon skeleton and cation stabilization by substituents. If
rehybridization is ignored in the torsion profile significant hysteresis is introduced. The hysteresis is attributed to a reluctance of DFT and high level ab initio
methods to correctly describe the inversion of the partially sp3 hybridized C2
and C3 centers. Curiously, this hysteresis gets progressively more pronounced
when more correlation is introduced.
Questions addressed in this presentation include a rational for the hysteresis,
the relationship between the hysteresis and correlation, the pathway of interconversion when hybridization is accounted for and finally an evaluation of how
rehybridization depends on cation stabilization.

156.
ELECTROCYCLIC REACTIONS OF RADICAL CATIONS. Alexander T. Radosevich,
David J. Swinarski, and Olaf Wiest, Department of Chemistry & Biochemistry,
University of Notre Dame, Notre Dame, IN 46556-5670, aradosev@nd.edu
153.
SYN, ANTI, OR ...? MOLECULAR DYNAMICS STUDIES OF AN
UNDERDETERMINED DNA STRUCTURE. Guanglei Cui 1, Carlos de los Santos 2,
and Carlos Simmerling 1. (1) Department of Chemistry, State University of New
York at Stony Brook, Stony Brook, NY 11790, Fax: 631-632-7960,
cuigl@morita.chem.sunysb.edu, (2) Department of Pharmacology, State
University of New York at Stony Brook
Recent studies have shown that the Watson-Crick hydrogen bond pattern might
not be required to entail the fidelity of DNA replication. NMR studies were
carried out on a DNA duplex containing a pyrene nucleoside, which is nearly as
large as an entire Watson-Crick base pair. Due to the lack of NOE restraints, the
derived structure ensemble failed to reach an agreement on the conformation of
ADE8, located at the 5⬘-end of the pyrene ‘base’. The observed imino proton
chemical shift supports the existence of hydrogen bonds formed between ADE8
and THR19. In fact, a variety of conformations makes up the family of NMR
derived structures, including both anti and syn ADE8 conformations with and
without hydrogen bonds formed. Explicit and implicit solvent molecular
dynamics were conducted on the ensemble of structures, which reduced the
possible conformations of ADE8 and strongly supported the existence of
hydrogen bonds. Both anti and syn conformations with different hydrogen bond
patterns (Watson-Crick vs. Hoogsteen) are possible and equally favorable.

154.
CYCLOADDITION REACTIONS OF STRAINED ALKYNES. Steven M. Bachrach 1,
John C. Gilbert 2, and Darin W. Laird 2. (1) Department of Chemistry, Trinity
University, 715 Stadium Drive, San Antonio, TX 78212, Fax: 210-999-7569,
sbachrach@trinity.edu, (2) Department of Chemistry and Biochemistry,
University of Texas
The cycloaddition reaction of cyclopentyne, norbornyne and benzyne with
alkenes is examined using DFT calculations. The apparent [2+2] product is
found to arise by a two-step pathway. The alkyne, reacting like a dicarbene,
adds to the alkene to form a cyclopropyl system, which then rearranges to the
cyclobutene product. Favorable comparison with experiment supports this
mechanism.

Electrocyclic reactions can be greatly accelerated by electron transfer catalysis.
The activation energies for the reactions of the hydrocarbon radical cations are
much smaller than the ones for their neutral counterparts. Here, we will discuss
the results from high-level (QCISD(T)//QCISD and B3LYP) calculation as well as
experimental results for the ring opeing of substituted cyclobutene radical
cations and the ring closure of the hexatriene radical cation. The later reaction is
normally not observed experimentally. We will show that this is due to the rapid
isomerization of the substrate radical cation into a nonreactive conformation. For
the cyclobutene ring opening, the origin of the experimentally observed
conrotatory stereochemistry, which is not due to the Woodward-Hoffmann rules,
will be discussed.

157.
DENSITY FUNCTIONAL STUDY OF THE 1,4-POLYMERIZATION OF BUTADIENE
WITH CATIONIC [NI II(C7H11)(C4H6)]+ COMPLEXES. Sven Tobisch, Chemistry,
Martin-Luther-Universität Halle-Wittenberg, Kurt-Mothes-Straße 2, Halle/Saale
06120, Germany, Fax: +1-403-289-9499, tobisch@chemie.uni-halle.de
According to the -allyl-insertion mechanism [1] the entire catalytic cycle of
1,4-polymerization of butadiene has been theoretically studied by employing a
gradient-corrected density functional method with the polybutadienylnickel(II)
cation [Ni( 3, 2, 2-RC12H18]+ as the precatalyst [2]. Competitive chain
propagation cycles were investigated for generation of a cis-1,4- and trans-1,4polymer, and also anti-syn isomerization. The calculations provide a clear insight
into the stereoregulation mechanism of cis-1,4 polymerization.

158.
CARBONYLATION OF ALKYLBORANES. Lawrence R. Schmitz, Joylynn Wilson,
John L. Hubbard, and Michael P. Castellani, Department of Chemistry, Marshall
University, 400 Hal Greer Blvd., Huntington, WV 25755, schmitz@marshall.edu
The failure of the chemical reaction shown below when either R or R⬘ is
branched has been attributed to steric interactions that prevent the carbonylation
of the starting alkylboranes (Mcallister, M. A. et. al. J. Mol. Structure (Theochem) 2000, 496, 41). This conclusion was based on a semi-empirical investigation of the carbonylation reaction. Calculations at the HF/6-31G(d) and
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MP2/6-61G(d) levels suggest that the carbonylation step may not prevent this
reaction.

159.
1,1-HCL ELIMINATION OF CF3CHFCL: COMPUTATIONAL AB INITIO AND RRKM
EVIDENCE FOR A 1,2-FCL EXCHANGE AS AN INTERMEDIATE. George L.
Heard, and Bert E. Holmes, Department of Chemistry, University of North
Carolina at Asheville, One University Heights, Asheville, NC 28804, Fax:
828-232-5179, gheard@unca.edu
When CF3CHFCl is created by radical collision, one of the elimination products is
CF2CF2. This has traditionally been explained as a 1,1-HCl elimination to a
carbene, CF3CF, and then fluorine migration to the product, however calculations
on this mechanism have led to an energy which is too high, typically higher
than the expected C-Cl bond energy. We propose a mechanism for this reaction
based on an initial 1,2-FCl rearrangement being the first step, with an activation
barrier of approxmiately 70 kcal/mol, followed by a 1,2-HCl elimination. This
pathway has been used by our group in the past to explain the formal 1,3-HCl
elimination from CF2ClCF2CH3. We will compare our pathway to the carbene
mechanism in terms of geometries, energetics, partial charges and kinetics
calculated using RRKM theory.

160.
DIRECT DYNAMICS CALCULATIONS FOR THE DOUBLE PROTON TRANSFER IN
FORMAMIDINE DIMER. Yongho Kim, and Chea Yong Park, Department of
Chemistry, Kyung Hee University, 1 Seochun-Ri, Kiheung-Eup, Yongin-City
449-701, South Korea, Fax: 82-31-203-5773, yhkim@khu.ac.kr,
oodewoo@chollian.net
The energy and structure of the transition state (TS) for the double proton
transfer in formamidine were calculated at the G3 and the MCCM-UT-MP4SDQ
levels. The double proton transfer occurs synchronously. For the direct dynamics calculations, the AM1 parameters were adjusted to reproduce the structures
and energetics for the reactants and products of the double proton transfer.
Rate constants and HH/DD, HH/HD, HH/DD kinetic isotope effects were
calculated. Tunneling effect turns out to be very important in the double proton
transfer reaction.

162.
A NOVEL QSPR METHOD TO ESTIMATE DENSITIES OF ENERGETIC
MATERIALS. Eun Mee Goh, Soo Gyeong Cho, and Jeong Kook Kim, Computers
in Chemistry, Agency for Defence Development, P.O Box 35-5, Yuseong, Taejon
305-600, South Korea, Fax: 082-42-821-2390, emgoh@sunam.kreonet.re.kr
Accurate prediction of explosive performance is of significant importance in
searching promising candidates for novel energetic materials. In the research
area of explosives, it is now generally accepted that the performance of
explosives is predicted with a reasonable accuracy, if the heat of formation and
density are provided accurately. Although the group contribution approach in
predicting the densities was widely used, we found surprisingly large errors
existed in some molecules when we attempted to derive density values with this
approach. On the other hand, predicting densities with sophisticated 3-D
molecular alignments was extremely hard and computationally laborious. Thus,
we devised a novel QSPR method by utilizing the HQSAR (Hologram Quantitative Structure-Activity Relationship) routine in a SYBYL program. With numerous
trials by changing the size of fragments and hologram lengths, we attempted to
increase the predictive ability of the model. The preliminary results with more
than 400 explosive molecules were significantly better than those calculated by
Stine’s and Ammon’s methods, which are group contribution approaches and
are widely used in the density approximation of explosive molecules up till now.
We believe that our HQSAR models will be of great use in accurately predicting
explosive performance in explosives modeling.

163.
THEORETICAL STUDY ON DECOMPOSITION MECHANISMS OF POLY(GLYCIDYL
NITRATE) (PGN). Eun Mee Goh, Soo Gyeong Cho, Jin Suk Kim, Jin Rai Cho,
and Jae Kyoung Kim, Computers in Chemistry, Agency for Defence
Development, P.O Box 35-5, Yuseong, Taejon 305-600, South Korea, Fax:
082-42-821-2390, emgoh@sunam.kreonet.re.kr
PGN has been widely used as an energetic binder for plastic bonded explosives
and solid propellants by forming thermoplastic urethanes. Albeit the high
performance as an energetic binder, one of shortcomings is probably that the
polyurethanes formed from PGN may undergo decompositions, which is a
significantly different characteristics when compared with those urethanes from
polypropylene gylcols (PPGs). In order to develop better energetic binders based
on PGN systems for highly powerful explosives, we believe that the nature and
origin of these decomposing schemes should be fully understood. This prompts
us to perform the conformational analyses of methyl-carbamic acid 2-methoxy1-nitrooxymethyl-ethyl ester (MeO-CH2-CH(CH2ONO2)-O-CO-NHMe, 1), which
serves as a model compound of PGN systems. We searched stable conformers
of 1 extensively by using the grid scan, and molecular dynamics in the Cerius 2
program. After finding some stable conformations that have a favorable
arrangement for intramolecular 6-or 7-membered proton transfer, we performed
ab initio and density functional studies to elucidate these decomposition
schemes.

