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DIVISION OF COMPUTERS IN CHEMISTRY

1.
INTERNALLY CONTRACTED MULTIREFERENCE COUPLED CLUSTER THEORY.
COMPUTER AIDED IMPLEMENTATION OF ADVANCED ELECTRONIC
STRUCTURE METHODS. Marcel A Nooijen, Department of Chemistry, Princeton
University, Washington and William Street, Princeton, NJ 08544,
nooijen@princeton.edu
The conventional ‘single reference’ variant of Coupled Cluster theory applies to
systems that are qualitatively well described by a single Slater determinant. In
addition generalizations of CC theory to describe excited states (e.g. Equation of
Motion CC and CC response theory) have been widely used in the past decade.
However, the application of CC approaches to genuinely multireference systems
like magnetic transition metal complexes or certain transition states in chemical
reactions that involve extensive mixing of configurations is still in its infancy.
The generalization of CC theory to treat the genuine multireference case has
been a long standing problem. Here I will describe an efficient and accurate
formulation and present initial test applications. Some apects of the scheme are
summarized below. The number of cluster coefficients that describe “dynamical
correlation” is only marginally larger than in the single reference case. The
dominant part of the wave function of interest (the reference state) is described
by creating ‘holes’ in a single determinant comprised of all important orbitals.
The nomenclature “internally contracted” indicates that the cluster operator acts
as an entity on the reference state. The formalism is trivially spin- and symmetry adapted. It can be used to calculate a small manifold of states in a stateaveraged approach. The theory is size-consistent even though it contains
disconnected diagrams. The equations that determine the amplitudes are rather
complicated. We will describe a tool, the Automatic Program Generator (APG)
that derives the equations in an automated fashion and generates an efficient
Fortran code to perform the actual calculations. The APG has been instrumental
in making progress in this area. The resulting non-linear algebraic equations can
be (nearly) singular, implying that quite different values of the cluster coefficients can describe nearly the same wave function. This problem is inherent to
the so-called internally contracted formulation. We will describe a singular value
decomposition strategy to solve the non-linear equations that appears to be
stable numerically. Examples will be presented that illustrate various aspects of
the methodology.

idea of the MMCC theory is that of a simple, noniterative energy correction
which, when added to the energy obtained in standard coupled-cluster (e.g.,
CCSD) calculations, recovers the exact energy. The most intriguing aspect of the
MMCC theory is the possibility of “renormalizing” the standard ab initio
methods, including the popular CCSD(T) approach, so that they can correctly
and very accurately describe potential energy surfaces involving bond dissociation. The MMCC theory can be extended to excited states, via the equation-ofmotion CC formalism or via the multi-reference CC (MRCC) approach. Both
extensions will be discussed. Finally, we will describe a new, inexpensive, and
promising MRCC method, which combines the state-universal MRCC approach
with the multi-reference many-body perturbation theory (MRMBPT).
4.
SIMULATION OF ELECTRONIC SPECTRA USING COUPLED-CLUSTER
METHODS. John F Stanton, Department of Chemistry, University of Texas,
Austin, TX 78712, stanton@jfs1.cm.utexas.edu
It is not widely appreciated that methods based on equation-of-motion (or linear
response) coupled-cluster theory are capable of providing a proper description
of strongly coupled potential energy surfaces, including the phenomena
associated with conical intersections. As a result, calculations based on these
approaches are suitable for parametrizing vibronic Hamiltonians that can be
used in the simulation of electronic absorption and photoelectron spectra. These
approaches have been applied to the electronic spectra of the interstellar species
propadienylidene and cyclopentadiene as well as the photoelectron and electronic absorption spectrum of p-benzoquinone.
5.
LOCAL PSEUDOSPECTRAL MULTI-REFERENCE SINGLES AND DOUBLES
CONFIGURATION INTERACTION. Derek Walter, Department of Chemistry and
Biochemistry, University of California, Los Angeles, P.O. Box 951569 , Los
Angeles, CA 90095-1569, USA, Los Angeles, CA 90095-1569,
walter@chem.ucla.edu, and Emily A. Carter, Department of Chemistry and
Biochemistry, UCLA

We report on an extension of the local correlation concept to electronically
excited states via the equation-of-motion coupled cluster method. The usual
localization approach, in which wave function amplitudes are limited to excitations between molecular orbitals in close proximity, is problematic for many
excited states [e.g., charge transfer (CT) states] due to their inherent “non-local”
character. We examine the efficacy of several methods for augmenting the usual
localized-orbital domains of the wave function to account for these difficulties.
We also consider the overall scaling reduction of the method relative to the
canonical approach and thus its potential for application to larger molecules.

We present a new reduced scaling MRSDCI algorithm based upon the combination of local correlation methods and pseudospectral methods. The weak-pairs
approximation of Saebo and Pulay is employed to eliminate configurations
having excitations out of pairs of weakly-interacting orbitals. In conjuction with
this, the pseudospectral approximation is used to reduce certain two electron
integrals into a product of intermediate quantities depending on no more than
two orbital indices. The intermediate quantities are used directly in the CI
equations to substantially reduce the number of operations required for
Hamiltonian diagonalization. Additionally, our CI algorithm is based upon the
symmetric group graphical approach CI of Duch and Karwowski. For the
purpose of developing reduced scaling CI algorithms, this approach has
important advantages. The most important of these advantages are the on-thefly calculation of coupling coefficients and the separation of the spin and spatial
parts of the wavefunction. The MRSDCI method presented here is up to 5 fold
faster than the analytic non-local method. We apply the method to determine a
series of binding energies in hydrocarbons and show that the method predicts
binding energies which are within a few kcal/mol of those predicted by the
analytic non-local method.

3.
NEW SINGLE- AND MULTI-REFERENCE COUPLED-CLUSTER METHODS FOR
MOLECULAR POTENTIAL ENERGY SURFACES AND EXCITED STATES. Piotr
Piecuch, Karol Kowalski, and Ian S.O. Pimienta, Department of Chemistry,
Michigan State University, College of Natural Science, East Lansing, MI
48824-1322, Fax: 517-353-1793, piecuch@cem.msu.edu

6.
SOLVATION MODELING FOR RATIONAL DRUG DESIGN. Donald G. Truhlar,
Christopher J. Cramer, Jason D. Thompson, Paul D. Winget, and James D.
Xidos, Department of Chemistry and Supercomputer Institute, University of
Minnesota, 207 Pleasant Street Southeast, 139 Smith Hall, Minneapolis, MN
55455-0431, Fax: 612-626-9390, truhlar@umn.edu

We will discuss a new approach to the many-electron correlation problem,
termed the method of moments of coupled-cluster equations (MMCC). The main

We are developing a new solvation model called SM5.43 that incorporates three
main advantages over our previously available solvation models. First, the

2.
A LOCALLY CORRELATED EQUATION-OF-MOTION COUPLED CLUSTER
APPROACH FOR EXCITED STATES OF LARGE MOLECULES. T. Daniel
Crawford, Department of Chemistry, Virginia Tech, 107 Davidson Hall,
Blacksburg, VA 24061, Fax: 540-231-3255, crawdad@vt.edu, and Rollin A. King,
Department of Chemistry, Bethel College (MN)
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training set has been expanded, especially by including new nitrogen functionality of interest for modeling of drug leads. Second, the new model is based on
hybrid density functional theory with variable amounts of Hartree-Fock exchange
that may be adjusted for the specific range of compounds of greatest interest.
Third, the model is based on the new CM3 class IV charge model, which is
itself parameterized over a greater range of polar molecules, again with
increased emphasis on nitrogen-containing molecules. This work was supported
in part by the NSF and by University of Minnesota Supercomputer Institute.
7.
DESIGN, SYNTHESIS, AND BIOLOGICAL EVALUATION OF NOVEL
ANGIOGENESIS INHIBITORS. J. Phillip Bowen 1, Scott Furness 1, Thomas Philip
Robinson 1, Tedman Ehlers 1, Jack L. Arbiser 2, and David Goldsmith 3. (1)
Department of Chemistry, University of Georgia, Computational Center for
Molecular Structure and Design, Athens, GA 30602, Fax: 706-542-2673,
bowen@ccmsd.chem.uga.edu, (2) Department of Dermatology, Emory
University, (3) Department of Chemistry, Emory University
The formation of new blood vessels is necessary for tumors to grow beyond a
certain critical size which increases the chances of metastases. This process of
new blood vessel growth is known as neovascularization or angiogenesis. The
development of angiogenesis inhibitors is a promising approach for anti-tumor
agents. The design, synthesis, and biological evaluation of some decalin dione
analogs will be presented, particularly focusing on conformational preferences.
8.
FLEXIBLE LIGAND DOCKING WITH GLIDE: EVALUATION OF STRUCTURE
PREDICTION PERFORMANCE AND UTILITY FOR VIRTUAL LIGAND SCREENING.
Richard Friesner 1, Thomas A. Halgren 2, Peter Shenkin 2, Robert B. Murphy 2,
Jay Banks 2, Hege Beard 2, Jasna Klicic 2, Daniel Mainz 2, Jason Perry 2, and
Thomas F. Hendrickson 2. (1) Department of Chemistry, Columbia University,
(2) Schrodinger, Inc, 3655 Nobel Drive Suite 550, San Diego, CA 92122, Fax:
858-643-0026, hendrick@schrodinger.com
The accurate prediction of the binding mode of a ligand to a biological receptor
is an essential step for applying rational methods based on chemistry and
physics to estimate the absolute or relative binding free energy of that ligand to
the receptor. We present here the results of using the GLIDE program to predict
the binding modes of over 230 protein/ligand complexes from the Protein Data
Bank. We also will present the results of using GLIDE and the GlideScore
empirical binding function on several receptors to select known active compounds from a ligand database. In general, the average RMS deviation of the
predicted ligands’ geometry from that determined experimentally is less than
1.70 Angstroms. Furthermore, enrichment factors for known active compounds
as high as 63-fold over random database screening against protein receptors
can be demonstrated.
9.
CHANGING THE HTS PROCESS TO INCREASE THE INFORMATION CONTENT.
Frank K Brown, CADD, R.W. Johnson, PRI, 1000 roue 202, PO Box 300,
Raritan, NJ 08869, fbrown@prius.jnj.com
New protocols and methodology to enhance the hit rate in HTS screening and
lower the cost will be discussed. A different approach must be taken to ensure
more information content at the end of screen to allow for the design of
chemical libraries. There is too much waste and noise in the present process,
there must be a better way.
10.
DOCKING STUDY OF NON-NUCLEOSIDE INHIBITORS OF HIV-1 REVERSE
TRANSCRIPTASE. Zhigang Zhou 1, Marcela Madrid 2, and Jeffry Madura 1. (1)
Department of Chemistry and Biochemistry, Duquesne University, Pittsburgh, PA
15119, zhou@duq.edu, madura@duq.edu, (2) Pittsburgh Supercomputing Center
The reverse transcriptase of human immunodeficiency virus type1 (HIV-1 RT)
plays a key role in the duplication of the human immunodeficiency virus by
transcribing the single-stranded RNA into double-stranded DNA and is a key
target of drugs used to treat the acquired immune deficiency syndrome (AIDS).
Using MOE-Dock and Autodock we have docked several new non-nucleoside RT
(NNRT) inhibitors into NNRT binding site of two different crystal structures of
HIV-1 RT. These new inhibitors are derivatives of Neotripterifordin. We will

discuss the structure of the docked complexes along with predicted binding
affinities.
11.
RATIONAL DISCOVERY OF ASPARAGINE SYNTHETASE INHIBITORS USING
COMPUTATIONAL METHODS. Yun Ding, and Nigel G J Richards, Department of
Chemistry, University of Florida, Box 117200, Gainesville, FL 32611, Fax:
352-392-7918, yding@chem.ufl.edu, richards@qtp.ufl.edu
Recent work has suggested that leukemia cells become drug-resistant by
over-expressing asparagine synthetase (AS), an enzyme that biosynthesizes
asparagine from aspartic acid, glutamine and ATP. Potent, specific AS inhibitors
that can pass into cells might be useful tools in establishing the mechanism of
resistance, and may have potential clinical applications in new therapies for
acute lymphoblastic leukemia. The novel aspartyl-AMP analogs 1 and 2 show a
unusual kinetic mechanism of AS inhibition. We have therefore employed the
crystal structure of Escherichia coli asparagine synthetase B bound to AMP and
glutamine, and a combination of homology modeling and simulated annealing
MD simulations, to obtain models of human AS bound to substrates, and
reaction intermediates. The details of these calculations, together with their
application to understanding how the aspartyl-AMP analogs 1 and 2 are bound
within the C-terminal, synthetase site, will be described.

12.
USE OF ISOSTERICITY MATRICES IN THE REVERSE FOLDING OF RNA. E.
Westhof, and B. Masquida, UPR9002, IBMC-CNRS, 15 rue Rene Descartes,
Strasbourg 67084, France, Fax: +33388417066, E.Westhof@ibmc.u-strasbg.fr
Experimental and theoretical studies on the three-dimensional architecture of
self-splicing group I introns and other large catalytic RNAs revealed their
modular and hierarchical assembly. Thus, RNA architecture can be visualized as
the hierarchical assembly of preformed double-stranded helices defined by
Watson-Crick base pairs and RNA modules maintained by non-Watson-Crick
base pairs (1). The program MANIP (2) has been used for assembling several
RNAs on the basis of previously identified RNA-RNA contacts and sequence
analysis. Crystal structures, published after modelling, are now available for
comparisons. RMS values ranging between 4.0 and 8.5 Å are obtained depending on the system being compared. Comparisons between NMR and X-ray
structures give rms values around 5 Å for two RNA structures. In order to go
beyond global agreement between predicted and observed RNA architectures,
more information is needed about non-Watson-Crick pairs. We proposed a
classification that is based on the observation that the edge-to-edge, hydrogenbonding interactions of RNA bases, as revealed by high-resolution x-ray
crystallography, exhibit recurrent geometric patterns (3). An important feature of
the nomenclature is that it highlights isosteric relationships among basepairs,
and thus facilitates RNA modeling as well as the recognition of compatible base
pairs for a given 3D motif. In short, first, we search the sequence space
available to a given 3D motif present in the structural database. Secondly, this
knowledge is used to identify regions in sequences compatible with a given 3D
motif. Thus, the process goes from structure space to sequence space and then
back from a given sequence to the prediction of a fold. (1) E. Westhof, B.
Masquida, & L. Jaeger, Folding & Design 1 : 78-88 (1996). (2) C. Massire & E.
Westhof, J. Mol. Graph. & Mod. 16 : 197-205 (1998). (3) N.B. Leontis & E.
Westhof, RNA 7 : 499-512 (2001).
13.
ISOSTERICITY MATRICES: A TOOL FOR COMPARATIVE SEQUENCE ANALYSIS.
Neocles Leontis 1, Eric Westhof 2, and Jesse Stombaugh 1. (1) Department of
Chemistry, Bowling Green State University, Bowling Green, OH 43403, Fax:
419-372-9809, leontis@bgnet.bgsu.edu, (2) UPR9002, IBMC-CNRS
Almost half the bases in RNA molecules form non-Watson-Crick basepairs.
Ordered assemblies of such interactions form modular, recurrent motifs that
mediate long-range RNA-RNA interactions and create specific binding sites for
proteins and ligands, including drugs. The rapidly growing number of three-
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dimensional RNA structures at atomic resolution requires that databases contain
the annotation of such basepairs. We recently proposed an unambiguous and
descriptive nomenclature for classifying RNA basepairs according to the base
edges participating in the interaction (Watson-Crick, Hoogsteen/CH, or Sugar
edge) and the orientation of the glycosidic bonds relative to the H-bonds (cis or
trans). Twelve basic geometric families were identified, of which eleven have
been observed in crystal structures. For each basepairing family, we will present
the 4x4 “Isostericity Matrices” summarizing the geometric relationships between
the 16 pairwise combinations of the four standard bases, A, C, U, and G with,
whenever available, a representative example of each observed basepair from
X-ray crystal structures, and, otherwise, theoretically plausible models. This
format makes apparent the recurrent geometric patterns that are observed and
helps identify isosteric pairs that covary or interchange in sequences of
homologous molecules while maintaining conserved 3D motifs.

resistant to chloramphenicol and the level of chloramphenicol resistance
depends upon the amount of functional CAT protein produced by the plasmidderived ribosomes. One application of the system is to identify functionally
important structural motifs within conserved rRNA sequences. In this process,
termed “instant evolution”, functional mutants are isolated from a pool of
randomly mutated nucleotides in vivo. Nucleotide variation and co-variation of
the clones in the functional library are then analyzed to identify non-random
patterns of nucleotide substitution. These data are then used to predict the
presence of specific pairing interactions and structural motifs.

14.
INTEGRATED SYSTEM FOR RNA ANALYSIS AND VISUALIZATION. Helen M.
Berman 1, John D. Westbrook 1, Huanwang Yang 1, Eric Westhof 2, Fabrice
Jossinet 2, and Neocles Leontis 3. (1) Department of Chemistry and Chemical
Biology, The State University of New Jersey, 610 Taylor Road, Wright-Rieman
Laboratories, Piscataway, NJ 08854, (2) CNRS, Institut de Biologie Moléculaire
et Cellulaire, (3) Department of Chemistry, Bowling Green State University

The protein-folding problem is to understand for a given protein the relation
between its sequence of amino acids and the set of thermally accessible
conformations; and to comprehend the mechanism by which the protein folds
into its biologically active structure. In this talk, I will discuss strategies to
tackle the protein-folding problem within the framework of computational
science.
In principle, structural transitions in proteins and folding can be studied by
computer simulations. However, the energy landscape of proteins is characterized by a multitude of local minima separated by high energy barriers. Hence,
low temperature simulations by canonical molecular dynamics or Monte Carlo
will get trapped in configurations corresponding to one of these local minima.
We show how this so-called multiple-minima problem can be overcome by new
simulation techniques such as parallel tempering and generalized-ensemble
algorithms.
We demonstrate the effectiveness of this approach for protein simulations, and
study these molecules from a statistical physics point of view. The free energy
landscape and structural transitions in small proteins are evaluated. An overview
over recent results will be presented.

Progress on the development of an integrated RNA analysis and visualization
system will be presented. We have developed a scheme for displaying RNA
secondary and tertiary structures as well as an auditor to manipulate these
representations. The software tools comprising this system exchange information using the RNA markup language (RNAML). This system will facilitate the
analysis of experimentally and theoretically derived RNA models. Ultimately
these tools will be incorporated into the Nucleic Acid Database (NDB). This work
is supported by funds from NSF and DOE.

15.
STATISTICALLY DERIVED BASE PAIR STACKING FREE ENERGIES FOR RNA
FOLDING. Michael Zuker, Department of Mathematics Sciences, Rensselaer
Polytechnic Institute, 110 Eighth Street, Troy, NY 12180, Fax: 518-276-4824,
zukerm@rpi.edu
The prediction of RNA secondary structure for single sequences uses nearest
neighbor thermodynamic parameters estimated from melting studies on
oligoribonucleotides. We are exploring the possibility of applying energy-like
quantities derived from statistical analyses of known RNA secondary structures,
starting with base pair stacking frequencies. These parameters could be used to
replace or augment existing experimentally determined parameters. We present
the results of statistical derivations and analyses of the distribution of base pair
stacking interactions in databases of known secondary structures for ribosomal
RNAs, group I introns and ribonuclease P RNAs. The calculated ratios of
observed to expected frequencies for each structurally unique base pair stack
were used to derive pseudo-free energies. These quantities were compared with
experimentally determined free energy values for base pair stackings and for
symmetric 2x2 interior loops. We observe high correlation between experimental
parameters and computed pseudo-free energies.

16.
GENETIC DETERMINATION OF RIBOSOMAL RNA STRUCTURE. Philip R.
Cunningham 1, HyunDae D. Cho 2, Kangseok Lee 3, Marny Waddington 1, Kris A.
Baker 1, Ashesh Sarayia 1, and Elita Laios 1. (1) Department of Biological
Sciences, Wayne State University, 5047 Gullen Mall, Detroit, MI 48202, Fax:
313-577-6891, philc@wayne.edu, (2) Biochemistry Department, University of
Washington School of Medicine, (3) Department of Genetics, Stanford University
School of Medicine
A genetic system was developed to study ribosomal RNA function in vivo. In
this system, the chloramphenicol acetyltransferase (CAT) message is translated
exclusively by plasmid-encoded ribosomes. Expression of CAT renders the cells

17.
THE GENERALIZED-ENSEMBLE APPROACH FOR PROTEIN FOLDING STUDIES.
Ulrich H.E. Hansmann, Department of Physics, Michigan Technological
University, 1400 Townsend Dr, Houghton, MI 49931-1295, Fax: 906-487-2933,
hansmann@mtu.edu

18.
ENHANCED SAMPLING OF PROTEIN DYNAMICS BY CONFORMATIONAL
FLOODING SIMULATIONS. Jeffrey D. Evanseck, Department of Chemistry and
Biochemistry, Duquesne University, 600 Forbes Ave, Pittsburgh, PA 15282, Fax:
412-396-5683, evanseck@duq.edu
The dynamics and functional importance of carbonmonoxy myoglobin (MbCO)
has been studied by molecular dynamics (MD) and conformational flooding (CF)
simulations. A flooding potential was constructed to accelerate slower protein
motions beyond the time scale of contemporary simulations. Three conformational transitions (tier-1 substates) resulting from six principal molecular
motions (tier-2 substates) were assigned to the spectroscopic A0 state (tier-0
substate), where His64 is solvated and not within the hydrophobic pocket
binding site. 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 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.

19.
GENERALIZED-ENSEMBLE ALGORITHMS: ENHANCED SAMPLING TECHNIQUES
FOR MOLECULAR SIMULATIONS. Yuko Okamoto, Theoretical Studies, Institute
for Molecular Science, Okazaki, Aichi 444-8585, Japan, Fax: +81-564-53-4660,
okamotoy@ims.ac.jp
The difficulty in molecular simulations comes from the fact that there exist
astronomically large number of local minima in the energy function, forcing any
simulation to get trapped in one of the energy local minima. Novel algorithms
that can alleviate this multiple-minima problem are thus in urgent demand. We
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have been advocating the uses of the generalized-ensemble algorithms.
Recently, we have developed new effective generalized-ensemble algorithms that
are based on the replica-exchange method. In this talk, I will present some of
the latest results of our simulations in protein folding.
20.
ENHANCING SAMPLING OF BIOMOLECULES USING NOVEL VARIABLE
TRANSFORMATIONS. Glenn J Martyna 1, Mark E Tuckerman 2, Zhongwei Zhu 3,
Katianna Pihakari 4, and Shane Samuelson 4. (1) Physical Science Division, IBM
Research and Indiana University, Route 134, Kitchawan Rd, Yorktown Heights,
NY 10598, martyna@us.ibm.com, (2) Chemistry Department, New York
University, (3) New York University, (4) Indiana University
Sampling the energy landscape of large biomolecules presents a variety of
problems. First, the landscale is locally rough, that is large barriers must be
overcome in order to visit different basins of attraction, inhibiting efficiency
Second, large scale domain motion must occur that may not involve crossing
barrers but is slow due to its large mass. In this talk, novel variable transformations that preserve the equilibrium distribution function, exactly, but overcome
these two difficulties are presented. Applications to both model and large
biomolecular systems are given
21.
DIGITAL SIGNAL PROCESSING METHODS TO ANALYZE AND ENHANCE
CONFORMATIONAL CHANGE. Jonathan W Essex 1, Stephen C Phillips 1, Robert
J Gledhill 1, and Colin M Edge 2. (1) Department of Chemistry, University of
Southampton, Highfield, Southampton SO17 1BJ, United Kingdom, Fax: +44
(0)23 8059 3781, jwe1@soton.ac.uk, (2) GlaxoSmithKline
Conformational change in protein systems is an important part of their function.
However, the study of such events using computer simulations is hampered by
their low probability. In this presentation, the application of Digital Signal
Processing methods to this problem is described. Digitally Filtered Molecular
Dynamics is a technique by which the velocities in a molecular dynamics
computer simulation are modified in a frequency selective fashion. The selective
amplification of low frequency motion is able to increase the rate of conformational change. A recursive modification of the basic algorithm will be described,
together with its application to a range of systems, including solvated peptides.
Finally, the results of applying the new Hilbert-Huang Transform method to the
analysis of changes in conformation during a computer simulation will be
described. This technique is able to yield simultaneously excellent frequency and
time resolution when applied to a non-periodic signal.
22.
COUPLED CLUSTER METHODS FOR HIGH ACCURACY AND BOND-BREAKING.
Martin Head-Gordon, Department of Chemistry, University of California Berkeley
and Chemical Sciences Division, Lawrence Berkeley National Laboratory,
Berkeley, CA 94720, mhg@bastille.cchem.berkeley.edu
Coupled cluster methods such as CCSD and CCSD(T) are generally reliable
single reference methods for equilibrium properties of molecules. However they
are not adequate for the description of bond-breaking, and the perturbative (T)
correction sometimes behaves erratically. We shall discuss the new (2)
correction to coupled cluster theory that we have recently proposed, which
remedies many of the deficiencies of the established (T) method. A variety of
test calculations on highly correlated systems will be presented. Additionally we
shall describe modifications of standard coupled cluster theory to approximate
valence active space methods, which keep the cost low enough that all valence
electrons can be included in the active space. Examples of current capabilities
and limitations will be shown.
23.
DESCRIBING MULTI-REFERENCE SITUATIONS WITHIN A SINGLE-REFERENCE
FORMALISM: THE EQUATION-OF-MOTION SPIN-FLIP MODEL AND ITS
APPLICATIONS TO DIRADICALS. Anna I. Krylov, Department of Chemistry,
University of Southern California, Los Angeles, CA 90089-0482, Fax:
213-740-3972, krylov@usc.edu
Recently proposed Spin-Flip (SF) approach extends the accuracy of singlereference methods to multi-reference situations, i.e., diradicals and bondbreaking. Both closed and open shell singlet states are described within a single
reference formalism as spin-flipping, e.g., alpha-beta, excitations from a triplet

(Ms=1) reference state for which both dynamical and non-dynamical correlation
effects are much smaller than for the corresponding singlet state. Formally, the
new theory can be viewed as an Equation-of-Motion model where excited states
are sought in the basis of determinants conserving the total number of electrons
but changing the number of alpha and beta electrons. Results for equilibrium
properties of singlet diradicals, as well as singlet-triplet gaps, are presented.

24.
A MODEL FOR ELECTRON CORRELATION USING WIGNER INTRACULES. Peter
M.W. Gill, Nicholas A. Besley, and Darragh P. O’Neill, School of Chemistry,
University of Nottingham, University Park, Nottingham NG7 2RD, United
Kingdom, Fax: 44-115-951-3562, peter.gill@nottingham.ac.uk
In the real world, electrons engage in a complicated energy-minimizing dance
that keeps them relatively close to nuclei and far from one another. In contrast,
the Hartree-Fock model assumes that they move independently (apart from
requirements of the Antisymmetry Principle) and obtains an energy that is too
high. The difference between the Hartree-Fock and exact energies is called the
correlation energy.
We have recently introduced a function, the Wigner intracule, that gives the
probability of finding two electrons in a molecule at a specified distance from
one another and moving with a specified relative momentum. There are reasons
to believe that the Wigner intracule contains most of the physics behind the
correlation energy and we will present numerical results that show how this
energy can be determined from it.

25.
CALCULATION OF SECOND-ORDER MöLLER-PLESSET ENERGIES FOR LARGE
MOLECULES. Peter Pulay, Department of Chemistry and Biochemistry,
University of Arkansas, Chemistry Building, Fayetteville, AR 72701, Fax:
501-575-4049, pulay@mail.uark.edu, Jon Baker, Parallel Quantum Solutions,
LLC, Svein Saebo, Department of Chemistry, Mississippi State University, and
Krzysztof Wolinski, Department of Theoretical Chemistry, M. Curie-Sklodowska
University, Lublin
Second order Many-Body Perturbation Theory with the Möller-Plesset partitioning (MP2) is the simplest configuration-based correlation method. It is widely
used, both by itself, and in conjunction with other methods to obtain highly
accurate extrapolated molecular energies. MP2 is preferable to Density Functional Theory (DFT) for systems where dispersion forces are important, for
hydrogen-bonded systems, and is useful to check the reliability of e.g. DFT
barriers.
Several recently implemented efficient MP2 methods will be discussed:
(1) An efficient canonical MP2, based on a novel prescreening
(2) Parallel MP2 on a cluster of Linux personal computers
(3) A new low-scaling local MP2 which is, in the limit, equivalent to canonical
theory
(4) Dual-basis MP2, which uses a smaller basis at the SCF level and an
extended basis for correlation
As we will demonstrate, calculations with up to 2000 basis functions can now
be carried out routinely on low-cost computers.

26.
COMPACT DESCRIPTION OF CORRELATION USING LOCALIZED ORBITALS.
Laimutis Bytautas, Joseph Ivanic, and Klaus Ruedenberg, Department of
Chemistry and Ames Laboratory USDOE, Iowa State University, Ames, IA 50011,
Fax: 515-294-0266, bytautas@fi.ameslab.gov
A major shortcoming of the configuration interaction approach to electron
correlation is the excessive number of configurations required to recover
“chemical accuracy” (about one millihartee in the energy) and it has stimulated
the development of various methods for dealing with this problem. The
elimination of “deadwood” from CI expansions has two aspects: The identification of effective orbitals and the identification of essential configurations. To be
practical, both choices ought to be made before the wavefunction is known. We
have developed an approach based on two sets of localized orbitals, one set in
the strongly occupied orbital space and the other in the weakly occupied
correlating orbital space. On the basis of a few physically motivated arguments
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regarding the distance-dependence of the correlations between such orbitals, a
simple procedure has been found to generate accurate compact CI expansions.
27.
AUTOMATED DESIGN OF HIGH-AFFINITY, DRUG-LIKE PROTEIN INHIBITORS.
William L. Jorgensen, and Julian Tirado-Rives, Department of Chemistry, Yale
University, New Haven, CT 06520-8107, Fax: 203-432-6299,
bill@adrik.chem.yale.edu
The Analog program has been created to generate libraries of compounds with
the structure of each member optimized in the binding site of the target protein.
A scoring function is used to predict the binding affinity or activity of each
compound, which may also be screened by the QikProp program to assure
drug-like properties. Refined protein-ligand binding calculations are performed
for the most promising leads via Monte Carlo simulations with statistical
perturbation theory and linear response approaches using the MCPRO program.
The classical OPLS-AA force field describes the intermolecular and intramolecular interactions and the solvent is explicitly represented with the TIP4P water
model. Thermodynamic and structural results will be presented for applications
of the methodology for design of inhibitors for several enzymes including HIV
reverse transcriptase, COX-1, and COX-2.
28.
COMPUTER AIDED DRUG DESIGN METHODS FOR DRUG DISCOVERY:
LIMITATIONS AND ADVANTAGES. M. Rami Reddy, and Mark D. Erion,
Metabasis Therapeutics Inc, 9390 Towne Centre Drive, San Diego, CA 92121,
Fax: 858-622-5583, Reddy@mbasis.com
Computational assessment of the binding affinity of enzyme inhibitors prior to
synthesis is an important component of computer-assisted drug design (CADD)
paradigms. Relative binding affinities calculated using Molecular Mechanics
(MM), Structure-Based 3-D QSAR, Free Energy Perturbation (FEP) methods
provide qualitative, semi-quantitative and quantitative agreements, respectively,
with experimental results. Even though FEP methodology is the most accurate
means of estimating relative binding affinities between two inhibitors, due to its
complexity and computation-intensive nature, practical applications are restricted
to analysis of structurally related inhibitors. In this presentation, the limitations
and advantages of MM, 3-D QSAR and FEP methods for estimating relative
binding affinities of fructose 1,6-bisphosphatase inhibitors will be discussed.
29.
LIGAND BINDING AFFINITIES FROM MD SIMULATIONS. Johan Åqvist, Dept. of
Cell and Molecular Biology, Uppsala University, Biomedical Center, POB 596,
SE-751 24 Uppsala, Sweden, Fax: int+46-18-536971, Johan.Aqvist@icm.uu.se
Simplified free energy calculations based on force field energy estimates of
ligand-receptor interactions and thermal conformational sampling have emerged
as a useful tool in structure-based ligand design. Here we give an overview of
the linear interaction energy (LIE) method for calculating ligand binding free
energies from molecular dynamics simulations. A notable feature is that the
binding energetics can be predicted by considering only the intermolecular
interactions of the ligand in the associated and dissociated states. The approximations behind this approach are examined and different parametrizations of the
model are discussed. LIE type of methods appear particularly promising for
computational ‘lead optimization’. Recent applications to protein-protein
interactions and ion channel blocking are also discussed.
30.
LIGAND-BINDING LANDSCAPES: CONDITIONS OF NECESSITY AND
SUFFICIENCY IN THE DESIGN OF DOCKING AND SCORING METHODS. Charles
L. Brooks III, Department of Molecular Biology (TPC-6), The Scripps Research
Institute, 10550 North Torrey Pines Road, La Jolla, CA 92037, Fax:
858-784-8688, brooks@scripps.edu
The development of both physically and empirically based scoring functions for
ligand screening and docking are a common theme in rational drug design.
However, little attention has been paid to the nature of the ligand-binding
landscape and the corresponding conditions it provides to direct this development. We will describe ongoing efforts to develop methods to assess the nature
of these landscapes and tools to evaluate and hone the performance of scoring

and docking functions used in rational drug design. We will discuss our
assessment of a number of commonly used scoring functions for these
purposes and their success and failures in predicting native-like conformations
for receptor-docked ligands. Our efforts have led to the development of a public
data base, the Ligand-Protein Data Base (LPDB, http://lpdb.scripps.edu),
comprising structurally characterized protein-ligand complexes with measured
binding affinities and a host of derived properties describing the nature of the
ligand-receptor interactions. We will briefly describe this data base and its
intended function.

31.
APPLICATIONS OF SENSITIVITY ANALYSIS AND COMPARATIVE
SEQUENCE/STRUCTURE ANALYSIS TO DESIGNING SPECIFIC PROTEIN KINASE
INHIBITORS. Chung F Wong, Howard Hughes Medical Institute and Department
of Pharmacology, University of California, San Diego, 9500 Gilman Drive,
MC0365, La Jolla, CA 92093-0365, c4wong@ucsd.edu, and J Andrew
McCammon, Howard Hughes Medical Institute and Department of Chemistry and
Biochemistry and Department of Pharmacology, University of California, San
Diego
We will review recent work on applying computational sensitivity analysis and
comparative sequence/structure analysis to help design specific protein kinase
inhibitors starting with the crystal structure of a single protein-ligand complex.
Computational sensitivity analysis has been used to identify the determinants of
binding affinity. These determinants can help to construct 3D pharmacophore
models for mining new potential drug leads from small-molecule libraries, and
to identify fragments of peptide substrates that can be used as templates for
designing peptide mimics to inhibit protein kinases. Comprehensive comparative
sequence/structure analysis has been used to generate insights into designing
highly specific inhibitors, and into identifying new drug targets that could extend
the use of a class of compounds already well studied by a company. We will
illustrate this approach by applying it to study two types of inhibitors of protein
kinase A: one binds to the ATP-binding pocket, the other to the peptide-binding
site.

32.
DE NOVO DESIGN AND MODELING OF SELECTIVE INHIBITORS OF
PNEUMOCYSTIS CARINII DIHYDROFOLATE REDUCTASE. W. Todd Wipke, and
Rich McClellan, Molecular Engineering Laboratory, Department of Chemistry and
Biochemistry, University of California, Santa Cruz, CA 95064,
wipke@chemistry.ucsc.edu
We present results for the de novo design of selective Pneumocystis carinii
dihydrofolate reductase (DHFR) inhibitors. Our program INVENTON was used to
automatically detect the differences in the active sites of Pneumocyst is carinii
and homo sapiens DHFR and utilize those differences in the design of inhibitors
that are selective in calculo for the bacterial form. This work, which focuses on
perceiving and utilizing the differences in electrostatics, complements our earlier
work on designing selective ligands for proteins where the differences are
primarily steric (Cyclooxygenase-1/2). Analysis of the results with respect to
selectivity, diversity, and binding affinity will also be discussed.

33.
PREDICTION OF RNA SECONDARY STRUCTURE. Douglas H. Turner, Susan J.
Schroeder, Mark E. Burkard, and David H. Mathews, Chemistry, University of
Rochester, RC Box 270216, Rochester, NY 14627-0216, Fax: 585-473-6889,
turner@chem.rochester.edu
The databases of genome sequences provide a foundation for developing
databases of RNA secondary structures. Free energy minimization with nearest
neighbor parameters provides useful predictions of possible secondary structures for a given RNA. These predictions depend on free energy parameters for
RNA loops. Recent experiments with internal and multibranch loops suggest
revisions to models used to approximate the free energies of these loops.
Predictions of secondary structure are improved by simultaneously minimizing
free energy and aligning base pairs for two sequences with identical function.
Evidently, this combination partially compensates for incomplete knowledge of
RNA thermodynamics. A new computer program, called Dynalign, automates
this combination of free energy minimization and sequence comparison.
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34.
DNA THERMODYNAMIC DATABASE AND NEW ALGORITHMS FOR PROBE
DESIGN. John SantaLucia Jr., Department of Chemistry, Wayne State
University, Detroit, MI 48202, Fax: 313-577-8822, jsl@chem.wayne.edu

37.
STRUCTURE-BASED LIGAND DESIGN FOR RNA TARGETS. Thomas Hermann,
ANADYS Pharmaceuticals, Inc, 9050 Camino Santa Fe, San Diego, CA 92121,
thermann@anadyspharma.com

A complete database of thermodynamic parameters for predicting singlestranded DNA secondary structure and for duplex hybridization is being
compiled. Parameters measured in our lab are currently available for WatsonCrick base pairs, all possible single mismatches, dangling ends, terminal
mismatches, coaxial stacking of helices, and empirical equations for the sodium
and magnesium dependence. In addition, significant progress has been made on
parameterization oligonucleotides that contain several different types of modifications. Characterization of single-stranded motifs such as hairpin loops are
underway. The current database has been implemented into two algorithms:
DNA-MFOLD and HYTHER. The DNA-MFOLD server (http://bioinfo.math.rpi.edu/
∼mfold/dna/form1.cgi) predicts single-strand DNA secondary structure from the
base sequence (Collaboration with Michael Zuker). The HYTHER server (http://
JSL1.chem.wayne.edu/Hyther/hythermenu.html) calculates duplex hybridization
thermodynamics. The HYTHER program has modules for predicting match vs.
mismatch hybridization and allows for multi-state competitive equilibria to be
solved. Supported by NIH grant HG02020.

The development of drugs that target specifically RNA folds opens exciting new
ways to expand greatly the existing repertoire of protein-targeted therapeutics.
The rapidly growing knowledge of RNA three-dimensional structure and
interaction with small molecules enables rational approaches to develop
RNA-targeted bioactive ligands. Our straightforward approach for rational design
of ligands for RNA targets uses rules derived from crystal structures of
RNA-small molecule complexes. Co-crystallization of designed synthetic
compounds with their RNA targets followed by X-ray crystallographic structure
analysis is used to test and refine the initial rules.

35.
COMPUTER MODELS OF DNA FOUR-WAY JUNCTIONS. Wilma K. Olson, and A.
R. Srinivasan, Department of Chemistry, Rutgers University, 610 Taylor Road,
Piscataway, NJ 08854, olson@rutchem.rutgers.edu
Methods previously developed to model the three-dimensional structures of
stacked, four-way Holliday junctions in solution have been extended to treat the
symmetric, open cruciform structures observed in high resolution crystal
complexes of DNA with different recombination proteins. A pair of ideal
duplexes is brought into close contact and computationally “nicked” at the site
of strand exchange by removing the coordinates of phosphate atoms. The
relative disposition of helical structures is controlled by swiveling the arms of
the two DNAs about the recombination site. Each of the duplexes can also be
kinked and repositioned with respect to one another at the recombination site.
The DNA is unkinked in the family of stacked four-arm junctions and kinked in
the protein-bound duplexes. The phosphodiester conformations of the exchanged chain backbones and the unexchanged DNA at the kink are obtained
with a chain closure algorithm for linking pairs of arbitrarily positioned bases.
The phosphate geometry of all four strands is rearranged in the process of
strand interchange with the exchange of covalent attachments limited to two of
the strands. The methodology is general, in terms of accommodating cruciforms
with arms of variable sequence, conformation, and chain length and in allowing
for wide chain flexibility (standard minimization of Cartesian coordinates limits
the size and complexity of the DNA junctions which can be generated). (Supported by U.S.P.H.S grant GM20861.)

