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38.
DEVELOPMENT AND APPLICATION OF PHARMACOPHORE MODEL OF BK
OPENERS AND BLOCKERS. Ki H. Kim, Department of Structural Biology, Abbott
Laboratories, Abbott Park, IL 60064, Fax: 847-937-2625, ki.h.kim@abbott.com
Potassium channels have attracted considerable attention due to their potential
application for the treatment of various diseases of cardiac and smooth muscles
and of neural tissues. The two most interesting types of potassium channel
types are the ATP-sensitive potassium channel and calcium-activated potassium
channel. There are at least three distinct families of calcium-activated potassium
channels. Small potassium channels (SK), intermediate conductance potassium
channels (IK), and big potassium channels (BK). This work will summarize the
pharmacophore model of BK openers as well as BK blockers and its application
in drug research.
39.
COMBIPHORES: COMBINING LIGAND-BASED AND STRUCTURE-BASED
PHARMACOPHORES. Renate Griffith 1, John B. Bremner 2, and Paul A. Keller 2.
(1) School of Biological and Chemical Sciences, University of Newcastle,
Callaghan NSW 2308, Australia, Fax: 61 2 49 216 923,
renate_griffith@uow.edu.au, (2) Department of Chemistry, University of
Wollongong
Novel drug design methods are under development using ␣1 adrenergic
receptors (ARs) and HIV-1 Reverse Transcriptase (RT) as target proteins with
the aim of designing subtype-selective, as well as pathway-selective, AR ligands
and mutation resistant RT inhibitors.
Structure-based pharmacophores have been developed from models of
receptor-ligand complexes (for ARs) and from RT crystal structures. These
novel pharmacophores represent the features on the ligand which are involved
in interactions with the target protein, as well as the areas in space around the
ligand which are occupied by the protein.
Classical ligand-based pharmacophores have also been developed for RT
inhibitors and for AR ligands.
From the protein-ligand complexes it is also possible to derive information
about all interactions which ligands could potentially form with the binding site.
These describe a “superligand” and the superligand coordinates will be combined with the classical and the structure-based pharmacophores to form
“combiphores”.
40.
PHARMACOPHORE MODELING INVESTIGATION OF ALL-TRANS RETINOIC ACID
INHIBITORS. Omoshile O. Clement, Molecular Simulations Inc, 9685 Scranton
Road, San Diego, CA 92121, Fax: 858-458-0136, oclement@msi.com, and
Vincent C.O. Njar, Department of Pharmacology and Experimental Therapeutics,
University of Maryland
We report a 3D pharmacophore modeling study of all-trans retinoic acid (ATRA)
inhibitors based on azole derivatives of retinoic acid. Using MSI’s proprietary
rational drug design program (Catalyst), the study examines the binding features
common to this class of compounds, their location in 3D space, as well as the
geometries adopted by these ligands in their 3D alignment with the pharmacophoric features.

three-dimensional 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 affect of site point set
size and composition on sampling is investigated.
42.
USING MOLECULAR DYNAMICS TO EXPLAIN AND PREDICT THE DIFFERENCES
IN AFFINITIES OF TWO SERIES OF RADIOMETAL-CYCLIZED HORMONE
ANALOGS. Alexander L. Perryman, Biomedical Sciences, University of
California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093-0365, Fax:
858-534-7042, aperryma@mccammon.ucsd.edu, and Thomas P. Quinn,
Biochemistry, University of Missouri-Columbia
To understand the structural basis for the observed differences in affinities of
three generations of cyclic alpha-Melanocyte Stimulating Hormone analogs for
B16 F1 murine melanoma cells, molecular dynamics studies were performed
using the SYBYL platform. The first generation alpha-MSH analog (ApoMSH)
was disulfide-cyclized, while the second and third generations (ReMSH and
ReCCMSH) were cyclized through their site-specific coordination with technetium or rhenium. The metal coordination sphere was parameterized using values
from a published study of Tc(V)-oxo-containing crystal structures. The electronegativity values of rhenium and technetium were calculated and utilized in the
Gasteiger-Marsili charge calculation algorithm. The observed differences in
affinities of the alpha-MSH analogs were explained by analyzing the display
pattern and flexibility of the pharmacophore. The same modeling procedure and
analysis were then applied to the technetium-cyclized somatostatin analogs
designed in this lab in an attempt to predict their relative affinities for the type II
somatostatin receptor.
43.
MULTIPLE BINDING MODES IN COMFA. Stefan Balaz, and Viera Lukacova,
Department of Pharmaceutical Sciences, North Dakota State University, College
of Pharmacy, Sudro Hall 108, Fargo, ND 58105, Fax: 701-231-7606,
stefan_balaz@ndsu.nodak.edu
Drug solutions are often composed of several molecular species, e.g. enantiomers, tautomers or molecules ionized to various degrees that bind to receptors
with different affinities. A similar situation arises when a molecular species
binds in the receptor cavity simultaneously in different orientations or conformations. All these cases are referred to as ‘multiple binding modes’. For practical
reasons, usually the total drug-receptor association constant K is only determined and no attempt is made to analyze the binding affinities of individual
bound species. A description of multiple-mode equilibria leads to an expression
of K as the sum of the partial association constants of individual modes. The
expression provides a basis for incorporation of multiple binding modes into
3D-QSAR methods. In addition to standard output, the CoMFA implementation
determines contributions of individual binding modes to overall binding.
Especially this feature makes our conceptual approach more useful than the
existing multi-conformer procedure in CoMFA.

41.
PHARMACOPHORE-BASED MOLECULAR DOCKING. Diane Joseph-McCarthy,
Bert E. Thomas III, and Juan C. Alvarez, Biological Chemistry, Wyeth Research,
87 CambridgePark Drive, Cambridge, MA 02140, Fax: 617-665-8993,
djoseph@genetics.com

44.
DESIGN AND SYNTHESIS OF NOVEL NON STROIDAL ANTI-INFLAMMATORY
DRUG OF HIGH SELECTIVITY TO HUMAN CYCLOOXYGENASE-2 ON THE BASIS
OF QSAR STUDIES. Tarek Ma’amon El-Gogary 1, Yousrey Sherif 2, Gamal
Dahab 2, Mohaamed Attia 2, and Mohamed Kabil 2. (1) Chemistry, Mansoura
University, Egypt, 34517 Domyat Al-Gideda, Domyat al-Gideda, Egypt, Fax: +2
057 403868, asmasomy@muum.mans.eun.eg, (2) Mansoura University

Accurate virtual screening of large three-dimensional 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

Quantum chemical Quantitative Structure Activity Relationships (QSAR) expressions for a set of 39 Non Stroidal Anti-inflammatory Drugs (NSAIDs) towards
human Cyclooxygenase-1 (COX I) and Cyclooxygenase-2 (COX II) have been
developed on the basis of semi-empirical quantum mechanical calculations.
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Eighteen physical and structural parameters (descriptors) were computed at the
level of AM1 method. The data were subjected to a classical multiple regression
analysis. Surface area, volume and log P have found to play the major role in
the contribution to the activity towards COX I & COX II. This is in consist with
the X-ray results which state that the difference between COX I & II is mainly a
conformational difference in which the area of the active site in COX II is larger
than that in COX I. The activity of the studied set has been computed and
compared with the experimental results. The efficiency of Seventeen compounds
have been tested on the basis of the developed QSAR equations. One novel drug
has been designed and synthesized which shows better predicted efficiency than
the well-known in-market drug, meloxicam.

49.
IDENTIFICATION OF MOLECULAR REACTIVE SITES WITH AN INTERACTIVE
VOLUME RENDERING TOOL. Preston J. MacDougall, Department of Chemistry,
Middle Tennessee State University, 1301 E. Main St., Murfreesboro, TN 37132,
pmacdougall@mtsu.edu, and Christopher E. Henze, Data Analysis Group, NASA
Ames Research Center, MS T27A, Moffett Field, CA 94035,
chenze@nas.nasa.gov
A visualization tool is presented that employs volume rendering techniques. By
interactively exploring a molecule’s electronic charge density for characteristic
topological features, one can identify a diverse menu of chemically reactive
sites. Several features make this tool particularly well-suited for visualizing
pharmacophores. To visualize reactive sites, we investigate the Laplacian of the
electronic charge density that is either calculated with quantum chemical
methods, or alternatively obtained from high-resolution X-ray diffraction. We will
present computed results for several biomolecules that contain a variety of
reactive sites: cisplatin, penamecillin and isomers of nitrogen bases from DNA.
We will show that a single tool is useful in identifying inner-shell features
(cisplatin), polar, nonpolar and aromatic regions (penamecillin), hydrogen
bonding sites of varying strength (nitrogen bases and penamecillin), and other
reactive sites (strained heterocycle in penamecillin).

50.
SHAPE AND FEATURE BASED APPROACH TO VIRTUAL LIBRARY AND
DATABASE SCREENING. Santosh Putta 1, Christian Lemmen 1, Jonathan
Greene 2, and Paul Beroza 3. (1) 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,
(2) Adaptive Silicon, (3) Not available
Both the shape of a bioactive molecule and the chemical features displayed by a
ligand are important for biological activity. This paper presents a model-building
strategy that incorporates both molecular shape and chemical feature presentation during the development of a model. This model is then refined with the use
of biological activities. A database search using that model is shown to be
useful for identification of novel lead structures. A diverse set of conformations
is taken as input for all the molecules under consideration.
The model generation is split into three steps. In the first step, the shapes of
ligand molecules are encoded by canonically embedding their conformations
onto a 3D grid. Typically, a very large number of such shapes result from
known active and inactive molecules. These are collected into a shape catalog. If
no filtering is performed, the shape catalog can become quite large. Therefore,
closely related shapes are eliminated from the shape catalog during catalog
generation, resulting in a diverse selection of molecular shapes. In the second
step, a set of known active and inactive compounds are then compared to all
the shapes in the catalog. The comparison is implemented as a shape-matching
procedure followed by a similarity assessment on the basis of the grid occupancy. In the third step, a signature of each molecule is generated. A signature
is a bit-string obtained by encoding the grid positions of the chemical features a
compound presents when matched to the shapes in the catalog. Bits in the
signature (hypotheses or models) are rank-ordered based on their information
content (the ability to distinguish actives from inactives). A collection, or set, of
the most informative models (hypotheses) is used as an ensemble model for
scoring of virtual libraries.
We present validation experiments on thrombin as a model target. The
procedure has proven to be effective in distinguishing between actives and
inactives.

51.
MODELING OF ION COMPLEXATION AND EXTRACTION USING
SUBSTRUCTURAL MOLECULAR FRAGMENTS METHOD. Alexandre Varnek 1,
Georges Wipff 1, and Vitaly Soloviev 2. (1) Department of Chemistry, Louis
Pasteur University, 4, rue B. Pascal, Strasbourg 67000, France, Fax:
+33-3-88416104, varnek@chimie.u-strasbg.fr, (2) Institute of Physiologically
Active Compounds, Russian Academy of Sciences
A Substructural Molecular Fragment (SMF) method has been developed to
model the relationships between the structure of organic molecules and their
thermodynamical parameters of complexation or extraction. The method is
based on the splitting of a molecule into fragments, and on calculations of their
contributions to a given property. It uses two types of fragments: atom/bond
sequences, and “augmented atoms” (atoms with their nearest neighbours). The
SMF approach is tested on physical properties of C2 – C9 alkanes (boiling point,
molar volume, molar refraction, heat of vaporisation, surface tension, melting
point, critical temperature, and critical pressures) and on octanol/water partition
coefficients. Then, it is applied to the assessment of (i) complexation stability
constants of alkali cations with crown-ethers and phosphoryl-containing
podands, and of betha-cyclodextrins with mono- and 1,4-disubstituted benzenes,
(ii) solvent extraction constants for the complexes of uranyl cation by phosphoryl-containing ligands, and, (iii) distribution coefficients of Hg, In and Pt
extracted by 26 phosphoryl-containing monopodands, and of uranium extracted
by 32 mono- and tripodands or by 22 monoamides.
52.
DRUG-RECEPTOR INTERACTION FEATURES IN PHARMACOPHORE
IDENTIFICATION. Isaac B. Bersuker, Institute for Theoretical Chemistry,
Department of Chemistry & Biochemistry, The University of Texas at Austin,
Austin, TX 78712, Fax: 512-471-8696, bersuker@eeyore.cm.utexas.edu
Two novel ideas are employed in order to improve the description of molecular
systems in their interaction with the bioreceptor when the structure of the latter
is unknown. First, an atomic index is suggested which goes beyond electrostatic
interactions and takes into account orbital controlled donor-acceptor properties
of the atom-in-molecule. Second, based on the known kinetic equilibrium
properties of substrate-enzyme (drug-receptor) interaction and the orders of
magnitude of their bonding energy in comparison with the energy difference
between significantly populated conformations, it is shown that only one
conformation of the drug molecule, namely that with pharmacophore and best
bonding to the receptor, should be taken into account in quantitative bioactivity
prediction. With these two innovations, the improved electron-conformational
method of pharmacophore identification and bioactivity prediction is applied to
the problem of group I metabotropic glutamat receptor (mGluR1) agonists and
angiotensin converting enzyme inhibitors.
53.
TOPOMER SHAPE SIMILARITY SEARCHING OF FAMILIAR COMPOUND
DATABASES. Richard D. Cramer, and Robert Jilek, Tripos Inc, 1699 South
Hanley Road, St. Louis, MO 63144, Fax: 314-647-9241, cramer@tripos.com
Topomer shape similarity has been so effective in searching vast virtual
libraries, for structures biologically similar to a query structure, that it seems
obvious to address the most accessible compounds of all, those already on
hand or for sale. However, within such structurally “heterogeneous” databases,
topomer combinatorics affect search speeds unfavorably rather than favorably. A
consequent need for new pre-screening algorithms has produced a new “2D”
descriptor, the “aggregate count vector”. Its “neighborhood behavior” in a
standard neighborhood validation assay seems comparable and complementary
to such other widely used neighborhood metrics as 2D fingerprints and atom
pairs.
Initial evaluation of these new capabilities will involve large (∼500K) sets of
HTS primary screening data. We plan to present a critical assessment of the
results.
54.
ENHANCEMENTS IN CATALYST CONFORMATIONAL MODEL GENERATION:
SCIENTIFIC AND TESTING CONSIDERATIONS. Clive Freeman, Jiabo Li, Jon
Sutter, and Marvin Waldman, Molecular Simulations Inc, 9685 Scranton Road,
San Diego, CA 92121, clive@msi.com
Conformational models are of central importance in 3D database searching
using pharmacophores. Conformational models are used to populate multi-
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conformer databases and to derive pharmacophoric descriptions of active
chemical conformations. In both these applications, it is of central importance
that diverse and stereochemically reasonable pharmacophore configurations are
sampled. Recent developments in conformational model generation in the
Catalyst software suite will be highlighted, including algorithmic enhancements
to conformational similarity analysis and refinements in the sampling of
stereoisomers. An additional and important aspect of the work has been the
development of a test suite and automated testing procedure. Illustrative results,
showing improvements in conformational models as measured by conformational diversity and database searching will be presented.
55.
ON VALIDATING 3-D DIVERSITY METHODS: INTRODUCING TOTAL
PHARMACOPHORE DIVERSITY. Gergely Makara, and Edward Wintner,
Department of Chemistry, NeoGenesis Drug Discovery, 840 Memorial Drive,
Cambridge, MA 02139, Fax: 617-868-1515, gregm@neogenesis.com
Validation of pharmacophore derived metrics for quantifying molecular diversity
usually involves comparison of 2D and 3D techniques. Such studies have often
made the rather surprising and counterintuitive conclusion: 2D fingerprints
elucidate experimental data more reliably than 3D methods. This presentation
details several pitfalls that should be avoided in constructing sets of molecules
to be used in diversity validation. Molecules erroneously expected to be similar
can have a major impact on the observed performance of diversity methods and
are compared by 2D Unity and Total Pharmacophore Diversity (ToPD) fingerprints. ToPD, a new distance-based 3D method is also demonstrated to
consistently and significantly outperform 2D binary fingerprints in different
validation tests. The ToPD algorithm can be used for rapid evaluation of
diversity in large screening libraries or generation of focused libraries as well as
ligand-based virtual screening.
56.
OSPPREYS: AN ORIENTED SUBSTITUENT PHARMACOPHORE PROPERTY
SPACE. Eric J. Martin, and Thomas J. Hoeffel, Chiron Corporation, 4560 Horton
St, Emeryville, CA 94608, Fax: 510-923-2010, martine@chiron.com,
hoeffelt@chiron.com
Numerous virtual products, numerous conformations per product, and explicit
scaffold dependence, limits 3- and 4-point pharmacophore analysis of enumerated combinatorial libraries in 5 ways: to only small virtual libraries, 3- or
4-point pharmacophores, inadequate conformational sampling, simplistic
diversity measures, and recalculations for every library. “Oriented substituent
pharmacophores” add two additional points to each ordinary substituent
pharmacophore. This recaptures orienting information lost from fragmenting the
enumerated products. This necessitates the “combinatorial conformer” and
“template alignment” assumptions. In return, however, they include up to
9-point product pharmacophores. Furthermore, the small number of substituents, and few rotatable bonds per substituent, reduces the number of structures
by up to 1010, permitting thorough conformational sampling of large libraries.
The few pair-wise substituent similarities allow creation of a Euclidean property
space, not just counting set bits in a library union fingerprint. Finally, being
scaffold independent and transferable, oriented substituent fingerprints are
reusable between libraries.
63.
AUTOMATED MINING OF PROTEIN STRUCTURAL SIMILARITIES USING
REDUCED VARIABLE REPRESENTATIONS. Valeri Karlov 1, Dmitri Beglov 1, Eric
Koistinen 1, Dejan Timotijevic 1, Carlos Padilla 1, Jianhua Zheng 2, and Kal
Ramnarayan 2. (1) SBI-Moldyn, Inc, 955 Massachusetts Ave., Cambridge, MA
02139, Fax: 617-491-4522, kar@moldyn.com, (2) Structural Bioinformatics Inc
This work presents a general methodology and fast data mining algorithm for
detecting structural similarities between protein structures. The corresponding
technology, dubbed Structure Mining and Activity Recognition Technology
(SMART), is automated to screen a large 3D protein database in a highthroughput mode and find all structures similar to a specified target. Protein
structural comparisons are formalized via novel reduced-variable representations
(descriptors), which uniquely identify each protein. SMART offers several
reduced-variable representations, providing a tradeoff in terms of speed/storage
and accuracy of prediction. The detected structural similarity serves as a basis
for ab initio identification of protein function (activity), e.g. via detection of

important spatial arrangements of functional groups in diverse sets of proteins.
SMART provides a sequence-independent inference of structural similarities and
protein function. Preliminary testing demonstrates that SMART clusters the
similar structures according to their function faster and better than one of the
state-of-the-art methods - the NIH’s VAST code.

64.
STRUCTURE-BASED DATAMINING SOFTWARE FOR CORRELATING COMPOUND
CLASSES AND GENE EXPRESSION. Paul E. Blower, and Chihae Yang,
LeadScope, Inc, 1275 Kinnear Rd, Columbus, OH 43212,
pblower@leadscope.com
The National Cancer Institute routinely tests the growth inhibition and cytotoxicity of compounds against a panel of 60 human cancer cell lines (NCI60). To
date more than 70,000 compounds have been tested. Recently, researchers at
the NCI and their collaborators published a study in which they used cDNA
microarrays to generate gene expression profiles for the NCI60 and then used
bioinformatics techniques to correlate those profiles with drug activity patterns
of tested compounds. We have developed structure-based datamining and
visualization software that can assist researchers in exploring this rich data set.
In this talk, we will describe statistical techniques used to select genes with
characteristic expression patterns and illustrate how we used the software to
identify several compounds classes that are well-correlated with the expression
patterns of selected genes.

65.
APPLICATION OF STATISTICAL METHODS TO THE PREDICTION OF
B3LYP-OPTIMIZED POLYHEDRAL WATER CLUSTER GEOMETRIES. David J.
Anick, McLean Hospital, Harvard Medical School, Bowditch Bldg, 115 Mill St.,
Belmont, MA 02478, Fax: 617-855-3722, David.Anick@gte.net
A method is described for rapid prediction of optimized geometries for polyhedral (H2O)n clusters having each O in three H-bonds. A database of polyhedral
structures (1089 H-bonds, range 251 - 305 pm) was generated by optimizing 63
(H2O)n clusters, 8 ⱕ n ⱕ 20, via B3LYP/6-311++g**. Descriptors were selected
(p<0.001) correlating the O - O lengths, O - O - O angles and H2O orientation
parameters, with local and global cluster description parameters. The method
uses the resulting formulas for predicted H-bond lengths and angles to generate
an oxygen skeleton, on which the hydrogens are then positioned. Thirteen new
(H2O)n clusters (12 ⱕ n ⱕ 24, 321 H-bonds) were tested. The lower energy
structures came within 25 cal/mol per H2O of the B3LYP local minimum, and all
estimates came within 50 cal/mol per H2O. Range of RMS errors for O - O
distances was 0.8 - 1.6 pm, and for O - O - O angles, 0.7° - 2.2°. Issues
addressed include splitting up data sets for more meaningful analysis and
handling near-symmetry.

66.
ASYMMETRIC SIMILARITY IN ACTION. C. John Blankley, and David J. Wild,
Ann Arbor Laboratories, Pfizer Global Research and Development, 2800
Plymouth Road, Ann Arbor, MI 48105, Fax: 734-622-2782,
John.Blankley@pfizer.com
The concept of asymmetric similarity for database searching was introduced
several years ago. We illustrate a particularly useful application of this in the
context of analyzing screening hits from HTS experiments. Building on our
previous work with modal fingerprints, we have added a third similarity
measure, PMOD, to the two we have previously used. Complementing MSIM,
the Tanimoto similarity of the modal to a particular compound and MODP, the
fraction of common bits present in the modal, PMOD is the fraction of common
bits present in a particular compound. These latter two measures are modal
equivalents of the “Tversky” asymmetric similarity discussed by Bradshaw(1997). We have shown previously that a modal search for analogous
compounds is best conducted using an ordering in MODP. We now illustrate
that a modal search for candidate templates for a compound cluster is best
conducted using ordering in PMOD. This type of analysis is easily automatable
for use with cluster analysis of HTS results.
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67.
EFFECTIVE ANALYSIS OF DATA MINING RESULTS. Marvin Waldman, and
Osman F. Güner, Molecular Simulations Inc, 9685 Scranton Road, San Diego,
CA 92121, marvin@msi.com
One of the important aspects of data mining is an objective way of evaluating
the results of a search. Availability of such an objective function lends itself to
various automated procedures, such as query optimization, data clustering,
prioritization, etc. These automated processes can be extremely beneficial since
the databases are getting larger constantly due to the evolution of combinatorial
chemistry and HTS, and therefore the need for effective filtering of the data has
been increasing.
The quality of a hit list can be measured via multiple criteria, and the
employment of a function that uses only one such factor has clear limitations.
We focus on two important criteria: “selectivity” and “coverage.” We show that
combined representation of these two parameters provides a function, so called
GH-score, which can be productively used in structure-based data mining for
drug design. The GH-score function represents a weighted linear combination of
selectivity and coverage. In this presentation, we compare and contrast different
analysis techniques for data mining with the GH-score and provide examples to
highlight the benefits and shortcomings of each approach.

68.
INDUCTIVE IDENTIFICATION OF GOOD PARTIAL MATCH QUERIES FOR 3-D
FLEX SEARCHING. Robert D. Clark, Edmond Abrahamian, Peter Fox, and Trevor
W. Heritage, Research, Tripos, Inc, 1699 South Hanley Road, St. Louis, MO
63144, Fax: 314-647-9241, bclark@tripos.com
Although flexible 3D searching has proven itself a valuable tool in drug discovery research, constructing good pharmacophoric queries is still as much an art
as it is a science. Automated methods for deducing a consensus pharmacophore from a data set of confirmed actives have existed for some time, but
these all use deductive methodology and so do not deal well with false positives, nor with situations where two or more distinct but potentially overlapping
pharmacophores exist within a data set. Moreover, available methods are
restricted to consideration of a relatively small number of conformations for
each compound in the data set. These limitations sharply limit the usefulness of
such methods for working with the sorts of data sets typically generated by
high-throughput screening (HTS) programs.
We have recently developed an inductive approach which utilizes a genetic
algorithm (GA) and fully flexible 3D searching to generate ensembles of good
partial coverage/partial match queries applicable to just such data sets. The
challenges addressed in the course of this work included how to identify good
“seed” queries from which to start the GA; how to score query fitness; and how
to apply ensemble - as opposed to individual - selection effectively.

69.
FEATURE SELECTION FOR CHEMICAL STRUCTURE DATA MINING USING MDL
KEYS. Douglas R. Henry 1, Thomas M. Albert 2, David E. Nassau 1, and Joseph
L. Durant 1. (1) Product Development, MDL Information Systems, Inc, 14600
Catalina St., San Leandro, CA 94577, Fax: 510-614-3616, dough@mdli.com, (2)
Technical Communications, MDL Information Systems, Inc
In data mining, it is common to convert raw data into features that are more
suitable for analysis. Chemical substructure keys (SSKeys) are descriptors that
provide one way of converting a special type of raw data (chemical structures)
into a form that is useful for chemical database searching, mining, and diversity
calculation. We propose that further processing of SSKey descriptors, by
combining and customizing them, can improve the results scientists obtain.
In this talk, we investigate several approaches to improve the utility of SSKey
descriptors to predict the bioactivity of commercial and patented drug structures. Starting with standard and expanded key sets, we identify relevant key
subsets by applying database statistics and data mining techniques. We give
examples of combining SSKeys to generate hybrid features. Finally, we discuss
some methods and strategies to support specific applications by generating
custom keys.

70.
ANALYZING REACTION INFORMATION FOR COMBINATORIAL CHEMISTRY.
Johann Gasteiger, Oliver Sacher, and Achim Herwig, Department of Organic
Chemistry, Computer-Chemie-Centrum, University of Erlangen-Nuremberg,
Naegelsbachstrasse 25, 91052 Erlangen, Germany, Fax: +49-9131.8526566,
gasteiger@chemie.uni-erlangen.de
A large part of the endeavor in combinatorial chemistry has to be devoted to the
optimization of reaction conditions. On the other hand, combinatorial chemistry
and parallel synthesis provide information that could enhance our understanding
of chemical reactions. We will show how self-organizing neural networks can be
used to store information on chemical reactions and use this information for
making predictions. Foremost is the representation of chemical reactions which
is based on physicochemical descriptors calculated for the atoms and bonds at
the reaction site. We will show how the diversity of chemical reactions can be
explained and how information gathered from reactions can be used for
modeling selectivity and thus allow a more focussed planning of reactions.

75.
UNLOCKING CORPORATE DATA STORES WITH A DECISION ANALYTICS
FRAMEWORK FOR TECHNICAL DECISION MAKING. Shawn Kenner, Spotfire,
Inc, 60 Hampshire, Cambridge, MA 02139, shawn@spotfire.com
Research teams are producing and analyzing not only more data, but more
kinds of data, earlier in the research cycle. In order to put all this data to work
for them, researchers need simple access to it, and flexible methods that
allow—even encourage—inspection of the experimental results in new and
fruitful ways. I will discuss a decision analytics framework that allows researchers to retrieve, link, explore and make sense of a wide variety of data from
multiple sources. Examples will be drawn from high throughput screening, lead
identification and lead optimization to illustrate how the framework supports
technical decision-making within the data-intensive, fast-paced environment of
pharmaceutical discovery and development.

76.
VIRTUAL SCREENING: HOW ARE WE DOING? Mark E. Snow, James Dunbar,
Lakshmi Narasimhan, and Christine Humblet, Discovery Technologies, Pfizer
Global R & D, Ann Arbor, MI 48105, Fax: 734-622-2782, mark.snow@pfizer.com
The use of 3D database searching and high throughput docking methods for the
virtual screening of large libraries (actual or virtual) offers an efficient method
for the identification of those compounds most likely to be active against a
given target. How well do these methods perform? We will compare the results
of virtual and experimental screens for a number of therapeutic targets.

77.
NEW PERSPECTIVES IN VIRTUAL HIGH THROUGHPUT SCREENING. 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
A Data Base Mining software exploiting molecular diversity was developed for
search of new leads with help of virtual High Throughput Screening. Optimization of the number of pertinent descriptors to perform any classification is done
with help of genetic algorithm based procedures. A preliminary analysis of this
hyperspace is obtained by Kohonen Self Organizing Maps (SOM) that allow a
direct 2D representation. The development of different Fuzzy Logic procedures
offer new insights for an in depth analysis of molecular diversity via SOM or,
more fruitfully, in the original hyperspace, without loosing some information
content. These procedures include different algorithms: (i)Fuzzy Clustering, (ii)
Fuzzy Partition and (iii) Adaptive Fuzzy Partition (AFP). All these points will be
illustrated by different demonstrative examples. Not only active/inactive compounds are predicted but also, and simultaneously, their mechanism of action
for anti-carcinoma compounds or the involved receptor for CNS active compounds.
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78.
VIRTUAL SCREENING: IS DATA MINING UP TO THE CHALLENGE? George S.
Cowan, Discovery Technology, Pfizer Global Research and Development, 2800
Plymouth Road, Ann Arbor, MI 48105, Fax: 734-622-5996,
George.Cowan@pfizer.com, Alain Calvet, Discovery Computing and Drug Design,
Pfizer Global Research and Development, and Kjell Johnson, Biostatistics
Discovery and Early Development, Pfizer Global Research and Development
Virtual screening attempts to identify compounds with a biological activity by
using only the computerized representation of the compounds. One data mining
approach to virtual screening is to train statistical or machine learning methods
using a data set of biological measurements. Building a virtual screening
method requires coordinated work between chemists, statisticians, and machine
learning experts. There are several obstacles that the unwary chemist, statistician, or machine learning expert may stumble over in attempting to build virtual
screens. Some of these obstacles are extreme versions of common problems
while others are unique to virtual screening. We discuss 13 of these obstacles
with examples from the literature or from research experience on public or
proprietary compound libraries. Some suggestions for dealing with the issues
and pointers to the literature will be given.
79.
AUTOMATED DATABASE TOOL FOR ANALYZING SCREENING HITS. Jian Shen,
Aventis Pharmaceuticals Inc, Route 202-206, P.O. Box 6800, Bridgewater, NJ
08807-0800, Fax: 908-231-3360, jian.shen@aventis.com
HTS usually generates hundreds to thousands of active compounds. It can take
weeks to collect structural information and molecular properties for each
compound and review them in order to select potential drug leads. The task
depends highly on the individual, and human errors can easily be generated. To
overcome these hurdles, we have developed an integrated tool, Hits Analysis
Database (HAD). HAD is an ISIS/Base database containing compound structures,
screening activities, calculated properties such as clogP, hazard fragment labels,
and structure classifications. All this information is generated by other software
and retrieved automatically. In addition to search capabilities, HAD provides an
overview of chemical structural classes and corresponding activity statistics. The
structure can be sorted by maximum common structure clustering. The ease of
use and minimum technical support makes HAD an efficient data-mining tool in
early drug discoveries.
80.
SIV: A SYNERGISTIC APPROACH TO THE ANALYSIS OF HIGH-THROUGHPUT
SCREENING DATA. Andrew R. Leach, Darren V. S. Green, Michael M. Hann,
Gavin Harper, and Andrew R. Whittington, Computational Chemistry and
Informatics, Glaxo Wellcome Research and Development, Medicines Research
Centre, Gunnels Wood Road, Stevenage SG1 2NY, United Kingdom, Fax:
44-1438-764918, arl22958@glaxowellcome.co.uk
We will describe a variety of approaches to the analysis of HTS data that
attempt to make full use of the whole data set, including not only the most

active molecules but also those samples that are less potent (but which may
nevertheless represent one or more novel lead series) and inactive compounds.
The overall aim of these techniques is to maximise the number of viable lead
series provided for medicinal chemistry optimisation. We present comparisons
of these techniques across a variety of screens, using various types of 2D and
3D descriptors. In addition, we will indicate the role of interactive visualisation
and highlight the role of expert medicinal chemists in the overall process which
we term SIV (Selection by Interactive Visualisation). We demonstrate that the
synergy of several computational/data mining techniques, interactive graphics
and expert chemical knowledge proves to be more effective than any single
approach alone.
81.
STRUCTURE BASED DATA MINING OF HIGH THROUGHPUT SCREENING DATA.
Stephan Reiling, Research Department, Tripos, Inc, 1699 Sourth Hanley, St.
Louis, MO 63144, Fax: 314-647-9241, sreiling@tripos.com
The talk will present our latest results in the field of molecular descriptors and
algorithms research for the analysis of High Throughput Screening (HTS) data.
Results will be presented on the use of a K-nearest neighbor classifer to
compare various molecular descriptors. The descriptors evaluated include
topological indices (E-states, Chi, Kappa), Unity Fingerprints, HQSAR, AtomPair
Fingerprints (2D and 3D). The talk will also briefly introduce a new software
package that we have developed to analyze HTS data (SARNavigator). The
software centers around an interactive spreadsheet and a horizon modified Non
Linear Mapping (NLM) display of the structural space.
82.
IMPACTING PHYSCHEM PROPERTY PREDICTION AND CHROMATOGRAPHY
SIMULATION WITH USER TRAINING. Robert S. DeWitte, Michael McBrien, and
Eduard Kolovanov, Advanced Chemistry Development, 702-90 Adelaide St. West,
Toronto, ON M5H 3V9, Canada, Fax: 416-368-5596, rob@acdlabs.com
A fundamental limitation of physical property prediction methods is the
functional scope of the training set: in other words, has the algorithm ever seen
anything like my compound? If the answer is no, then nearly all methods are
likely to produce unsatisfactory results in some cases. Advanced Chemistry
Development provides a solution to this limitation in a feature called “user
training”. This approach seamlessly employs measurements performed on
proprietary compounds to enhance the predictive accuracy of LogP, LogD and
pKa calculations. By coupling the relationships among these properties, user
training on any one property positively impacts the predictions of the others.
With ACD software, scientists can gain insight into entire families of highly
novel structures by doing experiments on a very few examples. Physicochemical
interactions form the basis for chromatographic separation. Since these
parameters can be predicted from chemical structures, it follows that structurebased chromatograpy simulation is possible. User Training offers the ability to
predict chromatographic retention times for novel species based on physicochemical data for related compounds, offering the method development
chromatographer a unique evaluative/development tool.
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1014.
MOLECULAR MODELING OF TRANSITION-STATE SPECIES. Brian H.
Nordstrom, School of Arts and Sciences, Embry-Riddle Aeronautical University,
3200 Willow Creek Road, Prescott, AZ 86301, nordstrb@pr.erau.edu
Examples will be given of computer modeling exercises using molecular
mechanics, semiempirical MO, and ab initio techniques for finding transitionstate species in the study of reaction mechanisms for chemical reactions of
interest in the organic and physical chemistry courses.
1015.
EXERCISES, ASSESSMENT, AND THE RESULTS OF ASSESSMENT OF
SPARTAN. Julie B. Ealy, Department of chemistry, Haverford College,
Haverford, PA 19041-1392, jealy@haverford.edu
Exercises were developed for AP Chemistry students for utilization of Spartan to
educate the students about bond length, molecular shape, and dipole. An
understanding of the relationship of the electrostatic potential surface for each
molecule with its Lewis dot structure was expected, as well as how these were
related to the dipole of the molecule. A unique method of assessment was
developed. Examples from the exercises, how the assessment was carried out,
and the results of the assessment will be presented.
1016.
QUANTUM MECHANICS AND THE CHEMISTRY OF MATERIALS. Leonard W.
terHaar, Department of Chemistry, University of West Florida, 11000 University
Parkway, Pensacola, FL 32514, LTERHAAR@UWF.EDU
Materials science covers the overall interplay between structure, synthesis
(processing), properties and performance of solids. Materials chemistry
represents the chemist’s view of how physical properties and chemical characteristics can be altered, or even optimized, to impact these broad areas. We will
describe how ‘practical’ quantum mechanics (QM) has been used in a central
role, often as early as general chemistry. The utility of QM methods in materials
chemistry lies in the ability to integrate a range of topics across the curriculum,
from molecular bonding to band structures, from molecular structure to phase
diagrams. When coupled with other simulation engines and analytical technologies (e.g., instrumental methods) students quickly assess QM to be sufficiently
user-friendly for learning, developing, and communicating ideas. More important
though, modern GUIs make students realize that the power unleashed by
‘practical’ QM comes with the concomitant responsibility to use it wisely,
and—more than ever—to understand the fundamental concepts of chemistry.
1017.
ELECTROSTATIC POTENTIAL MAPS: USE AND MISUSE. Alan J. Shusterman,
Department of Chemistry, Reed College, 3203 S.E. Woodstock Blvd., Portland,
OR 97202-8199, Fax: 503-788-6643, alan@reed.edu
Electrostatic potential maps are useful tools for learning about molecular charge
distributions, as has been shown by their inclusion in several popular chemistry
textbooks. The maps are obtained from rigorously calculated electron density
distributions, but they often can be interpreted without referring to any “orbital
theories” of chemical bonding. This makes the maps useful for students of
many different educational levels. This paper will describe simple methods for
interpreting and using potential maps. Potential pitfalls, and how to avoid them,
will also be highlighted.
1018.
LABORATORY SEQUENCE IN COMPUTATIONAL METHODS FOR
INTRODUCTORY CHEMISTRY. Jason A. Cody, and Dawn C. Wiser, Department
of Chemistry, Lake Forest College, 555 N. Sheridan Road, Lake Forest, IL
60045, Fax: 847-735-6194, cody@lfc.edu, wiser@lfc.edu
Integration of modern research methodologies and instrumentation into the
introductory laboratory sequence has been a facet of undergraduate education at