161.
STUDY OF UREA CLUSTERS: HOW DO METHODS COMPARE? Suely Meth
Black, and Cheryl Blumenberg, Center for Materials Research, Norfolk State
University, 700 Park Avenue, Norfolk, VA 23504, Fax: 757-823-9054,
smblack@nsu.edu, cblumenberg00@hotmail.com

164.
SOLVENT EFFECTS ON ACETONITRILE ANION: AB-INITIO MODELING. Vinod V.
Kulkarni, Fraser F. Fleming, and Jeffry D. Madura, Department of Chemistry and
Biochemistry, Duquesne University, 600 Forbes Ave., 308 Mellon Hall,
Pittsburgh, PA 15282, Fax: 412-396-5683, kulkarn8220@duq.edu

We examine C2 urea clusters using Hartree-Fock (HF), Density Functional Theory
(DFT), and Moller-Plesset Theory (MBPT) and compare results for systems of
increasing size: binding energies, internal dihedral angles and N-H, C-N and C-O
bond lengths. The clusters were optimized at each theory level using 6–31G **
and 6-31G **++ basis sets, with geometry constraints. We observe that the
binding energy often changes predictably, with the addition of diffuse functions
and inclusion of electron correlation. On the other hand, some changes do not
follow the expected trend, and have to be further investigated. We also examine
the distance between urea molecules located in the center of the clusters. We
show that the structures change most drastically in the small clusters, while our
largest cluster, with seven molecules, still does not accurately reproduce the
structure of the urea molecule in the crystal. Basis set superposition error will
be addressed in the future.

Solvent and counter ions play an important role in the molecular structure and
reactivity of many molecules. An interesting class of reactions is those containing nitrile anions. For a better understanding of the solvent and counter-ion
interactions with acetonitrile anion, combined implicit and explicit solvent
calculations were performed. Ab-initio calculations using DFT method at the
6-31+G* basis set level are used. Implicit solvation of lithium-complexed anions
indicate a common and stable linear configuration versus a bridged configuration in low and high dielectric mediums. Inclusion of one two, and three solvent
molecules of THF to the above lithium-anion complexes clearly yield to a linear
model and as does one solvent molecule of DMSO. Two and three solvent
molecules of DMSO lead to a bent anion-lithium complex. It appears that
alkylation stereoselectivity is controlled by the coordination pattern of the
solvent around the anion-lithium complex.
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165.
HIGH ENERGY X-RAY SCATTERING ANALYSIS VIA LABVIEW姞. Christopher P.
Morong, Russell A. Bonham, and Peter Lykos, Division of Chemistry, Illinois
Institute of Technology, 3101 S. Dearborn Ave., Chicago, IL 60616, Fax:
312-567-3494, morochr@iit.edu

the distribution of compounds. As databases swell in response to the growth in
genetics initiatives, ChemTree’s capacity to analyze the entire set of compounds
is opening new avenues of exploration, whereby even a failed screen can
produce results.

LabVIEW姞 5.0 (National Instruments) is a graphical programming language that
utilizes “wires” and “icons” to design a “Virtual Instrument” interface that is
easy to operate. We used a subset of LabVIEW’s features that support data
analysis. Approximately 600 spectra, obtained by using the Advanced Photon
Source at Argonne National Laboratory, were interpreted using two different
software packages. The challenge was to subtract metal fluorescence lines, a
by-product of the primary measurements, from spectra obtained from x-ray
scattering experiments. Specifically the work involved drawing a best-fit curve to
the raw spectrum. After considerable exploratory analysis using Mathematica姞
3.0 (Wolfram Research), requiring 15 minutes per spectrum, a new algorithm
working within LabVIEW required less than one minute for each of the 600
spectra. The two methods agreed to better than 0.3%. This work was supported
by NSF Grant #CHE-9705189.

169.
NEW PERSPECTIVES IN CHEMICAL DATA BASE MINING. Jacques R. Chretien,
Marco Pintore, and Frederic Ros, Lab. Chemometrics & BioInformatics,
University of Orleans (France), BP 6759, ORLEANS Cedex 2 45 067, France, Fax:
33-2-38-41-72-21, jacques.chretien@univ-orleans.fr

166.
SMART SCREENING: USING CLUSTERING METHODS TO ENRICH YOUR HIT
RATE AND SAVE TIME AND MONEY. Frank K. Brown, Drug Discovery IT, R. W.
Johnson, 1000 Route 200, PO Box 300, Raritan, NJ 08869-0602, Fax:
908-707-3542, fbrown@prius.jnj.com
HTS as a method for finding Hits is not as effective as using cluster based
methods with enrichment methods at finding most of the Hits in the database. If
you can find 50% of the Hits while only testing 20% of the compound collection, then you can save millions of dollars a year in reagent and other cost for
the same result.
167.
MINING HTS DATA SETS. Michael Engels, Janssen Research Foundation,
Turnhoutseweg 30, B-2340, Beerse, Belgium, MENGELS2@JANBE.JNJ.COM
Large data sets coming from HTS campaigns can form an important source for
statistical QSAR models. The potential of these models for guiding compound
acquisition and selection of compounds from virtual libraries has been recognized. Still, there are a lot of limitations in the use of such models that will be
discussed in the presentation.
168.
DRAMATICALLY INCREASED HITS RATES WITH SEQUENTIAL SCREENING
SOFTWARE. Christophe G. Lambert, and Lynne C. Monds, Golden Helix Inc,
716 S. 20th Ave. Suite 102, Bozeman, MT 59718, lambert@goldenhelix.com
Due to exponential growth in genetics initiatives, the number of drug targets is
expected to explode in the next several years—straining the drug-discovery
capacities of most pharmaceutical companies. Even corporations capable of
screening millions of compounds, are seeking instead to optimize their return on
smaller screens. According to a leading industry researcher, “We need to
change our search for drug-like leads from a high-throughput screening
mind-set to a high-output mind-set.” Parallel to the trend toward smaller assays
is a push toward sequential screening, i.e., using “cherry-picked” compounds
rapidly accessed from tube store, or external vendors. Golden Helix Inc. has
developed ChemTreeTM software to facilitate sequential screening. ChemTree
introduces advanced recursive partitioning algorithms to generate models that
predict potency based on the molecular features of screened compounds. These
models are used to “cherry-pick” compounds for sequential screens, whose hit
rates are typically an order of magnitude higher than their randomly-chosen
predecessors. Using multiple tests and holdout samples of 31,693 compounds
assayed for anti-HIV activity, we demonstrate 10-30 hit rate increases over
random selection. We also show the prediction improvements possible with
novel multiple tree prediction techniques. ChemTree enables screeners to test
fewer compounds to reach their goals, or maintain current screen sizes and
obtain a greater number of hits per assay.
Until now, a pharmaceutical company has typically skimmed off the highly
active compounds of a screen for further analysis and shelved the remaining
information gathered in the screen. There is, however, valuable information in

“CombiChem/HTS” remains a challenge for pharmaceutical or agrochemical
companies. It prompted us for a renewed interest in Data Base Mining of
corporate, commercial and/or virtual chemical data bases. A new Data Base
Mining software package (DBM Soft) was developed for search for new leads or
in close interaction with a CombiChem/HTS strategy. The concepts are based on
molecular diversity analysis with help of original hybrid systems involving
particular combination of artificial neural network, genetic algorithm and fuzzy
logic. The salient features will be presented briefly with demonstrative examples
taken in the area of medicinal chemistry (for different activities: anti-carcinoma,
CNS, toxicity, ADME. . .) or in ecotoxicity. The stress will be put on: (i) robustness of the models, (ii) validation of the predictions: (iii) the ability to process
simultaneously several biological activities. It might be crucial for early toxicity
structural alert in the preliminary steps of a drug design strategy.
170.
CLUSTER-BASED APPROACHES TO SOLVATION AND SURFACE CHEMISTRY.
Mark S. Gordon, Chemistry, Iowa State University, 201 Spedding Hall, Ames, IA
50011, mark@si.fi.ameslab.gov
Among the greatest challenges facing electronic structure theory is the need to
develop robust methods that are capable of predicting chemical phenomena that
occur in or on condensed phases. Ultimately, it is likely that the most successful approaches will combine the explicit consideration of discrete atoms or
molecules with continuum approaches that can connect directly with observations of bulk phenomena. We have recently developed a multi-layer discrete/
continuum approach for solvation that combines ab initio quantum chemistry,
the effective fragment potential (EFP) and continuum methods to describe
liquids and solvation. This method and some applications will be discussed. We
have also developed an embedded cluster model for surface chemistry that
interfaces ab initio and molecular mechanics clusters. These are ultimately
combined with kinetic Monte Carlo methods that address mesoscale phenomena. Following a brief description of the methodology, the method will be
illustrated with an application to the Si(100) surface.
171.
QM/M METHODS IN MULTISCALE MATERIALS MODELING. Emily A. Carter,
Department of Chemistry and Biochemistry, UCLA, 607 Charles E. Young Drive,
East, Los Angeles, CA 90095-1569, Fax: 310-267-0319, eac@chem.ucla.edu
The missing “M” in the title is no typo: this talk will discuss our recent work
connecting quantum mechanics to mechanical engineering models of materials
failure. Hence the QM/M acronym: quantum mechanics/mechanics. We will
discuss our progress to connect to larger length scale simulations of materials
(at the micron scale or larger) via two approaches: (i) an informed, “physicsbased” continuum model, which takes input from solid state electronic structure
calculations and (ii) an “on-the-fly” approach with feedback for simultaneous
connection of orbital-free density functional calculations to the quasicontinuum
method, which allows a seamless transition from atoms to a finite element
mesh description of solids.
172.
EMBEDDED CLUSTER METHODOLOGIES FOR MODELING HETEROGENEOUS
CATALYSIS. Thanh N. Truong 1, Piti Treesukol 2, and James Lewis 1. (1)
Department of Chemistry/Henry Eyring Center for Theoretical Chemistry,
University of Utah, 315 South 1400 east, rm 2020, Salt Lake City, UT 84112,
Fax: 801-581-4353, Truong@chemistry.chem.utah.edu, (2) Department of
Chemistry, University of Utah
It is well known that the cluster model for studying chemical processes on the
surface on the bulk of crystals is not adequate. The Madelung potential from the
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extended crystal framework can drastically change electronic structure properties of such processes. The periodic electronic structure methods provide
accurate theoretical frameworks for studying such problems. However, it
becomes impractical for crystals with large unit-cells such as zeolites where the
unit cells are often consist of hundred of heavy atoms. In this work, we will
present several embedded cluster methodologies then examine their accuracy
and efficiency for studying chemical processes in zeolites as well as on metal
oxides surfaces.