36.
STUDIES ON THE MECHANISM OF MIGRATION OF INTRINSICALLY CURVED
DNA (A-TRACTS) THROUGH GELS. Udayan Mohanty, Department of Chemistry,
Boston College, Chestut Hill, Newton, MA 02467, Fax: 617-552-2705,
mohanty@bc.edu, Aleksander Spasic, Chemistry, Boston College, and Jayanta F.
Mohanty, 16 Blacksmith Road
We have explicitly solved the long standing problem of a quantitatively model
that describes the electrophoretic mobility patterns of circularly-permuted DNA
molecules, all having the same length but with the bend positioned differently in
each, in polyacrylamide gel of various concentration. The bends are due to short
stretches of adenines, i.e. A-tracts, which were repeated in phase with the
helical repeat. The model takes into account in an approximate way polyelectrolyte effects such as condensed and screened counterions, coulombic end
effects, salt concentration, pH of the buffer, screening of the hydrodynamic
interactions, flexibility of the molecule, concentration of the gel, as well as the
characteristics of the interactions of the gel with the curved DNA. The predictions (no parameters) are in excellent agreement with the experimental data of
Crothers and coworkers and of Thompson and Landy. Finally, we have generalized our model to describe the electrophoretic mobility of phased A-tracts.

38.
MULTIPLE COPY AND RANDOM EXPULSION MOLECULAR DYNAMICS AS
TOOLS FOR EXPLORING PROTEIN-LIGAND BINDING AND UNBINDING.
Rebecca C Wade 1, Susanna Luedemann 2, Lutz Ehrlich 2, Peter Winn 2, and
Bedamati Das 2. (1) Molecular and Cellular Modeling, European Media
Laboratory, Schloss-Wolfsbrunnenweg 33, 69118 Heidelberg, Germany, Fax: +49
6221 533 298, rebecca.wade@eml.villa-bosch.de, (2) Structural and
Computational Biology, European Molecular Biology Laboratory, Heidelberg
There is a large discrepancy between the timescales of most protein binding
events and the timescales that can be simulated by classical molecular dynamics. Consequently, methods are required to selectively enhance sampling of
relevant degrees of freedom during simulations. I will describe the Random
Expulsion Molecular Dynamics (REMD) tool that we have developed with the
aim of unbiased identification of potential channels by which a ligand can
escape from a buried cavity in a protein. I will also discuss our adaptations of
multiple copy molecular dynamics to protein-small molecule and protein-protein
docking.

39.
PROTEIN STRUCTURE REFINEMENT WITH MOLECULAR DYNAMICS ON A
SMOOTHED ENERGY SURFACE. Carlos L Simmerling, and Viktor Hornak,
Department of Chemistry, SUNY Stony Brook, Stony Brook, NY 11794, Fax:
631632-1555, carlos.simmerling@sunysb.edu, viktor.hornak@sunysb.edu
Simulation of complex biomolecular systems are particularly challenging due to
the large energy barriers to conformational rearrangement. We employ a
combined approach to barrier reduction that improves statistics and reduces
both medium and very large barrier heights. Portions of the system of interest
are replaced with multiple copies (Locally Enhanced Sampling, or LES), reducing
barriers and improving statistics. Very large barriers are also reduced through
modification of the energy function to allow atomic overlap. Application of both
types of smoothing in complex systems is non-trivial and the quality of the
results can vary dramatically with different choices. This presentation will
explore these issues and show how barrier reduction can be successfully
applied to improvement of low-quality protein structures.

40.
RIGOROUS CLASSICAL-MECHANICAL DERIVATION OF A MULTIPLE-COPY
ALGORITHM FOR SAMPLING STATISTICAL MECHANICAL ENSEMBLES. Ralph
A. Wheeler, and C. Adam Hixson, Department of Chemistry & Biochemistry,
University of Oklahoma, 620 Parrington Oval, Room 208, Norman, OK 73019,
rawheeler@chemdept.chem.ou.edu
We present a rigorous, multiple-copy simulation algorithm that is formally
equivalent to classical molecular dynamics for an ensemble of systems, but may
be used for rapid geometry optimizations. The derivation is accomplished by
starting from an ensemble of copies of the entire system and applying a point
coordinate transformation to a large subsystem defined as the bath. After the
transformation, each atom of the bath is described by one “major” pseudoparticle at the average position of the ensemble of equivalent atoms and a set of
“minor” pseudo-particles that, together with the major pseudo-particle represent
exact dynamics. Neglecting the minor pseudo-particles results in a Hamiltonian
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and probability density equivalent to those used in existing multiple-copy
methods. Neglecting Hamilton’s equations of motion for the minor pseudoparticles gives the equations of motion for locally enhanced sampling. Numerical
tests indicate that the algorithm can recover exact molecular dynamics of the
ensemble, conventional multiple-copy dynamics, or results of intermediate
accuracy.
41.
ENHANCED SAMPLING AND GLOBAL OPTIMIZATION TECHNIQUES FOR
COMPLEX SYSTEMS. John E. Straub 1, Troy Whitfield 1, and Ioan Andricioaei 2.
(1) Department of Chemistry, Boston University, 590 Commonwealth Avenue,
Boston, MA 02215, Fax: 617-353-6466, straub@bu.edu, (2) Department of
Chemistry and Chemical Biology, Harvard University
My lecture will present novel computational methods designed to solve
challenging global optimization problems and to provide enhancement in the
rate of conformational sampling in simulations of complex systems such as
liquids and biomolecules.
To address the problem of global optimization, I will present a general
quantum mechanical path integral method for simulated annealing. As opposed
to standard simulated annealing in temperature, the annealing occurs through a
variation of temperature and Planck’s constant.
A variational method for finding optimal cooling schedules is presented,
suitable for simulated annealing methods in which more than a single parameter
is adjusted. To demonstrate the technique, optimal cooling schedules are
determined both for simulated annealing methods involving path integrals and
within a generalized thermostatistics.
A novel method for enhanced sampling, a generalization of the parallel
tempering technique, is introduced. The method involves running several parallel
and independent simulations, each parameterized differently within a generalized
thermostatistics. As the simulations proceed, configurational exchanges are
allowed among them.
For each method, pedagogically useful examples are presented to demonstrate the advantages of the technique relative to pre-existing methods.
42.
LES SHOWS LESS RESTRICTIVE FLUORESCENT PROBES DYNAMICS INSIDE
PROTEIN CAVITIES. Wieslaw Nowak, Institute of Physics, Molecular Biophysics
Group, N.Copernicus University, Grudziadzka 5, 87100 Torun, Poland, Fax:
48566225397
PRODAN and DANCA are popular, highly solvent polarity sensitive fluorescent
probes. The anomalous emission from polar TICT states is perhaps a source of
their unique photophysical properties. Results of computer simulations of
dynamics of such probes docked inside protein cavities (H93G apomyoglobin,
transthyretin) using Locally Enhanced Sampling (LES) approach on subnanosecond timescale will be presented. While in a standard MD the probe remains
trapped inside a protein, the lowered energy barriers implied by the LES method
allow for a dissociation of the complex, giving thus useful insights on the
mechanism of probe-protein binding.
43.
ACCELERATED CONFORMATIONAL SAMPLING BY COMBINING
POISSON-BOLTZMANN CONTINUUM SOLVENT AND SELF-GUIDED FORCES:
APPLICATION TO FOLDING OF SMALL PROTEIN DOMAINS. Ray Luo,
Department of Molecular Biology and Biochemistry, University of California,
Irvine, 473 Steinhaus Hall, Irvine, CA 92697-3900, Fax: 949-824-8551,
rluo@uci.edu
Molecular dynamics simulation may provide very useful insights into proteinfolding mechanisms and pathways. However, brute-force simulations by
conventional molecular dynamics with explicit water molecules is too expensive
to achieve this goal. In this study, we used the Poisson-Boltzmann/Surface Area
method to accelerate dynamics simulations. To improve sampling during
dynamics, we took advantage of the fast conformational transitions when a
continuum solvent is used. In addition, “self-guided” forces, as proposed by Wu
and Wang, were used to improve transition rate. Preliminary studies indicate
that the current strategy is able to simulate folding of three small proteins
ranging from 23 to 36 residues to native-like folds within two nanosecond’s
simulation time. The main-chain RMSD is in the range of 2 to 4 A for the three

small proteins and protein domains. The different and common features of the
folding events observed in the three proteins are compared.
44.
ELECTRONIC ENERGY AS A FUNCTIONAL OF THE CHARGE DENSITY AND THE
NONLOCAL CHARGE-DENSITY SUSCEPTIBILITY. Katharine L. C. Hunt,
Department of Chemistry, Michigan State University, East Lansing, MI 48824,
Fax: 517-353-1793, klch@cem.msu.edu
Within the nonrelativistic Born-Oppenheimer approximation, the electronic
energy is a functional of the charge density, the charge-density susceptibility,
and the nuclear positions and charges. The functional is exact, but nonlocal. The
virial theorem gives the kinetic energy in terms of the potential energy and
derivatives of the potential energy with respect to nuclear coordinates, so a
gradient expansion is not needed. The average of the instantaneous Coulomb
energy of the molecular charge distribution determines the potential energy; it is
the sum of the static Coulomb energy of the time-averaged charge distribution
and a fluctuation term. The fluctuation-dissipation theorem relates the fluctuation
correlations to the imaginary part of the nonlocal charge-density susceptibility, a
linear response tensor that characterizes changes in charge density due to
applied potentials. Exchange and correlation effects contained in the fluctuation
term are determined by an integral of the charge-density susceptibility over
imaginary frequencies.
45.
NONDYNAMICAL CORRELATION IN DENSITY-FUNCTIONAL THEORY. Axel D
Becke, Department of Chemistry, Queen’s University, Kingston, ON K7L 3N6,
Canada, Fax: 613-533-6669, becke@chem.queensu.ca
Exchange-correlation density functional approximations account for nondynamical correlation in a simple and subtle way. This is the strength of contemporary
DFT in most of its applications, but also a fundamental weakness in certain
special situations (such as stretched odd-electron systems). We will discuss this
dilemma and hopefully offer solutions.
46.
ENERGY DENSITY IN DENSITY FUNCTIONAL THEORY. Kieron Burke 1, Federico
Zahariev 1, Joseph Larkin 1, and Charles Bock 2. (1) Department of Chemistry and
Chemical Biology, Rutgers, 610 Taylor Road, Piscataway, NJ 08854, Fax:
732-445-5312, kieron@rutchem.rutgers.edu, (2) School of Science and Health,
Department of Chemistry, Philadelphia University
The energy density in functionals used in DFT is usually defined in terms of the
ground-state wavefunction: The kinetic energy density is defined in terms of the
first-order density matrix, or the exchange-correlation energy density is
extracted from the second-order density matrix. I will show how energy
densities for these functionals can instead be defined in terms of their functional
derivatives, thereby providing a one-to-one correspondence between energy
functionals and their corresponding energy densities. This new methodology
sheds much insight on the performance of approximate functionals. I will
present results for two important functionals: The exchange-correlation energy
and the non-interacting kinetic energy.
47.
ON THE TRANSFERABILITY OF HYBRID DENSITY FUNCTIONAL. Carlos A.
Gonzàlez, Computational Chemistry Group, National Institute of Standards and
Technology, 100 Bureau Dr., STOP 8380, Gaithersburg, MD 20899,
carlos.gonzalez@nist.gov
The use of Density functional theory (DFT) has become increasingly popular
during the past few years. This surge in the use of DFT has its roots in the
significant larger computational efficiency DFT exhibits compared to conventional correlated ab initio electronic structure methodologies such as MøllerPlesset perturbation theory or Coupled Cluster Theory, while producing results
that are in general more accurate than Hartree-Fock and sometimes as good or
better than MP2. One of such methodologies that has gained wide popularity is
the so-called “hybrid DFT”. Although a considerable amount of studies using
hybrid DFT have been reported, the literature is void of serious studies leading
to the systematic validation of such methods. In particular, the reason why
hybrid DFT performs well in predicting some properties while providing poor
results in others is not well understood. In this talk, the transferability of hybrid
DFT in predicting different chemical properties is discussed and possible
alternatives to improve the current implementation are also described.
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48.
CONSTRUCTING THE KOHN-SHAM POTENTIAL FOR ORBITAL DEPENDENT
FUNCTIONALS. Stephan V. Kuemmel, Department of Physics and Quantum
Theory Group, Tulane University, Percival Stern Hall, New Orleans, LA 70118,
Fax: 504 862 7802, skuemmel@tulane.edu
Exchange-correlation energy functionals that depend only implicitly on the
electron density and explicitly on the Kohn-Sham orbitals allow for greater
flexibility in the construction of functionals, e.g., by using the exact exchange
energy. For orbital dependent functionals, however, the corresponding exact
Kohn-Sham potential cannot be directly obtained by taking a functional derivative but must be constructed as the optimized effective potential (OEP). This
requires solving an integral equation and in general is numerically involved.
Starting from the approximation of Krieger, Li and Iafrate to the full OEP, I
discuss possibilities and difficulties of how this approximation can be improved
iteratively.
49.
INTRODUCTION AND TRIBUTE. Irwin D. Kuntz, Department of Pharmaceutical
Chemistry, University of California, 533 Parnassus Ave., San Francisco, CA
94143-0446, Fax: 415-502-1411, kuntz@cgl.ucsf.edu
Abstract text not available.
50.
GROWING-UP WITH PETER FROM WATER DIMER TO BIOMOLECULAR
SIMULATIONS. William L. Jorgensen, Department of Chemistry, Yale
University, New Haven, CT 06520-8107, Fax: 203-432-6299,
bill@adrik.chem.yale.edu
I first met Peter Kollman at Princeton in 1967; I was a new undergraduate and
Peter was a graduate student in Prof. Leland C. Allen’s research group. Peter
had enormous influence on my career beginning with his teaching me FORTRAN
in the basement of the Frick laboratory for use on the IBM 7094. Our scientific
interests grew in parallel over the next 34 years. The lecture will highlight some
of the major points of overlap including interests in water, force field development, free-energy methods, and protein-ligand binding.
51.
RADICAL ANIONS OF DNA BASE PAIRS: A TRIBUTE TO PETER KOLLMAN.
Henry F. Schaefer III, Center for Computational Chemistry, Department of
Chemistry, University of Georgia, Athens, GA 30602
Abstract text not available.
52.
TOWARDS ALL-ELECTRON MODELING OF BIOLOGICAL SYSTEMS. Kenneth M.
Merz Jr., Department of Chemistry, The Pennsylvania State University, 152
Davey Laboratory, University Park, PA 16802, Fax: 814-863-8403,
merz@psu.edu
In this talk, honoring Peter Kollman, we will describe our recent efforts at
extending semiempirical linear-scaling methodologies to biological systems.
First, we will briefly discuss the divide and conquer approach (D&C) as applied
to semiempirical theory at the NDDO level (i.e., MNDO, AM1, PM3 and NDDODFT). 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 semiempirical linear-scaling methodologies to biological systems new
tools must be developed. Thus, we will describe the implementation and
application of Poisson-Boltzmann (PB) methodologies that use charge distributions determined using these quantum mechanical methodologies. Results from
these calculations will be described and the range of applicability of this
approach will be discussed. The final topic will cover the development of a
Quantum Bioinformatics Database (QBD) that stores, retrieves and data mines
quantum mechanically derived information (e.g., charge distributions, MOs, total
energies, etc.) regarding biomolecular systems.

grams to the chemical community. Through quantum mechanics, force-field
development, and advances in molecular dynamics, he solved major problems in
chemistry and biology. In honor of his impact on science, I will describe our
theoretical explorations involving many of the methods he developed. We have
studied several decarboxylations that are extremely slow in solution, but are
accelerated by enzymes and other proteins. The decarboxylations of several
amino acids, orotidine monophosphate, and benzisoxazolecarboxylate (Kemp’s
other acid) are extremely slow reactions in aqueous solution. Enzymes accelerate decarboxylations to diffusion controlled rates. Antibodies have also been
effective in some cases. Quantum mechanical calculations, transition state
docking, molecular dynamics, linear interaction energy and free energy perturbation calculations will be reported on the mechanisms of decarboxylations in
water, nonpolar solvents, binding proteins, antibodies, and enzymes. The roles
of medium effects and of specific binding interactions are determined.

54.
USING FORCE FIELD METHODS FOR LOCATING TRANSITION STRUCTURES.
Frank Jensen, and Per T. Olsen, Department of Chemistry, University of
Southern Denmark, Campusvej 55, Odense DK-5230, Denmark, Fax: +45 66 15
87 80, frj@dou.dk
Most commonly employed methods for locating transition structures (TS) on
energy surfaces require both a good estimate of the starting geometry and
explicit evaluation of the Hessian matrix. Generation of the starting geometry is
often performed manually, requiring significant human intervention, and an
explicit calculation of the full Hessian matrix is computationally expensive. These
features make location of TSs for systems with a few hundred atoms demanding.
We will describe a method based on modeling the TS as a low energy
structure on the intersection of reactant and product force field energy surfaces,
which allows an automated generation of suitable starting geometries for TS
searches. It furthermore allows generation of an approximate Hessian, which
should be suitable for further refining the TS with electronic structure methods.
With recent advantages in linear scaling methods, this should allow location of
TSs for systems with thousands of atoms, as for example reactions occurring in
enzymes.

55.
ISOPOTENTIAL SEARCHING FOR DISCOVERING CHEMICAL REACTIONS. Karl
K. Irikura, and Russell D. Johnson III, Computational Chemistry Group, National
Institute of Standards and Technology, Mail stop 8380, 100 Bureau Drive,
Gaithersburg, MD 20899-8380, Fax: 301-869-4020, karl.irikura@nist.gov
“Direct” molecular dynamics has scored some successful predictions of new
chemical reactions or intermediates. Isopotential searching (IPS) is more directly
targeted at reaction discovery. Instead of a kinematic simulation, it involves
searching a slice of the potential energy surface that lies at constant energy.
Thus, one degree of freedom is discarded, improving the efficiency of the
search. Isopotential searching is not intended to produce quantitative, numerical
results. Instead, it provides chemical reaction diagrams of the type common in
organic chemistry textbooks. It is a “creativity tool” that supports the chemist
by suggesting possible reactions. The basic algorithm will be described along
with a few applications. For example, IPS has been used to identify new
decomposition mechanisms for the military explosive RDX, as shown.

53.
THEORY AND MODELING OF PROTEIN-CATALYZED DECARBOXYLATIONS.
K. N. Houk, Department of Chemistry & Biochemistry, UCLA, 405 Hilgard Ave,
Los Angeles, CA 90095-1569, Fax: 310-206-1843, houk@chem.ucla.edu
Peter Kollman pioneered in the development of tools for the computational
exploration of enzyme catalysis. He generously spread his insights and pro-
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56.
EFFICIENT AND RELIABLE GEOMETRY OPTIMIZATION FOR QM/MM METHODS.
Michael Frisch 1, Thom Vreven 1, H. Bernhard Schlegel 2, and Keiji Morokuma 3.
(1) Gaussian, Inc, 140 Washington Ave., North Haven, CT 06473, Fax:
203-239-0846, (2) Department of Chemistry, Wayne State University, (3) Cherry
L. Emerson Center for Scientific Computation and Department of Chemistry,
Emory University
Geometry optimizations of large systems treated by mixed QM/MM methods
encounter several unique problems. In addition to the basic need to handle the
optimization of atoms treated purely by mechanics within reasonable bounds for
memory and CPU usage, the coupling between the QM and MM regions can
interfere with the smooth convergence of traditional quasi-Newton algorithms
for the structure of the QM region. Furthermore, the presence of multiple
minima in the mechanics regions can cause serious difficulties for standard
Hessian update procedures when applied to the QM region.
We will present solutions to these problems, including Hessian update
procedures for the QM region which are stable even when optimization of the
MM atoms involves a change from one local minimum to another and which
include the QM/MM coupling exactly, and optimization algorithms for the purely
MM atoms which have O(N) memory and CPU requirements but which converge
quadratically. Examples will be presented using the ONIOM(MO:MM) model
using both purely mechanical and mechanical+electrostatic embedding.
57.
EXAMINING COMPLEX PROCESSES AND REACTIONS: THE REPLICA/PATH
METHOD. Bernard R. Brooks, Laboratory of Biophysical Chemistry, National
Heart, Lung and Blood Institute, National Institutes of Health, 50 Center Drive
MSC 8014, Bethesda, MD 20892-8014, Fax: 301-402-3404,
brbrooks@helix.nih.gov, H. Lee Woodcock, CCQC, Department of Chemistry,
University of Georgia, Thomas E. Cheatham III, Department of Medicinal
Chemistry, University of Utah, and Xiongwu Wu, Laboratory of Biophysical
Chemistry, NHLBI, National Institutes of Health
On overview of several recent developments of techniques to simulate and
examine complex processes will be presented. These methods fall into three
categories; (1) Improved simulation techniques, (2) Improved abilities to
examine free energies of complex pathways, and (3) Improved schemes for
studying chemical reactions. The Replica/Path method for examining complex
transitions is proving to be versatile and useful. This method defines a reaction
path using a penalty function based on a weighted cartesian rms rotation/
translation best fit for a replicated region of a large macromolecular system
between adjacent and second neighbor structures. When combined with
molecular dynamics, free energy profiles can be extracted from the restraint
terms in the spirit of umbrella sampling, or by the projection of forces onto a
reference or average pathway. Due to the requirements of only nearest neighbor
and next nearest neighbor communications, such applications will run well on
very large-scale parallel machines with limited cross sectional bandwidths
(Beowulf clusters). This also works in conjunction with combined QM/MM
(Quantum Mechanical and Molecular Mechanical) methods to examine enzyme
mechanism and other chemical reactions involving macromolecules and solvent
degrees of freedom, without the need to compute potential energy differences
for a large system. Applications of these methods towards elucidating the
mechanistic details of enzymatic systems will be presented.
58.
EFFICIENT ALGORITHMS TO STUDY CHEMICAL REACTIONS WITH DFT. Jan
Andzelm 1, George Fitzgerald 2, Niranjan Govind 2, and Paul Sykes 2. (1) Accelrys
Inc, 9685 Scranton Rd, San Diego, CA 92121, jwa@accelrys.com, (2) Accelrys
The quantitative prediction of reaction energetics is a very demanding task and
requires a method that can treat vastly different fragments on the potential
energy surface (PES) accurately. For systems of industrial relevance, however,
trends in reaction energetics may provide the necessary insight to the underlying reaction mechanisms even when this absolute accuracy is not attainable. We
will briefly review the accuracy of DFT methods in predicting reaction energetics
of a) first and second row molecules; b) stability of rac-meso rotamers of
zirconocene catalysts; and c) methanol conversion to ethanol in zeolites. We will
discuss the strategy involved in performing these calculations in the gas phase
and in a crystal. We will briefly review recently developed efficient algorithms
that improve our ability to model complicated catalytic processes: geometry

optimization of solids using delocalized internal coordinates; and transition state
determination via LST/QST/CG. Once the transition state has been located with
these methods, the entire PES can be explored by using the nudged elastic band
approach (NEB). The practical application of the above mentioned methods
requires a versatile graphical interface; a reliable algorithm to match the atoms
of reactants and products; the capability to preview the initial LST reaction path;
and the ability to display the final reaction pathway.
59.
EXPANDING QUANTUM CHEMISTRY: DENSITY FUNCTIONAL CALCULATIONS
WITH GAUSSIAN ORBITALS AND PERIODIC BOUNDARY CONDITIONS.
Konstantin N. Kudin, Department of Chemistry, Rice University, MS-60, P.O.
Box 1892, Houston, TX 77251-1892, Fax: 713-348-5155, kostya@rice.edu
In this talk I will discuss major features of a recent implementation of a density
functional theory program with Gaussian orbitals and periodic boundary
conditions. This code has a lot in common with linear scaling algorithms for
molecules, and thus permits high accuracy computations at a reasonable cost.
The availability of analytic gradients permits efficient exploration of potential
energy surfaces in periodic systems. A novel redundant internal coordinate
algorithm for optimization of periodic systems allows simultaneous full relaxation of the atomic coordinates and lattice vectors. Several applications will be
presented. Among these are various studies of carbon nanotubes, an investigation of UO2 solid, and calculations for some surfaces.
60.
WEB-ENABLED INNOVATION. Donald Anthony, NineSigma, 21945 Chagrin,
Cleveland, OH 44122, Fax: 216-295-4825, keating@ninesigma.com
NineSigma’s president and chief executive officer will show ACS meeting
attendees how the role of R&D and its impact on chemical researchers is
changing.
Outsourcing, where firms look to outside contractors to perform key elements
of research effort, is a growing trend, and can speed new product development,
says Anthony. Anthony will discuss outsourcing as well as virtual R&D trends,
and he’ll show how corporate research & development strategies can be crafted
to optimize the utilization of external resources.
The Internet, likewise, is changing the way chemists and chemical engineers
complete tasks, cooperate with work groups, and perform complex analyses. Dr.
Anthony’s presentation will include Internet-use survey results covering chemical
engineers and chemists.
Dr. Anthony will share with his ACS audience the experience NineSigma has
had delivering science and technology solutions through its Exchange services
and knowledge management software, and show ACS attendees how they, too,
can access a goldmine of essential information and technology solutions
through a variety of web-enabled capabilities.
Don Anthony holds a doctorate in chemical engineering from MIT, and brings
to NineSigma 26 years of executive-level experience for companies like ABB, BP,
and Bechtel.
61.
COMPUTATIONAL INVESTIGATION OF CHEMICAL WARFARE AGENTS TO
ENHANCE MODELING AND SIMULATION BASED TEST AND EVALUATION OF
CHEMICAL DEFENSE COMMODITIES. Tom J. Evans, West Desert Test Center,
US Army Dugway Proving Ground, Dugway, UT 84022, Fax: (541) 282-9855,
evanst@dugway-emh3.army.mil
Equipment used by military personnel and civilian first responders to deal with
chemical and/or biological agents is tested at US Army Dugway Proving Ground.
The performance of this equipment in the presence of a chemical warfare (CW)
agent challenge is ultimately a function of molecular level interactions of
equipment materials and CW agent. In order to enhance the quality of test and
evaluation (T&E) of these commodities, and to increase the level of understanding of the variables that impact performance, computational chemistry studies of
CW agents have been initiated. Information on the behavior of these compounds
at the molecular level will contribute to the design of tests that more effectively
map the intrinsic dimensionality of the test space. Rational selection, and later,
rational design of materials used to construct these commodities will also result.
The results of these calculations will aid in the decision-making process that
spans the acquisition of this equipment. The goal of these studies is to obtain
information on CW agents that can be used to improve the T&E, and also the
performance of this equipment for military and civilian applications.
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62.
STRUCTURAL INSIGHTS BY MOLECULAR DYNAMICS SIMULATIONS ON
DIFFERENTIAL REPAIR EFFICIENCY FOR ETHANO-DA VS. ETHENO-DA
ADDUCTS BY THE HUMAN ALKYLADENINE DNA GLYCOSYLASE (AAG). Anton
B. Guliaev, Bo Hang, and B. Singer, Donner Laboratory, Lawrence Berkeley
National Laboratory, University of California, Berkeley, CA 94720, Fax:
510-486-6488, abguliaev@lbl.gov
Etheno-dA adducts (⑀A) are formed by known environmental carcinogens and
found to be removed by human alkyladenine glycosylase (AAG). Ethano-dA (EA)
adducts differ from ⑀A by change of a double bond to single bond in the
5-member exocyclic ring and are formed by nitrosoureas which can be used in
cancer therapy. Here, we show that such a structural change significantly
reduces repair efficiency of EA by AAG. The structural reasons for reduced
efficiency were studied using molecular modeling. Molecular dynamics (MD)
simulation showed similar structural motifs for ⑀A and EA when incorporated
into a DNA duplex, suggesting that there are no specific conformational features
in the DNA duplex which can account for the differences in the repair efficiency.
However, when EA was modeled into the AAG active site, based on AAG/⑀A-DNA
crystallographic coordinates published by Lau et. al in structures produced by
2ns MD, we observed weakening in the stacking interaction between EA and
aromatic side-chains of the key amino-acids at the active site. In contrast, the
planar ⑀A is better stacked at the enzyme active site. Based on MD, we propose
that the observed destabilization of the EA adduct at the active site, particularly
reduced stacking interaction, might affect the efficiency of repair. This may
provide structural reasons for the biochemically observed weaker recognition of
EA by AAG as compared to ⑀A.

63.
A COMPUTATIONAL PROCEDURE TO DETERMINE BINDING MODES OF
ADENINE DERIVATIVES WITH CYCLIN DEPENDENT KINASE 2. Jian Shen, and
Dave Borcherding, Aventis Pharmaceuticals Inc, Route 202-206, P.O. Box 6800,
Bridgewater, NJ 08807-0800, Fax: 908-231-3360, jian.shen@aventis.com
Adenine is a natural building block for storing energy in biological systems. It
can also be used for making artificial compounds to cure many diseases. The
binding modes of adenine derivatives were seemly unpredictable as revealed by
the x-ray studies. We have analyzed possible binding modes for adenine
derivatives with the knowledge about H-bond interactions between these ligands
and CDK2. A build-up procedure along with energy minimization is carried out
to determine the binding mode of all adenine derivatives systematically. Three
out of six possible binding modes for ATP, Isopentenyladenine and Olomoucine
are uniquely determined using the electrostatic interaction energy.

64.
ATMOSPHERIC CHEMISTRY OF ␣- AND ␤-PINENE. Theodore S. Dibble,
Chemistry Department, SUNY-ESF, 1 Forestry Drive, Syracuse, NY 13210, Fax:
315-470-6856, tsdibble@syr.edu
The degradation pathways of the atmospherically important terpenes ␣-pinene
and ␤-pinene are studied using density functional theory. The rearrangement of
the ␣-pinene-OH adduct, a key step in the proposed mechanism of formation of
acetone from ␣-pinene, is determined to possess a barrier of 11.6 kcal/mole.
This value is broadly consistent with the modest acetone yields observed in
product yield studies. The C-C bond scission reactions and 1,5 H-shift reactions
of the ␤-hydroxyalkoxy radicals formed subsequent to OH addition to ␣-pinene
and ␤-pinene are investigated. Decomposition reactions appear to be faster than
the expected rate of the O2 reactions. The 1,5 H-shift is only feasible for the cis,
cis isomer of radical R5 from ␣-pinene, but appears slower than the decomposition reaction (shown below).

65.
BIOLOGICAL DATAMINING WITH ALOFT. Barry Wythoff, and Ben Alexander,
Computational Design Group, ArQule, Inc, 19 Presidential Way, Woburn, MA
01801, Fax: 781-994-0679, bwythoff@arqule.com
While batteries of “high-throughput” ADMET testing are being added to the
standard repertoire of hit-to-lead testing, these advances have not obviated the
need for in-silico testing of candidate compounds. Experimental testing, while
offering the final word, is retrospective by nature, and so simply cannot offer
the critical prospective value of in-silico testing. The ALOFT system offers
unique facilities and algorithms for conducting and leveraging datamining
studies on biological data. The presentation will describe these facilities and
advances, and illustrate their performance on actual pharmaceutical datasets.

66.
DATA PIPELINING FOR DYNAMIC DATA INTEGRATION IN CHEMINFORMATICS.
Mathew Hahn, SciTegic, Inc, 9665 Chesapeak Dr. #401, San Diego, CA 92123,
Fax: 858-279-8804, mhahn@scitegic.com
By streaming scientific data through logical processing routines, great advances
are possible in the comparision and consideration of information from multiple
disparate sources. Data Pipelining allows data from databases, flat files, web
URLs, and even live instruments to be fed collectively into a single processing
routine. This permits more flexible and better informed computational results. In
addition, new scientific methodologies have been developed to take advantage of
the unique nature of streaming data.

67.
DEVELOPMENT OF DATABASE FOR HEAD AND NECK CANCER EMPLOYING
BIOINFORMATICS FOR DRUG DEVELOPMENT. Balwant Kishan Malik, and
Monika Malik, Group on Genome Informatics, Centre for Biochemical
Technology, Delhi University Campus, Mall Road, Near Jubilee Hall,
Delhi-110007, India, bkmalik@cbt.res.in
In United States 30200 patients were diagnosed with Head and Neck cancer in
the year 2000 and 7800 patients died. Worldwide comparable annual statistics
are 363000 and 197000 respectively. In India Head and Neck cancer is one of
the major killer disease among all cancers. Therefore, there is a need to develop
pharmacogenomic database for Head and Neck cancer. The studies were
undertaken with a view to develop a pharmacogenomic database for etiology,
indication, prevelance, chemotherapeutic indications, contraindications and
drug-drug interaction with an aim to establish the role of pharmacogenetic
polymorphism in differential drug response in Head and Neck cancer with
special reference to Indian population. The database comprised of three tables
(1) Drugs, Head and Neck cancer (2) Protein, Head and Neck cancer (3) Genes,
Head and Neck cancer. The database was prepared in Microsoft Access. It can
be concluded that database has advanced the knowledge of Head and Neck
cancer. Further work is being completed.

68.
DEVELOPMENT OF DATABASE FOR TUBERCULOSIS USING BIOINFORMATICS
FOR DRUG DISCOVERY. Balwant Kishan Malik, and Tarleen Kaur, Group on
Genome Informatics, Centre for Biochemical Technology, Delhi University
Campus, Mall Road, Near Jubilee Hall, Delhi-110007, India, bkmalik@cbt.res.in
Tuberculosis has reemerged as one of the leading causes of death (nearly 3
million deaths annually). The estimated 8.8 million new cases every year
correspond to 52000 deaths deaths per week or more than 7000 each day.
Therefore there is need to develop pharmacogenomic database for tuberculosis.
Studies were done with an aim to develop pharmacogenomic database for
etiology, indication, prevelance, chemotherapeutic indications, contraindications
and drug-drug interactions with a view to establish the role of pharmacogenomic polymorphism in differential drug response in tuberculosis with special
reference to Indian population. The database comprised of three tables (1)
Drugs, tuberculosis (2) Protein, tuberculosis (3) Genes, tuberculosis. The
database was prepared employing Microsoft Access. The work is being
completed. We conclude that database has advanced our knowledge of tuberculosis.
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69.
INFLUENCE OF POINT MUTATIONS ON THE STRUCTURAL STABILITY OF KIF
INVESTIGATED BY MD SIMULATION. Birgitta Nick 1, Indrajati N. Kastanja 1,
Jürgen Schweizer 2, and Franz-Josef Wortmann 1. (1) German Wool Research
Institute, Veltmanplatz 8, D-52062 Aachen, Germany, nick@dwi.rwth-aachen.de,
(2) German Cancer Research Center Heidelberg
Using appropriate models and methods computer simulations are an effective
tool to investigate the structure and function of proteins. In this contribution it
is shown that MD simulation in atomistic detail can aid to understand the
morphology and structural stability of the monomeric unit of keratin intermediate filaments (KIF), so-called alpha-keratins. Attention is focused on the
influence of experimentally verified point mutations on the stability of the
alpha-helical secondary structure of human type II alpha-keratins. The point
mutations investigated are suspected to cause the human hair disease Monilethrix. It is shown that the mutations decrease the stability of the alpha-helical
structure of isolated segments by about 40 K passing over the physiological
temperature. Further MD simulations are carried out on higher aggregation level
of the KIF, esp. the coiled-coil structure of two monomeric units.

70.
CONSTRUCTION OF DENSITY FUNCTIONALS BEYOND THE GENERALIZED
GRADIENT APPROXIMATION. John P. Perdew, Department of Physics and
Quantum Theory Group, Tulane University, New Orleans, LA 70118, Fax: (504)
862-8702, perdew@tulane.edu
The local spin density and generalized gradient (GGA) approximations for the
exchange-correlation energy of a many-electron system are now standardly and
widely used in quantum chemistry and condensed matter physics. This talk
discusses the non-empirical construction of these functionals, and the advantages of the nonempirical approach. It then discusses similar constructions of
density functionals beyond the GGA, including (a) meta-generalized gradient
approximations, which use not only the local density and its gradient but also
its Laplacian and/or orbital kinetic energy density, and (b) hyper-generalized
gradient approximations for the correlation energy, which are designed to be
compatible with exact exchange.

71.
DFT FOR TRANSITION METALS, TRANSITION STATES AND HYDROGEN
BONDS. Dennis R. Salahub, Steacie Institute for Molecular Sciences, National
Research Council Canada, 100 Sussex Drive, Ottawa, ON K1A0R6, Canada, Fax:
613-954-5242, Dennis.Salahub@nrc.ca
This will be a status report on our experience with various density functionals
for some demanding cases: transition metals, transition states, hydrogen bonds,
etc.

72.
MICROSCOPIC STUDY OF EXCHANGE-CORRELATION FUNCTIONALS IN DFT BY
USING GREEN’S FUNCTION PERTURBATION TECHNIQUES. Karel Peirs, Dimitri
Van Neck, and Michel Waroquier, Center for Molecular Modeling, Ghent
University, Proeftuinstraat 86, B-9000 Ghent, Belgium, Fax: +3292646697,
karel.peirs@rug.ac.be
The accuracy of exchange-correlation functionals is of crucial importance for the
success of DFT. A better microscopic knowledge of the underlying mechanism
behind these functionals has been and still is the subject of many studies. One
way to achieve this goal is using the Green’s function formalism. We solved
Dyson’s equation up to second order in a self-consistent way in coordinate
space for a training set of closed-shell (He, Be, Ne, Mg, Ar, and Kr) and
open-shell (B, C, N, O, and F) atoms. From the second-order Green’s function,
the one-particle density can be calculated and subsequently the corresponding
Kohn-Sham potential can be derived. The second-order densities provide a
microscopic basis for existing functionals. Moreover, the Green’s function
results can also be employed to derive a possible universal background of
exchange-correlation effects to the second-order self-energy and thus reveal
new guidelines to find improved functionals.

