COMP 1
Principles of stochastic quasi-Newton dynamics and applications in soft
materials multiscale modeling
J. Fraaije1,2, j.fraaije@chem.leidenuniv.nl, and A. Sevink1,
a.sevink@chem.leidenuniv.nl. 1Leiden University, The Netherlands, 2Culgi BV,
The Netherlands
We report a Stochastic Quasi-Newton (S-QN) method for sampling energy
potential hypersurfaces in soft materials (CULGI). In the heart of the theory is a
compound mobility matrix that responds to a landscape by a memory function,
derived from QN theory. Our approach is a real-space generalization of Fourier
acceleration algorithms that use filtering for the separation of different length and
time scales. Applications of S-QN are ambitious, and include structure
optimization, analysis of correlations and automated multiscale modeling. We
report on the mathematical fundamentals of the method, the comparison with
regular (L-)BFGS and force-biased Monte Carlo, and discuss applications to reallife problems in surfactant assembly, polymer conformation sampling and coarsegrained protein folding. A conspicuous property of the method is that slow modes
and fast modes evolve equally fast, in principle. The Culgi consortium is
sponsored by international industry and several EU projects (Multimatdesign,
Nanomodel and Selfmem)
COMP 2
Constructing multi-resolution Markov State Models to study biomolecular
folding using a hierarchical clustering algorithm
X. Huang, xuhuihuang@gmail.com. Chemistry, The Hong Kong University of
Science and Technology, Kowloon, Hong Kong, China
Simulating biologically relevant timescales at atomic resolution is a challenging
task since typical atomistic simulations are at least two orders of magnitude
shorter. Markov State Models (MSMs) provide one means of overcoming this gap
without sacrificing atomic resolution by extracting long time dynamics from short
simulations. MSMs coarse grain space by dividing conformational space into
long-lived, or metastable, states. This is equivalent to coarse graining time by
integrating out fast motions within metastable states. By varying the degree of
coarse graining one can vary the resolution of an MSM; therefore, MSMs are
inherently multi-resolution. In the talk, I will introduce a new algorithm Superlevel-set Hierarchical Clustering (SHC), to our knowledge, the first algorithm
focused on constructing MSMs at multiple resolutions. The key insight of this
algorithm is to generate a set of super levels covering different density regions of
phase space, then cluster each super level separately, and finally recombine this
information into a single MSM. SHC is able to produce MSMs at different
resolutions using different super density level sets. To demonstrate the power of
this algorithm we apply it to a small RNA hairpin, generating MSMs at different

resolutions. We validate these MSMs by showing that they are able to reproduce
the original simulation data. Furthermore, long time folding dynamics are
extracted from these models. The results show that there are no metastable onpathway intermediate states. Instead, the folded state serves as a hub directly
connected to multiple unfolded/misfolded states which are separated from each
other by large free energy barriers.
COMP 3
Inverse kinematics and ring closure
E. A. Coutsias, coutsias@unm.edu. Department of Mathematics and Statistics,
University of New Mexico, Albuquerque, NM, United States
We present a robotics-inspired local loop reconstruction method for peptide
chains of any length, called Kinematic Closure (KIC). Calculating the accessible
configurations of objects subject to constraints, such as determining the possible
positions of the interior joints of a robot arm given fixed positions for the shoulder
and hand, has been well-studied in the field of inverse kinematics, a subfield of
robotics. These techniques were first applied to proteins by calculating the
accessible torsion angles of tripeptides with fixed bond angles, bond lengths, and
endpoints. This and other kinematics-inspired formulations required numerical
optimization and did not give all solutions for tripeptide closure in a single run. An
analytical solution for the closure of 6 backbone torsion angles could only be
directly applied to tripeptides. The KIC method presented here provides the key
advantages of analytically determining all mechanically accessible conformations
for 6 torsions of a peptide chain of any length, while simultaneously sampling the
remaining torsions and backbone N-Ca-C bond angles based on a new method
using polynomial resultants. Although the method performs extremely well,
resulting in sub-Angstrom accuracy in predicting the structures of a standard loop
test set when coupled with the Rosetta method (Mandell et al., Nature Methods,
August 2009) as the loop length increases the difficulty of the sampling problem
grows both in dimensionality as well as in the topological complexity of the
space. We demonstrate this with the exhaustive computation of the
conformational space of the cyclooctane, which helps identify some key
pathologies of loop conformational spaces. By taking advantage of the ease with
which additional constraints can be incorporated in the mathematical formulation,
we will discuss examples of hybrid algorithms that directly incorporate these
constraints in the formulation, thus resulting in significant reduction of the size of
the sampling problem.
COMP 4
Self-organizing molecular frameworks for pocket comparison and flexible
ligand docking