173.
RECURSIVE SOLUTION OF LIOUVILLE-VON NEUMANN EQUATION AND
APPLICATIONS TO SURFACE DYNAMICS. Hua Guo, Department of Chemistry,
University of New Mexico, Albuquerque, NM 87131, Fax: 505-277-2609,
hguo@unm.edu
In this talk, we discuss an efficient and accurate short-time propagator for
density matrices. The propagator is based on a Chebyshev expansion of the
Liouville-von Neumann propagator in the short time limit. It reliance on
matrix-vector multiplication allows one to exlpoit the direct-product structure of
the Liouvillian. In addition, the recursive relation of the three-term Chebyshev
polynormals renders minimal storage for the propagation. This method is
applied to study surface dynamics in a dissipative environment, including
photon-stimulated desorption and atom transfer between a metal surface and a
STM tip.

174.
QM/MM DIRECT DYNAMICS IN CLASSICAL TRAJECTORY SIMULATIONS.
William L. Hase 1, Guosheng Li 2, Oussama Merroueh 2, and Kim Bolton 3. (1)
Department of Chemistry, Institute for Scientific Computing, Wayne State
University, Detroit, MI 48202, Fax: 313-577-8822, wlh@chem.wayne.edu, (2)
Department of Chemistry, Wayne State University, (3) Department of Chemistry,
Physical Chemistry, Goeteborg University
With the increased speed of computers and the development of new algorithms,
it has been possible to use electronic structure theory directly in classical
trajectory simulations without the need for an analytic potential energy function.
To treat very large systems, a QM/MM model may be developed in which a
subset of the degrees of freedom are treated quantum mechanically (QM) by an
electronic structure theory and the remainder treated molecular mechanically
(MM) by analytic potential energy functions. In this talk, trajectory simulations
performed with the VENUS/MOPAC computer program package will be presented. The specific systems investigated are trimethylene unimolecular
dynamics in an Ar bath, O(3P) reaction with the n-hexyltheiolate monolayer
self-assembled on Au{111}, and the collision- and surface-induced dissociation
of peptide ions.

175.
CHEMICAL LIBRARY APPROACHES FOR PROTEOMICS. Brad Backes, Program
Director of Chemical Synthesis, Genomics Institute of the Novartis Research
Foundation, 3115 Merryfield Row, Suite 200, San Diego, CA 92121,
backes@gnf.org
We have developed new strategies for the generation of substrate and inhibitor
libraries to profile protease function. Extensive configurations of fluorogenic
substrate libraries can rapidly assess the global substrate specificity of proteases. The information provides optimal substrates for use in high-throughput
inhibitor screening and enables the design of selective substrates and inhibitors
for use as chemical probes in complex biological samples. These tools have
been useful for profiling broad classes of proteases such as the cathepsins and
multi-catalytic proteases such as the proteasome. In tandem with class-specific
probes, these libraries can characterize protease activities in complex biological
samples. Substrate specificity often correlates with the cleavage site of the
protease’s downstream macromolecular substrates, and accordingly, enables
indentification of these substrates. Small molecule inhibitor libraries can also be
employed to profile protease activity. We have developed methods to prepare
high-density arrays of inhibitors using split-pool synthesis and applied these
methods to profile cysteine proteases.

176.
STRUCTURAL CHARACTERIZATION OF AN ESTROGEN RECEPTOR ␤ AGONIST/
ESTROGEN RECEPTOR ␤ ANTAGONIST REVEALS A NOVEL MODE OF
RECEPTOR ANTAGONISM. Andrew K. Shiau 1, Danielle Barstad 2, James T.
Radek 2, Marvin J. Meyers 3, Benita S. Katzenellenbogen 4, David A. Agard 5, and
Geoffrey L. Greene 2. (1) Tularik Inc, South San Francisco, CA 94080,
ashiau@tularik.com, (2) The Ben May Institute for Cancer Research, University
of Chicago, (3) Department of Chemistry, University of Illinois, (4) Department
of Molecular and Integrative Physiology, University of Illinois, (5) Howard
Hughes Medical Institute and Department of Biochemistry and Biophysics,
University of California, San Francisco
Nuclear receptor (NR) ligands regulate the transcriptional activity of NRs by
stabilizing distinct conformations of the ligand binding domains (LBDs) of their
cognate receptors. NR agonists favor LBD conformations that allow NRs to
interact with transcriptional coactivator proteins, essential mediators of the
transcriptional activation process. By contrast, NR antagonists favor LBD
conformations that inhibit the interaction of NRs with coactivators. The R,R
enantiomer of 5,11-cis-diethyl-5,6,11,12-tetrahydrochrysene-2,8-diol (THC) was
recently identified as an estrogen receptor (ER) ligand that differentially affects
the transcriptional activity of the two ER subtypes; THC functions as an ER_
agonist and as an ER_ antagonist. We have determined the crystal structure of
the ER_ LBD bound to both THC and a peptide containing the NR box II region
of the coactivator GRIP1 and that of the ER_ LBD bound to THC. THC stabilizes
a conformation of the ER_ LBD that favors coactivator association and a
conformation of the ER_ LBD that prevents coactivator association. A comparison of the two structures, combined with functional data, reveals that THC does
not act on ER_ via the same mechanisms used by other known ER antagonists.
Instead, THC antagonizes ER_ through a novel mechanism we term 3passive
antagonism2. Knowledge of passive antagonism may facilitate the development
of ER ligands with new therapeutic properties.

177.
DOCKING AND SCORING INHIBITORS OF POLY(ADP-RIBOSE) POLYMERASE-1
(PARP-1). Robert A. Kumpf, Pfizer Global Research and Development-La Jolla/
Agouron Pharmaceuticals, Inc, 10777 Science Center Drive, San Diego, CA
92121
In the context of structure-based inhibitor design, it is necessary to predict the
geometry and affinity of compounds bound to a protein active site. X-ray crystal
structures for several chicken Poly(ADP-ribose) Polymerase-1 (PARP-1)-inhibitor
complexes provided the basis for much of the early modeling in this study. A
molecular docking program was used to place inhibitors into the protein active
site when crystallographically determined binding modes were unavailable.
Molecular mechanics calculations and empirical scoring functions were then
used to evaluate the binding affinities for these compounds. In an attempt to
improve agreement with experimental data, a simple homology model for human
PARP-1 was also employed. The relative performance of these models and
methods will be discussed.

178.
RAPID DOCKING TO PROTEIN FAMILIES. Kenneth Foreman 1, Diane
Joseph-McCarthy 2, and Juan C. Alvarez 2. (1) Department of Biological
Chemistry, Genetics Institute/Wyeth Research, 87 Cambridge Park Drive,
Cambridge, MA 02140, KForeman@genetics.com, (2) Department of Biological
Chemistry, Genetics Institute/ Wyeth Research
Docking to each member of a protein family serially is not only unnecessarily
slow, but also tends to find congeneric molecules that hit many of the family
members. We have applied the PharmDOCK concept of pharmocophoric
overlays to isolate conserved features among families of proteins. This receptorbased overlay idealizes the family, retaining only a reduced number of common
sites for matching, producing minimally an order of magnitude speed-up in
docking for a set of 10 proteins. For each family member, ligand matches to the
idealized site are minimized and ranked according to best score. We discuss the
retention of real hits to each member, particularly when those hits are selective
for a single member.
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179.
ASITE: A FAST GENERAL ALGORITHM FOR AUTOMATICALLY FINDING
PROTEIN ACTIVE SITES. W. Todd Wipke, Matt Evans, Brett Kislin, and Richard
McClellan, Department of Chemistry and Biochemistry, University of California,
1156 High Street, Santa Cruz, CA 95064, wipke@secs.ucsc.edu

183.
GENETIC ALGORITHM FOR INDUCTIVE IDENTIFICATION OF 3D FLEX SEARCH
QUERIES. Edmond Abrahamian, Robert Clark, Alexander Strizhev, Peter Fox,
and Trevor Heritage, Research and Development, Tripos, Inc, 1699 South
Hanley, St. Louis, MO 63144, Fax: 314-647-9241

In order to use the rapidly growing number of protein structures from x-ray,
nmr, or analogy derived model building for drug design, it is important to have
a rapid completely automatic method for finding the active site(s) that does not
require knowing the location of a bound ligand. We have developed a threedimensional set-theoretic method, ASITE, based on earlier work of Delaney.
ASITE finds the active site volume and the set of active site surface atoms. We
have applied this algorithm to a large database of proteins covering all the
important classes of biological activity, and find it to be extremely fast and quite
accurate. The algorithm and performance will be discussed in detail.

Most existing methods used to generate pharmacophore hypotheses from a list
of identified actives and their chemical structure are poorly suited to deal with
data obtained from high-throughput screening (HTS) programs. The high false
positive and false negative error rates in HTS data, coupled with the lack of a
single shared mode among the true positives, effectively hamstrings all
deductive methods. We have recently developed an inductive method which
couples a genetic algorithm (GA) with UNITY searches to generate complementary ensembles of partial match/partial coverage spatial constraint 3D flex
queries. Getting this strategy to be effective on a reasonable time scale required
introducing several distinctive features into the GA, including ensemble selection
and Oedipal competition. These innovations will be described in detail here.

180.
SHAPE MATCHING FOR BROWING LARGE DATABASE FOR ACTIVITY. Andrew
Grant, AstraZenca PLC, James Haigh, University of Sheffield, United Kingdom,
Andrew.Grant@astrazeneca.com

184.
USE OF MOLECULAR MODELING AND MUTAGENESIS IN DOCKING OF
LIGANDS TO GPCRS. Kenneth A. Jacobson 1, Dov Barak 1, and Stefano Moro 2.
(1) Molecular Recognition Section, NIDDK, NIH, Bldg. 8A, Rm. B1A-19,
Bethesda, MD 20892-0810, Fax: 301-480-8422, kajacobs@helix.nih.gov, (2)
Pharmaceutical Sciences Department, Padova University

Shape matching as a method for developing screening list will be discussed.