Lake Forest College for several decades. Recently, we have incorporated the use
of molecular modeling to (1) provide a connection between experimentally
observed values and calculated molecular properties (2) lay the groundwork for
the use of computational chemistry in upper level courses. We have developed a
three-week sequence for the laboratory. In week one, students explore molecular
shape by learning molecule drawing and optimization (visualization of molecular
geometries); in week two, students compare observed retention times from gas
chromatography samples with calculated dipole moments (correlate intermolecular forces and GC retention time); in week three, students calculate and inspect
molecular orbitals (observe MO shapes and delocalization.) We continue to build
on these techniques as the student progresses through the curriculum.
1019.
ONE INEXPENSIVE APPROACH FOR INCORPORATING MOLECULAR MODELING
INTO THE UNDERGRADUATE CURRICULUM. Wayne P. Anderson, Department
of Chemistry, Bloomsburg University of Pennsylvania, Bloomsburg, PA 17815,
wpa@bloomu.edu
With the increasing speed of personal computers, it is now possible to do ab
initio quantum mechanical calculations on a PC. One of the limiting factors in
incorporating molecular modeling into the undergraduate curriculum, however,
is the cost of the software. Although the purchase of single copies of programs
for computation and visualization may be possible, the purchase of multiple
copies for use on several computers is often prohibitive at undergraduate
institutions. This presentation will discuss a Tcl/Tk interface, pcgRUN, that can
be used in conjunction with free software that can be downloaded off the
Internet to perform quantum mechanical calculations and visualize the output.
The interface allows students to build the molecule, set the appropriate input
parameters, run the calculation using PC-GAMESS, and visualize the output
using gOpenMol. Although the use of multiple programs lacks the elegance of a
self-contained commercial computation and visualization program, the low cost
of the implementation is advantageous to departments that have a tight budget.
1045.
COMPUTATIONAL CHEMISTRY SKILLS COURSE. Jeffry D. Madura, and Jeffrey
D. Evanseck, Department of Chemistry and Biochemistry, Duquesne University,
320 Mellon Hall, 600 Forbes Ave, Pittsburgh, PA 15282, Fax: 412-396-5683,
madura@duq.edu
To complement experimental investigation and discovery, graduate and undergraduate students benefit from the exposure to the tools of computational
chemistry. For the undergraduate and graduate students at Duquesne University,
we have developed a three-week computational chemistry skills course. In this
course we cover visualization, molecular mechanics, solvation, continuum
electrostatics, docking, molecular dynamics, Monte Carlo, and quantum
chemistry topics. In this talk, I will present how this course is designed, the
skills emphasized and how the students are assessed. The goal of the course is
to provide the basic knowledge of computational methods, as well as a rational
approach to problem solving.
1046.
COMPUTATIONAL CHEMISTRY IN UNDERGRADUATE INSTRUCTION AND
RESEARCH. Kenneth D. Jordan, Department of Chemistry, University of
Pittsburgh, Pittsburgh, PA 15260, Fax: 412-624-8611, ken@theory.chem.pitt.edu
This talk will describe our experiences and current efforts in and future plans for
incorporating computational chemistry and modeling methods into our undergraduate program, through traditional courses and courses with a modeling
emphasis as well as through participation in undergraduate research. Over the
past five years, over 40 undergraduate students have carried out research in
computational chemistry and molecular modeling at the University of Pittsburgh.
Thus we are in a unique position to comment on the relative merits of instruc-
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tional vs. hands-on research experiences for introducing students to computational chemistry.
1047.
MACROMOLECULAR MODELING FOR COMPUTER NOVICES. Lynn F. Ten Eyck,
San Diego Supercomputer Center, University of California, San Diego, 9500
Gilman Drive, La Jolla, CA 92093-0505, Fax: 858-822-3631, lteneyck@sdsc.edu
The course “Modeling Biological Macromolecules” taught at UCSD to graduate
students and advanced undergraduates has only two prerequisites—basic
physical chemistry, and basic biochemistry. No computer knowledge is assumed
or taught. In the five years the course has been offered no student has dropped
out due to inability or unwillingness to learn Unix from scratch through self
study. The students do projects of their own choosing, subject to the instructor’s consent. Each student typically has a different project. This adds significantly to the difficulty of teaching the course, but greatly enhances the student
interest. The course material ranges from homology modeling through molecular
dynamics and computer graphics.
1048.
MOLECULAR MODELING INSTRUCTION AT THE UNIVERSITY OF HOUSTON.
James M. Briggs, Department of Biology and Biochemistry, University of
Houston, 4800 Calhoun Rd., Houston, TX 77204-5513, Fax: 713-743-8351,
jbriggs@uh.edu
The central campus of the University of Houston System (UH) is a major urban
campus in Houston, Texas. UH has an enrollment of 33,000 students, 9,100 of
whom are graduate or professional. A substantial focus on chemical and
biochemical science exists at the undergraduate level at UH. A significant
percentage of our science undergraduates pursue laboratory or computational
research leading to senior theses. Many of our undergraduates are pre-med. and
have an interest in computational studies due to the application of theoretical
methods in drug design and in genomics. As a result, a sufficient number of
undergraduate students are interested in learning molecular modeling techniques
such that a course can be offered once a year. This presentation will focus on
the molecular modeling course as taught at UH.
1049.
GRADUATE LEVEL MOLECULAR MODELING COURSES. Dorina Kosztin, School
of Chemical Sciences, University of Illinois at Urbana Champaign, 505 S.
Mathews Ave, Noyes Lab, Rm.150, box 66-1, Urbana, IL 61801, Fax: (217) 333
3120, dorina@scs.uiuc.edu
Although today’s research in chemistry, and particularly in chemical biology,
relies more and more on computational and visualization methods to analyze
complex biomaterials, present chemistry curricula do not give students any
systematic exposure to the interplay between visualization and molecular
modeling methods. To meet this critical need for researchers in the Chemistry
Department at the University of Illinois, a new area of Chemical Biology was
created in 1998, that addresses chemical and physical concepts in biosimulations and bioinformatics. An integral part of this curriculum is the Visualization

Facility where in teaching, the instructor can use computer visualization to
enhance students’ understanding of abstract concepts and to demonstrate
concepts of chemical biology. The new program exposes researchers-in-training
to the full spectrum of systems and the wide array of concepts, techniques and
methods needed for future advances in chemistry, biology, and the modern
biotechnology industry.
1050.
MOLECULAR MODELING IN THE UNDERGRADUATE CURRICULUM. Thomas W.
Shattuck, Stephen U. Dunham, D. Whitney King, Shari U. Dunham, Dasan M.
Thamattoor, Julie T. Millard, Bradford P. Mundy, Rebecca R. Conry, and
Margaret H. Hennessy, Department of Chemistry, Colby College, 5759 Mayflower
Hill, Waterville, ME 04901, Fax: 207-872-3804, twshattu@colby.edu
Computational chemistry is a manifestation of chemical theory that provides a
set of skills and tools to help guide the insight of our students in solving
problems. We introduce a unified array of computational techniques early and
build upon them pervasively in every course that we teach. We use molecular
orbital theory and molecular mechanics and dynamics to understand molecular
interactions. Stereo visualization is a useful research and teaching tool to
underscore the molecular perspective. The vast amount of information at our
disposal is difficult to digest and must be organized using informatics tools and
model building. We use QSAR and informatics to predict molecular properties
and function. Computational methods are actively used in lecture, homework,
laboratory, and student research. Computational chemistry is an ideal teaching
tool to introduce new concepts, provide a framework for independent discovery,
and provide a link between lecture and laboratory.
1051.
INTEGRATION OF CERIUS2 AND INSIGHT 98 FOR BIOMATERIALS MODELING
INSTRUCTION. Alan H. Goldstein, Biomedical Materials Engineering Science
program, Alfred University, School of Ceramic Engineering and Materials
Science, Alfred University, 2 Pine Street, Alfred, NY 14802, Fax: 607-871-2354,
fgoldste@alfred.edu
The Biomedical Materials Engineering Science Program at Alfred University has
developed a new curriculum designed to expand our teaching and research
capacity in computer-based molecular modeling of interfacial phenomena
occurring between materials and biomolecules. An important first step is to
integrate existing atomic-based computer simulation systems for materials, with
biomolecular systems. A second step is to develop instructional paradigms that
are accessible to undergraduate students interested in simulations of biomaterials. Towards this end, we have been working with undergraduate life sciences
and engineering students to determine the types of ‘leveling’ necessary to allow
students to develop the skills necessary to participate effectively in a computational chemistry-based experiential learning environment. Our outcomes indicate
that students at this level learn best in an inquiry-based mode with appropriate
tutorials and mentoring. Of equal importance, a high level software system with
a user-friendly graphical interface is important to the success of the educational
experience.
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1.
PROTEIN FOLDING: SIMPLE INSIGHTS INTO A COMPEX REACTION (AWARD
LECTURE). Martin Karplus, Department of Chemistry & Chemical
Biology/Laboratoire de Chimie Biophysique, Université Louis Pasteur/Harvard
University, 12 Oxford Street/4 rue Blaise Pascal, 67000 Strasbourg,
France/Cambridge, MA 02138, Fax: 617-496-3204, marci@tammy.harvard.edu
To understand the thermodynamics and dynamics of proteins folding, simulations are needed to supplement the experimental data. In most cases, simplified
models have to be introduced to be able to explore the accessible conformational space. Examples taken from lattice and off-lattice simulations will be
presented and used to provide insights into the protein folding reaction.
2.
EXPERIMENTAL LANDSCAPES FOR PROTEIN FOLDING AND MISFOLDING.
Christopher M. Dobson, Oxford Centre for Molecular Sciences, University of
Oxford, New Chemistry Laboratory, South Parks Road, Oxford OX1 3QT, United
Kingdom, Fax: 44 1865 275921, chris.dobson@chem.ox.ac.uk
The ideas of energy surfaces or landscapes have transformed our understanding
of the mechanism of protein folding. We have been using approaches to
defining these landscapes for specific proteins by using a combination of
experimental and theoretical procedures. In addition, we have been exploring the
nature of protein misfolding and its links with human disease. We have been
investigating in particular those conditions associated with the deposition in
tissue of protein aggregates in the form of amyloid fibrils. There are nearly 20
diseases of this type, including Alzheimer’s and the prion diseases. We have
been studying in particular the amyloidosis associated with lysozyme, one of the
proteins whose folding we have studied in particular detail. As well as revealing
the links between the folding of this protein and the mechanism of fibril
formation, this work has led to the proposal that the ability to form amyloid is a
generic property of proteins. This proposal provides insights into the underlying
nature of these diseases, and into possible driving forces behind the evolution
of their structures and sequences.
3.
STRIP MINING THE ENERGY LANDSCAPE FOR PHYSICAL INSIGHTS. Frank H.
Stillinger, Materials Chemistry Research Department, Bell Laboratories, 600
Mountain Avenue, Murray Hill, NJ 07974, Fax: 908-582-3958, fhs@bell-labs.com
The conceptual and linguistic bases of condensed matter statistical mechanics
have reflected a shift in emphasis from conventional 3-dimensional space to the
much higher-dimensional space of the overall system configurations. At present
it is worth questioning whether this shift and its stress on the “energy landscape” is primarily sterile pedagogy, or whether it has generated new and
otherwise unsuspected insights. This presentation will offer evidence for the
latter. Supporting examples to be cited will include (a) extension of the
Lindemann melting law to encompass a corresponding freezing criterion; (b)
unambiguous and precise separation of isothermal compressibility for liquids
and solids into configurational and vibrational parts; (c) molecular-scale
identification of aging phenomena and anomalous diffusion under forced shear
conditions; and (d) critical evaluation of the “Kauzmann paradox” and “ideal
glass transition” concepts.
4.
WANDERING HOME IN MANY DIMENSIONS: TRAILS OF CRUMBS?
R. Stephen Berry, Chemistry Department and the James Franck Institute,
The University of Chicago, 5735 South Ellis Avenue, Chicago, IL 60637,
Fax: 773-834-4049, berry@rainbow.uchicago.edu
“Picoscale” systems—clusters, proteins and other systems of tens to millions of
atoms—fall roughly into two categories, “glass-formers” and “structureseekers.” The origins of their differing behavior lie in the topographies of their
potential surfaces. However these surfaces are far too complex to permit

anything but small statistical samples for their diagnosis and analysis. Determining what information is most useful to relate topographies to dynamics, and
how to find that information, is the challenge we discuss. Sequences of linked
stationary points form especially useful quantitative databases; “disconnection
diagrams” give a faster, qualitative overview. Sequences can be found from
microscopics or by backward inference from more abstract models, in the case
of protein folding. One product can be a rather reliable master equation for
relaxation and folding.
5.
SELF-ORGANIZING NEURAL NETWORKS IN DRUG DESIGN. Johann Gasteiger,
Department of Organic Chemistry, Computer-Chemie-Centrum, University of
Erlangen-Nuremberg, Naegelsbachstrasse 25, 91052 Erlangen, Germany, Fax:
+49-9131.8526566, gasteiger@chemie.uni-erlangen.de
Chemists have always learned from observations; information; this process of
inductive learning can be supported by artificial neural networks. Information
should first be explored by unsupervised learning strategies such as the the
self-organizing network introduced by Kohonen. It will be shown how selforganizing networks can be used for the analysis of molecular surface properties, distinguishing compounds having different biological activity, comparison
of collections of compounds, locating biologically active compounds, analysis of
similarity and diversity of combinatorial libraries, as well as analysis of highthroughput screening experiments.
6.
COMPARISON OF 3-D PHYSICO-CHEMICAL PROPERTIES OF LIGANDS FOR
THE THROMBOXANE A2 RECEPTOR USING THE KOHONEN SELF-ORGANIZING
MAPS TECHNIQUE. Joachim Petit 1, Daniel P. Vercauteren 2, Jean-Michel
Dogne 3, and François Durant 1. (1) Laboratoire de Chimie Moléculaire
Structurale, Facultés Universitaires Notre-Dame de la Paix, Rue de Bruxelles 61,
5000 Namur, Belgium, Fax: +32 (0)81 72 45 30, Daniel.Vercauteren@fundp.ac.be,
(2) Laboratoire de Physico-Chimie Informatique, Facultés Universitaires
Notre-Dame de la Paix, (3) Laboratoire de Chimie Pharmaceutique, Université de
Liège
In numerous ligand/receptor systems, the three-dimensional (3-D) structure of
the protein is still not known accurately, and thus, the knowledge of the system
need to be improved using SAR studies considering several ligand candidates.
In this context, the aim of our work is to develop an original method to facilitate
the comparisons of 3-D physico-chemical properties of potent molecules. The
method is based on the Kohonen self-organizing maps technique (SOM) which
allows the projection of multidimensionnal informations on a 2-D space (maps)
conserving the topology of the information. We focused on the thromboxane A2
receptor of great pharmacological interest considering its numerous pathological
implications and for which several antagonist candidates have already been
proposed. We have selected 6 compounds, sampled their conformational space
using Molecular Dynamics, and calculated the molecular electrostatic potential
(MEP) on the van der Waals surface. The MEP was projected on 2-D maps
using the SOM technique. We next developed a Monte-Carlo algorithm in order
to find the best superimpositions of the maps and, consequently, determine the
corresponding structural features of the molecules in order to propose a (or
several) pharmacophore hypotheses.
7.
QSARS FOR BINDING AFFINITY OF INHIBITORS OF HUMAN TYPE 1
5␣-REDUCTASE USING STRUCTURE BASED DESCRIPTORS. Gregory A.
Bakken, and Peter C. Jurs, Department of Chemistry, The Pennsylvania State
University, 152 Davey Laboratory, University Park, PA 16802, Fax:
814-865-3314, gab@zeus.chem.psu.edu
Quantitative structure-activity relationships (QSARs) are developed to predict
binding affinities (Ki) for inhibitors of human type 1 5␣-reductase enzyme. A
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data set of 93 6-azasteriods is used to generate QSARs, with log(Ki) values
ranging from −0.70 to 4.69 log units. Compound structures are encoded using
topological, geometric, electronic, and polar surface descriptors. Evolutionary
optimization is used to select candidate subsets of descriptors for model
formation. Linear regression, computational neural networks, principal components regression, and partial least squares are used to form predictive models.
Predictive ability of all models is verified using compounds not included in
model formation. The optimal neural network model produced a root-meansquare error of 0.293 log units (R = 0.985) for the external prediction set of
compounds. Additionally, successful QSARs are generated to predict inhibitor
selectivity for binding to 5␣-reductase relative to 3␤-hydroxy-␦5-steroid
dehydrogenase/3-keto-␦5-steroid isomerase, which provides information about
potential detrimental effects inhibitors may have on other steroid biopathways.
8.
BOOSTING SUPPORT VECTOR MACHINES FOR VHTS, ADME AND QSAR. Curt
M. Breneman 1, Kristin P. Bennett 2, Mark J. Embrechts 3, Jinbo Bi 2, Ayhan
Demiriz 2, Larry Lockwood Jr. 1, Michinari Momma 2, and Nagamani Sukumar 1.
(1) Department of Chemistry, Rensselaer Polytechnic Institute, Cogswell Lab
319A, 110 8th St., Troy, NY 12180, Fax: 518- 276-4045, brenec@rpi.edu, (2)
Department of Mathematics, Rensselaer Polytechnic Institute, (3) Decision
Sciences and Engineering Systems, Rensselaer Polytechnic Institute
Support Vector Machines (SVM) are a new class of methodologies for solving
inference problems such as classification and regression. In this paper we
investigate SVM approaches for producing quantitative structural activity
relationship (QSAR) models for several different prediction and screening
applications. QSAR problems often require the use of both classification and
regression models based on relatively few data points in very high dimensions.
When large numbers of descriptors are used, there is a great risk of overfitting
the model, thus producing a model with poor predictive ability on new compounds. SVM are well suited for both QSAR and ADME screening since they
avoid this pitfall by using capacity control to avoid overfitting. In this work, we
focus on how general purpose SVM regression methods can best be adapted
for QSAR and high-throughput virtual screening. In the present work, SVM
variants based on both quadratic and linear programming models are considered. Appropriate methods for feature selection are investigated. We find that
Boosted SVM consisting of a weighted combination of many SVM also can
further enhance results. Computational results comparing SVM with Partial Least
Squares methods on problems such as blood-brain barrier permeability and HIV
reverse-transcriptase inhibition modeling as well as high-throughput virtual
screening of NCI/DTP datasets indicate that SVM-type approaches are extremely
promising.
9.
TEXT INFLUENCED MOLECULAR INDEXING (TIMI). Suresh B. Singh, Richard
D. Hull, and Eugene M. Fluder, Merck Research Laboratories, 126 Lincoln
Avenue, Rahway, NJ 07065, Fax: 518 276-4045, suresh_singh@merck.com
We present here a novel methodology called Text Influenced Molecular Indexing
(TIMI), which provides the means for not only using text to influence chemical
similarity, but also to tease out chemical and textual relationships so that they
can be examined in the light of day. We developed TIMI as an extension of two
methodologies; 1) for calculation of chemical similarity using 2-dimensional
topological descriptors called Latent Semantic Structure Indexing (LaSSI) and 2)
for generation of correlations between textual terms using Latent Semantic
Indexing. The chemical descriptors of compounds described in the Medline
abstracts were added to the textual material of these abstracts and then recast
to create a matrix. The singular value decomposition (SVD) of a feature/object
matrix is the cornerstone of LSI, LaSSI, and TIMI, and is used in the identification of associations between text and chemistry. We will present the results of
our studies that show the advantages of merging textual and chemical descriptors over using either text or chemistry individually. A search of a text only
database can not benefit from associations which are made across chemical
structure, it can not relate those textual terms to chemical features but can only
retrieve documents about the compounds explicitly mentioned in the text.
Likewise, a search of a chemistry only database cannot benefit from associations which are made across the text. It cannot index abstracts which do not
have any chemical structures mentioned in them. The TIMI system represents a
methodology for leveraging the contextual knowledge painstakingly developed by

scientists within the pharmaceutical, biological, and medicinal chemistry
community.
10.
QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIP MODELS FOR THE
PREDICTION OF SELECTIVE CYCLOOXYGENASE-2 INHIBITION. Gregory W.
Kauffman, and Peter C. Jurs, Department of Chemistry, The Pennsylvania State
University, 152 Davey Laboratory, University Park, PA 16802, Fax:
814-865-3314, gwk@zeus.chem.psu.edu
Quantitative structure-activity relationship (QSAR) methodology is used to
generate models to predict the inhibition of cyclooxygenase-2 enzyme function
in inflamed tissue. In vitro IC50 values for a structurally diverse set of 275
anti-inflammatory agents range as follows: 0.23 < log(IC50) < 5.0. Statistical and
computational neural network models are generated from structure-based
numerical descriptors encoding topological, geometric, and electronic information as well as polar surface area and hydrogen-bonding interactions. Descriptor
feature selection is performed using simulated annealing or a genetic algorithm
coupled with linear regression and neural network fitness evaluators on a set of
training set compounds. The best model is validated using an external prediction
set of 27 compounds which produced a root-mean-square error of 0.554 log
units. Results demonstrate that the use of a committee of neural networks for
this QSAR application enhance the predictive ability of models over those using
linear methods or single neural networks.
11.
GENETIC ALGORITHMS FOR CHEMOINFORMATICS. Barry K. Lavine,
and Charles Davidson, Department of Chemistry, Clarkson University,
Box 5810, Science Center, Potsdam, NY 13699, Fax: 518 276-4045,
blavine@cisunix.unh.edu
The development of a genetic algorithm (GA) for pattern recognition analysis of
multivariate chemical data is described. The GA identifies features that optimize
the separation of the classes in a plot of the two or three largest principal
components (PCs) of the feature subset selected. Because the largest PCs
capture the bulk of the variance in the data, the features chosen by the GA
convey information primarily about differences between the classes in the data
set. The principal component analysis routine embedded in the fitness function
of the GA acts as an information filter, significantly reducing the size of the
search space since it restricts the search to feature sets whose PC plots show
clustering on the basis of class. In addition, the algorithm focuses on those
classes and samples that are difficult to classify as it trains using a form of
boosting. Samples that are easy to classify are not as heavily weighted in the
analysis as samples that are difficult to classify. Over time, the algorithm learns
its optimal parameters in a manner similar to a neural network. The fitness
function of the GA mimics human pattern recognition through machine learning
to score the principal component plots, thereby integrating aspects of artificial
intelligence and evolutionary computations to produce a new learning paradigm
for multivariate analysis that is superior to current methodologies in many
applications, e.g., deciphering the complex chemosensory code of social insects,
fuel spill identification, structure odor and structure activity relationships, and
chemical fingerprinting. In addition, the fitness function of the GA can be
generalized using robust principal component analysis enabling it to tackle
messy pattern recognition problems, e.g., outliers, ordinate data, nonlinear
relationships among variables.
12.
DNA AKYLATION AND PHOTOIONIZATION PATTERNS IN THE INTERIOR OF
GUANINE RUNS. Pierre R. LeBreton, and Qiqing Zhu, Department of Chemistry,
The University of Illinois at Chicago, 845 W. Taylor Street, Chicago, IL 60607,
Fax: 312-996-0431, LeBreton@uic.edu
Of the DNA bases, guanine is the best electron donor, and in reactions with
many alkylating agents the most susceptible to electrophilic attack. The recent
combined use of experimental gas-phase photoelectron data and self consistent
field (SCF) and post-SCF descriptions has provided new information about
guanine ionization potentials (IPs) at the nucleotide and oligonucleotide levels.
The energetic matching of the highest occupied  orbitals and the  interaction
that occurs in regions of stacked guanines (G runs) give rise to sequencespecific regions of low IP. Results obtained at the SCF level indicate that in
double-stranded oligonucleotides containing G runs with three or four guanines,
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an interior guanine has the lowest IP. The low interior IPs correlate with guanine
two-photon ionization patterns. They also correlate with the high reactivities at
interior sites exhibited by the electrophilic antitumor agent bis-2-cholroethylmethylamine (nitrogen mustard) and by the potent carcinogen N-methyl-Nnitrosourea.

13.
MODES OF ACTION OF DNA REPAIR ENZYMES. Leif A. Eriksson, Bo Durbeej,
and Jorge Llano, Department of Quantum Chemistry, Uppsala University, Box
518, Uppsala 751 20, Sweden, Fax: +46-18-471 58 30, leif.eriksson@kvac.uu.se
DNA is constantly subjected to a number of different damaging factors, such as
ionizing and UV radiation, leakage of reactive oxygen species through respiration, toxic chemicals, and similar. Overall, it is estimated that 1% of all DNA
bases become damaged in each cell each day. The various DNA repair enzymes
hence play a very important role in ensuring correct genetic information.
However, not all repair is correctly done, which may lead to mutations and
transversions.
In the present work we present results of theoretical studies at the DFT and
MD levels, of the formation of different types of damages to DNA, and the
enzymatic mechanisms associated with their repair.

14.
THEORETICAL STUDIES OF DNA DEAMINATION. PYRIMIDINE RING-OPENING
AND RECYCLIZATIONS IN THE NITROSATIVE DEAMINATIONS OF GUANINE,
CYTOSINE AND ADENINE. Rainer Glaser, Sundeep Rayat, Michael Lewis,
Thomas Carl, and Brian Hodgen, Department of Chemistry, University of
Missouri-Columbia, Columbia, MO 65211, Fax: 573-882-2754,
glaserr@missouri.edu
The major known products of the nitrosative deaminations of the nucleobases
guanine (G), cytosine (C) and adenine (A), respectively, are xanthine and
oxanosine, uracil, and hypoxanthine, respectively. This kind of oxidative DNA
damage and consequential cross-linking (e.g. dG-to-dG) are implicated in a
variety of disease processes. The products of nitrosative nucleobase deamination were considered to result from reactions of the diazonium ions by nucleophilic replacement of the diazonium group while keeping the pyrimidine rings
intact. However, theoretical studies revealed that dediazoniation of guaninediazonium ion is associated with concomitant pyrimidine ring-opening. The dediazoniations of cytosine- and of adeninediazonium ions do result in cyclic cations.
However, these cations can undergo exothermic pyrimidine ring-opening
reactions with low activation barriers. We discuss the ring-opening reactions
and consider the chemistry of the ring-opened species including a discussion of
recyclization scenarios. The new findings suggest that the commonly accepted
mechanisms of the nucleobase deaminations are wrong and incomplete.

15.
CONSERVATION OF ELECTROSTATIC PROPERTIES WITHIN ENZYME FAMILIES
AND SUPERFAMILIES. Dennis R. Livesay, Department of Chemistry, California
State Polytechnic University at Pomona, 3801 West Temple Avenue, Pomona,
CA 91768, Fax: 909-869-4344, drlivesay@csupomona.edu, and Shankar
Subramaniam, Department of Bioengineering and San Diego Supercomputer
Center, University of California at San Diego
Electrostatic interactions play a key role in enzyme catalytic function. At long
range, electrostatics steer the incoming ligand/substrate to the active site, and at
short distances, electrostatics provide the specific local interactions for catalysis.
In cases where electrostatics determine enzyme function, orthologs should share
the electrostatic properties in order to maintain function. Often, electrostatic
potential maps are employed to depict how conserved surface electrostatics
preserve function. We present here further qualitative and quantitative evidence
of key electrostatic sequence and structural conservation within four enzyme
families and one enzyme superfamily. We show that the spatial charge distribution is conserved within each family and superfamily. Conversely, phylogenetic
analysis of key electrostatic residues provide the evolutionary origins of
functionality. These results are quantitatively supported by conserved overall pH
profiles of two key electrostatic properties, ionization energy and electrostatic
free energy.

16.
DEVELOPMENT AND APPLICATION OF A NEW COMPUTATIONAL APPROACH
FOR STUDYING ENZYME REACTIONS. Yingkai Zhang, Haiyan Liu, and Weitao
Yang, Department of Chemistry, Duke University, Durham, NC 27708, Fax:
919-660-1605
We have developed a new computational approach to studying enzyme reactions. It consists of three major components: a pseudobond ab initio QM/MM
method which provides a consistent and well-defined potential energy surface,
an efficient iterative optimization procedure which determines the reaction paths
with a realistic enzyme environment, and the free energy calculations which take
account of the fluctuation of enzyme system. With this new approach, we have
investigated the mechanisms of the isomerization reaction catalyzed by triosephosphate isomerase. The results indicated a dual-pathway reaction mechanism,
which involves both classical and criss-cross pathways. It is found that a
low-barrier hydrogen bond (LBHB) is formed in the enediol intermediate during
the criss-cross pathway. This LBHB is very short with the distance between two
oxygen donor atoms less than 2.5 Angstrom, but the strength is estimated to be
only about 3-4 kcal/mol stronger than the normal hydrogen bond.

17.
FORM, FUNCTION, AND DYNAMICS OF TETRAPYRROLES IN PROTEINS. John
A. Shelnutt, Biomolecular Materials & Interfaces, Sandia National Laboratories,
1001 University Blvd SE, Albuquerque, NM 87106, Fax: 505-272-7077,
jasheln@unm.edu
Tetrapyrroles are ubiquitous protein cofactors, serving as energy- and electrontransfer mediators, light collectors, and catalysts. Hemes (iron porphyrins), in
particular, have a variety of biological functions, including NO sensing, transport, storage, and synthesis, CO and O2 sensing, O2 storage and transport, and
many types of catalysis. The conformations of hemes are often the same for
hemeproteins with the same physiological function obtained from different
organisms, suggesting that the form of the heme is important in its function.
Several fundamental types of nonplanar deformations of the heme macrocycle,
which is normally planar in the absence of surrounding protein, are observed in
hemeproteins. I describe how the protein moiety brings about the observed
heme deformations for some hemeproteins and what part the distortion plays in
function. Finally, the dynamics of heme distortion and the possible role of large
transient heme deformations in function will be addressed. (Supported by
USDOE Contract DE-AC04-94AL85000.)

18.
NOVEL INSIGHTS INTO REACTION MECHANISMS FROM COMPUTER-AIDED
CHEMISTRY. David Gallagher, CaChe Group, Fujitsu Business Systems of
America, 15244 NW Greenbrier Parkway, Beaverton, OR 97006-5733, Fax:
503-531-9966, dgallagher@cachesoftware.com
Examples of novel insights into reactions and mechanisms from computer-aided
chemistry will be reviewed. Insights gained, for example, from visualization of
electronic structure calculations can sometimes rationalize unexplained phenomena, screen properties of potential candidates before synthesis, and even
overturn established theories. Computer-aided chemistry offers the experimental
chemist new information that is unavailable from traditional analytical techniques, hence, it complements established methods.

19.
ENERGY LANDSCAPES AND BEYOND. Peter G. Wolynes, Chemistry and
Biochemistry, University of California,San Diego, 9500 Gilman Drive, La Jolla,
CA 92093, pwolynes@ucsd.edu
Energy landscapes provide a useful framework for discussing systems with
longlived states. The simplest description is global,and largely statistical. This is
sufficient for clusters and smaller proteins. A richer description based on
landscapes, but including local dynamical domains, is needed for macroscopic
glasses and larger proteins. I will discuss the successes of these views and
their possible extension to far from equilibrium situations like those encountered
in cell biology.
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20.
STRUCTURAL PROPERTIES AND MECHANISTIC ROLE OF EARLY
INTERMEDIATES IN PROTEIN FOLDING. Heinrich Roder, M. C. Ramachandra
Shastry, and Hong Cheng, Institute for Cancer Research, Fox Chase Cancer
Center, 7701 Burholme Ave., Philadelphia, PA 19111, Fax: 215-728-3574,
Roder@fccc.edu
Partially structured ensembles of states are often found to accumulate during
the initial stages of protein folding, but the structural properties and kinetic role
of these early intermediates remain poorly understood. The limited time
resolution of conventional kinetic methods and the lack of suitable conformational probes has made it difficult to distinguish kinetic mechanisms involving
productive (on-pathway) intermediates (e.g., U ⇔ I ⇔ N) from mechanisms
involving non-productive states (e.g., I ⇔ U ⇔ N). We have explored the
kinetics of folding for several small proteins known to exhibit multi-state folding
behavior over a time window extending well into the microsecond time scale,
using our recently developed continuous-flow mixing method. Further technical
advances enable us to monitor folding reactions not only by fluorescence, but
also by optical absorbance and solvent protection of amide protons. In a recent
fluorescence study of a small four-helix protein, Im7, we were able to follow the
complete time course of folding, including the formation of a previously
unresolved ‘burst-phase’ intermediate on the 100 µs time scale (with A.P.
Capaldi, S.E. Radford). The kinetic data as a function of urea concentration are
quantitatively accounted for by a three-state mechanism with an on-path
intermediate, whereas off-path or branched mechanisms result in poor fits,
indicating that Im7 folds via a productive intermediate on a direct path toward
the native state. Previous continuous-flow fluorescence studies have shown that
cytochrome c encounters two distinct populations of intermediates on the
submillisecond time scale, but their kinetic importance remains unclear.
Absorbance-detected continuous-flow measurements indicate that all states
exhibit distinct heme absorbance spectra due to progressive burial of the heme
group as folding proceeds. Global fitting of various four-state kinetic models
fully accounts for the wavelength-dependent kinetic data only if we assumed
that the intermediates are on a direct path between unfolded and native states
(U ⇔ I1⇔ I2 ⇔ N), indicating that both states are kinetically productive.
21.
DYNAMICS OF THE PRIMARY PROCESSES OF PROTEIN FOLDING: HELIX
NUCLEATION. James H. Werner 1, R. Matthew Fesinmeyer 2, Niels H.
Andersen 2, and R. Brian Dyer 1. (1) Bioscience Division, Los Alamos National
Laboratory, Mail Stop J586, Los Alamos, NM 87545, Fax: 505-667-0851,
jhw3@lanl.gov, (2) Department of Chemistry, University of Washington
While the transition from a random coil of amino acids to an ␣-helix conformation is arguably one of the best understood kinetic processes in the field of
protein folding, certain aspects of the helix/coil transition remain in question. In
particular, the time-scale of helix nucleation has been reported to vary from
several nanoseconds to several milliseconds. This enormous range of reported
rates makes it unclear whether helix nucleation is a very early process that
facilitates subsequent folding events, or whether it is a rate limiting late step in
protein folding. The current studies directly examine ␣-helix nucleation kinetics
in two model peptides from opposite sides of the helix/coil transition. Rapid,
laser-induced temperature jumps were used to perturb the helix/coil equilibrium
and time resolved infrared absorption of the amide I band was used to report
on the peptide conformation. The results show that ␣-helix nucleation occurs on
a sub-microsecond time-scale with a substantial enthalpic barrier (∼12 kcal/
mol).
22.
EXPLORING THE ENERGY LANDSCAPE OF PEPTIDES IN EXPLICIT SOLVENT.
Angel E. Garcia, Theoretical Biology and Biophysics Group, Los Alamos
National Laboratory, T10 MS K710, Los Alamos, NM 87545, Fax: 505-665-3493,
axg@lanl.gov, and Kevin Y. Sanbonmatsu, Applied Physics Division, Los Alamos
National Laboratory
We study the energy landscape of peptides in explicit aqueous solution using a
highly parallel replica-exchange approach that combines molecular dynamics
trajectories with a temperature exchange Monte Carlo process. The combined
trajectories in T and configurational space allow a replica to overcome a free
energy barrier present at one temperature by increasing T, changing configurations, and cooling in a self-regulated manner, thus allowing sampling of broad

regions of configurational space in nanoseconds time scales. The energy
landscape of the peptide GEWTYDDATKTFTVTE, taken from the C-terminal
fragment (41-56) of protein G, shows that the system preferentially adopts a
beta hairpin structure. However, the peptide also adopts helices and helix-turnhelix states, among other structures. The helical states become increasingly
stable at low temperatures, but are slightly less stable than the beta turn
ensemble. The energy landscape is rugged at low T, where substates are
separated by large energy barriers. These barriers disappear at higher temperatures, The free energy landscape of the Fs peptide, shows alpha helices as the
dominant structure. However, we see an ensemble of structures with multiple
helical segments, thus challenging current views concerning the energetics of
helix nucleation and propagation.

23.
FOLD-X: AN ALGORITHM TO PREDICT AND ENGINEER FOLDING PATHWAYS.
Luis Serrano, and Raphael Guerois, Structures & Biocomputing, EMBL,
Meyerhofstrasse 1, Heidelberg D-69012, Germany, Fax: 49-6221-387306,
serrano@embl-heidelberg.de
To investigate the relationships between protein topology, amino acid sequence
and folding mechanisms, the folding transition state of the Sso7d protein has
been characterised both experimentally and theoretically. Although Sso7d protein
belongs to the SH3 fold family, the structure of its transition state is different
from that of a-spectrin and src SH3 domains previously studied. The folding
algorithm, Fold-X, including an energy function with specific sequence features,
accounts for these differences and reproduces with a good agreement the set of
experimental values obtained for the three proteins. Our analysis shows that
taking into account sequence features underlying protein topology is critical for
an accurate prediction of the folding process.

24.
IMPROVING ACTIVITY CLASSIFICATION OF HIGH THROUGHPUT SCREENING
DATA. Alain Calvet, Kjell Johnson, and George Cowan, Discovery Computing
and Drug Design, Pfizer Global Research and Development, 2800 Plymouth
Road, Ann Arbor, MI 48105, Fax: 734-622-3153, alain.calvet@pfizer.com,
kjell.johnson@pfizer.com, george.cowan@pfizer.com
One of the challenges in analyzing information from high throughput screening
is dealing with noisy, first-pass, single data point measurements. These noisy
measurements increase the difficulty of accurately identifying active compounds.
To improve activity classification, we have built several statistical and computational learning models which use compound structure to explain the activity
observed from first-pass percent-inhibition screening data. We also pool the
predictions from the individual models to form a consensus score and a
majority vote score for activity. The activity models and summaries are then
validated with second-pass IC50 results. In addition to proprietary data, we use
simulated data to examine the performance of each activity model and summary
under varying levels of noise for first pass activity classification. Overall, we
have found that the models and activity summaries improve activity classification, perform well in the presence of varying levels of noise, and select active
compounds from untested data.

25.
AN OVERVIEW OF EVOLUTIONARY ALGORITHM APPLICATIONS IN
COMPUTER-AIDED MOLECULAR DESIGN. David E. Clark, Computer-Aided Drug
Design, Argenta Discovery Ltd, Rainham Road South, Dagenham, United
Kingdom, Fax: +44-(0)208-919-3859, david.clark@argentadiscovery.com
From its beginnings in the 1950s, the field of evolutionary algorithm (EA)
research has grown dramatically, with much of the expansion occurring in the
last decade. Many application areas have benefited from the ideas emerging
from the EA community, not the least of which is the field of computer-aided
molecular design (CAMD). This presentation will review EA applications in
CAMD including examples from QSAR, protein-ligand docking, combinatorial
library design and chemical structure handling. Some of the current areas of
research in the field of EAs will be highlighted and some possible future
directions will be discussed.
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26.
COMPARISONS OF GENETIC ALGORITHM-BASED DESCRIPTOR SELECTION
METHODS FOR QSAR. Mark J. Embrechts, Decision Sciences and Engineering
Systems, Rensselaer Polytechnic Institute, 110 8th St, Troy, NY 12180,
embrem@rpi.edu, Curt M. Breneman, Department of Chemistry, Rensselaer
Polytechnic Institute, and Kristin P. Bennett, Department of Mathematics,
Rensselaer Polytechnic Institute
This presentation will introduce several innovative methods for descriptor
selection with genetic algorithms and benchmark the results for an HIV related
QSAR problem (HIV reverse-transcriptase inhibition). The descriptor selection
methods include 1) GAPLS, 2) GA-driven descriptor scaling, and 3) GA-driven
correlation matrix optimization. The GAPLS is the traditional method where
descriptors are selected for a learning model (in this case partial least squares)
with the aid of a genetic algorithm. GA-driven descriptor scaling selects
normalized scaling factors for the descriptors for a GA-driven clustering model
with local learning. The GA-driven correlation matrix optimization uses a genetic
algorithm to pre-select features based on the correlation matrix: the cost
function favors strongly correlated descriptors with the activity, but penalizes for
descriptors that are highly inter-correlated.
27.
PATTERN RECOGNITION TECHNIQUES IN DRUG DISCOVERY. W. Graham
Richards, and Daniel D. Robinson, Department of Chemistry, Oxford University,
New Chemistry Laboratory, South Parks Road, Oxford OX1 3QT, United
Kingdom, Fax: +44 1865 275905, graham.richards@chem.ox.ac.uk
Techniques developed in the area of artificial intelligence such as computer
vision and object recognition can be adapted for use in computational chemistry
and drug discovery. We present two examples. Molecular alignment is a crucial
first step in many deign projects. This is particularly difficult if the structures are
very diverse particularly with respect to size. Nonetheless computer vision
methods can handle the problem. Another adaptation from medical imaging
using a multiscale approach permits us to find binding sites on proteins.
28.
EMPIRICAL INTELLIGENCE IN PHYSICAL PROPERTY PREDICTION. Robert S.
DeWitte, and Eduard Kolovanov, Advanced Chemistry Development, 90 Adelaide
W, Toronto, ON M5H 3V9, Canada, Fax: 518 276-4045, rob@acdlabs.com
Neural Nets, Decision Trees, Genetic Algorithms and other forms of “mid-tier”
artificial intelligence have attracted a lot of attention in the past decade for their
ability to generate insightful and useful models of all sorts of phenomena,
including the physical properties of molecular species. One should be wary,
however, of unpredictable behaviour in these models, particularly in cases where
input falls outside the domain (loosely speaking) of the training set. Since it is
not clear, a priori, how positive behaviour within the domain has been achieved,
it may come at the expense of negative behaviour outside the domain. While it
is true that every prediction methodology is fundamentally limited by the
“experience set” defined by training samples, empirical models parameterized on
such training sets have the fundamental advantage of well defined behaviour.
This stems from the fact that the essential physics embedded in the empirical
model controls the behaviour over all input conditions. Such “Empirical
Intelligence” is the basis of the Advanced Chemistry Development Suite of
Physical Property predictors. This talk will highlight the advantages of this
approach by focusing on the applications of Physical Property Prediction in
Drug Discovery Research. Each application demands different rigour from a
prediction method: some are well met by any reasonably accurate approach;
others demand a systematic methodology based on parameterized physical
models. It is in this latter case that “Empirical Intelligence” is more robust.
29.
INVESTIGATION OF THE PERFORMANCE AND OPTIMAL COMPOSITION OF A
GENETIC ALGORITHM FOR THE PARAMETRIZATION OF THE MM3
FORCEFIELD. Thomas Strassner, Markus Busold, and Wolfgang A. Herrmann,
Department of Inorganic Chemistry, TU Munich, Lichtenbergstrasse 4, D-85747
Garching, Germany, Fax: 49-89-289-13473, thomas.strassner@ch.tum.de,
Markus.Busold@ch.tum.de
Genetic algorithms are widely used for the optimization of multidimensional
problems. During the last years computational chemists also started to use
them on a regular basis. One of the multidimensional problems in computational

chemistry is the optimization of force field parameters. While optimizing MM3
parameters for organometallic compounds we realized that though GAs have
already been used for the optimization of force field parameters, very little is
known about the correlation between the composition of the GA, the parameters
used and the quality of the results. All combinations of a Simple GA and a
Steady State GA with a Roulette Wheel and a Tournament Selector using five
different values each for crossover and mutation rates were investigated. The
results show that the performance is strongly dependent on the GA composition.
30.
EFFECT OF SURFACE PHOSPHORUS ON THE OXIDATIVE DEHYDROGENATION
OF ETHANE: A FIRST-PRINCIPLES INVESTIGATION. Amitesh Maiti 1, Paul
Kung 1, Dominic King-Smith 1, James E. Miller 2, Conrad Zhang 3, and George
Whitwell 3. (1) Molecular Simulations Inc, 9685 Scranton Road, San Diego, CA
92121, Fax: 858-458-0136, amaiti@msi.com, (2) Catalytic and Porous Materials
Department, Sandia National Laboratories, (3) Akzo-Nobel Central Research
Oxidative dehydrogenation (ODH) of small-chain alkanes, catalyzed by surfaces
of oxides, vanadates and phosphates of rare-earth and transition metals, has the
potential to displace thermal cracking as the preferred method of light olefin
production. Our experiments indicate that for most catalysts, including silica gel,
a Phosphorus-enriched surface enhances the ODH yield of Ethane to Ethylene.
To understand the effect of P, we carried out First-Principles simulations of the
above ODH reaction on the silica surface. We used the DFT code DMol3 in a
periodic supercell to compute optimized structures and total energies for all
intermediates in full catalytic cycles, both with and without P. Our simulations
demonstrate that endothermic reaction heats are significantly lower in the
presence of surface P. This results from the ability of P to switch between 5+
and 3+ oxidation states, which leads to bond-rearrangement flexibility on the
catalyst surface.
31.
COMPUTATIONAL MECHANISTIC STUDIES TO RATIONALIZE UNUSUAL STEREO
AND REGIOCHEMICAL OUTCOMES OF OF EXTRUSION/INSERTION REACTIONS
OF IODINE (III) AND PALLADIUM (0) REAGENTS. Henry S. Rzepa, Sonsoles
Martin-Santamaria, David A. Widdowson, Michael Carroll, and Victor Pike,
Imperial College, London, United Kingdom, rzepa@ic.ac.uk
C-C and C-halogen Extrusion/Insertion reactions of the type Iodine (III) to Iodine
(i), or Palladium (0) to Palladium (II) reveal a diversity of unusual sterochemical, stereoelectronic and steric effects, some of which are quite novel. The
reagents themselves are also of interest, since they can be dimeric (e.g Iodine
(III)), and possibly trimeric and tetrameric. These oligomers can themselves
show new properties and mechanistic variations.
We will review computational mechanistic studies of these reactions, and
present new results for I(II) and Pd(0).
32.
RECENT APPLICATIONS OF DENSITY FUNCTIONAL THEORY TO COMPLEX
REACTION MECHANISMS. Jacques Weber, Pascal Boulet, Francois Gilardoni,
Annick Goursot, Maria J. Mayor-Lopez, Helena Sidorenkova, and Tomasz A.
Wesolowski, Department of Physical Chemistry, University of Geneva, 30, quai
Ernest-Ansermet, 1211 Geneva 4, Switzerland, Fax: (41)(22)7026518,
Jacques.Weber@chiphy.unige.ch
Density functional theory (DFT) has made a remarkable breakthrough in
computational studies of complex reaction mechanisms. We will report selected
applications of several DFT based methodologies such as: conventional
Kohn-Sham DFT, DFT derived indices of reactivity, subsystems approach in DFT.
Results obtained for the following complex reaction mechanisms will be
presented: (i) various electrophilic substitutions in ferrocene; (ii) elementary
catalytic reaction steps occurring on vanadium oxide surface such as the
selective reduction of NO by NH3 and the oxidation of methanol into formaldehyde; (iii) water exchange reactions in di- and trivalent transition metal aquaions
such as [Ru(OH2)6]2+ and [Rh(OH2)6]3+; (iv) reactivity of [Mo3(S)(S2)3]4+
complexes with several anions; (v) structural and reactive properties of catalytic
sites in zeolites. We will show that DFT offers a variety of tools which can be
selectively chosen to study a particular aspect of chemical reactivity. Finally, we
will present the latest results obtained for excited states of organometalic
systems using time-dependent DFT.
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NUCLEOPHILIC OR ELECTROPHILIC PHOSPHINIDENE COMPLEXES LNM=PH.
WHAT MAKES THE DIFFERENCE? K. Lammertsma, Department of Chemistry,
Free University, De Boelelaan 1083, 1081 HV Amsterdam, Netherlands, Fax:
+31-20-444-7488, lammert@chem.vu.nl
Phosphinidenes are the phosphorus analogues of carbenes. They are viable
synthons when stabilized with transition metal groups. Whether they are
nucleophilic or electrophilic in nature depends on the transition metal, its
ligands, and the phosphorus substitutent. The influence for each on the
properties of the phosphinidene will be examined in detail with density functional theory. The reactivity of a broad spectrum of phosphinidene complexes is
than examined. Comparisons with Fischer- and Schrock-type carbene complexes
will be made. The synthetic approaches to several will be presented and their
reactivity towards organic substrates will be examined. A diversity of synthetic
approaches of these novel reagents demonstrates their highly versatile applicability. The syntheses of new organophosphorus compounds will be complemented with detailed mechanistic analyses of reaction pathways and product
stabilities. Where appropriate comparisons with related hydrocarbons is made.