G. Schneider1, gisbert@ethz.ch, P. Schneider1, A. Klenner1, F. Reisen1, M.
Weisel2, and J. M. Kriegl3. 1Department of Chemistry and Applied Biosciences,
ETH, Zürich, Zürich, Switzerland, 2Department of Biochemistry, Chemistry and
Pharmacy, Goethe-University, Frankfurt, Germany, 3Boehringer Ingelheim
Pharma, Biberach, Germany
We present a self-organizing algorithm for converting three-dimensional
molecular objects (protein pockets, ligand conformations) to reduced graph
representations (‘molecular frameworks’) that capture essential geometric and
pharmacophoric features. These cycle-free molecular frameworks can be
analyzed by graph-theoretical methods and allow for the comparison of
molecular shape and properties on an abstract level. We applied molecular
framework analysis to protein pockets with the aim to obtain an overview of the
available architectural repertoire of ligand-accommodating surface cavities for
ligand design. Recurring features were observed as well as well-defined clusters
of protein pockets that can be used as a basis for pocket de-orphanization and
prediction of ligand binding promiscuity. In a second study, we applied molecular
frameworks to automated docking of flexible ligands into protein pockets, which
might provide a possibility for considering conformational variability.
COMP 5
Conformational sampling challenges in free energy calculations involving
drug-like molecules: Identifying the boundaries of what is possible
W. C. Swope1, swope@almaden.ibm.com, J. E. Rice1, H. W. Horn1, J. W.
Pitera1, D. J. Price2, M. S. Head3, and J. D. Madura4. 1IBM Almaden Research
Center, San Jose, CA, United States, 2MDR/CSC, GlaxoSmithKline
Pharmaceuticals, Research Triangle Park, NC, United States, 3GlaxoSmithKline
Pharmaceuticals, Collegeville, PA, United States, 4Department of Chemistry,
Duquesne University, Pittsburgh, PA, United States
MD simulations were performed to compute hydration free energies for a large
number (∼;300) of molecules using different force fields. The set represents a
range of molecular size and conformational complexity, and includes many actual
drug-like molecules. We have computed correlation times for conformational
motion and for the observables used to compute the free energies themselves.
Conformational sampling challenges in these kinds of calculations are seen to be
caused by several factors. These problem cases will be discussed along with
possible approaches to address them.
COMP 6
Ligand conformational sampling using the CONFGEN algorithm:
Methodology and application to flexible docking and pharmacophore
modeling

R. A. Friesner, rich@chem.columbia.edu. Columbia University, United States
The CONFGEN algorithm creates an ensemble of low energy conformations of
the ligand by enumerating the ligand rotamer states and applying various scoring
metrics to retain conformations that are likely to represent binding configurations.
The algorithm will be presented and assessment of effectiveness using ligands
from the protein data bank will be given. Applications to docking and to
pharmacophore modeling will then be discussed.
COMP 7
Keeping it real: Knowledge based approaches to conformational sampling
J. Liebeschuetz, john@ccdc.cam.ac.uk, and G. M. Battle,
battle@ccdc.cam.ac.uk. Cambridge Crystallographic Data Centre, Cambridge,
United Kingdom
A bond may be defined by two atoms, a bond angle by three and a torsion angle
by four atoms. However the geometry each individual feature in a molecule
assumes, may crucially depend on the surrounding chemical environment.
Methods of conformational analysis which require case-by-case parameterization
cannot expect to take account of this very well. It is here knowledge-based
approaches may have advantage, so long as sufficient examples of the
appropriate chemistry exist. There are now over 500,000 small molecule
structures solved by X-ray or neutron diffraction crystallographic methods and
deposited in the Cambridge Structural Database[1] (CSD). These structures
cover a very wide number of chemo-types and so ample information should be
available to encapsulate the geometric behavior of most common chemistries.
We have developed Mogul, which is a knowledge-base that allows rapid access
of chemo-specific geometric information from the CSD. Recently we have
extended the geometric features that Mogul analyzes to cover, not only bonds,
angles and torsions, but also isolated rings. We present here the ring knowledgebase in Mogul and its construction. We also demonstrate how a knowledge–base
such as Mogul can easily be used to inform programs that generate and use
conformations. These cases include, for example, the use of the ring libraries to
allow ring flexibility in molecular docking; and improving success in solving of
structures from X-Ray powder patterns by use of Mogul derived conformational
restrictions.
[1] The Cambridge Structural Database: a quarter of a million crystal structures
and rising
F. H. Allen, Acta Crystallogr., B58, 380-388, 2002
COMP 8