181.
MOLECULAR SUBSHAPE SIMILARITY MATCHING. Santosh Putta, Rob Stanton,
Christian Lemmen, and Jeffrey Blaney, Chemical and Physical Sciences R&D,
Dupont Pharmaceuticals Research Labs, 150 California Street, Suite 1100, San
Francisco, CA 94111, Fax: 415-732-7170, santosh.k.putta@dupontpharma.com
Molecules with similar shapes and features often have similar biological activity.
Several computational approaches search chemical databases for new leads or
templates based on overall molecular shape similarity. Active molecules often
present critical subshapes that are required for binding, which may be missed
by comparing overall shape similarity. We present a new approach to compare
small shapes to large shapes to calculate subshape similarity. We developed a
skeletal representation of the shapes which is topologically unrelated to covalent
chemical connectivity to simplify rotational and translational sampling. We test
initial possible alignments by matching similar triangles. This triangle-matching
filter rapidly eliminates most geometrically impossible matches. Surviving
matches are filtered further in successive stages. These stages involve direction,
feature and shape matching procedures. Our approach is being applied to
several applications including lead discovery and evolution, shape descriptors,
and docking.

182.
SELECTION, APPLICATION, AND VALIDATION OF A SET OF MOLECULAR
DESCRIPTORS FOR NUCLEAR RECEPTOR LIGANDS. Eugene L. Stewart 1, Peter
J. Brown 2, James A. Bentley 3, and Timothy M. Willson 2. (1) Computational,
Analytical, and Structural Sciences, GlaxoSmithKline, Five Moore Drive, Research
Triangle Park, NC 27709, Fax: 919-315-0430, els99640@gsk.com, (2) Discovery
Research Chemistry, GlaxoSmithKline, (3) Cheminformatics, GlaxoSmithKline
Combinatorial chemistry is a technology increasingly being used to find ligands
for orphan receptors where little or no information is available to the medicinal
chemist except for similarities among known ligands of a receptor family. To
focus our chemical efforts on libraries likely to yield ligands for nuclear
receptors (NRs), we sought to define a method of screening virtual libraries in
silico. Under the assumption that all ligands of a receptor family have some
similarity, the known ligands of the NR family were used as a “training set” in
the selection of calculated descriptors which characterize these ligands. We have
identified a set of five 2D and 3D BCUT descriptors that distinguish 907 known
NR ligands from other inactive compounds. We describe the selection of these
descriptors as axes for a NR chemical space. We also discuss measures used to
assess the likeliness of a compound collection to be a good source of NR
ligands. Lastly, an experiment validation of our method is described that shows
an increased hit rate for NR targeted sets over diverse collections.

The evolution of the field of G protein-coupled receptor (GPCR) modeling has
followed the availability of suitable molecular templates. The first adenosine and
ATP (P2) receptor models, which were based on the low-resolution structure of
bacteriorhodopsin and later rhodopsin, were useful for docking of small ligands
and guided molecular biological experiments to identify amino acid residues
influential in recognition and acquisition of ligands from solution. Chemically
diverse classes of ligands, e.g. purine, pyrimidine and flavonoid binding to
human A3 adenosine receptors, may be modeled using a combination of ab
initio quantum mechanical calculations, electrostatic potential map comparison
and the steric and electrostatic alignment (SEAL) method to derive a general
pharmacophore map. Using a P2Y1 receptor model we proposed that “metabinding” sites (transient, accessory binding sites involving the extracellular
loops) were involved in the approach of nucleotides to the transmembrane
domain binding site. Yet, since the locations of the helices were not precise it
was difficult to elucidate the specific interactions observed within the receptor in
a manner useful for guiding structure-based drug design. Using a highresolution structure of rhodopsin as a template we are examining detailed
binding elements within purine receptors to identify new leads in drug design.
We have already modeled the docking of nucleotide agonists and antagonists to
P2Y1 receptors and have proposed a mode of overlay of multiple phosphate
moieties.
185.
HOMOLOGY MODELING OF ENDOTHELIAL DIFFERENTIATION GENE FAMILY
IDENTIFIES SINGLE POINT MUTATION FOR LIGAND SELECTIVITY SWITCHING.
Abby L. Parrill 1, Debra L. Bautista 1, De-an Wang 2, Daniel L. Baker 2, Zsolt
Lorincz 2, and Gabor Tigyi 2. (1) Department of Chemistry, The University of
Memphis, Memphis, TN 38152, Fax: 901-678-3447, aparrill@memphis.edu,
dbautist@memphis.edu, (2) Department of Physiology and Biophysics,
University of Tennessee
Endothelial Differentiation Genes (EDG) are G protein-coupled receptors that
respond to the phospholipids sphinosine-1-phosphate (SPP) and lysophosphatidic acid (LPA). The responses of these receptors are indicated in many disease
states including cancer invasion, heart disease, fetal development and cardiovascular development.
An experimentally validated model of EDG1 was developed by homology to
rhodopsin. A homology model of EDG2 was made using the validated EDG1
model as a template. The models were then used for docking studies to
determine binding interactions. The amino acids involved in binding of SPP with
EDG1 were predicted to be R120, E121 and R292. The interactions for LPA with
EDG2 were predicted to be R124, Q125 and K294. These interactions were
compared with related receptors from the literature and validated using
experimental data. The model also predicted that the selectivity of the receptors
could be switched by mutation of E121Q in EDG1 and Q125E in EDG2. These
predictions have been confirmed by assays of site-directed mutants.
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186.
COMBINED QM/MM SIMULATION STUDY OF THE OPSIN SHIFT IN
BACTERIORHODOPSIN. Jiali Gao, and Ramkumar Rajamani, Department of
Chemistry, University of Minnesota, Minneapolis, MN 55455,
gao@chem.umn.edu
We employ a combined quantum mechanical and molecular mechanical
(QM/MM) simulation method to investigate the origin of the opsin shift in
bacteriorhodopsin (bR) in the membrane matrix. We found that both solvation
and interactions with the protein significantly shifts the absorption maximum of
the retinal protonated Schiff base, but the effects are much more pronounced in
polar solvents than in the protein environment. The differential solvatochromic
shifts of PSB in methanol and in bR leads to a bathochromic shift of about
1800 cm-1. This result can be attributed to the magnitude of the extended
point-charge contribution of Honig and Nakanishi. In addition, the extension of
the -conjugated system further increases the red-shift by 2400 cm-1. The
remaining factors are due to the change in dispersion interactions. Using an
estimate of about 1000 cm-1 in the dispersion contribution by Houjou et al., we
obtained a theoretical opsin shift of 5200 cm-1 in bR, which is in excellent
agreement with the experimental value of 5100 cm-1. Structural analysis of the
PSB binding site in the lipid membrane revealed the specific interactions that
make contributions to the observed opsin shift. The combined QM/MM method
used in the present study provides an opportunity to accurately model the
photoisomerization and proton transfer reactions in bR.
187.
MOLECULAR BASIS OF LIGAND BINDING POTENCY AND SELECTIVITY AT THE
D3 RECEPTOR. Judith Varady, and Shaomeng Wang, Lombardi Cancer Center,
Georgetown University Medical Center, 4000 Reservoir Rd., Building D, Room
237, Washington, DC 20007, Fax: 202-687-4032, judith@giccs.georgetown.edu
Our aim is to discover novel D3 receptor subtype selective partial agonists, as
leads in the development of new pharmacotherapies against cocaine addiction.
To this end, we have modeled the dopamine D3 receptor based on the crystal
structure of rhodopsin, followed by extensive refinement through lengthy
molecular dynamics simulation runs including the natural membrane-water
environment of the protein explicitly. The obtained receptor structure is
consistent with results of substituted cysteine accessibility experiments.
Computational docking of a series of amino-tetralin derivatives into the receptor
model predict binding modes that are in excellent agreement with mutagenesis
results, as well as SAR data. The refined D3 receptor structure was found useful
for the discovery of new D3 ligand leads using a combined approach of ligand
and receptor based database search. Potential leads were tested in binding and
functional assays. New, potent D3 ligands with novel structures have been
identified.
188.
RECOGNITION OF NAD BY ENZYMES: MOLECULAR DYNAMICS SIMULATIONS,
DATA BASE MINING, AND HIGH RESOLUTION PROTEIN CRYSTALLOGRAPHY.
John J. Tanner 1, Paul E. Smith 2, and Christopher A. Bottoms 1. (1) Department
of Chemistry, University of Missouri-Columbia, 125 Chemistry Building, 601 S.
College Ave., Columbia, MO 65211, Fax: 573-882-2754, tannerjj@missouri.edu,
(2) Department of Biochemistry, Kansas State University
One of the most common molecular recognition events in living systems is the
binding of nicotinamide adenine dinucleotide (NAD) to an enzyme. NAD is a
major unit of currency in biological redox chemistry, and over 100 NAD
dependent dehydrogenases are known. NAD recognition by enzymes is of
practical importance because analogues of NAD are potentially useful as
anticancer, antibacterial, and antitrypanosomal agents. Several recent investigations of NAD recognition will be discussed, including molecular dynamics (MD)
simulations, database mining, and high resolution X-ray crystallography. MD
simulations of NAD in various solvents were performed to investigate the role of
environment in determining NAD conformation. These studies showed that, in
water, NAD adopts a folded conformation in which the adenine and nicotinamide
rings are in close contact (J. Am. Chem. Soc., 1999, 121, 8637). However, in
nonpolar solvents, NAD unfolds into conformations similar to those of enzymebound NAD (J. Molec. Recognit., 2000,13, 1.). These studies suggest that
unfolding of NAD is essential for recognition by enzymes, and that the hydrophobic surface provided by the protein might serve as a nonpolar environment