34.
CATALYTIC FORMATION OF THREE-MEMBERED RINGS: COMPARING
EPOXIDATION, AZIRIDINATION, AND CYCLOPROPANATION. Per-Ola Norrby,
Department of Chemistry, Technical University of Denmark, Building 201,
Kemitorvet, DK-2800 Kgs. Lyngby, Denmark, Fax: +45-45933968,
okpon@pop.dtu.dk, Torben Rasmussen, Department of Medicinal Chemistry,
Royal Danish School of Pharmacy, Peter Brandt, NOVUM, Karo Bio AB, and
Christian Linde, Department of Chemistry, Organic Chemistry, Royal Institute of
Technology
Organic synthesis schemes frequently involve formation of three-membered
rings, sometimes as end products but more frequently as reactive intermediates
for further elaboration. The last decade has seen the advent of several new,
efficient methods for generation of three-membered rings from alkenes
employing metal catalysts. Epoxidation in particular has been studied theoretically by several groups. New computational and experimental studies of the
epoxidation using different metal salen catalysts will be presented. The mechanism will be compared to the related aziridination and cyclopropanation
reactions, which have also been investigated recently.
35.
MONTE-CARLO SIMULATIONS OF BIMOLECULAR ELECTRON TRANSFER
BETWEEN MYOGLOBIN AND CYTOCHROME B5. Igor V. Kurnikov 1, Zhao-Xun
Liang 2, Judith M. Nocek 2, Brian M. Hoffman 2, and David N. Beratan 1. (1)
Department of Chemistry, University of Pittsburgh, Chevron Science Center,
Pittsburgh, PA 15260, Fax: 412-624-8611, igor@dumbo.chem.pitt.edu, (2)
Department of Chemistry, Northwestern University
We report a new Monte-Carlo approach to investigating biomolecular electron
transfer (ET) reactions that involves simultaneously probing protein-protein
complex energetics (using continuum electrostatics) and donor/acceptor
coupling pathways. Monte Carlo sampling is performed using an effective
energy that combines the influence of the intermolecular interaction energies
and the donor/acceptor coupling on the rate process. The procedure insures
accurate sampling of configurations that contribute to the ET rate and provides
an efficient means of studying reactions in the ‘reaction-controlled’ regime,
where the rate is dominated by the population and the microscopic rate for a
small fraction of reactive geometries.
This methodology was used to analyze photoinduced electron-transfer
reactions between Zn-substituted myoglobin (Zn-Mb) and cytochrome-b5 (cyt
b5). The reaction displays a strong dependence on the charge of surface
histidines and heme propionates (Z.-X. Liang, j. M. Nocek, I.V. Kurnikov, D. N.
Beratan and B. M. Hoffman, J. Am. Chem. Soc..122, 3552-3553 [2000]).

Esterification of the Mb heme propionates results in a 100-fold increase in the
observed triplet-state quenching rate. Variation of pH in the range from 6.0 to
8.0 results in more that an order of magnitude change in the observed ET rate.
We report simulation results for these protein-protein systems and argue that
reactive complexes may involve transient protonation of Myo His-97.

36.
ENERGY LANDSCAPES: FROM CLUSTERS TO BIOMOLECULES. David J.
Wales, Department of Chemistry, University of Cambridge, University Chemical
Laboratories, Lensfield Road, Cambridge CM23 5NS, United Kingdom, Fax: +44
(0)1223 336362, dw34@cam.ac.uk
Global analysis of potential energy surfaces, or energy landscapes, provides
detailed insight into the structure, dynamics and thermodynamics of systems
ranging from clusters to bulk glasses and biomolecules. In small water clusters
a complete characterisation of the feasible rearrangements enables tunnelling
splitting patterns to be predicted or explained. Some larger clusters exhibit
energy landscapes facilitating efficient relaxation to the global minimum, while
others instead support competing morphologies, with separation of time scales
for relaxation. The same motifs have now been found for polypeptides and bulk
glass formers. The global connectivity of the potential energy surface also
determines the success or failure of different global optimisation algorithms, and
should provide a basis for the design of new methods.

37.
CONSTRAINED SIMULATIONS TO TEST ADAM AND GIBBS THEORY. Robin J.
Speedy, 504/120 Courtenay Place, Wellington 6001, New Zealand,
robin.speedy@clear.net.nz
Adam and Gibbs’ theory explains the rapid (faster than Arrhenius) increase in
the viscosity (or slowing of diffusion) as the kinetic glass transition is approached in terms of the configurational entropy, Sc. Sc is the entropy difference between the liquid and one of the glasses (or “configurations” or “basins
in configuration space”) that the liquid samples. To test the theory it is
necessary to make the glasses that the liquid samples and to measure their
entropy. This work uses a simulation technique that constrains any equilibrated
hard-disc fluid configuration to its glass, by trapping each disc within a triangle
of its near neighbors. The constraints cause a thermodynamic glass transition
where the entropy decreases by Sc and the method provides a direct measurement of Sc. The transition from fluid to constrained glass can be made to occur
at any density and the self diffusion coefficients in the fluid are accurately
described by Adam and Gibbs theory from the ideal gas to the glass transition.

38.
ENERGY LANDSCAPES AND DYNAMICAL ANOMALIES IN SUPERCOOLED
LIQUIDS. M. Dzugutov, Center for Parallel Computers (PDC) and Department of
Numerical Analysis and Computer Science (NADA), Royal Institute of
Technology, S 100 44, Stockholm, Sweden, mik@nada.kth.se
A number of recent studies provide new evidence that the phenomenology of
glass-forming liquids approaching Tg is controlled by the potential energy
landscape, thus confirming the intuition expressed in the pioneering works by
Goldstein. As a liquid is cooled towards Tg, it changes its residence area on the
energy landscape shifting to deeper minima. A measure of this transformation in
the energy landscape topography is the reduction rate of the inherent energy—
the so-called excitation profile—which can also be related to the liquid’s
fragility. Then the central issue we have to understand is how the transition to
deeper minima in the energy landscape, conceivably accompanied by timelimited decomposition of the phase space, is related to the super-Arrhenius
slowing down of the relaxation dynamics. Other issues arising in this context
concern (i) the real space structure transformation underlying the energy
landscape transformation (ii) its possible connection with the structural
heterogeneity which was suggested to explain some characteristic dynamical
anomalies like the breaking of Stokes-Einstein relation (iii) the growth of
correlation length. These issues will be discussed in this contribution in the light
of some new results produced by computer simulations.
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39.
EQUILIBRIUM AND DYNAMICAL INHERENT STRUCTURES: A CLUSTER
PERSPECTIVE. J. D. Doll, Chemistry, Brown University, Box H, Providence, RI
02912, Jimmie_Doll@Brown.EDU
In this lecture the equilibrium and dynamical properties of inherent structures
will be discussed from a cluster perspective.

40.
POTENTIAL ENERGY LANDSCAPES AND MELTING BEHAVIOR OF (H2O)n AND
(H2O)nH+ CLUSTERS. Kenneth D. Jordan, Department of Chemistry,
University of Pittsburgh, Pittsburgh, PA 15260, Fax: 412-624-8611,
ken@theory.chem.pitt.edu
Parallel tempering Monte Carlo simulations are used to characterize the finite
temperature properties of (H2O)n and (H2O)nH+ clusters. Emphasis is placed on
establishing the relationship between the thermodynamic properties of the
clusters and the topologies of their underlying potential energy surfaces. The
importance of many-body interactions on the potential energy landscapes will
also be discussed.

41.
EXPLORING ENERGY LANDSCAPES USING “ION CHROMATOGRAPHY”. M. F.
Jarrold, Department of Chemistry, Northwestern University, 2145 Sheridan
Road, Evanston, IL 60208-3113, mfj@chem.northwestern.edu
This lecture will focus on the use of “ion chromatography” in probing energy
landscapes.

42.
THE LOCALITY PRINCIPLE OF CHEMISTRY AND ITS REFLECTION IN O(N)
ALGORITHMS. Stefan Goedecker, CEA Grenoble, DRFMC, Grenoble, France,
goedecke@drfmc.ceng.cea.fr
Our natural intuition tells us that the numerical effort required for the calculation
of a big system should be proportional to its size. Algorithms that allow us to
do electronic structure calculations with linear scaling, so-called O(N) algorithms, have been proposed in the last few years. In this talk I will discuss the
physical foundations that allow us to obtain linear scaling and outline the basic
ideas of several O(N) algorithms. The usefulness of these algorithms will be
illustrated by some representative applications. Finally I will give an outlook of
how current O(N) algorithms might be improved and how linear scaling might
be obtained in a more complex context.

43.
LINEAR-SCALING METHODS FOR DFT CALCULATIONS ON VERY LARGE
SYSTEMS WITH PLANE-WAVE ACCURACY. Michael J. Gillan, and David R.
Bowler, Physics and Astronomy Department, University College London, Gower
Street, London WC1E 6BT, United Kingdom, Fax: 44-20-7679-1360,
m.gillan@ucl.ac.uk
Despite the extraordinary success of density functional calculations in fields as
diverse as physics, chemistry, geology and biology, there is still a major
bottleneck in conventional approaches: the computational effort scales with the
square of the number of atoms treated, and asymptotically as the cube of the
number of atoms. This has limited practical calculations to about a thousand
atoms. Over the last few years, there has been a major effort to develop codes
that scale linearly with the number of atoms: order-N techniques. We will
describe the theory behind our code CONQUEST, and its implementation on
massively parallel machines, emphasizing not only that it is a full ab initio
method, but also that it is capable of accuracy equivalent to that of standard
plane-wave methods. We will present illustrative results of work in which
CONQUEST is used to perform self-consistent DFT calculations on systems
containing several tens of thousands of atoms.

44.
LINEAR SCALING DFT CALCULATIONS WITH NUMERICAL ATOMIC ORBITALS.
Pablo Ordejón 1, Jose M. Soler 2, Emilio Artacho 2, Junquera Javier 3, Daniel
Sanchez-Portal 4, Garcı́a Alberto 5, and Julian Gale 6. (1) ICMAB - CSIC, Campus
de la UAB, Bellaterra, Barcelona E-08193, Spain, Fax: 34-93-5805729,
ordejon@icmab.es, (2) Univ. Autónoma de Madrid, (3) Univ. Autonoma de
Madrid, (4) University of Illinois, (5) Universidad del Paı́s Vasco, (6) Imperial
College - London
In the context of linear-scaling methods for electronic structure and molecular
dynamics calculations, we have developed a fully first-principles DFT method
able to deal with systems with an unprecedented number of atoms with a
modest computational workload. The feature that distinguishes the method from
other common DFT approaches is the use of numerical-atomic-orbitals as basis
set. The rest of the approximations (such as pseudopotentials, DFT functionals,
and grid integration) are common to other well established approaches. The
development of special techniques to optimize the handling of the numericalatomic-orbitals, makes the method, implemented in the SIESTA code, particularly efficient. Linear-scaling techniques are incorporated to allow the treatment
of systems with a very large number of atoms. The method has allowed us to
study a wide variety of problems involving nanoscale atomic aggregates, such
as nanoclusters, nanotubes, biological molecules, adsorbates in surfaces, etc.
We will present here a review of the method and some selected applications.
45.
LOCAL METHODS FOR DYNAMICAL AND NON-DYNAMICAL ELECTRON
CORRELATION. Martin P. Head-Gordon, Department of Chemistry and Chemical
Sciences Division, University of California, and Lawrence Berkeley National
Laboratory, Berkeley, CA 94720, Fax: 510-643-1255, mhg@cchem.berkeley.edu
The approximate treatment of electron correlation by methods that truncate the
pair correlation amplitudes using an atomic criterion is discussed. These
methods use nonorthogonal atom-labelled functions to describe levels that are
both occupied and empty in the mean field reference function. Retained pair
correlation amplitudes can be truncated by requiring that one occupied-virtual
fluctuation must occur on a common atom, or by even stronger criteria. Atomic
truncations of this type satisfy the conditions of a theoretical model chemistry,
unlike other some other local correlation methods. Their application to both
dynamical and nondynamical correlation methods will be discussed.
46.
COMPUTATIONAL MODELING OF ELECTRON TRANSFER IN AHPF: SEQUENCE,
STRUCTURE, FUNCTION, AND MECHANISM. Akbar Nayeem, Senior Scientist,
Tripos, Inc, 1699 South Hanley Road, St. Louis, MO 63144, Fax: 314-647-9241,
akbar@tripos.com, and Leslie Poole, Department of Biochemistry, Wake Forest
School of Medicine
A detailed study involving the structural modelling of the flavin-containing
component of the alkyl hydroperoxide reductase system from S. typhimurium
(AhpF) is described. AhpF (which contains an FAD confactor) catalyzes the
NADH-dependent reduction of AhpC (the other component of the alkyl hydroperoxide reductase system) which in turn reduces hydroperoxide substrates. This
study focuses on deducing a plausible mechanism for electron transfer through
AhpF using as analogy, another (FAD+NAD(P)H)-dependent oxidoreductase
system, thioredoxin/thioredoxin reductase. Suggestions for the design of
suitable experiments to validate the hypothesis (for the electron-transfer
mechanism) are also discussed.
47.
POSSIBLE ELECTRON TRANSFER PATHWAY(S) IN NITROGENASE APPLICATION OF A NEW SEMIEMPIRICAL TECHNIQUE. Thomas Herz 1, Nigel
Richards 2, and John R. Sabin 1. (1) Quantum Theory Project, University of
Florida, 2301 NPB #92, P.O.Box 118435, Gainesville, FL 32611-8435, Fax:
352-392-8722, herz@qtp.ufl.edu, (2) Chemistry, University of Florida
Nitrogenase is a unique catalyst in biological systems that is able to convert
atmospheric dinitrogen into assimilable ammonia. It is a very large and complex
protein and its electron transfer pathway(s) and mechanism are only poorly
understood. Although mutation experiments have been made and led the way to
some indications about important residues, the pathway itself still remains
unsolved, as does the mechanism. In order to help understand the electron
transfer pathways in large systems, a new semiempirical technique was
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designed and tested on a model system consisting of an alpha-helix of 17-30
glycine residues. This technique, using the INDO/S Hamiltonian, is now applied
to a part of nitrogenase, where electron transfer is most likely to occur. With
the whole electron transfer pathway about 28 Å long, divided into two parts of
almost equal length, the technique is applied to the second half, which consists
of the region between the P-cluster and the FeMo-cofactor. Several different
representations of this region, based on crystallographic data, are then compared in order to find residues involved in electron transfer.
48.
ROLE OF QUANTUM MECHANICAL TUNNELING IN ENZYME CATALYSIS
EXPLORED BY QM/MM CALCULATIONS. Ian H. Hillier, Neil A. Burton, Paul
Faulder, Luminita Jitariu, and R. Mark Nicoll, Department of Chemistry,
Manchester University, Oxford Road, Manchester, United Kingdom, Fax: +44-161
275 4734, Ian.Hillier@man.ac.uk
In most enzymatic reactions, hydrogen motion, either protonic or hydridic, is
important in at least one of the many steps involved in the overall reaction and
is often rate limiting. The potential of kinetic isotope effects (KIE) associated
with the migrating hydrogen in exploring the transition state has been demonstrated in many areas of mechanistic organic chemistry, and in particular can
serve as a good probe for investigating non-classical behaviour. We here
describe hybrid quantum mechanical (QM)/molecular mechanical(MM) calculations combined with semi classical variational transition state theory and
multi-dimensional tunneling contributions to calculate the KIEs for the enzymes
liver alcohol dehydrogenase, xylose isomerase and methylamine dehydrogenase.
The differing nature of the potential energy surfaces are reflected in the
tunneling contributions to the KIEs.
49.
USING COMPUTER SIMULATIONS TO ELUCIDATE THE ORIGIN OF ENZYME
CATALYSIS. Arieh Warshel, Jordi Villà, 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
The catalytic power of enzymes has been rationalized by many reasonable
proposals. Yet, it is almost impossible to determine which proposal is valid
without some type of computer-aided structure-function correlation. In this talk
we describe the use of computer simulation studies in eliminating long standing
catalytic proposals. We start by a short review of the requirements from
simulations of enzymatic reactions (i.e., accurate evaluation of activation free
energies) and how this can be accomplished by QM/MM methods and in
particular by the EVB approach. We then describe a study of the influential
entropic proposal and show that entropic effects do not play a major role in
enzyme catalysis. Next we examine the electrostatic destabilization proposal in
the specific case of orotidine 5⬘-monophosphate decarboxylase and show that
this proposal is problematic. We also examine propsals that enzymes work by
dynamical effects and present simulation studies that invalidate these proposals.
Finally we demonstrate that enzymes work by using the preorganized environment of their active site to stabilize transition states.
50.
DFT INVESTIGATIONS OF TRANSITION METAL-DEPENDENT ENZYMES. Nigel
Richards 1, Amy J. Boone 1, Christopher Chang 1, and Thomas Herz 2. (1)
Chemistry, University of Florida, Box 117200, Gainesville, FL 32611-7200, Fax:
352-846-2095, richards@qtp.ufl.edu, (2) Quantum Theory Project, University of
Florida
Density-functional (DFT) theoretical methods afford the opportunity to probe the
electronic structure and reactivity of transition metal-containing enzymes. This
talk will outline our recent investigations into the Fe(III) and Mn(II) metal
centers in nitrile hydratase and oxalate oxidase, respectively. Both of these
enzymes are of biotechnological interest, although many mechanistic details
concerning the role of the metals in catalysis remain poorly understood. Recent
DFT studies on inorganic Fe(III) and Mn(II) complexes that are models for the
catalytic centers in both of these enzymes will be presented, together with their
implications for the role of the protein environment in modulating the electronic
structure and reactivity of the transition metals. I will also discuss the capabilities and limitations of DFT in modeling the electronic structure of metalloenzyme
centers, and the likely utility of this computational approach in future QM/MM

calculations to delineate the reaction mechanisms of transition metal-dependent
enzymes.
51.
HYDROLYSIS OF CYCLIC PHOSPHO-DIESTER IN RIBONUCLEASE A: AN AB
INITIO MOLECULAR DYNAMICS STUDY. Frank Alber, Theoretical Biophysics
and Structural Biology (CM sector), SISSA, International School for Advanced
Studies and INFM, Via Beirut 2-4, 34014 Trieste, Italy, Fax: +39 040 3787 528,
alber@sissa.it, and Paolo Carloni, Condensed Matter Theory Sector and INFM,
International School for Advanced Studies, Trieste, Italy
Constrained Car-Parrinello molecular dynamics simulations on a model of
ribonuclease A active site were used to investigate the enzymatic mechanism of
cyclic phospho-diester hydrolysis. Our calculations suggest that a stable,
monoanionic, trigonal bipyramidal phosphorane intermediate (TBP) is formed.
Furthermore, they help rationalize the role of the catalytically important residue
Lys41 in the reaction process. The side chain of the residue is found to
rearrange significantly during the reaction, stabilizing the incipient intermediate
in the nucleophilic water attack and assisting the dissociation of the O2’ leaving
group in TBP.
52.
THEORETICAL CHARACTERIZATION OF THE REACTION INTERMEDIATES IN
MODELS OF THE NICKEL-IRON AND FE-ONLY HYDROGENASES. Michael B.
Hall, Department of Chemistry, Texas A&M University, Ross and Spence
Streets, P. O. Box 30012, College Station, TX 77842-3012, Fax: 979-845-2971
The catalytic cycle for H2 oxidation in [NiFe] D. gigas hydrogenase has
been investigated through density functional theory (DFT) calculations
on a wide variety of redox and protonated structures of the active site model,
(CO)(CN)2Fe(mu-SMe)2Ni(SMe)2. DFT calculations on a series of known
LFe(CO)(CN)(L⬘)n- (L=Cp or Cp*, L⬘=CN, CO, CNCH3; n=0, 1, 2) complexes are
used to calibrate the calculated CO bond distances with the measured IR
stretching frequency. By combining this calibration curve, with the energy and
CO bond distance of the DFT calculations on the active site model, the redox
states and structures of active site species have been determined: Ni-B is a
Ni(III)-Fe(II) species, Ni-SI(a) is a Ni(II)-Fe(II) species, Ni-SI(b) has a protonated
terminal sulfur (Ni bound), Ni-R is a Ni(II)-Fe(II) dihydrogen complex with H2
bound at Fe, and Ni-C is a Ni(III)-Fe(II) species with a Fe–H–Ni bridge. The
latter species returns to Ni-SI through a Ni(I)-Fe(II) intermediate, which is
potentially observable. Protonation of the Ni bound terminal sulfur results in a
folding of the Fe(µ-S)2Ni framework. Dihydrogen activation on the Ni(III) species
is more exothermic than on the corresponding Ni(II) or Ni(I) species. Our final
set of proposed structures are consistent with IR, EPR, and ENDOR measurements for these species and the correlation coefficient between the measured
CO frequency in the enzyme and the CO distance calculated for the model
species is 0.905. Recent results on models for Ni-A and Ni-SU, for transition
states in H2 cleavage, and for Fe-only hydrogenase will also be presented.
53.
SOME NON-TRIVIAL ASPECTS OF “SIMILARITY” IN THE CONTEXTS OF
FOCUSED LIBRARY DESIGN AND NEAR-NEIGHBOR SEARCHING. Robert S.
Pearlman, and Karl M. Smith, Laboratory for Molecular Graphics and
Theoretical Modeling, University of Texas, College of Pharmacy, Austin, TX
78712, Fax: 512-471-7474, pearlman@vax.phr.utexas.edu
Given a set of hits or leads, decisions about which compounds to synthesize
and test next can be based either on “absolute scores” of candidates (e.g.,
docking scores, QSAR scores) or on “relative scores” based on some measure
of the similarity of each candidate to the set of leads. Similarity-based approaches offer convenience and great promise but are limited by how we
compute inter-compound distances and how we rank the distances of the
various candidates to the set of leads. We will illustrate the potential danger of
including receptor-irrelevant components in the distances used for lead
follow-up decisions. We will illustrate the potential danger of not addressing
local candidate-population densities in the vicinities of known leads. We will
illustrate algorithms to address these problems in the context of lead follow-up
by near-neighbor searching and, lastly, we will illustrate how these algorithms
are used within our reactant-biased but product-based approach to designing
focused libraries.
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54.
COMBINATORIAL LIBRARY DESIGN USING BOTH PROPERTIES AND 3-D
PHARMACOPHORE FINGERPRINTS. Brett R. Beno, and Jonathan S. Mason,
Structural Biology and Modeling, Bristol-Myers Squibb, 5 Research Parkway,
Wallingford, CT 06492, brett.beno@bms.com

QSPR and QSER indices for individual proteins or large databases can be
computed within seconds. We expect this emerging technology to become a
valuable tool in the rational design of target molecules having specific desired
properties.

Molecular diversity and similarity methods that are relevant to drug-receptor
interactions are key for the design of combinatorial libraries for lead discovery
and optimization. BCUT chemistry space values for ligands have been used for
many diversity-related applications and incorporate receptor-relevant properties
such as hydrogen bonding and polarizability. 3-D multiple four-point pharmacophore fingerprints encode large numbers of possible 3-D pharmacophoric
shapes. The application of these methods to the design of diverse and focussed
combinatorial libraries will be discussed, including a new approach for simultaneously optimizing the diversity (or similarity) from both methods, and an
approach for designing focussed libraries based on the four-point pharmacophore distributions of active ligands.

58.
PREDICTION OF PROTEIN STRUCTURE AND FUNCTION ON A GENOMIC
SCALE. Jeffrey Skolnick, Andrzej Kolinski, Piotr Rotkiewicz, and Bartosz
Ilkowski, Laboratory of Computational Genomics, Donald Danforth Plant Science
Center, 893 North Warson Road, St. Louis, MO 63141, Fax: 314-812-8075,
skolnick@danforthcenter.org

55.
COMBINATORIAL LIBRARY DESIGN FOR MAXIMUM INFORMATION. John E.
Eksterowicz 1, Erik R. Evensen 1, Christian H. Lemmen 1, G. Patrick Brady Jr. 2,
Peter D. J. Grootenhuis 1, Jeffrey M. Blaney 1, and David C. Spellmeyer 1. (1)
Chemical and Physical Sciences, DuPont Pharmaceuticals Research
Laboratories, 150 California Street, Suite 1100, San Francisco, CA 94111,
jeksterowicz@combichem.com, (2) Discovery Informatics and Molecular Design,
DuPont Pharmaceuticals
We present an approach for the design and synthesis of libraries to yield
maximum information on the binding characteristics of a target receptor. The
process is iterative, with the data captured by inactive compounds being crucial
to the refinement of the library design for each subsequent round of synthesis.
This technique is often a ligand-based approach but can make use of structural
data when available. The information-based methodology that forms the basis of
this approach will be described as well as library design applications.
56.
METHODS FOR COMPOUND SELECTION FOCUSED ON HITS AND APPLICATION
IN DRUG DISCOVERY. Florence Lebreton Stahura, Ling Xue, and Jurgen
Bajorath, Computer-Aided Drug Discovery, New Chemical Entities, Inc, 18804
North Creek Parkway, Bothell, WA 98011-8012, Fax: 425-424-7299,
fstahura@nce-mail.com, jbajorath@nce-mail.com
We introduce a multiple fingerprint-based metric to generate focused compound
libraries by database searching. Different fingerprints are used to facilitate
subsequent similarity and diversity steps. The method is applied to build
libraries of limited size in the context of hit-to-lead development efforts. In
studies designed to inhibit a therapeutically relevant protein-protein interaction,
small molecular hits were initially obtained by virtual screening and used for the
design of focused libraries. We review the applied virtual screening approach
and report on the results of focused library design and analysis.
57.
VIRTUAL HIGH-THROUGHPUT SCREENING OF LARGE DATASETS USING
TAE/RECON DESCRIPTORS. Nagamani Sukumar, Curt M. Breneman, and
William P. Katt, Department of Chemistry, Rensselaer Polytechnic Institute,
Cogswell Lab 319A, 110 8th St., Troy, NY 12180, Fax: 518-276-4045,
nagams@rpi.edu
Recent developments using the method of Transferable Atom Equivalent (TAE)
reconstruction will be discussed, including Wavelet Coefficient Desciptors
(WCDs) and the evolution of automated atom type generation tools and
automated lead testing algorithms. The TAE method, based on the Theory of
Atoms in Molecules, is an algorithm for the rapid reconstruction of molecular
charge densities and charge-density-based electronic properties of molecules
using atomic charge density fragments precomputed from ab initio wavefunctions. The RECON algorithm inputs molecular geometries for a single molecule
or an entire pharmaceutical database, determines atom types and environments,
assigns the closest match from a library of atom types, and combines the
densities of the atomic fragments to compute a large set of new and traditional
QSAR descriptors. The TAE library contains information describing topological
features of the atomic charge density and atomic charge density-based descriptors, allowing for rapid retrieval of the fragments and molecular assembly.

A novel method for the prediction of protein function based on the sequence-tostructure-to-function paradigm has been developed. First, the tertiary structure
of the sequence of interest is predicted from either ab initio folding or threading.
The resulting structures are then refined using novel techniques. Then, using a
library of three-dimensional descriptors of protein active sites, termed “fuzzy
functional forms” or FFFs, the resulting structures are screened. If the geometry
and residue type in the predicted structure match an FFF, then the protein is
predicted to have the specified molecular function. The FFFs correctly identify
the active sites in a library of experimental structures as well as in models
produced by ab initio folding or threading. This shows that low-to-moderate
resolution models whose a-carbon root mean square deviations from native
range from 3.5-6 Å are sufficient to identify protein active sites. Next, this
approach is applied to the screening of a number of genomes. In general, the
method is found to be very robust and is subject to fewer false positive
functional predictions than alternative sequence-based approaches.
59.
PREDICTION OF FOLDING MECHANISM FOR CIRCULAR-PERMUTED
PROTEINS. Cecilia Clementi, Patricia A. Jennings, and Jose Nelson Onuchic,
UC San Diego, La Jolla, CA 92037-0319, Fax: 858-534-7697,
cclementi@ucsd.edu
Recent theoretical and experimental studies suggested that real proteins have
sequences with sufficiently small energetic frustration such that topological
effects are central in determining the folding mechanism. A particularly interesting and challenging framework for exploring and testing the viability of these
energetically unfrustrated models is the study of circular—permuted proteins.
Here we present the results of the application of a topology-based model to the
study of circular permuted SH3 and CI2, in comparison with the available
experimental results. The folding mechanism of the permuted proteins emerging
from our simulations is in very good agreement with the experimental observations. The differences between the folding mechanisms of the permuted and
wild type proteins seem then to be strongly related to the change in the native
state topology.
60.
AB INITIO PREDICTION OF THE STRUCTURES OF CLUSTERS, CRYSTALS,
PEPTIDES, AND PROTEINS. Harold A. Scheraga, Adam Liwo, Jarek Pillardy,
Jooyoung Lee, Czarek Czaplewski, Daniel R. Ripoll, Ryszard Wawak, Yelena A.
Arnautova, William J. Wedemeyer, Jeff A. Saunders, and Ken D. Gibson, Baker
Laboratory of Chemistry and Chemical Biology, Cornell University, Ithaca, NY
14853-1301, Fax: 607-254-4700, has5@cornell.edu
Ab initio Prediction of the structures of clusters, crystals, peptides and proteins
share two requirements in common: the need for a reliable potential function
and for an efficient global optimization procedure. The structures of clusters and
crystals have been computed with empirical potentials, using the diffusion
equation and distance scaling methods, for global optimization. These global
optimization methods, in turn, are now being used to refine the empirical
potentials. The structures of proteins have been computed by a hierarchical
procedure that initially carries out global optimization of a united-residue
(UNRES) potential with a conformational space annealing method. This is
followed by conversion to an all-atom structure, and global optimization with an
electrostatically driven Monte Carlo method. The method performed very well in
a blind test in predicting largely-␣-helical structures at the third meeting on the
Critical Assessment of Techniques for Protein Structure Prediction (CASP3) in
1998. During the past two years, the method has been improved to be able to
predict ␤, as well as ␣, structures. It was applied during the period of MaySeptember to CASP4 targets, with assessment of the results at a meeting in
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modifications, in conjunction with Monte Carlo simulation techniques, enables
the study of complex organic and biophysical processes. With the QM/MM
approach, free energy profiles have been computed for a number of important
prototypical organic reactions in the solution phase. Enzymatic models, such as
the one for the reaction involving catechol-O-methyl transferase, have also been
examined. The power of the computational approach to quantitatively account
for various changes induced by the medium on the course of reactions is
demonstrated.
69.
HOW DO SUBSTRATES ENTER AND PRODUCTS EXIT THE BURIED ACTIVE
SITES OF CYTOCHROME P450 ENZYMES? AN INVESTIGATION BY MOLECULAR
DYNAMICS SIMULATION. Rebecca C. Wade 1, Peter Winn 1, Susanna K.
Luedemann 2, Ralph Gauges 3, and Valere X. H. Lounnas 4. (1) Structural and
Computational Biology, EMBL, Heidelberg, Meyerhofstr. 1, 69012 Heidelberg,
Germany, Fax: +49 6221 387 517, wade@embl-heidelberg.de, (2) IMP, Vienna,
Austria, (3) European Media Laboratory, Heidelberg, Germany, (4) Organon,
Oss, The Netherlands
Crystal structures show that the rather hydrophobic substrates of cytochrome
P450s bind in active sites that are deep crevices or totally buried cavities.
Binding requires conformational changes in the protein. We carried out
molecular dynamics simulations of four cytochromes P450 to identify and
characterize channels by which substrates and products exit from the active
sites. For channel identification, we developed a new approach, the random
expulsion molecular dynamics method, in which simulations are carried out with
a randomly oriented expulsion force applied to the ligand in addition to the
standard molecular dynamics force field. Energy barriers and forces for passage
of ligands through the exit channels were estimated by adiabatic mapping and
steered molecular dynamics techniques. The simulations show that the same
channel is most probable for ligand exit in all three bacterial cytochrome P450s,
but that the mechanisms by which channel opening and ligand passage occur
differ significantly.
70.
MODE OF ACTION OF ZINC-␤-LACTAMASES. 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
Bacterial resistance to ␤-lactam antibiotics has emerged over the past decade as
a major health concern. ␤-lactam antibiotics kill bacteria by preventing the
complete synthesis of the bacterial cell wall leading to a defective cell wall,
which ruptures under the high internal pressure of the cell. Bacteria have
developed antibiotic-resistance strategies in three major ways: production of
hydrolytic enzymes known as ␤-lactamases, changes in the permeability of the
cell membrane, and alterations of the target enzymes. Among these mechanisms, ␤-lactamase production, relentlessly fueled by natural selection, is
generally considered as the primary route of resistance to ␤-lactam antibiotics.
Significantly, these enzymes can be chromosome or plasmid encoded and are
secreted into the periplasmic space of Gram-negative bacteria or into the outer
medium by Gram-positive bacteria, which facilitates the spread of ␤-lactam
resistance. The emergence of anti-␤-lactam activity also has a tremendous
social and financial impact because of the continuous need to discover novel
antibiotics. In this talk we will desribe computational studies of the ␤-lacatamases from B. cereus and B. fragilis. Through the use of ab initio quantum
mechanics, combined quantum mechanical/molecular mechanical, molecular
dynamics simulations and fully quantum mechanical studies we have begun to
elucidate how these enzymes degrade ␤-lactam antibiotics.
71.
␤-LACTAMASE, A SEMIEMPIRICAL STUDY AND NOVEL MECHANISM. William
A. King, and Tim Clark, Computer-Chemie-Centrum, Friedrich-AlexanderUniversität Erlangen-Nürnberg, Naegelsbachstrasse 25, D-91052 Erlangen,
Germany, Fax: +49-9131-8526565, bill.king@chemie.uni-erlangen.de
A semiempirical molecular-orbital calculation, in which the electrostatic and
steric effects of the protein environment have been taken into account, of the
zinc hydrolase beta-lactamase from Bacteroides fragilis is reported. Our results
confirm the experimental finding that the rate limiting step is the protonation of
the nitrogen atom after the ring-opening step. Presently the origin of the proton
that protonates the nitrogen atom is unknown. Our calculations suggest that this