Toward a combined quantum/empirical/structure-based approach to the
prediction of inhibition and substrate metabolism with cytochrome P450
enzymes
F. E. Blaney, frank.blaney@gmail.com. MemProt, London, United Kingdom
The cytochromes P450 form a family of heme-thiolate containing enzymes,
responsible for the clearance of a huge number of xenobiotic compounds from
the human body. The prediction of substrate metabolism or inhibition with these
enzymes is therefore of immense importance to the pharmaceutical industry
because many potential drug compounds fail in their progression through
ADMET problems. While many groups have developed machine learning or rule
based approaches to such predictions, the availability of crystal structures or
homology models of all the important isoforms makes a more rational structurebased approach an attractive alternative. We have developed such a method
which combines estimates of substrate steric accessibility, pharmacophore
based rules and quantum derived oxidative reaction barriers with a fast ligandenzyme docking procedure. Preliminary results on the applications of these
algorithms will be presented.
COMP 9
Computational ADMET modeling of hERG and permeability
E. C. Sherer1, edward_sherer@merck.com, A. Verras1, M. Madeira2, D.
Roberts1, and R. P. Sheridan1. 1Chemistry Modeling and Informatics, Merck &
Co., Inc., Rahway, NJ, United States, 2DMPK, Merck & Co., Inc., Rahway, NJ,
United States
Predictive models for on- and off-target activity are of increasing importance for
timely lead-optimization. Using internal data sets, several models have been built
to predict ADMET endpoints such as hERG binding and intrinsic permeability.
Each model has been successfully applied to various chemistry projects to help
in eliminating unwanted liabilities.
COMP 10
Titanium: Database and models for assessing the toxicity of new drugs
based on adverse events in humans
M. Clark, mclark@pharmatrope.com, and J. S. Wiseman. Pharmatrope, Ltd.,
Wayne, PA, United States
The FDA has made a concerted effort over the last decade to systematize the
recording of adverse event data and enhance its utility for data mining and drug
design. The Titanium™ database reports 100,000 significant drug-adverse event
associations that have been identified as statistically significant from a total of
8,000,000 drug-adverse event relationships recorded by the FDA for the 1800

marketed drugs. The database has been applied to construct fragment-based
QSAR models for 650 adverse events across the full spectrum of toxicity classes.
We present results for drug-cardiac adverse event associations that illustrate the
utility of the database and demonstrate the association of long QT syndrome with
cardiac failure. We then use the QSAR model to identify chemical substructures
that are related to these adverse events and apply data on drug mechanism of
action to identify additional drug classes associated with cardiac failure.
COMP 11
Protein-family-based modeling with 2D profile-QSAR and 3D surrogate
AutoShim™ ensemble docking
E. J. Martin, eric.martin@novartis.com, and P. Mukherjee. Department of
Oncology, Novartis Institutes for BioMolecular Design, Emeryville, CA, United
States
“Profile QSAR” achieves exceptional virtual screening accuracy by using
predicted activities from 70 Bayesian QSARs, based on over 700,000 IC50s, as
chemical descriptors for PLS models of new kinases. Furthermore, 3 million
internal and commercial compounds have been pre-docked into our “Universal
Kinase Surrogate Receptor” ensembles of 8 or 16 diverse kinase crystal
structures. Docking scores and pharmacophore interactions were extracted for
these billions of poses. “Surrogate Ensemble AutoShim Docking” tunes these
pharmacophore “shims” using IC50s for new kinases, to produce target-specific
scoring functions. These immediately yield accurate activity predictions for the
millions of pre-docked compounds, in hours, without needing target protein
structures. Profile QSAR and AutoShim virtual screens were successfully applied
to 7 active Novartis projects, with external R2=0.35–0.7 and enrichments of 20x–
40x. Profile-QSAR now also predicts cellular activity, selectivity for nearly 1,000
kinase pairs, and was most recently extended to Serine Protease affinity.
COMP 12
Double 2D QSAR approach for analysis of antipoliovirus activity of
mixtures
E. N. Muratov1,2, murik@email.unc.edu, E. V. Varlamova2, A. G. Artemenko2, V.
E. Kuz’min2, L. Nikolaeva-Glomb3, A. S. Galabov3, and A. Tropsha1. 1Department
of Medicinal Chemistry and Natural Products, University of North Carolina at
Chapel Hill, Chapel Hill, NC, United States, 2Department of Molecular Structure,
A.V.Bogatsky Physical-Chemical Institute NAS of Ukraine, Odessa, Ukraine, 3S.
Angeloff Institute of Microbiology BAS, Sofia, Bulgaria
We have applied the Hierarchical QSAR Technology (HiT QSAR) to the analysis
of in vitro effects of binary mixtures of different picornavirus replication inhibitors
tested against poliovirus 1 (Mahoney strain). HiT QSAR is based on simplex
representation of molecular structure (SiRMS). Antiviral activity was expressed in