that encourages NAD to unfold. Our most recent work involves an analysis of all
the high resolution enzyme/NAD complexes in the protein data bank and the
determination of the 1.65 Å crystal structure of the enzyme glyceraldehyde-3phosphate dehydrogenase complexed with NAD. These studies highlight the
important role of water in NAD recognition.
189.
NEW LINEAR RESPONSE METHOD BASED ON CONTINUUM SOLVENT MODEL
FOR LIGAND-RECEPTOR BINDING AFFINITY PREDICTION. Ruhong Zhou 1,
Richard A. Friesner 2, Robert C. Rizzo 3, and Wialliam L. Jorgensen 3. (1)
Computational Biology Center, IBM, Thomas J. Watson Research Center, Route
134 & PO Box 218, Yorktown Heights, NY 10598, Fax: 914-945-4014,
ruhongz@us.ibm.com, (2) Columbia University, (3) Yale University
A new Linear Interaction Approximation (LIA) method based on continuum
solvent model is proposed in this presentation for protein-ligand binding affinity
calculations. The new method is more than one order of magnitude faster than
previously published LIA methods based on explicit solvent model and also
removed some of the restrictions in the explicit solvent model. The new
approach has been applied to several binding sets: HEPT analogs binding to
HIV-1 Reverse Transcriptase (20 ligands), sulfonamide inhibitors binding to
human Thrombin (7 ligands), and various ligands binding to Coagulation Factor
Xa (8 ligands). The LIA predictions and cross-validation results show that about
1.0 kcal/mol accuracy is achievable for binding sets with as many as 20 ligands,
for example, for the HIV-1RT binding set, RMS errors of 1.04 kcal/mol and 1.14
kcal/mol are achieved for LIA fitting and leave-one-out cross validation with
correlation coefficients R2 equal to 0.788 and 0.744, respectively. We have also
explored various techniques for the LIA underlying conformation space sampling, including molecular dynamics and Hybrid Monte Carlo methods, and the
final results show that comparable binding energies can be obtained no matter
which sampling technique to use.
190.
FOLD RECOGNITION USING COMPOSITE STRUCTURAL TEMPLATES
FOLLOWED BY CONSTRAINED GLOBAL MINIMIZATION. Yuling An 1, Daron
Standley 2, David Pincus 1, Volker Eyrich 2, and Richard A. Friesner 1. (1)
Department of Chemistry, Columbia University, 3000 Broadway, New York, NY
10027, Fax: 212-854-7454, yuling@chem.columbia.edu, (2) Schrodinger, Inc
Protein structure prediction for targets without sequence homologues in the
PDB[] remains a challenging problem. We describe a new approach in which
multiple sequence alignments are used to derive spatial constraints which are
then combined with a statistical database potential subjected to global minimization, yielding the predicted structure. Candidate templates are first identified by
an alignment protocol that incorpotates several predicted secondary structures
(SS) for the target. The goal is to enumerate and cluster all the different
predicted SS segments and build a composite SS for a given target-template
pair. For each high-scoring template, a family of composite templates is
generated based on structure-structure alignments to similar folds. Within a
given family, conserved regions are fixed and variable regions are enumerated.
From each member of such a template family, distance and Cartesian coordinate
constraints, as well as SS, are extracted. Each constraint set is applied to a
tertiary folding potential for global minimization. The final prediction is made
based on the minimum total energy (potential energy plus constrains) among all
constraint sets.
191.
ALIGNING GENOMIC SEQUENCES TO FUNCTIONALLY IMPORTANT SURFACE
POCKETS ON PROTEIN STRUCTURES FOR DRUG DISCOVERY. Yaron Turpaz,
and Jie Liang, Department of Bioengineering, University of Illinois at Chicago,
851 S. Morgan St., SEO (MC 063) #218, Chicago, IL 60607, Fax: 312-996-5921,
yturpa1@uic.edu
To link genomic sequences with drug discovery, we have developed a method
called SIGPAL (SIGnature of Pocket Alignment) that identifies the key residues
important for biological functions. Based on CASTp computation (http://
cast.engr.uic.edu), we have identified functional surface pockets for 2970 PDB
structures with SITE annotation, and 5761 proteins according to SWISS-PROT
annotations. Key signature sequence fragments forming structurally the
functional pockets are then used to enhance the assignment of functional roles
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of genomic sequences. For example, all known non-redundant viral sequences
(35,850) are aligned against sequences of known protein structures using
PSI-BLAST. The functional role of 1207 viral genes of low sequence identity
(<20%) can be putatively decided from the highly conserved residues (60%) in
the functional sequence fragments. Viral genes of overall high sequence
identities with a very low sequence identity in the SIGPAL regions provide
additional opportunities for inhibitor design to combat infectious diseases with
reduced side effects.

192.
PROBABILISTIC APPROACH TO HIGH THROUGHPUT DRUG DISCOVERY. Paul
LaBute, Chemical Computing Group, Inc, 1255 University St., Suite 1600,
Montreal, QC H3B 3X3, Canada, Fax: 514-874-9538, paul@chemcomp.com
A methodology is presented in which high throughput screening experimental
data are used to construct a probabilistic QSAR model which is subsequently
used to select building blocks for a virtual combinatorial library. The methodology is based upon statistical probability estimation and not regression. The
methodology is applied to the construction of a focused virtual combinatorial
library for cyclic GMP phosphodiesterase type V inhibitors. The results suggest
that the methodology is capable of selecting combinatorial substituents that lead
to active compounds starting with binary (pass/fail) activity measurements.

196.
HELIX 3-6 INTERACTION PRESENT ONLY IN INACTIVE STATE LEADS TO
INVERSE AGONISM OF SR141716A AT CB1 RECEPTOR. Patricia H. Reggio 1,
Dow P. Hurst 1, Herbert Seltzman 2, Stephen Hyatt 2, Zhao-Hui Song 3, and
Deborah Lewis 4. (1) Department of Chemistry and Biochemistry, Kennesaw
State University, 1000 Chastain Road, Kennesaw, GA 30144, (2) Research
Triangle Institute, (3) Department of Pharmacology and Toxicology, University of
Louisville, (4) Department of Pharmacology and Toxicology, Medical College of
Georgia
Calcium current measurements in SCG neurons have shown that SR141716A
(1) acts as an inverse agonist at WT cannabinoid CB1 receptors, but as a
neutral antagonist at a CB1 K3.28(192)A mutant. Our CB1 receptor modeling
studies suggested that in the inactive (R) state of CB1, the amide group of 1
interacts with a salt bridge formed by K3.28(192) and D6.58(366). We hypothesized that this salt bridge and ligand interaction (present only in R) may be
responsible for the inverse agonist effects of 1. Binding affinities suggested that
1 is involved in a strong interaction with K3.28 in WT CB1 (Kd=2.3 ± 1.1 nM,
WT CB1; 39.6 ± 10.5 nM ,CB1 K3.28(192)A). A “mutant ligand” (2) was then
synthesized to further test the importance of hydrogen bonding to the affinity of
1. Binding affinities of 2 suggested that K3.28 is not an interaction site for 2
(Ki=31.3 ± 9.6 nM,WT CB1 ; 35.2 ± 1.4 nM, CB1 K3.28A). In a calcium current
assay, 2 was found to behave as a neutral antagonist. Taken together, these
results support the hypothesis that hydrogen bonding of 1 with the K3.28-D6.58
salt bridge is responsible for its higher affinity for the R state, leading to its
inverse agonism at CB1. [Support:NIDA DA03934, DA10350, DA11551].

193.
SHAPE INDEXING OF LARGE VIRTUAL LIBRARIES. Anthony Nicholls 1, Matt
Stahl 1, and Andrew Grant 2. (1) OpenEye Scientific Software Inc, 3600 Cerrillos
Rd., Suite 1107, Santa Fe, NM 87505, anthony@eyesopen.com, (2) AstraZenca
PLC
Global and partial shape comparison provide a useful means of searching and
ordering virtual libraries. Traditional 3D tools have been too slow to accomplish
much of either. I will report on the advances at OpenEye in algorithms for ever
faster shape searching and sorting. In particular, the utility of binary shape
fingerprints that augment traditional chemical fingerprints will be described.

194.
INFORMATIVE LIBRARY DESIGN IN DRUG DISCOVERY. Peter D. J.
Grootenhuis, DuPont Pharmaceutical Research Labs, 4570 Executive Drive Suite 400, San Diego, CA 92121, Fax: 858-625-6487, pgrootenhuis@
combichem.com
Informative library design is a novel experimental design strategy towards
building a computational model that allows for rapid lead evolution in drug
discovery projects. It is based on concepts from information theory and works
best when carried out in iterative design-parallel synthesis-screening cycles. The
approach is general and can also be applied to the design of gene family
screening libraries. Although not required, information on the 3D-structure of
the target receptor can be included in the modelbuilding. It will be shown that
the informative library design strategy has successfully and rapidly generated
chemically diverse lead series in several projects.

195.
COMPUTATIONAL TOOLS FOR COMBINATORIAL LIBRARY DESIGN. Weifan
Zheng, Sunny Hung, and George L. Seibel, Cheminformatics Department,
GlaxoSmithKline, 709 Swedeland Road, King of Prussia, PA 19406,
Weifan_2_Zheng@sbphrd.com
Combinatorial library design deals with rational selection of reagents for
combinatorial synthesis that afford the best libraries in terms of certain desired
properties. These properties often include diversity, similarity and product
novelty with respect to a corporate database. In addition, one also concerns
about other important physicochemical properties, such as Lipinski properties,
solubility, permeability, p450 liability and other ADME properties. In this talk, I
will describe our work on diversity analysis, focused library design and an
integrated system that optimizes all properties simultaneously. Other related web
tools will also be covered.

197.
PROPOSED ANTAGONIST BINDING SITE FOR CCR5: A RECEPTOR MODELING
AND MUTAGENESIS STUDY. Laurie Castonguay 1, Y. Weng 2, B. Adolfsen 2, R.
Budhu 3, C. Caldwell 3, P. Chen 3, P. Finke 3, J. Hale 3, L. Malkowitz 2, L. Meurer 3,
S. Mills 3, B. Oates 3, and J. DeMartino 2. (1) Department of Molecular Systems,
Merck Research Laboratories, P.O. Box 2000, Rahway, NJ 07065, Fax:
732-594-6301, laurie_castonguay@merck.com, (2) Department of Immunology
and Rheumatology, Merck Research Laboratories, (3) Department of Medicinal
Chemistry, Merck Research Laboratories
CCR5, a seven transmembrane receptor for the chemokines, MIP-1a, MIP-1b,
and RANTES, has been identified as a primary co-receptor with CD4 for cell
entry of macrophage-tropic HIV-1 strains. Individuals allelically homo or
heterozygous for a 32-base deletion in the gene encoding CCR5 respectively
exhibit either resistance to HIV-1 infection or delayed progression to frank AIDS.
The development of small molecule CCR5 antagonists is therefore both a
plausible prophylactic and therapeutic approach to this retroviral infection. The
results of investigations in these laboratories of 2-aryl-4-(piperidin-1-yl)butanamines and 1,3,4-trisubstituted pyrrolidines as human CCR5 antagonists have
recently been disclosed. To facilitate the further development of antagonists, we
have developed a human CCR5 receptor model using the crystal structure of
rhodopsin as a template. The proposed binding site, structure-activity relationship (SAR), and the effects on compound binding of receptor-directed mutagenesis results will be presented. The relationship between our findings and those
of other investigators regarding a structurally diverse CCR5 antagonist will be
discussed.
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198.
DE NOVO DESIGN FOR SELECTIVITY: APPLICATION TO CYCLOOXYGENASE-2.
W. Todd Wipke, Rich McClellan, and Zhen Wang, Molecular Engineering
Laboratory, University of California Santa Cruz, Department of Chemistry, Santa
Cruz, CO 95064, Fax: 831-459-2935, wipke@chemistry.ucsc.edu

phenomena that are not accessible to classical molecular dynamics and are too
time-consuming for ab initio or Car-Parinello dynamics. Examples will be
presented for the escape of a nitrogen atom from fullerene, conduction in
polythiophene and QM/MM enzyme dynamics.