proton is one that originates on the nucleophilic hydroxide, believed to initiate
the reaction. The transition state has a seven membered ring structure. This is
the first proposal of this seemingly obvious mechanism. Our calculations also
provide a clear understanding of the role played by the second zinc atom, which
is strongly coordinated to the negatively charged nitrogen atom after the ring
opening step. The roles of other reportedly important residues will also be
discussed.
72.
REACTION MECHANISM OF PROTEIN KINASES STUDIED BY SEMIEMPIRICAL
CALCULATIONS. Volkhard Helms, and Michael C. Hutter, Max Planck Institute
of Biophysics, Kennedyallee 70, Frankfurt 60596, Germany, Fax: 069-6303-251,
vhelms@mpibp-frankfurt.mpg.de
The enzymatic mechanism of phosphoryl transfer was studied quantum
mechanically using active site models of CAMP-dependent protein kinase and
UMP/CMP-kinase. The results optained by semiempirical AM1 theory suggest a
similar mechanism for both enzymatic systems where a proton is shifted
synchronously to one of the oxygen atoms of the transfered PO3 group. The
results show that the widely used transition state analog aluminium fluoride
alters the protonation state of the phosphate group of cytosinemonophosphate
and futhermore leads to a compactification of the active site model system of
UMP/CMP-kinase. For the cAMP-dependent protein kinase the influence of site
directed mutations in the active center model was investigated.
73.
STUDY OF THE REACTION MECHANISM OF BOVINE LENS LEUCINE
AMINOPEPTIDASE USING SEMIEMPIRICAL METHODS. Gudrun Schuerer, and
Tim Clark, Computer-Chemie-Centrum, Friedrich-Alexander Universität
Erlangen-Nürnberg, Nägelsbachstrasse 25, D-90152 Erlangen, Germany, Fax:
+49-9131-8526565, gudrun.schuerer@chemie.uni-erlangen.de
The cytosolic exopeptidase bovine lens leucine aminopeptidase (blLAP, EC
3.4.11.1) catalyzes the cleavage of amino acids from the N-terminus of a
peptide. Aminopeptidases are ubiquitous enzymes that play a key role in the
modification, degradation and metabolism of peptides. Alterations in aminopeptidase activity have been associated with a variety of pathological disorders. The
homo-hexameric enzyme requires two Zn2+-ions per subunit for catalytic
activity, which are located in the active site in a distance of about 3.0 Å from
each other. Such binuclear zinc-centers are also found in other hydrolases, like
bacterial aminopeptidases, carboxypeptidase G2 and metallo-ß-lactamase. The
repetition of this pattern in several enzymes raises the question whether there is
a special—maybe even a common—reaction scheme involving both Zn2+-ions.
Based on the X-ray structure of blLAP in complex with the transition state
analogue L-Leucinephosphonic acid (PDB-entry: 1LCP) the reaction mechanism
has been investigated using a mixed quantum mechanical/molecular mechanical
method. The active site including the coordination sphere of the Zn2+-ions has
been calculated semiempirically, while the protein environment—one monomer
of the enzyme—has been treated classically. In this way, important long-range
interactions have been taken into account.
74.
METHODS FOR LIBRARY DESIGN AND COMPARISON. Robert P. Sheridan,
Merck Research Laboratories, Rahway, NJ 07065, Robert_Sheridan@merck.com
Targeted library design uses a QSAR model to select a subset of reagents out of
a much larger universe such that a library made from the subset of reagents are
likely to have activity on a given target. If the universe of reagents is very large,
complete enumeration of the virtual library is not possible, and stochastic
methods like simulated annealing or genetic algorithms (GA) must be used to
explore combinatorial space. A GA operates on a population , members of which
are mutated, crossed-over, and selected against a QSAR model. In library-based
GAs, each member of the population is a set of reagents (the combinations of
which imply a library), and the idea is to evolve high-scoring libraries. In
molecule-based GAs, each entity is a molecule, and the idea is to evolve
high-scoring molecules; a separate step must be used to select “interesting”
reagents from the molecules. We can show that, if the diversity of molecules in
a library is not an issue, that molecule- and library-based GAs generate similar
libraries, but the molecule-based GAs are orders of magnitude faster. Libraries
are often synthesized and tested as mixtures. We propose the idea that the
descriptor representation of a mixture may be approximated as the descriptor
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average of its individual component molecules. This centroid approximation has
several potential advantages: the representation is very compact, calculating
similarities and deriving SARs of mixtures involves very little computation, and
existing software can be directly applied to mixtures as if they were single
molecules. We can show that similarity searches using mixtures yield reasonable results and that predictive SAR in the form of trend vectors can be derived
from mixtures.
75.
MULTIOBJECTIVE APPROACH TO COMBINATORIAL LIBRARY DESIGN. Valerie
J. Gillet 1, Wael Khatib 1, Peter Willett 1, Peter J. Fleming 1, and Darren V.S.
Green 2. (1) University of Sheffield, Western Bank, Sheffield S10 2TN, United
Kingdom, v.gillet@sheffield.ac.uk, (2) Computational Chemistry and Informatics,
Glaxo Wellcome Research and Development
Early efforts in combinatorial library design were directed towards diversity
analysis on the assumption that maximising the range of structural types within
a library will result in a broad coverage of bioactivity types. However, many
combinatorial libraries either failed to deliver the improved hit rates that were
expected or resulted in hits that did not have “drug-like” characteristics. The
emphasis in library design has now shifted towards designing libraries which
are optimised on a number of criteria, such as diversity, cost and drug-like
characteristics. We have previously described the program SELECT which is a
genetic algorithm approach to the design of libraries in product-space. In
SELECT, multiple objectives are optimised simultaneously via a weighted-sum
fitness function. Here, we discuss the limitations of using a weighted-sum
fitness function and describe the development of MoSELECT that represents a
significant improvement in multiobjective library design.
76.
COMPUTATIONAL DESIGN OF LIBRARIES. David S. Hartsough, ArQule Inc, 19
Presidential Way, Woburn, MA 01801, dhartsough@arqule.com
As combinatorial and library based chemistry matures it is making the transition
from being a tool for generation of lead finding libraries to one used for lead
optimization. In the design of lead optimization libraries several important
factors (reagent vs. product based descriptions, diversity vs. focusing...) which
were previously addressed in the design of lead generation libraries must be
revisited. Additional factors, including the design of sparse matrices and how to
combine various lead optimization compound characteristics (such as solubility,
metabolism, permeability . . . , must also be addressed. Various mechanisms for
addressing these topics within the context of lead optimization library design
will be discussed.
77.
ON THE SIMILARITY OF CHEMISTRY SPACES. Gerald M. Maggiora, and
Veerabahu Shanmugasundaram, Computer-Aided Drug Discovery, Pharmacia
Corporation, 301 Henrietta Street, Kalamazoo, MI 49007-4940, Fax:
616-833-9183, gerald.m.maggiora@am.pnu.com
Computational chemists now have access to a plethora of descriptors for
characterizing molecules. Each subset of descriptors generates a chemistry
space, which begs the question as to how similar the different chemistry spaces
are to each other. This is more than a purely theoretical question because, as is
well known, the distribution of compounds in different chemistry spaces are
generally different. Consequently, the similarity/dissimilarity relationships among
molecules within a given set will differ with respect to different chemistry
spaces. This can have a signficant influence on such activities as subset
selection for HTS and in the design of combinatorial libraries. The talk will
describe an approach for studying the relationship of chemistry spaces to one
another based on an extension of the concept of mutual information described
in our earlier work. Several examples will be presented that illustrate the
approach.
78.
LIBRARY DESIGN USING DETERMINISTIC INVERSE IMAGING. Jean-Loup
Faulon 1, Mark D. Rintoul 1, and Donald P. Visco Jr. 2. (1) Computational Biology
& Materials Technologies Department, Sandia National Laboratories, P.O. Box
969, MS 9951, Livermore, CA 94551, Fax: 925-924-3020, jfaulon@sandia.gov,
(2) Department of Chemical Engineering, Tennessee Technological University
We present a novel integrated approach involving inverse design, quantitative
structure activity relationship (QSAR), and molecular simulations for rapid

selection of ligands interacting strongly with a given receptor. While numerous
2-D and 3-D QSAR software products are readily available, few solutions exist to
the inverse problem. Most of them involve stochastic optimization with no
convergence guarantee. We propose to solve the inverse problem deterministically. Instead of screening the entire space of potential ligands and selecting
those matching the QSAR equations, we directly construct the structures from
the equations. Our solution makes use of integer equation theory and graph
enumeration techniques. We present an application of this approach that
identifies libraries containing rationally selected subsets of the combinatorial
space of HIV-1 protease inhibitors.

79.
USING TOPOMER SHAPE SIMILARITY TO DESIGN “LEAD-HOPPING”
LIBRARIES. Richard D. Cramer, Tripos Inc, 1699 S. Hanley Rd., St. Louis, MO
63144, cramer@tripos.com
Abstract text not available.

80.
GLASS FORMATION AND LIQUID FRAGILITY INTERPRETED IN THE
LANDSCAPE PARADIGM. C. Austen Angell, Department of Chemistry and
Biochemistry, Arizona State Universtiy, Main Campus, P.O. Box 871604, Tempe,
AZ 85287, Fax: 480-965-7972, caa@asu.edu
We will review the conditions under which glasses form from liquids and
examine the relations implied for the energies at which the crystal megabasin
becomes clearly distinguished from that of the glassforming liquid. This will
force us to assume a funnel structure such that the best glass-formers are
those for which crystal-liquid separation occurs deepest down in the funnel.
These are the ones for which access to the crystal megabasin is kinetically the
most inhibited.
Once glass formation has been assured, the landscape features which
distinguish “strong” from “fragile” liquid behavior take center stage. Considering
isobaric cooling, we will give arguments, based on extensive correlations with
experiments, that suggest a major source of fragility in liquids lies in the change
of basin shape with increasing energy. The change is such that the vibrational
density of states shifts in favor of lower frequencies at higher landscape
inherent structure energies. A second source of increased fragility is identified in
the cooperativity of configurational excitations. This has the effect of decreasing
the energy spacing at higher energies and, at the limit, can lead to a first order
phase transition to a higher energy liquid megabasin. The liquid in the higher
energy basin is usually (but not necessarily) characterized by a higher density.
The outstanding case is that of amorphous silicon.
The relation of this phenomenology to that of the single molecule pseudophase transitions in protein-like systems will be emphasized because of the
similarity in behavior of the single-molecule systems to the fragile-to-strong
transition in liquids.

81.
THERMODYNAMICS AND AGING OF SUPERCOOLED LIQUIDS: THE ENERGY
LANDSCAPE APPROACH. Francesco Sciortino, Dipartimento di Fisica,
Universita’ di Roma “La Sapienza”, P.le A. Moro 2, Rome I-00185, Italy, Fax:
+39-06-4463158, fs@systar.phys.uniroma1.it
In the talk, I will discuss some recent results on the thermodynamics of
supercooled liquids in the framework set by the inherent structure formalism. I
will also discuss the aging dynamics of a simple glass former, investigated by
means of molecular dynamics computer simulations.
I will present evidence in favor of the possibility of treating an out-ofequilibrium supercooled simple liquid as a system in quasi-equilibrium. Two
different temperatures, one controlled by the external bath and one internally
selected by the system characterize the quasi-equilibrium state.
I will show how the value of the internal temperature can be explicitly
calculated within the inherent structure thermodynamic formalism. The calculated internal temperature allows to predict the relation between the response to
an external perturbation and the long-time decay of fluctuations in the quasiequilibrim liquid.
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82.
HOW FAR DO PROTEIN STRUCTURES DICTATE THE PATHWAY OF FOLDING?
THE “FOLD APPROACH”. Jane Clarke 1, Ernesto Cota 1, Susan B. Fowler 1,
Stefan J. Hamill 1, Annette Steward 1, and Cyrus Chothia 2. (1) Department of
Chemistry, University of Cambridge, Lensfield Rd, Cambridge CB2 1EW, United
Kingdom, Fax: 44 1223 336362, jc162@cam.ac.uk, (2) Laboratory of Molecular
Biology, Medical Research Council
Proteins with the same arrangement of secondary structures and the same
topology are said to have the same fold. The same fold may be shared by
proteins that are apparently unrelated in evolution. and some protein folds are
very common. To investigate common folds and establish rules that can be
applied across these structural families we use a concerted approach that
combines experiment and structural analysis. A comparison of the folding of a
number of several members of one of the most common folds, immunoglobulin-like beta-sandwich domains allowed us to predict which residues would be
involved in the nucleation of folding (Structure, 1999, 7, 1145). We will show
that detailed experimental analysis of the folding of two proteins with entirely
different sequences and functions, confirms our predictions. The residues that
comprise the folding nucleus are different to those that have been suggested
previously. The reasons for this will be discussed.
83.
NEW METHODS FOR DISTRIBUTED DYNAMICS: FOLDING PROTEINS IN
ALL-ATOM DETAIL WITH THOUSANDS OF PCS. Vijay S. Pande, Department of
Chemistry, Stanford University, Stanford, CA 94305-5080, Fax: 650-725-0259,
pande@stanford.edu
Simulating protein folding in all-atom detail is presently considered to be
computationally intractable since the fastest proteins fold in 10 microseconds,
whereas one can only easily simulate nanoseconds using a single computer
processor. Naturally, one would want to use multiple processors to help speed
this calculation. Current techniques to use multiple computer processors to
speed this calculation typically distribute the force calculations and thus are only
suited for massively parallel supercomputers. We suggest a new way to
distribute dynamics calculations which can speed calculations 100 to 1000
times using 100 to 1000 common PCs. We thousands of PCs to demonstrate
the applicability of this method and to simulate folding of some small protein
sequences in all-atom detail. Our method should be widely applicable to any
dynamical system with single or multiple barrier kinetics.
84.
MULTIPLE DEEP FOLDING FUNNELS AND THE WINDING INDEX. C. Rebecca
Locker, and Rigoberto Hernandez, School of Chemistry and Biochemistry,
Georgia Institute of Technology, Atlanta, GA 30332, Fax: 404-894-7452,
locker@theor.chemistry.gatech.edu
Many wild-type proteins such as prions and amyloidogenic proteins seemingly
adopt long-lived states that differ from the native state. In many cases, these
states are substantial and easily discernible since they lie far apart in configuration space, but their stability is not necessarily due to cooperative (nucleation)
effects. Several minimalist model proteins have been designed to exhibit a
multiplicity of long-lived states in order to explore the dynamics of the corresponding wild-type proteins. A new order parameter—the winding index—is
introduced to characterize the extent of folding in this class of designed
proteins. The winding index has several advantages over other commonly used
order parameters like the number of native contacts. It can distinguish between
enantiomers, its calculation requires less computational time than the number of
native contacts, and energy landscapes can be developed when the native state
structure is not known a priori. The results for the designed model protein
prove by existence that the rugged energy landscape picture of protein folding
can be generalized to include protein “misfolding” into long-lived states.
85.
IBM’S BLUE GENE PROJECT TO STUDY PROTEIN FOLDING: EARLY STATUS
REPORT. William Swope, IBM Almaden Research Center, IBM, 650 Harry Road,
San Jose, CA 95120, swope@almaden.ibm.com
In late 1999 IBM announced plans to begin a five year research program to
develop a large parallel computer system capable of petaflop performance levels
that could be used to perform biomolecular simulations. The goal is to use this
capability to study biological processes at a molecular level, and, in particular,

to help improve the understanding of the phenomenon of protein folding. This
ambitious project will also push the state of the art in large scale computer
design and in the software tools that will be needed to exploit the associated
hardware architecture.
The IBM team is working with members of the computational chemistry and
biology communities in academia and government to outline meaningful
research programs that can make effective use of the Blue Gene resource. This
talk will give a status report on the biological science aspects of this research
program.
86.
EFFICIENT ALGORITHMS FOR DENSITY MATRIX CALCULATIONS AND FOR
GEOMETRY OPTIMIZATION. Károly Németh 1, Gustavo E. Scuseria 2, Olivier
Coulaud 3, Gérald Monard 4, and János G. Ángyán 4. (1) Laboratoire de Chimie
Théorique, Université Henri Poincaré, France, B.P. 239, F-54506 Vandoeuvre-lèsNancy, France, Fax: +33-(0)3.83.91.25.30, nemeth@lctn.u-nancy.fr, (2)
Chemistry Department, Rice University, (3) INRIA, (4) Laboratoire de Chimie
Théorique, Université Henri Poincaré
This paper reports recent developments in the field of linear scaling techniques
for the calculation of density matrices and geometry optimization. For the
evaluation of density matrices two algorithms have been used, both based on
sign matrices. With the help of a special damping technique the sign matrix
approach proved successful in the efficient evaluation of density matrices both
on the semiempirical and DFT levels of theory. Results are presented on
systems containing thousands of atoms and basis functions.
The internal/cartesian coordinate transformation constitutes the computational
bottleneck of geometry optimization of very large systems in internal coordinates. Efficient numerical techniques are proposed to carry out the transformation of atomic displacement and gradient vectors, from one representation to
another, with linear scaling memory and CPU requirement. Applications on huge
systems of nanotubes, diamond fragments, water clusters and globular proteins
are presented. It is demonstrated that these new techniques work well in the
complete geometry optimization of some of the above test systems even if the
highly redundant set of all local primitive internal coordinates is used.
87.
ON COMPLEXITY REDUCTION FOR DENSITY-MATRIX COMPUTATIONS.
Gregory Beylkin, and Martin J. Mohlenkamp, Department of Applied
Mathematics, University of Colorado, 526 UCB, Boulder, CO 80309-0526, Fax:
303-492-4066, beylkin@boulder.colorado.edu
We develop fast algorithms for computing spectral projectors in dimensions one
and two, with the ultimate goal of bringing these computations into three spatial
dimensions. In the context of the Kohn-Sham scheme, the spectral projector is
the density matrix, which is used to compute the electron density. The speed of
these algorithms depends on representations that reduce the complexity of
computing matrix-matrix products, while maintaining a specified accuracy. Our
main tool is a technique for numerically separating variables by introducing the
notion of separation rank.
88.
MULTIRESOLUTION DENSITY MATRIX SCHEME FOR ELECTRONIC STRUCTURE
CALCULATIONS. Anders M. N. Niklasson, C.J. Tymczak, and Heinrich Roder,
Theoretical Division, Los Alamos National Laboratory, MS B221, Los Alamos,
NM 875 45, Fax: 505-665-5757, niklasson@lanl.gov
Abstract text not available.
89.
MULTISCALE METHODS FOR SOLUTION OF THE KOHN-SHAM EQUATIONS.
Thomas L. Beck, Department of Chemistry, University of Cincinnati, Cincinnati,
OH 45221, thomas.beck@uc.edu
Real-space methods provide an alternative to traditional quantum-chemical basis
sets and plane-wave techniques for solving self-consistent eigenvalue problems
like the Kohn-Sham equations of density-functional theory. Recent developments
in real-space numerical approaches will be discussed with focus on efficient
procedures for obtaining the self-consistent solution. The underlying representation (finite differences or finite elements) leads to highly sparse and banded
matrices for the Poisson and eigenvalue problems. Multiscale techniques
overcome the stalling phenomenon occurring in single-level calculations by
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utilizing information from a wide range of length scales. Typically, the solution
can be obtained with roughly ten relaxation steps on the finest level. The
Kohn-Sham equations can be solved in only two or a few self-consistency
cycles; on uniform grids, each iteration requires less effort than corresponding
plane-wave methods. Besides excellent efficiency, advantages of the real-space
approach include: (1) the locality of each function update, (2) the ability to
handle eigenfunction constraints on coarse levels, and (3) the possibility of local
mesh refinements while maintaining ‘textbook’ multigrid efficiencies.

90.
MOLECULAR BRIDGES, MOLECULAR WIRES AND MOLECULAR
INTERCONNECTS: MECHANISMS. Mark Ratner, Chemistry Dept, Northwestern
Univ, Evanston, IL 60208, Fax: 847-491-7713, ratner@chem.nwu.edu, Abe
Nitzan, Tel-Aviv Univ, and Vladi Mujica, Univ. Central de Venezuela
Molecular electronic structures that involve charge transfer must involve
interconnects. These interconnects, or molecular wires, can be used either as
active or passive transport channels. In the passive structures, one is concerned
simply with the conductance for a molecular transport junction; in the active
transport regime, the internal dynamics of the transport junction can result in
switching, in FET behavior, or in binding modifications due to dynamical
stereochemistry. We will discuss some computational aspects of the molecular
wire transport problem, focusing on mechanistic interpretation. General schemes
based both on electronic structure methods and on more general system/bath
interaction will be discussed. Particular emphasis will be placed on Coulomb
charging effects and on charge dynamics.

91.
CONDUCTANCE IN MOLECULAR FILMS. Alexander M. Bratkovsky, and P. E.
Kornilovich, HP Laboratories, Hewlett Packard, 1501 Page Mill Rd, Palo Alto, CA
94304, alexb@hpl.hp.com
The electronic transport through molecules/molecular films bears signatures
typical of resonant tunneling processes (see e.g. and references therein). Those
studies involve self-assembled molecular layers or Langmuir-Blodgett (LB) films
and the interpretation of the data usually assumes some highly symmetric
regular positions of the molecules with respect to electrodes, although this is
not usually the case. The molecules in LB films are assembled at some angle
theta (0-30 degrees and possibly larger) to the surface normal. Since the
“conducting” molecular orbitals are almost exclusively built from conjugated
pi-bonds, their coupling to the substrate (via some “anchor” groups or directly)
and, consequently, the contribution to a conductance necessarily depends on
theta. This dependence, which has not been studied previously, may be very
strong, depending on a symmetry of the absorption site, as we show for an
exactly solvable model and then compare with the results of general Green’s
function method for calculating conductance. The method, which is briefly
described, allows for exact treatment of arbitrary (spd-) states on electrodes and
molecules with arbitrary internal structure within tight-binding model. The
results are presented for molecules on Au(111) and Au(001) surfaces. The
obtained strong dependence on theta is related to different symmetries of
overlap between the wave functions of the electrode and the molecule in both
positions. Other important processes involve charge and ionic degrees of
freedom, which are also touched upon. We discuss the implications of the
present results for experiment.

92.
FIELD-INDUCED GEOMETRICAL RELAXATION EFFECTS IN MOLECULAR
RECTIFYERS BY AB INITIO QUANTUM CHEMICAL CALCULATIONS. Benoı̂t
Champagne, Chemistry, FUNDP, CTA Lab (Belgium), rue de Bruxelles, 61,
Namur 5000, Belgium, Fax: 003281724567, benoit.champagne@fundp.ac.be
We present an original Quantum Chemical methodology to characterize the
effects of an external electric field on the geometrical (and electronic) structure
of molecular rectifyers. In particular our method enables the analytical determination of the first- and second-order Field Induced Coordinates (FICs). We show
how these FICs are related to vibrational spectroscopic quantities (IR and
Raman intensities, vibrational normal mode frequencies, anharmonicity parameters). Further aspects related to charge transfer and hyperpolarizabilities are
also tackled. Ab initio applications to typical rectifyers will be presented.

93.
INFLUENCE OF CORRELATION AND ELECTRON REDUCTION ON ELECTRONIC
TRANSPORT PROPERTIES OF A MOLECULAR DEVICE. Yi Luo 1, Chuan-Kui
Wang 1, and Ying Fu 2. (1) Theoretical Chemistry, Royal Institute of Technology,
Teknikringen 36, Stockholm 100 44, Sweden, Fax: 46-8-7908207,
luo@theochem.kth.se, (2) Physical Electronics and Photonics, Department of
Physics, University of Gothenburg and Chalmers University of Technology
We have calculated the electronic transport properties of a molecular device
using the scattering theory approach, which includes first principle descriptions
of the molecular electronic structure and molecular-metal binding. We find that
the electronic correlation plays an important role in determining the current and
conductance of the molecular device. Applying hybrid density functional theory,
the calculated current-voltage (I-V) characteristics of a single benzene-1,4-dithiol
molecule between gold electrodes show excellent agreement with experiment.
We have shown that the electron reduction of single molecule can take place
when the voltage of external field is high, which has substantial effects on the
I-V curve. For benzene-1,4-dithiol binded on gold, one electron reduction is
found to occur around 2.9 V.

94.
COMPUTATIONAL STUDIES OF MIXED VALENCE MOLECULES FOR USE IN
MOLECULAR ELECTRONICS. Olaf Wiest, and Sonja Braun-Sand, Department of
Chemistry and Biochemistry, University of Notre Dame, 251 Nieuwland Science
Hall, Notre Dame, IN 46556, owiest@nd.edu, sbraunsa@nd.edu
Conventional methods of microchip production will eventually reach their
theoretical limit, and quantum effects will interfere with function. Researchers at
the University of Notre Dame have designed a computer architecture, Quantum
Dot Cellular Automata, (QCA) that will take advantage of these quantum effects.
The design is centered around two electron cell states that exist in a bistable
charge configuration, which could be used like binary code. To determine the
ability of molecules to function as bistable cells, ab initio calculations on mixed
valence molecules such as the Creutz-Taube square, shown in Figure 1, and
other model compounds were performed using hybrid density functional theory
and Hartree-Fock methods. Investigations also focus on the role of the bridging
ligands and the barrier to switching.

95.
IN SILICO LIBRARY DESIGN TOOLS. Kenneth M. Merz Jr., Center for
Informatics and Drug Discovery, Pharmacopeia, Inc, 2000 Cornwall Road,
Monmouth Junction, NJ 08852, kmerz@pharmacop.com
When designing a combinatorial library many factors need to be considered. In
this talk we will describe the development and use of in silico ADME/Tox
(absorption, distribution, metabolism, excretion and toxicity) modeling tools and
we will discuss novel high-throughput data mining tools. In the ADME/Tox area
we will focus on absorption, solubility and protein binding compliance of
designed libraries and how these constraints affect the library ultimately chosen.
We will also discuss the use of high-throughput docking methods and how
these approaches can be used to prioritize libraries (or sublibraries) for
screening. Finally, the use of similarity metrics in library design and prioritization will also be briefly discussed.
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96.
SUBCELLULAR PHARMACOKINETICS IN LIBRARY FOCUSING. Stefan Balaz,
and Viera Lukacova, Department of Pharmaceutical Sciences, North Dakota State
University, College of Pharmacy, Sudro Hall 108, Fargo, ND 58105, Fax:
701-231-7606, stefan_balaz@ndsu.nodak.edu
Subcellular pharmacokinetics strives to understand the kinetics of drug disposition in the receptor surroundings in terms of drug structure/properties. It
deploys conceptual models that include transport and accumulation in a series
of membranes, protein binding, hydrolysis, and other reactions with cell
constituents. The kinetics of drug disposition is described as a nonlinear
function of lipophilicity, amphiphilicity, acidity, reactivity, and 3-D-structure of
drugs. Once calibrated for a given biosystem, the models provide a detailed
recipe for tailoring the drug properties to ensure optimum disposition. The
focusing is more accurate than empirical QSAR studies, assessment of druglikeness, or the rules for identification of compounds with permeability problems. The method can be used to: (1) predict the behavior of drug candidates in
cells and tissues if activity is assessed using isolated receptors; (2) reveal the
important features of the receptor binding site if activity is assesses in cellular
systems; and (3) estimate toxicity.

97.
COMPUTER SIMULATIONS FOR DRUG-LEAD DEVELOPMENT. William L.
Jorgensen, Julian Tirado-Rives, Robert C. Rizzo, Melissa L. Plount-Price, DePing
Wang, and Albert C. Pierce, Department of Chemistry, Yale University, New
Haven, CT 06520-8107, Fax: 203-432-6299, bill@adrik.chem.yale.edu
Protein-ligand binding is being studied via docking and Monte Carlo simulations
with statistical perturbation theory and linear response approaches. The
OPLS-AA force field is used with explicit inclusion of water with the TIP4P
model. Thermodynamic and structural results are presented for HIV-RT, COX-1,
COX-2, and thrombin with medicinally important inhibitors. The structure of the
complex of Sustiva with HIV-RT was correctly predicted and validated through
computation of the affects of protein mutants on binding affinities before the
report of a crystal structure.

analysis (DSA), the method provides a solution to the problem of pharmacological pattern recognition, that is, the problem of identifying the chemical determinants that are responsible for a given compound’s biological, pharmacological
and/or toxicological activity. We have used DSA for the identification of novel
7-TM receptor antagonists, kinase inhibitors, ion channel blockers, protease
inhibitors, phosphatase inhibitors and steroid receptor ligands, many of which
were retained for follow-up in medicinal chemistry programs. In every instance,
the method outperformed random-based screening strategies, sometimes by
ratios of over 40 to 1, allowing for up to six focussed screening campaigns to
be run simultaneously in parallel. Furthermore, we have found DSA useful for
predicting compound selectivity and toxicity, for increasing the potency of
chemical series, for identifying the biologically-active moieties of naturallyoccurring peptide ligands, for identifying false positive and false negative
screening results, and for analyzing surrogate target data for use in the
generation of chemical starting points for novel drug targets. DSA has also been
instrumental in directing our virtual screening and chemical series jumping
efforts, and was extensively used in the design of our corporate compound
collection. The underlying principles and future development of DSA are
presented through cases studies.

100.
STATISTICAL MECHANICS OF PROTEINS: PERSPECTIVE FROM ANALYTICAL
THEORY AND SIMULATIONS. Eugene Shakhnovich 1, Jun Shimada 1, Edo
Kussell 2, and Nikolay Dokholyan 1. (1) Chemistry and Chemical Biology, Harvard
University, 12 Oxford, Cambridge, MA 02138, eugene@belok.harvard.edu, (2)
Chemistry and Chemical Biology and Biophysics, Harvard University

98.
LEAD GENERATION DEMONSTRATED BY THE USE OF A NOVEL SHAPE-BASED
DESCRIPTOR. Robert V. Stanton, Jayashree Srinivasan, Erin K. Bradley, John
E. Eksterowicz, and Peter D. J. Grootenhuis, Chemical and Physical Sciences,
DuPont Pharmaceuticals Research Laboratories, 150 California Street, Suite
1100, San Francisco, CA 94111, Fax: 858-625-9293, rstanton@combichem.com,
jsrinivasan@combichem.com

We will disscuss recent developments in protein theory that allow a unified
statistical-mechanical view of protein folding and evolution. Specifically we will
present a mean-field picture of protein evolution that, along with Monte-Carlo
design in sequence space allows to rationalize most of the conservatism
patterns in protein families and folds. Further, we will present novel Monte-Carlo
simulations of protein folding in which all heavy atoms are represented as
interacting hard spheres of various sizes corresponding to their van-der-Waals
radii. This model includes all degrees of freedom relevant to folding—all
sidechain and backbone torsions—and uses a Go potential. By recording many
folding events over over a wide range of temperatures a possible folding
mechanism for three different proteins—three-helix bundle, crambin and protein
G is obtained. These results present a “proof-of-principle” for the possibility of a
solution of protein folding problem at an all-atom level, provided that one has a
realistic all-atom potential energy function that correctly favors the native state.
In a separate development this algorithm helped to solve the “side-chain
packing problem” by providing a rigorouse stimate of the number of side-chain
packing conformations that are compatible with a given backbone of a native
protein.

Two common goals of library design methods applied to combinatorial synthesis are maximum chemical diversity and maximal chemical coverage. In general,
these goals are pursued in order to improve the chances of identifying a novel
molecular framework with activity for a well-defined target. We present an
application of a novel combinatorial library design approach, in which molecular
shapes of compounds, determined from their excluded volume, are combined
with the positioning of essential chemical features. The process consists of an
iterative approach, with the information captured by both active and inactive
compounds being crucial to the refinement of design for each subsequent round
of synthesis. An application of this method is demonstrated here with results
from one iteration of design, library synthesis and biological assay.

101.
MOLECULAR DYNAMICS STUDY OF THE MECHANISM AND
THERMODYNAMICS OF FOLDING OF THE SRC-SH3 PROTEIN. Joan-Emma
Shea, Department of Chemisty, University of Chicago, 5640 S. Ellis, Chicago, IL
60637, Fax: 773-702-5863, shea@uchicago.edu, Jose N. Onuchic, Department of
Physics, UCSD, and Charles L. Brooks III, Department of Molecular Biology, The
Scripps Research Institute

99.
HIGH-THROUGHPUT LEAD DISCOVERY USING PREDICTIVE SUBSTRUCTURAL
ANALYSIS. Daniel Domine, Jacques Colinge, and Dennis Church, Serono
Pharmaceutical Research Institute, Plan-les-Ouates, Geneva, Switzerland
We have developed and validated a novel computational method for the rapid
identification of biologically-active molecules. Termed discrete substructural

The thermodynamics of folding of the src-SH3 protein are explored using
molecular dynamic simulations with an atomically detailed model in explicit
solvent. Src-SH3, a small, mostly beta-sheet protein is experimentally observed
to have a very polarized transition state, displaying high phi values in the distal
beta-hairpin and adjoining diverging turn regions and low phi values throughout
the rest of the protein. We constructed free energy surfaces for the protein
under native conditions from biased molecular dynamic sampling of structures
initially generated from denaturing simulations. The folding mechanism of the
protein is deduced from the free energy profiles projected onto different reaction
coordinates. While the protein is observed to sample a large number of different
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structures en route to the folded state, our analysis of the probability of forming
particular contacts clearly shows a consistent early structural formation in the
distal hairpin and the diverging turn. These are the very regions that are
experimentally observed to play a crucial role in the folding of src-SH3. The
detailed nature of the transition state as well as the role of water in the final
stages of folding are discussed.

102.
EVOLUTIONARY LANDSCAPE OF FUNCTIONAL MODEL PROTEINS. Jonathan D.
Hirst, School of Chemistry, University of Nottingham, University Park,
Nottingham NG7 2RD, United Kingdom, Fax: +44-115-951-3562,
jonathan.hirst@nottingham.ac.uk
We study the distinct influences of function, folding and structure on the
evolutionary landscapes of minimalist model proteins. Chains of up to 23
monomers on a two-dimensional square lattice are investigated by exhaustive
enumeration of conformation and sequence space. In addition to common
aspects of minimalist models, such as unique, stable native states and cooperative folding, functional model proteins have the novel feature of an explicit
binding pocket. Fitness is defined through simple, physical characterisation of
the binding pocket. We characterize various properties of functional model
proteins, focusing on their evolutionary landscapes. The longer chains more
closely resemble real proteins, having richer functional diversity and forming
larger families of sequences. Although regions of evolutionary landscapes are
often highly interconnected, we also observe so-called ‘critical pathways’, where
evolution can only proceed through a single set of mutants.

103.
PROTEIN STRUCTURE PREDICTION USING DISTANCE INFORMATION.
Jean-Loup Faulon, and Mark. D. Rintoul, Computational Biology & Materials
Technologies Department, Sandia National Laboratories, P.O. Box 969, MS
9951, Livermore, CA 94551, Fax: 925-924-3020, jfaulon@sandia.gov
We have developed an enumeration technique generating folded proteins
matching distance constraints. While the protein folding problem has been
shown to be computationally NP-hard on and off lattices, it is well known that
distance geometry techniques can retrieve protein structures when n(n-1)/2
distance constraints are given for proteins of sequence size n. In this paper, we
will rigorously prove that on all commonly used 2-D and 3-D lattices, folded
structures can be uniquely determined in linear time when only O(n) distance
constraints are provided. We will also demonstrate that if the folded structures
are required to be compact while self-avoiding then the number of distance
constraints can be further reduced to n/2. Finally, we will discuss how these
results can be expended off-lattice. These findings represent a substantial gain
from the state-of-the-art folding methods by drastically reducing the experimental effort required to compile distance information.

104.
UNDERSTANDING THE FOLDING OF ␤-SHEET PROTEINS: CONNECTION
BETWEEN THEORY AND EXPERIMENT. Patricia A. Jennings, Dept. of
Chemistry & Biochemistry (0359), University of California, San Diego, 9500
Gilman Drive, La Jolla, CA 92093-0359, Fax: 858-534-7042,
pajennings@ucsd.edu
Little is known about the forces involved in the folding and misfolding of all b
proteins. However, the available data on these proteins suggests that the folding
pathway may be fundamentally different than that observed for the formation of
b structure in mixed a/b proteins. The determinates of b structure formation and
stabilization thus become an intriguing problem in protein folding. The goal of
our research is to compare experimental and theoretical work we have been
involved in to elucidate the key features involved in directing the early and late
steps in the productive (native) and non-productive (inclusion body) folding of
the all b protein interleukin-1b (Il-1b). We will present results describing the
factors involved in the productive and non-productive folding pathways as well
as recent developments of novel applications of mass spectrometric methods to
determine commitment to aggregation/folding pathways.

105.
EXPLORING CONFORMATIONAL SPACE IN A DE-NOVO ␤ HAIRPIN. Hugh
Nymeyer 1, Angel Garcı́a 2, and José Onuchic 1. (1) Department of Physics,
University of California, San Diego, 9500 Gilman Dr, La Jolla, CA 92037, Fax:
(858)534-7697, hugh@mutum.ucsd.edu, (2) Theoretical Biophysics and Biology
Group, Los Alamos National Laboratory
We use multi-canonical molecular dynamics to study the phase space of a
modified de-novo beta peptide with the sequence ITVNGKTY. We locate the
dominate conformational basins and analyze how different interactions work to
stabilize or destabilize these basins and the NMR determined structure. We find
the amount of helical versus beta content to depend strongly on the local
backbone interactions. Partial charge assignments on the peptide have a much
weaker effect on the stability of the various basins.

106.
LINEAR SCALING GRADIENTS OF DENSITY FUNCTIONAL THEORY. Michael R.
Salazar, Theoretical Division, Group T-12, Los Alamos National Laboratory, MS
B268, Los Alamos National Laboratory, Los Alamos, NM 87545, Fax:
505-665-3909, salazarm@lanl.gov, and Matt Challacombe, Theoretical Division,
Los Alamos National Laboratory
Linear scaling algorithms in the MondoSCF suite of Quantum Chemical programs have been extended to analytic computation of forces. Linear scaling is
achieved in the force calculations with sparse linear algebra and hierarchical
algorithms. For large systems, the density and energy weighted density matrices
(P and W) are sparse and atom-blocked. The derivative of the kinetic, Coulomb,
exchange-correlation and overlap terms produce matrices that are row-localized.
Using a density driven approach, the contraction of sparse atom-blocked P and
W matrices with row-localized derivative matrices yield linear scaling algorithms.
In this scheme, outer loops are over non-zero elements of P or W. These
non-zero elements are then contracted with O(1) of the gradient matrices. That
is, in the density driven method only particular atom-blocks of the row-localized
derivative matrices need evaluation. In conventional integral driven SCF, all the
elements of the derivative matrices need to be evaluated. The computational
expense of gradient evaluations is on the order of one full SCF cycle. These
methods open the door for linear scaling, ab initio molecular dynamics simulations, gradient based transition state following techniques, and geometry
optimizations.

107.
LINEAR-SCALING QUANTUM CHEMISTRY CALCULATION FOR EXCITED
STATES. Guanhua Chen, Chemistry Department, University of Hong Kong,
Pokfulam Road, Hong Kong, Hong Kong, ghc@yangtze.hku.hk
A linear-scaling quantum chemsitry method, the localized-density-matrix (LDM)
method, is developed to calculate the excited state properties of large molecular
systems. Calculations based on semiempirical Hamiltonians like PPP, PM3,
AM1, CNDO/S and INDO/S have been carried out for polyacetylene, PPV
aggregates, light harvesting system 2 (LH2), polypeptides and carbon nanotubes. Optical properties, for instance, optical absorption and CD spectra, have
been determined numerical for these systems. The largest system studied
contains ten thousands of atoms. Implementation of the LDM method at the
time-dependent density-funcational theory is discussed.