lgIC50 (mkM/ml). Binary mixture was represented by molecules of both
components. Structural descriptors of the binary mixture were represented by a
combination of SiRMS characterizing individual molecular components. This
approach allowed us to analyze synergism, anti-synergism or competition
between the mixture components with respect to their interaction with the
biological target. Predictive QSAR models were obtained using partial least
squares (PLS) and random forest (RF) approaches; the n-fold external crossvalidation resulted in R2ext = 0.80-0.86. Our study represents one of the first
applications of QSAR technique to binary mixtures of compounds; it can be
generalized towards applications to other datasets including multi-component
compound mixtures.
COMP 13
Accurate in-silico classification of gram-Negative bacteria influx and efflux
properties of antibacterial leads for drug discovery in GSK
Z. Yang1, Zheng.P.Yang@gsk.com, J.-H. Hsieh2, J. Huang3, C. Shen3, and M. N.
Gwynn3. 1Computational and Structural Chemistry, GlaxoSmithKline
Pharmaceuticals, Collegeville, PA, United States, 2Division of Medicinal
Chemistry and Natural Products, School of Pharmacy, University of North
Carolina, Chapel Hill, NC, United States, 3Antibacterial Discovery Performance
Unit, Infectious Diseases Center of Excellence in Drug Discovery,
GlaxoSmithKline Pharmaceuticals, Collegeville, PA, United States
Multi drug resistance (MDR) is frequently reported in clinical Gram-negative
bacteria, including E. coli, Klebsiella spp., Acinetobacter spp., and Pseudomonas
aeruginosa. This limits available therapeutic options, and is a major cause of
mortality. Two primary mechanisms have emerged for the development of drug
resistance: trans-membrane porins limit the intracellular access of antibiotics;
and trans-membrane transporters extrude a wide range of antibiotics. Therefore
it would be very useful if predictive in silico models could be constructed to
classify Gram-negative cell influx and efflux properties of compounds to guide
novel template design and prioritize synthesis. However, the modeling of influx
and efflux properties is a quite challenging task as both describe the dynamics
processes of antibiotics passing through trans-membrane channels. Therefore inhouse pharmacophore fingerprint descriptors and several different model building
methods, including partial least squares regression (pFPQSAR), support vector
machine, and random forest, have been tried to identify predictive models.
Results indicate that pFPQSAR models are slightly more predictive. The
pFPQSAR-based influx and efflux prediction results, as well as the impact of both
models on drug discovery efforts will be discussed.
COMP 14
Designing fragment libraries for kinases

M. Lindvall, mika.lindvall@novartis.com, T. Hoeffel, J. Jansen, E. Martin, P.
Mukherjee, and Y. Xu. Global Discovery Chemistry/Oncology & Exploratory
Chemistry, Novartis Institutes for Biomedical Research, Emeryville, CA, United
States
Computational approaches in designing a kinase targeted fragment set for
biochemical and biophysical screening are outlined, along with progress towards
their implementation. Potential fragments can be generated from scientists’
proposals, in-house knowledge bases, analysis of kinase X-ray structures and
fragmentation of small molecule databases. The candidate fragments can then
be evaluated for their predicted properties, 2D and 3D diversity, their predicted
binding to representative kinases and their selectivity potential using our in-house
tools Autoshim and profile QSAR. Finally, a multiobjective design approach can
balance the design criteria in the actual fragment set.
COMP 15
Protein-protein electron transfer pathways and coupling constants
F. H. Wallrapp, frank.wallrapp@bsc.es. Life Sciences, Barcelona
Supercomputing Center, Barcelona, Barcelona, Spain
Electron transfer is one of the simplest but crucial reactions in biochemistry.
Mixed quantum mechanics molecular mechanics methods (QMMM) offer a
valuable computational tool for understanding the electron transfer pathway in
protein-substrate and protein-protein complexes. These hybrid methods are
capable of solving the Schrödinger equation on a small subset of the protein, the
quantum region, describing its electronic structure under the polarization effects
of the reminder of the protein. By selectively turning on/off different residues in
the quantum region, we have developed a novel approach to obtain the electron
pathway for short and large range interactions (Guallar V.; Wallrapp F.; J. R. Soc.
Interface 2008, 5, 233). We are able to study the electron transfer pathway in
protein/protein interactions and its conformational dependence by combining our
so-called QM/MM e-Pathway approach with protein structure landscape
exploration methods, capable of describing conformational changes in
protein/protein docking, as well as electronic coupling calculation techniques. For
the coupling calculations we apply the well-established approach of generalized
Mulliken-Hush (GMH) as well as the recently developed fragment charge
difference (FCD) method. Both methods entirely express the electron transfer
matrix element HDA in terms of only adiabatic state information which is directly
coming from QM/MM calculations. Moreover, both techniques are able to be
extended to include the multistate effects of sequential electron transfer through
key amino acids found to be important by our QM/MM e-Pathway algorithm. Here
we present the methods and summarize recent studies involving long range
protein-protein electron transfer on cytochromes and iron-sulfur clusters
(Wallrapp F.; Masone D.; Guallar V.; J. Phys. Chem. A 2008, 112, 12989).