We have been interested in the principles of designing inhibitors that will bind
selectively to one protein in the presence of closely related proteins. Our
INVENTON de novo design program was used to automatically detect the
differences in the active sites of the COX-1/2 proteins and utilize those differences in the design of selective inhibitors for COX-2. Analysis of the results with
respect to yield, selectivity, druglikeness, diversity, and binding affinity will be
presented.

202.
NEW ALGORITHMIC DEVELOPMENTS IN DMOL3: APPLICATIONS TO
HOMOGENEOUS AND HETEROGENEOUS CATALYSIS. Niranjan Govind, Jan
Andzelm, and Amitesh Maiti, Materials Science, Molecular Simulations Inc, 9685
Scranton Road, San Diego, CA 92121, Fax: 858-458-0136, nxg@msi.com

199.
IDENTIFICATION AND EVALUATION OF THE CB1 RECEPTOR POCKETS
CRITICAL FOR THE HYDROPHOBIC AND HYDROGEN BONDING INTERACTIONS
WITH CANNABIMIMETICS. Joong-Youn Shim, Department of Basic
Pharmaceutical Sciences, College of Pharmacy, University of South Carolina,
700 Sumter St., Columbia, SC 29208, Fax: 803-777-8356, shim@cop.sc.edu,
William J. Welsh, Department of Chemistry and Center for Molecular Electronics,
University of Missouri-St. Louis, and Allyn C. Howlett, JLC-BBRI, North Carolina
Central University
Association of cannabimimetic compounds such as cannabinoids, aminoalkylindoles (AAIs), or arachidonylethanolamide with the CB1 cannabinoid receptor
activates the receptor, which activates G proteins and relays signals to regulate
neuronal functions. Identifying key binding site residues of the CB1 receptor is
crucial for structure-activity relationship (SAR) studies and for more rational
ligand design. Molecular simulations, using a Monte Carlo method in addition to
the familiar FlexX, Dock, and Autodock protocols, were carried out to dock
representative ligands into the putative binding pocket of the CB1 receptor
constructed by homology modeling. The calculated ligand-receptor binding
energies were in good agreement with the observed binding affinity for a series
of cannabimimetic compounds in predicting the rank order of cannabinoid
compounds: CP55244, CP55940, CP47497, and hexahydrocannabinol, and for
AAIs: WIN55212-2, WIN53365, WIN55225, WIN53956-3, and WIN51406. The
contributions of specific hydrophobic and hydrogen-bonding residues deemed
critical for ligand binding interactions were further evaluated. Supported in part
by R01-DA06312.
200.
VIRTUAL SCREENING OF CHEMICAL DATABASES: APPLICATION TO
G-PROTEIN COUPLED RECEPTORS. Caterina Bissantz 1, Gerd Folkers 1, and
Didier Rognan 2. (1) Department of Applied Biosciences, ETH Zuerich,
Winterthurerstrasse 190, 8057 Zuerich, Switzerland, Fax: +33-3-90-244310,
cbissant@pharma.anbi.ethz.ch, (2) Laboratoire de Pharmacochimie de la
Communication Cellulaire, UMR CNRS-ULP 7081
Until now, virtual screening has mainly been carried out against targets with
experimentally determined three-dimensional structure. However, it is very
important that we also be able to use protein models for virtual screening. This
is especially true for the class of G-protein coupled receptors (GPCR), for which
only one X-ray structure (bovine rhodopsin) could be determined until now. In
our study, we constructed homology models of three GPCRs (D3, M1, V1a)
based on this X-ray structure. The models were used to screen chemical
databases, each comprising 10 known ligands against the respective target and
990 randomly chosen drug-like molecules, using three docking algorithms
(Dock, Gold, FlexX) and seven scoring functions. The results were analyzed in
terms of enrichment factors and retrievement rates obtained by consensus
scoring. We demonstrate that virtual screening against rhodopsin-based GPCR
models is indeed possible, however, it is expected to be more successful for
finding new receptor antagonists than agonists.
201.
SEMIEMPIRICAL MOLECULAR DYNAMICS. Tim Clark, Friedrich-AlexanderUniversität Erlangen-Nürnberg, Computer-Chemie-Centrum, Nägelsbachstrasse
25, D-91052 Erlangen, Germany, Fax: +49-9131-8526565, clark@chemie.unierlangen.de
Molecular dynamics using energies and gradients from semiempirical molecular
orbital theory represents a very powerful technique for studying a variety of

Atomistic understanding of chemical reactions is the key to designing better
catalysts. As catalytic systems and reaction cycles become more complex, it is
important to develop computational tools with the ability to perform fast
optimization of the reactant, product and transition state structures.
This talk will discuss recent developments in our DFT code DMol3, which
include: (1) geometry optimization of periodic systems using delocalized internal
coordinates; (2) transition state searching using a new generalized synchronous
transit algorithm that works seamlessly for molecules, solids and surfaces.
Delocalized internal coordinates enable structure optimization in a significantly
fewer number of steps while the transition state finder does not require any
Hessian information2 enabling fast transition state searches.
The new functionality has been applied to a number of technologically
important processes. Three such applications will be discussed: (1) Oxidative
dehydrogenation of Ethane over SiO2(100) and SiO2(110); (2) adsorption and
ring-opening of Maleic Anhydride over Pd(111); and (3) effect of functional
groups on the structure and activity of zirconocene catalysts.
203.
AUGMENTATION OF THE LANL2DZ BASIS SET UNDER B3LYP AND MP2
MODELS TO IMPROVE CALCULATED RESULTS FOR P BLOCK ELEMENTS.
Catherine E. Check, Thomas M. Gilbert, Lee S. Sunderlin, Timothy O. Faust,
John M. Bailey, and Brian J. Wright, Department of Chemistry and Biochemistry,
Northern Illinois University, DeKalb, IL 60115, Fax: 815-753-4802,
ccheck@marilyn.chem.niu.edu
To supplement a study of gas-phase thermodynamic data on hypervalent
main-group halide ions, we methodically optimized exponents for diffuse and
polarization functions for 14 p block elements within the LANL2DZ basis set.
The exponents proved nearly model-independent when tested under B3LYP and
MP2 models. Structure and property calculations for a sizable range of p block
halide compounds and anions, including unusual species like I3−, PCl4 radical,
and BiCl4−, demonstrated that the augmented LANL2DZ+* basis set provided
dramatic improvements over the original basis, giving near all-electron quality
results in substantially less time. Agreement between calculated and experimental vibrational frequencies, of particular importance to our modeling of the
competition between product channels in the gas-phase work, improves notably.
204.
CARBON NANOTUBES AS FIELD EMISSION DEVICE AND
ELECTROMECHANICAL SENSOR: RESULTS FROM FIRST-PRINCIPLES DFT
SIMULATIONS. Amitesh Maiti 1, Jan Andzelm 1, Noppawan Tanpipat 1, and Paul
von Allmen 2. (1) Molecular Simulations Inc, 9685 Scranton Road, San Diego,
CA 92121, Fax: 858-458-0136, amaiti@msi.com, (2) Motorola Labs
Tremendous excitement has recently been generated by experimental breakthroughs that have led to realistic possibilities of using carbon nanotubes in (1)
field-emission-based flat panel displays; and (2) electro-mechanical sensors. We
have used First-Principles Density Functional Theory to address important
questions in both application areas. For the first application, we have investigated the effect of adsorbates at the nanotube tip on field emission current. In
particular, we show that polar adsorbates like water are attracted to the tube tip
under operating voltages, and make the HOMO unstable, thereby reducing the
work function [1]. For the second application, we have investigated differences
in the deformation of a nanotube under two types of mechanical forces: (a)
bending, and (b) pushing with an AFM tip. We show that bent tubes maintain an
all-hexagonal network up to large bending angles [2]. In contrast, AFM-probed
tubes develop sp3 coordination for some atoms close to the tip, followed by
bond rupture. Recent results from more realistic modeling with metallic AFM
tips will also be discussed.
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205.
THEORETICAL CALCULATIONS IN ATMOSPHERIC CHEMISTRY: OH AND NO3
HYDROGEN-ABSTRACTION REACTIONS FROM ALDEHYDES. Nelaine
Mora-Diez 1, J. Raúl Alvarez-Idaboy 2, Annik Vivier-Bunge 3, and Russell J.
Boyd 1. (1) Department of Chemistry, Dalhousie University, Halifax, NS B3H 4J3,
Canada, Fax: 902-494-1310, dmora@is2.dal.ca, (2) Instituto Mexicano del
Petróleo, (3) Departamento de Quı́mica, Universidad Autónoma Metropolitana
The atmosphere is a very complex chemical system and of crucial importance to
life on Earth. Aldehydes, known to play an important role in the pollution of the
troposphere, are emitted as primary pollutants from partial oxidation of
hydrocarbon fuels and arise as secondary pollutants from the oxidation of
volatile organic compounds. Once in the atmosphere, aldehydes may either
photolyse or react further with OH radicals during the daytime, or with NO3
radicals during the nighttime. High-level ab initio calculations have been
performed to examine the OH and NO3 hydrogen-abstraction reaction from a
series of aldehydes (XCHO: X=F, Cl, H, CH3). In addition, classical transition
state theory (TST) has been applied for the calculation of the rate constants.
Tunneling corrections were calculated after approximating the barriers by an
unsymmetrical Eckart function. The importance of considering the reactant
complex formation in the kinetics of some of these reactions is discussed, and
new kinetic data are reported.