108.
DENSITY-MATRIX MINIMIZATION TECHNIQUES FOR LINEAR-SCALING DFT
CALCULATIONS USING NON-ORTHOGONAL LOCALIZED BASIS SETS. Peter D.
Haynes, Chee Kwan Gan, and Mike C. Payne, Theory of Condensed Matter,
Cavendish Laboratory, University of Cambridge, UK, Madingley Road, Cambridge
CB3 0HE, United Kingdom, Fax: +44 1223 337356, pdh1001@cam.ac.uk
Linear-scaling methods for density-functional theory based upon minimization
with respect to the single-particle density-matrix require this quantity to be
represented in terms of a set of localized functions. In this paper, we discuss
how those functions may be optimized self-consistently during a calculation.
First we introduce the localized spherical-wave basis set, suitable for total
energy pseudopotential calculations within density-functional theory. Next we
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discuss the problems which the non-orthogonality of this basis set introduces
for iterative diagonalization techniques, and present a preconditioned conjugategradient method for conventional wavefunction-based methods. Lastly, we
explain the problems which arise when trying to optimize localized rather than
extended functions using a non-orthogonal basis set, and suggest a possible
solution to this problem.
109.
EFFICIENT CHEBYSHEV EXPANSION METHOD FOR DENSITY FUNCTIONAL
THEORY CALCULATIONS WITH GAUSSIAN ORBITALS. Chandra Saravanan 1,
Roi Baer 2, Martin Head-Gordon 1, and Philip N. Ross 3. (1) Chemistry,
Head-Gordon Group, University of California, Berkeley, Berkeley, CA 94720, Fax:
510-643-1255, saru@bastille.cchem.berkeley.edu, (2) Dept. of Physical
Chemistry, The Hebrew University, (3) Material Sciences, Lawrence Berkeley
National Laboratory
We have implemented a linear scaling Chebyshev expansion method for density
functional theory using gaussian orbitals. Our method uses an efficient algorithm for searching the chemical potential. We have compared our method to
conjugate gradient density matrix search algorithms.We perform benchmark
calculations for the crossover of CPU time with respect to diagonalization on
water clusters and alkane chains. We have also applied this method to study
polyelectrolyte systems.
110.
LONG-RANGE ELECTRONIC COUPLING OF DONOR/ACCEPTOR SITES IN
ORGANIC AND ORGANOMETALLIC SYSTEMS: THEORY AND COMPUTATION.
Marshall D. Newton, Chemistry, Brookhaven National Laboratory, Box 5000,
Upton, NY 11973, Fax: 631-344-5815, newton@bnl.gov
Mechanisms of electronic coupling between local donor and acceptor sites, as
mediated by the manifolds of the intervening material and the environment, is
evaluated and analyzed using detailed theoretical and computational techniques.
The role of the coupling on the kinetics of long-range electron transfer is
illustrated for various organic and organometallic systems. The influence of
medium fluctuations is explored on the basis of reaction field techniques.
111.
ELECTRONIC TRANSPORT IN MOLECULAR DEVICES. Massimiliano Di Ventra,
Department of Physics, Virginia Polytechnic Institute and State University, 209-A
Robeson Hall, Blacksburg, VA 24061-0435, Fax: 540-231-7511, diventra@vt.edu
Devices based on single molecules have recently received much attention for
their possible replacement of conventional electronic components. Experimental
current-voltage characteristics of individual molecules with intriguing features
have been published. We present first-principles atomic-scale simulations of
electronic transport for several such cases. In particular we address the problem
of contact chemistry and geometry, current-induced forces, polarization effects
by a gate voltage, ligands and temperature effects on the current-voltage
characteristics. Such calculations promise to play a major role in future device
design and contact engineering. Work done in collaboration with S.T. Pantelides
(Vanderbilt University) and N.D. Lang (IBM T.J. Watson Research Center).
112.
TIME DEPENDENT DENSITY FUNCTIONAL EVOLUTION FOR STUDYING
MOLECULAR WIRES. Roi Baer, Dept. of Physical Chemistry and the Lise
Meitner Center for Quantum Chemistry, The Hebrew University of Jerusalem,
Givat Ram Campus, Jerusalem 91904, Israel, Fax: 972-2-6513742,
roib@fh.huji.ac.il
A numerical method is given for affecting nonlinear local density functional
evolution. Within a given time interval, Chebyshev quadrature points are used to
sample the evolving orbitals. An implicit equation, coupling wave functions at
the different time points is then set up. The equation is solved iteratively using
the “direct inversion in iterative space” acceleration technique. Spatially, the
orbitals are represented on a Fourier grid combined with norm conserving
pseudopotentials. The method is applied study the electronic dynamics of a toy
molecular wire. The wire consists of a C2H4 molecule connected via sulfur
atoms to two gold atoms, the “electrodes”. The molecule is placed in a
homogeneous electric field and a dynamical process of charge transfer is
observed. By comparing the transient with that of an RC circuit, an effective
Ohmic resistance and capacitance is estimated for the system.

113.
PHOTOEXCITATIONS IN POLY(P-PHENYLENEVINYLENE) THIN FILMS. Guanhua
Chen, Chemistry Department, University of Hong Kong, Pokfulam Road, Hong
Kong, Hong Kong, Fax: 852-2857-1586, ghc@everest.hku.hk
Photo-induced electronic excitations of poly(p-phenylenevinylene) (PPV)
aggregates are simulated and characterized using a recently developed linearscaling localized-density-matrix (LDM) method. The intra- and inter-chain
components of excitations are analyzed and quantified for different inter-chain
distances. The excitations for the absorption and luminescence in PPV film and
its derivatives are identified and are found analogous to those of H-aggregates.
Their energy shifts upon aggregation are determined mainly by the inter-chain
kinetic energy reduction and the Coulomb interaction of the electron-hole pair. it
is concluded that the luminescene is caused by the intra-chain electron-hole
pairs.

114.
ENERGY LANDSCAPES FOR EXCITON MOTION IN DISORDERED ORGANIC
SEMICONDUCTORS. David Yaron, and Melissa Pasquinelli, Department of
Chemistry, Carnegie Mellon University, 4400 Fifth Ave., Pittsburgh, PA 15213,
Fax: 412-268-1061, yaron@chem.cmu.edu
Although electronic structure calculations on conjugated polymers typically
assume perfectly ordered systems, the amorphous nature of the materials is
know to play an important role in the photophysics. We will present a methodology that couples the well-tested Hamiltonians of semi-empirical quantum
chemistry with a new computational approach that mimics the effective particle
language commonly used in discussing the photophysics of these materials.
This approach allows us to use quantum chemistry to study the dynamics of
effective particles in complex, disordered systems.
The resulting computational savings make quantum chemical (INDO)
calculations on large systems computationally feasible. We also obtain intermediate results, such as energy landscapes and effective masses, that aid in
interpreting the large amount of information produced by such calculations.
Here, we will present the energy landscape and effective mass for an optical
excitation (exciton) as it moves along a disordered polymer chain.

115.
ADVANCES IN SCALABLE CLUSTER COMPUTING. Mark S. Gordon, Brett M.
Bode, Ricky A. Kendall, and David Halstead, Scalable Computing Laboratory,
Ames Laboratory-Iowa State University, 201 Spedding Hall, Iowa State
University, Ames, IA 50011, Fax: 515-294-5402, mark@si.fi.ameslab.gov
The development of scalable electronic structure codes and their implementation
on clusters of workstations (IBM Power3 running AIX, Compaq XP1000 running
Digital UNIX, and Apple G4 running Linux) will be discussed.

116.
PERFORMANCE OF COMPUTATIONAL CHEMISTRY AND MATERIALS CODES
ON LINUX SUPERCLUSTERS. Susan R. Atlas 1, Andrew C. Pineda 2, Brian T.
Smith 3, Frank L. Gilfeather 4, Andrea A. Mammoli 5, Mahin Mahmoodi 3, Jiao
Chen 3, and Mark Enlow 6. (1) Department of Physics and Astronomy, and the
Albuquerque High Performance Computing Center, University of New Mexico,
800 Yale Blvd NE, Albuquerque, NM 87131, Fax: 505-277-1520,
susie@tangelo.phys.unm.edu, (2) Albuquerque High Performance Computing
Center and the Department of Chemistry, University of New Mexico, (3)
Department of Computer Science and the Albuquerque High Performance
Computing Center, University of New Mexico, (4) High Performance Computing
Education & Research Center and the Department of Mathematics and Statistics,
University of New Mexico, (5) Department of Mechanical Engineering and the
Albuquerque High Performance Computing Center, University of New Mexico,
(6) Department of Chemistry and the Albuquerque High Performance Computing
Center, University of New Mexico
High performance clusters based on the Linux operating system are rapidly
becoming an attractive and affordable computing alternative for many chemistry
departments and computing centers. In this paper, we present a performance
analysis of two computational chemistry and materials codes on Intel-based
Linux Superclusters. We study the performance of the GAMESS electronic
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structure code and the TBMD (Tight Binding Molecular Dynamics) code on a
range of commercially available Linux superclusters with differing properties
such as processor speed, memory, numbers of nodes, processors per node,
and communications networks. We also evaluate portability issues such as the
suitability of current Fortran 77 and Fortran 90/95 compilers, use of different
communications protocols, and linear algebra libraries for high performance
computing using Linux.

117.
MULTITHREADED SHARED MEMORY PARALLEL IMPLEMENTATION OF THE
ELECTRONIC STRUCTURE CODE GAMESS. Kim K Baldridge, San Diego
Supercomputer Center & Department of Chemistry, University of California San
Diego, 9500 Gilman Drive, La Jolla, CA 92093-9595, Fax: 858-534-5117,
kimb@sdsc.edu, and Barry Bolding, Chemistry/Bioinformatics, Cray Inc
The parallelization of electronic structure theory codes has become a very active
area of research over the last decade. Until recently, however, most of this
research has dealt with distributed memory parallel architectures. The objective
of this work is to provide general information about the parallel implementation
of the General Atomics Molecular Electronic Structure System, GAMESS, for the
TERA multithreaded shared memory architecture. We describe the programming
paradigm of this machine, the strategies used to parallelize GAMESS, general
performance results obtained to date, conclusions and future work on this
project.

118.
NEW AND EMERGING TECHNOLOGIES DESTINED TO INFLUENCE THE
PRACTICE OF COMPUTATIONAL CHEMISTRY. Thomas More Jackman, Imaging
Science & Technology/Physical Sciences Dept, IBM Research, T.J. Watson
Research Ctr, Yorktown Heights, NY 10598, Fax: 914-945-2141 T/L 862,
tjackman@us.ibm.com
The pervasiveness of computing, Gordon Moore’s famous “law”, and enhanced
competition in the computing industry are some of the forces that are delivering
rapid changes in the technology of computing. The resulting increase in
performance from these and other forces serves to influence science, in general,
and chemistry, in particular, by pushing the envelope of our computational
limitations. From specialized peripherals that can accelerate molecular dynamics
(such as MD-GRAPE) to densely packed processors that hold promise for
folding proteins (such as Blue Gene), the technology landscape is varied,
complex and changing rapidly. This talk surveys some of the new hardware
developments in communications, data storage, processors, chip fabrication,
and computing architectures that offer new flexibility in the design of a computational chemistry environment.

119.
SCALABILITY MATTERS: HIGH PERFORMANCE ARCHITECTURES FOR
COMPUTATIONAL CHEMISTRY. Joseph Landman, David Zirl, and Roberto
Gomperts, SGI Americas Technology Center, SGI, 39001 West Twelve Mile
Road, Farmington Hills, MI 48331, Fax: 248-848-5600, landman@sgi.com
Chemical and physical theories are advancing in predictive power, and the
amount of computational resources that are consumed in the prediction
process. Theoretical models that were computationally intractable until recent
times are now becoming the canonical tools for new research. Basis sets are
not shrinking, and molecules and complexes are becoming more complicated
in-Silico. Single processor machines are not able to meet the massive computational requirements of the new generation of work, and scientists are turning enmasse towards parallel computing architectures, and sophisticated algorithms
that map onto this type of machine. The trends appear to be favoring two
different architectures for different types of work: large memory and processor
count single system image machines for ease of programming and high
performance fine-grained parallelism, and clusters of small memory and
processor count machines for coarse- grained parallelism. These architectures
will be discussed and compared for a variety of standard computational tasks.
Where possible, performance and scalability information will be presented.

120.
COMPUTATIONAL SYMBIOSIS: COUPLING SIMULATION AND VISUALIZATION
ON SMP MACHINES. Greg Johnson, and Allan Snavely, San Diego
Supercomputer Center, University of California San Diego, 9500 Gilman Drive
MC 0505, La Jolla, CA 92093-0505, johnson@sdsc.edu
Traditionally, a simulation is run to completion and the output moved to a
storage device, with visualization techniques applied sometime later. The
visualized results may guide future runs of the computation to home in on
interesting features, or correct errors in parameters used previously. However,
practical issues of resource usage and availability associated with the generation, transfer, and storage of multi-gigabyte and multi-terabyte datasets
produced by large parallel systems have encouraged additional interest in the
concept of computational steering. Steerable computation involves coexecution
of the simulation and visualization codes, enabling the researcher to graphically
view output from the simulation at runtime and alter parameters as required to
increase insight. We propose that clustered SMPs (shared memory multiprocessors) offer unique characteristics that may be exploited to support
computational steering applications. This talk will describe early work in this
area, and how the results may be of benefit to computational chemists.
121.
MAPPING OF PARALLEL MONTE CARLO AND FAST MULTIPOLE ALGORITHMS
ON PARALLEL MACHINES. Amitava Majumdar, San Diego Supercomputer
Center, University of California San Diego, 9500 Gilman Drive, La Jolla, CA
92093-0505, majumdar@sdsc.edu
We will discuss two classes of parallel algorithms. The first algorithm is a
Monte Carlo algorithm that simulates photon transport in an inertial confined
fusion (ICF) plasma. Three different parallel versions of the algorithm were
developed. The first is for the shared memory Cray Multi-Threaded Architecture
(MTA). The second is for distributed memory machines, like the Cray T3E, and
uses message passing. The third is for distributed-shared memory machines,
like the symmetric multiprocessor (SMP) based IBM SP, and uses both
message passing and shared memory parallel programming. We will discuss
these algorithms and present parallel performance results on the Cray MTA, the
Cray T3E, and the SMP IBM SP. The second algorithm is a molecular dynamics
algorithm that uses Fast Multipole Methods (FMM). We will discuss parallel
implementation of FMM to achieve high speedup, efficient communication, and
optimum load balance on parallel machines.
122.
ELECTRON DELOCALIZATION AND THE SHELL STRUCTURE IN ATOMIC AND
MOLECULAR SYSTEMS. Petar M. Mitrasinovic, Department of Chemistry, The
Florida State University, Tallahassee, FL 32306-4390, Fax: 850-644-8281,
pmitrasi@chem.fsu.edu
Quantitative measures of how a single electron, as a wave, is shared between
any two spatial points, are given by means of the sharing amplitude and the
sharing index. These quantities are orbital independent and they do not depend
on arbitrary localization procedures. A measure of the delocalization of an
electron one region to another can be constructed by integrating one point of
the sharing index over one region and the other over another region. The shell
structure of atoms in molecules is shown by constructing inner spherical
regions of various radii centered on the nucleus of interest. The shell structure
of all the atoms in the first three rows and in the last column of the periodic
table (plus Zn and Au) as well as of heavy atoms in molecules NH3, PH3, CH4,
and SiH4 is displayed.
123.
FOLLOWING REACTION PATHWAYS USING A DAMPED-CLASSICAL
TRAJECTORY ALGORITHM. H. P. Hratchian, and H. B. Schlegel, Department of
Chemistry, Wayne State University, 371 Chemistry Bldg, Detroit, MI
48202-3489, hrant@chem.wayne.edu
The study of reaction pathways is imperative to the investigation of potential
energy surfaces (PES). Generally, the reaction path is defined as the curve
connecting the reactants and products through the transition state. A second
order intrinsic reaction coordinate (IRC) following method had been developed
previously in our laboratory. A PES can also be studied using classical trajectory
calculations, and the dynamic reaction path (DRP) method can be used to
connect the transition state to reactants and products. We have refined a
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classical trajectory integration method such that the DRP pathway more closely
resembles the IRC path. Specifically, we have used a damped velocity Verlet
algorithm incorporating a controlled time step. The efficiency of our algorithm is
on the same order as our earlier methods for relatively small systems and
shows increasing efficiency as the large molecule limit is approached.

open-shell metal center facilitate the reaction. NBO analysis suggests metal-H
and metal-C bond formation and cleavage during the reaction. Comparison
calculations for hydrogenation on Mg(I) are also presented.

124.
CHEMICAL GRAPH THEORY APPROACH FOR AUTOMATED MECHANISM
GENERATION. Artur T. Ratkiewicz, and Thanh N. Truong, Department of
Chemistry, University of Utah, 315 South 1400 East, Room 2020, Salt Lake City,
UT UT 84112, Fax: 801-581-4353, artur@mercury.hec.utah.edu

128.
PHOTOCATALYTIC DECOMPOSITION OF NO ON COPPER EXCHANGED ZSM-5:
AN EMBEDDED CLUSTER APPROACH. Piti Treesukol 1, Jumras Limtrakul 2,
and Thanh N. Truong 1. (1) Department of Chemistry, University of Utah,
315 South 1400 East, Salt Lake City, UT 84112, Fax: 801-581-4353,
piti@mercury.hec.utah.edu, (2) Department of Chemistry, Kasetsart University

We present a chemical graph theory approach for generating elementary
reactions of complex systems. Molecular species are naturally represented by
graphs, which are identified by their vertices and edges where vertices are atom
types and edges are bonds. The mechanism is generated using a set of reaction
patterns (sub-graphs) that are the internal representations for a given class of
reaction thus eliminating the possibility of generating unimportant product
species a priori. Furthermore, each molecule is canonically represented by a set
of topological indices (Connectivity Index, Schulz TI Index, WID Index, and
others) thus it eliminates the probability for regenerating the same species
twice.
125.
COST EFFECTIVE COMPUTATION STRATEGY FOR MODELING MECHANISM OF
CARBON GASIFICATION. Alejandro Montoya 1, Fanor Modragón 1, and Thanh, N.
Truong 2. (1) Department of Chemistry, University of Antioquia, Medellı́n,
Colombia, (2) Department of Chemistry/Henry Eyring Center for Theoretical
Chemistry, University of Utah
Structure representation of the carbon char surface is of a crucial importance in
modeling reactions in carbon gasification process. We present a study on
determining a cost effective computational strategy, that is based on the ONIOM
approach developed by Morokuma and co-workers, for studying chemical
processes on char. Different ONIOM models were examined. The accuracy and
efficiency of these models are determined by comparing the calculated structures, adsorption energies of different gasifying gases and IR spectra of
common surface oxygen complexes with those from accurate calculations.
126.
EFFECTS OF HYDROGEN ON THE EPITAXIAL GROWTH OF NI. Kenneth Haug,
Department of Chemistry, Lafayette College, Easton, PA 18042,
haugk@lafayette.edu
The regularity of metal layers formed during epitaxial growth is important for
microelectronic device properties. We computationally investigate the effects of
hydrogen on Ni homoepitaxy by examining rate constants for the mobility of Ni
as growing Ni islands develop on a single crystal surface. Activation energies,
for a wide variety of Ni/H island growth, evaporation, and reconfiguration steps
are determined by potential energy calculations. We then use the corresponding
rate constants in Kinetic Monte Carlo and classical kinetics simulations to
characterize the pattern of island growth on the surface. Small amounts of
hydrogen are found to act as a catalyst for certain Ni mobilities, and Ni island
morphologies, with and without hydrogen, may differ substantially over long
time periods, and therefore the differences can become frozen in place. These
effects also depend on the Ni surface, and we examine the (100), (110), and
(111) surfaces. This extends our previous work: (1) Haug and Do, Phys. Rev. B.
1999, 60, 11095; and (2) Haug and Jenkins, J. Phys. Chem. B. 2000, 104,
10017.
127.
HYDROGENATION OF CARBON MONOXIDE ON COBALT AND RHODIUM. Eric
D. Glendening, Department of Chemistry, Indiana State University, Terre Haute,
IN 47809, Fax: 812-237-2232, ericg@carbon.indstate.edu
Density functional theory and natural bond orbital (NBO) analysis are used to
explore the mechanism for hydrogenation of CO on Co(I) and Rh(I) cations. In
the absence of the metal catalyst, the reaction proceeds via a single transition
state with a large (ca. 80 kcal/mol) activation energy. The hydrogen molecule
dissociates heterolytically during the reaction. In contrast, in the presence of a
Co(I) of Rh(I) cation, hydrogenation proceeds via two lower-energy transition
states in which hydrogen dissociates homolytically. The d orbitals of the

Photocatalytic decomposition of NO on Cu-ZSM-5 catalysts into N2 and O2 has
been investigated by means of the density functional embedded cluster calculation. It has been found that the reactivity of the catalyst is strongly affected by
the local structure and the electronic state of copper ions. The relationship
between the local structure of copper ions and the zeolite framework, incorporated by the Madelung potential, on its photo-catalytic reactivity has been
determined. The predicted reaction paths are compared to available experimental
results.

129.
A FIRST PRINCIPLES MOLECULAR DYNAMICS SIMULATION OF MAGNESIUM
ION IN WATER. Felice C. Lightstone 1, Eric Schwegler 2, Randolph Q. Hood 2,
François Gygi 3, and Giulia Galli 2. (1) Computational Biochemistry Group,
Lawrence Livermore National Laboratory, Biology and Biotechnology Research
Program, Mailstop L-452, Livermore, CA 94550, felice@llnl.gov, (2) Physics and
Advanced Technologies, Lawrence Livermore National Laboratory, (3)
Computations Directorate, Lawrence Livermore National Laboratory
The solvation of magnesium cations plays a fundamental role in many of the
physiochemical processes that sustain life. Mg2+ is considered a “hard” divalent
cation, but little is known as to why magnesium prefers to bind nucleic acids
indirectly through its outer-sphere of coordinated water molecules, while it tends
to bind proteins directly through its inner sphere of hydration. Clearly, an
understanding of Mg2+’s hydration sphere is important to the better understanding of several chemical mechanisms. We have used first principles molecular
dynamics to study one Mg2+ in a cubic box of 53 water molecules with periodic
boundary conditions. We have determined the structural properties of the water
environment surrounding the Mg2+ from pair radial distribution functions,
gMgO(r). Because the calculation is quantum mechanical, localized molecular
orbitals were calculated to determine electronic properties of the water molecules. Dipole moments of individual water molecules were calculated from the
molecular orbitals.

130.
TIME DEPENDENT DENSITY FUNCTIONAL THEORY STUDY OF THE
ABSORPTION SPECTRA OF SUBSTITUTED PEROXY RADICALS. Jennifer
Weisman, Department of Chemistry, University of California at Berkeley,
Berkeley, CA 94720-1460, Fax: 510-643-1255, jenni@bastille.cchem.berkeley.edu,
and Martin Head-Gordon, University of California, Berkeley
Alkyl peroxy radicals are important in a number of oxidative systems. Our
interest lies in the nature of the electronic excitation transitions of these
radicals. Absorption spectra of radical species are often challenging to assign
due to possible double and higher excitation character. We look specifically at
the phenyl peroxy radical in this study. Past experimental work has shown that
the phenyl peroxy radical exhibits a transition in the visible region, however
previous high level calculations have not predicted this observed absorption. We
use time-dependent density functional theory (TDDFT) to characterize the
electronic excitations of the phenyl peroxy radical as well as other hydrocarbon
substituted peroxy radicals. TDDFT calculations of the phenyl peroxy radical
support an excitation in the visible spectrum. Further, we investigate the nature
of this visible absorption using electron attachment/detachment density
diagrams to characterize the peroxy radical transitions and compare against the
transitions when a radical moity other than the peroxy radical is present.
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131.
FINITE-FIELD LANCZOS METHOD FOR CALCULATION OF HYPERPOLARIZABILITIES.
Mary Jo Ondrechen, and Leonel F. Murga, Dept. of Chemistry, Northeastern
University, 360 Huntington Avenue, Boston, MA 02115, Fax: 617-373-8795,
maryjo@neu.edu
We present an accurate, computationally fast, storage-efficient method for the
calculation of hyperpolarizabilities. The method combines the finite field method
with a Lanczos algorithm. This method does not require computation of the
eigenvectors, only the lowest eigenvalue. It also does not require storage of the
Hamiltonian matrix, only a matrix times a vector. Results of our method for
model systems are compared with the results obtained from a full configuration
interaction calculation incorporating a sum-over-states method. We show how
judicious selection of the field can minimize error. We also show that carrying
the series expansion of the energy through sixth order is sufficient to realize a
high degree of accuracy. We discuss how fast, accurate calculation of hyperpolarizabilities can provide computational guidance in the design of systems with
large high-order nonlinear optical properties.
132.
ON THE PREDICTION OF NONLINEAR ABSORPTION FOR TWO-PHOTON AND
REVERSE SATURABLE ABSORPTION DYES USING TIME-DEPENDENT DENSITY
FUNCTIONAL THEORY. Kiet A. Nguyen, Paul N. Day, Josh Kennel, and Ruth
Pachter, Laser Hardened Materials Branch, Air Force Research Laboratory,
AFRL/MLPJ, 3005 P street, Wright-Patterson Air Force Base, OH 45433-7702,
Fax: 937-255-1128, kiet.nguyen@afrl.af.mil, daypaul@biotech.ml.wpafb.af.mil
We systematically examine the ability of the time-dependent density functional
theory using local, nonlocal, and hybrid functionals to predict experimental
nonlinear absorption (NLA) for a wide variety of organic and organometallic
two-photon (TPA) and reverse saturable absorption (RSA) dyes. We compute
TPA cross sections. For RSA dyes, we calculate ground and triplet-triplet
excitation energies and oscillator strengths. We found that the current hybrid
functionals provide good approximations to experimental excitation energies and
oscillator strengths for the ground and triplet excited states.
133.
GROUND AND EXCITED STATES OF ZINC COMPLEXES OF PORPHYRIN,
TETRAAZAPORPHYRIN, TETRABENZPORPHYRIN, AND PHTHALOCYANINE: A
DENSITY FUNCTIONAL THEORY STUDY. Kiet A. Nguyen, and Ruth Pachter,
Materials and Manufacturing Directorate, Air Force Research Laboratory,
AFRL/MLPJ, 3005 P street, Wright-Patterson Air Force Base, OH 45433-7702,
Fax: 937-255-1128, kiet.nguyen@afrl.af.mil
Density functional theory (DFT) electronic structure calculations were carried out
to predict the structures and spectra for the ground and triplet excited states of
zinc complexes of porphyrin (ZnP), tetraazaporphyrin (ZnTAP), tetrabenzoporphyrin (ZnTBP), and phthalocyanine (ZnPc). All four porphyrins are found to
have stable D4h ground state structures. Structurally, meso-tetraaza substitutions significantly reduce the central hole in ZnTAP and ZnPc compared to ZnP.
The excitation energies and oscillator strengths, computed by time-dependent
DFT, provide a fine account of the observed spectra of all four compounds. The
TDDFT ground state spectrum of ZnPc has a number of bands in the Soret
region, in agreement with the experimental spectra that have been determined
through spectral deconvolution. The low-energy Q⬘ transition reported for ZnPc,
however, was not found in the computed spectrum. The effects of meso-tetraaza
substitutions and tetrabenzo annulations on the ground and triplet excited states
spectra of ZnP are discussed.
134.
BUTADIENE RADICAL CATIONS: EXPLORING THE LIMITS OF DFT. Jonas
Oxgaard, and Olaf Wiest, Chemistry and Biochemistry, University of Notre
Dame, 251 Nieuwland Science Hall, Notre Dame, IN 46556-5670, Fax:
219-631-6652, joxgaard@nd.edu
Density Functional Theory in general, and Becke’s hybrid 3-parameter method in
particular, are increasingly popular techniques used by chemists in a wide
variety of disciplines. Consequently, any inherent flaws in these techniques are
potentially very damaging and should be thouroughly investigated. One of these
flaws was rediscovered by Bally and Sastry in their report on incorrect disassociation of radical ions. This flaw was later extended to include an incapability of
DFT to describe the transition state for the isomerization of cis-trans butadiene

radical cation, where the root of the problem is attributed to overestimation of
delocalization, making the necessary localization of spin and charge in the
transition state impossible.
During our work on conjugation effects in heavily substituted butadiene
radical cations, it was found that when the butadiene radical cation was
substituted with silicon in the 2 and 3 positions the aforementioned problem
disappeared, most likely due to a beta silicon effect. This prompted a more
thourough investigation of symmetrical substituted butadiene radical ions, in
order to find where exactly DFT breaks down, and whether the results can be
considered reliable or artefactual. We here aim to discuss the findings of this
study, and to define a limit beyond which DFT’s practical utility is restored.

135.
COMPUTATIONAL REEVALUATION OF BENZENE-CHLORINE ATOM
COMPLEXATION. William J. Kelly, Department of Chemistry, Southwestern
Oklahoma State University, 100 Campus Dr, Weatherford, OK 73096, Fax:
580-774-3795, kellyw@swosu.edu
It has long been observed that free radical chlorinations of hydrocarbons show
a marked increase in the selectivity of hydrogen abstraction when carried out in
aromatic solvents. Russell first proposed the formation of a stabilized chlorinebenzene atom -complex 1, in which the chlorine atom is centro-symmetric
with respect to the benzene ring. We have examined the benzene-chlorine atom
potential energy surface by means of electronic structure computations. Single
point energy calculations at Density Functional Theory (DFT) model chemistries
following geometry optimizations at Hartree-Fock model chemistries (B3LYP/6311+G*//6-31+G*) show that structure 1 is not an energy minimum. Further
computations indicate that the global minimum is actually the sigma complex 2.
Computed stabilization energies or 5-10 kcal/mole for structure 2 are in
agreement with experimentally observed hydrogen-atom selectivity increases.
136.
PERMANGANATE: A DFT STUDY ON THE OXIDATION MECHANISM. Thomas
Strassner, and Markus Busold, Department of Inorganic Chemistry, TU Munich,
Lichtenbergstrasse 4, D-85747 Garching, Germany, Fax: 49-89-289-13473,
thomas.strassner@ch.tum.de, Markus.Busold@ch.tum.de
Oxidation of substituted alkenes by permanganate follows a (3 + 2) cycloaddition mechanism. DFT calculations (Becke3LYP/6-31G(d)) strongly favor the (3 +
2) pathway against a (2 + 2) pathway that proceeds through a metallaoxetane.
The difference in free activation energy between the two pathways is around 40
to 45 kcal/mol for the nine carboxylic acids covered. They differ in the number
of substituents, their steric bulk and the distance between the double bond and
the COOH-group. The results for the (3 + 2) cycloaddition mechanism are in
agreement with experimentally observed kinetical data reported earlier. Calculations on a higher level of theory (Becke3LYP/6-311G(d,p)) reduce the rmsd
between experimental and calculated values but have little influence on the
geometry.
137.
THEORETICAL STUDY OF TRANSITION-METAL PYRANYL COMPLEXES. James
E. Eilers, Maria A. Cooper, and Michael J. Shaw, Department of Chemistry,
Southern Illinois Universtiy at Edwardsville, Box 1652, Edwardsville, IL 62026,
Fax: 618-650-3556, jeilers@siue.edu, macoope@siue.edu
(Pyranyl)M (CO)3 (M=chromium, Manganese) are examples of the “three legged
piano stool” structure.
Preliminary M.O. calculations and cyclic voltammetry suggest that the M(CO)3
group can migrate from the pyranyl to a phenyl group in the para position as
well as dissociating completely from the pyranyl.
Computations including MP2 and DFT were used to investigate the energetics
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and pathways of the possible migration via ring slippage from the  5-pyrylium
ligand to the para-phenyl group of the (pyranyl)M(CO)3 complexes as well as
the pathways for dissociation of the M(CO)3 group from the ligand.
Possible ways of “caging” the M(CO)3 group by addition of ortho-substituted
R groups (R = Et, Me, Ph) and stabilization of the simple pyrylium complex to
prevent migration will be investigated.
The performance of the computational methods will be critically evaluated
since transition metals are involved. We will try to interpret the results in terms
of simple orbital concepts.

140.
CATALYTIC MECHANISM OF HALOALKANE DEHALOGENASE: A COMBINED
QM/MM STUDY OF THE INITIAL REACTION STEP. Lakshmi S. Devi Kesavan,
and Jiali Gao, Department of Chemistry, University of Minnesota, Minnesota, MN
55455, kesavan@chem.umn.edu
Dehalogenases form a specific class of enzymes, which offer an elegant
biological pathway to detoxify media contaminated with halogenated compounds. Haloalkane Dehalogenase catalyzes 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. In the present work the free energy of activation of the SN2
displacement reaction has been investigated using a combined QM/MM study
and the results have been compared with available experimental data. In
addition, effects of mutation on structure and activity and crucial hydrogenbonding interactions vital for catalysis have been probed.

141.
OPSIN SHIFT OF BACTERIORHODOPSIN IN A DPPC BILAYER: A COMBINED
MOLECULAR DYNAMICS—CONFIGURATION INTERACTION STUDY. Ramkumar
Rajamani, and Jiali Gao, Department of Chemistry, University of Minnesota,
Minneapolis, MN 55455, rajamani@chem.umn.edu
The absorption maxima of the chromophore retinal is significantly red shifted in
the protein bacteriorhodopsin when compared to that in methanol solution. The
difference in absorption maxima has been termed the “opsin shift”. The study
was aimed at predicting the opsin shift using a combined MD-CI approach. 1.9.
A resolution crystal structure of bacteriorhodopsin was modeled into a DPPC
lipid bilayer. A 2-ns simulation was performed using charmm and the relative
shift was estimated using gamess programs. An opsin shift of ∼4000 cm-1 was
estimated using the combined approach.
138.
REGIOCHEMISTRY OF ARYL NITRENIUM ION ADDUCT FORMATION WITH
GUANINE. George P. Ford, and Jerry M. Parks, Department of Chemistry,
Southern Methodist University, Dallas, TX 75275-0314, Fax: 214-768-4089,
jmparks@mail.smu.edu
Nitrenium ions are of particular interest in cancer research due to the complexity of their reactivity. We have studied various cationic nitrenium ion-guanine
adducts in an attempt to rationalize their roles in carcinogenesis. Semiempirical, ab initio and density functional methods are compared and the latter
two are used to assess the feasibility of previously proposed intramolecular
rearrangements.

139.
COMPUTATIONAL STUDY ON THE REACTION MECHANISM OF HISTONE
DEACETYLASES. Di-Fei Wang 1, Paul Helquist 1, Norbert L. Wiech 2, Olaf G.
Wiest 1, and A. Jayne Oliver 1. (1) Department of Chemistry and Biochemistry,
University of Notre Dame, Notre Dame, IN 46556, Fax: 219-631-6652,
dwang@nd.edu, (2) Beacon Laboratories
Histone deacetylases (HDACs) play very important roles in the regulation of
gene expression. Therefore, they become a new target to modulate the cell
growth and prevent the formation of cancer cells. The structures of a histone
deacetylase like protein (HDLP) bound to the inhibitors trichostatin (TSA) and
suberoylanilide hydroxamic acid (SAHA) have been elucidated recently. The
active site has the characters of both metallo- and serine proteases. However,
the binding of substrate, acetylated lysine, as well as its reaction mechanism are
not clear. In this study, three possible deacetylation systems are will be
presented with the B3LYP/6-31+G** method. They are (1) the typical Zinc
protease system (2) the typical Serine system (3) The combination of the
Zn-protease and serine systems. In addition, the functions of zinc atom and two
charge-relay systems will be addressed.

142.
COMPUTATIONAL STUDY OF THE CATALYTIC PROPERTIES OF
DIHYDROFOLATE REDUCTASE. Thomas H. Rod, and Charles L. Brooks III,
Department of Molecular Biology, TPC6, The Scripps Research Institute, 10550
North Torrey Pines Road, La Jolla, CA 92037, Fax: 858-784-8688,
throd@scripps.edu
The enzyme dihydrofolate reductase (DHFR) catalyses the reduction of dihydrofolate (DHF) to tetrahydrofolate (THF) by the reaction: DHF + NADPH + H+ →
THF + NADP+.
Since THF is essential for the production of purines, pyrimidines, and certain
amino acids, the enzyme plays a key role in the regulation of cell manufacturing,
and is therefore of interest for, e.g., cancer treatment. For these reasons DHFR
has attracted much attention and a significant amount of knowledge has been
accumulated. However, the rather simple nature of this reaction—the addition of
two hydrogen atoms to a molecule—the detailed atomic mechanism behind the
reaction is still largely unknown.
In the present work, we explore the mechanism behind the catalytic reduction
of DHF. We are particularly interested in the coupling between enzyme dynamics
and catalytic activity, as previously addressed by Radkiewicz and Brooks, III. We
address these questions by means of a combination of energy calculations for
different loop conformations of DHFR and molecular dynamics (MD) simulations
using the CHARMM 22 parameter force field. Density functional theory (DFT)
calculations of the protonation of DHF and hydride transfer to DHF are examined
as well. It is planned to study the effect of the protein on the hydride transfer
step by coupling the DFT calculations with the force field for the surrounding
protein.
Our calculational scheme is applied to the wild-type DHFR, and the G121V
and G121S DHFR mutants, to see if we can reproduce qualitatively the differences between these enzymes.
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143.
COMPUTATIONAL STUDIES OF A METALLO-␤-LACTAMASE. Freddie R.
Salsbury, Department of Molecular Biology, The Scripps Research Institute,
10550 N Torrey Pines, La Jolla, CA 92117, salsb@scripps.edu, and Charles L.
Brooks III, Department of Molecular Biology, TPC-6, The Scripps Research
Institute
The structure and dynamics of the metallo-beta-lactamase from B. fragilis are
modelled. Results from such modeling of the wildtype apo protein, and bound
complexes with penicillin G and an inhibitor will be presented.
144.
VIRAL CAPSID CHEMISTRY: UNDERSTANDING CLEAVAGE MATURATION IN
FLOCK HOUSE VIRUS. Ryan Morton 1, Charles L. Brooks III 1, and John E.
Johnson 2. (1) Department of Molecular Biology, TPC 6, The Scripps Research
Institute, 10550 North Torrey Pines Road, La Jolla, CA 92037, Fax:
858-784-8688, (2) Department of Molecular Biology, The Scripps Research
Institute
The assembly-dependent, auto-catalytic cleavage reaction that occurs in the
icosahedral insect virus, Flock House Virus, is essential to the virus’ life cycle.
The precursor coat protein that forms the virus’ T=3 shell is 407 amino acids in
length. In this uncleaved form the virus is noninfectious. It is only after
maturation, in which the precursor protein cleaves itself 44 residues from its
C-terminus, that the virus can spread throughout a host cell population. The
detailed chemical mechanism of this cleavage reaction has not been studied in
depth. Mutagenesis has shown several conserved residues to be important and
a putative mechanism has been hypothesized. Modeling this proposed reaction
pathway using quantum chemical techniques to elucidate the role of these
essential residues is the focus of the present study. The goal is to understand
how the protein environment in the virus accelerates the reaction rate over that
seen in small peptide solution studies, decreasing the half-life from weeks to
about four hours.
145.
THEORETICAL STUDIES OF RNA-METAL BINDING. Vickie Tsui, and David A.
Case, Department of Molecular Biology, The Scripps Research Institute, 10550
N. Torrey Pines Road, TPC-15, La Jolla, CA 92037, Fax: 858-784-8896,
vtsui@scripps.edu
Metal ions often play an important role in RNA structure, and comprehensive
understanding of RNA-metal interactions is still a daunting task. Theoretical
calculations and computer modeling could provide validation for experimental
data, serve as a powerful predictive tool, and deepen our understanding of the
physical principles of RNA-metal binding. However, the lack of experimental
information on metal binding modes, in conjunction with the need for force
fields that correctly describe metal-RNA interactions, often serve as a bottleneck
for accurate modeling of RNA molecules. Here we present theoretical studies of
RNA-metal interactions, ranging from initial metal-binding site prediction to
nanosecond-long molecular dynamics simulations of RNA-metal complexes.
First, a general survey of electrostatic potentials at crystallographic metal
positions was carried out, followed by electrostatics-driven docking of metal
complexes onto RNA. Finally, binding free energies between RNA and metal
complexes were calculated using molecular dynamics simulations and continuum electrostatics.
146.
ENTROPY LOSS OF HYDROXYL GROUPS OF BALANOL UPON BINDING TO
PROTEIN KINASE A. J. Andrew McCammon, Howard Hughes Medical Institute,
University of California San Diego, 9500 Gilman Dr., Mail Code 0365, La Jolla,
CA 92093-0365, Fax: 858-534-7042, jmccammon@ucsd.edu, Chung F. Wong,
Department of Chemistry and Biochemistry, University of California, San Diego
and Howard Hughes Medical Institute, and Gergely Gidofalvi, Department of
Chemistry, San Diego State University, 5500 Campanile Drive, San Diego, CA
92182-1030, Fax: 619-594-4634, gido4@yahoo.com
To design better inhibitors for kinases it is useful to develop more accurate
computational models for predicting the binding affinity between enzyme and
substrate. In the past, many implicit-solvent models used rigid-conformation
approximations and often neglected the entropy loss of rotatable bonds upon
binding. In this work, we estimate the entropy loss of balanol’s four hydroxyl
groups upon its binding to Protein Kinase A (PKA). Balanol, a strong inhibitor of

PKA, can provide useful hints on designing better pharmaceuticals. We first
carry out semi-empirical quantum mechanical and continuum electrostatics
calculations to determine potential energy curves for the rotation of balanol’s
four hydroxyl groups in water and in PKA. These curves are then used to
estimate the entropy loss upon protein-ligand binding. Our results show that the
entropy loss to the binding free energy does not take on a constant value but
varies from almost zero to approximately 0.6 kcal/mol.
147.
PREDICTIVE TOXICOLOGY USING QUANTUM QSAR DESCRIPTORS FROM
EXCITED STATES. S. Trohalaki, and R. Pachter, Materials & Manufacturing
Directorate, Air Force Reserch Laboratory, AFRL/MLPJ Building 651, 3005 P
Street, Suite 1, Wright-Patterson Air Force Base, OH 45433-7702,
Steven.Trohalaki@wpafb.af.mil
Halogenated aliphatic hydrocarbons (HA), whose annual worldwide production is
measured in the thousands of pounds, are common, widely used industrial and
household solvents, fumigants, and intermediates in chemical syntheses. Human
exposure to HA may pose a serious health hazard for a variety of reasons.
We’ve previously shown that the LUMO energy of halogenated aliphatic anions
is the single best quantum descriptor for in vitro toxicity. This infers that the
biophysical mechanism of toxic response, which includes acceptance on an
electron and homolytic cleavage of a carbon-halogen bond, proceeds through
the first excited state of the HA anion. In order to investigate this hypothesis
further, we have optimized the first excited state of 52 HA anions. We will report
on the efficacy of resulting descriptors.
148.
STRUCTURE-ACTIVITY RELATIONSHIPS ANALYSIS USING AB INITIO
CALCULATIONS AND ARTIFICIAL NEURAL NETWORKS. Xiaomin Tu 1, Elizabeth
Geesaman 1, Kun Wang 2, J. Thor Arnason 3, Cesar M. Compadre 2, and Jerry A.
Darsey 1. (1) Department of Chemistry, University of Arkansas at Little Rock,
2801 S. University Ave, Little Rock, AR 72204, Fax: 501-569-8838,
xxtu@ualr.edu, (2) Biomedical Visualization Center, University of Arkansas for
Medical Sciences, (3) Biology Department, University of Ottawa
It is well known that the outer orbitals of a molecule are responsible for its
major physical and chemical properties, and consequently responsible for its
biological and pharmacological activity. Thus, some extremely useful information
could be derived from the various molecular orbital parameters obtained using
ab initio quantum mechanics calculations. In this research we studied the
inhibition of cytochrome P450 CY3A4 by a set of 31 derivatives of dillapiol
molecule (Phytomedicine 7:273-282, 2000), which is a major constituent of dill.
This enzyme is responsible for the oxidation of many commonly used drugs.
The dipole moments, the energies of the lowest 15 unoccupied molecular
orbitals, and the 15 highest occupied molecular orbitals were calculated using
Gaussian 94 at the 3-21G basis level. Those parameters were correlated with the
inhibitory activity of the dillapiol molecules using an Artificial Neural Network.
The network was trained on 26 dillapiol derivatives and tested on five. This
procedure was followed until all molecules were used in the testing set in
groups of five.
149.
PHARMACOPHORE ELUCIDATION AND COMPARISON ON ILEAL NA +/BILE ACID
TRANSPORTER INHIBITORS. Xia Wang 1, William J. Welsh 1, and Samuel J.
Tremont 2. (1) Department of Chemistry, University of Missouri - St. Louis, 8001
Natural Bridge Road, St. Louis, MO 63121, Fax: 314-516-5342,
wang@ozone.umsl.edu, (2) Chemical Sciences Department, Monsanto Company
A pharmacophore was generated using the DISCO algorithm on a training set of
IBAT inhibitors developed by Searle(Monsanto). This pharmacophore model
characterized by four chemical features: one hydrogen bond donor, one
hydrogen bond acceptor, and two hydrophobic groups. The 3D pharmachophore
was enantiospecific and correctly estimated the activities of the members of the
training set. The natural bile acid analogue cholyltaurine was able to map three
of the four features of the pharmacophore model. This pharmacophore was
compared to another pharmacophore derived from CATALYT based on similar
structures IBAT inhibitors, which generated five features. From different
pharmacophore models, predicted interactions of inhibitors with ileal Na +/bile
acid cotransporter were discussed in details.
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150.
CLASSIFICATION AND REGRESSION TREE MODEL FOR PREDICTION OF
POTENTIAL ESTROGENIC ENDOCRINE DISRUPTORS. Huixiao Hong,
Computational Chemistry Group, ROW Sciences Inc, 3900 NCTR Road,
Jefferson, AR 72079, hhong@nctr.fda.gov

154.
QSAR STUDY ON SOME TYROSINE KINASE INHIBITORS. Alka Kurup, Rajni
Garg, and Corwin Hansch, Department of Chemistry, Pomona College,
Claremont, 645 N. College Avenue, Claremont, CA 91711, Fax: 909-607-7726,
akurup@pomona.edu

Some natural and artificial chemicals have the potential adverse effects on
human beings and wildlife by mimicking endorgenous hormones, now termed
as endocrine disruptors (EDs), gaining public concerns. Regulatory agencies like
FDA (Food and Drug Administration) and EPA (Environmental Protection
Agency) need to protect human from such chemicals by monitoring the
compounds on market and in environment. But screening and testing a huge
number of chemicals on market and in environment through experimental
assays are time and money consuming. Computational method is useful to
predict what kind chemicals are possible EDs, to cut down the number of
chemicals to be tested by experiments. We used a Classification And Regression
Tree (CART) model to investigate the possibility and efficiency to filter out the
non-EDs. The model was built by using a data set of 232 compounds tested at
NCTR (National Center for Toxicology Research) of FDA as training set. The
descriptors used in CART were calculated in Cerius2, and selected using GFA
(Genetic Function Analysis). The concordance (correct prediction ratio) of the
CART model on the training set is 90%. The model was tested using a couple of
data sets. Concordances are around 86%, indicating CART can be used as one
of the models to cut down number of chemicals to be tested experimentally.