73.
UNDERSTANDING ELECTRON CORRELATION. Nicholas Handy, Department of
Chemistry, University of Cambridge, Lensfield Road, Camridge, England, Fax:
44-1223-336362, nch1@cam.ac.uk
Density Functional Theory enables one to understand the nature of electron
correlation in a better way. We define all the correlation in atoms as ‘dynamic’,
or short range, meaning that the electrons want to avoid one another. Exact
atoms are smaller than Hartree-Fock atoms! For atoms therefore, the exchange
functional (e.g. B88X or OPTX) must reproduce the Hartree-Fock energy, and
the correlation functional (e.g. LYP) must reproduce the correlation energy.
We argue in favour of a functional such as BLYP (B88X+LYP) or OLYP
(OPTX+LYP) for molecules. It is an unbiased functional, with no semi-empirical
parameters which have been determined from selected molecular data. The
binding energy calculated with B88X or OPTX is (much) greater than the
Hartree-Fock binding energy; it includes ‘left-right correlation’. This is long range
correlation, and is represented because these exchange functionals are solely
GGA functionals. LYP predicts the dynamic correlation contribution to binding,
and is approximately 20 kcal/mol for each pair bond created. The sum of the
left-right and dynamic contributions is well known to be nearly always an
accurate prediction for the correlation contribution to binding. Furthermore such
an analysis holds (in principle) for all molecular geometries.
Functionals which include an orbital dependence (e.g. hybrid) do not allow
this clear interpretation. Neither does quantum chemistry, for which it is
impossible to separate forms of electron correlation.
The discussion will be amplified with many examples. We are returning to the
view that the simplest parameter-free GGA functionals are the best functionals
to use with DFT, because they offer the simplest interpretation and have greater
global predictive power.
74.
ACCURACY OF DFT CALCULATIONS? Keith Glassford, K Stark, J Andzelm, and
G Fitzgerald, Accelrys, 9685 Scranton Road, San Diego, CA 92121, Fax:
630-799-8283, kmg@accelrys.com
Investigation of many important chemical processes usually requires demanding
calculations for large systems in realistic environments. We will discuss the
strategy of conducting such calculations using DFT in gas phase, solid state,
solvents and on surfaces. The accuracy of gradient-corrected DFT Hamiltonians
will be assessed for predicting structures and energetics of bulk and surfaces of
pure metals, metal oxides, ionic crystals, and semiconductors. We will stress
the importance of basis set selection in calculations for over 300 chemical
reactions involving over 100 first and second row molecules.
An accurate structure determination requires modeling within an appropriate
environment as can be seen from our study on AIGH polymorphs and dichlorobis(triphenylphosphine)nickel(II) crystals. Prediction of the reaction mechanisms
may be misleading unless the entire zeolite crystal is considered, for example, in
formation of surface ylide species, a possible pathway for conversion of
methanol to gasoline. We will briefly mention the importance of temperature
effects in predicting correct reaction pathways. The inherent inaccuracy of DFT
can be somewhat remedied if relative energetics are considered instead of the
search for absolute values.
We will briefly discuss 1) ligand effects on the relative stability of Rac-Meso
rotamers of zirconocene catalysts and 2) relative exchange energies for olefin
metathesis in the bis-dicyclopentadienyltitanium systems. We will show that
trends in reaction energetics may provide the necessary insight to the underlying reaction mechanisms for this industrially important processes.
75.
DFT BASED EFFECTIVE FRAGMENT POTENTIAL METHOD. Ivana Adamovic, and
Mark S. Gordon, Chemistry, Iowa State University, Ames, IA 50011, Fax:
515-294-5204, ivana@si.fi.ameslab.gov
The Effective Fragment Potential Method (EFP) is a discrete method for
treatment solvent effects. It was developed and implemented on the HartreeFock level of theory. Our goal in this work is to make a Density Functional
Theory (DFT) based EFP model. It will allow application of DFT on the ab initio
region of the system of interest. The DFT based method has the same energy
contributions as the HF based EFP: electrostatic, polarization and exchange
repulsion/charge transfer. All molecular properties (multipole moments,
polarizability tensors, screening parameters and fitting parameters for exchange
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repulsion) are recalculated and optimized for the grid DFT method. Our interest
in including some correlation effects in EFP method was one of the main
reasons for this project. The DFT based method should include some correlation
effects in exchange repulsion part. This method is one step further in the
direction of complete treatment of correlation inside of the EFP method. Some
application on water clusters of DFT based EFP method are included.
76.
REMEMBRANCE AND NEW ADVANCES. Leland C. Allen, Department of
Chemistry, Princeton University, Princeton, NJ 08544-1009, Fax: 609-258-6746
Abstract text not available.
77.
PATTERN RECOGNITION AND MASSIVELY DISTRIBUTED COMPUTING. Graham
Richards, Department of Chemistry, Oxford University, Central Chemistry, South
Parks Road, OX1 3QH Oxford, United Kingdom, Fax: +44 1865 275905,
graham.richards@chem.ox.ac.uk
A feature of Peter Kollman’s research was his exploitation of the latest computational techniques and pushing the technology to the limit. He would certainly
have seized upon the opportunities offered by massively distributed computing.
Here we describe the use of over a million personal computers to perform
virtual screening of 3.5 billion drug-like molecules against protein targets by
pharmacophore pattern matching, together with other applications of pattern
recognition.

and nucleic acids. I will summarize our experience with these new force fields,
and discuss ways in which the Amber programs have been modified to
accomodate them.
81.
GEOMETRY OPTIMIZATION AND MOLECULAR DYNAMICS IN INTERNAL
COORDINATES. Peter Pulay, Department of Chemistry and Biochemistry,
University of Arkansas, Fayetteville, Chemistry Building, Fayetteville, AR 72701,
Fax: 501-575-4049, pulay@mail.uark.edu, Jon Baker, Department of Chemistry
and Biochemistry, University of Arkansas, and Béla Paizs, Department of
Biophysics, German Cancer Research Center
Two topics will be discussed:
(1) Geometry optimization of large molecules in redundant internal coordinates. This usually requires substantially fewer steps than optimization in
Cartesians. However, it is competitive with the latter for large molecules only if
the cubic scaling of the transformation of the forces, and the back-transformation of the geometry to Cartesians is reduced to linear scaling. Alternative
methods for this will be compared.
(2) A novel, exact formulation of Newtonian molecular dynamics in internal
coordinates is described. The method needs only the first and second order B
matrices, and treats the generalized centrifugal and Coriolis forces in a uniform
way. It is very simple compared to previous formulations and can use arbitrary
internal coordinates, not only tree-like (Z-matrix) ones. As an example, the
change of the three conformational angles (boat, twist-boat and chair) during a
24 ps simulation at 800 K in cyclohexane is shown below.

78.
COMPUTER MODELLING OF ION EXTRACTION: FROM HOST-GUEST
COMPLEXES TO LIQUID-LIQUID INTERFACES AND MICROEMULSIONS.
Georges Wipff, Institut de Chimie, 4, rue Blaise Pascal, 67 000 Strasbourg,
France, Fax: 33 3 90 24 15 45, wipff@chimie.u-strasbg.fr
We present MD simulations on cation complexation and liquid-liquid extraction
by ionophores and related extractant molecules with a main focus on water-“oil”
interfaces, where “oil” is modelled by an organic liquid or SC-CO2. The inclusive
nature of trivalent cation complexes is challenged by the MD simulations at the
interface and QM studies. Generally speaking, the MD simulations reveal the
high interfacial activity of extractant molecules, of hydrophobic cations, anions,
and acids. Depending on the nature and concentration of these species, the
interface evolves from a well defined border, to a third phase or to microemulsions. These features are important for understanding the microscopic nature of
complex heterogeneous solutions and the mechanism of ion recognition and
extraction.
79.
SEQUENCE-DEPENDENT STRUCTURE AND FLEXIBILITY OF TATA ELEMENTS.
Xiaoliang Qian, Daniel Strahs, and Tamar Schlick, Department of Chemistry,
New York University, MC 5183, Main 1021, 31 Washington Place, New York, NY
10003, Fax: 212-995-4152, qian@biomath.nyu.edu, schlick@nyu.edu
The fundamental relationship between DNA sequence/deformability and biological function has attracted numerous experimental and theoretical studies. Here
we present dynamic simulations focused on the transcription initiation complex
between DNA TATA elements and the TATA-box binding protein TBP. Together
with recent crystallographic studies, the analyses suggest sequence-dependent
structural, energetic, and flexibility properties that tailor TATA elements to TBP
interactions.
80.
AMBER AND ITS ASSOCIATED FORCE FIELDS: AN UPDATE. 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,
case@scripps.edu
Peter Kollman was always very interested in force field development, and in
helping to create computer programs that provide convenient access to
molecular simulation techniques. At the time of Peter’s death, the Kollman
group was in the final testing stages of several additions to the Amber force
fields. These included off-center charges (analogous to “lone pairs” in earlier
force fields), polarizable dipoles, and a much wider parameterization that covers
much of organic chemistry, in addition to the traditional emphasis on proteins

82.
FROM POTENTIAL ENERGY SURFACES TO CHEMICAL DYNAMICS THROUGH
REACTION PATH HAMILTONIAN. Josep Maria Bofill Villà, Departament de
Quimica Organica i Centre especial de Recerca en Quimica Teorica, Universitat
de Barcelona, Marti i Franques, 1, E-08028 Barcelona, Spain, Fax:
34-93-3397878, jmbofill@qo.ub.es
The mechanism of any chemical reaction can be described as a curve on the
potential energy surface. There exist different types of reaction path. Recently,
the reduced gradient following path has been defined. We give different
algorithms to compute this type of path. The theory of the reaction path is an
approach to the dynamics of the chemical systems and the connection is
through the reaction path Hamiltonian. The Hamiltonian is formulated as a
function of the reaction path coordinate and the conjugate momentum. Due to
the simple structure of the associated phase space the integration of the general
Liouville’s equation can be done easily. The rate constant is calculated by using
the density function obtained by the integration of Liouville’s equation. A
semi-classical reaction path Hamiltonian is also proposed.
83.
GRADIENT FIELDS AND GRADIENT EXTREMALS ON POTENTIAL ENERGY
SURFACES. Klaus Ruedenberg, Junqiang Sun, Gregory J Atchity, and Sotiris S.
Xantheas, Department of Chemistry and Ames Laboratory USDOE, Iowa State
University, Ames, IA 50011, Fax: 515 294 0266
Relevant for chemical reactions are moderately extended potential energy
surface regions that surround minima (stable structures) and low-energy
(reaction) paths between them, notably including saddle points (transition
states) and surface intersections. While surface topographies are usually viewed
via contour diagrams, examination of the corresponding gradient fields is not
merely complementary but indeed illuminating in exhibiting more clearly certain
interesting distinctive surface features. Thus, some intrinsic reaction paths are
seen to lie in narrow reaction channels, whereas others are void of such a
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focusing embedding - a difference traceable to relationships between the
gradients and the gradient extremals on a surface. Conical intersections are
singular points of gradient fields on any one surface and the gradient patterns
around them exhibit characteristic distinguishing differences; gradient lines of
one surface connect however smoothly to those of the other. Effective studies of
gradient fields require second-order algorithms for steepest-descent as well as
gradient-extremal following.

84.
PRINCIPAL COMPONENT ANALYSIS AND RELATED DECOMPOSITION
METHODS FOR THE ANALYSIS OF BIOMOLECULAR DYNAMICS
TRAJECTORIES. Daniel Strahs 1, Danny Barash 1, Xiaoliang Qian 1, and Tamar
Schlick 2. (1) Department of Chemistry, New York University, MC 5183, Main
1021, 31 Washington Place, New York, NY 10003, Fax: 212-995-4152,
dan.strahs@nyu.edu, (2) Department of Chemistry and Courant Institute of
Mathematical Sciences, New York University
Efficient analysis tools for examining the conformation of large-scale biomolecules are as important as the methodology for propagating dynamics trajectories. We have recently applied our multiple timestep (MTS) stochastic dynamics
integrator LN to investigate the intrinsic conformations and dynamics of thirteen
TATA elements, an eight-basepair DNA site which binds the essential regulatory
protein TBP. Two decomposition methods, principal component analysis (PCA)
and quasi-harmonic analysis (QHA), are used to resolve motions and energy
components in both the free and TBP-bound states from these large-scale
trajectories (∼4000 structures of ∼4000 atoms in the TATA-TBP complex). PCA,
which hierarchically separates correlated motions into unique eigenvectors,
highlights motions important to TATA-TBP activity that are not easily seen in the
overall trajectory. The related tool QHA is used to quantify the entropy component of the system. Decomposition methods like PCA and QHA can contribute
important insights to analyze biologically relevant details and focus on detailed
mechanisms by which the eukaryotic transcription complex may be affected by
DNA/protein geometries.

85.
LONG TIME SCALE SIMULATIONS OF TRANSITIONS IN AND ON THE SURFACE
OF SOLIDS. Graeme Henkelman, and Hannes Jonsson, Department of
Chemistry 351700, University of Washington, 351700, Seattle, WA 98195-1700,
Fax: 206-685-8665, graeme@u.washington.edu, hannes@u.washington.edu
Diffusion of atoms in and on the surface of solids, as well as chemical reactions
are typically activated events, i.e. the system needs to climb over an energy
barrier in order for the atoms to rearrange. A typical “fast” event on laboratory
time-scale may have an energy barrier of half an electron volt and occur
thousands of times per second. In a direct classical dynamics simulation
(solving Newton’s equations of motion) such an event is, however, impossibly
slow, requiring thousands of CPU-years because of the small time step required
for faithful representation of atomic vibrations. A different approach is needed
for the simulation of atomic systems on the relevant, laboratory time-scales. We
present an extension of the kinetic Monte Carlo (kMC) algorithm where the
mechanism and rate of transitions are found within the harmonic approximation
to transition state theory. A “dimer” method is used to search for saddle points
on the rim surrounding the potential energy basin corresponding to a given
state of the system. In this way, the need for a predefined event table and lattice
approximation typically employed in kMC simulations is eliminated. Application
of this algorithm to island formation and growth of an Al(100) surface using an
empirical EAM potential will be presented. The simulations show that concerted
processes involving multiple atoms are remarkably effective in smoothening the
surface even at very low temperatures where adatom diffusion on the flat
Al(100) terrace is inactive. An application to the clustering of boron dopant
atoms in silicon based on DFT calculations will also be presented. While the
attachment of new atoms to the clusters is diffusion limited, the rearrangement
of the atoms from one cluster configuration to another involves high activation
barriers. Finally, an application of the method to exciton diffusion and bond
breaking in amorphous silica glass simulated by DFT will be mentioned briefly.
[1] G. Henkelman and H. Jonsson, J. Chem. Phys., Dec. 1 issue, 2001. [2] G.
Henkelman and H. Jonsson, J. Chem. Phys., Vol. 111, Page 7010 (1999).
(These and other recent publications from the group are available at www.hi.is/∼hj)

86.
IMPORTANCE OF SUBVALENCE CORRELATION IN GROUP I AND II
COMPOUNDS – A BENCHMARK STUDY. Michael B. Sullivan 1, Leo Radom 1,
Mark A. Iron 2, and Jan M.L. Martin2. (1) Research School of Chemistry,
Australian National University, Canberra ACT 0200, Australia, Fax: +61 (2) 6125
0750, (2) Department of Organic Chemistry, Weizmann Institute of Science,
P.O. Box 26, Rechovot 76100, Israel, Fax: +972(8)934-4142, comartin@wicc.
weizmann.ac.il
The core-valence gap in alkali and alkali earth metals is quite small, and in some
of their compounds (particlarly their oxides and halides), this prejudices the
conventional separation between valence and inner-shell correlation. Yet
computational cost considerations (particularly for CCSD(T) and other methods
involving connected triple excitations) preclude routinely correlating all electrons,
especially considering the sizes of sufficiently flexible core-valence basis sets.
The approach of choice would then appear to be “riv” (relaxed inner valence), in
which the valence and “valence-1” shells are correlated for group I and and II
elements, and valence electrons only for B—F and Al—Cl. This approach
requires correlation consistent core-valence polarized n-tuple zeta (CVnZ)basis
sets (n=D, T, Q, 5) for group I and II elements, which have been developed in
this work. (The use of standard cc-pVnZ basis sets with subvalencel electrons
correlated leads to very large errors in binding energies, e.g. more than 25
kcal/mol in Na2O with the cc-pVQZ basis set.) Benchmark potential curve
calculations have been carried out for some 25 diatomics involving at least one
group I or II element. Effects of inner-shell correlation are particularly noticeable
in K and Ca compounds.Importance of “deep core” (2s2p)correlation in these
compounds appears to be fairly modest. The use of “riv” orbital spaces in the
W1 and W2 computational thermochemistry approach has likewise been
investigated: the heats of formation of the alkali (earth) metal oxides and
hydroxides are considered as a case study.
87.
ALMOST LINEAR EXTRAPOLATIONS TO THE CCSD(T)/CBS LIMIT. George A.
Petersson, Hall-Atwater Laboratories of Chemistry, Wesleyan University,
Middletown, CT 06459-0180, Fax: 860-685-2211, george@dali.wesleyan.edu
Linear extrapolations to the complete basis set (CBS) limit offer analytical
derivatives, and thus CBS geometries and frequencies. Balanced ntuple-
augmented polarized (nZaP) basis sets employ the exp[-a(n)1/2] convergence of
SCF energies. Linear extrapolation of 3ZaP1d and 4ZaP2d1f results reduces
RMS SCF errors by an order-of-magnitude to less than 0.4 mEh for the atoms H
through Kr and several small molecules. Linear (l + 3/2)-5 extrapolation of MP2
␣␣-pair energies combined with (l + 1)-3 extrapolation of MP2 ␣␤-pair energies
reduces the RMS MP2 error from 50.6 to 0.6 mEh. A linear (l + 1⁄2)-3 extrapolation of the 2Z and 3ZP1d triple excitation energies leaves an RMS error of 1.4
mEh, indicating a need for some refinement. Comparable accuracy (0.8 mEh) for
the [CCSD - MP2] component of energies still requires a nonlinear extrapolation,
but we are getting very close to achieving a linear extrapolation to the CCSD(T)/
CBS limit.
88.
ACCURATE BASIS SETS WITH PSEUDOPOTENTIALS: CORRELATION
CONSISTENT BASIS SETS FOR HEAVY ELEMENTS AND TRANSITION METALS.
Kirk A. Peterson, Department of Chemistry, Washington State University, 2710
University Dr, Richland, WA 99352, Fax: 509-376-0420, kirk.peterson@pnl.gov
A new family of correlation consistent-type basis sets are currently being
constructed in conjunction with accurate, small-core relativistic pseudopotentials. Initial coverage includes the main group elements from Ga through Rn,
and the new sets exhibit well-behaved, rapid convergence of both the HartreeFock and correlation energies. Details of the optimizations, as well as initial
molecular benchmark calculations and extensions to the transition metal
elements, will be discussed.
89.
COMPLETE BASIS SET ESTIMATES FOR BENZENE DIMER AND OTHER
WEAKLY BOUND SYSTEMS. C. David Sherrill, Mutasem Omar Sinnokrot, and
Edward F. Valeev, School of Chemistry and Biochemistry, Georgia Tech, Atlanta,
GA 30332-0400, Fax: 404-894-7452, sherrill@chemistry.gatech.edu
Weakly bound complexes provide a challenge to ab initio electronic structure
theory. Since the interaction between fragments may arise predominantly from
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dispersion forces, electron correlation is critical for a proper description of these
systems. Moreover, the weak interaction may necessitate the use of very large
basis sets. We have optimized the geometry of three configurations of the
benzene dimer, the simplest prototype pi-stacking system, using MP2 with a
large aug-cc-pVTZ basis set (828 functions). A parallelized MP2-R12/A code has
been developed and used to estimate the complete basis set (CBS) MP2 binding
energies at these geometries. When combined with estimates of the difference
between CCSD(T) and MP2, for the first time this provides very accurate
estimates of the binding energies for benzene dimers. More recent work applies
this approach to other weakly bound systems.

90.
A MULTI-RESOLUTION APPROACH TO QUANTUM CHEMISTRY. Robert J.
Harrison, and George I Fann, EMSL, PNNL, PO Box 999, Richland, WA 99352,
Fax: 509-375-6631, robert.harrison@pnl.gov
Multi-resolution analysis (MRA) and multi-wavelet bases will be described and
applied to sample problems. For effective one-electron problems (e.g., DFT, HF),
MRA will be demonstrated to yield basis limit results in near optimal time
without the use of pseudopotentials. The promise of MRA in many-body
methods is to provide a full numerical solution of the electron pair equation for
general polyatomic systems, thereby eliminating the slow convergence of the
correlation energy with respect to the (atom centered) basis set.

91.
A COMPARISON OF ALGORITHMS TO CONSTRUCT SEQUENCES OF GAUSSIAN
BASIS SETS. Shijun Zhong, and George A. Petersson, Hall-Atwater Laboratories
of Chemistry, Wesleyan University, Middletown, CT 06459-0180, Fax:
860-685-2211, szhong@wesleyan.edu
Extrapolation requires a well defined sequence of approximations and a model
for the convergence of the sequence to a limit. For each element we must first
select a reference set of optimized Gaussian primitives contracted to a minimal
atomic basis set. How should the number vary from one row of the periodic
table to the next? Should it vary within a row? How should we increment this
set to form a sequence of basis sets (e.g. 9s4p, 10s5p, 11s6p, or 9s4p, 11s6p,
13s8p)? How many valence primitives should we add (i.e. DZ, TZ, etc.)? How
should these new primitives be optimized (e.g. SCF or MP2)? What set of
polarization functions should we add (e.g. 2Z1P, 3Z2P, etc., or 3Z1P, 4Z2P,
etc.)? How many diffuse functions are needed (e.g. valence only, or valence
plus 1 polarization)? We shall examine the consequences of these choices.

92.
PHARMACOPHORIC 3D MILL HASHED FINGERPRINTS: ADD ANOTHER
DIMENSION TO YOUR SIMILARITY SEARCHING. Alfonso Pozzan, Aldo Feriani,
Giovanna Tedesco, and Anna Maria Capelli, Computational, Analytical &
Structural Sciences, GlaxoSmithKline Research Centre, Via Fleming 4, 37100
Verona, Italy, Fax: ++39 0459218196
Considerable efforts within the scientific community are aimed at finding 3D
pharmacophoric fingerprint descriptors. Unfortunately the results so far obtained
show no clear improvement when compared with the 2D ones. Probably the
main reasons for this not completely satisfactorily performance are due to the
completely connected nature of a 3D connection table and the conformational
variability within structurally similar molecules that could introduce a considerable amount of noise into the 3D fingerprints, mapping a great number of
“false” pharmacophore signals. This problem could be at least partially addressed using more sophisticated conformational sampling methods that,
however, are not feasible for large data sets. Our work in this field1 tries to
address this problem by properly cutting-off those pharmacophores that are less
relevant for a given molecule. In this way it was also possible to compress the
relevant 3D information into a short 1024 bit string, resulting in a significant
increase in computing efficiency with respect to longer bit strings for non
hashed fingerprints. Recently we have developed an in house tool (PharmMall)
that allows to search via near-neighbors methods databases of 3D# fingerprints
with the aim of finding molecules “pharmacophorically” similar but belonging to
different chemical classes. Possible applications include the identification of lead
follow-up molecules, monomer selection/replacement and small set creation for
directed screening.

93.
BIOLOGICAL DESCRIPTORS AS ALTERNATIVES TO CHEMICAL DESCRIPTORS.
Paul Beroza, Telik, Inc, 750 Gateway Blvd., South San Francisco, CA 94080,
pberoza@telik.com
Computational approaches to molecular diversity traditionally rely on the
derivation of chemical descriptors of molecules. The in silico representation of
atoms and bonds is translated to an abstract representation, such as a bit
vector describing the presence or absence of structural features, that can be
used to assess similarity and diversity among sets of molecules. At Telik, we
have taken a biochemically-based alternative approach: Target Related Affinity
Profiling (TRAPtm). The molecular descriptors used in our TRAP technology are
empirical; each molecule is described by an “affinity fingerprint”, a vector of
binding affinities to a panel of proteins. Such biologically-derived descriptors
exhibit significantly different neighborhood behavior compared to more traditional chemical descriptors. These different behaviors will be discussed in the
context of lead identification and follow-up for novel therapeutic targets.

94.
COMPARING FINGERPRINT-BASED AND DISTANCE MATRIX-BASED BCUT
METHODS IN LEAD IDENTIFICATION AND LEAD HOPPING: A CASE STUDY.
Matthew R. Lee, Lion Bioscience, 9880 Campus Point Drive, San Diego, CA
92121, Fax: 858-410-6665, matthew.lee@sd.lionbioscience.com, and Carleton R.
Sage, Computational Sciences, Lion Bioscience
In the early stages of drug discovery, the main objective is to uncover new lead
compounds against a defined target. Therefore, robust computational compound
selection methods should be capable of avoiding two common pitfalls: 1) not
identifying similarities between actives from disparate scaffolds and 2) not
recognizing dissimilarities between the actives and inactives within a single
congeneric series. Several computational selection methods were compared with
respect to their ability to robustly identify new active compounds against a
nuclear receptor target, particularly in terms of minimizing the number of false
negatives. We find that fingerprint-based methods fare considerably worse than
the distance matrix-based BCUT methods, in terms of both yield and lead
hopping, with receptor-relevant BCUT’s dramatically outperforming the other
similarity search methods. In addition, we investigated the impact of relevant
cutoff values, such as Tanimoto coefficients and distance in BCUT chemical
space, on the success of the methods.

95.
THE USE OF RECON/PEST SOFTWARE AND ELECTRON DENSITY-DERIVED
DESCRIPTORS FOR VIRTUAL HIGH THROUGHPUT DATABASE SCREENING AND
REFINEMENT. N Sukumar 1, Curt M Breneman 1, Dechuan Zhuang 1, William P
Katt 1, Mark J Embrechts 2, and Kristin Bennett 3. (1) Department of Chemistry,
Rensselaer Polytechnic Institute, Cogswell Laboratory, 110 8th Street, Troy, NY
12180-3590, Fax: 518-276-4045, nagams@rpi.edu, (2) Department of Decision
Sciences & Engineering Systems, Rensselaer Polytechnic Institute, (3)
Department of Mathematical Sciences, Rensselaer Polytechnic Institute
In order to adequately explore chemical property space, it is desirable to
represent the fundamental properties of each molecule with as much fidelity as
possible. To this end, we will demonstrate the interactive use of the RECON/
PEST software to rapidly generate a set of electron density-derived Transferable
Atom Equivalent (TAE) descriptors. Results obtained through the application of
this software to virtual high throughput screening (VHTS) and lead optimization/
follow-up will also be discussed.
Examples of chemistry space exploration using the RECON/PEST algorithm
will be presented, together with the results of ANALYZE/Stripminer modeling of
virtual libraries developed around fruitful regions of property space.

96.
NEAREST NEIGHBOR AND KERNEL REGRESSION USING PARTICLE SWARMS.
Walter Cedeño, and Dimitris Agrafiotis, 3-Dimensional Pharmaceuticals, Inc,
665 Stockton Drive, Exton, PA 19341, wcedeno@3dp.com
A novel optimization paradigm based on particle swarms and its use in the
development of QSAR models based on nearest neighbor and kernel regression
is described. Particle swarms explore the search space through a population of
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individuals, which adapt by returning stochastically towards previously successful regions, influenced by the success of their neighbors. Each particle represents a specific location in the state space, and corresponds to a potential
solution to the optimization problem at hand. In the case of nearest neighbor
and kernel regression, these locations represent the weights of the individual
features in the model. The swarm flies through the state space in search of the
global minimum, guided by the classification or regression error. To minimize
the risk of over-fitting, a binary version of this algorithm is proposed, based on
feature selection rather than feature scaling. This is accomplished by viewing the
location vectors of the particles as probabilities, and employing roulette wheel
selection to construct candidate subsets.
97.
MM4 FORCE FIELD FOR CARBOHYDRATES. Norman L. Allinger, Department of
Chemistry, Computational Center for Molecular Structure and Design, University
of Georgia, Cedar Street, Chemistry Annex, Athens, GA 30602-2526, Fax:
706-542-2673, allinger@sunchem.chem.uga.edu
Molecular mechanics is a model of what we know about chemistry. When the
model works well in a particular area, then we have a good understanding of
that area, at least in terms of the model. When it works less well there is
something that we need to learn. We have been developing the MM4 molecular
mechanics model for carbohydrates. We began with simple alcohols and ethers,
and using more and better data, and a more complicated force field, we have
done a better job on the structures and energies of these compounds than was
previously possible with MM3. Such effects as the torsion-bend angular
distortions, and the electronegativity effect on angle bendings have been
included. Hydrogen bond studies based on high level ab initio calculations, were
carried out on simple alcohols. We then studied multiply oxygenated systems
where there were two or three oxygens attached in geminal or vicinal positions.
Again, fairly extensive studies were carried out on small model compounds,
utilizing ab initio and experimental data. All of these things were then assembled
to give a carbohydrate force field. Various points of interest will be discussed.
98.
DENSITY FUNCTIONAL/AB INITIO STUDY OF MONO- AND PENTAHYDRATES OF
␣- AND ␤-D-GLUCOPYRANOSE. Frank A. Momany, Gina Strati, and J. L.
Willett, Plant Polymer Research, NCAUR/ARS/USDA, 1815 N. University St.,
Peoria, IL 61604, Fax: 309-681-6362, momanyfa@mail.ncaur.usda.gov
Mono- and pentahydrates of ␣- and ␤-D-glucopyranose were studied using
density functional/ab initio methods at the B3LYP/6-311++G** level of theory.
Full geometry optimization of the hydrates was carried out to find energy
minima with very small gradients. Cluster algorithms were used to move the
water molecules efficiently. The water molecules around glucose were first
energy minimized in different configurations using an AMB01C empirical
potential developed by the authors and the minimum energy positions were
taken as starting positions for the DFT/ab initio study. Harmonic vibrational
frequencies were calculated for the optimized complexes and from these the
zero point energy (ZPVE), enthalpy (H), entropy (S), and vibrational free energy
differences were obtained. The stress energy resulting from the hydrate
formation on both the glucose and water molecules was found by calculating
the energies of the individual molecules after minimization and comparing those
with the free molecule optimized energies. The ␣-anomer monohydrates were
generally more stable than the ␤-anomers, with the 1-position hydrates more
stable than those found at other hydroxyl sites. The average hydrogen bond
energy for the pentahydrate water-glucose and water-water interactions was
∼3.8-5.1 kcal/mol. The lowest energy pentahydrate complex was that of a
configuration of water molecules around the 1-OH position of the ␤-anomer,
with the best ␣-anomer being ∼1.4 kcal/mol higher in energy. To our knowledge
these are the first calculations in which hydrates of glucose have been energy
optimzed at such a high level of theory.
99.
INCREASING THE ACCUARACY OF NORMAL MODE ANALYSIS: THE SPASIBA
SPECTROSCOPIC FORCE FIELD INTRODUCED INTO THE CHARMM PROGRAM
AND THE MODELING OF THE STRUCTURE AND DYNAMICS OF
CARBOHYDRATES. Gérard Vergoten, Chemistry Department, University of
Sciences and Technologies of Lille, 59655 Villeneuve d’Ascq, France, Fax: 33
320337279, gerard.vergoten@univ-lille1.fr
The SPASIBA spectroscopic force field has been introduced into the CHARMM
software. The SPASIBA force field combines the Van der Waals and electrostatic

interactions as originally found in CHARMM and “Urey-Bradley Shimanouchi”
terms for bond stretching, valence angle bending, torsional and improper
torsional internal coordinates. SPASIBA was developped in our group for several
years and has a vibrational spectroscopic origin. It has largely proved its
efficiency to reproduce at the same time experimental data such as vibrational
wavenumbers, dipole moments, rotation barriers, conformational energy
differences and moments of inertia. The SPASIBA parameters have been
included into CHARMM by the way of a particular library which directly activates
calculations of the specific energetic terms.The database of the spectroscopic
potential energy function SPASIBA has been extended to include parameters for
saccharides and disaccharides in order to investigate oligosaccharides and
glycans. At first, the force field parameters of ␣-D-glucose were derived from
the fitting between calculated and experimental vibrational data. To overcome
ambiguous assignments when interpreting vibrational spectra of saccharides, ab
initio calculations were also performed for the ␣ and ␤ anomers of D-glucose.
These studies have been extended to the determination of parameters related to
glycosidic linkages. An application to the determination of the global and
secondary minima of disaccharides with different types of linkages was then
performed. It will be shown that a single set of force constants can reproduce
with a very good agreement the common features adopted by theses disaccharides.

100.
AB INITIO QUANTUM MECHANICS STUDIES OF TREHALOSE. Alfred D. French,
Southern Regional Research Center, U. S. Department of Agriculture, 1100 Robt.
E. Lee Blvd, New Orleans, LA 70124, Fax: 504-286-4217, afrench@srrc.ars.
usda.gov, Anne-Marie Kelterer, Physical and Theoretical Chemistry, Technical
University of Graz, Glenn P. Johnson, Southern Regional Research Center,
Edwin D. Stevens, Department of Chemistry, University of New Orleans, and
Christopher J. Cramer, Department of Chemistry and Supercomputer Institute,
University of Minnesota
Two molecular mechanics studies of trehalose gave a difference of 13 kcal/mol
in the relative energies of the gauche and trans linkage conformations. Therefore, energy minimizations were carried out with HF and B3LYP theory and the
6-31G* basis set. Additional single point calculations were carried out with the
6-311++G** basis set. The trans conformation was clearly eliminated as the
global minimum. The relative importance of a new minimum depends on the
strength of hydrogen bonding provided by the calculations. The extensive
calculations will be reviewed for relevance to conformations, structural details
and electron density observed in crystal structures as well as in comparison
with various molecular mechanics calculations. The effects of a solvation model
based on continuum theory will also be discussed.

101.
MOLECULAR MODELING OF CATALYTIC MECHANISM OF INVERTING AND
RETAINING GLYCOSYLTRANSFERASES. Igor Tvaroska, Isabelle Andre, and
Jeremy P. Carver, GlycoDesign Inc, 480 University Avenue, Suite 400, Toronto,
ON M5G 1V2, Canada, Fax: 416-593-8988, igor@glycodesign.com
Glycosyltransferases are enzymes involved in the biosynthesis of the majority of
glycosidic bonds in nature and the enzymatic reaction can lead to an inversion
or retention of the anomeric configuration. Despite numerous roles played by
carbohydrates in living organisms, many aspects of the function and catalytic
mechanism of glycosyltransferases remain unclear. We have used high-level ab
initio quantum chemical calculations, up to the DFT/B3LYP/6-31++G**//DFT/
B3LYP/6-31G** level, to model the enzymatic reaction catalyzed by the inverting
and the retaining glycosyltransferases and to determine the structures of
transition states. Different possible mechanisms of the catalytic reaction have
been followed by means of several two-dimensional potential energy maps
calculated as a function of reaction coordinates. A detailed description of the
different possible reaction pathways that includes energetic evaluations and the
structural modifications occurring along the catalytic process has been performed. Subsequently, we used the reported X-ray crystal structures of the
inverting N-acetylglucosaminyltransferase I (GnT I) and retaining a-1,4galactosyltransferase (LgtC) to refine the structural models and investigate the
catalytic mechanisms of the N-acetylglucosamine (GlcNAc) transfer by the
inverting GnT I and retaining LgtC. Structural models used contain residues or
their fragments that are critical for substrate binding and catalysis. The
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feasibility, consequences, and implications on both inverting and retaining
catalytic mechanisms will be discussed.
102.
CALCULATION OF SOLVATION ENERGIES AND ENZYME DYNAMICS FOR
CARBOHYDRATES. Donald G. Truhlar, Christopher J. Cramer, Jason D.
Thompson, Paul D. Winget, James D. Xidos, Jiali Gao, and Mireia Garcia-Viloca,
Department of Chemistry and Supercomputer Institute, University of Minnesota,
207 Pleasant Street Southeast, 139 Smith Hall, Minneapolis, MN 55455-0431,
Fax: 612-626-9390, truhlar@umn.edu
This talk will overview three recent research projects that are relevant to the
carbohydrate modeling community: (1) the development of Charge Model 3, an
improved class IV charge model; (2) the development of SM5.43, an improved
universal solvation model; (3) modeling of the isomerization of glucose to
fructose by xylose isomerase as studied by a combined QM/MM potential
energy function and ensemble-averaged variational transition state theory with
multidimensional tunneling. This work was supported by the NSF and the
University of Minnesota Supercomputer Institute.
103.
SECONDARY STRUCTURAL PROPENSITIES VERSUS TERTIARY
CONTACT-ASSISTED SECONDARY STRUCTURE FORMATION IN THE FOLDING
OF PROTEINS. Valerie Daggett, Department of Medicinal Chemistry, University
of Washington, Seattle, WA 98195-7610, daggett@u.washington.edu
Whether a peptide segment will form secondary structure at a certain stage
along the folding pathway and what role this segment plays depends on its
internal structural propensity and its chemical environment, which is determined
by nearby protein residues andsolvent. We are using molecular dynamics
simulations to address the importance of such local and nonlocal structure in
folding/unfolding,focusing here on helical structure. By combining peptide
fragment and full-length protein simulations we can determine the relative
contributions of helical propensity and tertiary interactions to folding, focusing
on protein A and barnase. Comparison of the helix formation process in the
fragment and full-length protein simulations reveals that segments with high
kinetic stability and propensity form first. Those with low stability and propensity form later in the folding process, as they required contact with other
portions of the protein to fold. These results suggest that segments with
different helical propensities perform different roles during protein folding.
104.
SIMPLE MODEL OF WATER, THE HYDROPHOBIC EFFECT, AND ION
SOLVATION. Ken A. Dill 1, NT Southall 1, T Truskett 1, B Hribar 2, K Silverstein 3,
ADJ Haymet 4, and V Vlachy 2. (1) Department of Pharmaceutical Chemistry,
University of California at San Francisco, San Francisco, CA 94143,
dill@maxwell.ucsf.edu, (2) University of Llubjana, (3) University of Minnesota,
(4) University of Houston
A better understanding of water is important for DOCKing, protein folding, and
other biomolecular processes. Much has been learned from all-atom simulations, but a simple physical picture is still needed for some of the global or
subtle properties —water’s phase transitions, its heat capacity and volumetric
anomalies, the hydrophobic heat capacity, and the chaotropic and kosmotropic
properties of ion solvation, for example. We have developed simple statistical
mechanical models that rationalize many of these properties and give a simple
picture of their physical origins.

High throughput screening was used to locate heteropolymers that bind
1,8-ANS. Using tandem mass spectrometry, the specific sequences of these
peptoids were obtained. Resynthesis and characterization demonstrated the
formation of helical assemblies as judged by size exclusion chromatography,
circular dichroism, and analytical ultracentrifugation. We conclude that it is
possible to identify abiological sequence specific heteropolymers that begin to
mimic the structure and functional properties of their biological counterparts.
106.
STRUCTURE-BASED INHIBITOR DESIGN AND DISCOVERY AGAINST
BETA-LACTAMASE. Brian Shoichet, Department of Pharmacology and
Biological Chemistry, Northwestern University, Chicago, IL 60611,
b-shoichet@northwestern.edu
Beta-lactamases are the primary resistance mechanismto the beta-lactam
antibiotics, including the penicillins andthe cephalosporins, and threaten public
health. Among the mostproblematic are the class C beta-lactamases, which are
widespread among hospital pathogensand are not inhibited by beta-lactam
based inhibitors, such asclavulanate. Indeed, in many bacteria these enzymes
are actuallyupregulated by such beta-lactam based inhibitors. In an effort to
discover novel,non-beta-lactam inhibitors, a structure based approach was
adopted.Five related strategies will be described: 1. Structure-based design of
new mechanism-based inhibitors. 2. Design of transition-state analogs resembling substrates. 3. Discovery of transition-state analogs dissimilar to substrates. 4. Design and in-parallel elaboration of novel boronic acid inhibitors. 5.
Molecular docking for completely new scaffolds.
In each case, a cycle of structure, design/discovery, enzymology, microbiology, and structure again, is being used.
107.
PUNCH CARDS AND HOW THEY GREW. I.D. Kuntz, Department of
Pharmaceutical Chemistry, University of California at San Francisco, San
Francisco, CA 94143, kuntz@cgl.ucsf.edu
My start in biocomputation was triggered by the availability of protein crystal
structure coordinates. The initial focus on analysis grew to include the predictability of structures. My current interest in this field is the information content
of macromolecular structures. A parallel pursuit was the use of macromolecular
structure to guide ligand design. Recent results in library and scaffold design
will be presented.
108.
AUTOMATIC FORCE FIELD PARAMETERIZATION. H. Sun, Aeon Technology Inc,
San Diego, CA 92129, hsun@aeontechnology.com
To construct a molecular mechanics force field from ab initio data is usually a
difficult task. The challenge arises from several factors associated with the least
squares fit: ambiguous combinations of parameters that are defined based on
redundant internal coordinates, inadequate functional forms employed to
represent the energy surfaces, and incomplete samples of data points on the
surfaces. Generally speaking, the fit is both over-determined (more data points
than variable parameters) and under-determined (ambiguous combination of
correlated parameters), and the ambiguities are often unknown prior to the fit
process. In this presentation, we will examine these issues and discuss several
techniques that can be used to reduce the ambiguities and to improve the
quality of fit. We will introduce a new software package, Direct Force Field,
which utilizes these techniques to enable automatic force field parameterization
from ab initio data.

105.
PEPTOIDS: A NEW CLASS OF ABIOLOGICAL FOLDED MOLECULES. Fred E.
Cohen, Department of Pharmacology, University of California at San Francisco,
San Francisco, CA 94143, cohen@cmpharm.ucsf.edu

109.
COMPUTATIONAL STUDIES OF CHANNEL FUNCTION IN GLUTAMINEDEPENDENT AMIDOTRANSFERASES. Xiang Wang, Adrian E Roitberg, and
Nigel G J Richards, Department of Chemistry, University of Florida, Box
117200, Gainesville, FL 32611, Fax: 352-392-7918, richards@qtp.ufl.edu

While nature exploits folded heteropolymeric sequences in RNA and proteins for
molecular recognition and catalysis, comparable abiological systems have been
difficult to create. We have synthesized and identified abiological peptoid
heteroploymer sequences based on the N-substituted glycine backbone that are
capable of binding a dye, 1-analinonaphthalene-8-sulfonate (1,8-ANS). Using
combinatorial synthesis, we constructed a library of 3,400 15-mer peptoids on
an ultra-high-capacity beaded support that enables single compound assays.

We have used theoretical methods to gain understand the molecular mechanisms by which independent catalytic modules are coupled in glutaminedependent amidotransferases. X-ray crystal structures of asparagine synthetase
(AS) and glutamine 5⬘-phosphoribosylpyrophosphate amidotransferase
(GPATase) have shown that both enzymes contain a common N-terminal,
glutaminase domain fused to different C-terminal domains, which are themselves members of extant enzyme superfamilies. Both AS and GPATase
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therefore have two independent active sites, and hence ammonia generated in a
glutaminase domain is shuttled along an interior channel to the other catalytic
region of the enzyme. We have investigated the functional properties of the
GPATase channel using locally enhanced sampling (LES) simulations that reveal
the role of specific residues in mediating ammonia transfer, and have compared
the structures of the intramolecular tunnels in these two amidotransferases. Our
results support the hypothesis that “substrate channels” to connect, and
coordinate, independent active sites arise by convergent evolution.