COMP 16
Understanding Base Pair stacking in DNA from first principle quantum
mechanics
I. R. Gould, igould@imperial.ac.uk. Chemistry, Imperial College London,
London, London, United Kingdom
The origin, magnitude and structure of stacking base pairs in DNA have been
evaluated through the application of MP2, LMP2, LCCSD(T) methods. Previous
discrepencies between calculated structures and those obtained from X-ray
crystallographic and NMR will be explained. Results from DFT work will show
that application of a particular functional are capable of capturing the basic
stacking interaction with a reasonable degree of accuracy.

represents the fully optimized structure of the AAT DNA triplet.
COMP 17
Computational approach to direct the biosynthesis of target molecules
E. Brunk, elizabeth.brunk@epfl.ch, M. Neri, I. Tavernelli, V. Hatzimanikatis, and
U. Röthlisberger. Department of Chemistry and Chemical Engineering, EPFL,
Lausanne, VD, Switzerland
An approach has been developed to postulate and evaluate novel biochemical
networks to further the production of high-value target molecules. An evaluation
of the feasibility of a network requires a detailed modeling of the molecular
mechanisms involved in the reaction. The present study incorporates ab initio
and classical molecular dynamics methods to assess the response of an
engineered pathway. All-atom molecular dynamics simulations of the enzyme in
complex with the natural substrate and with the non-natural substrate are
examined to evaluate binding free energy differences and to identify the main
molecular contributions responsible for any deviations in the binding affinity. An

examination of the catalytic cycle considers hybrid Car-Parrinello QM/MM
dynamics to model the novel step of the reaction pathway producing the target
molecule. Analysis from simulation is then used to guide the re-design of the
enzyme target to enhance and optimize the catalytic efficiency of the novel
reaction pathway.
COMP 18
CO-2-binding in proteins: Modeling towards sequestration
K. R. Jorgensen, kameronjorgensen@my.unt.edu, M. L. Drummond, H. E.
Gonzalez, T. R. Cundari, and A. K. Wilson. Department of Chemistry, University
of North Texas, Denton, Texas, United States
The increased concentration of CO-2 in the atmosphere warrants finding novel
ways for sequestration, mitigation, and utilization of this greenhouse gas. In this
work, we have analyzed the interaction of carbon dioxide with proteins using
quantum mechanics, bioinformatics, and molecular modeling. It is concluded that
acid/base interactions are the principle force that binds CO-2 inside proteins.
Calculations at the quantum mechanical level and more approximate levels have
enabled us to quantify CO-2 thermodynamics.
COMP 19
Quantum mechanical studies of vicinal J spin-spin coupling constants for
the protein backbone
B. Wang, bwang@qtp.ufl.edu, X. He, and K. M. Merz, Jr. Department of
Chemistry, University of Florida, Gainesville, FL, United States
All vicinal NMR spin-spin coupling constants involving protein backbone
conformations for ubiquitin and GB3 have been calculated using our automatic
fragmentation (AF-)QM/MM approach. Excellent agreement between theoretical
and experimental values was obtained when the side chains and surrounding
hydrogen bonding groups were included in the QM rather than the MM region.
These results suggest that substituent and hydrogen bonding effects, which are
generally ignored in the Karplus equation, can significantly contribute to J
coupling constants. Interestingly, for J couplings involving protons, the results
based on high-resolution NMR structures are significantly better than those from
X-ray structures with hydrogen atoms added via idealized geometries. We also
studied other J couplings to which Karplus relationship cannot be applied.
Overall, our approach was able to capture all major factors affecting J coupling
constants and, hence, enhanced its power as a probe of the structure and
dynamics of biomolecules.
COMP 20