The inhibitory activity of several pyrido-pyrimidine analogs against Tyrosine
Kinase was reported recently. Quantitative structure-sctivity relationship analysis
revealed significant correlation between the biological activity and the physicochemical parameters. The activity of the compounds is found to be dependent
on hydrophilicity as indicated by negative ClogP. The presence of steric and
Hammett parameters in the QSAR equations shows that steric and electronic
interactions of the substituents play important role in binding of ligands with the
receptor binding site. Based on our results the role of hydrophobic, electronic
and steric effects in the mechanism of action of these drugs has been discussed.

151.
POSSIBLE ALLOSTERIC EFFECTS IN ANTICANCER COMPOUNDS: A QSAR
STUDY. Rajni Garg 1, Alka Kurup 2, and Corwin Hansch 1. (1) Department of
Chemistry, Pomona College, Claremont, 645 N. College Avenue, Claremont, CA
91711, Fax: 909-607-7726, rngarg@pomona.edu, (2) Department of Chemistry,
Pomona College
The anticancer activities of substituted 5-[2-(di-methylamino)ethyl]-5,6-dihydro4H-dibenzoisoquinoiline-4,6-dione in different human and murine tumor cells
were reported recently. Quantitative Structure-Activity Relationship studies
revealed significant inverted parabolic correlations between the activity and
parameters in which size of the substituents varies. We could think of no other
way to rationalize the results except to propose that at a certain point increased
bulk caused a change in receptor structure that allowed larger molecules to
produce increased activity possibly by opening up a new binding site in an
allosteric mode. These findings agree well with our earlier results.
152.
COMPARATIVE QSAR AND THE TOXICOLOGY OF AROMATIC NITRO GROUP.
Suresh B. Mekapati, Alka Kurup, Rajni Garg, and Corwin Hansch, Chemistry
Department, Pomona College, 645 North College Avenue, Claremont, CA 91711,
Fax: 909-607-7726, s_mekapati@yahoo.com
One of the functional group that has received considerable attention from
environmental toxicologists is the aromatic nitro group. The toxicity of nitrobenzenes in several biological systems is compared via QSAR with a number from
mechanistic organic chemistry. In several systems it is concluded that a radical
mechanism is involved. However, such a mechanism does not occur with
Tetrahymina pyriformis, a protozoa widely used model for environmental
toxicology.

155.
QUANTITATIVE STRUCTURE-PERMEABILITY RELATIONSHIP ANALYSIS OF
DIVERSE DRUG MOLECULES THROUGH MDCK CELL MONOLAYERS. Shijun
Ren, Sandy S. C. Huang, and Eric J. Lien, Department of Pharmaceutical
Sciences, School of Pharmacy, University of Southern California, 1985 Zonal
Ave., Los Angeles, CA 90089-9121, Fax: 323-442-1390, sren@scf.usc.edu
The rise of combinatorial chemistry, high-throughput screening and other drug
discovery technologies has dramatically increased the number of new compounds to be evaluated as potential drug candidates. The human gastrointestinal
(GI) absorption is an important property for a potential drug candidate to be
given orally. Measuring this property for each new compound can be costly and
time-consuming. The use of calculated molecular properties and quantitative
structure-permeability relationship (QSPR) analysis to estimate cell monolayer
permeability, and then to forecast human GI absorption is a promising alternative to experimental measurements. The aim of this study is to investigate QSPR
analysis of various drug molecules through Madin-Darby Canine Kidney (MDCK)
cell monolayers. The apparent permeability (Papp) values of 53 compounds
determined by Irvine et al. were used to derive regression equations. The
maximum hydrogen bond-forming capacity corrected for intramolecular
H-bonding (Hbc), calculated partition coefficient (Clog P), molar refractivity
(MR), and molecular charge were well correlated to MDCK cell permeability with
correlation coefficients of 0.945, 0.888 and 0.917 for neutral, cationic and
anionic compounds, respectively. The QSPR analysis indicates that the MDCK
cell permeability calculated from regression equations may be a useful tool for
rapid MDCK cell permeability estimation, and for identifying good and poor
candidates for oral administration and renal re-absorption. This work was
supported in part by the H & L Charitable Foundation. The authors are grateful
to Dr. Corwin Hansch (Pomona College), Dr. Albert Leo and Michael Medlin
(BioByte Corp.) for providing us with an access to the CQSAR program.

153.
COMPARATIVE QSAR STUDIES ON TOPOISOMERASE-I INHIBITORS: BI AND
TER- BENZIMIDAZOLES. Suresh Babu Mekapati 1, Alka Kurup 1, Rajni Garg 2,
and Corwin Hansch 1. (1) Department of Chemistry, Pomona College, Claremont,
CA 91711, Fax: 909-607-7726, s_mekapati@yahoo.com, (2) Pomona College,
Claremont

156.
USING THEORETICAL DESCRIPTORS IN LINEAR FREE ENERGY
RELATIONSHIPS: PKA. Israel Chambi 1, Marvin Payne 1, Leland Wilson 1, and
George Famini 2. (1) Department of Chemistry and Biochemistry, La Sierra
University, 4700 Pierce St., Riverside, CA 92515, Fax: 909-785-2144,
mpayne@lasierra.edu, (2) Edgewood Chemical Biological Center, US Army
Soldier and Biological Command

Topoisomerases are nuclear enzymes involved in generating the necessary
topological and conformational changes in DNA critical to many cellular
processes such as replication and trascription. Chemotherapeutic action of
several anticancer agents has been linked to their ability to inhibit nuclear DNA
Topoisomerases. Comparative QSAR studies were made on Bi and Terbenzimidazole derivatives that inhibit the enzyme Topoisomerase I and exhibit
cytotoxicity against RPMI8402, a human lymphoblastoma cell line. The importance of hydrophobic and steric parameters are discussed.

The theoretical linear solvation energy relationship (TLSER) has been shown to
correlate a wide range of solute/solvent based properties. The pKa is one such
measure of solute/solvent interaction in the form, HA(aq) + H2O(l) → H3O+(aq)
+ A−(aq) . This study extends previous TLSER studies to include a larger set of
compounds and additional parameters involving charge variance as well as bond
moments. For a set of about 40 carboxylic acids, for example, the regression
equation makes physical sense; pKa increases with basicity parameters and
decreases with acidity parameters.
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157.
STRUCTURE-ACTIVITY RELATIONSHIPS OF ARTEMISININ ANALOGS BY
COMPARATIVE MOLECULAR SIMILARITY INDICES ANALYSIS-COMSIA. Maria
Alvim-Gaston 1, Yogesh A. Sabnis 2, and Mitchell A. Avery 2. (1) Lilly Research
Laboratories, Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN
46285, Fax: 317-433-1685, mag@lilly.com, (2) Department of Medicinal
Chemistry, University of Mississippi
A series of 157 artemisinin analogs with known in vitro antimalarial activity were
subjected to Quantitative Structure-Activity Relationships (QSAR) analyses using
CoMSIA. CoMSIA is a method for comparing molecular structures of molecules
brought into a common alignment. This technique is based on the assumption
that changes in binding affinities of ligands are related to changes in molecular
properties, represented by fields. CoMSIA is an extension of the CoMFA
(Comparative Molecular Field Analysis) methodology, differing only in the
implementation of the fields. CoMFA and CoMSIA models were compared in
terms of their potential to generate robust QSAR models. The r2 and q2
(cross-validated r2) were used to assess the statistical quality of the models.
Both CoMFA and CoMSIA models yielded statistically significant values and were
comparable.
158.
COMFA ANALYSIS OF METHYLPHENIDATE ANALOGS WITH PHENYL RING
SUBSTITUENTS. Carol A. Venanzi 1, Ronald A. Buono 1, Milind Misra 1, Obinna
Emenaka 1, Qing Shi 2, Howard M. Deutsch 2, and Margaret M. Schweri 3. (1)
Chemistry Division, New Jersey Institute of Technology, 323 King Blvd., Newark,
NJ 07102, Fax: (973) 596-3596, venanzi@adm.njit.edu, (2) School of Chemistry
and Biochemistry, Georgia Institute of Technology, (3) Mercer University School
of Medicine
CoMFA analysis was carried out on 30 methylphenidate (MP) analogues with
phenyl ring substituents. In order to test the sensitivity of the model to the MP
conformer used as the template for superposition of the analogues, 20 separate
CoMFA analyses were carried out for each of two different grid orientation
schemes. The value of q2, which indicates the predictive value of the model,
ranged from 0.4 to 0.8, depending on the chosen template. The best CoMFA
model (q2 = 0.825) gave an excellent prediction of the IC50 values for binding of
the 30 analogues at the radiolabelled cocaine binding site on the dopamine
transporter.
A rigid MP analogue has been shown to have the same affinity for the
cocaine binding site as MP. Superposition of the rigid analogue with the various
MP template conformers showed that it best fits the conformer which gave the
best q2. This indicates that this conformer may have some features of the
bioactive conformer. This work was funded in part by NIH grant DA11541.
159.
MULTIPLE CONFORMER PROTOCOL: 3-D-QSAR OF FLEXIBLE LIGANDS. Arthur
M. Doweyko, Pharmaceutical Research Institute, CADD, Bristol-Myers Squibb,
Rte. 206 and Provinceline Road, Princeton, NJ 08543, Fax: 609-252-6030,
arthur.doweyko@bms.com
The Multiple Conformer Protocol (MCP) describes a new method for the
discovery of the most probable coordinates of a series of bound ligand
structures by means of intervening cross-validated 3-D-QSAR models. The MCP
was validated using two well-characterized enzyme systems for which X-ray
coordinates of bound ligands are known, ie, elastase and thrombin. For both
enzyme systems, using 32 elastase inhibitors (pKi range = 2.54-7.6) and 28
thrombin inhibitors (pKi range = 5.05-10.00), MCP was able to identify the
bound ligand conformer (X-ray). In addition, the method is compared to CoMFA
as applied to the multiple binding modes of a series of 34 dibenzofuran aryl
hydrocarbon receptor ligands. In this case, the preferred bound orientation of
this series of rigid ligands (each having four orientations) as determined by
MCP is compared to that found by using CoMFA with an exhaustive binding
mode analysis.

grouping proteins into families are highly desired. Such clustering would allow
for a more accurate prediction of the function of the proteins, thereby leading to
testable hypotheses as to their location within cellular pathways. Currently,
numerous sequence clustering methods are available; however, despite their
speed and convenience, they often lack precision in grouping protein sequences.
To address this issue, we have developed a recursive algorithm based on a
combination of a BLAST scan and a profile search. The former generates an
initial set of pairwise scores, while the latter provides sensitivity in locating
homologs within the pool of query sequences. This algorithm has been
implemented using Perl and successfully tested on a set of 400 closely related
protein kinases with known family assignments. It appears to be the most
promising tool for accurate clustering of proteins found by other methods to
belong to the same group/superfamily (e.g., protein kinases). Another potential
advantage of the current algorithm is the ability to modify profile search criteria
and produce clustering based on parameters, other than similarity of the entire
sequence. Such ability is highly advantageous for grouping proteins by their
constituent sequence components, such as particular domains, sequence motifs,
etc.
161.
PROTEIN FAMILY CLUSTERING AS AN AID TO DRUG DESIGN. Doree F.
Sitkoff, Stanley R. Krystek, Donna A. Bassolino, Daniel L. Cheney, Malcolm E.
Davis, Deborah Loughney, and Jonathan S. Mason, Structural Biology and
Modeling, Bristol-Myers Squibb, PO Box 4000, Princeton, NJ 08543,
doree.sitkoff@bms.com
With recent advances in genomics and protein structure determination methods,
a wealth of sequence and structural data is becoming available to drug-design
modelers. Mining the data for familial resemblances and characteristics among
proteins offers several opportunities to aid in drug design. For example, having
reference sets of related sequences and/or structures can be extremely helpful
in homology modeling or even functional identification of a new target sequence. Additionally, spatial descriptors can be developed for protein families
and then used for a variety of purposes including protein subtype classification,
virtual ligand identification or mining of novel sequences from genomic
information. In this poster we compare results of sequence and structural
approaches to clustering protein families in the serine protease target class.
Methods include knowledge-based threading, structure-structure/sequence
superpositions and structure clustering techniques. Spatial descriptors are
generated for the protein families. Their utility in drug design is evidenced
through an example virtual screen.
162.
PREDICTION OF FERREDOXIN-LIKE SELENOPROTEIN IN JAPANESE
ENCEPHALITIS VIRUS. Haizhen Zhong, and Ethan Will Taylor, Department of
Pharmaceutical and Biomedical Sciences, University of Georgia, R. C. Wilson
Pharmacy Building, 333 D. W. Brooks Dr, Athens, GA 30605, Fax:
706-546-2673, zhongh@rx.uga.edu
Ferredoxin is an iron-sulfur protein that is involved in electron transport and in
the formation or stabilization of radical intermediates. Here we report a predictive model of Ferredoxin-like selenoprotein based on our data from sequence
alignment and homology modeling. Nucleotide sequence comparison of fifteen
fully sequenced Japanese encephalitis virus (JEV) strains shows a high
conservation of selenocysteine for all JEV sequences. Speculation is made about
the roles of these conserved selenocysteines. Using bioinformatics techniques a
model of Ferredoxin is adopted for the query sequence. Protein homology
modeling indicates that the query sequence could fold into a tertiary structure
similar to Ferredoxin. The conformation of the redox center of Se-Fe cluster
(which replaces S-Fe cluster in Ferredoxin) is preserved. The good RMSD value
of backbone superimposition of the predicted model and Ferredoxin suggests
their homology.

160.
PROFILE-BASED RECURSIVE CLUSTERING ALGORITHM. Oleksandr Buzko, and
Kevan M. Shokat, Department of Cellular and Molecular Pharmacology,
University of California San Francisco, 513 Parnassus Ave, San Francisco, CA
94143, Fax: 415-476-5292, buzko@cmp.ucsf.edu

163.
THEORETICAL INVESTIGATIONS OF THE ␦-9 DESATURASE
STRUCTURE-FUNCTION RELATIONSHIP. Esther Vivas, and Carol Parish,
Department of Chemistry, Hobart and William Smith Colleges, Scandling Center,
Geneva, NY 14456, Fax: 315-781-3860, vivas@hws.edu

In light of the recent advances in genome sequencing and the emerging need
for systematic analysis of the derived information, new accurate methods for

This study seeks to investigate the relationship between primary amino acid
sequence and enzyme activity in the D9 desaturase enzyme found in the Red
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Banded Leaf Roller (RBLR) moth. Desaturases are found in various biological
organisms including humans, insects and yeast. Desaturases are involved in
regioselective and stereoselective insertion of double bonds into fatty acid
chains of specific lengths. The D9 desaturase in the RBLR moth contains
approximately 350 amino acids and currently there is no experimental or
theoretical 3-D structure available. This study employed two methodologies to
investigate the relationship between amino acid sequence and enzyme function.
Experimentally, we sought to understand the role of particular amino acids by
site-directed mutagenesis. Theoretically, we employed various computational
chemistry tools to develop a model for the 3-D structure of the enzyme.

(CH3O(CH2CH2O)4CH3), a model for amorphous PEO, and tetraglyme:LiCF3SO3
(lithium triflate) with an ether oxygen:Li+ ratio of 10:1 were studied by molecular
dynamics (MD) simulations at 300 K and 400 K. Calculated populations of
tetraglyme conformational triads indicate that the most stable conformation
around Li+-tetraglyme oxygens is trans-gauche-trans. Conformational and
structural analyses of Li+ interactions with tetraglyme and triflate ion oxygens
are consistent with decreased Li+ coordination by tetraglyme and increased ionic
aggregation at the higher temperature. Increased populations of [Li2CF3SO3]+
and [Li3CF3SO3]2+ from both MD simulations and IR data implies that
Li+CF3SO3− association is increased at higher temperature.

164.
PREPARATION OF 3-D-COORDINATES OF SMALL MOLECULES FROM
CHEMICAL STRUCTURAL FORMULA. Kensuke Nakamura, and Akiko Itai,
Institute of Medicinal Molecular Design, 5-24-5 Hongo, Bunkyo-ku, Tokyo
113-0033, Japan, Fax: +81-3-5689-4054, nakamura@immd.co.jp

168.
PROTOCOLS FOR PREDICTION OF PROTEIN LOOP STRUCTURE. Daniel L.
Cheney, Donna A. Bassolino, Malcolm E. Davis, Stanley R. Krystek, David R.
Langley, and Terry R. Stouch, Structural Biology and Modeling, Bristol-Myers
Squibb, PO Box 4000, Princeton, NJ 08543, daniell.cheney@bms.com

Obtaining three-dimensional coordinate of chemical substrate from its structural
formula is a crucial process in drug design. We developed a method based on
simplified distance geometry algorithm followed by force field optimization.
Repetitive generation of coordinates from random seeds is found to provide
fairly stable conformer in reasonable time scale even for molecules with rather
flexible ring systems. Validation of structures was made by flexible RMSD fitting
with CSD X-ray structures. All straight chain torsion angles were relaxed during
the fitting process. More than 80% of converted geometries are found within
less than 0.3 angstrom RMSD from the experimental structures.

Homology modeling estimates the unknown 3-D structure of a protein based on
known 3-D structures of one or more homologous proteins. By definition,
secondary core structure is relatively well conserved within a structural subclass
of proteins, and can therefore be predicted with some degree of certainty. On
the other hand, 3-D loop structure (peptide sequences linking such secondary
structures such as helices and strands) is frequently not. Loops in many
proteins, particularly enzymes, contribute to binding site structure, and through
variability, often account for observed specificities. This structural variability
together with the lack of secondary structure make loop structure prediction an
especially difficult component in homology modeling. In this study, we evaluate
several protocols for structure prediction of loops, including de novo, forcefieldbased calculations and knowledge-based methods. The usefulness of a continuum solvent model in de novo prediction is also evaluated.

165.
MOLECULAR MODELING STUDIES OF THE MOSHER CONFIGURATIONAL
MODEL. Rosina Lombardi, and Carol Parish, Department of Chemistry, Hobart
and William Smith Colleges, Box 2495 Scandling Center, Geneva, NY 14456,
Fax: 315-781-3860, lombardi@hws.edu
Derivatization of optically active amines as Mosher amides is a convenient and
reliable way to obtain information about the absolute stereochemistry of the
underivatized amine. The nonequivalence of the NMR spectra of diastereomeric
Mosher amides can be used to determine the enantiomeric purity of the amines.
The dependence of the configurational model on the conformational flexibility
and dynamical behavior of various Mosher amides has been investigated using
various force fields and the GB/SA continuum solvent model for chloroform. The
computational results will be described and the importance of solvation effects
and the availability of Boltzman-weighted conformational ensembles discussed in
relationship to the experimental spectra.
166.
COMPARING THE CONFORMATIONAL BEHAVIOR OF A SERIES OF
ENANTIOMERIC CYCLIC UREA HIV INHIBITORS USING THE LOW MODE AND
MONTE CARLO CONFORMATIONAL SEARCH METHODS. Kent Sinclair, and
Carol Parish, Department of Chemistry, Hobart and William Smith Colleges, Box
4178, Geneva, NY 14456, sinclair@hws.edu
Drug molecules based on the cyclic urea scaffold have been shown to be
effective inhibitors of the HIV protease. An enantiomeric series of cyclic ureas
has been recently reported that exhibits significantly different binding affinities.
In this study the conformational flexibility of ten different cyclic urea enantiomers was determined using the Low Mode and Monte Carlo conformation
search strategies with the AMBER* force field and the GB/SA solvent model for
water. The efficiency of each method will be compared and the differences in
molecular flexibility will be discussed.
167.
MOLECULAR DYNAMICS SIMULATIONS AND SPECTROSCOPIC STUDIES OF
AMORPHOUS TETRAGLYME (CH3O(CH2CH2O)4CH3) AND TETRAGLYME:
LICF3SO3 STRUCTURES. Ralph A. Wheeler, Jin-Kee Hyun, Haitao Dong,
Christopher P. Rhodes, and Roger Frech, 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

169.
CONFORMATIONAL ANALYSIS OF THE NON-PLANAR DEFORMATIONS OF
COBALT PORPHYRIN COMPLEXES IN THE CAMBRIDGE STRUCTURAL
DATABASE. Lopa Desai, and Marc Zimmer, Chemistry, Connecticut College,
New London, CT CT06340, mzim@conncoll.edu
Principal component analysis, cluster analysis and various structural parameters
have been used to differentiate the non-planar deformations of cobalt(III)
porphyrins. The results were compared with normal-coordinate structural
decomposition analysis. Cobalt(III) porphyrins discussed in this paper do not
undergo large wav, dom and pro deformations and they were not considered in
our analysis. The cis Ca-N-N-Ca dihedral angle is the best structural measure of
ruffling and it is the only structural parameter that does not overestimate the
extent of ruffling due to the presence of saddling. The average distance between
the Cb carbons and the plane comprising the four nitrogens, the four meso
carbons and the cobalt ion is the best structural measure of saddling. No
structural parameters were found that could be used in principal component
analysis to find PCs that quantified the non-planar deformations in cobalt(III)
porphyrins. Cluster analysis was able to separate the sad, ruf and planar
structures, however the preparation and symmetry adaptation of all the
structures was complicated and was no more informative than the use of some
of the univarient structural parameters. The NSD deformations are related to the
vibrational energies and motions of the macrocycle and are thus the preferred
description, but the more easily obtained structural parameters are useful
measures of the normal coordinate deformations whenever a full NSD analysis
is not possible.

170.
CONFORMATIONAL/CONFIGURATIONAL ANALYSIS OF ALL THE BINDING
GEOMETRIES OF COBALT(III) BLEOMYCIN. Flavia Fedeles, and Marc Zimmer,
Chemistry, Connecticut College, New London, CT CT06340, mzim@conncoll.edu
No crystal structure of metallobleomycin (BLM) exists, and the exact coordination mode of the ligand is unknown. To date, spectroscopic investigations of
BLM complexes and crystal structures of BLM models have been used to
propose its metal coordination sites. This has led to contradictory interpretations
of the metal coordination sphere in BLM. Inorganic molecular mechanics and
configurational/conformational searches were used to analyze HOO-CoBLM A2,
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H2O-CoBLM A2 and HOO-CoPEP with commonly proposed binding geometries.
The lowest energy binding geometry found was one with the mannose carbamoyl bound to the cobalt ion. The Monte Carlo dihedral and translational
variational searches were able to find most of the configurations available to
cobalt(III)bleomycin in the three binding geometries examined.

somewhat limited, our prediction of molecular level structure is consistent with
the experimentally observed macroscopic structure.

171.
COMPUTATION OF DNA CONFORMATIONAL TRANSITIONS: BASE SLIPPAGE IN
D(CTG)N TRIPLET REPEAT DNA. Eric J. Chambers 1, Eric A. Price 2, Melina
Bayramyan 1, and Ian S. Haworth 1. (1) Department of Pharmaceutical Sciences,
University of Southern California, 1985 Zonal Avenue, Los Angeles, CA
90089-9121, Fax: 323-442-1390, ericcham@usc.edu, ihaworth@usc.edu, (2)
Department of Biological Sciences, University of Southern California
DNA molecules can undergo conformational transitions in response to changes
in ionic conditions, DNA superhelicity and protein-DNA interactions. The
conformational endpoints of these transitions are, in many cases, well-established, but the molecular details of the transition pathways remain unknown. We
will present a computer program that allows the computation of transitions by
calculation of base positions via interpolation along possible transition pathways.
The program also permits computation of a DNA backbone consistent with the
base positions. We will demonstrate the applicability of the program by
computing the transitions relevant to base slippage within a hairpin conformation of the DNA triplet repeat sequence d(CTG)n. We will show that the energetics of the computed transition are consistent with a model in which slippage
occurs in steps of two triplet repeats (as shown experimentally) and is initiated
through melting of the hairpin loop. Supported by NIH (NIA) Program Project
Grant AG17179.
172.
PROCEDURE FOR SELECTING STARTING CONFORMATIONS FOR ENERGY
MINIMIZATION OF NUCLEOSIDES AND NUCLEOTIDES. Douglas G. Harris,
Jianyin Shao, Jonathan M. Anderson, Douglas P. Marx, and S. Scott
Zimmerman, Department of Chemistry and Biochemistry, Brigham Young
University, C320 BNSN, Provo, UT 84602-5700, dgharris@chemdept.byu.edu
The purpose of this study was to carry out a thorough search of the conformational space of various adenine-containing nucleotides by selecting appropriate
starting conformations for energy minimization. Ideally we wanted to generate
all the low-energy minima of each molecule. Unfortunately, because the size of
conformational space increases exponentially with the number of atoms in the
molecule, the number of starting conformations becomes prohibitively high,
except for the simplest nucleotides, to carry out a complete search of conformational space. To overcome this problem, we applied a previously published
peptide-based searching procedure, known as the Representative Method, to
investigate the conformational space of nucleosides and nucleotides. This
method, which effectively reduces the number of required starting conformations to explore all the important regions of conformational space, appears to be
successful in finding all (or nearly all) the putative low-energy conformations
and global minimum of adenosine, cAMP, AMP, ADP, and ATP. Our calculated
results using the Amber forcefield generally agree with experimental data on
nucleotide conformation.
173.
THEORETICAL STUDY OF MICROSCOPIC MOLECULAR STRUCTURE OF
HELICENEBISQUINONE AGGREGATES. Hyuk Soon Choi, and Kwang S. Kim,
Center for Superfunctional Materials and Department of Chemistry, Pohang
University of Science and Technology, San 31, Hyojadong, Namgu, Pohang
790-784, South Korea, Fax: 82-54-279-8137, chs@postech.ac.kr
Molecular level studies of intermolecular interaction forces and microscopic
structures are essential to understand molecular aggregates and self assembly
phenomena. Recently, the fibrous helicenebisquinone (HBQ) aggregates have
been of great interest because of its strongly enhanced nonlinear optical (NLO)
properties. The intermolecular interaction force and microscopic structure of
HBQ aggregates were proposed to be donor-acceptor interaction and a columnar
stack, respectively. However, our present study suggests that the intermolecular
interaction force of HBQ aggregates would be the paired hydrogen bonding
between quinone moieties, and its molecular structure would be one dimensional hydrogen bond chain. Though the information from the experiments is

174.
MOLECULAR MODELING OF FULL-LENGTH HIV-1 INTEGRASE AND ITS
COMPLEXES WITH VIRAL AND HUMAN DNAS. Yun Tang, and Marc C.
Nicklaus, Laboratory of Medicinal Chemistry, National Cancer Institute Frederick Cancer Research and Development Center, National Institutes of
Health, Building 376, Room 205A, 376 Boyles Street, Frederick, MD 21702, Fax:
301-846-6033, yuntang@helix.nih.gov
Integration is a critical step in retroviral infection. HIV-1 integrase (IN) catalyses
the integration of the viral DNA into human DNA through three reactions: 3⬘-end
processing, 3⬘-end joining and 5⬘-end joining. The protein consists of three
distinct domains: N-terminal, core and C-terminal domains. All three domains
are required for the first two integration reactions. The structures for these
domains have been determined separately, but the experimental structure as the
whole protein is not available, one of the problems being low solubility. HIV has
shown to develop rapid resistance to current inhibitors of protease and reverse
transcriptase, and there is no known analogue for integrase in human cells, so
integrase is thought to be an ideal target for anti-HIV drug discovery. However,
to date no effective IN inhibitors have entered clinic trial in spite of ten years’
efforts, a key reason being the lack of structure for the whole protein. Here we
report structural models of the full-length protein and its complexes with viral
and human DNAs by means of molecular modeling techniques, based on
currently available experimental evidence. These structural models demonstrate
how the intact protein forms multimers and interacts with viral DNA and human
DNA, which might be used as a platform for HIV-1 integrase inhibitor design.
175.
COMPUTATIONAL STUDIES OF A NEW LIBRARY OF HIV-1 INTEGRASE
INHIBITORS. Haihong Ni, Christoph Sotriffer, and Andrew J. McCammon,
Department of Chemistry and Biochemistry, University of California-San Diego,
9500 Gilman Drive, La Jolla, CA 92093, Fax: 858-534-7042,
hni@mccammon.ucsd.edu
Integration of viral DNA into the host DNA is an essential step in the replication
cycle of the virus, which is catalyzed by HIV integrase. Consequently, HIV-1
integrase is an attractive target for AIDS therapeutics. The search for HIV-1
integrase inhibitors is currently a very active area of research and many
compounds have already been discovered which inhibit HIV-1 integrase.
However, none of them has yet proven to be clinically useful.
A new class of compounds, amino acid-substituted aryltriazines, have been
designed and synthesized based on the general idea that currently known IN
inhibitors can be recognized as nucleotide mimics. Docking studies have been
carried out to understand and predict how these compounds might interact with
the catalytic core domain of integrase.
176.
IDENTIFICATION OF POTENTIAL INHIBITORS AGAINST HIV-1 INTEGRASE VIA
COMPUTER-AIDED DRUG DESIGN METHODS. I-Jen Chen 1, Nouri Neamati 2,
and Alexander D. MacKerell Jr. 1. (1) Department of Pharmaceutical Sciences,
University of Maryland, 20 N. Pine St., Baltimore, MD 21201, Fax:
410-706-0346, ichen002@umaryland.edu, (2) University of Southern California
HIV integrase (IN) catalyzes the irreversible incorporation of viral DNA into the
host cell genome. The blockade of this step in the viral life cycle prevents the
virus from replicating successfully. There is no known enzyme in the human
body possessing a function similar to the integrase. These characteristics make
the integrase an attractive target for AIDS treatment. Recently the first crystal
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structure of HIV-1 IN in complex with one inhibitor at the active site was solved,
providing an interesting platform for structure-based design of IN inhibitors. The
goal of this study is to identify potential inhibitors of the HIV-1 IN by molecular
mechanics and three-dimensional database searching methods. Potential lead
compounds were identified by using the program DOCK to search the databases
from National Cancer Institute and ChemFinder. Active site-directed searching
for putative ligands was performed using the structure of the inhibitor-bound
HIV-1 IN. 5000 compounds selected from the preliminary docking results based
on the interaction energy scores were subjected to a more refined docking. 300
compounds were then selected and submitted for structural diversity search.
Final selection of compounds for biological assay was made based on interaction mode with HIV-1 IN, therapeutic potential as drug leads and maximization
of chemical diversity.
177.
DOCKING AND DYNAMICS STUDIES OF LIGANDS BOUND TO HIV INTEGRASE.
David K. Chalmers, Ian T. Crosby, and Jerome Wielens, Department of
Medicinal Chemistry, Victorian College of Pharmacy. Monash University, 381
Royal Pde, Parkville, Vic., 3052, Melbourne, Australia, Fax: +61 3 9903 9582,
david.chalmers@vcp.monash.edu.au
HIV-integrase represents an attractive target for the development of new
anti-HIV drugs. Unfortunately, the catalytic site of HIV integrase presents several
difficulties to the drug-designer; the site is shallow, flexible and contains a
magnesium ion. Furthermore, the biological significance of the only crystal
structure containing a ligand (5-ClTEP) has been questioned. To characterize the
influence of these factors on inhibitor binding, we have performed molecular
docking and dynamics studies of the inhibitors 5-ClTEP and L-708,906 bound to
the catalytic site. Our studies show that, provided the magnesium ion solvation
shell is considered in the active site model, it is possible to reproduce the
bound conformation of 5-ClTEP in docking studies. We have used this site
model to propose a binding orientation for L-708,906 which is consistent with
reported mutation data.
178.
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, UNC Chapel Hill, US EPA, MD 68, ECD NHEERL, Research Triangle
Park, NC 27711, brown.katrina@epa.gov, (2) NHEERL, US EPA
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
PAHs were optimized at the Hartree-Fock level and then docked into the crystal
structure of ERalpha. Docking was also performed with the conformation of
estradiol taken from the X-ray structure and an optimized estradiol molecule. An
energy scoring function was able to place the X-ray conformation of the
estradiol within an RMSD of 0.5 from the position found in the X-ray crystal
structure. When interaction energies of all of the ligands in the pocket were
compared it was found that some of the BaP PAH metabolites scored at least as
well as either the X-ray estradiol or the optimized estradiol. The positions of the
top-scoring ligands were then scored within the binding pocket using semiempirical methods.
179.
DOCKING AND MOLECULAR DYNAMIC STUDIES OF DIACYLGLYCEROLS
BINDING TO PROTEIN KINASE C. Shunqi Yan, Dina M. Sigano, Yun Tang,
Johannes H. Voigt, Marc C. Nicklaus, and Victor E. Marquez, NCI-FCRDC,
National Cancer Institute, NIH, Laboratory of Medicinal Chemistry, 376 Boyles
Street, Bldg 376, Frederick, MD 21702, Fax: 301-846-6033,
yshunqi@helix.nih.gov
Protein kinase C (PKC), consisting of 12 isozymes, mostly are activated
endogenously by diacylglycerol (DAG). Understanding the binding of DAG to
PKC is important for the design of potential anti-cancer drugs. In this study, a
variety of branched DAGs, previously made in our lab and their binding affinity
of PKC determined in collaboration with other lab in NIH, were used to study
their binding modes to PKC by docking and molecular dynamics (MD). Two
binding modes, sn1 and sn2, were identified. The sn1 mode was found to be