110.
DFT STUDIES OF FE(III) AND MN(II)-CONTAINING COMPLEXES. Thomas Herz 1,
Shannon N Greene 2, and Nigel G J Richards 1. (1) Quantum Theory Project,
University of Florida, Box 117200, Gainesville, FL 32611-7200, Fax:
352-392-7918, herz@qtp.ufl.edu, richards@qtp.ufl.edu, (2) Department of
Chemistry, University of Florida
The importance of protein environment in modulating the electronic structure
and reactivity of transition metal centers, and the mechanisms that underpin
metalloenzyme evolution, are issues that are often difficult to investigate
experimentally. In principle, DFT calculations can yield significant insight into
such questions especially when used in hybrid QM/MM calculations. This lecture
will discuss the results of recent studies that seek to calibrate DFT and DFT/MM
methods, using a series of well-characterized inorganic Mn(II) and Fe(III)
complexes that are models of the metal centers in superoxide dismutase and
nitrile hydratase, respectively. Our work has shown that DFT and DFT/MM
methods are capable of computing the ground state spin preferences for such
complexes, and solvent-dependence of electronic spectra associated with
open-shell systems. These calculations strongly suggest that DFT/MM descriptions will be sufficiently reliable to probe the electronic effects of the protein
environment and the molecular spectroscopy of manganese- and iron-dependent
enzymes.

111.
HYDROGEN ON AND IN NI(111): POTENTIAL ENERGY SURFACES AND
ACETYLENE HYDROGENATION. Manos Mavrikakis, and Jeff Greeley,
Department of Chemical Engineering, University of Wisconsin, Madison, WI
53706-1691, Fax: 608-262-5434
When a Ni(111) single crystal surface is exposed to molecular hydrogen under
UHV conditions, well defined experiments have shown that hydrogen dissociatively adsorbs on that surface. When Ni(111) is exposed to atomic hydrogen
with the appropriate kinetic energy, hydrogen atoms travel to the subsurface and
bulk of the single crystal. The reactivity of surface and subsurface hydrogen is
quite distinct. Using periodic spin-polarized self-consistent DFT-GGA calculations
we examine the potential energy surface of the hydrogen-Ni(111) interaction for
various hydrogen coverages for the surface, subsurface and bulk. Furthermore,
the effect of subsurface coverage on the binding and reactivity of surface
reaction intermediates is systematically examined. A potential energy surface
characterizing the competing reaction paths for C2H2 hydrogenation on Ni(111)
by surface and subsurface hydrogen is derived and compared with available
experimental data.

112.
THEORETICAL CALCULATIONS OF DISSOCIATIVE ADSORPTION OF METHANE
ON METAL SURFACES. Graeme Henkelman, and Hannes Jonsson, Department
of Chemistry 351700, University of Washington, Seattle, WA 98195-1700, Fax:
206-685-8665, graeme@u.washington.edu, hannes@u.washington.edu
The activation energy for dissociative chemisorption of methane on Ir(111)
surfaces with and without defects has been calculated using density functional
theory combined with an estimate of the long range dispersion interaction and
correction for zero point energy. The results are found to be in good agreement
with published results of bulb and beam experiments analyzed with a precursor
model. A surprisingly large surface relaxation is found where an Ir surface atom
is displaced outwards by as much as 0.6 Angstrom. A strongly bound molecular
state at kinks is found as well as low pathways for dissociation, leading to
interesting new pathways for precursor mediated adsorption. Results on other
surfaces, such as Ni(111) will also be mentioned.

113.
WHEN FORCE FIELD PARAMETERS ARE NOT TRANSFERABLE. J. Goto 1, F.
Sato 1, S. Hojo 1, and H. Sun 2. (1) Ryoka Systems Inc, Urayasu, Chiba, Japan,
goto@cubs.bio.rsi.co.jp, (2) Aeon Technology Inc
Usage of force field methods is largely based on transferability, which assumes
the parameters derived from a few model compounds will be suitable to model
a group of similar molecules. With approximately thirty organic molecules
representing popular functional groups, we tested the transferability using both
accurately parameterized force fields CHARMM, CFF and MMFF and generic
force fields DREIDING and UNIVERSAL. We found that if transferred parameters
are used in an accurate force field, the calculated results are no longer superior
to those obtained using generic force fields. In order to achieve the highest
possible accuracy in force field simulations, we believe custom-built force fields
should be created directly from quality ab initio data for any molecules that have
not been specifically parameterized. We will illustrate how this could be achieved
by using a novel software package – Direct Force Field.
114.
COMPUTATIONAL ANALYSIS OF THE ORIGIN OF THE DISORDER IN A HIGHLY
DIPOLE PARALLEL-ALIGNED MOLECULAR CRYSTAL. Rainer Glaser, Zhengyu
Wu, and Michael Lewis, Department of Chemistry, University of
Missouri-Columbia, Columbia, MO 65211, Fax: 573-882-2754,
glaserr@missouri.edu, zw46c@mizzou.edu
Recently, we have been able to demonstrate that azines are uniquely suitable for
the realization of highly dipole parallel-aligned organic molecular crystals. The
methoxy-substituted acetophenone azines Y-Ph-MeC=N-N=CMe-Ph-X (Y=MeO;
X=Cl, Br, I) crystallize with near-perfect dipole parallel-alignment and perfect
dipole parallel-alignment was achieved in the phenoxy-substituted acetophenone
azines (Y=PhO; X=Cl, Br, I). One of these six crystals shows an interesting
disorder (Acta Cryst. C 2000, 56, 393-396) and we present a computational
analysis of the origin of this disorder. The unit cell of the methoxy-chloro azine
crystal contains four independent molecules. Three of these are completely
dipole parallel-aligned while one is only 43% dipole parallel-aligned. We will
argue that this disorder is thermodynamically preferred. This is accomplished by
combining ab initio determined pair interaction energies with a term for the
orientational entropy computed as a function of the orientational disorder.
115.
DFT STUDY OF ANIONIC AND NEUTRAL PER-SUBSTITUTED TWELVE-VERTEX
BORON CAGE SYSTEMS, B12X 12N-, N=2, 1, 0. Michael L. McKee, Department
of Chemistry, Auburn University, Auburn, AL 36849, Fax: 334-844-6959,
mckee@chem.auburn.edu
The 12(12) closomers form a rapidly expanding class of compoundswhere a
12-verex cage is surrounded by twelve identical substituents. Densityfunctional
theory (B3LYP/6-31G(d)) is used to study a number of these closomersin
different states of oxidation (dianion, radical anion, and neutral cages).The cage
stability increases as the group electronegativity of the substituentincreases.
Also, the 12(12) closomer becomes easier to oxidize as the Hammett parameterbecomes more negative (electron-donating). As the closomer is oxidized, thesize
of the cage increases and the B-B distances become more asymmetric.
TheRaman-active breathing mode in the 404-434 cm-1 range moves to lowerfrequency as the cage is oxidized which is caused by removing one or twoelectrons from a cage-bonding molecular orbital.
116.
ERROR ANALYSIS IN DENSITY FUNCTIONAL THEORY: ATOMIZATION
ENERGIES. Xuelin Wang, and Angela K. Wilson, Department of Chemistry,
University of North Texas, Box 305070, Denton, TX 76203, Fax: 940-565-4318,
xuelinw@yahoo.com
The accuracy of density functional theory (DFT) calculations in the description of
atomization energies has been assessed by comparison to experimental data for
first-row closed-shell diatomics and triatomics. The functions investigated
include two sets of exchange functionals and three correlation functionals,
yielding a total of six gradient-corrected combinations. The one-electron basis
sets used in this study include the family of correlation-consistent basis sets
(cc-pVxZ where x=D(2), T(3), Q(4), 5). Extrapolation schemes have been used
to reach saturated basis set limits. A full statistical error analysis has been
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performed, assessing the success of each functional with each basis set, as well
as the success of several extrapolation schemes.
117.
ACCURATELY SOLVING THE ELECTRONIC SCHRÖDINGER EQUATION OF
SMALL ATOMS AND MOLECULES USING THE EXPLICITLY CORRELATED (R12-)
MULTI-REFERENCE AVERAGED COUPLED-PAIR FUNCTIONAL (MR-ACPF).
Robert J. Gdanitz, Department of Chemistry, University of Utah,
Henry-Eyring-Center for Theoretical Chemistry, 315 S. 1400 E. Rm 2020, Salt
Lake City, UT 84112, Fax: 801-581-4353, gdanitz@hec.utah.edu
THE recently proposed r12-MR-CI method which includes terms that are linear in
the interelectronic distances (r12) in the ansatz for the wavefunction — in
combination with MR-ACPF — allows for systematically solving the electronic
Schrödinger equation to accuracies which cannot be obtained with present day
(traditional) CI methods and computers without the aid of extrapolations.
To demonstrate the high efficiency of this method, it has been applied to the
computation of: i) the potential energy curve of N2 ii) the ground-state energies
of first-row atomic ions; iii) their electron affinities; and iv) the dispersion
interaction within dimers of He, Be, and Ne.
At the time being, my group works on the computation of: i) the 3-body
interaction in Ne2; ii) the molecular constants HF; and on iii) the potential
energy surface of the important elementary reaction F + H2.
In my talk, I will give an outline of the method, demonstrate the outstanding
accuracy that can be obtained and present some new results.
118.
WEB-ENABLED INNOVATION. Donald Anthony, Ninesigma, 21945 Chagrin,
Cleveland, OH 44122, Fax: 2116-295-4825, keating@ninesigma.com
NineSigma’s president and chief executive officer will show ACS meeting
attendees how the role of R&D and its impact on chemical researchers is
changing.
Outsourcing, where firms look to outside contractors to perform key elements
of research effort, is a growing trend, and can speed new product development,
says Anthony. Anthony will discuss outsourcing as well as virtual R&D trends,
and he’ll show how corporate research & development strategies can be crafted
to optimize the utilization of external resources.
The Internet, likewise, is changing the way chemists and chemical engineers
complete tasks, cooperate with work groups, and perform complex analyses. Dr.
Anthony’s presentation will include Internet-use survey results covering chemical
engineers, chemists, and chemical buyers and specifiers.
Dr. Anthony will share with his ACS audience the experience NineSigma has
had delivering science and technology solutions through its Exchange services
and knowledge management software, and show ACS attendees how they, too,
can access a goldmine of essential information and technology solutions
through a variety of web-enabled capabilities.
Don Anthony holds a doctorate in chemical engineering from MIT, and brings
to NineSigma 26 years of executive-level experience for companies like ABB, BP,
and Bechtel.
119.
SIMULATION STUDY OF INSTANTANEOUS HEAT TRACE IN BUBBLING
FLUIDIZED BEDS. Kal Renganathan Sharma PE, Chemical Engineering, Vellore
Institute of Technology (Deemed University), Professor and Head, 114 Hexagon
Building, Katpadi-Thiruvallum Road, Vellore 632014, India, Fax: 91 416 243092,
jyoti_kalpika@yahoo.com
MODSIM III simulation package was used to simulate instantaneous heat
transfer coefficient in bubbling fluidized beds to the wall. The non-Fourier heat
effects model was used to generate the spike in the heat transfer coefficient.
The trough was obtained from gas convection at steady state. The solution of a
composite function in tou and X in terms of a modified Bessel of the first kind
and a decaying exponential was used to generate the spike and decay in the
instantaneous signal. The exponential distribution was used to represent the
packets as queue and the service time replaced with. The interarrival time was
takebn to be Erlang distribution. For slugging beds the novel distribution that
generalizes the normal distribution was used. The periodicity can be predicted.
The shoulder minimum can be predicted and the decay in h predicted. For tou X
the surface flux is finite and for toux surface flux is zero.

120.
SIMULATION STUDY OF SPUTTERING PROCESS. Kal Renganathan Sharma
PE, Chemical Engineering, Vellore Institute of Technology (Deemed University),
Professor and Head, 114 Hexagon Building, Katpadi-Thiruvallum Road, Vellore
632014, India, Fax: 91 416 243092, jyoti_kalpika@yahoo.com
In order to understand the sputter deposition process in VLSI technology
simulation studies were conducted using MODSIM III. The trajectory calculation
of sputtered particles were conducted. The interparticle collisions and particle
wall collisions were taken into account. The QAS (quais axis symmetrical)
approximation was used. The ejection angle calculation using molecular dynamic
model for target atom scattering surface, thermal and pressure diffusion
occuring to minimize the surface free energy. The system under consideration in
the Aluminum and Titanium sputter deposition processes. The MODSIM allows
an inteface to C. The new statistical distribution that genralizes the normal
distribution was used in the particle arrical time distribution at the surface. The
thickness of the deposit as a function of time and uniformity can be predicted.
121.
NUCLEATION, PARTICULATION IN FLUIDIZED BED DEGASIFIER. Kal
Renganathan Sharma PE, Chemical Engineering, Vellore Institute of Technology
(Deemed University), Professor and Head, 114 Hexagon Building,
Katpadi-Thiruvallum Road, Vellore 632014, India, Fax: 91 416 243092,
jyoti_kalpika@yahoo.com
In a earlier paper (1999), the issues in design of a fluidized bed degasifier was
discussed. Microgravity research fostered by NASA can be well supplemented
by research in the microgravity vacuum fluidized degasifier and comparison with
1g conditions. The conditions of operation suggested are sub glass transition
temperature of the polymer and subatmospheric vacuum pressures. The
conditions required to achieve this at reduced pressures is sub Tg of the
polymer and require refrigeration. The long residence times associated with the
flash tank or falling strand devolatilizer can lead to thermal degradation of the
polymer as evidenced in molecular weight loss, discoloration, contamination
formation and mass transfer limited devolatilization. In the areas, of processing
heat sensitive materials such as polymers with high glass transition temperatures the lower temperature operation of the fluidized bed degasifier can obviate
the high temperature processing required in the screw devices and the problems
associated with the high temperature operation. The partial fluidization, smooth
bubbling, spouting, slugging, turbulent behavior are predicted as a function of
fluidization parameters uch as particle size, particle size distribution, fluidizing
velocity at vacuum subatmospheric pressures and sub Tg conditions. The ease
with which particles fluidize and the range of operating conditions that sustain
fluidization are affected by numerous factors. The critical factors for vacuum
fluidization and sub Tg conditions are identified in this study. The agglomeration
of particles as an issue is evaluated at vacuum and low temperature conditions.
The particulation during degasification is predicted. A phenomena of nucleation
and growth of particles is proposed. The performance of the degasifier in terms
of the residual monomers in the product is evaluated. The hyperbolic mass
wave propagative equations are inverted in Laplace transforms to obtain the
mass transfer coefficients in unimolar diffusion. The nucleation model requires
solid liquid interfacial tension values. These can be obtained from the lattice
theory. The nucleation phenomena was simulated using MODSIM III. The
Poisson distribution and the generalized normal distribution were used to
represent the particle formation.
122.
OPTIMIZATION OF HEAT SINK IN SLSI. Kal Renganathan Sharma PE, Chemical
Engineering, Vellore Institute of Technology (Deemed University), Professor and
Head, 114 Hexagon Building, Katpadi-Thiruvallum Road, Vellore 632014, India,
Fax: 91 416 243092, jyoti_kalpika@yahoo.com
Lucent technologies (2000) and other companies have patented novel fin cavity
assembly to effect heat sink in electronic devices. This would prevent overheating and performance degradation. Typical transfer values are 50-200 w/sq.ft.
The material has to have high thermal conductivity and adequate mechanical
strength. The fluid medium with a boiling point lower than the softening point of
the material. Carbon composites with higher thermal conductivity than Aluminum was presented earlier (1998) for laptop computers. In this study the fin
cavity architecture is optimized from a size/weight vs heat sink tradeoff. The
optimization equations are solved numerically by the Piccard’s method and
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Milne’s method. The steady state equations are obtained by shell balance. The
transient heat transfer equations from HHC equation were also solved for the
method of Frobenius and method of Laplace transforms.
123.
SIMULATION STUDY OF GAS CONVECTION EFFECTS AND EDDY MOVEMENT
OF PACKETS FOR INTERMEDIATE SIZE PARTICLES. Kal Renganathan Sharma
PE, Chemical Engineering, Vellore Institute of Technology (Deemed University),
Professor and Head, 114 Hexagon Building, Katpadi-Thiruvallum Road, Vellore
632014, India, Fax: 91 416 243092, jyoti_kalpika@yahoo.com
MODSIM III simulation package was used to simulate instantaneous heat
transfer coefficient in bubbling fluidized beds to the wall. The non-Fourier heat
effects model was used to generate the spike in the heat transfer coefficient.
The trough was obtained from gas convection at steady state. The solution of a
composite function in tou and X in terms of a modified Bessel of the first kind
and a decaying exponential was used to generate the spike and decay in the
instantaneous signal. The exponential distribution was used to represent the
packets as queue and the service time replaced with. The interarrival time was
takebn to be Erlang distribution. For slugging beds the novel distribution that
generalizes the normal distribution was used. The periodicity can be predicted.
The shoulder minimum can be predicted and the decay in h predicted. For tou X
the surface flux is finite and for toux surface flux is zero.
124.
BOUNDED EXPRESSION FOR PARTICLE CONDUCTION USING HYPERBOLIC
HEAT WAVE PROPAGATIVE EQUATION. Kal Renganathan Sharma PE, Chemical
Engineering, Vellore Institute of Technology (Deemed University), Professor and
Head, 114 Hexagon Building, Katpadi-Thiruvallum Road, Vellore 632014, India,
Fax: 91 416 243092, jyoti_kalpika@yahoo.com
The physically reasonable hyperbolic heat wave propagative equation is used to
model the conductive contribution from partcles to the surface in bubbling
fluidized beds. A general solution of heat flux q(X, tou)=0 for toux and four toux
>X, q=sqrt(k rho Cp (1-e)/tou(r)) exp(-tou/2)Io1/2(tou2 - X2) is derived. This
analytical solution is obtained by inversion of the flux expresion in Laplace
transforms for a unit step change of temperature in a semi-infinte medium. This
can explain the vertical spike in instantaneous h values measured and reported
in the literature from a constant trough. The trough may be from the gas
convection in continnum with the surface. The decay is captured by the multiple
of modified composite Bessel function of the first kind and decaying exponential
in time. The time averaged values with the exponential distribution is bounded.
With the experimental measured values of Peshkov at 19 m/s the relaxation time
values are in the millisecond range comparable to the measurands in the
instantaneous h in bubbling beds.
125.
TEST OF THE LANL2DZPD BASIS SET USING MOLECULAR ELECTRON
AFFINITIES. Catherine E. Check, Thomas M. Gilbert, Lee S. Sunderlin, and Kim
C. Lobring, Department of Chemistry and Biochemistry, Northern Illinois
University, DeKalb, IL 60115, Fax: 815-753-4802, ccheck@marilyn.chem.niu.edu
We have extended our development of the LANL2DZpd basis set by adding
diffuse and polarization function exponents for the first row atoms C-F. The
utility of the basis set was tested by determining molecular electron affinities for
a series of proper- and hypervalent molecules including the pentahalides ACl5
(A=P, As, Sb, Bi), the dihalogens X2, and the trihalides X3 (X=F, Cl, Br, I). Both
MP2 and B3LYP models give values in reasonable agreement with those
obtained using the larger 6-31+G* basis set, and with those experimental values
that exist. Trends in the affinities generally match expectation; anomalies within
will be discussed.
126.
THE SPLIT MONTE CARLO METHOD: EFFICIENT SAMPLING BY SEPARATING
LONG-RANGE AND SHORT-RANGE POTENTIAL INTERACTIONS. Katarzyna
Bernacki 1, Balazs Hetenyi 2, and B.J. Berne 1. (1) Department of Chemistry,
Columbia University, Havemeyer Hall, New York, NY 10027, (2) Princeton
University
We propose a new scheme for Monte Carlo simulations based on the separation
of the potential interaction into two additive parts. In this approach, a Monte
Carlo step involves making several moves that are accepted or rejected using

the less expensive short-range part of the potential. The resulting configuration
is accepted or rejected using the remaining long-range contribution. Thus, the
more expensive long-range potential is evaluated less frequently than in
conventional Monte Carlo schemes. We applied the proposed method to
simulations of SPC water using the Ewald method and a Lennard-Jones fluid.
Structural properties agree well with results from standard Monte Carlo
simulations, while correlation functions converge faster, indicating that the new
method provides better sampling of configuration space.
127.
ON THE PHYSICAL ORIGIN OF BLUE-SHIFTED HYDROGEN BONDS. Xiaosong
Li 1, Lei Liu 2, and H. Bernhard Schlegel 1. (1) Department of Chemistry, Wayne
State University, Detroit, MI 48202, Fax: 313-577-8822, xsli@chem.wayne.edu,
(2) Department of Chemistry, Columbia University
In most cases, formation of a hydrogen bond results in a decrease in the
stretching frequency of X-H bond of the hydrogen donor and an increase in the
bond length. However, in some systems such as F3CH°-FH it has been observed
experimentally that the X-H is shifted toward higher frequency (blue shift).
Systems such as CHF3, SiHF3, and NHF2 hydrogen bonded to FH, H2O, and
NH3 have been studied by semiempirical, Hartree-Fock, and post-SCF theories
with a minimal basis set, and split valence basis sets with and without polarization and diffusion functions. Except for semiempirical and Hartree-Fock with
minimal basis set, all methods predict a blue shift and X-H bond shortening.
The results show that carbon is not the only possible center atom of the proton
donor for the contraction of the X-H bond in the complex. It is found that
charge transfer, orbital interactions or simple electrostatics individually are not
sufficient to explain the blue shift. However, both red-shifted and blue-shifted
hydrogen bonds can be understood as the competition between attractive and
repulsive interactions.
128.
THEORETICAL ASSESSMENT OF CATALYTIC AND STEREOSELECTIVE
INFLUENCE OF BIS(OXAZOLINE)-CU(II) COMPLEXES UPON DIELS-ALDER
REACTIONS. Jason DeChancie, Orlando Acevedo, and Jeffrey D. Evanseck,
Department of Chemistry and Biochemistry, Duquesne University, 600 Forbes
Ave, Pittsburgh, PA 15282, Fax: 412-396-5683, jdechancie@hotmail.com
The cayalytic and stereoselective influences of C2-symmetric bis(oxazoline)Cu(II) complexes upon Diels-Alder reactions have been studied with both the
Becke three-parameter density functional theory with the non-local correlation of
Lee, Yang, and Parr, and second-order Moller-Plesset thory with a number of
moderately sized basis sets. The effect of solvent on the activation energies and
endo/exo selectivity has been approximated by the polarizable continuum model
(PCM), explicit definition of two waters, and the combined strategy of the
discrete-continuum model. The influence of the Copper(II) complex upon the
rate and endo-selectivity of the acrylimide and cyclopentadiene Diels-Alder
reaction is computed and shown for each chemical models used. A detailed
picture of how the bis(oxazoline)-Cu(II) ion influences organic reactions and
sterochemistry is presented to continue the development of chiral Lewis acids
as catalysts for entioselective Diels-Alder reactions.
129.
PREDICTING THE GENOTOXICITY OF SECONDARY AND AROMATIC AMINES
FROM MOLECULAR STRUCURE. G. W. Kauffman, Department of Chemistry,
Penn State University, 152 Davey, University Park, PA 16802,
gwk@zeus.chem.psu.edu, and Peter C. Jurs, Department of Chemistry,
Pennsylvania State University
QSAR and classification models are developed to predict the genotoxicity of a
set of 256 structurally-diverse secondary and aromatic amine compounds.
Genotoxicity data were collected using a reverse mutation assay with and
without the S9 rat liver enzyme. The data were subsequently divided into binary
and ternary classification problems, namely negative (58.9% of the data), weakly
positive (19.4%), and positive (21.7%) hits for genotoxicity. Structure-based
numerical descriptors which encode information about the topology, geometry,
electronics, and polar surface areas of each molecule were calculated. Evolutionary optimization techniques were used to effectively search the descriptor space
for small, information-rich subsets of descriptors. Statistical and neural network
models which aim to correlate the molecular structures with patterns of
genotoxicity will be discussed.
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130.
RNA TECTONICS: MODULAR DESIGN AND DIRECTIONAL ASSEMBLY OF
ONE-DIMENSIONAL SUPRAMOLECULAR ARRAYS. Brian Yard 1, Neocles B.
Leontis 1, Lorena Nasalean 1, and Luc Jaeger 2. (1) Department of Chemistry,
Bowling Green State University, Overman Hall, Bowling Green, OH 43403,
byard@bgnet.bgsu.edu, (2) UPR 9002, Institut de Biologie Moléculaire et
Cellulaire du CNRS
RNA molecules exhibit a breathtaking range of complex 3D structures that give
rise to different functions. Recent work has shown how the growing body of
structural information on complex biological RNA molecules can be exploited for
the modular design of artificial, self-assembling nano-scale objects made from
RNA (1,2,3). We call these objects “tecto-RNAs” from Greek “tecton”=carpenter.
RNA tectonics, therefore, refers to the emerging field of “bottom-up” design and
construction of nano-scale objects using RNA modules. The field draws on the
modular character of natural RNA molecules, which can be decomposed and
reassembled to create new objects. We have shown that specific RNA interacting motifs can be exploited to computer-design “tectoRNA” molecular units that
self-assemble into one-dimensional nano-scale RNA fibers. TectoRNA assembly
is generally very sensitive to the presence and concentration of magnesium ions
and can be tuned by controlling the magnesium ion concentration. Moreover,
self-assembly can be conformation dependent. We are presently able to generate
directional self-assembling RNA nano-structures with various topologies. The
RNA nano-fibers are longer than 200 nanometers and can be easily visualized
by transmission electron microscopy. The engineering of two-dimensional RNA
nano-arrays is presently under progress. RNA tectonics, which combines
3D-computer modeling with the most advanced RNA biotechniques, can lead to
the design of programmable self-assembling arrays that should have several
interesting applications in nanobiotechnology.

131.
SIMPLE MOLECULAR SOLIDS: NEW STUDIES ON DI-T-BUTYLBENZENE AND
HEXAMETHYLBENZENE. Claire E. Nettles 1, David H. Magers 1, and Edward J.
Valente 2. (1) Department of Chemistry and Biochemistry, Mississippi College,
Box 4036, Clinton, MS 39058, Fax: 601-925-3933, cnettles@mc.edu, (2)
Department of Chemistry, Mississippi College
A modern high-resolution x-ray diffractometric study of triclinic hexamethylbenzene at 293K has been analyzed by fitting the experimental anisotropic displacement parameters to a rigid-body librational and translational model. Theoretical
and experimental results are strongly consistent but leave unaccounted apparent
methyl group displacements perpendicular to the mean ring plane. Inclusion of
such internal motions, derived from ab initio and density functional theory (DFT)
harmonic frequency calculations, improves the model fit to the anisotropic
displacement parameters. The levels of ab initio theory employed are SCF theory
and second-order perturbation theory; the DFT calculations employ the B3LYP
hybrid functional. A similar study of monoclinic di-t-butylbenzene also shows
that the rigid-body model may be improved by inclusion of at least one
vibrational mode. In this case, the fit between observed and calculated anisotropic displacement parameters improves where the lowest frequency antisymmetric t-butyl group torsional motion is included. Limitations of this approach
are also presented.

132.
THEORETICAL CALCULATIONS OF STRUCTURES AND ENERGETICS OF P2N2:
POTENTIAL HIGH ENERGY SPECIES. Ohyun Kwon 1, Philip M. Almond 1,
Younghi Kwon 2, and Michael L. McKee 1. (1) Department of Chemistry, Auburn
University, Auburn, AL 36849, Fax: 334-844-6959, (2) Department of Chemistry,
Hanyang University
Possible electronic structures of tetraatomic P2N2 have been calculated at the
B3LYP/6-311+G(2df) and CASPT2(12e,12o)/ANO-L levels. A closed-shell
butterfly C2v structure is predicted to have the lowest energy on the tetraatomic
P2N2 potential energy surface. The energies for dissociation of P2N2 to two PN
or to P2 and N2 have been examined. An open-shell singlet linear P-N-N-P and a
closed-shell quasi-tetrahedral C2v structure of P2N2 have been found to be
kinentically stable to fragment or rearrangement on the potential energy surface
with activation energy barriers of greater than 10 kcal/mol at the CASPT2 level.

133.
STRUCTURES AND BINDING ENERGIES OF METHYL TERT-BUTYL
ETHER-WATER COMPLEXES. Phillip Sawunyama, National Research Council,
c/o U.S. EPA, 960 College Station Road, Athens, GA 30605-2700, Fax:
706-355-8202, sawunyama.phillip@epamail.epa.gov, and George W. Bailey,
Ecosystems Research Division, U.S. EPA
Methyl tert-butyl ether (MTBE) is a well-known environmental contaminant
owing to its high solubility in water. Since the early 1990s, MTBE has been
added to gasoline to improve air quality in some metropolitan areas of the
United States. Improved air quality was, however, achieved at the expense of
MTBE tainted water. MTBE from leaking underground gasoline tanks, urban
runoff, boats, etc., has been contaminating surface water and ground water in
the very areas MTBE use was supposed to improve air quality. Molecular
association between MTBE and water is predominantly via hydrogen bonding
with water acting as the hydrogen bond donor and MTBE as the hydrogen bond
acceptor. The objective of this study is to estimate the strength of the hydrogen
bond between MTBE and water, and to determine the structure of the MTBEwater clusters by means of high-level ab initio quantum mechanical and density
functional theory calculations. The geometrical structures, vibrational frequencies, and stabilization energies of the MTBE-water complexes are fully corrected
for basis set superposition error (BSSE).
134.
BORN ATOMIC RADII FOR CONTINUUM ELECTROSTATICS CALCULATIONS OF
NUCLEIC ACIDS. Nilesh K. Banavali, Biochemistry and Structural Biology, Weill
Medical College of Cornell University, 1300 York Avenue, New York, NY 10021,
nilesh.banavali@cornell.edu, and Benoit Roux, Biochemistry Department, Weill
Medical College of Cornell University
Molecular dynamics free energy perturbation calculations with explicit solvent
molecules were used to parameterize a set of Born radii for all atoms comprising naturally occurring nucleic acids. Model compounds used in the free energy
perturbation calculations were selected to represent each local component unit
(base, sugar, phosphate) of nucleic acids. In addition, combinations of these
component units (nucleoside, diphosphate sugar) were used to get proper
representation of the connecting atoms. Since conformational variations in
nucleic acids are expected to change their solvation properties, different fixed
conformations of the model compounds representative of both global A-form
and B-form conformations of DNA were studied. The initial values of the Born
atomic radii, which physically represent the dielectric boundary between the
solute atom and solvent, were based on average radial solvent charge distributions calculated from molecular dynamics simulations with fixed solute conformations. Empirical adjustments in the radii were made to reproduce the
solvation free energies obtained from explicit solvent free energy perturbation
calculations. The ability of the continuum electrostatic calculations to estimate
the electrostatic free energy changes associated with base pairing was also
demonstrated by obtaining good agreement with charging free energy perturbation calculations for normal and mismatched base pairs. Continuum electrostatic
calculations with the newly developed Born atomic radii provide a computationally efficient alternative method to study the electrostatic properties of nucleic
acids and their complexes with proteins.
135.
COMPUTATIONAL STUDY OF HYDROGEN BONDING IN MODEL CELLOBIOSE
ANALOGS AT THE B3LYP/6-311++G** LEVEL. Gina L. Strati, J. L. Willett, and
Frank A. Momany, Plant Polymer Research, NCAUR/ARS/USDA, 1815 N.
University St., Peoria, IL 61604, Fax: 309-681-6362, stratigl@ncaur.usda.gov
A series of ␤-D-cellobiose “analogs” were studied at the B3LYP/6-311++G**
level of theory to isolate and understand how the various functional groups of a
disaccharide contribute to the overall energetic stability of the molecule. Recent
results from our laboratory in which conformers of cellobiose with H ∼ 180°
were much lower in energy than those conformers with H ∼30° prompted this
study. The series of cellobiose “analogs” were constructed by removing various
combinations of functional groups, i.e. hydroxymethyl side chains and/or ring
hydroxyl groups, and minimizing using our AMB01C force field before optimizing at the DFT/6-311++G** level. A total of 8 different “analogs” were studied, 2
conformers of each; one conformer with H ∼30° and the other with H ∼ 180°.
Electronic energies, free energies as well as enthalpy and entropy terms are
compared and reported here for the sets of structures. It was observed that the
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ability to form an extensive hydrogen-bonding network around the entire sugar
entity energetically stabilizes the structure. This network promotes communication between the reducing and non-reducing sugar moieties that is paramount to
energetic stabilization. Our results suggest that in the analog for which this
synergistic hydrogen-bonding network is a possibility, the conformer in which
H ∼ 180° is stabilized over the conformer with H ∼30°.

136.
COMPUTER MODELING OF ABSORPTION KINETICS OF J-AGGREGATES. Javiel
Lopez, and Irina Struganova, Physical Sciences, Barry University, 11300 NE 2nd
Avenue, Miami, FL 33161, Fax: 305-899-3479, javilopez11@yahoo.com
We have tried to find out what is the mechanism of aggregation of dye
molecules in solutions using computer simulations of theoretical absorption
kinetics corresponding to different mechanisms and comparing them to the
experimental kinetics. For each mechanism considered an appropriate system of
differential equations was derived and then solved using Maple 7 package
(rfk-45 method). It was found that under definite initial conditions and temperature regime one of the possible mechanisms will lead to damped oscillations in
the intensity of the absorption of aggregates with time. This is exactly what we
observed experimentally for the absorption kinetics of BIC J-aggregates in the
process of their formation. Based on the correlation between theoretical and
experimental data the conclusion on the mechanism of aggregation of BIC
molecules in solutions is suggested.

137.
COMPOUNDS SELECTION AND PRIORITIZATION DURING LEAD
IDENTIFICATION: WHICH COMPOUNDS TO SCREEN AND IN WHAT ORDER?
Manish Sud, Matthew Lee, Jason Deckman, Kevin Holme, and Carleton Sage,
Cheminformatics Research, LION Bioscience Inc, 9880 Campus Point Drive, San
Diego, CA 92121, Fax: 858-410-6501, manish.sud@lionbioscience.com
The number of compounds available for screening has undergone explosive
growth over the last few years. Considering internal corporate collections and
commercial combinatorial libraries, it is on the order of 10 million compounds.
The cost and time associated with screening are also substantial. Consequently,
during the lead identification phase of a drug discovery project, it is a extremely
critical not only to select appropriate compounds, but also prioritize them to
increase the odds of finding a hit early with favorable ADME and receptor
specificity characteristics. Based on the information available on the putative
ligands, we have used a combination of fingerprint and chemspace nearest
neighbor methodologies for analog selection. Compound prioritization is
performed using a consensus score obtained from a combination of structurebased model predictions. We have developed and integrated models to address
both ADME properties and receptor specificity. A prioritized list of compounds is
generated for screening.

138.
LIBRARY DESIGN: R-GROUP RANKING FOR FAVORABLE ADME
CHARACTERISTICS. Manish Sud 1, Normand Hebert 2, and Carleton Sage 1. (1)
Cheminformatics Research, LION Bioscience Inc, 9880 Campus Point Drive, San
Diego, CA 92121, Fax: 858-410-6501, manish.sud@lionbioscience.com, (2)
Chemistry, LION Bioscience Inc
A large number of drugs fail in clinical trials due to poor ADME/Tox characteristics. In order to increase the likelihood of favorable ADME properties of lead
compounds, it is desirable to consider these characteristics as early as possible
in the drug discovery cycle. After an initial hit is identified, library design
involves the virtual enumeration of the products using a defined chemical core
and all combinations of R-groups. We use a product-based strategy to rank the
R-groups before the libraries are synthesized. For each virtual product, structure-based predictions of ADME properties - Caco-2 effective permeability,
%FDp, CYP2D6, CYP3A4 - are performed. Based on acceptance criteria for the
products, the predictions are deconvoluted back to the R-groups. The enumeration, prediction, and the ranking process is repeated with a different set of
R-groups until the library meets the specified ADME properties distribution. The
ranked R-groups lists are used for ADME-enhanced library synthesis.

139.
DELIVERING DRUG DISCOVERY SOLUTIONS TO CHEMISTS AT THE DESKTOP.
Manish Sud, Kevin Holme, and Carleton Sage, Cheminformatics Research, LION
Bioscience Inc, 9880 Campus Point Drive, San Diego, CA 92121, Fax:
858-410-6501, manish.sud@lionbioscience.com
In order to make an effective contribution to drug discovery projects and
support what-if virtual experiments by chemists, delivery of desktop drug
discovery solutions is critical. We have developed a web based infrastructure,
named iDiscovery, which delivers drug discovery solutions to the chemists via
web browser. iDiscovery platform delivers desktop access to solutions developed using internal and commercial products. It provides solutions in these
areas: lead identification, lead optimization and chemical data base access. Lead
identification provides fingerprint and chemspace nearest neighbors based
analog generation from proprietary and external databases. A variety of lead
optimization solutions are provided: library design, compound prioritization
using structure-based models, molecular descriptors calculations, QSAR and
diversity.
140.
DIPOLE MOMENT DERIVATIVES FOR SO2 USING DENSITY FUNCTIONAL
THEORY AND WAVEFUNCTION–BASED METHODS. P.J. Stimac, and Robert J.
Hinde, Department of Chemistry, University of Tennessee, 336 Buehler Hall,
Knoxville, TN 37996-1600, Fax: 974-3454, pstimac@utk.edu
Density functional theory (DFT) is an attractive alternative to wavefunction-based
methods provided it is accurate and reliable. In the DFT formalism, the energy
of a system is written solely in terms of functionals of the electron density. The
only functional which is not known exactly is the exchange-correlation functional
for which a number of approximate functionals exist. To aid in the future
development of exchange-correlation functionals we have calculated the
derivative of the dipole moment for SO2 with respect to its three symmetry
coordinates for a variety of commonly used exchange-correlation functionals
and basis sets. A comparison of these quantities to experimental results and
those obtained using wavefunction-based methods will provide insight into the
accuracy and reliability of current DFT methods for computing molecular
electrical properties.
141.
DIVERSE LIBRARY SCREENING: THE VIRTUAL BECOMES REALITY. Kevin
O’Malley, John Davies, Dennis France, and Wendy D. Cornell, Core
Technologies, Novartis Pharmaceuticals, 556 Morris Ave., Summit, NJ 07901,
kevin.omalley@pharma.novartis.com
A library of 500 structurally diverse, drug-like, commercially available, low
molecular weight compounds has been used to screen various metalloenzyme
targets, and the results compared to a larger scale HTS approach which used
the corporate compound collection. The diverse library allows for a faster
hit-to-lead process in that all hits 1) have been prescreened to eliminate reactive
moieties such as radicals, Michael acceptors, etc.; 2) possess low clogP and
molecular weight to aid solubility; and 3) provide a framework or scaffold to
which selectivity and bioavailability can be augmented in analogue formation. A
substructure search demonstrates the similarity between scaffolds arising from
the small library and that of the larger screen. The small library screen also has
potential to detect >1 scaffold/ active site, due to the low molecular weights
employed. In situations where >1 scaffold/active site are detected, covalent
linking of scaffolds can greatly improve potency.
142.
VIRTUAL DECONVOLUTION OF HIGH THROUGHPUT SCREENING RESULTS
ON MIXTURES USING DOCKING AND PHARMACOPHORE SCREENING.
Kiyean Nam, Robert Schweitzer, Nicole Tart-Risher, Christopher Schumacher,
Paul Marshall, and Wendy D. Cornell, Central Technologies, Novartis
Pharmaceuticals, 556 Morris Ave, Summit, NJ 07901, Fax: 908-277-4910,
kiyean.nam@pharma.novartis.com
We present a novel approach to handling primary HTS data from mixtures of
compounds. This approach uses in silico screening technologies, such as high
throughput docking and pharmacophore screening. The set of potential active
compounds identified by the primary HTS for a nuclear receptor target has been
examined by the multiple steps of in silico screening approach in parallel with
the experimental deconvolution procedure. As a result, we are not only able to
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reproduce 70% of true positives that are identified by the experimental deconvolution procedure, but also able to rescue additional active compounds, some of
which were false negatives, that would have been missed. Our result demonstrates that the combination of activity based experimental methods and
structure based in silico methods significantly increases the hit rate 16 fold
relative to the experimental method and 4 fold relative to the in silico method.
143.
HOMOLOGY MODELING AND DISCOVERY OF LIGANDS VIA VIRTUAL
SCREENING WITH PROTEIN KINASE C. Shunqi Yan 1, Marc C. Nicklaus 2, Peter
M. Blumberg 3, and Victor E. Marquez 2. (1) NCI-FCRDC, Center for Cancer
Research, National Cancer Institute, NIH, 376 Boyles Street, Bldg 376 Rm205,
Frederick, MD 21702, Fax: 301-846-6033, yshunqi@helix.nih.gov, (2)
NCI-FCRDC, National Cancer Institute, NIH, (3) Laboratory of Cellular
Carcinogenesis and Tumor Promotion, Center for Cancer Research, National
Cancer Institute, National Institutes of Health
Protein Kinase C is a family of signal-transducing enzymes. They are associated
with cancers and possibly Alzheimer’s disease. So far, at least 11 isozymes have
been discovered. However only for PKC␦ has a 3D structure determined by
X-ray crystallography. PKC is ubiquitous and each of the isozymes displays a
specific biological activity. The 3D structure of PKC has not been reported, and
little is known about the structural requirements of ligands to bind to this
isozyme. In this study, the 3D structure of PKC was built from its homology
template PKC␦, and refined by 20ns of molecular dynamics simulation in a TIP3
water box with NPT ensemble using CHARMM version28n1. The database for
screening was prepared from the World Drug Index by filtering out entries
which are bi/tri-molecular, metal-containing, have a molecular weight less than
150 or greater than 1000, using the chemical information toolkit CACTVS,
resulting in 6,724 entries left in the database. After a 200 steps MMFF94 force
field optimization for each molecule in the database, virtual screening by FlexX
in SYBYL was performed. Based on the scoring, the binding mode was
predicted and the pharmacophore of ligands binding to PKC was derived.
144.
DOCKING STUDY OF HDAC: IMPLICATION TO INHIBITOR DESIGN. Di-Fei
Wang 1, Olaf G. Wiest 2, and Paul Helquist 1. (1) Department of Chemistry and
Biochemistry, University of Notre Dame, Notre Dame, IN 46556, dwang@nd.edu,
(2) Department of Chemistry & Biochemistry, University of Notre Dame
Histone deacetylases (HDACs) play a very important role in gene transcription.
Recently, they become a new target to modulate the cell growth and prevent the
formation of several kinds of cancer cells. In this study, we will present our
recent docking results based on Histone Deacetylase Like Protein (HDLP)
structure and Human HDAC1 model from homology modeling for a variety of
HDAC inhibitors, like TSA, SAHA and other inhibitors systems. The structureactivity relationship (SAR) between HDAC and inhibitors will also be discussed.