Quantum stabilization of transfer RNA anticodon structure
M. C. Nagan, mnagan@truman.edu, E. C. Hopson, E. E. Koballa, N. H. Hopkins,
T. A. Van Boening, and E. V. Patterson. Department of Chemistry, Truman State
University, Kirksville, MO, United States
Accurate protein synthesis is dependent upon transfer ribonucleic acid (tRNA)
anticodon recognition of its cognate messenger RNA (mRNA) codon sequence.
Transfer RNA anticodon structures adopt a canonical stair-stepped conformation
in both free tRNA and in complex with mRNA. Density functional calculations with
the Truhlar functionals (M05-2X and M06-2X) in concert with natural bond orbital
(NBO) analysis are employed to better understand stabilizing base stacking
interactions in the context of the natural tRNA structure. NBO analysis of
anticodon dinucleotide pairs and the full anticodon, including the intervening
sugar phosphate backbone, indicate that the major contributions to stabilizing
canonical tRNA anticodon geometry lie in backbone-base interactions rather than
traditional base stacking interactions. Modified bases at the 37th position, 3’ to the
anticodon, provide compensatory interactions when the more prevalent
backbone-base interactions are not observed.
COMP 21
Dr. Berg and the multicanonical ensemble
T. Neuhaus, t.neuhaus@fz-juelich.de. Juelich Supercomputing Center,
Forschungszentrum Juelich, Juelich, Germany
I will give an historical review how in collaboration with Prof. Berg the
Multicanonical Ensemble was developed. From a distance and almost twenty
years later I will discuss some achievements in general and also present
interesting open problems. As an example I mention Multicanonical sampling in
the correlation function of the Ising model.
COMP 22
Wang-Landau sampling of systems with complex energy landscapes
D. P. Landau, dlandau@hal.physast.uga.edu. Center for Simulational Physics,
The University of Georgia, Athens, Georgia, United States
Complex free energy landscapes are common for quite diverse systems in nature
ranging from magnetic “glasses” to proteins. Although Monte Carlo methods
often represent the best approach to the study of such systems, rough energy
landscapes present particular problems for “standard” Monte Carlo algorithms
because of the long time scales that result at low temperatures where behavior is
interesting. We shall prevent describe several Wang-Landau sampling studies
that provide enhanced understanding of such systems: Spin glasses in
condensed matter physics, HP “lattice proteins” (which connect statistical

mechanics and biochemistry), and a “realistic” model for membrane proteins in
the continuum.
COMP 23
All-atom Monte Carlo studies of the aggregation of Aβ42 and the tau
fragment PHF6
A. Irbäck, anders@thep.lu.se. Computational Biology and Biological Physics,
Department of Theoretical Physics, Lund University, Lund, Sweden
The structural mechanisms that lead to aggregation in protein misfolding
diseases are not fully understood. Here we use generalized ensemble
techniques and an effective implicit solvent all-atom potential to investigate the
aggregation properties of Alzheimer’s Aβ peptide and PHF6, a 6-residue
fragment of protein tau. We study the monomer and dimer properties of four
variants of full-length Aβ42 (wild type and three mutants) with markedly different
propensities to aggregate. Conformational differences among these variants and
dimerization-induced conformational changes are identified. For PHF6, we
perform simulations with up to 32 chains. A multitude of small oligomeric states
are observed in the simulations. A statistically preferred type of aggregate,
consisting of two twisted β-sheets packed against each other, emerges with
increasing aggregate size.
COMP 24
Validation of protein structures by DFT calculations of 13Ca chemical shifts
J. A. Vila, and H. A. Scheraga, has5@cornell.edu. Department of Chemistry and
Chemical Biology, Cornell University, Ithaca, NY, United States
Two major techniques have been used to determine the three-dimensional
structures of proteins: X-ray diffraction and NMR spectroscopy. Validation of
protein structures is one of the most challenging problems in NMR spectroscopy.
To solve this problem, we report here our efforts to develop a 13Ca-based
validation method to: (a) characterize the ‘quality’ of an NMR- or X-ray derived
ensemble, as a whole, by a single parameter; (b) unambiguously identify local
flaws in the sequence without prior knowledge of the oligomeric state of the
protein in solution, the correct fold of the protein, the NMR restraints, or
additional NMR data; and (c) solve the alternative side-chain conformational
dilemma that pertains to X-ray-derived structures. This validation methodology
does not use any knowledge-based information and, hence, it is a purely
physics-based method.
COMP 25