favorable energetically by MD results. The modeling results are convergent with
experimentals. More promising ligands are being designed based on this model.
180.
COMPARATIVE PROTEIN STRUCTURE MODELING AND VALIDATION OF
FALCIPAIN2, A PRINCIPAL TROPHOZOITE CYSTEINE PROTEASE OF
PLASMODIUM FALCIPARUM. Yogesh A. Sabnis 1, Philip J. Rosenthal 2, and
Mitchell A. Avery 1. (1) Department of Medicinal Chemistry, University of
Mississippi, 423 Faser Hall, School of Pharmacy, University, MS 38677, Fax:
662-915-5638, yasabnis@olemiss.edu, (2) Department of Medicine, San
Francisco General Hospital, University of California, San Francisco
The principal trophozoite cysteine protease of Plasmodium falciparum has been
modeled and assessed by a high sequence similarity with the closest template
structure. The model was validated by an energy based Z-score and by
conservation of the structural residues in the target sequence. The model has
been used to dock a series of known synthetic peptide substrates. The docking
results were comparable to their Kcat/Km, which is a measure of the catalytic
effectiveness of the enzyme in dilute solution. Also docked were a series of
known vinyl sulfone-based inhibitors of cruzain, a principal cysteine protease of
T. cruzi, which has approximately 90% active site residue conservation with
falcipain2. The rank of our docking results corresponded with the experimentally
determined IC50 values.
181.
RAPID AND ACCURATE RECOGNITION OF PATTERN CHANGES IN 2-D NMR
SPECTRA. Chen Peng, and Sándor Szalma, Life Sciences, Molecular
Simulations Inc, 9685 Scranton Rd, San Diego, CA 92121, Fax: 858-458-0136,
cpeng@msi.com, ssz@msi.com
NMR spectroscopy has been widely used to monitor structural changes of
biomacromolecules by observing the changes of spectral patterns. The key to
automatic recognition of such pattern changes is to match the peaks in a
control spectrum to those in a test spectrum so that the change of chemical
shift or peak shape can be readily measured. This poster describes our
approaches to more accurate peak matching, including intelligent peak picking in
test spectra, heuristic tree-search and simulated annealing methods for
matching peaks based on both chemical shifts and peak shapes, and handling of
unmatched peaks in both the control and test spectra. These algorithms have
been implemented in FELIX-Autoscreen for rapid scoring of SAR by NMR and
other high-throughput receptor/ligand interaction experiments. The methodology
described can also be used to analyze general altered (or closely related)
spectra such as those of homologue proteins and stepwise folding proteins.
182.
MM3 PARAMETRIZATION OF RHENIUM COMPOUNDS USING A GENETIC
ALGORITHM. Thomas Strassner, Markus Busold, and Wolfgang A. Herrmann,
Department of Inorganic Chemistry, TU Munich, Lichtenbergstrasse 4, D-85747
Garching, Germany, Fax: 49-89-289-13473, thomas.strassner@ch.tum.de,
Markus.Busold@ch.tum.de
Genetic algorithms are a powerful tool for many multidimensional problems and
have already shown their applicability for the optimization of force field parameters. They represent a quick and reliable way to find good quality force field
parameters. We used a genetic algorithm to parametrize rhenium for the MM3
force field. For comparison, structures from the Cambridge Structural Database
(CSD) and high quality quantum chemical data were used. The parameters were
optimized with the help of FFGenerAtor 1.0, developed in our group for use with
Tinker 3.7.
183.
PSEUDO-ATOMIC MODELS OF SWOLLEN CCMV FROM CRYO ELECTRON
MICROSCOPY. Hongjun Liu, Chunxu Qu, John E. Johnson, and David A. Case,
Department of Molecular Biology, The Scripps Research Institute, 10550 North
Torrey Pines Road, TPC-15, La Jolla, CA 92037, Fax: 858 784 8896,
hongjun@scripps.edu
A swollen form of cowpea chlorotic mottle virus (CCMV) capsid has been
studied with cryo electron microscopy. Crystal coordinates from the wild-type
virus are adopted to estimate the pseudo-atomic structures of the swollen coat
protein. Two step-by-step expansion pathways combined with energy minimization at each step are incorporated to reach two different end structures. Both
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structures are analyzed by examining geometrical restraints, quasi-equivalence,
association energies, fits to densities and biological function requirements etc.
The results indicate the importance of dimeric interactions at the icosahedral
and quasi two-fold axes in stabilizing the virion capsid structures.
184.
KINETIC PARTITIONING MECHANISM IN PROTEIN FOLDING. D. Thirumalai,
Department of Chemistry, University of Maryland, IPST, College Park, MD
20742, Fax: 301-314-9404, thirum@glue.umd.edu
The folding pathways and mehanisms of sequences that fold by the kinetic
partitioning mechanism (KPM) will be discussed. According to KPM, a fraction
of initially unfolded molecules reaches the native basin of attraction (NBA) by
the nucleation-collapse mechanism whereas the remaining fraction is trapped in
one of the competing basins of attraction (CBAs). The transition from the CBAs
to NBA involves partial unravelling of the structure. The folding of lysozyme will
be analyzed using this model. The generality of KPM including applications to
RNA folding will be discussed.
185.
STRUCTURAL AND ENERGETIC HETEROGENEITY IN PROTEIN FOLDING.
Steven S. Plotkin, Department of Physics, University of CA San Diego, 9500
Gilman Dr, MC 0319, La Jolla, CA 92093, Fax: 858-534-7697,
splotkin@ucsd.edu
A general theoretical framework is developed using free energy functional
methods to understand the effects of heterogeneity in the folding of a welldesigned protein. Native energetic heterogeneity arising from non-uniformity in
native stability, as well as entropic heterogeneity intrinsic to the topology of the
native structure are both investigated as to their impact on the folding free
energy landscape and resulting folding mechanism. This allows for a systematic
study of the coupled effects of energetics and topology in protein folding, and
provides interpretations and predictions for experiments which may investigate
these effects.
186.
MESOSCOPIC SIMULATION OF PROTEIN AGGREGATION AS A COMPETITIVE
PROCESS TO REFOLDING AT FINITE PROTEIN CONCENTRATION. Dusan
Bratko, and Harvey W. Blanch, Chemical Engineering, University of California at
Berkeley, Gilman Hall 201, Berkeley, CA 94720-1462, Fax: 510-642-4778,
db@lolita.cchem.berkeley.edu
Aggregation of protein molecules resulting in the loss of biological activity and
the formation of insoluble deposits is a serious problem for the biotechnology
and pharmaceutical industries and in medicine. Considerable experimental and
theoretical efforts are being made in order to improve our understanding of, and
ability to control the process. We describe a three-dimensional lattice simulation
for a multi-chain system of coarse-grained model proteins akin to models
developed for studies of protein folding. The model is designed to examine the
competition between intramolecular interactions leading to the native protein
structure, and intermolecular association resulting in the formation of aggregates of misfolded chains. For the particular model we apply, the global free
energy minimum of a pair of protein molecules corresponds to a dimer of native
proteins. When three or more molecules interact, clusters of misfolded chains
can be more stable than aggregates of native folds. A considerable fraction of
native structure, however, is preserved in these cases. Activation barriers
separating stable domains on the free energy landscape rapidly increase with
the size of the protein cluster, hence either the native form or the aggregates
can persist in metastable states even if conditions such as temperature or
concentration favor a transition to an alternative form. Stability of ordered
aggregates increases with the proportion of the sheet-like secondary structure.
Refolding yield can be affected by the presence of an additional polymer species
mimicking the function of a molecular chaperone.
187.
HOW A ␤-SHEET FOLDS. Martin Gruebele, Departments of Chemistry, Physics
and Biophysics, University of Illinois, 600 South Mathews Ave. Box 5-6, Urbana,
IL 61801, Fax: 217-244-3186
The PIN WW-domain is an ideal laboratory for the study of beta sheet folding.
Folding rates for many mutants have now been measured over a wide temperature range. Discrete phi-value analysis is used to probe the nature of the

transition state of this domain. In addition, a continuous sensitivity analysis of
the relaxation data is used to construct a well-defined reaction coordinate along
which the transition state can be placed. This type of analysis can be carried
out for different external perturbations to reveal the number of independent
reaction coordinates and heterogeneity of the transition state needed to describe the folding problem. Our results show that the steps involved in beta
sheet formation are quite sensitive to external conditions, leading to different
scenarios under different conditions.
188.
STUDYING THE LANDSCAPE OF AN ␣-HELIX USING 2-D IR SPECTROSCOPY.
Martin T. Zanni 1, Jens Stenger 2, Sean M. Decatur 3, and Robin M.
Hochstrasser 1. (1) Department of Chemistry, University of Pennsylvania,
Philadelphia, PA 19104, Fax: 215-898-0590, zanni@sas.upenn.edu, (2)
Max-Born-Institute, (3) Department of Chemistry, Mt. Holyoke College
Two-dimensional infrared spectroscopy (2-D-IR) is an emerging technique for
measuring the vibrational coupling between amide groups, analogous to 2-D
NMR measuring nuclear spin coupling. Because the coupling is sensitive to the
peptide’s 3-D structure, the cross peaks observed in 2-D-IR help reveal the
peptide’s secondary and tertiary structure. We report preliminary results using
2-D-IR, in conjunction with 13C isotope labeling, to measure the vibrational
dynamics and coupling between labeled and unlabeled amides in a 20 residue
alpha-helix. We monitor the motions of localized pieces of the alpha-helix, and
relate them to changes in structure. For instance, when the four amides closest
to the N-terminus are labeled, the coupling dramatically decreased between 0
and 50 C. From our observations and simulations, we postulate that the
coupling is stronger for helical portions of the peptide. Therefore, the Nterminus is less structured than the middle of the alpha-helix, consistent with
current landscape models.
189.
ELECTRON- AND ENERGY-TRANSFER PROBES OF PROTEIN FOLDING. Jennifer
C. Lee 1, Julia Lyubovitsky 1, I-Jy Chang 2, Harry B. Gray 1, and Jay R. Winkler 1.
(1) Beckman Institute, California Institute of Technology, MC 127-72, Pasadena,
CA 91125, Fax: 626-449-4159, lee@its.caltech.edu, winklerj@its.caltech.edu, (2)
National Taiwan Normal University
Effective probes of protein folding should report on the populations of unfolded,
intermediate, and folded forms, as well as the structural homogeneity of these
entities. We have been developing new protein-folding probes that can provide
insight into the heterogeneity of a protein ensemble as it folds. Encapsulation of
the cofactor in redox-active proteins leads to significant changes in electrontransfer (ET) rates. Measurements of Zn-substituted cytochrome c ET kinetics
have provided a direct measure of heme encapsulation during the folding of this
protein. Fluorescence energy-transfer (FET) kinetics can reflect the distribution
of donor-acceptor distances in suitably labeled proteins. We are using measurements of FET kinetics to probe the distributions of dansyl-heme distances
during cytochrome c folding.
190.
MULTI-SCALE QUANTUM MODELS FOR BIOLOGICAL MACROMOLECULES.
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 “multi-scale” quantum methods for
large-scale calculations of biological molecules are presented. Here “multi-scale”
implies the integration of a hierarchy of theoretical levels working synchronously
to model complicated chemical events such enzyme reactions in solution. These
processes present special challenges since they span simultaneously a broad
range of spatial domains and time scales. The talk will focus on the following
areas:
Application of new quantum indices for macromolecular characterization
based on linear-scaling electronic structure methods
Fast evaluation of Coulomb interactions in electronic structure calculations
based on fast multipole and particle-mesh techniques
Implementation of a linear-scaling smooth solvation model into densityfunctional and molecular mechanics framework
Recent developments toward a new linear-scaling hybrid QM/MM method
based on density-functional theory
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These methods are brought together to study quantum effects of biomolecules in solution.

194.
USING COMPUTER ANIMATIONS TO HELP STUDENTS ACQUIRE MODELS AND
TO HELP STUDENTS VISUALIZE CHEMISTRY AT THE PARTICULATE NATURE
OF MATTER LEVEL OF REPRESENTATION. Thomas J. Greenbowe, Chemistry
Dept, Iowa State University, Ames, IA 50011, tgreenbo@iastate.edu

191.
TOWARD ALL-ELECTRON MODELING OF BIOMOLECULAR 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

Over the past eight years the number of computer animations developed by
chemists, chemical educators, and publishers has increased to such a point that
there is a tremendous degree of duplication of topics. What research is available
indicating students benefit by viewing and or working with computer animations? What are the conditions and instructional designs that promote gains in
student understanding of chemistry? The chemical education research group at
ISU has developed and classroom tested over 150 computer animations for use
in general chemistry courses. This talk will review our contributions to how
animations can be used to help students acquire models and to visualize
chemistry at the particulate nature of matter level of representation. A selected
review of the literature of learning via working with computer animations will be
presented. Examples of effective and not so effective computer animations will
be displayed.

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, AM1 and PM3). We will also demonstrate the
performance of the method and discuss its range of applicability to biological
macromolecules. 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 Poisson-Boltzmann (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.

192.
MEETING THE CHALLENGE OF LENGTH SCALES IN 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
Multiscale modeling is all the rage among computational material scientists. This
refers to simulations that consider phenomena whose length and/or time scales
span several—possibly many—orders of magnitude. Examples include, time
scale disparities in surface diffusion and thin film growth, length scale disparities in corrosion-induced cracking of solid materials. Surface diffusion is “fast”
while material flux is “slow”. Corrosion involves chemical reactions on the
atomic scale, while cracking occurs on the meso-to-macroscale. Progress will
be reported on new techniques that: (i) provide a first principles quantum
mechanical description of thousands of atoms (via a linear scaling kinetic
energy density functional, KEDF); (ii) couple atomic level interactions, described
by KEDF molecular dynamics simulations, to quasi-continuum simulations on
the micron scale; and (iii) connect first principles atomic level calculations to
cohesive zone, micron-scale continuum mechanics simulations of crack
propagation in solids.

193.
USE AND ACCURACY OF O(N) DFT-BASED, GREEN’S FUNCTION ELECTRONIC:
STRUCTURE CALCULATIONS FOR ATOMIC- AND CONTINUUM-SCALE
MATERIALS SCIENCE PROBLEMS. Duane D. Johnson, and A. V. Smirnov,
Department of Materials Science and Engineering, and Frederick Seitz Materials
Research Laboratory, University of Illinois, Urbana-Champaign, 1304 W. Green
St. MC-246, Urbana, IL 61801, Fax: 217-333-2736, duanej@uiuc.edu
Recently, real-space multiple-scattering, electronic-structure methods using
electronic screening concepts have produced O(N) scaling of the energy
calculations. Such real-space methods are a type of “divide-and-conquer”
scheme that considers interactions within a ‘local interaction zone’. These
all-electron, DFT methods directly solve for the system’s Green’s function, and
allow both structural defects and chemical and magnetic disorder to be
addressed, for example, using the coherent-potential approximation or direct
configurational averaging. We provide examples in metallic systems of the
accuracy and scaling (up to 2000 atoms on a workstation) of the real-space
O(N) methodology compared to converged k-space results, as well as a realand k-space hybrid method. We provide examples where such real-space
“divide-and-conquer” scheme do and do not converge. We briefly discuss the
possibility of coupling such O(N) DFT methods to O(N) discontinuous Galerkin
finite-element methods.

195.
USING DIGITIZED VIDEO, VIRTUAL REALITY, AND MOLECULAR MODELING IN
GENERAL CHEMISTRY. John W. Moore, and Jon L. Holmes, Department of
Chemistry, University of Wisconsin-Madison, 1101 University Avenue, Madison,
WI 53706-1396, Fax: 608-265-8094, jwmoore@chem.wisc.edu
Digital video, virtual reality based on VRML, and molecular structures displayed
via Chime have been used in a general chemistry course for the past five years
to enhance student learning, make examinations more realistic, and provide
online tutorials and testing. Much of this material has been published by JCE
Software or is slated for publication therein. Examples of these various media
will be presented and their impact on a large-enrollment general chemistry
course will be described.
196.
MODELING MATTER: NEW CHEMCOM STRATEGIES TO DEVELOP STUDENT
UNDERSTANDING IN HIGH SCHOOL CHEMISTRY. Laurie Langdon, Angela
Powers, Robert Milne, and Henry Heikkinen, Department of Chemistry and
Biochemistry, University of Northern Colorado, Greeley, CO 80639,
lang2532@blue.unco.edu
One goal that guided recent revision work for Chemistry in the Community
(ChemCom), 4th Edition, was to provide more focused support for chemistry
learning goals found in national and state content standards, including the
National Science Education Standards (NRC, 1996). This was accomplished, in
part, through a new feature, Modeling Matter, which develops model-building
and model-testing skills across all ChemCom units. Student activities include
generating and evaluating molecular representations of mixtures, modeling the
contents of a solution at various points on a solubility curve, and constructing
and critiquing chemical representations of the nitrogen cycle. Students also gain
experience with physical models and other conceptual models, including
analogies. ChemCom modeling activities designed to enhance student understanding of core chemistry concepts will be demonstrated and discussed.
197.
DESIGNING MEDIA FOR LEARNING CHEMISTRY. Michael Tinnesand, American
Chemical Society, 1155 16th St., NW, Washington, DC 20036,
m_tinnesand@acs.org, and Roy Tasker, Cadre Design
Educational research suggests that multimedia resources can facilitate deep
learning by: (1)Encouraging active engagement with concepts; (2)Linking new
ideas to established ideas; (3)Visualizing the invisible molecular world; (4)Providing timely and specific feedback; (5)Offering opportunities to hypothesize and
construct concepts; and (6)Communicating ideas via multiple representations.
The high school chemistry I textbook Chemistry in the Community (ChemCom),
4th Edition, has an extensive Web site/CD-ROM package that has been developed to support the student print text and facilitate learning. Examples of
ChemCom multimedia CD-ROM and Web-based teaching tools will be demonstrated. We will demonstrate our very latest developments in multimedia support
for teaching high school chemistry.
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198.
MAKING ANIMATIONS WORK FOR YOU: SACRIFICING ACCURACY FOR
UNDERSTANDING. Joe L. March, Department of Chemistry, University of
Alabama at Birmingham, 201 Chemistry Building, Birmingham, AL 35294-1240,
Fax: 205-934-2543, march@uab.edu

202.
NEW MODEL FOR SOLVATION EFFECT IN PROTEIN FOLDING. Margaret S.
Cheung, and Jose N. Onuchic, Biophysics/Biophysics Department, University of
California, San Diego, 9500 Gilman Drive, La Jolla, CA 92093,
cheung@physics.ucsd.edu

Describing molecular-level events with cartoons can be very enlightening for
students, but the limitations on our skills as animators and the medium itself
can cause misconceptions. These misconceptions are exacerbated when we let
students randomly view or sort through media. We are responsible for setting
instructional goals and providing focus. A discussion of how to support
animations and interactive media to ensure that students view what we intend
for them to see will be presented.

We propose a new potential of mean force to address solvation effect. Specifically, we investigate the effect of water penetration in the un/folding process of
a beta-sheet enriched protein structure. In our molecular dynamics simulation,
we have used multicanonical ensemble method to facilitate sampling. Using this
new model, we are able to capture more realistic folding behavior.

199.
DEVELOPING INTERACTIVE EDUCATIONAL ANIMATIONS USING MACROMEDIA
FLASH. Susana Maria Halpine, Artist-Biochemist, Consultant, 8640 Gulana
Avenue, J-1016, Playa del Rey, CA 90293, Fax: same, shalpine@earthlink.net
For Leonard da Vinci, a writer can represent a story with a pen, but a painter
renders it “more easily satisfying and less tedious to understand.” Traditional
journals have become ineffectual in describing biochemical reaction, while
changes in conformation, rotation, and molecular “docking” are readily perceived through animation. The computer offers a new medium, distinct from
print and TV, and Macromedia Flash provides the tools to exploit it. With
scaleable vector graphics, interactivity, and open-source code, Flash has brought
the Internet of age. Educators can now take a “right-brain” approach to science,
translating topics into nonlinear formats such as animation, with hyperlinks to
indepth information and printouts for take-away messages. Animations can
reach past math-fear, across linguistic and age barriers, instructing students
from kindergarten to adult education. Biochemistry affects day-to-day decisions
within courtrooms, kitchens, and voting booths. We can no longer ignore
populations that learn through non-textual means.
200.
TO VISUALIZE OR NOT TO VISUALIZE: THAT IS THE QUESTION. Eric R. Scerri,
Chemistry & Biochemistry, UCLA, 405 Hilgard Ave, Los Angeles, CA CA 90095,
Fax: 310-206-2061, scerri@chem.ucla.edu
The ability to visualize chemical concepts is one which is very highly prized
among chemists, and rightly so. However, what is not often discussed is the
notion that visualization can also have certain drawbacks and limitations. This is
particularly true in cases where the theory dictates that certain scientific terms,
such as atomic orbitals, are in principle unobservable. It appears that some
scientists and educators tend to ignore such theoretical constraints and insist
on visualizing or, in a recent case, even claim to have “directly observed” such
entities. Although the term visualization need not necessarily imply observation
as such, there is a danger of thinking that it might when a concept is represented more and more realistically with the aid of sophisticated computer
graphics. The present article will explore these issues by bringing a philosophy
of chemistry perspective to bear on issues of visualization, observation,
representation as well as realism and anti-realism in science.
201.
STATISTICAL THEORY FOR PROTEIN COMBINATORIAL LIBRARIES. Jeffery G.
Saven, Department of Chemistry, University of Pennsylvania, 231 South 34
Street, Philadelphia, PA 19104, Fax: 215-573-2112, saven@sas.upenn.edu
Combinatorial experiments provide new ways to probe the determinants of
protein folding and to identify novel folding sequences. These techniques are
complicated, however, by both the conformational complexity of proteins and by
the large numbers of possible sequences. We present and apply a statistically
based approach for identifying the properties of amino acid sequences compatible with a given main chain structure. The theory may be adapted to include the
effects of protein side chain conformations in an atom-based fashion and to
specify particular features of the conformational energy landscape. The method
yields the amino acid probabilities at desired positions in a given structure. We
calculate the identity probabilities of selected positions in proteins for which
many variant sequences have been examined experimentally. While the experimental sampling is necessarily sparse, the calculations compare favorably with
the experimentally observed amino acid identity probabilities.

203.
MAPPING PROTEIN UNFOLDING/FOLDING AT ATOMIC RESOLUTION. Valerie
Daggett, Department of Medicinal Chemistry, University of Washington, 1959 NE
Pacific Street, Seattle, WA 98195-7610, Fax: 206-685-3252,
daggett@u.washington.edu
Experimental and simulation studies can nicely complement one another in the
area of protein folding. Experiment reports on the average properties of a large
ensemble (approximately 1017-1019 molecules), typically over time. Molecular
dynamics simulations, on the other hand, provide detailed information for a
single molecule, a component of the ensemble. By combining these approaches
we can obtain not only a more complete picture of folding, but we can also take
advantage of the strengths of the different methods. For example, experiment
cannot provide molecular structures. Molecular dynamics simulations can
provide such information, but the simulations are meaningless without the link
to experiment. Thus, the interrelated nature of simulation, in assessing experimental assumptions, for example, and providing structures to augment energetic
descriptions, and experiment, in judging whether the simulations are reasonable,
provides more confidence in the resulting information about folding. This
combination yields tested and testable molecular models of states that evade
characterization by conventional methods. So, to this end we have explored the
combined use of these methods to map folding/unfolding pathways at atomic
resolution in collaboration with Alan Fersht. Here we focus on chymotrypsin
inhibitor 2, a small, single-domain, two-state folding protein. We have performed multiple unfolding simulations and identified putative transition state
models. These models are in quantitative agreement with experimental data. In
addition, we have used the simulated transition state models to design faster
folding mutants of CI2. The models pinpoint a number of unfavorable local
interactions at the C-terminus of the single a-helix and in the protease-binding
loop. Mutants were designed to remove and/or replace these destabilizing
interactions with stabilizing ones. The mutants behaved as expected, and we
were able to increase the rate of folding of the protein up to 40 fold (t = 0.4 ms),
thereby creating the fasting-folding version of CI2 thus far.
204.
DYNAMICS OF CONTACT FORMATION IN POLYPEPTIDES. Lisa J. Lapidus,
William A. Eaton, and James Hofrichter, Laboratory of Chemical Physics,
National Institutes of Health, Building 5, Room 104, Bethesda, MD 20892-0520,
jim@sunder.niddk.nih.gov
The formation of a specific contact between residues of a polypeptide chain is
an important elementary process in protein folding. We have developed a new
method for studying contact formation between tryptophan and cysteine which
utilizes measurements of the lifetime of the tryptophan triplet state. When
tryptophan is at one end of a short, flexible peptide and cysteine at the other,
the triplet decay rate is determined by the rate at which it is quenched by the
cysteine. We have found that this rate is close to the diffusion-limited rate of
contact formation. The length dependence has been studied in two series of
peptides, one having the sequence cys-(ala-gly-gln)j-trp for which the rates
decrease from ∼1/(40 ns) for j = 1 to 1/(140 ns) for j = 6. For the second series
of peptides, having the sequence cys-(thr-thr-arg+-thr-thr)k-trp the rates
decrease from 1/(160 ns) for k = 1 to about 1/(500 ns) for k = 4. Loop
formation can also be used as a probe for the presence of the unfolded state,
providing a new probe for studying the unfolding kinetics of small structural
domains. We have found that helix formation in the peptide cys-(ala-ala-arg+ala-ala)4-trp inhibits loop formation (loops can only form when the helix is
melted). At temperatures below 310 K, unfolding of the helix introduces an
additional, slower relaxation to the loop formation kinetics, as predicted by
simple models.
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205.
PREDICTION AND DESIGN OF PROTEIN STRUCTURES AND FOLDING
MECHANISMS. David Baker, Biochemistry/ HHMI, University of Washington,
15th and Pacific, Seattle, WA 98195, Albania, Fax: 206-685-1792,
dabaker@u.washington.edu

209.
MULTI-SCALE MODELING OF A PROTEIN-DNA COMPLEX. Alexander Balaeff,
Beckman Institute, U. Illinois at Urbana-Champaign, and Klaus Schulten,
Department of Physics and Beckman Institute, U. of Illinois at
Urbana-Champaign

I will discuss recent advances in the prediction and design of protein structures
and folding mechanisms

In this lecture we describe a multi-scale modeling method for protein-DNA
complexes that combines an all atom molecular dynamics simulation with an
elastic rod description of DNA. The DNA is modeled as a self-equilibrated
electrically charged elastic rod. The ensemble of DNA loop conformations,
attainable for a given geometry of the DNA ends, are generated as numerical
solutions to the equations of the Kirchhoff Love theory of elasticity. The
equations are augmented by electrostatic and van der Waals force terms. The
multiscale method is applied to the aggregate between the lactose operon
promoter DNA and the repressor protein. The molecular dynamics simulations
use the forces computed from the elasticity-based low resolution DNA model.
The resulting changes in the protein geometry are used as feedback to the
calculation of the DNA loop. The study elucidates the influence of the stress of a
looped DNA on the structure of a protein-DNA complex.

206.
BUILDING LARGE SCALE POLYMERIC SYSTEMS. Jean-Loup Faulon,
Computational Biology & Materials Technologies Department, Sandia National
Laboratories, P.O. Box 969, MS 9951, Livermore, CA 94551, Fax: 925-924-3020,
jfaulon@sandia.gov
Preparing dense crosslinked polymer networks is a time-scale computational
challenge. We propose a novel computational technique generating close-toequilibrium crosslinked polymeric systems. Compared to the current state-ofthe-art equilibration methods, the new technique appears to be faster by several
orders of magnitude. The main advantage of the technique is that one can
circumvent the bottlenecks in configuration space that inhibit relaxation in
molecular dynamics or Monte-Carlo simulations. The problem of equilibration
described by continuous equations in molecular dynamics is reduced to a
discrete representation where solutions are approximated by simple algorithms.
We will present network statistics and topology, scattering intensities, and
elastic properties for several series of coarse-grained, united-atom, and fully
atomistic crosslinked networks. Our results demonstrate the efficiency of this
new method for generating large realistic polymeric systems up to 1.4 M atoms.

207.
FIRST PRINCIPLES MOLECULAR DYNAMICS SIMULATIONS: SUCCESSES AND
OPEN PROBLEMS. Giulia Galli, Lawrence Livermore National Laboratory,
Livermore, CA 94551, galligygi1@llnl.gov
Applications of first principles molecular dynamics to the study of complex
systems will be briefly presented, in particular organic molecules in water,
liquids under pressure and nanoparticles. Key open problems in this type of
simulations, notably size and time scales and issues related to the use of
Density Functional Theory, will be discussed, with focus on some recent
progress using constrained first-principles MD to accelerate dynamical processes.
Work performed under the auspices of the U.S. Department of Energy by
University of California Lawrence Livermore National Laboratory under contract
No. W-7405-Eng-48.

208.
CONCURRENT MULTISCALE SIMULATION AND COARSE-GRAINED MOLECULAR
DYNAMICS. Robert E. Rudd, PAT/H-Division, Lawrence Livermore National Lab,
7000 East Ave, L-415, Livermore, CA 94550, Fax: 925-422-6594,
robert.rudd@llnl.gov
Solid materials are inherently multiscale. Their macroscopic behavior depends
on processes ranging from electronic bonding to defects and microstructure to
the macroscopic applied stresses. Often the scales can be modeled sequentially,
but there are many instances in which this hierarchical approach fails because
processes couple too strongly across scales. In this case multiple scales must
be modeled simultaneously: concurrent multiscale simulation. We have developed such a model unifying molecular dynamics with finite elements, or a
nanoscale generalization Coarse-Grained Molecular Dynamics (CGMD). We
discuss its application to two systems: the oscillations of sub-micron resonators
and the ductile failure of metals at high strain rate. Results from these systems
show how the model captures the relevant physical effects at the Angstrom,
nanometer and micron scales simultaneously.
This work was performed under the auspices of the U.S. Dept. of Energy at
the University of California/Lawrence Livermore National Laboratory under
contract no. W-7405-Eng-48.

210.
COMPARISON OF VIRTUAL MODELS AND HANDS-ON MODELS FOR TEACHING
CRYSTALLOGRAPHY. Ilene L. Kelly, and William R. Robinson, Department of
Chemistry, Purdue University, 1393 Brown Building, West Lafayette, IN 47907,
wrrobin@purdue.edu
When introducing crystal structures, textbooks traditionally have presented
two-dimensional images of these structures and laboratories have involved
hands-on models. We have written a new laboratory that uses both hands-on
models and virtual models. The virtual models are generated with MDL Chime
software using scripting techniques described by Eric Martz. We will describe
the laboratory and the results of a student evaluation of the lab we used for
course development purposes. This evaluation addresses the question of when
students find computer models less useful, as useful, or more useful than
hands-on models and compares these responses with their learning styles.

211.
DYNAMIC VISUALIZATION IN CHEMISTRY: USING MULTIMEDIA TO ENHANCE
LEARNING. James P. Birk, Debra E. Leedy, and Rachel Morgan, Department of
Chemistry & Biochemistry, Arizona State University, Tempe, AZ 85287-1604,
Fax: 480-965-2747, jbirk@asu.edu
Student performance and retention in general chemistry have been enhanced by
a combination of multimedia presentations and group-learning activities. Course
modifications leading to these improvements will be described briefly. We will
also describe and demonstrate a series of multimedia modules designed to
bridge the macroscopic-microscopic gap for students and to provide them with
a dynamic view of chemical processes at an atomic/molecular level. These
modules integrate real-time macroscopic, microscopic (optical), and atomic-level
(TEM, SEM, SPM) observations, in the form of video segments, with molecular
modeling to develop a connection between macroscopic phenomena and their
microscopic explanations.

212.
GRAPHICS AUGMENTATION OF HYPERCHEM USING TCL SCRIPTS. Ronald
Starkey, Chemistry, University of Wisconsin Green Bay, 2420 Nicolet Drive,
Green Bay, WI 54311, starkeyr@uwgb.edu, and William Shay, Computer
Science, University of Wisconsin Green Bay
The Windows based molecular modeling program HyperChem has integral
support for both the HCL scripting language (HyperChem Command Language)
and the more general and powerful TCL (Tool Command Language) scripts.
Either scripting language can be used to “drive” HyperChem presentations. We
have developed a general TCL module that allows the display of a text or
graphics window on the same screen as the standard HyperChem window. In
addition, the TCL module and HyperChem can be both be driven by easy to
write HCL scripts. We will demonstrate how HyperChem can be augmented by
the addition of GIF format structure drawings (e.g., from ChemWindow),
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photographs, and diagrams that can be integrated into lecture presentations or
student exercises. The TCL module and a sample HCL script will be made
available.
213.
USING MOLECULAR ORIGAMI TO EXPLORE MOLECULAR STRUCTURE AND
BONDING. Robert M. Hanson, Department of Chemistry, St. Olaf College, 1520
St. Olaf Ave., Northfield, MN 55057-1098, Fax: 507-646-3107,
hansonr@stolaf.edu
A method of introducing molecular structure and theory at the beginning
chemistry level will be presented that involves small-group student discussions
around a set of paper 300,000,000:1 student-produced scale models of a variety
of low molecular weight organic and inorganic species. Issues of hybridization,
geometry, bond length and bond angles are discussed by students in a guided
fashion, leading to student discovery of the fundamental differences in molecular
geometry, both salient and subtle. Also summarized will be recent student
course capstone projects that involved team-based design and construction of
scale models based on actual X-ray crystallographic or NMR spectroscopic data
of compounds of inorganic or biochemical interest.
Information on this unique approach is available at http://www.stolaf.edu/
people/hansonr/mo
214.
TEACHING STRUCTURE-FUNCTION RELATIONSHIPS IN PROTEINS WITH
RASMOL AND MAGE. Steven W. Weiner, Department of Chemistry and
Physics, Armstrong Atlantic State University, 11935 Abercorn Ext, Savannah, GA
31419-1997, Fax: 912-961-3226, weinerst@mail.armstrong.edu
RasMol and Mage are freeware programs that enable one to visualize and
manipulate three-dimensional images of molecules in pdb and kinemage
formats, respectively. Thousands of pdb (Protein Data Bank) and kinemage files,
as well as RasMol and Mage can be downloaded from the Internet. These
programs are extremely useful for teaching undergraduate level biochemistry,
especially topics of protein structure and function. Applications of RasMol and
Mage to teaching structure-function relationships of hemoglobin and myoglobin,
hierarchy of protein structure, and substrate specificity of serine proteases will
be demonstrated. An overwhelming majority of students surveyed agreed that
RasMol and Mage were very effective teaching tools. Since these programs and
the structure files could be downloaded from the Internet, a majority of students
used RasMol and Mage outside the classroom.
215.
MOLECULAR MODELING PROGRAM FOR TEACHING BIOCHEMISTRY. James C.
Dabrowiak, Paul J. Hatala, and Mark P. McPike, Chemistry, Syracuse University,
CST 1-014, Syracuse, NY 13244-4100, Fax: 315-443-4070, jcdabrow@syr.edu
The use of a molecular modeling program in a junior level course on structural
and physical biochemistry is described. The course combines the standard
lecture/exam format with a series of computer based homework assignments. In
the homework portion of the course, students use the molecular modeling
program HyperChem, to make and analyze the structures of drugs, nucleic acids
and proteins. The flexibility of the program allows downloading of files from the
Protein Data Bank, manipulation and modification of structures, and with the
help of “build” features in the program, creation of new structures. When small
molecules are “docked” with macromolecules, the student gets the opportunity
to see how drugs and inhibitors work at the molecular level. We feel that
computer exercises using a molecular modeling program is an excellent way to
generate excitement for the discipline and to hold student interest through the
more demanding aspects of physical biochemistry.
216.
SYNTHESIS, IR SPECTROSCOPY, AND VIBRATIONAL ANALYSIS OF
BENZENETRICARBONYLCHROMIUM(0): AN INORGANIC EXPERIMENT
INCORPORATING MOLECULAR MODELING. Eric J. Voss, Isabella A. Parlatore,
and David S. Baker, Department of Chemistry, Southern Illinois University
Edwardsville, Box 1652, Science Building, Edwardsville, IL 62026-1652, Fax:
618-650-3556, evoss@siue.edu
Molecular modeling has been incorporated into an inorganic laboratory experiment for the synthesis and characterization of benzenetricarbonylchromium(0).
(C6H6)Cr(CO)3 is synthesized in a stainless-steel high pressure bomb by reaction

of Cr(CO)6, benzene, and a catalytic amount of THF at 175 °C for 48 hours.
Infrared spectra of the isolated bright yellow compound are taken both in a KBr
pellet and in cyclohexane solution. The symmetry point group is determined to
be C3v, and the infrared-active modes of vibration are assigned based on the
character table. The geometry of (C6H6)Cr(CO)3 is optimized and the energy is
minimized using an unrestricted Hartree-Fock (UHF) calculation with the
effective core potential (ECP) and the SBK basis set. Vibrational modes for each
peak in the IR spectrum are visualized using the program MacMolPlot, and the
experimental IR peak values are compared to those resulting from the calculations. This project is supported by grants from the Southern Illinois University
Edwardsville Research Grants for Graduate Students, Excellence in Undergraduate Education, and Senior Assignment programs.

217.
PROMATCH: A PROGRAM FOR DISTANTLY RELATED PROTEIN HOMOLOGY
MODELING. Haizhen Zhong 1, Eileen T. Kraemer 2, and Ethan Will Taylor 1. (1)
Department of Pharmaceutical and Biomedical Sciences, University of Georgia,
R. C. Wilson Pharmacy Building, 333 D. W. Brooks Dr, Athens, GA 30605, Fax:
706-546-2673, zhongh@rx.uga.edu, (2) Department of Computer Science,
University of Georgia
Most successful attempts to predict the structure of a newly sequenced protein
focus on how to identify another protein, whose three dimensional structure is
known. Such sequence homology modeling is successful when the similarity is
high. However it is challenging when the similarity is low. How to match a
protein sequence to a structurally known protein is a problem of threading.
ProMatch is a program developed for protein threading. This algorithm makes
use of secondary structure information (helix, strand, and coil) in proteins in the
contact energy calculation. This feature makes it outperform existing protein
threading algorithms and should be generally applicable to protein structure
prediction.