145.
PROTEIN CONFORMATIONAL GATE CONTROLLING BINDING SITE AND
MIGRATION FOR UBIQUINONE-B IN THE RHODOBACTER SPHAEROIDES
PHOTOSYNTHETIC REACTION CENTER. Ralph A. Wheeler, and Susan E.
Walden, Department of Chemistry & Biochemistry, University of Oklahoma, 620
Parrington Oval, Room 208, Norman, OK 73019, rawheeler@chemdept.chem.
ou.edu
An abundance of x-ray-derived structural data exist for the photosynthetic
reaction center of the purple bacteria Rhodobacter sphaeroides, yet the preferred

binding site of the secondary electron acceptor ubiquinone (QB) and how its
binding influences the rate of electron transfer in the system are still uncertain.
Current hypotheses propose a gated electron transfer, but the identification of a
gate has eluded discovery. Suggested possibilities for the gate include the
migration of QB from an inactive binding site to an electron-transfer active site,
a change in orientation for QB to allow migration, or a conformational change in
the surrounding protein that either allows QB to migrate or otherwise allows
electron-transfer to occur. We present computational evidence that a protein
conformational gate does exist—the His L190-neighboring residue Glh (Glu)
L212 hydrogen bonds with His L190 in competition with QB, perhaps controlling
ET rates, certainly controlling the binding site preference and possible migration
of QB.

146.
CLASSIFICATION OF PROTEIN TYROSINE PHOSPHATE 1B INHIBITORS AND
PREDICTION OF THEIR ANTIHYPERGLYCEMIC ACTIVITY FROM MOLECULAR
STRUCTURE. Suhas J. Patankar, Chemistry Department, Pennsylvania State
University, 152 Davey Lab, University Park, PA 16802, sjp9@psu.edu, and Peter
C. Jurs, Department of Chemistry, Pennsylvania State University
Loss of Protein Tyrosine Phosphatase 1B (PTP1B) activity is known to enhance
insulin sensitivity and resistance to weight gain. So potent and orally active
PTP1B inhibitors could be potential pharmacological agents for the treatment of
Type 2 diabetes and obesity. Classification models of PTP1B inhibitors are
developed using a data set of 128 compounds with ten different classes. Their
inhibitory concentrations expressed as log (IC50) ranged from -1.59 to 1.68 log
units. Initially a two-class problem is addressed using a number of different
classification methods. All models are tested using an external prediction set. A
five-descriptor KNN and LDA classifier is developed that produces a classification rate of 85.7% for an external prediction set. In addition, a quantitative
structure-activity relationship is used to estimate the antihyperglycemic properties of the PTP1B inhibitors. Computational neural networks are used in these
predictions. These models exhibit good predictive ability.

147.
FEATURE SELECTION AND QSPR MODELING: NON-LINEAR PLS VS SVM. Curt
M. Breneman, Department of Chemistry, Rensselaer Polytechnic Institute,
110-8th Street, Cogswell Bldg, Troy, NY 12180, Fax: 518-276-4045,
brenec@rpi.edu, Fabio Arciniegas, Decision Sciences and Engineering Systems,
Rensselear Polytechnic Institute, Mark J. Embrechts, Decision Sciences and
Engineering Systems, Rensselaer Polytechnic Institute, and Kristin Bennett,
Department of Mathematical Sciences, Rensselaer Polytechnic Institute
Because QSAR problems have inherent nonlinearities between most descriptors
and observed bioactivities, it would be expected that a non-linear machinelearning model such as Support Vector Machines (SVM) would outperform a
linear method like PLS. However, a theoretical paper by Berglund and Wold,
1997(2), showed that a PLS model can easily account for non-linear behaviors if
the squared input variables are added. In that case, both the square and cross
terms of the latent variables will be implicitly included in the resulting PLS
model, yielding similar results to a non-linear model.In the context of feature
selection, if a PLS model with such characteristics can be obtained, it will speed
up the feature selection process due to the lower computational time involved in
estimating a PLS model. A sensitivity analysis feature selection based on a
typical PLS model was done over an extended dataset with included squared
terms. The results were then compared with the feature subset obtained by the
same methodology, but now with a non-linear SVM. It was found that the
overall performance of the feature subset obtained with PLS based on the
original dataset was significantly worse than the SVM feature subset. However,
once the original dataset was augmented with the squared terms, the resulting
PLS feature subset displayed a similar performance to that of the SVM. The
molecules selected for analysis were taken from a set of DDASSL Group
bench-mark datasets, including an HIV reverse-transcriptase inhibitor dataset.
Bibliography.
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148.
FINDING TRANSITION STATES USING TRAJECTORIES: BURNING THE WICK
FROM BOTH ENDS. H. P. Hratchian, and H.B. Schlegel, Department of
Chemistry, Wayne State University, 353 Chemistry Bldg, Detroit, MI
48202-3489, hrant@chem.wayne.edu
One of the more difficult and costly calculation types used in the theoretical
study of reaction mechanisms is transition state optimization. A novel approach
to locating transition states is to search from both ends of the related reaction
pathway heading toward the middle. We present a transition state searching
algorithm based on this idea by extending it to a trajectory based procedure. To
find a transition state, the proposed method uses two trajectories: one starting
in the reactant basin; and one in the product basin. A fictitious force is applied,
and the two structures are pulled toward one another until the first order saddle
point is localized. Once this is achieved a traditional optimization scheme is
used to arrive at a converged geometry.
149.
HYDROGEN ABSTRACTION AND OXYGEN ADDITION IN DERIVATIVES OF
2-PYRROLIDINONE. Melissa L. Bagwell 1, David H. Magers 1, and Chris W.
Miller 2. (1) Department of Chemistry and Biochemistry, Mississippi College, Box
4036, Clinton, MS 39058, Fax: 601-925-3933, bagwell@mc.edu, (2) UCB
Chemicals Corporation
Inhibition of free-radical polymerization by molecular oxygen can dramatically
decrease optimum production speeds. Previous studies have shown that
N-vinyl-2-pyrrolidinone greatly increases the relative rates of acrylate polymerization in air at low light intensities. Other studies reveal that other cyclic amides
can also reduce the oxygen inhibition. One possible explanation involves
hydrogen abstraction from a carbon adjacent to the nitrogen in these cyclic
amides followed by reaction of the resulting radical with oxygen. To test this
postulated mechanism, we investigate the relative energetics of the abstraction
of a hydrogen atom from the endocyclic carbon and the exocyclic carbon
adjacent to nitrogen in N-vinyl-2-pyrrolidinone, N-methyl-2-pyrrolidinone, and
N-ethyl-2-pyrrolidinone. We then investigate the reaction of these radicals with
oxygen to locate either transition states or reaction intermediates. Calculations
are performed using SCF theory, second-order perturbation theory, and density
functional theory (DFT) with the B3LYP hybrid functional.
150.
INSIGHTS FROM THEORETICAL SIMULATIONS OF THE ASSOCIATION OF ION
CHANNEL TOXINS WITH THE POTASSIUM ION CHANNEL. Seongeun Yang, and
Kwang S. Kim, Department of Chemistry, Pohang University of Science and
Technology, San 31, Hyojadong, Namgu, Pohang 790-784, South Korea, Fax:
82-54-279-8137, kim@postech.ac.kr
The association of ion channel toxins with the potassium ion (K+) channel has
been investigated using a combination of molecular mechanics, electrostatic
interaction calculation, Brownian dynamics, and molecular dynamics simulation
techniques. Our calculations indicate that the presence of the toxin critically
influences the mobility of the potassium cation in the ion channel. In an effort to
understand the role of conformational changes involving the potassium channel
in influencing the mobility of the potassium cation, we examine the structural
changes of the potassium channel-toxin complex both before and during the
complex formation.
151.
INTERACTION BETWEEN POTASSIUM CATION (K+) WITH GLYCYLGLYCINE
(GLYGLY). Carrie H. S. Wong 1, Ida N. L. Ma 2, and C. W. Tsang 1. (1)
Department of Applied Biology and Chemical Technology, Hong Kong
Polytechnic University, Hung Hom, Hong Kong, Hong Kong, Fax:
852-2364-9932, 00900099r@polyu.edu.hk, (2) Computational chemistry division,
Institute of High Performance Computing
Fundamental understandings of metal cations-peptide/amino acid ligand are
important for the development of high throughput proteomics techniques using
cationized-mass spectrometry. In this poster, the interaction of potassium cation
(K+) with model glycylglycine (glygly) dipeptide are studied theoretically. The
initial conformation of these cation-ligand complexes were obtained from Monte
Carlo sampling techniques, which were further refined using density functional
methods. We located eight charge-solvated (CS) and one zwitterionic (ZW)
complexes within an energy window of 80 kJ mol-1 at the B3-LYP/6-

311+G(3df,2p)//B3-LYP/6-31G(d) level. The most stable K+-glygly conformer
involves a bidentate interaction of the K+ with the two carbonyl oxygens on
different amino acid residues, with the glygly ligand in the CS form. The factors
affecting the stability of various modes of binding, and the effect of ionic size on
M+-glygly are also discussed.

152.
MOLECULAR DETAILS OF HOW IONIC LIQUIDS INFLUENCE CHEMICAL
REACTIVITY AND STEREOSELECTIVITY. Orlando Acevedo, and Jeffrey D.
Evanseck, Department of Chemistry and Biochemistry, Duquesne University, 600
Forbes Ave, Pittsburgh, PA 15282, Fax: 412-396-5683, acevedo323@duq.edu
Room temperature ionic liquids are a novel class of solvents that influence the
chemical reactivity and stereoselectivity of a vast range of organic reactions. The
Diels-Alder reaction highlights the advantages provided by ionic liquids, with
reaction rates 200 times faster and endo selectivity 10 times greater as
compared to commonly used solvents and conditions, at room temperature and
pressure. Using density functional theory, we have investigated the formation of
key ionic cage-like complexes that sequester and selectively stabilize transition
structures. The ionic complexes studied involve the experimentally determined
chloroaluminates Al2Cl7– and Al3Cl10– in acidic melts of ionic liquids. The organic
cationic counterpart is 1-ethyl-3-methyl-imidazolium chloride (EMIC). The
density functional theory calculations are used to test short-range intermolecular
interactions between the ionic cage complexes and transition structures in order
to explain the observed rate and stereoselective enhancements.

153.
MOLECULAR DYNAMICS OF DIFFUSION IN WATER. Gail L. Dempsey, and
John L. Gainer, Department of Chemical Engineering, University of Virginia, 102
Engineer’s Way, P.O. Box 400741, Charlottesville, VA 22901, Fax:
434-982-2658, gd2f@virginia.edu
Diffusion is the rate-limiting step in some biological processes. For example,
oxygen consumption may be limited by the diffusion of oxygen through blood
plasma. Fick’s law of diffusion indicates that one way to increase diffusion is to
increase the diffusion coefficient, or diffusivity. Scientists have been developing
and improving methods to estimate and predict diffusivities in liquids for over
100 years; however, the picture of what is happening at the molecular level is
still not clear, especially for liquids. It is of great interest to gain an understanding of why particular compounds affect the diffusivity of oxygen through blood
plasma. For example, glucose decreases oxygen diffusivity, while trans sodium
crocetinate (TSC) increases it. Molecular dynamics simulations have been
applied in this study to gain a better understanding of these phenomena.

154.
MOLECULAR DYNAMICS SIMULATIONS OF RNA MOTIFS. Kristina Csaszar 1,
Nad’a Spackova 2, Jiri Sponer 3, and Neocles B. Leontis 1. (1) Department of
Chemistry, Bowling Green State University, Overman Hall, Bowling Green, OH
43403, csaszark@bgnet.bgsu.edu, (2) Academy of Sciences of the Czech
Republic, Institute of Biophysics, (3) J. Heyrovsky Institute of Physical
Chemistry, Academy of Sciences of the Czech Republic
Molecular dynamics simulations of RNA motifs comprising ordered assemblies
of non-Watson-Crick basepairs will be presented. Simulations were carried out
using the Amber force field with explicit inclusion of solvent and counterions
and accurate calculation of electrostatic interactions using PME. Multi-nanosecond runs were acquired to adequately sample the dynamical fluctuations
undergone by these interactions. Previously reported simulations of the
frameshifting pseudoknot from Beet Western Yellows Virus (1) have been
extended and a triple mutation at the critical junction residues has been
simulated. Simulations of motifs comprising a variety of basepairs involving the
Hoogsteen and sugar edges will be reported, exploring the relative stabilities of
these interactions in different contexts.(1) Csaszar, K., Spackova, N., Stefl, R.,
Sponer, J., and Leontis, N. (2001) “Molecular dynamics simulation of the
frame-shifting pseudoknot from Beet Western Yellows Virus: The role of
non-Watson-Crick basepairing, cation binding and base mutations on stability
and unfolding.” J. Mol. Biol. 313: 1073-1091.
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MOLECULAR DYNAMICS STUDIES OF INTERACTION BETWEEN CRYSTALS OF
CALCIUM PYROPHOSPHATE DIHYDRATE AND PHOSPHOLIPID MEMBRANES.
Pranav Dalal 1, Andrzej Wierzbicki 2, Jeffry D. Madura 1, and H. S. Cheung 3. (1)
Department of Chemistry and Biochemistry, Duquesne University, 308 Mellon
Hall, 600 Forbes Avenue, Pittsburgh, PA 15282, Fax: 412-396-5683,
dalal@duq.edu, (2) Department of Chemistry, University of South Alabama, (3)
Department of Medicine, University of Miami, V.A. Med Center
The molecular aspect of in vivo crystal induced inflammation has been the
subject of intense medical research for almost four last decades. Pseudogout is
one of three currently known human inflamatory diseases caused by presence of
in vivo crystals of calcium pyrophosphate dihydrate (CPPD). A commonly
accepted mechanism of inflammation, in crystal induced diseases, is dependent
on the rupture of the lysosome phospholipid membrane. Therefore, elucidating
the nature of crystal-phospholipid bilayer interactions is important and can be
used in developing an inhibitor that would diminish the adhesion of CPPD to
phospholipid membranes.
In this paper we present the results from a molecular dynamics simulation to
study the impact a rigid, highly charged surface of CPPD crystal has on the
dynamics of a phospholipid bilayer. The molecular dynamics simulations were
performed using CHARMM. Initially, a POPC lipid bilayer was equilibrated and
subsequently the CPPD crystal was introduced into the system. The interactions
between the lipid bilayer and the CPPD crystal are analyzed. In particular, we
will illustrate how the adhesion of CPPD crystals may induce the structural
changes in the bilayer that lead to its rupture.

156.
POTENTIALS OF MEAN FORCE BETWEEN CHARGED AMINOACID SIDECHAINS
IN AQUEOUS SOLUTION. Artëm Masunov, and Themis Lazaridis, Department of
Chemistry, City College of CUNY, Convent Ave & 138th St., New York, NY
10031, Fax: 206-666-1710, artem.masunov@usa.net
Potentials of mean force (PMF) between aminoacid sidechains (Arg, Lys, His,
Glu) in various protonation states were calculated using explicit solvent MD
simulations with umbrella sampling and the WHAM technique. The sidechains
were constrained in various orientations inside a spherical cluster of 200 water
molecules with the Spherical Solvent Boundary Potential. To validate this
method we first calculated the PMF of monoatomic ions (K+, Na+, Cl-). The
results closely reproduced previously published PMFs obtained using Ewald
summation in 36Å box. The strongest interactions were found for antiparallel
stacking Arg+...Arg+ and coaxial Arg+...Glu- systems (Fig.1). The PMFs were also
compared to potential curves obtained with common implicit solvation models,
such as Generalized Born, EEF1, and uniform dielectric.

BLAS library, linking with ATLAS library is also attempted. Various Hartree-Fock,
DFT and MP2 calculations are done for benchmark. The combination of ifc with
ATLAS is found to offer the best performance for G98 on all of these PC-Linux
computers including both AMD and Intel. Even on AMD systems, the Intel
FORTRAN compiler invariably produces binaries with better performance than
pgf77. One single CPU of PC can perform as fast or better than a workstation.
The acceleration by ATLAS is more significant for post-Hartree-Fock calculations. The floating-point marks of SpecFP2000 shows good correlation with the
benchmark results of G98.

158.
FOLDING KINETICS OF THE HAIRPIN RIBOZYME. Maria M. Rhodes, and Nils
G. Walter, Department of Chemistry, University of Michigan, 930 N. University,
Ann Arbor, MI 48109-1055, mmrhodes@umich.edu
The hairpin ribozyme, like other RNA enzymes, has been shown to have both
inactive (extended) and active (docked) conformations that interconvert as the
molecule folds. Our goal is to adapt a lattice model previously applied to protein
folding for use in RNA folding and then to recreate equilibrium conformational
fluctuations observed along the reaction pathway by single-molecule fluorescence experiments. The energy calculations for the model utilize the wellcharacterized thermodynamic parameters from Turner and others for both the
stacking and hydrogen bonding interactions of the individual nucleotides. The
particular hairpin ribozyme being studied is the minimal two-way junction form
composed of domains A and B, which retains full catalytic ability. Misfolds
anchored by only one or two base pairs open up and refold frequently, while
folds anchored by more pairs stay stable for longer periods, thus demonstrating
a level of cooperativity in the model.

159.
H/D EXCHANGE IN POLYPEPTIDES: AN AB INITIO DIRECT DYNAMICS STUDY.
John E. Knox, and H. Bernhard Schlegel, Department of Chemistry, Wayne State
University, 5101 Cass Ave, Detroit, MI 48202, jknox@chem.wayne.edu
Protein structure and ultimately function can be elucidated by deuterium
exchange experiments. Mechanisms have been propsed for the hydrogendeuterium exchange. Beuchamp has studied [GLY]n, 1-5 by Fourier transform
ion cyclotron mass spectrometry with various deuterium probes. Semi empirical
calculations helped support the proposed mechanisms. Lifshitz and coworkers
used DFT to study the interaction of protonated diglycine with deuterated
ammonia. Freitas and co-workers determined the rate of H/D exchange diglycine
by selectively methylating specific sites. The current literature lacks definitive
proof of the exchange mechanisms and the rates for exchange. We have used
ab initio direct dynamics to verify the reaction path by which the exchange takes
place and to determine the time scale of the reaction. The calculated exchange
rate can be determined and compared to experiment.

160.
IDENTIFICATION OF A PUTATIVE MTP (MICROSOMAL TRIGLYCERIDE
TRANSFER PROTEIN) LIGAND BINDING SITE USING STRUCTURAL,
PHOTO-AFFINITY AND COMPUTATIONAL APPROACHES. Arthur M. Doweyko,
John K. Dickson, Haris Jamil, and Ching-Hsuen Chu, Pharmaceutical Research
Institute, CADD, Bristol-Myers Squibb, Rte. 206 and Provinceline Road,
Princeton, NJ 08543, Fax: 609-252-6030, arthur.doweyko@bms.com

157.
RECENT ADVANCES OF PC-LINUX SYSTEMS FOR ELECTRONIC STRUCTURE
THEORIES BY THE OPTIMIZED COMPILERS AND NUMERICAL LIBRARIES.
Jen-Shiang K. Yu, and Chin-Hui Yu, Department of Chemistry, National Tsing
Hua University, 101 Kuang Fu Road Sec. 2, Hsinchu 300, Taiwan, Fax:
+886-3-5711082, jsyu@platinum.chem.nthu.edu.tw
The GAUSSIAN 98 package is compiled on Linux systems with various hardware
configurations, including AMD Athlon(Thunderbird), AthlonMP and AthlonXP(Palomino) systems, as well as Intel Pentium 4(Willamette) machine. The default
PGI FORTRAN compiler (pgf77), and Intel FORTRAN compiler (ifc), are individually employed to compile G98 and compare the performance. Except using the

Microsomal Triglyceride Transfer Protein (MTP) plays a key role in the transfer
and assembly of VLDL (precursor to LDL). Inhibitors of MTP have been
demonstrated to have significant effects in lowering plasma cholesterol and
trigycerides. MTP is a heterodimer, containing two subunits of 88kD (transfer
function) and 58kD (protein disulfide isomerase). The structure of bovine MTP
was successfully determined and a human homology model was constructed.
Photo-affinity experiments helped define a possible binding site in the MTP
model which was found to have complementary shape and properties to known
MTP ligands and inhibitors. The identification of the site was further confirmed
by docking and Amber force field energetic scoring of a series of diphenylamide
inhibitors which yielded a reasonable correlation between observed MTP
inhibition and binding energies. Details of the MTP structure, photo-affinity
labeling, inhibitor structures and docking protocol will be presented.
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CONFORMATIONAL ANALYSIS OF (S,S)-DIMETHYLDIKETOPYRIDINO-18CROWN-6 ETHER. One-Sun Lee Sr., Donghyoung Lee, and Doo Soo Chung,
School of Chemistry, Seoul National University, 22-316, School of Chemistry,
Seoul National University, Shilim-dong, Kwanak-Gu, Seoul 151-742, South
Korea, Fax: +82-2-889-1568, onesun@bachem.snu.ac.kr, dschung@snu.ac.kr
Conformational search of (S,S)-dimethyldiketopyridino-18-crown-6 ether was
performed by the MM3 and AMBER force fields. With the MM3 force field, 86
conformers including crystallographic structures were found within 3 kcal/mol
from the global minimum. Those conformers were further geometry-optimized at
the B3LYP/6-31G** level. It was found that some conformers including the
global minimum structure were stabilized by the 1,5CH⭈⭈⭈O interactions.
However, with the AMBER force field, one of the two C=O groups of (S,S)dimethyldiketopyridino-18-crown-6 ether was placed inward to the crown ether
ring in the global minimum structure. This conformer had 5.4 kcal/mol higher
energy than global minimum at the B3LYP/6-31G** level. It was revealed that
the shortcoming of the AMBER force field was from the underestimation of the
energy of the N-C-C-O trans conformer compared with the results at the
B3LYP/6-31G** level.
162.
LIGAND DISTORTIONS IN CHIRAL CATALYSTS: CAN MOLECULAR
DEFORMATIONS ENHANCE A CATALYST’S CHIRALITY CONTENT? Sabine
Schefzick, and Kenny B. Lipkowitz, Department of Chemistry, Indiana University
Purdue University at Indianapolis, 402 N. Blackford Street LD320, Indianapolis,
IN 46202, Fax: 317-274-4701, sschef@chem.iupui.edu
Using the Continuous Chirality Measurement (CCM) method, we are able to
relate the chirality content of a chiral catalyst to the enantiomeric excess of the
reaction. In this poster we show that (1) we have established a relationship
between the CCM-values and the enantiomeric excess for a series of catalysts
assisting in a 4+2 cycloaddition and (2) that we can enhance the chirality
content of a series of catalysts. We will show that certain distortion modes of
the chiral catalysts are more useful to enhance the chirality content of the
catalyst than others. We will present results, which indicate that ligand distortions do affect stereochemical outcome and that one must pay attention to this
issue because one may, unwittingly, be decreasing ee’s that a ligand might
otherwise provide.
163.
METHANOL ADSORPTION ON FAUJASITIC PETROCHEMICAL CATALYSTS: AN
ELECTRONIC EMBEDDED CLUSTER STUDY. Somkiat Nokbin, Laboratory for
Computational & Applied Chemistry, Kasetsart University, Department of
Chemistry, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand,
Fax: 066-02-9428900ext324, somkiat@rgjnetwork.ku.ac.th, Thanh N. Truong,
Department of Chemistry/Henry Eyring Center for Theoretical Chemistry,
University of Utah, and Jumras Limtrakul, Department of Chemistry, Kasetsart
University
The methanol adsorption on Faujasite zeolite has been investigated by both
DFT quantum cluster and embedded cluster approaches at the B3LYP/6311+G(3df,2p) level of theory. Two types of adsorption complexes have been
observed, physisorbed and chemisorbed complexes. The results obtained from
the DFT quantum cluster indicated that the hydrogen-bonded complexes are the
preferable structure than ion-pair structures. The chemisorbed structure for the
[CH3OH2]+/Faujasite system is only observed when Madelung potential of the
crystal framework is taken into account. The corresponding adsorption
energy of chemisorbed complex is predicted to be -21.07 kcal/mol at B3LYP/6311+G(3df,2p) level of theory which is good agreement with the full periodic
DFT results (-19.52 kcal/mole for Chabazite zeolite). We concluded that the local
structure of the active site, ≡SiOH-Al≡, is sensitive not only to the high coverage
but also to the quantum cluster size and the inclusion of the Madelung potential
of the crystal.
164.
MODEL OF ␣-HELIX ELECTRON CHANNEL IN PHOTOSYNTHETIC REACTION
CENTER. Yonghong Song, COR Therapeutics, Inc, 256 E. Grand Ave, South San
Francisco, CA 94080-4811, ysong@corr.com
Photosynthetic reaction center is the main engine in photosynthesis, which
converts light energy to chemical energy for life on earth. Understanding how

the reaction center achieves charge separation by mediating highly efficient
electron transfer between the redox cofactors, promises design of increasingly
sophisticated molecular devices that mimic photosynthesis. The crystal structure
of photosynthetic reaction centers revealed that the redox cofactors are
embedded in those long, regular, transmembrane ␣-helix bundles. The ␣-helix is
a rod-like structure in which the tightly coiled polypeptide chain forms the
cylindrical backbone, with all the peptide dipoles aligning at one direction
parallel to the helical axis. In our model, it is proposed that the central cavity of
the ␣-helix can be used to transport electrons. The electric field generated by
the ␣-helix dipole facilitates electron transfer from a donor to an acceptor
through the interior of the helix via field effect. This facilitated electron channel,
like a molecular diode, possesses characteristic directionality, providing high
efficiency and specificity for long-range electron transfer in photosynthetic
reaction center.

165.
COMPUTATIONAL MODELING OF BRINE/ CO2 SEQUESTRATION. Thomas J.
Dick, Pranav Dalal, and Jeffry D. Madura, Department of Chemistry and
Biochemistry, Duquesne University, 308 Mellon Hall, 600 Forbes Ave.,
Pittsburgh, PA 15282, Fax: 412-396-5683, dick251@duq.edu
Carbon dioxide sequestration is the process of capturing CO2 and removing it
from the environment. One method to sequester CO2 is in brine aquifers. The
hypothesis is that in brine, CO2 would be converted to CO3-2 and thus be able to
form insoluble carbonates with Ca+2, Mg+2, and Fe+2. To investigate this
hypothesis, an atomistic model of brine needs to be developed. Currently we are
performing molecular dynamics calculations on a model brine solution using
DL_POLY. Analysis of our brine model will be presented.

166.
COMPUTER-SIMULATED MODEL OF THE COPPER-BINDING SITE OF LYSYL
OXIDASE USING EXTENDED SYSTEMATIC FORCE FIELD (ESFF)
CALCULATIONS. Faina Ryvkin, Department of Chemistry, Emmanuel College,
400 The Fenway, Boston, MA 02115, ryvkin@emmanuel.edu, and Frederick T.
Greenaway, Department of Chemistry, Clark University
Lysyl oxidase, LOX, is a copper- and quinone-containing enzyme that catalyzes
the cross-linking of elastin and collagen. This highly-conserved 32kDa protein is
difficult to isolate in large quantities and has poor solubility, with the result that
almost nothing is known about its three dimensional structure. In the present
study we have modeled the copper-binding site of LOX using computer-assisted
molecular modeling techniques. The conserved histidine-rich segment of LOX
that has been implicated in copper binding was submitted to an energy
minimization procedure using a new force field (ESFF, INSIGHT II) specifically
designed for transition metal complexes. Refinement of the positions of the
equatorial and axial ligands donor atoms allowed location of the residues in the
proximity of the copper site without any constraints being placed on atoms in
the first coordination sphere. The results clearly demonstrate that the earlier
suggested “copper-talon” model for LOX is not structurally viable.

167.
FROM BIOLOGICAL MOLECULAR RECOGNITION TO SUBNANOWIRES: A
THEORETICAL EXPLORATION OF THE CATION- INTERACTION. Eun Cheol
Lee, Jong Chan Kim, Yukyung Kim, Dongwook Kim, and Kwang S. Kim,
Department of Chemistry, Pohang University of Sciencen and Technology, San
31, Hyojadong, Namgu, Pohang 790-784, South Korea, Fax: 82-54-279-8137,
kim@postech.ac.kr
Given the ubiquitous nature of cation- interactions in diverse fields of chemistry and biology, ranging from molecular recognition to neurobiology, a lot of
effort has been expended in obtaining a clear understanding of the same. In the
present investigation, we highlight the ongoing efforts in our laboratory to
harness these cation-p interactions to design and develop molecular systems of
practical value. In particular, we elaborate on how a detailed theoretical
understanding of these cation-p interactions enables one to design novel
host-guest systems, ionophores and nanowires.
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EXTENDED ELECTRON CORRELATIONS APPLIED TO SELF-CONSISTENT FIELD
SEMI-EMPIRICAL CALCULATIONS. Edward C.M. Chen, School of Natural and
Applied Sciences, University of Houston, CLC, 2700 Bay Area Blvd, Houston, TX
77058, ecmc@hia.net, and Edward S. Chen, CRPC, Rice University
Chemically accurate values of electron affinities are calculated for Oxygen and
diatomic halogens. This is accomplished by adding electron correlation to post
self-consistent field semi-empirical calculations using extant Hamiltonians and
parameters. This procedure is called CURES-EC, for the use of configuration
interaction or unrestricted orbitals to relate experimental and SCF values by
modifying electron correlation. This accurately expresses the objective for the
procedure, to “cure” the electron correlation problem by selecting the optimum
number of filled and unfilled orbitals. The procedure has been applied to about
300 species - including the DNA bases, aromatic hydrocarbons, and carbon
clusters. The average deviation for these molecules is less than 0.1 eV. This
level of precision is also obtained for the subject molecules. Trends of electron
affinities for homonuclear diatomics through the periodic table will be discussed.
169.
MOLECULAR DYNAMICS AND THE EFFECTIVE FRAGMENT POTENTIAL
METHOD. Heather M. Netzloff 1, Mark S. Gordon 1, and Jon Sorenson 2. (1)
Chemistry, Iowa State University, 201 Spedding Hall, Ames, IA 50011, Fax:
515-294-5204, heather@si.fi.ameslab.gov, (2) Department of Chemistry,
University of California, Berkeley
The dynamical aspect of a chemical process is an important tool in understanding the system. Molecular dynamic simulations are dependent upon the
accuracy and reliability of the interaction energy potential. With this in mind, we
have developed a MD simulation code in the GAMESS suite of programs using
the Effective Fragment Potential (EFP) method to describe interactions between
molecules. The EFP method includes Coulomb, polarization (self-consistent
induced dipole), and exchange repulsion + charge transfer terms to describe the
potential. Since the aim of any computer simulation is to compute and understand macroscopic behavior from microscopic interactions, we plan to use this
code to study small clusters, extend to larger clusters, and finally study bulk
behavior. MD also provides a tool to effectively search configuration space for
low energy structures on potential energy surfaces, a search which becomes
increasingly more difficult with ab initio calculations as the size of a cluster
grows. With this code, one can simulate a pure liquid using EFP potentials or
any molecule using a suite of ab initio methods. Extensions to solute (ab
initio)-solvent (EFP) calculations are in progress.
170.
COMPUTATION OF RING STRAIN IN AZETIDINE, PHOSPHETANE,
OXAPHOSPHETANE, AND OXADIPHOSPHETANE. Karen E. Hand, and David H.
Magers, Department of Chemistry and Biochemistry, Mississippi College, Box
4036, Clinton, MS 39058, Fax: 601-925-3933, khand@mc.edu
The strain energies for azetidine, phosphetane, 1,2-oxaphosphetane, 1,3oxaphosphetane, 1,2,3-oxadiphosphetane and 1,2,4-oxadiphosphetane are
determined within the isodesmic, homodesmotic and hyperhomodesmotic
models. Optimum equilibrium geometries, harmonic vibrational frequencies, and
corresponding electronic energies are computed for all pertinent molecular
systems using SCF theory, second-order perturbation theory, and density
functional theory (DFT). The DFT functional employed is Becke’s three parameter
hybrid functional using the LYP correlation functional. Two basis sets, both
of triple-zeta quality on valence electrons, are employed: 6-311G(d,p) and
6-311++G(2df,2pd). Finally, the computed strain energies are compared to those
of cyclopropane, cyclobutane, 1,2-oxazetidine, and 1,3-oxazetidine. We gratefully
acknowledge support from NSF EPSCoR (EPS-9874669).

to create adhesion. Although structural results describe the physical locations of
atoms within a molecule, the results of our computational research provide
comprehensive information regarding the contributions of each atom in the
metal:protein association. Using Becke’s three-parameter density functional
theory (with the LYP correlation functional), we characterized the individual
calcium coordination sites, calculated molecular binding energy profiles and
analyzed the molecular orbital electron population distributions in the cadherin
monomer. By quantifying the relative contributions of each amino acid residue
in the calcium coordination, we were able to elucidate the precise role of the
calcium ions and each amino acid residue in the functionality of the protein.

Figure: Cadherin dimers interacting to generate intercellular adhesion. Calcium
ions are represented by spheres. A cadherin domain junction is highlighted to
show the relevant calcium-coordinating residues (circled) and their computational models.
172.
COMPUTATIONAL EVIDENCE FOR CHLORINE ATOM COMPLEXATION IN
“NONCOMPLEXING” SOLVENTS. William J. Kelly, Department of Chemistry,
Southwestern Oklahoma State University, 100 Campus Dr, Weatherford, OK
73096, Fax: 580-774-3795, kellyw@swosu.edu
Recent experimental evidence supports chlorine atom complexation in chlorinated solvents previously believed to be “noncomplexing”. Dneprovoskii et al.
attributed the increase in S(3°/1°) observed in solutions of DMB and various
chlorinated solvents to the formation of charge-transfer donor/acceptor
complexes between the chlorine atom and solvent. Likewise, Chateauneuf has
presented direct kinetic evidence of chlorine atom complexation in halogenated
solvents. We have employed electronic structure computations to examine the
potential energy surface of chlorine atom complexation with both CHCl3 and
CH2Cl2. Single point energy calculations at fourth order Moller-Plesset (MP4/
SDQ) model chemistry following geometry optimization and frequency determination at the second-order Moller-Plesset level (UMP4/aug-cc-pVTZ//UMP2/6311+G(2p, 2d) reveals two minima of similar energy, 1 and 2, for the chlorine
atom CH2Cl2 complex. Similar calculations for the chlorine atom CHCl3 complex
show only a single energy minimum 3. Interaction energies, corrected for BSSE,
are consistent with available experimental data.

171.
COMPUTATIONAL ANALYSIS OF CALCIUM COORDINATION SITES IN
CADHERIN ADHESION MOLECULES. Nancy C. Vosnidou, and David L.
Worcester, Division of Biological Sciences, University of Missouri - Columbia,
208 Tucker Hall, Columbia, MO 65211, Fax: 573-882-0123, ncv3de@mizzou.edu

173.
COMPUTATIONAL INVESTIGATION OF A METAL-PROMOTED SN2 REACTION IN
THE ACTIVE SITE OF THE ZINC-DEPENDENT PROTEASE CARBOXYPEPTIDASE A
AND ITS IMPLICATION FOR THE CATALYTIC MECHANISM OF THE ENZYME.
Jason B. Cross 1, Shahriar Mobashery 2, and H. Bernhard Schlegel 2. (1)
Department of Chemistry, Wayne State Univeristy, Detroit, MI 48202,
jcross@chem.wayne.edu, (2) Department of Chemistry, Wayne State University

Cadherins are cellular adhesion molecules that require calcium for molecular
function. Each molecule is composed of five tandem extracellular domains, with
specific amino acid residues at each junction coordinating three calcium ions.
Each cadherin monomer interacts with an identical molecule on an opposing cell

Zinc proteases are ubiquitous, and the zinc ion plays a central function in the
catalytic mechanism of these enzymes. A novel class of mechanism-based
inhibitors takes advantage of the zinc ion chemistry in carboxypeptidase A (CPA)
to promote an SN2 reaction between the inhibitor and the carboxylate of Glu-270
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to result in irreversible inhibition of the enzyme. The effect of the active site zinc
ion on irreversible inactivation of CPA was studied by molecular orbital (MO)
calculations on a simple SN2 reaction, CH3Cl + Cl-, interacting with a series of
active site models, including a combined ab initio/semi-empirical model. Finally,
the reaction path of the full enzyme with the mechanism-based inhibitor was
investigated using the QM/MM ONIOM method. These results have direct
implications on the electrostatic effects of the zinc ion on the catalytic reactions
of these metal-dependent enzymes with their natural peptide substrates.
174.
COMPUTATIONAL INVESTIGATION OF THE SOLUTION-PHASE MECHANISM OF
NUCLEOPHILIC SUBSTITUTION AT SULFUR. Joseph M Hayes, and Steven M.
Bachrach, Department of Chemistry, Trinity University, 715 Stadium Drive, San
Antonio, TX 78212, Fax: 210-999-7569, jhayes@trinity.edu
Our computational studies of prototype reactions for nucleophilic substitution at
sulfur in di- and trisulfides in the gas phase using different ab initio (MP2 and
CCD) and density functional (B3LYP and B3PW91) methods have shown
addition-elimination to be the preferred pathway. Inclusion of solvation effects
via the Polarized Continuum Model (PCM) leads in some cases to a mechanism
changeover from addition-elimination to SN2. We are currently in the process of
analyzing the effect of inclusion of explicit water molecules on the reactions, and
also explicit water representation in combination with the PCM model. The
results of these investigations will be presented.
175.
COMPUTATIONAL INVESTIGATION OF THE STEREOCHEMISTRY OF THE
ADDITION OF WATER TO ENOYL-COA HYDRATASE. Danielle Smith, and
Shujun Su, Department of Chemistry, Southwest Missouri State University, 901
South National, Springfield, MO 65807, drb650s@smsu.edu
The addition of water to the peroxisomal enoyl-CoEnzyme hydratase was found
experimentally to have an unexpected syn addition mechanism. A computational
study was performed to describe this addition both numerically and visually.
Both syn and anti additions to a model compound were performed, and the
electronic and electrostatic density surfaces around the optimized geometric
structures were investigated and compared to explain the experimental results.
176.
EXTRAPOLATING FINITE BASIS ELECTRONIC STRUCTURE CALCULATIONS TO
THE COMPLETE BASIS SET LIMIT: DOES IT WORK FOR POTENTIAL ENERGY
CURVES? T.C. Lillestolen, and Robert J. Hinde, Department of Chemistry,
University of Tennessee, Knoxville, TN 37996, tlillest@utk.edu
In recent years, many methods have been proposed that will extrapolate finite
basis ab initio calculations to the complete basis set (CBS) limit at an equilibrium geometry. This is important since many thermodynamic properties depend
on accurately knowing the exact energy. In order to determine spectroscopic
properties, however, it is important to understand how these methods perform
for entire portions of the potential energy surface, and whether or not they
preserve the integrity of that surface. For this work we have chosen the H2
molecule which is an ideal testing ground for basis set extrapolation schemes,
since numerically exact ab initio energies are available for a wide range of bond
lengths. Numerical techniques also allow us to calculate exact Hartree-Fock
energies at these bond lengths, therefore allowing us to calculate the exact
correlation energy. Thus we can test different extrapolation methods that
extrapolate total energies only, or ones which separate Hartree-Fock and
correlation energies, in order to determine which methods work the best. By
performing a Numerov-Cooley analysis of our un-extrapolated results and our
extrapolated ones, we can compare the vibrational levels obtained and determine
whether or not these methods are suitable for potential energy surfaces.

the effects of these functional groups on the reactivity of alkoxy radicals
relevant to atmospheric chemistry. The six radicals are CH3OC(=O)CH2O,
CH3C(=O)OCH2O, CH3CH2C(=O)CH2O, CH3C(=O)CH2CH2O, CH3OCH2CH2O, and
CH3CH2OCH2O. All six radicals are, like 1-butoxy, primary alkoxy radicals with a
methyl group ␦ to the radical center. Calculations are carried out at the
B3LYP/6-31G(d,p) and /6-311G(2df,2p) level of theory for all species. The
isomerization (1,5 H-shift) reactions and selected ␤ C-C scission reactions are
also studied at the G2(MP2,SVP) level of theory. Substituent effects on structure
are very large and certainly significant for the fate of the radicals in the
atmosphere, but they depend as much or more on the position of functional
groups as their nature. In addition, we report the first quantum chemical study
of the ␣ -ester rearrangement: CH3C(=O)OCH2O → CH3C(=O)OH + HC=O.