Protein contact prediction using integer linear optimization and its impact
on the first principles 3D structure prediction method, ASTRO-FOLD
R. Rajgaria, Y. Wei, yanjiew@princeton.edu, and C. A. Floudas. Department of
Chemical Engineering, Princeton University, Princeton, NJ, United States
This talk focuses on protein residue contact prediction and its impact on protein
tertiary structure prediction using ASTRO-FOLD. The residue contact prediction
is formulated as an integer linear optimization model in which the total energy of
a protein is the sum of a Calpha-Calpha distance dependent energy term and a
hydrophobic energy term. The formulation selects contacts corresponding to the
topology with the lowest energy while satisfying a set of constraints. This model
was tested on several independent protein test sets, and the average accuracy of
the contact predictions is approximately 61%. The average true and false positive
distances are 7.58 Å and 15.88 Å, respectively. This proposed residue contact
prediction model is incorporated into the first principles protein tertiary structure
prediction approach, ASTRO-FOLD. The effectiveness of the contact prediction
model was further demonstrated by the improved quality of the protein structures
generated using the predicted residue contacts for 10 test proteins.
COMP 26
Adaptive seeding scheme: Rapid equilibrium sampling initiated from unconverged generalized ensemble simulations
X. Huang, xuhuihuang@gmail.com. Chemistry, The Hong Kong University of
Science and Technology, Kowloon, Hong Kong, China
Simulating the conformational dynamics of biomolecules is extremely difficult due
to the rugged nature of their free energy landscapes and the multiple long-lived,
or metastable, states this ruggedness creates. Generalized Ensemble (GE)
algorithms, which have become quite popular in recent years, attempt to facilitate
crossing between states at low temperatures by inducing a random walk in
temperature space. Enthalpic barriers may be crossed more easily at high
temperatures; however, entropic barriers will become more significant. This
poses a problem because the dominant barriers to conformational change are
entropic for many biological systems, such as the short RNA hairpin studied
here. We introduce the Adaptive Seeding Method (ASM) for studying the
thermodynamics of conformational changes of biological macromolecules. By
applying the ASM to RNA hairpin folding we demonstrate that it is significantly
more efficient than the popular Generalized Ensemble (GE) method. ASM takes
advantage of the broad sampling possible with non-equilibrium GE simulations to
identify the dominant thermodynamic states. During seeding, constant
temperature simulations are started from each state. Because they run at low
temperature, these simulations can cross entropic barriers more efficiently than
GE simulations. We show that only local equilibration is necessary so very short
seeding simulations may be used. Markov State Models (MSMs) are then used

to extract the global equilibrium populations from these short simulations. Future
improvements may be possible by incorporating multi-resolution models.
COMP 27
Ion permeation across solvent and membrane interfaces and the role of
polarizability
I. Vorobyov, ivorobyov@ucdavis.edu, and T. W. Allen, twallen@ucdavis.edu.
Department of Chemistry, University of California, Davis, Davis, CA, United
States
Ion permeation through biological membranes is vital for electrical and chemical
activity in all organisms. Bulk solvents and continuum membranes are commonly
used as simple models for membrane ion partitioning and permeation
thermodynamics. However, these models usually lack contributions from solutesolvent and solvent-solvent interfaces, as well as due to the interactions with
aligned molecules in the lipid head-group region. Perhaps more significantly, they
overlook the fact that a membrane will deform in the presence of large perturbing
fields, such as those around an ion. We have used all-atom molecular dynamics
simulations, employing both non-polarizable and Drude polarizable CHARMM
force fields, to explore the electrostatic determinants of ion permeation across
solvent interfaces and hydrated lipid bilayers. Electronic polarizability was found
to have a large effect on partitioning thermodynamics into hydrocarbon, due to
the change in its dielectric response and a model-dependent interfacial potential.
It was also found to have a dramatic effect on the dipole potential of a lipid
bilayer, seemingly bringing it into agreement with experiment. However, the net
effect of polarizability on ion permeation across the lipid bilayer was found to be
small as a consequence of membrane deformations.
COMP 28
Differences in protein force fields beyond backbone propensities
M. Feig, feig@msu.edu. Biochemistry & Molecular Biology, Michigan State
University, East Lansing, MI, United States
The latest generation of biomolecular force fields continues to produce varying
conformational sampling of peptides and proteins. In particular, there are well
known differences in sampling secondary structure elements that stem largely
from differences in the phi/psi torsion potentials. It is unclear, though, whether
significant differences between standard force fields persist beyond the effect of
different backbone torsion potentials. In order to address this question, a series
of standard protein force fields is re-parameterized with the help of the CMAP
methodology to generate a common phi/psi distribution in alanine-based peptides
that agrees well with recent NMR J-coupling data. Peptide folding and protein
native-state molecular dynamics simulations are carried out with the modified