218.
STRUCTURE AND DYNAMICS OF ZYMOGENIC FORM OF BLOOD COAGULATION
FACTOR X: MOLECULAR DYNAMICS INVESTIGATION. Divi Venkateswarlu 1,
Lalith Perera 1, Tom Darden 2, and Lee G. Pedersen 1. (1) Department of
Chemistry, University of North Carolina at Chapel Hill, CB#3290, Venable Hall,
Chapel Hill, NC 27519, Fax: 919-962-2388, divi@email.unc.edu, (2) National
Institute of Environment Health Science
Activation of zymogenic factor X (FX), a vitamin K-dependent protein, constitutes a key event in the blood coagulation cascade. Though the activated factor
X (FXa) has been the subject of intensive structural and experimental studies,
the structural features and differences of zymogenic factor-X, precursor of FXa,
from the activated form are not well understood. In addition, the full structure of
the zymogen is also important for understanding the protein-protein interactions
associated with the blood clotting process as it binds and is activated by either
TF-VIIa (extrinsic pathway) or FIXa-fVIIIa (intrinsic pathway) complexes. In the
present work, the solution structure and dynamics of the human coagulation
factor X have been investigated in order to understand the key structural
elements in the zymogenic form that participate in activation process. The
starting structure for the construction of the model is based on the 2.3 Å
resolution X-ray crystallographic structure of active-site inhibited FXa, solved by
Kamata et al. (PDB ENTRY: 1XKA). The missing GLA and part of the EGF1
domains of the light chain (1-46) were modeled based on the template of
GLA-EGF1 domains of FVIIa structure adopted from the X-ray structure of the
TF-VIIa complex (PDB ENTRY: 1DAN). The activation peptide and other missing
segments of FX are introduced using homology modeling. The full calciumbound model of factor X is subjected to 6 ns of molecular dynamics simulation
in aqueous medium using the AMBER6.0 package. We observe significant
reorientation of the serine-protease domain upon activation leading to a compact
multi-domain structure. The solution structure of zymogenic factor X appears to
be in a well-extended conformation with the distance between the plane of the
calcium ions in the GLA domain and the active-site residue (SER379) is
estimated to be about 95 Å while the same distance in activated form is
calculated to be about 83 Å (SER379). The latter is in close agreement with the
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experimental fluorescence studies. The overall structural features of the
zymogenic form are also compared with activated factor X and the subtle
structural differences and similarities between the activated and zymogenic
forms are discussed.
219.
COMPUTATION OF GEOMETRY NECESSARY FOR NUCLEATION:
SELF-ASSEMBLY OF DIVERSE PEPTIDES. Phil V. Narutis, R T Corp, Mail Suite
4751, 1314 Kensington, Oak Brook, IL 60522-4751, Fax: 708-447-8864,
phil@e-rt.com
Nucleation of crystals by surfaces is thought to occur more readily if appropriate geometry matches are present. In the case of marine organisms, the ability
to manipulate precise nucleation and termination of calcite and aragonite has
attracted attention. Several peptides have been studied for their potential role in
this process. A computational study was undertaken to define the possible
distance geometry that would be optimal for many different and diverse peptides
in this process. A model which involved the peptide self-assembly was predicted
to be most active.
220.
COMPUTER PREDICTION OF THE WATER-MEDIATED BINDING OF PEPTIDES
TO CLASS I MHC MOLECULES. Huynh-Hoa Bui, and Ian S. Haworth,
Department of Pharmaceutical Sciences, University of Southern California, 1985
Zonal Avenue, Los Angeles, CA 90089-9121, Fax: 323-442-1390, hbui@usc.edu,
ihaworth@usc.edu
A single class I major histocompatibility (MHC) protein is able to bind a diverse
range of peptide sequences with high specificity. Water at the peptide-MHC
binding interface has been shown to play an important role in defining peptideMHC interactions. Water can confer a high level of adaptability to the binding
surface, allowing promiscuous binding, and it can also provide exquisite
specificity and increased affinity by facilitating protein side chain-side chain and
peptide-protein interactions. Here, we present a computational approach to
predict the water structure mediating the interactions of different peptide-MHC
complexes. A simple scoring function is able to identify the optimal X-ray
structure of the peptide-MHC complex, and thus provides a predictive tool for
determining the peptide binding specificity of MHC class I molecules.
221.
DIRECT MEASUREMENT OF LOW-FREQUENCY DYNAMICS OF HYDRATED
PROTEIN FILMS USING FEMTOSECOND RAMAN SPECTROSCOPY. C. J. Fecko,
Anna L. Stevens, J. D. Eaves, and Andrei Tokmakoff, Department of Chemistry,
MIT, 77 Massachussets Ave., Cambridge, MA 02139, Fax: 617-253-7030,
cfecko@mit.edu, joel@mit.edu
We have measured the polarizability relaxation dynamics of hydrated protein
films from 20 femtoseconds to 25 picoseconds. Femtosecond depolarized
Raman measurements were made on optical quality amorphous films of
cross-linked lysozyme, myoglobin, and albumin. All three protein films show
almost identical dynamics, leading to two characteristic spectral features. The
low-frequency dynamics of all films are dominated by underdamped relaxation,
which gives rise to a wide peak in the susceptibility at 85 cm-1. Presumably,
this peak is the result of librational motion of residue side-chains. A broad and
relatively flat tail spans from 200 cm-1 to 1000 cm-1. This feature is similar to
depolarized Raman spectra of liquid water, and probably results from librations
of bulk and protein-bound water.
222.
MODELING MACROSCOPIC TRANSPORT THROUGH ORDERED NANOPOROUS
MEMBRANES FROM ATOMISTIC PRINCIPLES. David S. Sholl, and Anastasios
Skoulidas, Department of Chemical Engineering, Carnegie Mellon University,
Pittsburgh, PA 15213, Fax: 412-268-7139, sholl@andrew.cmu.edu
Zeolites are attractive as membrane materials in part because of their highly
ordered pore structures. Current zeolite membranes are polycrystalline films
10-100 µm thick, far too large to be directly modeled using atomistic techniques. We have developed a multi-scale approach that provides predictions of
macroscopic membrane performance using only the zeolite crystal structure and
interatomic potentials as input. This approach relies on using atomistic Monte
Carlo and Molecular Dynamics simulations to parameterize a continuum
description of molecular transport through the membrane. We will describe

extensive comparisons between our predictions and experimental measurements
of methane and tetraflouromethane through silicalite membranes. Our study also
provides information on the long-standing controversies surrounding experimental measurements of Fickian and tracer diffusivities in zeolites by giving an
extensive set of systems where we compute both of these quantities simultaneously. We will describe how our methods can be generalized to other
applications of molecular transport in nanoporous materials and how we are
using our methods to screen candidate materials for high temperature gas
separations.
223.
ENERGY LANDSCAPES OF FLOWING LIQUIDS AND STRESSED GLASSES.
Daniel J. Lacks, Department of Chemical Engineering, Tulane University, 300
Boggs Center, New Orleans, LA 70118, Fax: 504-865-6744,
daniel.lacks@tulane.edu
Stress is shown to cause significant changes in the energy landscape. For
example, stress is shown to cause local minima of the energy landscape to
disappear, leading to mechanical instabilities that force the system towards
alternate local minima. Flow in liquids generates shear stresses, and these shear
stress are shown to cause disappearances of energy minima that give rise to
the enhanced diffusion and reduced viscosity (shear thinning) known to occur in
flowing liquids. Applied pressure is shown to change the relative stability of
different regions of the energy landscape of silica, and a first-order amorphousamorphous transformation is predicted to occur in silica glass under pressure.
At low temperatures this first-order transformation is kinetically hindered, and
an amorphous-amorphous transformation occurs instead by gradual spinodal
decomposition (repeated disappearances of energy minima) at higher pressures.
224.
COOPERATIVE DYNAMICS IN GLASSY SYSTEMS: ENERGY LANDSCAPE
MODEL. Udayan Mohanty, Boston College, Eugene F. Merkert Chemistry Center,
Chestnut Hill, Newton, MA 02764, Fax: 617-552-2705, mohanty@bc.edu
We consider an energy landscape model for the reorientational motions of
molecules associated with primary alpha and secondary beta relaxation in glass
forming liquids and calculate the dielectric susceptibility as well as the spinlattice relaxation times. Whereas the primary relaxation is assumed to be
intricately coupled to transitions among different free-energy minima, the
secondary relaxation process is viewed as a local relaxation within a given
minimum. We find that it is not possible to obtain a crossing of the time scales
associated with the alpha and the beta relaxation. By a suitable generalization of
Adam-Gibbs configurational entropy ideas, we propose a novel connection
between the fragility index, the heat capacity and the entropy of molecular and
polymeric glass-forming liquids. The fragility index is related to the width of
glass transition region. Finally, we show that the experimental measurable
Narayanaswamy-Gardon non-linear parameter that serves as a measure of how
far the system is away from equilibrium is intimately related to the replica
symmetry breaking parameter that indicates whether the various minimum are
as distinct as imaginable.
225.
ORIGIN OF THE HEAT CAPACITY PEAK IN A GLASS-FORMING MIXTURE. Herb
Fynewever 1, Fernando Padilla 2, and Peter Harrowell 2. (1) Department of
Chemistry, California State Polytechnic University Pomona, 3801 W. Temple
Ave., Pomona, CA 91768, hfynewever@csupomona.edu, (2) School of
Chemistry, University of Sydney
In this work we show that the peak in Cv found in simulations of a supercooled
binary mixture of soft disks can be accounted for in terms of the equilibrium
distribution over the calculated distribution of local potential energy minima.
226.
FAST NUMERICAL INTEGRATOR FOR NONSTATIONARY STOCHASTIC
DYNAMICS. Eli Hershkovitz, and Rigoberto Hernandez, School of Chemistry and
Biochemistry, Georgia Institute of Technology, Atlanta, GA 30332, Fax:
404-894-7452, eli@theor.chemistry.gatech.edu
Recent progress towards developing nonstationary extensions of the generalized
Langevin equation have primarily involved multiplicative noise terms. The cases
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of space dependent friction, time dependent friction, and nontrivial combinations
thereof through the so-called irreversible generalized Langevin equation (iGLE)
all fall in this class of nonstationarity. A fast fourth-order numerical integration
scheme has now been extended to include all of these cases. Because of its
efficiency, the integration scheme has now allowed us to do extensive numerical
studies of the iGLE model for polymer growth, and the GLE model with
space-dependent friction for the transport of particles through heterogenous
environments.
227.
MULTIPLE TAYLOR SERIES EXPANSIONS IN GEOMETRY OPTIMIZATION OF
STEREOREGULAR POLYMERS. Benoı̂t Champagne, Chemistry, FUNDP, CTA
Lab (Belgium), rue de Bruxelles, 61, Namur 5000, Belgium, Fax: 003281724567,
benoit.champagne@fundp.ac.be, and Denis Jacquemin, Chemistry, FUNDP
We present an original methodology to calculate analytically the long-range (LR)
Coulombic effects to be included in Hartree-Fock forces computed on stereoregular polymers. The technique presented, based on multiple Taylor series
expansions, is completely general and can be easily extended to all orders of
expansion and to geometrical derivatives of higher order. In the McMurchie
Davidson or similar schemes, the LR terms are added directly to Hermite
integrals and LR effects are naturally considered during the computation of the
energy and its derivatives. Each type of derivative is examined to quantify the
impact of LR corrections. It turns out that the lattice sums of the gradients
evaluated on various macromolecules converge much faster when including
those corrections. In addition, the dependence of the energy with respect to the
unit cell length is for the first time considered in full details.
228.
GEOMETRY OPTIMIZATION OF SOLIDS USING DELOCALIZED INTERNAL
COORDINATES. Jan W. Andzelm, R. D. King-Smith, and George Fitzgerald,
Molecular Simulations, Inc, 9685 Scranton Road, San Diego, CA 92121-3752,
Fax: 858-458-0136, jwa@msi.com
Structure optimization of periodic systems is one of the primary tasks in Density
Functional simulations of solid-state physics and chemistry. Recently we have
introduced a new algorithm that uses delocalized internal coordinates to
optimize structures of periodic systems. This algorithm allows freezing of any
Cartesian or internal coordinates and treats disconnected fragments. Calculations
on structures of zeolites, polymers, molecular crystals, surface adsorbates and
drug polymorphs show that this algorithm is consistently superior to the typical
geometry optimization using Cartesian coordinates.
229.
COMPARING THE EFFICIENCY AND ACCURACY OF THE PROJECTOR
AUGMENTED WAVE DFT METHOD AGAINST GAUSSIAN BASED DFT METHODS.
Eric J. Bylaska 1, Marat Valiev 2, and John H. Weare 2. (1) Environmental
Molecular Sciences Laboratory, Pacific Northwest National Laboratory, PO Box
999, Richland, WA 99352, eric.bylaska@pnl.gov, (2) Department of Chemistry,
University of California, San Diego
Using a series of transition metal compounds in their molecular forms containing halogens, oxygens, alkyl groups, and other substituents, it is shown that a
free-space projector augmented wave (PAW) density functional theory (DFT)
code can give structural parameters and binding energies that are in good
agreement with more traditional Gaussian based DFT methods. In addition we
discuss our parallel implementation of the PAW method. Timings for the PAW
code and the parallel three-dimensional fast Fourier Transforms are presented,
and strategies for designing parallel PAW that can use a very large numbers of
processors are discussed. Finally, a unique aspect of our PAW code is that it
can use free-space boundary conditions, and accurate equations for the
electron-electron Greens functions kernel with free-space boundary conditions
are presented.
230.
MULTIPLE-TIMESTEP SCHEMES FOR BIOMOLECULAR DYNAMICS
SIMULATIONS. Tamar Schlick, and Paul F. Batcho, Department of Chemistry,
Courant Institute of Mathematical Sciences, and the Howard Hughes Medical
Institute, New York University, 251 Mercer Street, New York, NY 10012, Fax:
212-995-4152, schlick@nyu.edu
The structural details of biomolecules are of great importance because of the
crucial biological link between structure and function. With the advent of

supercomputers, workstations clusters, and parallel computing software,
molecular modeling and simulation has become a standard partners to experiment. Molecular dynamics (MD) simulations, in particular, offer a powerful tool
to refine experimental models and to probe systematically how molecules fold
and reshape to perform the basic functions of life. Some problems that are
beyond experiment can also be tackled by simulation.
Yet several practical limitations face biomolecular modelers. They include the
approximate nature of the governing force fields as well as simulation protocols,
the limited range of configurational sampling and relatively short trajectory
times, and the enormous computational requirements. New algorithmic
approaches, hierarchical spatial representations, and improved computing
platforms are needed to enhance the reliability of macromolecular simulations
and approach biological time frames.
I will present recent algorithmic work in our group focused on integration
schemes that combine force splitting approaches with stochastic dynamics,
most recently for particle mesh Ewald formulations in the widely used program
AMBER. See our our Group Web Page located at http//monod.biomath.nyu.edu/
index/papers.html for references and other publications.

231.
MULTIGRID METHODS FOR CLASSICAL MOLECULAR DYNAMICS. Robert D.
Skeel, Department of Computer Science, University of Illinois at
Urbana-Champaign, 3315 DCL, 1304 West Springfield Avenue, Urbana, IL
61801-2987, Fax: 217-333-3501, skeel@cs.uiuc.edu
Presented in the context of classical molecular mechanics and dynamics are (i)
multilevel summation methods for the fast calculation of energies/forces for
pairwise forces as well as (ii) multiple time stepping integrators. Hierarchical
interpolation of interaction potentials on multiple grids is the basis for algorithms to calculate energies and forces in linear time. The concepts and some
details underlying multigrid interpolation are described, and comparison is made
to the fast multipole method. For integration of molecular dynamics the use of
different time steps for different interactions would seem to have the potential of
allowing significantly longer time steps for most of the interactions. However,
stability problems make this goal elusive. The capabilities of some multiple time
stepping methods for molecular dynamics are discussed.

232.
THERMODYNAMICAL ANOMALIES AND OPTIMIZATION TECHNIQUES.
Constantino Tsallis, Department of Condensed Matter and Statistical Physics,
Centro Brasileiro de Pesquisas Fisicas, Rua Xavier Sigaud 150, Rio de Janeiro
22290-180, Brazil, Fax: 55-21-5867400, tsallis@cbpf.br
A variety of thermodynamical anomalies exist in nature which can be handled
within a recent generalization of Boltzmann-Gibbs statistical mechanics, based
on a nonextensive entropic form. The equilibrium distributions that are typically
obtained within this formalism are power-laws, instead of the traditional
exponentials. This feature can be utilized in order to consistently generalize
standard optimization techniques such as Simulated Annealing and others. The
computational methods so introduced are sensibly more performant than the
usual ones, thus enabling the study of complex molecules, both in classical and
quantum versions. A tutorial introduction to these ideas, as well as some simple
illustrations, will be presented.

233.
QUANTUM THERMAL ANNEALING AND SAMPLING OF SYSTEMS WITH ROUGH
ENERGY LANDSCAPES. Bruce J. Berne, and Yong-Han Lee, Department of
Chemistry, Columbia University, 3000 Broadway, MC 3103, New York, NY
10027, Fax: 212-932-1289, berne@chem.columbia.edu
We have devised a quantum thermal annealing method for finding the global
energy minima of systems with rough energy landscapes. This method is based
on the path-integral quantum monte carlo method. A renormalization group
approach is introduced into this path integral quantum thermal annealing
method. This new global optimization algorithm (QTAR), applied to a highly
frustrated BLN model protein with 46 residues, achieved significant improve-
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ment in the success rate for locating the global minimum of this protein, while
using less computational effort than previous schemes used. Further applications and possible enhancements of the algorithm will be discussed.
234.
“FOUR-PHASE” APPROACH FOR PRIORITY SETTING OF XENOESTROGENS.
Hong Fang1, Weida Tong1, Leming Shi1, Roger Perkins1, Huixiao Hong1, Qian
Xie1, Meihua Tu1, William Branham2, Daniel M Sheehan2. (1) R. O. W. Sciences,
National Center for Toxicological Research, 3900 NCTR Road, Jefferson, AR
72079, Fax: 870-543-7382, hfang@nctr.fda.gov, (2) FDA’s National Center for
Toxicological Research (NCTR), Jefferson, AR 72079
Recent legislation mandates the U.S. EPA to develop a screening and testing
program for potential endocrine disrupting chemicals (EDCs), of which xenoestrogens figure prominently. Under the legislation, a large number of chemicals
will undergo various in vitro and in vivo assays for their potential estrogenicity,
as well as other hormonal activities. There is a crucial need to set priority for
these chemicals for experimental screening and testing. Here we report an
integrated computational approach to priority setting using estrogen receptor
(ER) binding as an example. This approach rationally integrates different
predictive computational models into a “Four-Phase” scheme so that it can
effectively identify and prioritize ER-mediated EDCs. In Phase I, several simple
rejection filters or rules are used to exclude those chemicals that are well
definitely not have any activity. In Phase II, three types of models, including
structural alerts, pharmacophores, and classification methods, are used to make
a qualitative activity prediction. In Phase III, multiple QSAR models are used to
make a more accurate quantitative activity prediction. Phase IV, an expert
system is expected to combine information gained from Phase II and Phase III
and other sources to make a decision on priority setting. In order to minimize
the rate of false negatives and false positives, while these four phases work in a
hierarchical way, i.e., a previous phase is used to reduce the number of
compounds to be considered by the next phase, different methods within a
specific phase are complement each other. The performance of the system will
be discussed for analysis of a number of datasets, including 58,000 chemicals
identified by the U.S. EPA.
235.
CARBOHYDRATE-PROTEIN RECOGNITION IN AQUEOUS SOLUTION:
THEORETICAL ANALYSIS OF OLIGOSACCHARIDE BINDING TO CONCANAVALIN
A. Richard A. Bryce, School of Pharmacy and Pharmaceutical Sciences,
Manchester University, Oxford Road, Manchester M13 9PL, United Kingdom,
Fax: 0161-275-2481, r.a.bryce@man.ac.uk
Carbohydrate ligands are important mediators of biological recognition. High
resolution microcalorimetry has found an N-linked glycan pentasaccharide to
bind to the lectin concanavalin A with almost the same affinity as the corresponding trimannoside. Determination of the crystal structure of the pentasaccharide complex found a glycosidic linkage PSI torsion angle to be distorted by
50 degrees from the NMR solution value and perturbation of some key
mannose-protein interactions observed in the structures of the mono- and
trimannoside complexes. To unravel the free energy contributions to binding and
to determine the structural basis for this degeneracy, we will present the results
of quantum mechanical and force field calculations, utilising the recently
developed MM-GB/SA approach
236.
COMPARATIVE QSAR ANALYSES OF CYCLOOXYGENASE-2 (COX-2)
INHIBITORS. Rajni Garg, Alka Kurup, Suresh B. Mekapati, and Corwin Hansch,
Chemistry Department, Pomona College, 645 N. College Avenue, Claremont, CA
91711, Fax: 909-607-7726, rngarg@pomona.edu, akurup@pomona.edu
Nonsteroidal anti-inflammatory drugs (NSAIDS) exhibit their effect by inhibiting
Cyclooxygenase (COX) enzyme. COX exists in two distinct isoforms: the
constitutive form (COX-1) expressed virtually in all tissues and the inducible
form (COX-2) largely restricted to the brain and kidney. During normal physiology COX-2 levels are undetected in most tissues. During periods of acute and
chronic inflammation, however, the levels of COX-2 are very often, significantly
high. The association of COX-2 with inflammation led to the hypothesis that
selective inhibitors of COX-2 might be anti-inflammatory without the side effects
of the NSAIDS. Recently Talley et al. (Med. Res. Rev. 1999, 19, 199) reported

COX-2 inhibitory activities of 4,5-diaryloxazoles. Quantitative Structure-Activity
relationship studies revealed significant correlations between the activity and
physicochemical parameters of substituents. The hydrophobic,electronic and
steric effects of substituents seem to be involved in receptor-ligand binding.
Based on our findings the mechanism of action of these inhibitors is discussed.

237.
CONFORMATION SUBSTATES AND TRANSITIONS IN CARBONMONOXY
MYOGLOBIN BY CONFORMATIONAL FLOODING SIMULATIONS. Jeffrey D.
Evanseck, Department of Chemistry and Biochemistry, Duquesne University, 320
Mellon Hall, 600 Forbes Ave, Pittsburgh, PA 15282, Fax: 412-396-5683,
evanseck@duq.edu, Brita G. Schulze, Analytics and Production, MBT Munich
Biotechnology, and Helmut Grubmuller, Biophysikalische Chemie, Max Planck
Institut
The functional importance of large scale motions and transitions of carbonmonoxy myoglobin (MbCO) conformational substates (CS) has been studied by
molecular dynamics (MD) and conformational flooding (CF) simulations. A
flooding potential was constructed from an 800 ps MD trajectory of solvated
MbCO to accelerate slower protein motions beyond the time scale of contemporary simulations. Three conformational transitions (tier-1 substates) resulting
from seven principal molecular motions were assigned to the spectroscopic A0
state (tier-0 substate) of MbCO, where His64 is solvated and not within the
hydrophobic pocket binding site. The first computed conformational transition
involves a distal pocket gate defined by the C and D helices and the interconnecting CD loop (residues 40–55). The gate-like motion is interpreted to regulate
ligand access from the distal side of the heme. Simultaneously, a proximal
pocket lever involving the F helix and surrounding EF and FG loops (residues
82–105) is found to shuttle the heme deep into the protein matrix (heme RMSD
of 3.9 Å) as the distal pocket gate opened. The lever’s effect on the heme
motion is assumed to attract ligands into the heme pocket. The second major
transition involves the compression and expansion of the cavity formed by the
EF loop (residues 77-84) and the GH loop and H helix (residues 122–138). The
motion is interpreted to modulate the hydrophobic pocket volume and regulate
the ligand access from the proximal side of the heme. A third computed
conformational transition was found to be a combination of the previous
motions. For the first time, CF was applied in a series of room temperature
simulations to accelerate molecular motions of the MbCO native fold and define
the lower tier hierarchy of substate structure. The computed CSs and associated
transitions coincide with previously suggested putative ligand escape pathways,
and support a hierarchical description of protein dynamics and structure. A
unified model that utilizes both mechanisms of distal His64 modulation (tier-0)
and protein equilibrium fluctuations (tier-1) is presented to explain ligand
diffusion in the MbCO dissociation reaction.

238.
DESIGN AND DEVELOPMENT OF NEW INHIBITORS OF PROSTATE-SPECIFIC
MEMBRANE ANTIGEN. A. Jayne Oliver 1, Olaf G. Wiest 1, Marvin J. Miller 1, and
Martin Tenniswood 2. (1) Department of Chemistry and Biochemistry, University
of Notre Dame, Notre Dame, IN 46556-5670, Fax: 219-631-6652,
aoliver@nd.edu, (2) Department of Biological Sciences, University of Notre
Dame
PSMA is highly homologous to NAALADase, the neuropeptidase that releases
the neuro-transmitter glutamate from N-acetylaspartylglutamate. Transition state
mimics of this hydrolysis reaction are potent inhibitors of both NAALADase and
PSMA. Design of such inhibitors, which are suitably derivitized, will afford
diagnostic markers for prostate-derived cells. Monte Carlo calculations using the
Merck Molecular Force Field (MMFF/water) implemented in MACROMODEL were
employed to investigate the conformational space available to a set of
NAALADase inhibitors. Conformations within 3 kcal/mol of the global minima
were subjected to Cluster Analysis. The conformational similarity of each
inhibitor to the substrate was assessed and a simple pharmacophore developed
(Figure 1). This model was then used to investigate the suitability of new types
of compounds as potential PSMA inhibitors. Biological activity is dependant on a
complex criterion of physico-chemical parameters, hence a QSAR was developed
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to predict the activity of PSMA inhibitors prior to synthesis. Figure 1: Overlay of
conformations within 3 kcal/mol of the global minimum of a typical PSMA
inhibitor.

effect, we propose a double-well interaction potential that has a feature of
dynamical barrier modulation. Interestingly, we find that without long-ranged
interaction, the beta-sheet architecture does have a generic cooperativity arising
from desolvation effect. We argue that the physiologic role of sequence
heterogeneity is to destruct the generic cooperativity and avoid large-scaled
aggregation. How the present microscopic cooperativity can be extended to
macroscopic cooperativity in amyloidogenesis and other clinical functions
remains to be explored in future.
242.
COMPARISON OF HIGH THROUGHPUT PROPERTY PREDICTION METHODS. C.
John Blankley, and Eric M. Gifford, Ann Arbor Laboratories, Pfizer Global
Research and Development, 2800 Plymouth Road, Ann Arbor, MI 48105, Fax:
734-622-2782, John.Blankley@pfizer.com

239.
DEVELOPMENT OF CB1 RECEPTOR-BASED MOLECULAR SUPERPOSITION
MODEL FOR 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
In response to structurally diverse cannabimimetic compounds, brain cannabinoid (CB1) receptors transduce and relay signals to central nervous system
(CNS) via directly bound GTP-binding proteins (G-proteins). Identifying key
binding site residues of the CB1 receptor is crucial for understanding molecular
mechanism of the CB1 receptor agonism and antagonism. From mutation
studies, Lys192 residue is known to be important for cannabinoids and
anandamide, but not for aminoalkylindoles (AAIs) and SR141716A. Based on
the X-ray crystallographic structure of bovine rhodopsin, a homology model
of the CB1 receptor transmembrane and extracellular loop regions has been
constructed and optimized by using quenched molecular dynamic (QMD)
simulations. Receptor-based molecular superposition models have been
developed from Monte Carlo (MC) simulated docking of CP55244, WIN55212-2,
SR141716A, and anandamide. Details in comparison with ligand-based superposition models will be presented.
240.
PARALLEL ADAPTIVE SOLUTION OF THE POISSON-BOLTZMANN EQUATION
FOR LARGE BIOMOLECULES. Nathan A. Baker, Dept. of Chemistry, Dept. of
Mathematics, University of California San Diego, 9500 Gilman Dr., Mail Code
0365, La Jolla, CA 92093-0365, Fax: 858-534-7042, nbaker@mccammon.ucsd.edu,
David Sept, Dept. of Chemistry, University of California San Diego, Michael J.
Holst, Dept. of Mathematics, University of California San Diego, and J. Andrew
McCammon, Howard Hughes Medical Institute, University of California San
Diego
Using new methods for the parallel solution of elliptic partial differential
equations, the teraflops computing power of massively parallel computers can
be leveraged to perform electrostatic calculations on large biological systems.
Parallel adaptive multilevel finite element algorithms have been implemented in
the new APBS software package, designed to solve the Poisson-Boltzmann
equation for the electrostatic potential around large biomolecules. Preliminary
use of the APBS software to investigate the electrostatic properties of large
microtubule structures (40 nm long, 24 nm wide, 600,000 atoms) has demonstrated the capabilities of these adaptive finite element techniques and provided
insight into electrostatic influences on the assembly and stability of microtubules. For additional information about the availability of APBS and images
produced with this software, please see http://wasabi.ucsd.edu/∼nbaker/
research/pbe.html.
241.
DESOLVATION-CAVITY-INDUCED MICROSCOPIC COOPERATIVITY IN ␤-SHEET
FORMATION. Chin-Lin Guo, Physics/Biophysics, UC San Diego, 9500 Gilman
Drive, La Jolla, CA 92093-0319, Fax: 858-534-7697, guochin@physics.ucsd.edu,
and Herbert Levine, Physics, UC San Diego
To understand the origin of folding cooperativity, we explore the microscopic
cooperativity in an explicit small-scaled beta-sheet model. To include solvation

Several methods have been put forward as computational screening models for
properties of pharmacokinetic interest. We have developed models of our own
for this purpose and compare these with several recently available methods. In
particular we assess the comparative performance and suitability of QikProp
(Jorgensen and Duffy), GSSI (Pearlman) and QMPR+ (Simulations+) in a high
throughput environment. Our experience with the utility of these programs for
estimating lipophilicity, water solubility and passive blood-brain partitioning is
reported.
243.
APPLICATION OF NON-PARAMETRIC REGRESSION TO QSAR. Jonathan D.
Hirst, School of Chemistry, University of Nottingham, University Park,
Nottingham NG7 2RD, United Kingdom, Fax: +44-115-951-3562,
jonathan.hirst@nottingham.ac.uk
Several non-parametric regressors have been applied to modelling quantitative
structure-activity relationship (QSAR) data. Performances were benchmarked
against multilinear regression and the nonlinear method of smoothing splines.
Variable selection was explored through systematic combinations of different
variables and combinations of principal components. For the data examined, 539
inhibitors of a well characterised serine kinase of interest in cell signalling
cascades, the best two-descriptor model had a five-fold cross-validated
q-squared of 0.43, and was generated by a multi-variate Nadaraya-Watson
kernel estimator. Other approaches did not perform as well. A modest increase
in predictive ability can be achieved with three descriptors, but the resulting
model is less easy to visualize. We conclude that non-parametric regression
offers a potentially powerful approach to identifying the most predictive
low-dimensional QSAR.
244.
ADVANCES IN ELECTRONIC PROPERTY-ENCODED MOLECULAR SHAPE
DESCRIPTORS. C. Matthew Sundling, and Curt M. Breneman, Department of
Chemistry, Rensselaer Polytechnic Institute, Cogswell Lab 319A, 110 8th St,
Troy, NY 12180, Fax: 518-276-4045, sundlm@rpi.edu
Recent developments in alignment-free molecular shape comparison technology
have led to important enhancements of Zauhar’s seminal molecular “Shape
Signatures”. Within that core technique, molecular shapes are encoded by
recording the distribution of ray tracing paths within a van der Waals surface
envelope. Through a combination of this technology with a set of ten electron
density-derived TAE/RECON molecular surface properties (BNP, EP, PIP, DRN,
DKN,DGN,LAPL,G, K and FUK), a multidimensional fingerprint of propertyencoded shape information may be generated that is characteristic of molecular
reactivity patterns in addition to shape specificity. Fingerprints of this type may
be used as similarity metrics for molecular classification in addition to bioactivity or ADME screening.
245.
BENZENE QUADRUPOLARITY AND ARENE-ARENE INTERACTIONS. Rainer
Glaser, and Zhengyu Wu, Department of Chemistry, University of
Missouri-Columbia, Columbia, MO 65211, Fax: 573-882-2754,
glaserr@missouri.edu, zw46c@mizzou.edu
We are interested in employing benzenes as lateral synthons in crystal engineering. This study focuses on the theoretical level dependency of the quadrupolarity
of benzene. The quadrupole moment tensor components are calculated using
restricted Hartree-Fock theory, RHF, second-order perturbation theory, MP2(full),
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quadratic CI theory, QCISD, and density functional theory. These levels were
employed in conjunction with double- and triple- basis sets. The largest basis
set employed is the cc-pVDZ++ basis set. The unabridged quadrupole moment
tensor components are analyzed to reveal the theoretical level dependencies.
Electron correlation always decreases QPARA and increases QPERP. The independent
traceless quadrupole moment ZZ is also calculated to compare our results with
the experimental value. The quadrupole moment is employed in the calculation
of the quadrupole-quadrupole interaction of benzene dimers. It is shown that the
quadrupole-quadrupole interaction energy is many magnitudes too small to
contribute in any significant way to arene-arene interactions.

246.
QUANTITATIVE CHARACTERIZATION OF THE P-C BONDS IN YLIDES OF
PHOSPHORUS. Petar M. Mitrasinovic, and Robert L. Fulton, Department of
Chemistry, The Florida State University, Tallahassee, FL 32306-4390, Fax:
850-644-8281, pmitrasi@chem.fsu.edu
Quantitative measures of how a single electron in a many electron system is
shared between any two spatial points are given by the sharing amplitude and
the sharing index. These quantities depend only on the single particle density
matrix and are independent of any localization procedure. The P-C bonds in
molecules such as PHCH2, PH3CH2, PF3CH2, and PH3CHF have been characterized by these measures. On the basis of inter-basin sharing indices, the P-C
bonds are: (mostly) double in PHCH2, and single in PH3CH2, PF3CH2, and
PH3CHF. On the basis of the group basin charges and inter-group sharing
indices between the CH2 (or CHF) groups and PH1, 3 (or PF3) groups, the
molecules are ionic with double bonds between the groups (in line with an ylene
form). The secondary sharing indices indicate that the electrons are quite
delocalized over the basins of the following groups: CPH in PHCH2, CPH3 in
PH3CH2, CPF3 in PF3CH2, and CPH3 in PH3CHF.

247.
TEMPERATURE AND ENERGY DEPENDENCE OF THE HF STRETCH RED SHIFT
IN ARn-HF CLUSTERS. Emanuele Curotto, Chemistry, Beaver College, 450 S.
Easton Road, Glenside, PA 19038-3295, Fax: 215-572-7595, curotto@beaver.edu
Until recently computations of the HF stretch red shift in Arn-HF clusters have
focused on the zero temperature limit for this quantity. Both quantum and
classical estimates of the HF stretch red shift at zero Kelvin can be found in the
literature. Clusters prepared in jet expansions can have temperature or energies
that vary considerably. Our group has been concerned with classical and
quantum canonical and microcanonical simulations of Arn-HF clusters (n = 12,54)
with the goal of understanding how the finite temperature state affects the red shift.
We have discovered that core to surface isomerizations of Ar12-HF at 10 K decrease
significantly the magnitude of the shift. Quantum calculations reveal that tunneling
of the HF molecule further enhances the core to surface exchange in Ar12-HF. Since
the isomerization takes place below the cluster “melting” range, it may be possible
to determine the red shift experimentally.

248.
LONG TIMESCALE SIMULATIONS OF SURFACE PROCESSES WITHIN
HARMONIC TRANSITION STATE THEORY. Hannes Jonsson, and Graeme
Henkelman, Department of Chemistry 351700, University of Washington, Seattle,
WA 98195-1700, Fax: 206-685-8665, hannes@u.washington.edu
We have used the Dimer method to search for various possible transitions from
a given initial state and then used a kinetic MC algorithm to select between the
different transitions and advance time in order to simulate long timescale
dynamics of island formation and diffusion on an Al(100) surface. Typically a
few tens of dimer searches suffice to find the relevant processes in a system of
a few hundred atoms. A millisecond was reached in simulations of island
diffusion at room temperature. This typically involved a few thousand distinct
transitions and took on the order of a couple of days of CPU time on a
workstation when the system was described by an EAM interaction potential.
The Al islands diffuse primarily by concerted substitutional processes. Comparison with other methods for finding saddle points will be given.

249.
EXTENDING ATOMISTIC SIMULATION TIME SCALES. Arthur F. Voter,
Theoretical Division, Los Alamos National Laboratory, T-12 MS B268, Los
Alamos, NM 87545, Fax: 505-665-3909, afv@lanl.gov
A significant problem in the atomistic description of materials is that molecular
dynamics simulations are limited to nanoseconds, while important reactions and
diffusive events often occur on time scales of microseconds and longer.
Although rate constants for slow events can be computed directly using
transition state theory, this requires first knowing the transition state. Often,
however, we cannot even guess what events will occur; for example, in
vapor-deposited metallic surface growth surprisingly complicated exchange
events are pervasive. I will discuss new methods (hyperdynamics, parallel
replica dynamics, and temperature accelerated dynamics) for treating this
problem of complex, infrequent-event processes. The idea is to directly
accelerate the dynamics to achieve longer times without prior knowledge of the
available reaction paths. I will discuss recent developments and present
simulations of metallic crystal growth at experimental deposition rates.
250.
PROTRACTED COLORED-NOISE DYNAMICS: A NOVEL METHOD FOR THE
EFFICIENT RELAXATION OF VITREOUS SYSTEMS. Jerry W. Jenkins, and Peter
J. Ludovice, School of Chemical Engineering, Georgia Institute of Technology,
778 Atlantic Ave., Atlanta, GA 30332-0100, Fax: 914-577-7273,
pete.ludovice@che.gatech.edu
Neither Molecular Dynamics (MD) or Monte Carlo (MC) models, in their basic
forms, are particularly efficient at relaxing dense vitreous systems. Such
systems include important engineering materials such as polymeric glasses.
Because the relaxation times of these materials are much longer than typical MD
simulation times, MD cannot relax such structures properly. Until this time-scale
limitation is overcome, accurate molecular modeling of this important class of
material will be very difficult. This limitation has prompted the application of MC
methods to these systems. However, MC models are not particularly efficient
because it is difficult to construct MC moves that don’t result in a high-energy
structure most of the time. To this end, a number of smarter MC moves have
been postulated that more efficiently sample phase space. However, even these
cannot address the very large relaxation times of such vitreous systems. More
recently, extended ensemble methods such as J-walking and parallel tempering
have been applied. These methods exchange microstates with ensembles at
higher temperatures in order to push the lower temperature system over the
large energy barriers with greater frequency. While these MC approaches appear
to be very efficient they are not very general. Not only do they require the setup
of additional ensembles, they also require the formulation of efficient MC moves
for a particular system. While this is simple to do for idealized polymers, it is
difficult to do for realistic polymers of arbitrary complexity. For this reason
commercial modeling software depends more heavily on MD rather than MC
methods. We have recently developed a method called Protracted Colored-Noise
Dynamics (PCND) that adds additional fluctuations to MD methods to efficiently
relax vitreous systems. These fluctuations are added via the inclusion of colored
noise rather than the white noise typically used in stochastic dynamics, and an
approximate adherence to the Fluctuation Dissipation Theorem. The behavior of
this system in simulating a bulk Lennard-Jones glass will be discussed.
Preliminary work indicates that this method relaxes glasses over three orders of
magnitude faster than conventional MD.
251.
AGGREGATION-VOLUME-BIAS MONTE CARLO: A NOVEL MONTE CARLO
ALGORITHM FOR SIMULATING STRONGLY ASSOCIATING FLUIDS. Bin Chen,
Department of Chemistry, University of Minnesota, 207 Pleasant St. SE,
Minneapolis, MN 55455, Fax: 612-626-7541, binchen@chem.umn.edu, John M.
Stubbs, Depts. of Chemistry and of Chemical Engineering and Materials Science,
University of Minnesota, and J. Ilja Siepmann, Departments of Chemistry,
Chemical Engineering and Materials Science, University of Minnesota
Strongly associating fluids are an important class of systems well-known for the
formation of aggregates (usually connected via hydrogen bonds) in their
saturated vapor phases or in dilute solutions. For such systems, molecular
simulation offers an important opportunity to advance our understanding of their
aggregation behavior, including the aggregate architectures and size distributions. However, strongly associating fluids pose a special challenge for molecu-
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lar simulation because aggregate formation leads to traps in phase space, i.e.,
configurations that have a very large Boltzmann weight associated with the large
favorable energies of cluster formation. A novel aggregation-volume-bias Monte
Carlo (AVBMC) algorithm is presented which greatly enhances the efficiency of
sampling the phase space of fluid systems consisting of strongly associating
molecules. The AVBMC algorithm is easy to implement, generally applicable, and
robust. The efficiency of the AVBMC algorithm is demonstrated for a large
variety of processes and systems, including the vaporization of a liquid methane
droplet or of a water cluster, an investigation of the temperature- and pressure
dependent properties of superheated hydrogen fluid vapor, the vapor-liquid
coexistence curve of acetic acid, and a study of the aggregation of alcohols in
dilute solutions. Part of the computer resources were provided by the Minnesota
Supercomputing Institute (MSI).
252.
FINDING PUTATIVE PROTEIN TARGETS OF A SMALL MOLECULE BY A
COMPUTER APPROACH. Y. Z. Chen, Department of Computational Science,
National University of Singapore, Blk S17, Level 7, 07-24, 3 Science Drive 2,
Singapore 117543, Singapore, Fax: 65-774-6756, yzchen@cz3.nus.edu.sg
A therapeutic agent is often capable of binding to multiple protein targets in
human body, which has implication to its therapeutic and un-wanted effects.
Knowledge of multiple protein targets of a small molecule is therefore important
in facilitating the prediction of therapeutic effect, side effect and toxicity of drug
leads and natural products as well as clinical drugs. It may also be used in
probing ligand-protein interactions involved in biological processes and
pathways. We have developed a computer method and application software for
searching putative protein targets of a small molecule. Testing studies on four
clinical drugs show that 30% to 50% of identified putative targets have been
implicated or confirmed experimentally. Results on a few anticancer Chinese
natural products are also presented.
253.
MODELING THE DEAMIDATION OF ASPARAGINE RESIDUES VIA SUCCINIMIDE
INTERMEDIATES IN SOLUTION. Viktorya Aviyente 1, Aylin Sungur Konuklar 1,
Gerald Monard 2, and Manuel Ruiz-Lopez 2. (1) Department of Chemistry,
Bogazici University, Istanbul 80815, Turkey, Fax: 90-212-2872467,
aviye@boun.edu.tr, (2) Laboratoire de Chimie Theorique, Universite Henri
Poincare
Density functional theory has been used to reproduce the cyclization, deamidation as well as the hydrolysis reactions of a model peptide in the gas phase and
in solution. Confirmation of the experimental results regarding the fact that
deamidation is slower than cyclization in acidic medium and the opposite in
basic medium has enabled us to propose mechanisms for both processes.

254.
PYRIDOXAL PHOSPHATE IN DIFFERENT PROTEIN ENVIRONMENTS: HOW
DOES STRUCTURE INFLUENCE CATALYTIC FUNCTION? Mary Jo Ondrechen,
Dept of Chemistry, Northeastern University, 360 Huntington Avenue, Boston, MA
02115, Fax: 617-373-8795, maryjo@neu.edu
Pyridoxal phosphate (PLP) serves as a cofactor to a host of important enzymes.
PLP forms a Schiff base with amino acids and this Schiff base serves as
substrate to four different classes of enzymes, yielding four completely different
products. We present a model for the protein environment and then study the
ab initio electronic structure of the Schiff base as a function of protein environment. The model treats the adjacent charged residues of the active site quantum
mechanically. The remainder of the protein structure is treated as an assembly
of charges that subjects the substrate to an electric field. The present work
focusses on the Schiff base of PLP and alanine and the proteins alanine
racemase and D-amino acid aminotransferase. We report on how the protein
environment perturbs the bond orders of the Schiff in order to activate or
deactivate specific bonds and thus facilitate specific reactions. We also report on
the effects of the protein environment on substrate conformation and on proton
transfer equilibria within the substrate. We also show how dynamics can play an
important role in the catalytic function.

255.
VOLTAGE-DEPENDENT INTERACTIONS BETWEEN THE ANTI-MICROBIAL
PEPTIDE ALAMETHICIN AND MODEL MEMBRANES. D. Peter Tieleman,
Department of Biological Sciences, University of Calgary, 2500 University Drive
NW, Calgary, AB T2N 1N4, Fax: +1 403 289 9311, tieleman@ucalgary.ca, and
Mark S. P. Sansom, Lab. of Molecular Biophysics, University of Oxford
Understanding the binding, insertion and aggregation of peptides in lipid bilayers
is an essential prerequisite for understanding anti-microbial activity and
membrane-protein folding. Molecular simulation allows a detailed study of such
interactions. We have simulated the anti-microbial peptide alamethicin in a
phospholipid bilayer and in a membrane-mimetic octane/water system, with
applied electric fields. In octane, N-terminal insertion occurs at fields from 0.33
V/nm and higher, in simulations of up to 100 ns duration. These simulations
offer an exciting glimpse of the atomic detail of the insertion of a peptide into
an idealized lipid environment. Insertion of alamethicin occurs in two steps,
corresponding to desolvation of the Gln7 side chain and the backbone of Aib10
and Gly11. Upon insertion, the side chain of Gln7 loses three hydrogen bonds
with solvent. This may provide a powerful driving force for aggregation of
inserted peptides. Simulations exploring the aggregation of alamethicin are
currently in progress.