178.
PROTEIN-LIGAND INTERACTION SCORING USING TAE KNOWLEDGE-BASED
POTENTIALS. Wei Deng, Department of Chemistry, RPI, 110 8th St., Troy, NY
12180, dengw2@rpi.edu, Curt M. Breneman, Department of Chemistry,
Rensselaer Polytechnic Institute, Alexander Tropsha, Laboratory for Molecular
Modeling, School of Pharmacy, University of North Carolina, Jun Feng, School
of Pharmacy, University of North Carolina at Chapel Hill, and M. Dominic Ryan,
Associate Director of Computational Chemistry, Millenium Pharmaceuticals
A new knowledge-based approach is introduced for scoring protein-ligand
interactions using electron density-derived atomic properties. This TAE-based
approach considers all atoms of the ligands and two successive layers of
binding site atoms that can influence protein-ligand interactions. The interaction
score is based on the learned complementarity of TAE-based molecular surface
properties of the ligands with respect to the two sets of binding site atoms.
Results obtained through the application of several machine learning methods to
this pattern-recognition problem will be discussed.

179.
QSAR/QSPR ANALYSIS OF LARGE DATA SETS USING A FAST VARIABLE
SELECTION APPROACH BASED ON K-NEAREST NEIGHBOR PRINCIPLE. Yun-De
Xiao, Min Shen, and Alexander Tropsha, Laboratory for Molecular Modeling,
School of Pharmacy, University of North Carolina, CB # 7360, Beard Hall,
School of Pharmacy, Chapel Hill, NC 27599-7360, Fax: 919-966-0204,
yxiao@email.unc.edu
A fast variable selection approach to QSAR/QSPR studies for large data sets
based on weighted k-nearest neighbor principle with restricted similarity cutoff
(RWKNN-QSAR) has been developed. The following major improvements to the
original method (JCICS, 2000, 40, 185-194) were implemented. First, by
restricting the number of neighbors used in the time-consuming variable
selection process, the calculation speed of model generation was increased
dramatically. Second, the activity (property) of each compound is now predicted
as distance-dependent, not algebraic average, activity of its k nearest neighbor
compounds. The robustness of QSAR model is characterized by the value of
LOO cross-validated R2 (q2) for the training set and R2predict for the test set.
The application of the RWKNN-QSAR method to an industrial data set as large
as 804 compounds yielded QSAR models with q2 and R2predict values higher
than 0.7. Due to its simplicity and computational efficiency, this method can be
applied routinely to in QSAR/QSPR studies of large (thousands of compounds)
data sets.

177.
FATE OF ALKOXY RADICALS FROM OXYGENATED ORGANICS. Theodore S.
Dibble, Melissa A. Ferenac, Andrew J. Davis, and Andrew S. Holloway,
Chemistry Department, SUNY-ESF, 1 Forestry Drive, Syracuse, NY 13210, Fax:
315-470-6856, tsdibble@syr.edu

180.
QSPR ANALYSIS OF HUMAN S9 METABOLIC TURNOVER DATASET USING
K-NEAREST NEIGHBOR METHOD. Min Shen 1, Yun-De Xiao 1, Alexander
Golbraikh 1, Vijay Gombar 2, and Alexander Tropsha 1. (1) Laboratory for
Molecular Modeling, School of Pharmacy, University of North Carolina, CB #
7360, Beard Hall, School of Pharmacy, Chapel Hill, NC 27599-7360, Fax:
919-966-0204, mshen@email.unc.edu, (2) US Mechanism and Extrapolation
Technologies, GlaxoSmithKline

This paper presents quantum chemical studies of the unimolecular reactions
of a series of six oxygenated alkoxy radicals, with a goal of better understanding

Drug pharmacokinetic properties such as absorption, distribution, metabolism
and excretion (ADME) are crucial for the ultimate clinical success of a drug
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candidate. We present the development of several rigorously validated Quantitative Structure-Property Relationship (QSPR) models for 631 compounds tested
for metabolic stability in human liver S9 homogenate. The models were
developed with the variable selection and k-Nearest Neighbor (kNN) QSPR
methods developed in this laboratory. These methods utilize multiple molecular
descriptors such as molecular connectivity indices or atom pairs, which are
derived from two-dimensional (2D) molecular topology. The original dataset was
divided into training and test sets, and highly predictive models with accuracy
greater than 80% for the test set compounds were obtained. These models
achieved a similar level of accuracy when applied to an external validation set of
107 new compounds. The successful development of highly predictive QSPR
models affords the design and robust virtual screening of drug candidates for
human S9 metabolic stability.

181.
QSPR STUDIES USING PROBABILISTIC NEURAL NETWORKS AND
GENERALIZED REGRESSION NEURAL NETWORKS. Philip D. Mosier, Chemistry
Department, Pennsylvania State University, 152 Davey Lab, University Park, PA
16802, pdm@zeus.chem.psu.edu, and Peter C. Jurs, Department of Chemistry,
Pennsylvania State University
Probabilistic Neural Networks (PNN) and Generalized Regression Neural
Networks (GRNN) are simple yet powerful neural network techniques for QSAR
studies involving classification or quantification. The theory behind these
probability-based methods will be presented along with several applications of
PNN/GRNN methodology. For each application, the network inputs consist of a
small set of numerical descriptors that encode molecular structural features.
One PNN model classifies soluble epoxide hydrolase inhibitors as active or
inactive. Three GRNN models will be presented. The first predicts ion mobility
collision cross-sections for singly-protonated peptide ions. The second model
predicts aqueous solubility of nitrogen- and oxygen-containing small organic
molecules. The third model predicts acute toxicity of small organic molecules to
Tetrahymena pyriformis. Each of these studies has also been addressed using
more traditional multiple linear regression and computational neural network
techniques. The PNN and GRNN results will be compared to the results obtained
in these previous studies.

182.
THEORETICAL INVESTIGATIONS OF SELF-ASSEMBLY IN ORGANIC
NANOTUBES. Jong Chan Kim, Yukyung Kim, Eun Cheol Lee, and Kwang S.
Kim, Department of Chemistry, Pohang University of Science and Technology,
San 31, Hyojadong, Namgu, Pohang 790-784, South Korea, Fax:
82-54-279-8137, welkjc@postech.ac.kr, kim@postech.ac.kr
Calix[4]hydroquinone (CHQ), a reduced form of calix[4]quinone (CQ) forms
infinitely long one-dimensional (1D) H-bond arrays in the solid state and has
been found to be very useful in growing ultrathin arrays of metallic subnanowires. In an effort to understand the formation of these 1D H-bond arrays,
calculations were carried out on various possible combinations of assembled
structures of CHQ (dimer, trimer, tetramer, hexamer, and octamer) structures.
The calculations indicate that the hexamer is the most preferred assembly in the
absence of water molecules. However, on addition of water molecules, the
octamer assembly is most preferred. The assembling energy per monomer of
the octamer structure is about ∼114 kcal/mol and its stability is further
enhanced by about 20 kcal/mol, when it forms linear chains. The implications of
the present study in the design and development of novel and useful organic
nanotube architectures is also discussed.

183.
TIMINGS OF SCF, DFT, AND MP2 CALCULATIONS ON A BEOWULF CLUSTER.
Mary Beth Moore, David H. Magers, and Melissa Wiggins, Department of
Chemistry and Biochemistry, Mississippi College, Box 4036, Clinton, MS 39058,
Fax: 601-925-3933, bmoore@mc.edu
Geometry optimizations, harmonic frequency determinations, and single-point
energy calculations are performed on a series of molecules with varying degrees
of symmetry on a small Beowulf cluster with 700 MHz Intel PentiumIII processors on three nodes. All three types of calculation are performed using SCF

theory, second-order perturbation theory, and density functional theory (DFT).
The DFT functional employed is Becke’s three parameter hybrid functional using
the LYP correlation functional. Two basis sets, both of triple-zeta quality on
valence electrons, are employed for all computations. Timings are reported for
each type of calculation with each level of theory and each basis set for one,
two, and three processors. Comparisons are made with respect to the degree
the calculation speed is increased based on the type of calculation, the level of
theory, the basis set, and the symmetry of the molecule. We gratefully acknowledge support from NSF EPSCoR (EPS-9874669).

184.
TOPOLOGY AND FORCE FIELD PARAMETERS FOR RETINOID -CONJUGATION.
Amy Marie Waligorski, Andrew Anthony Nelson, Ian Thorpe, and Jeffrey D.
Evanseck, Department of Chemistry and Biochemistry, Duquesne University, 600
Forbes Avenue, Pittsburgh, PA 15282-1530, Fax: 412-396-5683,
waligor805@duq.edu
New force field parameters and topology scheme for alternating double and
single bonds in -conjugated retinoids are reported to extend the CHARMM
force field. Four new atom types that allow for alternating double and single
bonds have been created. Hartree Fock and second-order Moller-Plesset theories
have been used with the 6-31G(d) basis set to establish the structures, energies,
vibrations, and energy surface scans upon nine retinoid models. The retinol
binding protein (RBP) is well known to transport retinol (Vitamin A) and retinol
analogs (retinoids) in human plasma. A particular retinoid known as fenretinide
has been shown to cause apoptosis in certain tumor cells, which gives the
potential of a powerful chemotherapeutic drug delivery system. Consequently,
the parameter development targets Vitamin A, fenretinide, and their derivatives.
A critical comparison between the new force field topology and parameters
against standard implementations and experimental data is presented.

185.
COMPUTER-AIDED PREDICTION OF ACTIVITY SPECTRA FOR SUBSTANCES
(PASS). Dmitrii A. Filimonov, Yulia V. Borodina, and Vladimir V. Poroikov,
Institute of Biomedical Chemistry of Russian Academy of Medical Science,
Pogodinskaya Str., 10, Moscow 119992, Russia, Fax: 095-245-0857,
filimon@ibmh.msk.su, borodina@ibmh.msk.su
The computer system PASS provides simultaneous prediction of several
hundreds of biological activities for any drug-like compound (http://www.ibmh.msk.su/PASS). The prediction is based on the analysis of structureactivity relationships of the training set included more than 43000 known
biologically active compounds. For chemical structure’s description we use the
substructure descriptors called “Multilevel Neighborhoods of Atoms” (MNA).
MNA descriptors are based on structure representation, which does not specify
bond’s types and includes hydrogens according to valence and partial charge of
atoms (JCICS, 1999, 39, p.666). Here we investigate the robustness of PASS
predictions by a) reducing the number of structures in the training set and b)
reducing the number of known activities in the training set. The compounds
from the MDDR database are used to create heterogeneous training and
evaluation sets. We demonstrate that the predictions are robust despite
excluding up to 60% of information (JCICS, 2000, 40, 1349).

186.
AB INITIO STUDY OF POTENTIAL ENERGY SURFACE OF FIVE-MEMBER RINGS.
Jun Feng, School of Pharmacy, University of North Carolina at Chapel Hill, CB #
7360, Beard Hall, School of Pharmacy, Chapel Hill, NC 27599-7360,
feng@email.unc.edu, Mill H. Lambert, Glaxo Wellcome Research and
Development, and S. Stanley Young, Glaxo Wellcome Inc
Ab initio (hf/6-31g*) potential energy scan has been applied to 5 representative
five-membered rings including cyclopentane, THF, lactam, cyclopentene,
methylene cyclopentane. Ramachandran plots of the potential energy surface
(PES) of these rings have been generated. Molecular Mechanic (MM) conformation search (Macromodel, MCMM) was performed on these rings to locate all
minima and saddle points within 50 kj/mol to the global minimum. All MM
minima and saddle points have been mapped on the ab initio PES for comparison. Additional 11 rings were studied using MCMM and mapped to the ab initio
PES of the initial representative rings for comparison.
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errors (deviations from experiments) for these systems ranging from 10-20
kcal/mol, result in the largest errors in atomization energies for the well known
“G2 set” of molecules, a standard test set of 55 molecules in DFT studies. For
most species in the set, the atomization energies are accurate within 3 kcal/mol.
It also has been indicated that using the correction basis sets (cc-pVxZ), a
special family of functions used to achieve high accuracy calculations for small
molecules, results in significant errors as well. However, recently, the correction
consistent basis sets have been improved (cc-pV(x+d)Z). In this study, we test
these newly developed basis sets on this family of systems and examine the
performance of several density functional approaches.

187.
THEORETICAL AND EXPERIMENTAL STUDIES OF MIXED-VALENCE
COMPLEXES: IMPLICATIONS FOR MOLECULAR ELECTRONICS. Olaf Wiest, and
Sonja B Braun-Sand, Department of Chemistry and Biochemistry, University of
Notre Dame, Notre Dame, IN 46556-5670, Fax: 219-631-6652, 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, calculations and synthesis of
mixed valence molecules, such as the ruthenium-ammine shown in Figure 1,
and other model compounds have begun. Theoretical investigations also focus
on the role of the bridging ligands, the metal centers, homometallic and
heterometallic systems, and the effect these variables have on the barrier to
intramolecular electron transfer.

188.
FFGENERATOR 2.0. Thomas Strassner, Markus Busold, and Helmuth Radrich,
Department of Inorganic Chemistry, TU Munich, Lichtenbergstrasse 4, D-85747
Garching, Germany, Fax: 49-89-289-13473, thomas.strassner@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. FFGenerAtor 2.0 is a tool to create missing MM3 force field
parameters using genetic algorithms. It uses CSD-structures and consists of two
main programs, one which determines the missing parameters in the chosen
structures and one which optimizes the parameter set using a genetic algorithm.
The C++ program was developed on a LINUX system with the intention to
achieve a high level of automation. All necessary software is available free of
charge. Based on the chosen structures the best parameter set is determined
without changing the original MM3 parameters. Several different switches allow
to change the properties and composition of the genetic algorithm.

189.
EFFECTS OF FUNCTIONAL AND BASIS SET CHOICE IN THE CALCULATION OF
ATOMIZATION ENERGIES OF SECOND-ROW COMPOUNDS. Xuelin Wang, and
Angela K. Wilson, Department of Chemistry, University of North Texas, Box
305070, Denton, TX 76203, Fax: 940-565-4318, xuelinw@yahoo.com
The atomization energies of the species SO2, ClO2, and CCL have been calculated using several density functional approaches. Previous studies have proven
that these three systems are difficult to describe accurately and unusually large

190.
ANHARMONIC FRANCK-CONDON FACTOR ANALYSIS AND SIMULATION OF
THE CL2O HE I PHOTOELECTRON SPECTRUM. Daniel K. W. Mok 1, Foo-tim
Chau 1, Edmond P. F. Lee 2, and John M. Dyke 2. (1) Department of Applied
Biology and Chemical Technology, The Hong Kong Polytechnic University, Hung
Hom, Kowloon, Hong Kong, Fax: +852 23649932, bcdaniel@polyu.edu.hk, (2)
Department of Chemistry, University of Southampton
Near state-of-the-art molecular orbital calculations were performed on the 1A1
state of Cl2O and the 2B1, Ã2B2, 2A1 and 2A2 states of Cl2O+ in order to
obtain their potential energy functions. Ionization energies were obtained at the
RCCSD(T)/cc-pV5Z and also the values at the complete basis set limit were
estimated with various extrapolation techniques. Spectral simulations based on
Franck-Condon factor calculations including the Duchinsky effect with the
inclusion of anharmonicity were performed for the first four bands of the He I
photoelectron spectra of Cl2O. Iterative Franck-Condon analyses were also
carried out by systematically comparing the simulated and observed spectra.
Accurate geometries for the 2B1, Ã2B2 and 2A2 cationic states are derived.
191.
A DENSITY FUNCTIONAL THEORY STUDY OF THE ADSORPTION OF BISULFATE
ON SMALL GOLD CLUSTERS. Daniel Bacelo, Department of Sciences and
Technology, Universidad Metropolitana, P.O. Box 21150, San Juan, PR
00928-1150, Fax: 787 751 5386, dbacelo@netscape.net, and Marc D. Legault,
Department of Physics, University of Puerto Rico at Bayamon, #170, Carr. 174
Parque Industrial Minillas, Bayamon, PR 00959, md_legault@hotmail.com
We present the results of density-functional theory total-energy calculations of
bisulfate adsorbed to gold atom clusters used to model a gold (111) surface.
The calculations involve the Becke three-parameter functional to approximate the
exchange energy, and the Lee, Yang, and Parr approximation to include the
electronic correlation contribution. We examine the structure and stability of the
bisulfate ion at different adsorption sites on the gold surface. It is found that the
binding of the bisulfate to the gold surface is predominately electrostatic and is
strongly dependent on the local charge of the gold up to 2nd nearest neighbors.
The bisulfate in its tripod-orientation is the most stable due to the direct
bonding of each oxygen of the tripod to a gold atom of the cluster.
192.
ACCURATE SEMIEMPIRICAL FUNCTIONAL: A NEW QUANTUM ERA OF
COMPUTATIONAL BIOCHEMISTRY. Victor M. Anisimov, Nikolai Anikine,
Vladislav Bugaenko, Vladimir Bobrikov, and Alexey Andreyev, Quantum
Biochemistry Group, Krakow, Poland, Victor_Anisimov@hotmail.com
Most of the challenging problems of modern biochemistry originate from fine
details of electronic distribution. This requires accurate description of the
underlying physical processes. Conventional molecular modeling tools have
limited capabilities in that. Molecular mechanics methods do not grab quantum
effects, traditional semiempirical methods are not enough accurate and nonempirical methods are too expensive to be applied to real size systems. We
avoid these severe limitations switching to new accurate semiempirical functional. The novel form of the functional derived eliminates non-physical behavior
of the conventional semiempirical methods. These are incorrect asymptotic of
Coulomb potential, overestimated sigma conjugation, internally inconsistent form
of functional, and etc. New dispersion interaction term has been added. The
method has been re-parameterized to be used for modeling of complex
biomolecules: proteins, DNA/RNA, drugs, carcinogens and their complexes. The
functional provides near to MP2 quality of calculation results at a cost of
semiempirical method. Accurate property prediction on examples of electrostatic
potentials, van der Waals interactions, charge transfer, and hydrogen bonding
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on real size protein systems is demonstrated. The method provides new set of
accurate molecular descriptors for QSAR/QSPR modeling and ADME/Tox
prediction.

196.
AB INITIO CALCULATIONS OF ATOMIZATION ENERGIES: THE CHALLENGING
SPECIES SO3 AND SIF4. James J. Seals III, and Angela K. Wilson, Department
of Chemistry, University of North Texas, Denton, TX 76203, jjseals@unt.edu

193.
AN EMBEDDED DENSITY FUNCTIONAL STUDY OF BECKMANN
REARRANGEMENT MECHANISM ON H-ZSM-5 CATALYST. Siriporn
Jungsuttiwong 1, Pipat Khongpracha 1, Jakkapan Sirijaraensre 1, Thanh N.
Truong 2, and Jumras Limtrakul 1. (1) Department of Chemistry, Kasetsart
University, Department of Chemistry, Faculty of Science, Kasetsart University,
Phaholyothin Rd., Ladyao, Jatujak, Bangkok 10900, Thailand, Fax:
066-02-5793955, tuktik@rocketmail.com, (2) Department of Chemistry/Henry
Eyring Center for Theoretical Chemistry, University of Utah

The atomization energies of SO3 and SiF4 have been calculated using CCSD(T).
In previous studies, these two systems have proven troublesome to describe
accurately, in that unusually large errors (deviations from experiment) for these
systems have resulted using well-known approaches such as G2 and G3. Such
errors also occur for SO2. In previous work on SO2, it has been shown that the
newly revised correlation consistent basis sets (cc-pV(x+d)Z) reduced errors
significantly. In this study, we test the newly developed basis sets on these
challenging molecules.

Heterogeneous catalytic Beckman rearrangement (BR) on a ZSM-5 catalyst has
been investigated by both the quantum cluster and embedded cluster approaches at B3LYP level of theory using the 6-31G (d,p) basis set. Comparing
all models investigated (3T, 5T, and 10T), the 5T cluster gives the optimal cost
performance ratio and thus provides a more practical moldel for the BR
mechanisms. The embedded cluster model suggests that the initial step of the
Beckman rearrangement is not the O-protonated oxime but the N-protonated
one and that the 1,2-H shift connecting both N-, O-protonated species is
possibly more energy-demanding than the subsequent rearrangement. The
apparent energy barrier derived from the proton shuttle of the N-bound to the
O-bound isomer is evaluated to be about 32 and 69 kcal/mol for the embedded
cluster and quantum cluster approaches, respectively. Our findings are recently
confirmed by FT-IR studies (J. Mol. Catal. A 175 (2001) 249-257.).
194.
3D STRUCTURE GENERATION BASED ON DISTANCE GEOMETRY ALGORITHM.
Kensuke Nakamura, Nobuo Tomioka, 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
The initial step of a structure based drug design is the preparation of ligand
structures. The quality of the structures provided in this process is crucial to the
reliability of the whole design process. In our group, a program to generate
three-dimensional coordinate of small molecules has been developed. Our
procedure consists of simplified distance geometry structure generation followed
by force field geometry optimization. High quality structures were obtained by
repeating the process. The resulting coordinates well reproduced CSD X-ray
structures.
195.
4D-QSAR ANALYSIS OF A SET OF PROPOFOL ANALOGS: MAPPING BINDING
SITES FOR AN ANESTHETIC PHENOL ON THE GABAA RECEPTOR. Xuan Hong 1,
Matthew D. Krasowski 2, A.J. Hopfinger 1, and Neil L. Harrison 3. (1) Laboratory
of Molecular Modeling and Design, MC/781, College of Pharmacy, University of
Illinois at Chicago, 833 South Wood Street, Chicago, IL 60612-7231, Fax:
312-413-3479, xhong1@uic.edu, (2) Department of Anesthesia & Critical Care,
University of Chicago Medical Center, (3) C.V. Starr Laboratory for Molecular
Neuropharmacology, Department of Anesthesiology, A-1050, Weill Medical
College of Cornell University
4D-QSAR analysis is a molecular modeling method applicable for the construction of quantitative 3D-pharmacophore models for a set of ligand analogs when
the geometry of the corresponding receptor is not known. In this study, the
method was applied to a training set of the anesthic propofol (2,6-diisopropylphenol) and 26 analogs for three screens of biological activity: loss of righting
reflex (LORR) in tadpoles, enhancement of agonist activity at the GABAA
receptor, and direct (agonist-independent) activation of the GABAA receptor.
Significant 4D-QSAR models were constructed for all three screens which are
almost identical to one another, and all three pharmacophore models identify
three key ligand-receptor interaction sites. The most important binding interaction is the formation of an intermolecular hydrogen bond involving the proton of
the ligand -OH group. A test set of eight compounds was used to evaluate the
predictivity of the tadpole LORR 4D-QSAR model. Overall, the results show a
striking similarity between the models of the sites responsible for anesthesia
and those mediating effects of the training set of propofol analogs on the
GABAA receptor. It follows that the GABAA receptor is, therefore, the likely site
of propofol’s anesthetic action.

197.
SIMULATING REACTIVE DYNAMICS ON AB INITIO PESS WITHOUT A GLOBAL
FIT. Michael R. Salazar, Department of Chemistry/Physics, Union University,
Union University, 1050 Union University Dr, Jackson, TN 38305, Fax:
731-661-5175, msalazar@uu.edu
Often in order to simulate of dynamics of chemical systems one begins by
computing ab initio energies at geometries that are believed to be significant a
priori. These energy points form the potential energy surface (PES) and are then
used as a basis for the subsequent fitting of the PES to a global analytic
function. This method has the advantage of ensuring rapid dynamical calculations once the PES is fit and, thus, many simulations may be performed which
help ensure sound statistical outcomes. This method suffers, however, from the
fact that the fitting in not trivial in the least (often employing ad hoc parameters), the global surfaces often suffer from spurious oscillations, and the
method is non-general. Another method of simulating the dynamics of ab initio
PESs is the so-called direct dynamics method, which computes ab initio
energies and gradients at each time step. This method does not suffer from the
representation of the PES, but suffers from the time required for each simulation – which is particularly obvious for simulations whose outcome may be
reactive or nonreactive.
Another method of simulating the dynamics on ab initio PESs is outlined in
this paper. The method employs a local representation of the global PES, which
is obtained by dividing the PES domain space into small simplices. Inside - and
across the boundaries of - each simplex, interpolants are used that ensures the
continuity of both the energy (C0 continuity) and gradients (C1 continuity). The
method reproduces the input ab initio energies and gradients, so propagation
proceeds on the ab initio PES. The interpolated energies and gradients are
computed rapidly, thus, a single simulation proceeds on the same time scale as
global fitting. The method is also completely general and does not depend on ad
hoc parameters.
More detail of this methodology will be given and its use demonstrated on a
nonreactive/reactive system.

198.
EXPLORING POTENTIAL ENERGY SURFACES USING INTERPOLATION AND
CLASSICAL DYNAMICS. Michael A. Collins, Research School of Chemistry,
Australian National University, Canberra 0200, Australia, Fax: 61-2-61250750,
collins@rsc.anu.edu.au
The purpose of exploring and constructing potential energy surfaces (PES) is to
calculate observable properties of molecules. However, a very complicated
relationship exists between a PES and observables like reaction rate coefficients.
It is impossible to know, a priori, what regions of the PES are important for
particular observables, and except for trivially small molecules, it is not possible
to evaluate the ab initio PES everywhere. However, the PES can be approximated by interpolation over ab initio data at a small set of configurations. By
simulating the dynamics on such an interpolated surface, additional data point
locations can be chosen from only the dynamically important regions of
configuration space. In this way, an iterative scheme for accumulating ab initio
data to use in the interpolated PES produces sufficiently accurate energy
surfaces at affordable computational cost. This automated process explores the
PES in ways which human intuition might not have achieved.
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199.
DIRECT DYNAMICS CALCULATIONS. Mark S. Gordon 1, Heather Netzloff 1, Paul
N. Day 2, Pradipta Bandyopadhyay 3, and Dmitri Fedorov 4. (1) Department of
Chemistry, Iowa State University, 201 Spedding Hall, Ames, IA 50011,
mark@si.fi.ameslab.gov, (2) Laser Hardened Materials Branch, Air Force
Research Laboratory, (3) Department of Pharmaceutical Chemistry, University of
California-San Francisco, (4) Department of Engineering, Tokyo University
Several approaches to performing direct dynamics, ab initio dynamics “on-thefly”, using correlated wavefunctions will be discussed. The methods to be
presented include ab initio molecular dynamics (MD), using both periodic
boundary conditions and a continuum interface, ab initio Monte Carlo (MC)
methods, and the dynamic reaction path (DRP) method. Relativistic effects can
be incorporated into these dynamics simulations by making use of the RESC
(relativistic elimination of the small component) method, for which analytic
gradients are now available.
200.
SAMPLING INITIAL CONDITIONS FOR DIRECT DYNAMICS CLASSICAL
TRAJECTORY SIMULATIONS. William L. Hase 1, Kihyung Song 2, Lipeng Sun 2,
Oussama Meroueh 2, and Charles Doubleday 3. (1) Department of Chemistry,
Institute for Scientific Computing, Wayne State University, Detroit, MI 48202,
Fax: 313-577-8822, wlh@chem.wayne.edu, (2) Department of Chemistry, Wayne
State University, (3) Department of Chemistry, Columbia University
With the continual enhancemet of high performance computing architectures
and the development of more efficient and general electronic structure computer
codes, it is now possible to apply direct dynamics classical trajectory simulations to a much broader range of systems. However, to obtain meaningful
results, which may be compared with experiment, it is critical to perform proper
sampling of initial conditions for the trajectories. These sampling techniques
have been developed as components of the many previous classical trajectory
simulation studies of unimolecular and bimolecular reactions, photodissociation
processes, gas-surface collisions, etc. In this talk, these strategies for sampling
initial conditions will be reviewed and several direct dynamics simulation studies
of unimolecular and bimolecular reactions will be presented.
201.
AB INITIO MOLECULAR DYNAMICS: PROPAGATING THE DENSITY MATRIX
WITH GAUSSIAN ORBITALS. Srinivasan Iyengar, Department of Chemistry,
University of Utah, 315 So. 1400 E. Rm. 2020, Salt Lake City, UT 84112-0850,
Fax: 801-581-4353, iyengar@hec.utah.edu
A powerful new method to perform Ab Initio Molecular Dynamics will be
described, where the single-particle density matrix, represented in a Gaussian
basis set, is propagated along with the classical nuclear degrees of freedom
by using an extended Lagrangian approach. (Refs: (1) J. Chem. Phys. 114, 9758
(2001), and at http://voth.hec.utah.edu/∼iyengar/papers/fpdmcp.pdf. (2) J.
Chem. Phys., in press. Preprint at http://voth.hec.utah.edu/∼iyengar/papers/
fpdmcp2.pdf) Some of the major advantages of this method include better
adiabatic control, asymptotic O(N) scaling with system size, and the flexibility to
use accurate and effective exchange-correlation density functionals (including
gradient-corrected and hybrid functionals).
In this seminar, in addition to a brief outline of the methodology, preliminary
results from the study of proton transport along a water chain, thermal
decomposition of JP-10 (a potential high energy fuel), and the dynamics of the
water molecules in a chloride-water cluster will be presented.
202.
MULTICONFIGURATIONAL NUCLEAR-ELECTRONIC MOLECULAR ORBITAL
APPROACH. Sharon Hammes-Schiffer, Simon Webb, and Tzvetelin Iordanov,
Department of Chemistry, Pennsylvania State University, 152 Davey Laboratory,
University Park, PA 16802, Fax: 814-863-5319, shs@chem.psu.edu
A nuclear-electronic molecular orbital (NEO) method for the simultaneous
calculation of electronic and nuclear wavefunctions will be presented. Both
electronic and nuclear molecular orbitals are expressed as linear combinations
of Gaussian basis functions, and the variational method is utilized to minimize
the energy with respect to all molecular orbitals. The centers of the nuclear
basis functions are also optimized variationally. Significant correlation effects are
included using a multiconfigurational self-consistent-field (MCSCF) approach.
Analytic gradients allow for geometry optimizations and for the generation of

minimum energy paths and dynamic reaction paths. Applications to hydrogen
transfer reactions will be presented. For hydrogen transfer reactions, the
transferring hydrogen nuclei, as well as all electrons, are treated quantum
mechanically to include nuclear quantum effects such as zero point energy and
hydrogen tunneling.
203.
DEFINITION AND CHARACTERIZATION OF TOPOLOGICALLY BIASED ATOM
PAIR FINGERPRINTS. Robert D. Clark, Roman Dorfman, and Trevor W.
Heritage, Research Department, Tripos, Inc, 1699 South Hanley Road, St. Louis,
MO 63144, Fax: 314-647-9241, bclark@tripos.com
Fingerprints indicating the presence or absence of particular molecular substructures have proven themselves very useful in database searching and, more
recently, in similarity, diversity, and HTS SAR analyses. Two of the popular
implementations (UNITY and DAYLIGHT fingerprints) are generated by searching
for all possible fragments within some size range. Atom pair fingerprints and
topological torsions, which have also been widely used in these contexts,
consider all possible topological (bond count) distances between pairs of atom
types. Unfortunately, much of the information in both classes of fingerprints is
highly redundant and partially cross-correlated, which complicates attempts to
assign meaning to particular bits. Here we present a modification of the atom
pair methodology wherein only the most topologically relevant atoms in a
molecule contribute to the fingerprint. This turns out to be a useful generalization for recognizing functional similarities and improving discrimination between
and within chemical series.
204.
MASSIVE ACCELERATION OF VIRTUAL SCREENING USING DISTRIBUTED
COMPUTING. Dean W. Goddette, Entropia, Inc, 10145 Pacific Heights Blvd,
Suite 800, San Diego, CA 92121, dgoddette@entropia.com
Compute power is in high demand for drug design and virtual screening. Often
suboptimal approaches are used to deal with the limitations of compute power
and time constraints. This might include limiting rotatable bonds, searching with
diverse subsets, limiting the number of conformations, using “quick and dirty”
algoritms, etc. In this paper I study the impact on docking of performing
calculations on various size grids of desktop PCs. The effective computational
power derived from such networks grows linearly with the number of computing
nodes within the network. Computationally intensive applications can be
distributed across networks for rapid completion while effectively managing the
high volatility present in a public grid. Even machines under heavy use contribute significantly to the computing pool. Results from these experiments
demonstrate that even moderately-sized networks of PCs, actively performing
everyday tasks for their owners, can be harnessed to provide significant
computational power for large virtual screening projects.
205.
INFORMATIC APPROACHES TO PARALLEL DRUG DISCOVERY. Mark Hansen,
Kho Richard, and Hugo Villar, Computational Chemistry, Triad Therapeutics, Inc,
5820 Nancy Ridge Drive, San Diego, CA 92121, mhansen@triadt.com
The large number of potential protein targets that are uncovered by genomics
research requires novel approaches for drug discovery. We have grouped
protein targets based on similarities in their binding sites, where each group can
be screened in parallel with libraries of common features. Three-dimensional
structure, catalytic function and primary sequence of a protein were used to
classify proteins into families that are likely to bind similar types of ligands
resulting in the clustering of proteins based on their available pharmacophore
features, which we have termed pharmacofamilies. Small molecule ligands that
bind to a single protein in a pharmacofamily can be identified and used as
starting points for medicinal chemistry work.
206.
ENRICHMENT: A NEW ESTIMATOR OF CLASSIFICATION ACCURACY OF QSAR
MODELS. Alexander Golbraikh, Min Shen, and Alexander Tropsha, Laboratory
for Molecular Modeling, School of Pharmacy, University of North Carolina, CB #
7360, Beard Hall, School of Pharmacy, Chapel Hill, NC 27599-7360, Fax:
919-966-0204, golbraik@email.unc.edu
We introduce a new estimator of the classification power of QSAR models
termed “enrichment” (E). It is defined for the confusion matrix
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Main properties of the enrichment estimator.
1. Enrichment is independent of the number of samples N in the whole
dataset, and of the number of actual (+) and actual (-) samples. Different
models with the same classification power with have the same enrichment
value.
2. 0ⱕ Eⱕ2 High enrichment value (E1.5) is one of the necessary conditions
of a model with high classification power. We suggest that the new parameter E
is one of the most accurate estimators of the predictive power of classification
models in the data analysis.
207.
PHARMACOPHORE GENERATION, DEVELOPMENT, AND USE IN DRUG DESIGN
- ACCELERATED DRUG DISCOVERY THROUGH PREDICTION OF CHEMICAL
REACTIVITIES. Anita Mehta, Department of Medicinal Chemistry, Ranbaxy
Research Laboratories, Sector 18, plot number 18, U.V. Industrial Area,
Gurgaon, Haryana, India, anitam@ranbaxy.co.in, and Robert H. Dodd, Centre
National de la Recherche Scientifique, Institut de Chimie des Substances
Naturelles, France
Rational Drug Design is being used by the scientific community in search of
superior medicines. Theoretical studies can play a key role in advancing
Molecular -level understanding of the physical, chemical and biological processes. Computational techniques can be used not only to generate pharmacophores , its development and use in drug design but also to rationalise the
chemical reactivities . The use of appropraitely activated aziridine -2- carboxylates and aziridine-2- lactones as intermediates for the preparation of bsubstituted tryptophan derivatives is a subject of much current interest. Different
nucleophiles are known to effect aziridine ring opening in different ways thus
leading to desired or undesired amino acid . An example of use of perturbational
and HSAB theories to rationalise and predict the diverse behaviour of aziridines
toward nucleophile in accelerating the drug discovery process will be discussed.
208.
IMPLEMENTATION OF MULTIPLE BINDING MODES IN COMFA. Viera
Lukacova, and Stefan Balaz, Department of Pharmaceutical Sciences, North
Dakota State University, College of Pharmacy, Sudro Hall 108, Fargo, ND 58105,
Fax: 701-231-7606, viera.lukacova@ndsu.nodak.edu
A binding mode of a ligand is defined as the conformation and orientation in
which the ligand is bound in the binding site. With the progress in structuredetermining methods, experimental evidence for multiple binding modes has
been emerging at an increasing rate. In absence of structural information,
CoMFA and other 3D-QSAR methods infer details of the binding site using
experimental association constants K. 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 and, after some processing, into CoMFA.
Multi-mode CoMFA analysis was implemented using the Sybyl Programming
Language. In addition to standard output, the procedure determines contributions of individual binding modes to overall binding and effectively selects
appropriate binding modes. This feature makes our conceptual approach more
useful than the existing multi-conformer procedures.
209.
REALISTIC RECEPTOR-SITE MODELS. Peter Baricic, Martin Mackov, and Stefan
Balaz, Department of Pharmaceutical Sciences, North Dakota State University,
College of Pharmacy, Sudro 110, Fargo, ND 58105, Fax: 701-231-7606,
peter.baricic@ndsu.nodak.edu, stefan.balaz@ndsu.nodak.edu
In absence of structural information about enzymes/receptors, development of
inhibitors/ligands is aided by receptor-site models, which are constructed using

structures of compounds and their binding affinities. Most approaches to
receptor-site modeling optimize many more parameters than is the number of
compounds. In the infinite pool of solutions, cross-validation selects the best
solutions for the given data set. For any new compound, however, the chance of
correct prediction by the over-parameterized models is extremely low. Our
approach builds receptor-site models of complexity commensurate with available
experimental data. Multiple binding modes and multiple protonation states of
each ligand are conceptually considered. The free energy of binding is expressed
in terms of interaction energy, desolvation, entropic, and internal energy
contributions of the ligands. Model construction consists of: (1) optimization of
the receptor-site atom number and types for fixed positions; (2) optimization of
atom positions; and (3) alternate optimization of ligands and atom positions.
210.
USING POLARIZABLE FORCE FIELDS AND IMPLICIT SOLVENT MODELS FOR
DNA AND RNA. 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, case@scripps.edu
I will discuss two aspects of our recent work aimed at exploring new molecular
mechanics models for DNA and RNA molecular dynamics simulations. The first
area uses the generalized Born (GB) continuum solvent. We have been carrying
out detailed comparisons between GB and numerical Poisson-Boltzmann
calculations as an avenue to develop a “second generation” of GB models that
do a better job of computing solvent screening, especially for buried atoms. We
are also developing force field parameters for divalent cations such as Mg2+,
and its interactions with RNA. A second main theme concerns explcit solvent
simulations, where we have been testing new force fields that include dipole
polarizabilities on atoms, and off-atom charge centers designed to improve the
angular dependence of hydrogen bond interactions.
211.
RECENT DEVELOPMENTS IN THE CHARMM ALL-ATOM FORCE FIELD FOR
NUCLEIC ACIDS. Nilesh K. Banavali, Biochemistry and Structural Biology, Weill
Medical College of Cornell University, 1300 York Avenue, New York, NY 10021,
nilesh.banavali@cornell.edu, and Alexander D. MacKerell, Department of
Pharmaceutical Sciences, University of Maryland, Baltimore
The CHARMM27 all-atom force field for nucleic acids has been extensively
tested in recent simulations. Its compatibility with the CHARMM force field for
proteins and lipids allows its use for investigations of multicomponent macromolecular systems. The force field has been developed to properly treat global
minimum forms of DNA (A-, B-, and Z- forms) as well as local high energy
intermediate states through comparison with high-level ab initio calculations.
The parameters for several modified nucleic acid backbone moieties that are of
interest as antisense agents and mechanistic probes have also been optimized
and added to the CHARMM27 nucleic acid force field. The atomic-level origin of
changes in biochemical properties of modified nucleic acids have been probed
through investigations using the enhanced CHARMM27 force field. The
CHARMM27 force field for nucleic acids is thus ideal for investigations of
dynamic properties of nucleic acids and their complexes with other macromolecules.
212.
MOLECULAR INTERACTIONS OF NUCLEIC ACID BASES. FROM AB INITIO
CALCULATIONS TO MOLECULAR DYNAMICS SIMULATIONS. Jiri Sponer, J.
Heyrovsky Institute of Physical Chemistry, Academy of Sciences of the Czech
Republic, Dolejskova 3, 182 23 Prague, Czech Republic, Fax: 420 2 8658 2307,
sponer@indy.jh-inst.cas.cz
Molecular interactions of nucleic acid bases (base stacking, H-bonding,
base-backbone, and base-metal cation interactions) substantially influence
structure, dynamics and function of RNA and DNA. Recent advances in
high-level ab initio quantum-chemical (QM) calculations have improved our
understanding of these interactions by providing a unique and physically
complete description of the intrinsic molecular interactions while directly
showing the relation between molecular structures and energies (1-3). This
presently cannot be achieved by any other experimental or computational
technique. QM calculations represent an indispensable tool for parametrization
and verification of all kinds of cheaper computational chemistry tools including
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pair-additive and polarizable empirical force fields, semiempirical techniques,
and density functional theory (1). Representative examples will be discussed. At
the same time, QM methods are capable of evaluating a number of contributions
that are presently neglected by standard force fields and molecular dynamics
studies. Examples include: pyramidalization effects of amino groups of nucleic
acids, which substantially influence molecular interactions in certain noncanonical base pairs (1,3), the effects of metal - nucleobase interactions on the
electronic structure, tautomeric state, protonation energies, and molecular
interactions of the base, and specific differences among metal cations in their
interactions with different sites in nucleic acids.