206.
SECONDARY KINETIC ISOTOPE EFFECTS AND REACTION MECHANISMS IN
INTRA-MOLECULAR PROTON TRANSFER REACTIONS. Jeremy Schofield, and
Radu Iftimie, Chemical Physics Theory Group, Department of Chemistry,
University of Toronto, 80 Saint George St., Toronto, ON M5S 3H6, Canada, Fax:
416-978-8775, jmschofi@chem.utoronto.ca, iradu@chem.utoronto.ca
Secondary kinetic isotope effects have traditionally been considered to be
independent of the mass of the transferring particle. However, it has recently
been observed that in certain enzymatic hydride transfer reactions, the mass of
the transferred hydrogen considerably influences the magnitude of the secondary isotope effect. We propose an interpretation of the variation of the secondary atom tunneling effects with the mass of the transferring particle based on a
centroid path-integral approach. We demonstrate that the functional form of the
coupling between the transferred particle and the reorganization of the molecular
skeleton can have a dramatic influence on the magnitude of the secondary
kinetic isotope effects. Our studies suggest that construction of molecular
mechanics potentials which describe bond-breaking and bond-forming events
must be done carefully since small differences in functional form can induce
artifacts in the calculated secondary kinetic isotope effects. In particular, we
demonstrate that empirical valence bond potentials can lead to secondary kinetic
isotope effects which disagree with those observed in accurate ab-initio
simulations.

207.
GENERAL EXPRESSION FOR THE EFFECTIVE MASS IN THE 1-D TREATMENT
OF TUNNELING CORRECTIONS. Carlos A. Gonzàlez, Computational Chemistry
Group, National Institute of Standards and Technology, 100 Bureau Dr., STOP
8380, Gaithersnurg, MD 20899, carlos.gonzalez@nist.gov, Thomas C. Allison,
Experimental Kinetics and Thermodynamics Group, National Institute of
Standards and Technology, and Florent Louis, Laboratoire de Cinetique et
Chimie de la Combustion, UMR CNRS 8522, Universite des Sciences et
Technologies de Lille
For more than 30 years the chemical literature has been flooded with fundamental work focusing on theoretical predictions as well as experimental confirmation
of the role tunneling plays in chemistry. Most of the time, researchers adopt
simplified one-dimensional models assuming that tunneling only occurs along
the reaction coordinate. Under this approach, the shape of the potential energy
function is assumed to follow a particular form and the transmission coefficient
is computed either analytically or by standard numerical procedures. The
calculation of the transmission coefficient requires the knowledege of the
“effective mass” associated with the tunneling particle. Given the lack of
availability of simple formalisms to compute this mass, it is common practice
among researchers to assume that it can be approximated to a “reduced mass”
associated with the transition vector at the transition state. Most of the time this

approach leads to poor results. In this talk, we present a simple and general
formalism to compute the tunneling “effective mass”.
208.
REDUCTION MECHANISMS FOR THE DECOMPOSITION OF ELECTROLYTE
COMPONENTS. James M. Vollmer 1, Larry A. Curtiss 2, Chun-hua Chen 3,
Donald R. Vissers 3, and Khalil Amine 3. (1) Chemistry Division, Argonne National
Laboratory, 9700 S. Cass Ave., Argonne, IL 60439, Fax: 630-252-9555,
james.vollmer@anl.gov, (2) Materials Science and Chemistry Divisions, Argonne
National Laboratory, (3) Chemical Technology Division, Argonne National
Laboratory
We present and assess a methodology for using quantum chemical techniques
to predict reduction and oxidation potentials of electrolyte components. On a
series of standards this method was shown to yield reduction potentials within
0.29 eV, on average, of the experimental values. This methodology has been
used to investigate potential electrolyte candidates for lithium batteries. These
quantum chemical techniques have also been used to evaluate various reduction
mechanisms for alkyl carbonate electrolytes, and have provided valuable insight
into the reactivity of these electrolytes.
209.
THREE-CENTER, TWO-ELECTRON BONDS AND ATOMS IN MOLECULES
THEORY. Lawrence R. Schmitz, Department of Chemistry, Marshall University,
400 Hal Greer Blvd., Huntington, WV 25755, schmitz@marshall.edu
Three-center, two-electron bonds have been proposed in a variety of species,
particularly for non-classical carbocations. Atoms in molecules (AIM) theory
defines a bond in a way that only allows bonds between pairs of atoms. The
AIM molecular graphs of a variety of species accepted as non-classical carbocations will be examined. An interpretation of these graphs contrary to the one in
the literature will be presented.
210.
COMPUTER-ASSISTED DECISION MAKING IN PHARMACEUTICAL RESEARCH.
Gerald M. Maggiora, Computer-Aided Drug Discovery, Pharmacia, 301 Henrietta
Street, Kalamazoo, MI 49007-4940, Fax: 616-833-9350, gerald.m.maggiora@
pharmacia.com
Decision making in pharmaceutical research can be a daunting task. The reason
for this is that scientists must deal with a wide range of data some of which is
quantitative and some of which is qualitative. Any methodology for assisting
decision making must therefore be able to deal with these somewhat conflicting
classes of data. The Analytic Hierarchy Process (AHP) invented by Thomas
Saaty more than twenty years ago is ideally suited to the task. It allows decision
makers to handle both qualitative and quantitative data in a comprehensive,
integrated, and mathematically rigorous manner. More importantly, it portrays
the results of analyses in a way that is comprehensible and intuitive to scientists. A brief overview of the methodology will be presented along with an
example that illustrates how bioactivity, ADME, and other biopharmaceutical data
can be seamlessly combined in a way that facilitates the prioritization and
selection of potential drug candidates.
211.
EXPLOITING 3D-MOLECULAR INTERACTION FIELDS TO PREDICT ADME
PROPERTIES VIA QUALITATIVE STRUCTURE-ABSORPTION MODELS. Philippa
Jayatilleke, and Robert Clark, Research and Development, Tripos, Inc, 1699
South Hanley Road, St. Louis, MO 63144, Fax: 314-647-9241,
jamieh@tripos.com
High pharmacological activity is not in itself enough to ensure that a drug
candidate will be successful. It must also exhibit favorable pharmokinetic
properties - absorption, distribution, metabolism, excretion (ADME) and low
toxicity. Hence the search is on to develop computational models that can be
used as effective pre-clinical filters. The challenge is to accurately model the
complex interrelationships that contribute to ADME/Tox properties. Good oral
bioavailability, for example, requires both good absorption and low rates of
first-pass hepatic elimination. We will present applications that combine
three-dimensional molecular interaction fields with soft independent modeling of
chemical analogy (SIMCA). Models were constructed from data sets that were
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aligned using inertial field orientation (IFO) using charged or neutral species,
and using CoMFA or CoMSIA field types as descriptors. Conformational
sensitivity was tested as well. The same methodology was applied to data
derived from human intestinal absorption, blood-brain barrier penetration and
oral bioavailability.
212.
NOVEL DESCRIPTOR SELECTION METHODS WITH SENSITIVITY ANALYSIS FOR
QSAR. Mark J. Embrechts 1, Curt M. Breneman 1, Kristin Bennett 2, and Fabio
Arciniegas 1. (1) Decision Sciences and Engineering Systems, Rensselaer
Polytechnic Institute, 110 8th St, Troy, NY 12180, Fax: 518-276-4045,
embrem@rpi.edu, brenec@rpi.edu, (2) Department of Mathematical Sciences,
Rensselaer Polytechnic Institute
This presentation will introduce several innovative methods for descriptor
selection using sensitivity analysis that include comparisons with GAPLS feature
selection. The descriptors represent an HIV reverse-transcriptase inhibitor
dataset using Wavelet Coefficient Descriptor (WCD) methods. Sensitivity analysis
is a model-independent feature selection technique where a model is trained,
then descriptors are varied within their allowable range (one by one) to produce
a 1-D sensitivity analysis, or in a pair-wise manner to obtain a 2-D sensitivity
analysis. All other descriptors are held frozen at their median value during the
procedure. The descriptors that cause the largest variation in the dependent
variable are the most sensitive, and are retained for the next iteration of model
building. The sensitivity analysis is performed in a bootstrap validation mode.
Support Vector Machine (SVM) learning models and Neural Network (NN)
models are utilized for one-and two-dimensional sensitivity analysis. It was
found that feature selection with sensitivity analysis works well for a large
number of descriptors (500-1000) and often outperforms descriptor selection
with GAPLS. The new technique will be compared to earlier sensitivity analysis
work by Jurs.
213.
USE OF MULTIVARIATE DATA MINING TECHNIQUES IN PHARMACEUTICAL
SYSTEMS BASED RESEARCH. Christopher E. Keefer, GlaxoSmithKline, 5 Moore
Drive, Research Triangle, NC 27709, cek43215@GlaxoWellcome.com
Systems based research (SR) is the application of generic technologies to target
classes (defined by structure and/or function) to efficiently discover small
molecule ligands and optimize them into drug candidates. In SR, it is often
useful to consider multiple responses simultaneously. For example, in a given
research project, scientists will not only be interested in optimizing the biological response against the principal target, but will also try to optimize a compound’s activity against multiple targets (selectivity, and/or pan-assay activity).
In addition, consideration may be given to a compound’s physical properties
and/or computed properties. By considering these response profiles, insight can
be gained into why compounds interact with certain targets and not others.
Associating this information back to target protein features is called 3-way
analysis. Multivariate recursive partitioning is one way to analyze very complex
datasets with multiple responses. Our novel software for this is called MultiSCAM. The use and function of MultiSCAM will be covered and real-world
applications to SR will be given.
214.
COMPUTER SIMULATIONS AS A VALUABLE TOOL FOR NEW
SPECTROSCOPIES. S. Gnanakaran, and Robin M. Hochstrasser, Department of
Chemistry, University of Pennsylvania, Philadelphia, PA 19104-6323,
gnana@sas.upenn.edu
Two-dimensional infrared (2D-IR) spectroscopic measurements exhibit the
coupling and correlations between vibrational modes analogous to 2D-NMR
giving the coupling between protons. Simulations are essential in obtaining a full
understanding of these nonlinear spectra. Computer simulations of solvated
dialanine were utilized to show how the 2D-IR spectra expose the underlying
structural distributions and dynamics not deducible from linear infrared spectra.
In H2O the 2D-IR shows cross peaks from large coupling in the ␣-helical
conformer and an elongated higher frequency diagonal peak, reflecting the
broader distribution of structures for the acetyl end. In CCl4, the computed
cross peak portion of the 2D-IR shows evidence of two amide I transitions in
the high frequency region which are not apparent in the linear spectra. The
simulations show that the correlations between fluctuations of structures in H2O