213.
ELECTROSTATIC MODELING OF THE DNA DOUBLE HELIX WITH COUNTERION
CONDENSATION THEORY. Gerald S. Manning, and Jolly Ray, Department of
Chemistry, Rutgers University, 610 Taylor Road, Piscataway, NJ 08854-8087,
Fax: 732-445-5312, gmanning@rutchem.rutgers.edu
We have been able to extend counterion condensation theory to a double helical
array of unit charges representing the phosphate groups of DNA. The number of
counterions that condense on this model is the same as for the traditional
line-charge model, but significant new detail is obtained. Most of the condensed
counterions closely adhere to the double-helical trajectory of the phosphates,
but there is substantial penetration of the grooves. The radial distribution of
counterions has two discrete peaks, an inner one for the condensed layer, and a
smaller outer peak for the diffuse cloud. At moderate salt concentrations, the
double helix becomes electrostatically stable. A maximum in the strand
separation transition free energy is found at about 0.25 M salt. The B-to-A
transition becomes electrostatically spontaneous at high salt. All of these
conclusions find at least some support in simulations and/or experiments
conducted in other laboratories.

214.
MOLECULAR DYNAMICS SIMULATIONS OF CARBOHYDRATE SOLVATION. J.W.
Brady, Department of Food Science, Cornell University, Stocking Hall, Ithaca, NY
14853, jwb7@cornell.edu
Typical biological molecules like carbohydrates consist of a complex mix of
functional groups, with differing hydration requirements, in close proximity to
one another. With their large number of hydrogen-bonding hydroxyl groups,
carbohydrates often interact strongly with aqueous solvent, and the specific
geometric requirements of these hydrogen bonds to water impose considerable
structure on the solvent. This structuring can depend on both solute configuration and conformation. MD simulations can be used to model this anisotropic
structuring of water around carbohydrates and how this solvent structuring
depends on solute stereochemistry. Such simulations can also be used to
determine the effects of hydration on the conformational structure of disaccharides and polysaccharides. A number of examples of water structuring by
carbohydrate solutes and how this structuring affects solute conformations and
properties will be discussed, and a strategy for comparing these simulation
results to experiment will be outlined.

215.
CARBOHYDRATE STRUCTURE AND REACTIVITY FROM FREE ENERGY
SURFACES. Kevin J. Naidoo, Department of Chemistry, University of Cape
Town, Rondebosch 7701, South Africa, knaidoo@psipsy.uct.ac.za
A complete description of the solution dynamics and conformational transitions
of carbohydrates is important for predicting their macroscopic properties.
Despite significant increases in computational speed, molecular dynamics and
monte carlo computer simulations are only now accessing nanosecond timescale events. Conformational free energy surfaces provide the necessary
information with which property predictions can be made independent of the
timescale of the solution dynamics. A discussion of our recent potential of mean
force results for disaccharides will be presented as an illustration of the value of
these calculations. Of equal interest to us is the prediction of chemical reaction
mechanisms. We have developed a weighting approach for free energy reaction

surfaces (WAFERS) by using a modified adaptive umbrella sampling procedure
in combination with the weighted histogram analysis method (WHAM). Using
combined QM/MM dynamics we are able to monitor at least one bond forming
and one breaking in intermolecular group transfer reactions producing a
two-dimensional reaction surface. The reaction in which the enzyme Purine
Nucleoside Phosphorylase (PNP) catalyzes the phosphorolysis of purine
nucleosides will be discussed.

216.
THE ANOMERIC EQUILIBRIUM OF CARBOHYDRATES: INSIGHTS INTO
MOLECULAR MECHANICS PARAMETER TRANSFERABILITY AND SOLVATION
EFFECTS. Carlos L Simmerling, Department of Chemistry, SUNY, Stony Brook,
NY 11794, Fax: 631-632-1555, carlos.simmerling@sunysb.edu, and Peter A
Kollman, Department of Pharmaceutical Chemistry, UCSF
We apply our recently published approach to calculating conformational
equilibria in complex molecules, multiple copy Locally Enhanced Sampling
(LES), to the well known ␣:␤ anomeric equilibrium in 7 different carbohydrates.
This methodology allows one to more rapidly calculate complex equilibria both
in vacuo and solution and obtain converged results at least an order of
magnitude more rapidly than single copy simulations. We found that the Fourier
component OCCO used to represent the gauche tendency of electronegative
atoms X in XCCX units should be modified for carbons, like the anomeric
carbon, which have more than one electronegative atom attached to them. By
using a modified torsional parameter OCC*O (C*=anomeric carbon) to take this
effect into account, our calculations are in excellent agreement with experiment.
Within this model, we can definitively establish the magnitude of intramolecular
and solvation contributions to the àb equilibrium.

217.
OLIGOSACCHARIDE BINDING SITE OF ␤1,4-GALACTOSYLTRANSFERASES
(GAL-TS) DEFINED BY DOCKING VARIOUS GLYCAN SUBSTRATES IN THE
BINDING SITE. Pradman K. Qasba, B. Ramakrishnan, and P.V. Balaji, LECB,
CCR, NCI, NIH, Frederick, MD 21702, qasba@helix.nih.gov
␤ 1,4-galactosyltransferase (Gal-T) family members (Gal-T1- Gal-T5) transfer
galactose from UDP-␣-Gal to N-acetylglucosamine (GlcNAc) residue of an
oligosaccharide of glycoprotein or glycolipid thereby linking Gal to GlcNAc
residue by ␤ 1,4-linkage. Crystal structures of bovine Gal-T1, either in complex
with UDP-␣-Gal and Mn2+, or with GlcNAc and ␣-Lactalbumin (LA), or crystal
structure of human Gal-T1 and LA complex, reveal that Gal-T1 undergoes a
conformational change upon ligand binding which creates an oligosaccharide
binding site, metal binding site and an interacting site for LA. The crystal
structures reveal that the oligosaccharide binding site is an “open canal” shaped
extended site with an average width and length of 10 Å and 16 Å, respectively,
that lay behind the GlcNAc binding site. In order to probe the size and nature of
the oligosaccharide binding site a modeling study of the docking of various
disaccharides and N-glycan ligands in the binding site were carried out. Each
ligand conformation, inter-molecular interaction energy between Gal-T1 and the
saccharide was calculated using CVFF force field and Discover module of
InsightII. Only protein residues within 9 Å from any of the ligand atoms were
considered for energy calculations. The total energy, comprising the intermolecular protein - ligand interaction energy and intermolecular ligand energy, was
used as a guide in determining the possible allowed conformations of the ligand
in the binding site. These modeling studies show that GlcNAc with an ␣-linked
substitution such as ␣-benzyl-GlcNAc cannot bind to Gal-T1 because of severe
steric contacts with the highly conserved Tyr286 residue, whereas GlcNAc with
a ␤-linked substitution such as ␤-benzyl-GlcNAc can bind without any steric
hindrance. Docking of a biantennary N-glycan with GlcNAc at its reducing ends
in the extended sugar binding site reveals that the acceptor binding site in
Gal-T1 can accommodate a linear pentasaccharide all the way from the GlcNAc
moiety to the asparagine-linked GlcNAc. The binding site can also accommodate
either the ␣-1-3 arm (GlcNAc␤1-2Man␣1-3Man␤1-4GlcNAc ␤ 1-4GlcNAc-N) or
␣-1-6 arm (GlcNAc␤1-2Man␣1-6Man ␤ 1-4GlcNAc ␤ 1-4GlcNAc-N) of the
N-glycan without any steric hindrance.
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218.
FLEXIBLE DOCKING OF CARBOHYDRATES TO PROTEINS: DEVELOPMENT AND
APPLICATION OF SPECIFIC EMPIRICAL FREE ENERGY MODELS. Alain
Laederach 1, Pedro M Coutinho 2, and Peter J. Reilly 1. (1) Department of
Chemical Engineering, Iowa State University, 2114 Sweeney Hall, Iowa State
University, Ames, IA 50011, Fax: 515 294 2689, alain@iastate.edu, (2) Centro de
Engenharia Biológica e Quı́mica, Instituto Superior Técnico
Automated docking of carbohydrates to proteins has proven to be very useful in
understanding enzyme mechanisms as well as specific carbohydrate recognition
by proteins. In the latest release of AutoDock (version 3.06), an empirical linear
free energy model was incorporated to calculate the intermolecular potential. We
have performed a set of docking runs on a series of known glucoamylase
inhibitors for which we had inhibition constants. Although the force field
accurately reproduces the crystallographic orientations of the inhibitors, the free
energy of binding is systematically overestimated by the model. In the training
set used to determine the empirical free energy model, only two carbohydrate/
protein complexes were used. We therefore have begun assembling a new set of
protein/carbohydrate complexes of known structure and affinity, using many
different glycosidases and ligands, to refit a linear free energy model to this
training set. This new AutoDock force field is specific for modeling carbohydrate/protein interactions.
219.
MP2 FOR PERIODIC SYSTEMS: THEORY AND APPLICATIONS. Gustavo E
Scuseria, Department of Chemistry, Rice University, Houston, TX 77005-1892,
guscus@rice.edu
This presentation will discuss our atomic orbital based Laplace-transformed
second order perturbation theory (MP2) method for periodic systems. Applications to polymers like polyacetylene and PPV will be presented. In particular, we
will discuss the importance of interchain polymer interactions and how they
affect the calculated band gap. MP2 calculations on these periodic systems will
be compared with Hartree-Fock and density functional theory predictions.

222.
PHOTODISSOCIATION PATHWAYS OF VINOXY RADICAL: THE USEFULNESS OF
QUALITATIVE ELECTRONIC STRUCTURE ANALYSIS. Keiji Morokuma, and
Dmitry Vladimirovich Khoroshun, Cherry L. Emerson Center for Scientific
Computation and Department of Chemistry, Emory University, 1515 Pierce Drive,
Atlanta, GA 30322, Fax: 404-727-7412, morokuma@emory.edu,
dima@euch4e.chem.emory.edu
The qualitative electronic structure aspects of pre-dissociation of B-2A” vinoxy
radical, CH2CHO, are studied theoretically. We demonstrate explicitly that
photodissociation requires conversion to lower electronic states, since barriers
on B-2A” are too high. Two pathways, all-doublet internal conversion (IC)
B-C-A-X, and intersystem crossing (ISC) pathway involving the lowest quartet
state, B-a-4A-A-X, are characterized by location of conical intersections and
minima on the seams of crossing. The highest energy point on ISC pathway lies
substantially lower than that for IC pathway. We suggest that the experimentally
observed slow pre-dissociation at low excess energies proceeds via the
spin-forbidden ISC pathway. At higher excess energies, the fast IC mechanism
may become operational. An obvious similarity between the qualitative electronic
structure of C-2A and a-4A states, the presence of three essentially unpaired
electrons, outlines the neglect of ISC pathway during the last 10-15 years as
surprising.

220.
CONICAL INTERSECTIONS AND THE SPIN-ORBIT INTERACTION: A NEW
DIMENSION IN CONICAL INTERSECTIONS. David R. Yarkony, Department of
Chemistry, Johns Hopkins University, 3400 N. Charles Street, Baltimore, MD
21218, Fax: 410-516-8420, yarkony@jhuvms.hcf.jhu.edu
Conical intersections have a profound effect on nuclear motion. The spin-orbit
interaction can have a profound effect on conical intersections. When the
spin-orbit interaction is included the character of a conical intersection in a
molecule with an odd number of electrons differs dramatically from that of its
non relativistic counterpart. In contrast to the 2 dimensional branching space in
the non relativistic case, for these conical intersections the branching space is 5
dimensional in general, or 3 dimensional when Cs symmetry is present. This
talk discusses recent advances in the theory and computational treatment of this
class of conical intersection.
221.
FIRST-PRINCIPLE MOLECULAR DYNAMIC STUDIES ON THE REACTION
PATHWAYS AT T = 0 K AND AT FINITE-TEMPERATURES. Artur Michalak,
Department of Chemistry, University of Calgary; Dept. of Theoretical Chemistry,
Jagiellonian University, Cracow, Poland, michalak@chemia.uj.edu.pl, and Tom
Ziegler, Department of Chemistry, University of Calgary
Density functional theory (DFT)-based molecular dynamics (MD) has established
itself as a valuable and powerful tool in studies of chemical reactions. This kind
of modeling reveals the dynamical effects at finite temperatures and is particularly useful to probe the potential energy surfaces. It has been demonstrated
that the CP-MD can lead to a discovery of novel reaction pathways. We have
recently proposed and implemented a new algorithm for performing MD
simulations along the pre-determined intrinsic reaction paths. This approach
allows one to directly compare the finite-temperature and zero-temperature
reaction pathways. MD simulations along the IRP lead to smooth free-energy
profiles and, thanks to the well-defined reaction coordinate, typically require less
timesteps than the standard approaches with a single geometrical parameter
chosen as a reaction coordinate. The method and the illustrative applications will
be presented, going from simple reactions to modeling of the complex catalytic
(olefin polymerization and co-polymerization) processes.

223.
EXPLORING POTENTIAL ENERGY SURFACES. H. Bernhard Schlegel,
Department of Chemistry, Wayne State University, Detroit, MI 48202, Fax:
313-577-8822, hbs@chem.wayne.edu
Exploring potential energy surfaces is central to the use of electronic structure
calculations to understand chemical reactions. Recent advances will be surveyed. Topics include optimization of large systems, reaction path following and
ab initio molecular dynamics using Born-Oppenheimer and Car-Parrinello
approaches.
224.
ANTI-HIV DRUG DESIGN BASED ON A MODEL OF HIV-1 INTEGRASE
COMPLEXED WITH VIRAL DNA. Yun Tang, and Marc C. Nicklaus, Laboratory of
Medicinal Chemistry, Center for Cancer Research, National Cancer
Institute/Frederick, NIH, 376 Boyles Street, Room 205A, Frederick, MD 21702,
Fax: 301-846-6033, yuntang@helix.nih.gov, mn1@helix.nih.gov
HIV-1 integrase (IN), an enzyme without direct analog in humans, catalyzes the
integration of viral DNA into human DNA, a critical step in HIV infection.
However, drug design has been hampered by the fact that only incomplete
experimental information is available on the 3-dimensional structure of the
full-length IN complexed with the viral DNA and/or inhibitors. We report on a
model of HIV-1 IN complexed with viral DNA, and its application to structurebased drug design. It was developed by combining the protein⬘s various
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fragments solved by X-ray crystallography and/or NMR to a tetrameric model of
the full-length enzyme. It was complexed with both ends of the viral DNA, to
yield a model of the IN-DNA pre-integration complex. This model is being
employed for anti-HIV drug design by a variety of techniques, such as ligand
docking, derivation of 3D pharmacophores and subsequent 3D database
searches, and de novo design of ligands into the active site.

225.
KNOWLEDGE-BASED 2D STRUCTURE QUERIES FOR SEARCHING PROTEASE
INHIBITORS. Jian Shen, Jerry Hong, and Isabelle Morize, Aventis
Pharmaceuticals Inc, Route 202-206, P.O. Box 6800, Bridgewater, NJ
08807-0800, Fax: 908-231-3360, jian.shen@aventis.com
Protease inhibitors have wide therapeutic usage to treat viral infections,
cardiovascular diseases, neurodegenerative disorders, etc. They are well known
in terms of structure classes, inhibitory mechanism and active site structures of
corresponding proteases. However, it is difficult for individual to master all the
knowledge that is generated by hundreds or thousands of scientists around the
world. We have developed a knowledge-based system to recognize a potential
protease inhibitor. The core of the system is a set of 2D structure queries,
which can be used to search against any inquiring structures and to flag
potential inhibitors of a particular protease class. These queries have been
refined to achieve the balance of coverage and selectivity. The system captures
90% of protease inhibitors with total hits of only 10% in the drug database
MDDR, which collects over 100 thousand chemical structures ranging from
biological testing compounds to marketed drugs. It has also covered 100% of
actives in several internal protease inhibitor projects. This system has been
implemented in HAD, an in-house hits analysis software tool for desktop users,
to alert potential selectivity problems. Using these queries for protease-targeted
screenings is expected to greatly reduce the cost, increase the hit rate and
speed up the lead generation of new protease inhibitor projects.

226.
STRUCTURE-BASED DESIGN AND DISCOVERY OF NOVEL INHIBITORS OF
PROTEIN TYROSINE PHOSPHATASES. Ping Huang, John Ramphal, Chris Liang,
James Wei, Gerald McMahon, and Cho Tang, SUGEN, Inc, 230 East Grand Ave.,
South San Francisco, CA 94080
Protein tyrosine phosphatases (PTPs) are important in the regulation of signal
transduction processes. Certain enzymes of this class are considered as
potential therapeutic targets in the treatment of a variety of diseases such as
diabetes, inflammation, and cancer. Most PTP inhibitors known to date are
peptide-based and contain a highly charged phosphate-mimicking component.
These compounds are usually less attractive for further development because of
poor cellular permeability. In the present study, we use structure-based design
and modeling techniques to explore catalytic-site directed, reversible inhibitors
of PTPs. We have successfully employed a non-charged phosphate mimic and
non-peptidyl structural components to yield a novel series of trifluoromethyl
sulfonyl and trifluoromethyl sulfonamido compounds as PTP inhibitors.

227.
STRUCTURE-ASSISTED DISCOVERY OF POTENT, ORALLY EFFECTIVE
ANTITHROMBOTICS ACTIVE AGAINST FACTOR XA. J.W Liebeschuetz 1, L.
Brady 2, S. Burkitt 3, N.P. Camp 3, A.P.A. Crew 3, J. Hargreaves 4, S.D. Jones 3, H.
Martin 4, J. Mahler 4, A. Lyons 3, P. Morgan 3, C.W. Murray 1, S. Richards 3, B.
Wazskowycz 1, K. Wilkinson 2, and W.A. Wylie 1. (1) Computational Chemistry,
Tularik Ltd, Beechfield House, Lyme Green Business Park, Macclesfield,
Cheshire SK11 0JL, United Kingdom, Fax: (44) 1625 612311,
jliebeschuetz@tularik.com, (2) Dept. Of Biochemistry, School of Medical
Sciences, Bristol University, (3) Chemistry, Tularik Ltd, (4) Biochemistry, Tularik
Ltd
The discovery of orally available antithrombotics that are safe from bleeding
risks, has been a goal of the pharmaceutical industry for many years. Previously
an iterative programme of structure-based library design and evaluation, led to a
potent and selective series of factor Xa inhibitors. These were based around a
benzamidine scaffold and were not orally available. Now we describe the

structure-assisted discovery and development of two further series of factor Xa
inhibitors of similar binding mode. Members of these series are orally available
and show very promising oral antithrombotic activity in animal models.

228.
OPTIMIZATION OF ZINC PARMATERS FOR AUTODOCK STUDIES OF MMP
INHIBITORS. Xin Hu, and William H. Shelver, Department of Pharmaceutical
Sciences, North Dakota State University, College of Pharmacy, North Dakota
State University, Fargo, ND 58105, Fax: 701-231-7781, xin.hu@ndsu.nodak.edu,
william.shelver@ndsu.nodak.edu
Matrix Metalloproteinases Inhibitors (MMPIs) are potential drugs for arthritis,
cancer, multiple sclerosis and other pathological conditions involving the
extracellular matrix. Docking programs have been used as an in silico screening
technique to discover potential MMPIs. However, docking to zinc-dependent
metalloproteinase requires appropriate treatment of the zinc atom in the catalytic
site. Common treatments of the zinc metal center use a non-bonded model that
considers only the VDW (well depth and atomic radius) and electrostatic
interactions. We investigated the effects of these zinc parameters (radii, well
depth, and charge) on the docking result using AUTODOCK3.0 on a series of 14
X-ray determined structures. We utilized the Simplex algorithm to optimize these
parameters for AUTODOCK3.0 to improve the docking accuracy and reliability
using the correlation coefficient between predicted and experimental binding
energies as the optimization variable. The usefulness of this approach in the
structure-based drug design of MMP inhibitors was discussed.

229.
STRUCTURAL MODEL FOR MYCOBACTERIUM TUBERCULOSIS GFAT:
EVIDENCE FOR AN AMMONIA CHANNEL AND IMPLICATIONS FOR DRUG
DISCOVERY. Tania C Cordova de Sintjago, Escuela de Quimica, Universidad
Central de Venezuela, Facultad de Ciencas, Apartado de Correos 47102-A,
Caracas, Venezuela, tcordova@strix.ciens.ucv.ve, and Nigel G J Richards,
Department of Chemistry, University of Florida
The appearance of multi-drug resistant strains of Mycobacterium tuberculosis is
driving a search for new therapeutic targets. Given the critical role of glucosamine in cross linking polysaccharide chains in the cell wall of this bacterium,
we are studying the mycobacterial enzyme glutamine fructose 6-phosphate
amidotransferase (GFAT), which catalyzes the synthesis of glucosamine
6-phosphate. We will outline studies in which homology models of the N- and
C-terminal domains of the mycobacterial GFAT have been docked, using
annealing protocols and experimental constraints, to give the first structure for
the complete multi-domain enzyme. The model clearly shows an intramolecular
channel linking the two active sites in the amidotransferase. Structural features
of this channel will be presented, together with its similarities and differences to
the ammonia tunnels that are present in other members of the Ntn amidotransferase family. The implications of this structure for drug discovery and enzyme
evolution will also be discussed.

230.
SHAPE-BASED DENOVO DRUG DESIGN. W. Todd Wipke, and Zhen Wang,
Molecular Engineering Laboratory, Department of Chemistry and Biochemistry,
University of California, Department of Chemistry and Biochemistry, Santa Cruz,
CA 95064, wipke@chemistry.ucsc.edu, wang@chemistry.ucsc.edu
A minimal requirement for designing an inhibitor for an protein is that the
inhibitor should fit the protein active site and be complementary in shape.
Previous inhibitor design was driven by targeting polar binding sites and some
lipophilic sites. As a consequence of our work on shape in docking, we were
curious whether we could focus molecular design on shape alone, and if so,
whether this might provides a unique view of de novo molecule design space. In
this paper, we study the results obtained from such an algorithm, we will
discuss the strengths and weaknesses of this approach compared to site
point-oriented approaches.
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231.
STRUCTURAL GENOMICS BASED ON MOLECULAR DYNAMICS SIMULATIONS
OF DNA BENDING AND FLEXIBILITY. David L. Beveridge, Department of
Chemistry and Molecular Biophysics Program, Wesleyan University, Lawn
Avenue, Middletown, CT 06459, Fax: 860-685-2211, dbeveridge@wesleyan.edu,
and Kelly M. Thayer, Department of Molecular Biology and Biochemistry,
Wesleyan University
Nanosecond Molecular dynamics (MD) simulations including water and
counterions are reported on 20 DNA sequences ranging from 12 - 30 base pairs
in length. MD was performed based on the AMBER force field and trajectories of
at least for 3 nanoseconds on each sequence. These results are used to
examine fundamental issues in the definition of DNA static bending, flexibility
and ligand induced bendability as well as the nature of sequence dependent axis
bending, i.e. the extent to which A-tract induced axis bending follows a wedge
model, junction model or general sequence (non A-tract ) bending. Possible
internal correlations between various helicoidal parameters related to bending,
bending and bendability and the possible role of counterions as bending loci,
and other DNA deformations will be discussed. Probabilistic measures of MD
bending and flexibility are then used as a basis for the construction of Hidden
Markov Models, which in turn are used in genomic scans. The results allow a
critical consideration of the role of structure vs. sequence in protein DNA
recognition. Preliminary results on CAP DNA multiple binding sites and scans of
the E Coli genome will be presented.
232.
STRUCTURE AND DYNAMICS OF NUCLEIC ACID SOLVATION SHELLS VIEWED
BY MOLECULAR DYNAMICS SIMULATIONS. Pascal Auffinger, and Eric
Westhof, UPR 9002, IBMC - CNRS, 15 Rue Descartes, 67000 Strasbourg,
France, Fax: 33 388 60 22 18, p.auffinger@ibmc.u-strasbg.fr
The contributions of molecular dynamics simulations to the accurate description
of the solvation shell of nucleic acids will be described. Some examples related
to the hydration and ion binding features of RNA and DNA molecules will be
presented such as: (i) the hydration of RNA and DNA Watson-Crick base pairs;
(ii) the characterization of RNA and DNA ion binding sites; (iii) the hydration of
modified bases such as pseudouridine and 2⬘-O-Me nucleotides; (iv) the
temperature dependent residence times of water molecules and ions (see
http://www-ibmc.u-strasbg.fr/upr9002/westhof/).
233.
MONTE CARLO SIMULATIONS OF DNA HELIX-COIL TRANSITIONS. J. Ilja
Siepmann, Departments of Chemistry, Chemical Engineering and Materials
Science, University of Minnesota, 207 Pleasant St. SE, Minneapolis, MN 55455,
Fax: 612-626-7541, siepmann@chem.umn.edu, and Jun-Seok Lee, Department
of Chemistry, University of Minnesota
Monte Carlo simulations are used to calculate helix-coil equilibrium constants
and heat capacities for systems of short DNA oligomers as function of temperature and concentration. The model of Drukker et al. [J. Chem. Phys. 114, 579
(2001)] is used to represent the DNA oligomers. The phase space of the
systems is sampled efficiently using the coupled-decoupled configurational-bias
and aggregation-volume-bias Monte Carlo algorithms.
234.
BASE FLIPPING IN DNA DOUBLE HELIX. Péter Várnai, Emmanuel Giudice, and
Richard Lavery, Laboratoire de Biochimie Théorique, Institut de Biologie
Physico-Chimique, 13, rue Pierre et Marie Curie, 75005 Paris, France, Fax:
33-1-58415026, Peter.Varnai@ibpc.fr
Crystal structures of protein-DNA complexes show that a number of enzymes
utilize disrupted base pairs where reactive sites become accessible for chemical
transformation. It is not clear whether the enzyme actively participates in the
extrusion of the base from the double helix or, in a passive process, binds to a
transiently flipped base. Umbrella sampling molecular dynamics simulations
have been performed to open single bases within free DNA oligomers in
solution. Several molecular pathways of passive base opening through the major
and minor grooves have been identified. The opening process is shown to be
influenced by a number of factors including DNA bending, bendability, hydration
patterns, and ion distribution, which require the use of realistic simulation
techniques. Free energy changes and the conformational consequences of base

opening are analyzed and compared with experiment to clarify the base flipping
mechanism.
235.
COUNTING SEQUENCES THAT FIT. Ron Elber, Computer Science, Cornell
University, 4130 Upson Hall, Ithaca NY 14853, NY, Fax: 607-255-4428
It is well known that sequences of numerous proteins fold into essentially the
same structure. This observation is the cause behind the success of homology
in modeling protein structures. However, it is not clear how “many” sequences
is “many”? The question I will address is the accurate computations of the
number of sequences that match a given fold (accuracy is bound by the quality
of the energy function). I will present an algorithm that makes exact counting in
sequence space possible. An application to non-degenerate set of 3400
structures from the Protein Data Bank will be described in details. Deviations
from expected exponential behavior are discussed, and the calculation of the
temperature of evolution is illustrated.
236.
MIXING MONTE CARLO MOVES MORE EFFICIENTLY WITH AN EVOLUTIONARY
ALGORITHM. Benoit Leblanc 1, Hervé Toulhoat 1, Evelyne Lutton 2, and Bertrand
Braunnschweig 1. (1) Departement of Scientific Computing, IFP (Institut Français
du Pétrole), 1 et 4, avenue de Bois-Préau, BP 311, Rueil-Malmaison 92852,
France, Benoit.Leblanc@ifp.fr, (2) Projet FRACTALES, INRIA (THE FRENCH
NATIONAL INSTITUTE FOR RESEARCH IN COMPUTER SCIENCE AND
CONTROL)
When considering Markov Chain Monte Carlo sampling in the context of
molecular simulations it is generally required to apply different types of Monte
Carlo moves. The relative frequencies for each type of move are usually
empirically chosen from ranges that appears reasonable, but rather in an
arbitrary manner. Here we propose an evolutionary algorithm (population-based
stochastic optimizer) that optimizes these frequencies in order to improve the
sampling efficiency . We show results for NVT and NPT MC equilibrations of
linear polyethylene chains in dense amorphous state, a prototypical case for
which sampling efficiency is critical. Making use of problem dependent criteria,
this algorithm improves the quality of simulation. Finally we also apply the same
algorithm to improve the Parallel Tempering technique, in order to optimize at
the same time the relative frequencies of Monte Carlo moves and the relative
frequencies of swapping between sub-systems simulated at different temperatures.
237.
A NOVEL STOCHASTIC SEARCH METHOD FINDS GLOBAL MINIMA AND
LOW-ENERGY POPULATIONS. Amiram Goldblum, Meir Glick, Anwar Rayan,
Boris Gorelik, and Gadi Brinker, Department of Medicinal Chemistry, Hebrew
University of Jerusalem, School of Pharmacy, Jerusalem 91120, Israel, Fax:
972-2-6758925, amiram@vms.huji.ac.il
Many scientific problems suffer from “combinatorial explosion”, i.e., it is
impossible to explore the full range of the variables’ space due to the time limit.
In most of these problems, it is desirable to find a “global minimum”. Structures of biological molecules are characterized by a very complex “potential
surface” which requires very elaborate searches to find useful minima. However,
for gaining information about “ensemble” properties, other “best” structures that
may be accessible should be located. Such structures are in close energy
proximity to the global minimum, are not necessarily local minima, but may be
participating in interactions with drugs or with other biomolecules.
We have recently devised a novel stochastic algorithm that detects the global
minima of highly complex potential surfaces as well as any number of low
energy structures above those minima. This algorithm was applied to five
problems in protein structure prediction: the positioning of polar protons in
X-ray structures of proteins, predicting the conformational space of proteins’
side chains, the construction of loops in proteins, homology modeling and
cyclic peptide conformations. The algorithm is based on a random choice of
variable values for constructing a full conformation, evaluating its energy by a
user defined cost function, and eliminating variable values that contribute
consistently to “expensive” conformations and not to low cost ones. We
proceed iteratively to a point from which an “exhaustive” calculation of all
remaining structures may be done. The number of initial alternative combinations may reach 10**100 in the current version. The final set of solutions may
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include most of the population of low-energy structures, which may be
employed for calculating entropy and other molecular properties. Due to the
limits of energy cost functions, the best evaluation of our search algorithm is by
comparing to full “exhaustive” calculations with exactly the same set of
variables and values. This general algorithm may be adapted to a large set of
combinatorial optimization problems, in science as well as in other fields such
as transportation, telecommunications and economy.
238.
ACCELERATED MOLECULAR DYNAMICS METHODS. Arthur F. Voter 1,
Francesco Montalenti 1, Timothy C. Germann 2, Blas P. Uberuaga 1, and James A.
Sprague 3. (1) Theoretical Division, Los Alamos National Laboratory, T-12 MS
B268, Los Alamos, NM 87545, Fax: 505-665-3909, afv@lanl.gov, (2) X Division,
Los Alamos National Laboratory, (3) Naval Research Laboratory
A significant problem in the atomistic simulation 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 (with dynamical corrections theory if necessary), this
requires first knowing the transition state. Often, however, we cannot even
guess what events will occur; e.g., 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 present our latest developments
and applications, including results on surface diffusion and growth.
239.
MONTE CARLO STUDIES OF CYSTINE-KNOT PEPTIDE STRUCTURES. Michael
W. Deem, Chemical Engineering Department, UCLA, 5531 Boelter Hall, Los
Angeles, CA 90095-1592, Fax: 310-267-0174, mwdeem@ucla.edu
In this work, we use Monte-Carlo simulations to study the three dimensional
structures of cyclic peptides containing disulfide bonds. The selected molecules
kalata, circulin A, circulin B, and cyclopshycotride belong to a family of peptides
isolated from plants that contain an inhibitory cystine-knot motif consisting of
three disulfide bonds. These peptides, referred to as plant cyclotides, exhibit a
diverse range of biological activities indicating they have potential therapeutic
uses. From the Monte-Carlo simulations, we determine the distribution of
physically occupied conformations of the peptides, yielding information about
the conformational flexibility of the peptides and giving the energetic contributions of the various structural motifs to the overall stability of the peptides.
These results are useful in determining the possible conformational changes that
occur during the adsorption and permeabilization of the membranes by the
peptides. Analytical backbone rebriding, semi-look-ahead configurational bias,
and parallel tempering Monte Carlo are used to equilibrate the molecules.
240.
QUANTIFYING QUANTUM CHEMISTRY. Thom H. Dunning Jr., North Carolina
Supercomputing Center, 3021 Cornwallis Road, Research Triangle Park, NC
27709, tdunning@ncsc.org
During the past decade, there has been remarkable progress in the quantitative
calculation of atomic and molecular properties. It is now possible to calculate
many properties with an accuracy that rivals that of all but the most sophisticated experimental measurements. This is a result of advances in theoretical and
computational methodologies as well as advances in computing technologies.
We will review the methodologies used to describe the electronic structure of
molecules, carefully distinguishing the intrinsic errors of the methods from the
basis set convergence errors, with the goal of better understanding the nature of
the errors involved in theoretical predictions.
241.
EXPLICITLY CORRELATED BASIS FUNCTIONS FOR LARGE MOLECULES. Wim
Klopper, and Claire C. M. Samson, Department of Theoretical Chemistry, Utrecht
University, Padualaan 14, NL-3584 CH Utrecht, Netherlands, Fax:
+31-30-2537504, w.m.klopper@chem.uu.nl
Two-electron basis functions that depend linearly on the electron-electron
distance r12 improve the convergence of computed molecular electronic energies

towards the limit of a complete basis set of atomic orbitals. So far, this has
been demonstrated for small molecules with up to 10 to 20 atoms. In a spatially
extended molecule, however, large electron-electron distances will occur, and in
that case, the linear r12 terms seem inappropriate, as the r12-dependent terms
are meant to describe the short-range dynamic correlation effects due to the
Coulomb hole about r12=0. Therefore, other correlation factors such as r12exp
(-cr122) are suggested. These new correlation factors are discussed in the light
of developing electron correlation methods that scale linearly with the size of the
molecular system.

242.
QUANTUM CHEMICAL MODELS FOR ACCURATE THERMOCHEMISTRY: RECENT
ADVANCES. Krishnan Raghavachari, Materials Research, Agere Systems, 600
Mountain Avenue, Room 1A-362, Murray Hill, NJ 07974, Fax: 908-582-3958,
krish@agere.com
Accurate quantum chemical techniques such as CCSD(T) have made it possible
to evaluate the binding energies of small molecules from first principles. In this
work, we analyze the molecules where there are significant deviations and
discuss schemes for extending the range of applicability of such methods.
Applicability to molecules containing heavier elements (main-group as well as
transition metals) are discussed. Finally, new strategies for obtaining accurate
binding energies for large molecules are outlined.

243.
THE DETERMINATION OF ACCURATE EQUILIBRIUM GEOMETRIES. Poul
Jorgensen, Department of Chemistry, Aarhus University, Langelandsgade 140,
Aarhus, Denmark, pou@chem.au.dk
The accuracy of standard wave function / basis set calcuculations of equilibrium
geometries has been investigated using the wave function models HF, MP2,
CCSD, CCSD(T), CCSDT and the correlation consistent basis set of Dunning et.
al. The accuracy is tested carrying out a statistical investigation on a sample of
small molecules where experimental equilibrium structures are known, examining the differences between the calculated and the experimental structures.
During the investigation it became clear that the experimental equilibrium
structures did not have a uniform accuracy and that the outcome of the
investigation,in particular for the higher correlated models,depended much on
the uncertainties in the experimental equilibrium structures. We took then up the
task of establishing a series of equilibrium geometries that had uniform high
accuracy. We denote these used equilibrium geometries empirical. They are
obtained from experimental rotational constants and calculated vibrationalrotational interaction constants. The accuracy of the empirical equilibrium
structures will be discussed and as well as the effect of using the empirical
equilibrium geometries instead of the experimental equilibrium structures in the
statistical investigation.

244.
ADVANCES IN THE TREATMENT OF ELECTRON CORRELATION IN MOLECULES:
COUPLED-CLUSTER THEORY AND AB INITIO DFT. Rodney J. Bartlett,
Chemistry Department, University of Florida, Gainesville, FL 32611-8435,
bartlett@qtp.ufl.edu
In the treatment of electron corrrelation, coupled-cluster theory occupies an
essential role, with the de facto reference being the CCSD(T) method. However,
we have shown the often critical effects of even higher order cluster operators,
including that due to T4 culminating in CCSDTQ and now, T5, in CCSDTQP. This
new method will be discussed and illustrated. For excited states, the reference
method is EOM-CCSDT., which has recently been implemented. We will discuss
the effect of triple excitations in excited states. CC theory via a ‘transfer
Hamiltonian’ also offers a route toward introducing quantum mechanics and
electron correlation for very large molecules, or in large scale materials
simulations[3], which will also be discussed.
Ab Initio DFT is a parameter-free way to generate DFT results that will
converge to the right answer[4], analogous to that in correlated wavefunction
theory. Selected results for ground and excited states will be illustrated.
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245.
COMPARING PERFORMANCE OF DESCRIPTORS AND METHODS FOR
COMBINATORIAL LIBRARY DESIGN. Erik Evensen 1, Erin K. Bradley 1, Connie
Oshiro 1, Robert V. Stanton 1, John E. Eksterowicz 1, and Peter D. J.
Grootenhuis 2. (1) Bristol-Myers Squibb Pharmaceuticals Research Laboratories,
150 California Street, Suite 1100, San Francisco, CA 94404,
eevensen@combichem.com, (2) Bristol-Myers Squibb Pharmaceutical Research
Laboratories

The resulting ordered selection lists provide a simple and effective way to
prioritize chemistry for follow-up assay.

In selecting and applying computational tools for combinatorial library design it
is necessary to understand the performance and limitations of the available
methods. In an iterative, integrated drug discovery setting computational tools
are used to help guide follow-up efforts. Therefore, it is important to know to
what extent compounds selected for screening provide the data required to
refine the selection criteria for successive rounds of synthesis. It is even more
critical to assess how the selection method, as part of the drug discovery cycle,
capitalizes on such data. To address these questions, we present the methods
and infrastructure for performing these comparisons and report the results of
evaluating a variety of descriptors and strategies (both commercial and
internally developed) for selecting compounds and following-up on experimental
results.

An in-house similarity searching system, PRISM (PRI Similarity Miner), has
been developed for the general purpose of lead identification for drug discovery.
Its algorithm is based on the fusion of 2D linear fragment descriptors of
different sizes, which reflect different degrees of fuzziness. The details of this
algorithm will be explained. Some validation results, using the NCI AIDS and
MDDR data sets, will be presented. We will also discuss application of this
method to fast HTS follow-up.

246.
FOCUSED-DIVERSE LIBRARY DESIGN: A NOVEL ALGORITHM BASED ON
RECEPTOR-RELEVANT DISTANCES. Robert S. Pearlman, and Karl M. Smith,
Laboratory for the Development of CADD Software, University of Texas, College
of Pharmacy, Austin, TX 78712, Fax: 512-471-7474, pearlman@naphthyl.phr.
utexas.edu
Whether designing small parallel libraries or large combinatorial libraries, the
best library design algorithms are those which consider properties of the
potential products rather than properties of the potential reactants. Focused
libraries can be based on a variety of “activity scores” (e.g. docking scores) but
can also be based on the similarity or proximity of potential products to one or
more compounds known to exhibit the desired activity at the receptor of
interest. We have previously demonstrated the importance of computing
inter-compound distances which do not include components of little or no
relevance to the receptor of interest. In this presentation, we will describe a
novel focused-diverse library design algorithm which further exploits the
receptor-relevant subspace concept.
247.
NEAREST NEIGHBOR APPROACHES TO CLASSIFY DRUG-LIKE COMPOUNDS.
Kevin P. Cross 1, Paul E. Blower Jr. 1, Michael Fligner 2, and Joseph Verducci 2.
(1) LeadScope, Inc, 1245 Kinnear Road, Columbus, OH 43212,
kcross@leadscope.com, (2) Ohio State University
LeadScope provides a set of over 27,000 molecular descriptors that are based
on structural features commonly used for experimental design in drug discovery
programs. Previously, we have used simulated annealing coupled with recursive
partitioning to select combinations of these molecular descriptors that identify
structurally homogeneous compound classes with high average activity.
Recently we have developed nearest neighbor approaches for classifying active
and inactive compounds in a drug discovery database as well as predicting
specific compound activity. This paper will describe our nearest neighbor
approaches for classification and prediction and compare results obtained using
weighted versus unweighted descriptor sets.
248.
INTRODUCTION OF BIAS INTO K-OPTIMIZABLE DISSIMILARITY SELECTION.
Robert D. Clark, Julia Kar, and Farhad Soltanshahi, Research Group, Tripos,
Inc, 1699 South Hanley Road, St. Louis, MO 63144, Fax: 314-647-9241
One popular approach for sampling data sets to identify new lead areas of
chemistry involves preliminary partitioning or clustering, with subsequent
follow-up assays on compounds which are structurally similar to the “hits”
identified in the primary assay. This pre-supposes, however, that one knows
ahead the appropriate number of representatives to select. Optimizable Kdissimilarity selection has the virtue of generating an ordered list such that each
successive member represents an additional level of detail. Here we will
describe how incorporating a bias into the method in favor of compounds more
active in the primary screen affects the distribution of the compounds selected.

249.
A NOVEL SIMILARITY SEARCHING SYSTEM BASED ON THE FUSION OF 2D
FRAGMENTS OF DIFFERENT SIZES. Xin Chen, Laurent Alquier, and Charles H.
Reynolds, Computer Assisted Drug Discovery, R. W. Johnson Pharmaceutical
Research Institute, Raritan, NJ 08869, xchen3@prius.jnj.com

250.
APPLICATION OF MULTIPLE-Y RECURSIVE PARTITIONING METHODS TO
MINING LARGE DATABASES. David M. Roush 1, Litai Zhang 1, Thomas P.
Stockfisch 2, and Shashidhar N. Rao 2. (1) Agrochemical Products, FMC
Corporation, P. O. Box 8, Princeton, NJ 08543, david_roush@fmc.com, (2)
Accelrys, Inc
We present recursive partitioning analyses of large databases, using CART
methods implemented in the Accelrys software Cerius2, for the purposes of data
mining. Six sets of physico-chemical descriptors (ISIS public keys, CCG-2D,
Cerius2-2D, 3D atom pairs, ) were computed for the database molecules which
were divided into two equal groups, assigned as training and test sets. We have
analyzed the data using both the single-Y and the multiple-Y techniques,
considering two categories of activities (Y variables), measured in two main
functional assays and associated secondary receptor antagonism assays. The
salient finding of our investigation is that multiple-Y methods yield better hit
rates from test sets compared to single-Y methods, although the number of
retrieved hits is smaller in the former. In addition, it is found that increased
pruning of the RP trees improves the number of retrieved actives, with generally
reduced enrichment. Also, no significant changes in the enrichment ratios are
observed upon combination of descriptor sets. Thus, from a data-mining
perspective, the multi-Y methods seem to present more viable analyses when
simultaneous activity is sought in a primary functional assay as well as its
associated secondary assay.
251.
THEORETICAL CALCULATIONS OF NMR PARAMETERS IN OLIGOSACCHARIDES
USING DENSITY FUNCTIONAL THEORY: J-COUPLINGS ACROSS FLEXIBLE
BONDS. Anthony S. Serianni, Department of Chemistry and Biochemistry,
University of Notre Dame, Notre Dame, IN 46556-5670, Fax: 219-631-6924,
serianni.1@nd.edu, and Ian Carmichael, Radiation Laboratory, University of
Notre Dame
The relative lack of NMR structural constraints in oligosaccharides leads
commonly to tentative assignments of conformation and dynamics in these
important biomolecules. To address this problem, new constraints, whose
measurements are facilitated by isotopic labeling with 13C, 2H and/or 15N, have
been described recently, including J-couplings involving heteronuclei, residual
dipolar couplings, 2H quadrupolar couplings, and 13C chemical shift anisotropy.
The use of J-couplings involving heteronuclei is often accompanied by experimental difficulties with their measurement, and/or by imprecise correlations
between their magnitudes (and signs) and molecular structure that preclude
reliable structural interpretations. However, three recent advances have mitigated
these problems: (1) improved methods to label saccharides with stable isotopes,
(2) improved methods to measure J-couplings in larger molecules, and (3)
improved theoretical treatments to calculate NMR parameters with reasonable
accuracy. Focusing on (3), we will examine the use of density functional theory
(DFT) as a tool to investigate two structural elements largely responsible for the
conformational flexibility of oligosaccharides, namely, the determination of
glycoside linkage conformation via the concerted use of trans-glycoside 3JCH,
2
JCC and 3JCC, and the use of multiple, complementary J-couplings (JHH, JCH,
JCC) to evaluate exocyclic hydroxymethyl group conformation. O-Glycoside and
C-glycoside linkages having biological relevance will be treated, and electronegative substituent effects on scalar couplings will be discussed.
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252.
INTERPRETATION OF NMR RELAXATION OF OLIGOSACCHARIDES: DON’T
LEAVE YOUR THEORETICAL TOOLBOX AT HOME. Richard W Pastor, and
Richard M. Venable, Laboratory of Biophysics, Center for Biologics Evaluation
and Research, Food and Drug Administration, 1401 Rockville Pike, Rockville,
MD 20852-1448, Fax: 301-496-4684, pastor@cber.fda.gov
The NMR relaxation of small oligiosaccharides is difficult to interpret within the
framework of the Lipari-Szabo model-free analysis. This is because tumbling
and internal rotation are on comparable time scales, and they are rapid on the
NMR time scale. It will be shown using several examples how to tease out the
presence of internal motion and rotational anisotropy by supplementing
experimental relaxation data with results from molecular dynamics, Langevin
dynamics and hydrodynamic calculations.
253.
INTERPLAY BETWEEN MOLECULAR SIMULATIONS AND NMR SPECTROSCOPY
IN THE ANALYSIS OF CARBOHYDRATE CONFORMATION AND DYNAMICS.
Göran Widmalm, Department of Organic Chemistry, Stockholm University,
Arrhenius Laboratory, Stockholm S-106 91, Sweden, Fax: +46-8-154908,
gw@organ.su.se
Molecular simulations can be used to describe different properties such as
stability, reactivity, conformation and dynamics. Prediction of the above
characteristics is presently a major challenge in the area of molecular simulations. However, without the continous feed-back from experimental data, the
development of algorithms, procedures, force fields as well as theories is
hampered. From our analysis of carbohydrate conformation and dynamics we
will exemplify predictions made by molecular simulations which were confirmed
experimentally by NMR spectroscopy. Vice versa, experimental observations can
be explained by molecular simulations. Comparison of different force fields in
the analysis of oligosaccharide conformation will be discussed in the light of
experimental NMR data.
254.
THE COMBINATION OF MOLECULAR MODELING WITH RESIDUAL DIPOLAR
COUPLING IN NMR SPECTROSCOPY FOR CONFORMATIONS OF COMPLEX
OLIGOSACCHARIDES. C. Allen Bush, Department of Chemistry and
Biochemistry, University of Maryland - UMBC, 1000 Hilltop Circle, Baltimore,
MD 21250, Fax: 410-455-2608, bush@umbc.edu
Residual Dipolar Coupling is a recently introduced NMR method providing a new
type of conformational information distict from that provided by NOE and scalar
coupling which is more local in nature. RDC is very sensitive to the orientation
of the internuclear vector with respect to the static magnetic field and thus can
provide more long range information. In the experiments, an ordered liquid
crystalline medium provides a very small degree of orientation of the solute so
that RDC can be measured with high resolution NMR techniques commonly
used in aqueous solution. For oligosaccharides which adopt compact rigidly
folded epitopes, it is possible to measure more 13C-1H one-bond dipolar
couplings than the five required for calculation of the orientation tensor directly
from the experimental data and highly accurate conformational models can be
constructed for the relatively rigid epitopes of the blood group oligosaccharides.
For more flexible oligosacchrides exhibiting inter domain reorientation, additional
internuclear vectors can be measured and more powerful methods for interpretation of the orientation of the molecular model can be introduced.
255.
CONFORMATION OF A NUCLEOTIDE-SUGAR IN SOLUTION AND IN AN ENZYME
BINDING SITE. Anne Imberty 1, Pavla Petrova 1, Catherine Hervé du Penhoat 1,
and Jaroslav Koca 2. (1) Group of Molecular Glycobiology, CERMAV-CNRS, 601
rue de la chimie, BP 53, F38041 Grenoble, France, Fax: 334-76-54-72-03,
imberty@cermav.cnrs.fr, (2) National Centre for Biomolecular Research, Masaryk
University
Glycosyl esters of nucleoside di or mono-phosphates, generally referred to as
“sugar nucleotides”, serve as a sugar donors during the biosynthesis of oligoand polysaccharides; they are therefore of a primary importance in carbohydrate
metabolism in the living world. Conformational behavior of a nucleotide sugar,
UDP-glucose (UDP-Glc) in solution has been studied using combined NMR
experiemnts and molecular dynamics simulation. Homonuclear and heteronuclear coupling constants, together with NOE data have been measured.

Molecular dynamics calculations were performed using the AMBER program
package together with energy parameters especially developed for nucleotide
sugars. Experimental and theoretical studies in aqueous solution, were carried
out for increasing concentrations of monovalent K+ and divalent Mg2+ ions. For
the monovalent ion, it is revealed that its presence and concentration is crucial
for the conformational behavior, resulting in the stabilization of the extended
conformation. The preferred location of K+ is in close proximity to the negatively
charged phosphate oxygens, but the ion moves freely and can occupy other
sites. The Mg2+ ion would rather coordinate two of the phosphate oxygens. The
simulations have also been performed for the nucleotide sugars docked in the
binding site of glycosyltransferases.
256.
CONFORMATIONAL INVESTIGATIONS OF ARABINOFURANOSIDES FROM
MYCOBACTERIA. Justin B. Houseknecht, Christopher S. Callam, Patrick R.
McCarren, Christopher M. Hadad, and Todd L. Lowary, Department of
Chemistry, Ohio State University, 100 West 18th Avenue, Columbus, OH 43210,
Fax: 614-292-1685, jhousekn@chemistry.ohio-state.edu, lowary.2@osu.edu
An integral component of the cell wall of Mycobacterium tuberculosis is an
arabinogalactan (AG) that is structurally unique in that all of the arabinose and
galactose residues exist in the furanose form. The cell wall in this organism
plays a critical role in its viability and it has been postulated that the preponderance of furanose residues in the AG allows for the proper assembly of the entire
complex. The hypothesis is that the inherent flexibility of the five membered ring
allows the AG to serve as flexible scaffold, which in turn enables the correct
organization of other cell wall components. However, this hypothesis is without
experimental support. Through the combined use of organic synthesis, computational chemistry, and NMR spectroscopy we have been investigating the
conformational properties of oligosaccharides comprised of arabinofuranose
rings. Presented will be our recent results in this area with an emphasis on
computational studies.
257.
IMPROVED IMPLICIT SOLVATION MODEL FOR NONAQUEOUS SOLVENTS.
Insook Park, Yun Hee Jang, Sungu Hwang, and Doo Soo Chung, School of
Chemistry, Seoul National University, Seoul 151-747, South Korea, Fax:
82-2-889-1568, pis2@snu.ac.kr
The Poisson-Boltzmann implicit solvation model (D. J. Tannor, et al, J. Am.
Chem. Soc. 1994, 116, 11875) was extended to include nonaqueous solvents
such as 1-octanol and n-hexadecane. The “polar” or electrostatic contribution to
the solvation energy was calculated by solving the Poisson-Boltzmann equation
at the solute-solvent boundary with the atomic charges determined from ab
initio calculations (HF/6-31G**). The “non-polar” contribution or the “cavity”
energy was estimated by assuming its linear dependence on the molecular
surface area of the solute. This linear relationship was established with the
experimental solvation energies of ten alkane solutes in each solvent. This
solvation model was then applied to 140 solutes consisting of C, H, and O. It
was found to reproduce their experimental solvation energies satisfactorily (RMS
error < 1.4 kcal/mol) when slightly different sizes of oxygen atoms were
employed to build the solute-solvent boundary in different solvents. The
adjustment of the size of oxygen was justified by the radial distribution functions obtained from the molecular dynamics simulations on the solvent boxes
with a methanol solute in the middle of each box. This solvation model was
then used to predict the water/1-octanol distribution coefficient (Po/w) of crown
ether derivatives.
258.
NITROSATIVE ADENINE DEAMINATION: A THEORETICAL STUDY OF THE
DECOMPOSITION PATHWAYS OF ADENINEDIAZONIUM ION. Rainer Glaser,
Brian Hodgen, and Sundeep Rayat, Department of Chemistry, University of
Missouri-Columbia, Columbia, MO 65211, Fax: 573-882-2754,
glaserr@missouri.edu, glaserr@missouri.edu
Deamination of DNA bases by endogenous nitrosation is important for genetic
toxicology and carcinogenesis. We are interested in the elucidation of the
reaction mechanisms and the recognition of all of the possible products of
deamination. The nitrosative deamination of adenine, 1, to hypoxanthine, 4, has
been known since the discovery of adenine by Kossel in 1885 (Kossel, A. Ber.
1885, 18, 79-81). This reaction is thought to proceed via the adeninediazonium
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ion, 2, and its product of dediazoniation, 3. In the course of our ab initio studies
of DNA base deaminations, we have found that 3 is kinetically and thermodynamically unstable with respect to the pyrimidine ring-opened intermediate 5.
This key finding allows one to think about new adenine decomposition pathways. Two kinds of decomposition pathways are considered. Deprotonation of 5
may lead to 6 or 7 and hydrolysis products thereof are likely side-products of
adenine deamination. Three pathways for fragmentation of 5 by loss of two HCN
molecules and one proton leading to 11, were explored to assist the massspectroscopic detection of 5 and its derivatives.

259.
NOVEL MEASURES OF VARIABILITY IN MULTIPLE ALIGNMENTS AS A BASIS
FOR MODELING 3D STRUCTURES OF G-PROTEIN COUPLED RECEPTORS.
Sonia Cherno-Schwartz, Anwar Rayan, and Amiram Goldblum, Medicinal
Chemistry, Hebrew University of Jerusalem, School of Pharmacy, Jerusalem,
Israel, Fax: 972-2-6758925, sofiy@md.huji.ac.il, amiram@vms.huji.ac.il
Conservation relations have been traditionally employed as a basis for constructing 3-dimensional comparative models of proteins. In G-protein coupled
receptors (GPCRs), this approach is less obvious due to the lack of experimental structures, except for the single structure of rhodopsin. However, GPCRs are
the largest group of drug targets and models for their 3D structures are
valuable for drug design.
We have recently developed a novel approach for observing sequence
identities in GPCRs, that is based on cumulative conservation in each position
and along stretches of residues, starting from either the exoplasmic or endoplasmic helix terminals. The overall average identity of 40 representative GPCRs,
26.3%, is found to be composed of very different values for the endoplasmic
(34.5%) and for the exoplasmic parts (17.7%). In five of the 7TM helices (I, II,
V, VI, VII), the exoplasmic parts of length 9-17 residues have low cumulative
conservation values. We thus expect to find less structural conservation between
these helical parts and the corresponding ones of rhodopsin. This should affect
any attemps to construct GPCR models based on rhodopsin coordinates.

260.
NOVEL SOFTWARE FOR EVALUATING MULTI-TECHNIQUE CHEMICAL
INFORMATION. Eric G. Melanson, and Gregory M. Banik, Marketing,
Bio-Rad, 3316 Spring Garden, Phila, PA 19104, Fax: 215-662-0585,
eric_melanson@bio-rad.com
Chemical professionals are often confronted with the need to evaluate chemical
information in the form of spectral data, physical and diverse property data and
structure in their day-to-day professional work. While most professionals are
conversant in one or a few analytical techniques used to accumulate essential
data for decision-making in their application area, most are limited by the
numerous software interfaces and logic systems inherent in combining data.
Thus, both learning curve, organization and format issues occur when trying to
combine multi-technique data for problem-solving.
The KnowItAllÔ Analytical System offers a novel tool which can accept
spectral data and structures from a variety of formats and combine them within
an easy-to-access environment. Once a chemical professional accumulates
relevant structure, spectral and property information for IR , NMR, MS, UV or
GC sources, he/she is able to combine this data collection into a logical
information system allowing search and retrieval of user-created or purchased
databases. The architecture of the KnowItAll system is designed to allow data to
be easily entered, accessed and combined into user-customizable reports. An
additional feature is the ability to build into the structure of the databases,
cross-referencing, or the ability to rapidly access additional records of the same
chemical structure. For instance, if a user has entered an IR spectrum of a
compound in building a database, it is possible to permanently link the MS
spectrum of the same compound to the IR spectrum with a single mouse click.
This interconnectivity of spectral data allows knowledgeable decision-making
among departments or groups of stakeholders in the organization who have
acquired diverse analytical data collections, but who can now use them to refine
and improve decisions affecting the quality, stability, or similarity of chemical
compounds.

261.
SEMI-EMPIRICAL CALCULATIONS FOR THE COMPONENTS OF DNA, RNA AND
PROTEINS. Edward S. Chen, CRPC, Rice University, MS-41, 6100 S. Main,
Houston, TX 77005, Fax: (713)-432-7827, and Edward C.M. Chen, School of
Natural and Applied Sciences, University of Houston, CLC, 2700 Bay Area Blvd,
Houston, TX 77058, ecmc@hia.net
The energetics of the DNA and RNA bases (AGCUT), the Watson-Crick hydrogen
bonded base pairs, and the essential amino acids have been calculated using
semi-empirical techniques, including multiconfiguration configuration interactions for estimating electron correlation. When compared to ab initio and density
functional calculations, these methods produce reliable results for significantly
larger molecules on personal computers in much less time. Quantities which
have been calculated include: electron affinities, ionization potentials, hydration
energies, and gas phase acidities. Other properties calculated are optimized
geometries, dipole moments, charge distributions and spin distributions. These
have been used to formulate a model of electron conduction in DNA. The model
includes proton transfer, designated the “abacus effect,” which also aids our
understanding of electron and hole transfer in DNA. The calculated energetics
show that electron transport is thermodynamically feasible in biological systems.
262.
SOFTWARE FOR PHYSICAL PROPERTY ESTIMATION WITH CORRESPONDING
STATES GROUP CONTRIBUTION METHOD. Chang Sun, Department of Chemical
Engineering, Tianjin Institute of Industry, China, Tianjin 300222, China,
sunchangmail@263.net
A new estimation method was proposed by combining Corresponding State
Principle with Group Contribution Method through introducing the concept of
assumed-critical properties, combining it with Riedel equation a new vapor
pressure correlation equation (CSGC-PE) was developed with this method.
Based on CSGC-RE equation, the physical property estimation software was
developed which can estimate compound°¯s vapor pressure and enthalpy of
vaporization with high precision. This software has the advantage of easily-use
as well as fine user interface. A statistical regression approximates the data with
an averaged absolute error of less than 1.5% based on more then 340 compounds and 5000 datum points. The software was developed with Microsoft
Visual C++, thus can be used under various Windows platforms.
263.
THE AUXILIARY FIELD MONTE CARLO METHOD FOR AB INITIO ELECTRONIC
STRUCTURE OF MOLECULES. Roi Baer, Institute of Chemistry and the Lise
Meitner Center for Quantum Chemistry, The Hebrew University of Jerusalem,
Givat Ram Campus, Jerusalem 91904, Israel, Fax: 972-2-6513742,
roi.baer@huji.ac.il
We present developments and applications of a new general method for highly
accurate electronic structure of molecules, the Shifted contour auxiliary field
Monte (AFMC). The method invokes the Hubbard-Stratonovich transformation,
which replaces the interaction between two electrons with an interaction of one
electron with auxiliary fields. The use of Monte Carlo integration for calculating
the multi-dimensional integrands of expectation values is a computation of the
ground state with numerical effort that is expected to have polynomial growth
with the number of electrons in many important chemical systems. The method
does not rely at all on any sort of fixed node aproximation. We show several
new developments: ⭈ Application of the method within a plane waves basis. ⭈
Application of the method for standard quantum chemical Gaussian Basis sets
reaching full CI quality for large basis sets ⭈ Structure and spectroscopy of
molecular species. ⭈ Determination of the singlet-triplet gap of CH2. ⭈ Multirefernce and valence excited states
264.
THEORETICAL INVESTIGATION OF THE BONDING IN THE YLIDES OF
PHOSPHORUS. Petar M. Mitrasinovic, and Robert L. Fulton, Department of
Chemistry and Biochemistry, The Florida State University, Tallahassee, FL
32306-4390, Fax: 850-644-8281, pmitrasi@chem.fsu.edu
The ylides of phosphorus contain unusual bonds in the sense that the behavior
of the electrons does not conform to that expected solely on the basis of
carbon-carbon and carbon-hydrogen bonds. Three aspects of the quantitative
analysis of electron behavior in the molecules PHCH2, PH3CH2, PF3CH2, and
PH3CHF are: (1) the P-C inter-basin sharing indices; (2) the group basin charges
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and inter-group sharing indices between the CH2 (or CHF) groups and PH1, 3 (or
PF3) groups; and (3) the values of the secondary sharing indices between the
carbons and the atoms bonded to the phosphorus. Additional information is
contained in the sharing amplitudes. By varying the positions of the fixed points
in the valence region of the phosphorus, the sharing amplitudes provide more
insight into the bonding of the ylides of phosphorus.
265.
THEORETICAL STUDY OF PHENYLBORONIC ACIDS AS A SOURCE OF PHENYL
ANIONS. Rainer Glaser, and Nathan Knotts, Department of Chemistry, University
of Missouri-Columbia, Columbia, MO 65211, Fax: 573-882-2754,
glaserr@missouri.edu, ntka8c@mizzou.edu
Phenylboronic acid, 1, is a source of reactive phenyl anions in synthetic organic
chemistry. It is thought that the treatment of phenylboronic acid with strong
nucleophiles, such as hydroxide ion, leads to the formation of B(OH)4- and
phenyl anion in two steps. The first step consists in the addition of hydroxide
ion to phenylboronic acid to generate the anion 2. The second step involves the
substitution of a phenyl anion in 2 by hydroxide via an elimination-addition
process. In this presentation, we will discuss the reaction paths of the substitutions of the parent system, the automerization reaction of OH- with B(OH)4-, and
of 2 with OH- to yield B(OH)4- and phenyl anion based on results of potential
energy surface analyses at the levels B3LYP/6-311++G**// B3LYP/6-31+G* and
CCSD/6-311++G**//B3LYP/6-31+G*. Results of population analyses will be
presented to discuss the nature of the bonding in 2.
266.
DEVELOPMENT AND APPLICATIONS OF THE ONIOM METHOD FOR ACCURATE
CORRELATION CALCULATIONS FOR LARGE MOLECULES. Keiji Morokuma,
Cherry L. Emerson Center for Scientific Computation and Department of
Chemistry, Emory University, 1515 Pierce Drive, Atlanta, GA 30322, Fax:
727-404-7412, morokuma@emory.edu, and Thom Vreven, Gaussian, Inc
The onion skin-like extrapolation method, ONIOM, combines different levels of
quantum mechanical methods (and molecular mechanics method) for accurate
calculations of large molecular systems. We will discuss the basic idea and
implementation of the ONIOM method. The importance of the S-value test will
be emphasized for successful applications. Examples of the applications of the
ONIOM(MO:MO) method for accurate determination of the bond energies of
large molecular systems will be discussed, including the C-C bond energy in
hexaphenylethane. The applicability of the ONIOM method to physical properties
other than the energies will also be discussed.
267.
NEW METHODS OF INCLUDING ELECTRON CORRELATION IN CHEMICAL
REACTION MODELING. Donald G. Truhlar, and Benjamin J. Lynch, Department
of Chemistry and Supercomputer Institute, University of Minnesota, 207
Pleasant Street Southeast, 139 Smith Hall, Minneapolis, MN 55455-0431, Fax:
612-626-9390, truhlar@umn.edu
We are continuing to develop two complementary approaches to electronic
structure calculations including electron correlation. The first is density functional theory with parameters optimized for kinetics. This includes MPW1K, in
which the parameters are linear, as well as a new approach in which they are
nonlinear. The second is multi-coefficient correlation methods, such as MCQCISD and MCG3, which were originally parameterized for atomization energies
but which are now being parameterized more broadly. This work was supported
in part by the U. S. Department of Energy and by the University of Minnesota
Supercomputer Institute.
268.
NEW ADVANCES IN SCALABLE ELECTRONIC STRUCTURE METHODS. Mark S.
Gordon 1, Yuri Alexeev 1, Zhengting Gan 2, Michael W. Schmidt 1, Ricky A.
Kendall 2, Joe Ivanic 1, and Klaus Ruedenberg 3. (1) Department of
Chemistry/Scalable Computing Laboratory, Iowa State University & Ames
Laboratory, 201 Spedding Hall, Ames, IA 50011, Fax: 515-294-5204,
mark@si.fi.ameslab.gov, (2) Scalable Computing Laboratory, Ames Laboratory,
(3) Department of Chemistry, Iowa State University & Ames Laboratory
Two general topics related to scalable electronic structure methods will be
discussed. First, general issues that must be considered when developing
scalable code will be considered. These include strategies for distributed

computing, direct methods, and problem that are particularly important for
cluster computing. Second, examples of recent developments will be presented.
These will include analytic hessians, second order perturbation theory gradients,
multi-configrational self-consistent field (MCSCF) energies and gradients and
configuration interaction (CI).
269.
CURRENT AND FUTURE NEEDS FOR IMPROVEMENT IN ELECTRON
CORRELATION METHODOLOGY: THE INDUSTRIAL PERSPECTIVE. Anne M.
Chaka, and Russell D. Johnson III, Computational Chemistry Group, National
Institute of Standards and Technology, 100 Bureau Drive, Stop 8380,
Gaithersburg, MD 20899-8380, Fax: 301-869-4020
Improvements in the accuracy and speed of methods used to calculate electron
correlation is essential for industrial process design and product development,
as indicated in several recent governmental and industrial studies. In this
presentation we will discuss the industrial priorities identified by these studies, a
framework for validation, and the prospects for the future. One of the most
important applications is the determination of activation barrier heights for rate
constants, in which errors in correlation do not fortuitously cancel as they often
do in thermochemistry. This problem is particularly serious for free-radical
processes and transition metal catalysts. Condensed phase properties such as
phase behavior of complex liquid mixtures, vapor-liquid equilibrium, transport
properties, and crystal structure of molecular materials, are critical for both
process and product design, and require accurate treatment of weak dispersion
forces and polarizability. All methods for calculating electron correlation require
faster, more efficient algorithms to treat systems of the size and complexity
relevant to industry in a timely fashion.
270.
QUANTUM CHEMISTRY IN THE TWENTY-FIRST CENTURY. Henry F Schaefer
III, Center for Computational Chemistry, University of Georgia, Athens, GA
30602-2525, Fax: 706-542-0406, hfsiii@arches.uga.edu
Abstract text not available.
271.
REPLICA EXCHANGE METHODS FOR SIMULATING PROTEINS. Michael Feig,
John Karanicolas, Y. Zenmei Ohkubo, and Charles L. Brooks III, Department of
Molecular Biology, TPC-6, The Scripps Research Institute, 10550 N. Torrey
Pines, La Jolla, CA 92037, Fax: 858-784-8688, meikel@scripps.edu
Replica exchange techniques involve the simultaneous simulation of multiple
replicas of a system of interest at different temperatures, under different biasing
potentials and/or other thermodynamic variables. Periodically, replicas are
exchanged with respect to their simulation conditions if the exchange is
acceptable based on Boltzmann criteria. As a result sampling efficiency can be
enhanced greatly over conventional single-copy simulations.
We have used single- and multi-dimensional replica exchange simulations to
increase conformational sampling in protein systems with implicit solvent. We
will discuss applications in exploring protein folding landscapes as well as
structure prediction and refinement.
272.
ATOMIC SIMULATIONS OF STRUCTURAL TRANSFORMATIONS IN LARGE
PEPTIDES. Angel E. Garcia 1, Kevin Y. Sanbonmatsu 1, Tuhin Ghosh 2, and
Shekhar Garde 2. (1) Theoretical Biology and Biophysics Group, Los Alamos
National Laboratory, T10 MS K710, Los Alamos, NM 87545, Fax: 505-665-3493,
axg@lanl.gov, (2) Department of Chemical Engineering, Rensselaer Polytechnic
Institute
We use replica exchange molecular dynamics to study structural transitions of
large peptides that are known to form alpha helices in aqueous solution. These
transitions are induced by temperature changes. We study the complete
helix-coil trasition of Ala-21, Ac-AAAAA(AAARA)3-Nme and Ac-Y(AEAAKA)3FNme. We find that Ala is a good helix former. However, sequences containing R
and K side chains have much larger helical propensity, in agreement with
experimental observations. We find that shielding of the backbone carbonyl
oxygens by the charged side chains are resposnible for the enhanced helical
propensity of these sequences. A small modification of the Amber (Parm94)
force field gives excellent aggreement between the calculated and measured
helical nucleation (sigma) and propagation (w) parameters for these peptides.
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273.
AGGREGATION-VOLUME-BIAS MONTE CARLO SIMULATIONS OF NUCLEATION
PHENOMENA. Bin Chen 1, J. Ilja Siepmann 2, Kwang J. Oh 1, and Michael L.
Klein 3. (1) CMM & Department of Chemistry, University of Pennsylvania,
231 S. 34 Street, Philadelphia, PA 19104, Fax: 215-573-6233, binchen@cmm.
chem.upenn.edu, (2) Departments of Chemistry, Chemical Engineering and
Materials Science, University of Minnesota, (3) Department of Chemistry,
University of Pennsylvania
Nucleation, the formation of embryos of a new phase from a metastable mother
phase, plays a unique role in phase transitions and is an important factor in
many environmental and industrial processes. Molecular simulation offers an
opportunity to advance our molecular-level understanding of nucleation
phenomena. However, conventional simulation approaches are hampered by the
extremely low probabilities (or large positive free energies) for the occurrence of
clusters near the critical nucleus size and the extremely slow transfer of
particles between clusters of different sizes due to the large separation between
clusters. To overcome these problems, a novel Monte Carlo algorithm is
developed by combining the aggregation-volume-bias Monte Carlo algorithm
with the umbrella sampling technique. It was found that this combined approach
is simple, general, and robust. The efficiency of this algorithm is demonstrated
for a large variety of systems, including the homogeneous nucleation of
n-alkanes, alcohols, and water and the heterogeneous nucleation of alkane/
alcohol and water/alkane mixtures.

274.
EXPLORING FREE ENERGY LANDSCAPE OF A BETA-HAIRPIN FOLDING IN
WATER WITH REPLICA EXCHANGE METHOD. Ruhong Zhou 1, Robert Germain 1,
and Bruce J Berne 2. (1) Thomas J Watson Research Center, IBM, Route 134 &
PO Box 218, Yorktown Heights, NY 10598, ruhongz@us.ibm.com, (2)
Department of Chemistry, Columbia University
The folding free energy landscape of the C-terminal beta-hairpin of protein G
has been explored with a highly parallel Replica Exchange Method (REM) with
the help of a new P3ME/RESPA algorithm. The REM method combines molecular dynamics trajectories with a temperature exchange Monte Carlo process to
sample the beta-hairpin system in explicit solvent under periodic boundary
condition uisng OPLSAA force field. The simulation results show that the
hydrophobic core and the beta strand hydrogen bonds form at roughly the same
time. The free energy landscape with respect to various reaction coordinates is
found to be rugged at low temperatures, and becomes a smooth funnel-like
landscape at about 360K. In contrast to some very recent studies, no significant
helical content has been found in our simulation at all of the temperatures
studied. The beta-hairpin population and hydrogen-bond probability are in
reasonable agreement with experiment at biological temperature, but both decay
much more slowly with temperature than the experiment.

275.
MODELING OF DIFFUSION IN TIGHT-FITTING ZEOLITE HOST-GUEST SYSTEMS
BY NORMAL MODE MONTE CARLO. Srinivas C Turaga, and Scott M. Auerbach,
Department of Chemistry, University of Massachusetts, 701 LGRT UMass,
Amherst, MA 01003, Fax: 413-545-4490, sturaga@student.umass.edu
Zeolites are nanoporous crystalline solids that are used in a wide variety of
industrial applications. Understanding how molecules diffuse through zeolites
may aid in the development of new materials for catalysis and separations.
Modeling such motion is particularly challenging when the guest molecules fit
tightly in zeolite pores, because the model needs to account for local framework
vibrations as well as molecular motion. We have created an optimized Monte
Carlo based simulation to calculate the rate of diffusion of a guest molecule
through a zeolite, while allowing for the flexing of the framework atoms. Our
computer simulation accounts for the flexing of the framework by calculating
and sampling the movements corresponding to the normal vibrational modes of
framework atoms of the zeolite. In particular, we show results for benzene in
silicalite. This study yields a better understanding of the cooperative mechanism
of transport within a zeolite, and can be applied in a more general framework to
other catalyst-substrate systems.

276.
COMPUTER SIMULATIONS OF MOLECULAR RECOGNITION USING
GENERALIZED-ENSEMBLE MONTE CARLO METHODS. Gennady Verkhivker,
Pfizer Global Research and Development, La Jolla Laboratories, 10777
Science Center Drive, San Diego, CA 92121, Fax: (858) 678-8244,
gennady.verkhivker@pfizer.com
Parallel simulated tempering dynamics combined with the weighted histogram
analysis methods have provided insights into structure, energetics and dynamics
of molecular recognition and allowed to establish connections between protein
folding and molecular recognition mechanisms. Equilibrium simulations with the
ensemble of protein conformations can implicitly incorporate the effects of
protein flexibility in computer simulations of ligand-protein binding and provide
an efficient sampling of the conformational space outperforming considerably
conventional Monte Carlo methods.
277.
MODELING OF CARBOHYDRATE MACROMOLECULES. David A. Brant, Douglas
J. Tobias, and Simon Jaud, Department of Chemistry, University of California,
Irvine, CA 92697-2025, Fax: 949-824-8571, dbrant@uci.edu
Carbohydrate macromolecules display a broad range of properties from
insoluble, crystalline cellulose to pullulan and scleroglucan, which are flexible
random coils and rodlike triple helices, respectively, in aqueous solution. These
behaviors have been successfully modeled at levels of detail that vary from
treatments of the single strand random coils at the atomic level to models of
the multiple helical structures at longer length scales. Time dependent properties
have been modeled as well as the more straightforward equilibrium properties.
This talk will focus on the equilibrium and dynamic properties of aqueous
pullulan and describe the ability of atomistic models to explain the static
structure factor of aqueous pullulan oligomers observed by small angle X-ray
scattering and 13C NMR relaxation times, which reflect the conformational
dynamics of the molecule.
278.
DECIPHERING THE MOLECULAR STRUCTURES AND INTERACTIONS OF PECTIC
POLYSACCHARIDES. Serge Perez, Miguel-Angel Rodriguez-Carvajal, Karim
Mazeau, and Catherine Hervé du Penhoat, Centre des Recherches sur les
Macromolecules Vegetales,CNRS, BP 53, 601 rue de la Chimie, F-38041
Grenoble, France, Fax: 334-76-03-76-29, perez@cermav.cnrs.fr
A realistic description of the molecular structures and interactions of complex
polysaccharides should provide a consistent description of their structural levels
of structural organization, from the monomeric units to the complex assemblies
of macromolecular chains and their interactions. This required the development
of novel molecular modeling procedures that will be exemplified by the elucidation of the molecular structures and interactions of pectins. The ordered and
disordered states of both the “smooth” and the “hairy” region of their components will be presented, along with a discussion about the role of structural
moieties such as the degree of esterification or acetylation. The stereochemical
and electrostatic requirements for ionic binding to the polysaccharide chains will
be also presented, and discussed with respect to the molecular basis of Ca++
induced gelation. The recent finding about the rhamnogalacturonan II moieties
will be described, as derived from high resolution NMR spectroscopy and
molecular mechanics calculations.
279.
CONFORMATIONAL DYNAMICS OF HYALURONAN IN SOLUTION. Attilio
Cesàro 1, Sara Letardi 1, Giovanni La Penna 2, Angelo Perico 2, and Ester
Chiessi 3. (1) Department of Biochemistry, Biophysics and Macromolecular
Chemistry, University of Trieste, Via Giorgieri 1, I-34127 Trieste, Italy, Fax:
+39-040-676-3691, cesaro@univ.trieste.it, (2) IMAG - CNR, (3) University of
Rome (TorVergata)
A detailed study of structure and dynamics of hyaluronan oligomers (UA)4 and
(UA)2 is presented. Recent advances in macromolecule diffusion theory are
applied to second order in the mode-coupling expansion to derive second-rank
time-correlation functions of the C-H vectors along the chains. The required
equilibrium averages are approximated by time averages along an atomistic
molecular dynamics simulation. The results are compared with experimental
13
C-NMR relaxation parameters of different nuclei in the molecule. The pronounced structure in the relaxation pattern found in the experiments for (UA)4

© 2002, American Chemical Society. All rights reserved.

COMP
can be qualitatively interpreted in terms of rotational diffusion anisotropy with a
low hydrodynamic strength. Inter-residue hydrogen bonds concerning the side
chains are weak and do not have significant local effects while O5(i)-HO3/4(i+1)
hydrogen bonds can play a significant role in coupling conformational degrees
of freedom with solvation. The implications of this study on the knowledge of
the hyaluronan polymer structure and dynamics are addressed.
280.
HYALURONAN - A DYNAMIC PERSPECTIVE. Andrew Almond, Department of
Biochemistry, Oxford University, South Parks Road, Oxford OX1 3QU, United
Kingdom, Fax: +44 1865 275253, andrew.almond@physics.org
Hyaluronan (HA), a mammalian polysaccharide, is an unusually stiff polymer in
aqueous solution, having important consequences for its biological function. It
is commercially important, with considerable cosmetic and therapeutic application because it has good space filling properties, and is non-immunogenic. The
HA polymer consists of linear repeats of ␤-D-N-acetylglucosamine-␤-D-glucuronic acid. The solution conformation and dynamics of HA have been investigated
by computational simulation in aqueous solution and a variety experimental
techniques, providing a good model system for studying the interaction between
bio-molecules and water. The predicted average conformation was in agreement
with X-ray fibre diffraction and hydrodynamic data, indicating that the model is
correctly reproducing molecular interactions. Strong intra-molecular hydrogenbonds were predicted, as previously hypothesised, but this did not preclude

large molecular motions. The ramification of these findings on the understanding of biomolecule-water interaction and their role in determining the structure
and function of HA will be discussed.
281.
COMPUTATIONAL CARBOHYDRATE CHEMISTRY: STRENGTHS, WEAKNESSES
AND FUTURE PROSPECTS. Robert J. Woods, Complex Carbohydrate Research
Center, University of Georgia, 220 Riverbend Road, Athens, GA 30602, Fax:
706-542-4412, rwoods@ccrc.uga.edu
It is now firmly established that carbohydrates and glycoconjugates play critical
roles in correct biological function in both plants and animals. It is also
apparent that an understanding of carbohydrate conformations and interactions
is essential in the development of therapeutic drugs and vaccines for treatment
of a variety of human diseases. The structural diversity and biological heterogeneity of many oligo- and polysaccharides, combined with their inherent
flexibility, places limits on the use of traditional experimental techniques for
conformational analysis, such as NMR spectroscopy and X-ray crystallography.
The potential for computational studies to make a contribution to these studies
is immense. However, the very properties that challenge experimental techniques, place extreme demands on computational methods. Accurate modeling
requires a precise description of the interatomic forces, the internal motions,
and the interactions with solvent. The limits of current classical and quantum
mechanical methods are presented, and developing research areas discussed.
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