arise from mechanical coupling and not from hydrogen bonding at different
ends of the molecule.
215.
QM/MM STUDIES ON BOVINE LENS LEUCYL AMINOPEPTIDASE. Tim Clark,
Friedrich-Alexander-Universität Erlangen-Nürnberg, Computer-Chemie-Centrum,
Nägelsbachstrasse 25, D-91052 Erlangen, Germany, Fax: +49-9131-8526565,
clark@chemie.uni-erlangen.de
A combination of semiempirical (AM1) molecular orbital theory with the Sybyl
force field has been used to investigate the mode of action if the binuclear zinc
enzyme bovine lens leucyl aminopeptidase. This enzyme proves to be an
excellent example in which both the electrostatic effect of the protein environment and its mechanical relaxation serve to lower the activation energy of the
rate-determining step.
216.
QUANTUM MECHANICS SIMULATION OF PROTEIN DYNAMICS ON LONG TIME
SCALE. Weitao Yang 1, Haiyan Liu 1, Marcus Elstner 2, Efthimios Kaxiras 3,
Thomas Frauenheim 4, and Jan Hermans 5. (1) Department of Chemistry, Duke
University, Durham, NC 27708, Fax: 919-660-1605, yang@chem.duke.edu, (2)
Department of Theoretical Physics, University of Paderborn, (3) Division of
Engineering and Applied Sciences, Harvard University, (4) Universitaet
Paderborn, (5) Department of Biochemistry and Biophysics, University of North
Carolina
We report a molecular dynamics simulation of a protein, crambin, in solution for
350 ps in which we combine a semi-empirical quantum-mechanical description
of the entire protein with a description of the surrounding solvent, and solventprotein interactions based on a molecular mechanics force field. Comparison
with a recent very high resolution crystal structure of crambin shows that
geometrical detail is better reproduced in this simulation than with use of
several alternate molecular mechanics force fields to describe the entire system
of protein and solvent, even though the structure is no less flexible. The
capability of simulating protein dynamics on and beyond the few hundred ps
time scale with a quantum mechanical model will bring new opportunities to
extend our understanding of a range of basic processes in biology such as
molecular recognition and enzyme catalysis.
217.
PROTEIN SIDECHAIN ROTAMER PREDICTION USING AN ALL-ATOM FORCE
FIELD/IMPLICIT SOLVENT MODEL. Matthew Jacobson, and Richard A. Friesner,
Department of Chemistry and Center for Biomolecular Simulation, Columbia
University, 3000 Broadway, MC 3158, New York, NY 10027, Fax: 212-854-7454,
jacobson@chem.columbia.edu
Excessive computational expense is frequently cited as an impediment to using
physical chemical force fields to aid in protein structure prediction. We have
implemented a series of new algorithms, including a novel multiple-timescale
minimization algorithm, to permit sidechain and/or loop prediction to be
performed with all-atom models and implicit solvation in (typically, for proteins
with <200 residues) several hours on inexpensive PCs. As a first application, we
have utilized these algorithms to predict sidechain rotamer states with the
OPLS-AA force field and Surface Generalized Born model of solvation. In a test
set consisting of 23 proteins (maximum sequence identity 30%; 2795 residues
total), this model reproduces the sidechain conformations with 1.0 Å RMS
accuracy (average absolute errors in the 1 and 2 torsional angles are 23° and
32°, respectively). These results represent a substantial improvement in
accuracy for surface sidechain prediction, relative to other available programs
which use gas-phase or statistical models. Our predictions also benefit from the
explicit inclusion of crystal packing forces, which are nontrivial for a large
fraction of surface side chains.
218.
CONFORMATIONAL PREFERENCES OF SUBSTITUTED PROLINE RESIDUES IN
THE TRIPLE HELIX OF COLLAGEN. Sean D. Mooney 1, Peter A. Kollman 1, and
Teri E. Klein 2. (1) Department of Pharmaceutical Chemistry, University of
California San Francisco, 513 Parnassus Ave, Box 0446, San Francisco, CA
94143-0446, smooney@cgl.ucsf.edu, (2) Stanford Medical Informatics, Stanford
University
Collagen is the most abundant protein in animals. Recently, the factors that
stabilize the collagen triple helix have been questioned. One factor proposed to

© 2001, American Chemical Society. All rights reserved.

COMP
stabilize the triple helix is substituted proline conformational preferences. We
have parameterized models of 4(R)-fluoro-L-proline and 4(R)-hydroxy-L-proline
in order to observe the structural changes that occur during one nanosecond
molecular mechanics simulations of both simple dipeptides and folded triple
helices with explicit solvent. Our observations suggest how a gauche effect
mediated by an electron withdrawing group affects pyrrolidine ring conformational preference. Differences were also observed in solvent structure around the
triple helix. This work is support by NIH grant AR47720-01.
219.
ELECTRONIC NOSE DESIGN AND OPERATION USING LABVIEW姞. Christopher
P. Morong, and Peter Lykos, Division of Chemistry, Illinois Institute of
Technology, 3101 S. Dearborn Ave., Chicago, IL 60616, Fax: 312-567-3494,
morochr@iit.edu
An Electronic Nose (EN) was designed and built within LabVIEW姞 5.0 as an
InterPROfessional project (IPRO) at IIT. LabVIEW is a futuristic graphical
programming language, which utilizes “wires” and “icons” to design a “Virtual
Instrument” interface that is easy to operate. The program was designed to
operate switches, collect data from electrochemical sensors, and analyze the
data using the data clustering algorithm, Principal Component Analysis (a
student designed subroutine). The visual nature of LabVIEW affords easy
interpretation, facilitates debugging, and can be easily learned and adapted by
students with little programming experience to quickly produce results. The five
undergraduate student team learned LabVIEW in one semester. A website
tutorial in LabVIEW, an ongoing project, is accessible at www.iit.edu/∼labview. A
follow on application was to identify bacterial pathogens found in the blood of
humans with fevers by characterizing the gas metabolism products in the
headspace over the bacteria in a nutrient medium.
220.
FOURIER TRANSFORM ANALYSIS: A TOOL FOR VISUALIZING REGULAR
PATTERNS AND CODING REGIONS IN DNA SEQUENCES. Guy Dodin, and
Patrick Levoir, Department of Chemistry, Universite Denis Diderot, 1 Rue Guy de
la Brosse, 75005 Paris, France, Fax: 33-0144276814, dodin@paris7.jussieu.fr
We have designed a procedure that readily and evocatively displays regular
patterns in DNA sequences. The search for regularities in nucleotide sequences
starts with the construction of a correlation function (Dodin et al.,1996; formula
below). Briefly, base i is compared with its first upstream neighbour (base i+1)
along the sequence, scoring 1 when the two bases are identical and 0 otherwise. The sum of all scores gives S(1). This process is reiterated by successively comparing base i with base i+2 (leading to S(2)), then base i with base
i+3 and so forth. S(k) appears as a function of the displacement, k.
The algorithm is used to explore homo sapiens and Plasmodium chromosomes as examples.
221.
FUNDAMENTALLY NEW FORM OF STRUCTURAL REPRESENTATION IN
CHEMISTRY. Lev Goldfarb, Oleg Golubitsky, and Dmitry Korkin, Faculty of
Computer Science, University of New Brunswick, 540 Windsor St., Fredericton,
NB E3B 5A3, Canada, Fax: 506-453-3566, goldfarb@unb.ca, z17b3@unb.ca

fundamentally new model for structural representation of organic compounds
based on the general model for structural object representation recently
proposed by us—evolving transformations system (ETS) model—is outlined and
its advantages are discussed.
222.
METHOD TO EXTRACT POTENTIALS FROM THE TEMPERATURE DEPENDENCE
OF LANGMUIR CONSTANTS FOR CLATHRATE-HYDRATES. Martin Bazant, and
Bernhardt Trout, Department of Mathematics, Massachusetts Institute of
Technology, Cambridge, MA 02139, Fax: 617-258-8224, bazant@math.mit.edu,
trout@mit.edu
Within the framework of the statistical mechanical theory of clathrate-hydrate
equilibria, developed by van der Waals and Plateeuw, it is shown that potentials
of interaction can be obtained analytically, using monovarient phase data. Such
an approach allows for a direct physical interpretation of the potential and
significance of the data, in addition to obviating the need for numerical fitting
with Kihara potentials. The method is applied to ethane and cyclopropane
Structure I hydrates.
223.
COMPUTATIONS OF DIFFUSIVITIES IN ICE AND CO2 CLATHRATE-HYDRATES
VIA MD AND MC. Alec Demurov 1, Ravi Radhakrishnan 2, and Bernhardt Trout 1.
(1) Department of Physics, MIT, 77 Massachusetts Ave., 66-021, Camridge, MA
02139, Fax: 617-258-8224, alecdem@mit.edu, trout@mit.edu, (2) Department of
Chemical Engineering, MIT
Self-diffusivities in ice and diffusivities of H2O and CO2 in CO2 clathrate-hydrates
are computed using SPC/E water and the EPM model for CO2. Agreement with
the experimental diffusivity in ice is found within approximately a factor of 2,
and predictions are made for the clathrate-hydrate. Consequences for injection
of CO2 in the ocean are discussed.
224.
AROMATIC STABILITY IN IMIDACENE: A NEW PORPHYRINOID MACROCYCLE.
Andrew L. Sargent, Ian C. Hawkins, and William E. Allen, Department of
Chemistry, East Carolina University, Greenville, NC 27858, sargenta@
mail.ecu.edu
A new porphyrinoid macrocycle that is related to porphycene has recently been
synthesized. The new molecule is based on a system of four linked imidazole
rings and is consequently given the trivial name of imidacene. Its structure is
shown in 1 below. Unique to this molecule is the arrangement of nitrogen
heteroatom donors not only within the binding pocket but also external to the
macrocycle, creating the opportunity for exocyclic metal ion binding in addition
to the usual endocyclic binding. The reduced synthetic precursor, 2, exhibits
unusual stability, a fact which stands in stark contrast to the analogous reduced
synthetic precursor of porphycene, as it is the oxidized compound which
possesses the 4n+2 aromaticity of the [18]annulene. Accurate computational
methods have been applied to investigate this apparent paradox.

The emergence of computers and the resulting efforts to develop more powerful
and accurate models for molecular representation have exposed our lack of
understanding of what constitute a satisfactory model of structural representation in chemistry, and life sciences in general. In this connection, we discuss
the basic features of a structural representation in chemistry, what they ensure
and what they do not ensure. We overview the existing models for structural
representation in chemistry, including their advantages and disadvantages. A
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