force fields to examine the differences in sampling as a result of remaining force
field differences.
COMP 29
Generalized Yvon-Born-Green theory for molecular mechanics force fields
W. G. Noid, wnoid@chem.psu.edu. Department of Chemistry, The Pennsylvania
State University, University Park, PA, United States
The Yvon-Born-Green (YBG) integral equation theory provides a fundamental
exact relation describing the distribution of molecules in a simple fluid interacting
with central pair potentials and clarifies the importance of many-body correlations
in condensed phase systems. However, the YBG theory has not been
generalized for molecular mechanics force fields that are necessary for
describing more complex molecular systems, such as proteins. We have recently
derived the first generalization of the Yvon-Born-Green (YBG) integral equation
theory relevant for typical molecular mechanics force fields. This generalizedYBG theory provides an exact relationship describing how the various
interactions in a complex molecule are correlated. Moreover, given a collection of
structural distribution functions, the potentials satisfying the generalized-YBG
theory provide a variationally optimal approximation to the exact (unknown)
potential. Consequently, the generalized-YBG theory provides the first linear and
non-iterative method for determining molecular mechanics force fields directly
from known structures.
COMP 30
Charge equilibration force fields for molecular simulations: Recent
applications to lipid bilayers, exploration of water near hydrophobic
interfaces, and protein-ligand binding applications
S. Patel, sapatel@udel.edu. University of Delaware, United States
Molecular simulations using polarizable force fields using charge equilibration
force fields will be discussed, with particular emphasis on recent applications to
biological systems. Specifically, we will discuss the nature of ion permeation free
energetics in the gramicdin A ion channel using charge equilibration force fields.
We will further discuss the application of the polarizable force fields being
developed in our laboratory for protein-ligand binding in the hen egg-white
lysozyme system. Finally, we will present results on the nature of polarizable
water near hydrophobic interfaces as well as confined between hydrophobic
surfaces.
COMP 31

Simple accurate force fields from condensed phase QM/MM calculations:
What can be done with adaptive force matching
F. Wang, fengwang@bu.edu, and O. Akin-ojo, oakin-oj@ictp.it. Department of
Chemistry, Boston University, Boston, MA, United States
A new method called adaptive force matching (AFM) has been developed that is
capable of producing high-quality force fields for condensed phase simulations.
The AFM procedure fits force field parameters to best reproduce forces from
condensed phase quantum-mechanics/molecular-mechanics (QM/MM)
calculations. AFM is an iterative procedure in that the force field being developed
is used to obtain the training set and serve as the MM model for the QM/MM
calculations. The quality of the force field developed by AFM can be rigorously
assessed by the root mean square error of the fit. The application and validation
of AFM for simple models systems will be described in the talk.
COMP 32
Cyberinfrastructure for automated parameterization for molecular force
fields
S. Pamidighantam1, spamidig@ncsa.uiuc.edu, N. Singh1, A. MacKerell2, K.
Vanommeslaeghe2, M. Sheetz3, and N. Polani3. 1NCSA, University of Illinois,
Urbana, Il, United States, 2Pharmacy, University of Maryland, Baltimore, Md,
United States, 3CCS, University of Kentucky, Lexington, Ky, United States
Molecular forcefields provide a way to estimate energetics and dynamics for
molecular systems of diverse interests. Force fields for novel systems require
optimized set of parameters under an existing energy function and in some cases
extension to the existing ones. In this presentation we will describe the cyber
infrastructure that is in development that enables a scientist to select the
parameters of interest for a given molecular system to obtain an initial
assignment and further optimize the parameters under a user driven workflow to
an accuracy defined by the users. This infrastructure will provide for the
validation of initial assignment, definition of merit functions, reference data to be
generated and let the scientist employ a variety of optimization ansatzs to arrive
at the most practical set of parameters. A special use case for Charmm Genereal
Forcefield (CGenFF) based parameterization of small molecules starting from
atom typing all the way to new set of parameters will be demonstrated for internal
coordinate parameters and charges. Schema and workflows for non bonded
interaction parameters will be highlighted that are under development. The
workflow technologies that provide an end to end solution to parameterization
automation and interfaces for end user scientists will be described.
COMP 33
Quantum refinement of nonbonded interaction potentials for classical
molecular dynamics simulations

S. Varma1, S. Rempe2, S.-W. Chiu3, and E. Jakobsson3, jake@ncsa.illinois.edu.
1
Department of Biological, Chemical, and Physical Sciences, Illinois Institute of
Technology, Chicago, Illinois, United States, 2Department of Computational
Bioscience, Sandia National Laboratories, Albequerque, New Mexico, United
States, 3Department of Molecular and Integrative Physiology, University of Illinois
at Urbana-Champaign, Urbana, Illinois, United States
Classical molecular dynamics simulations using existing non-polarizable force
fields deviate significantly from experiment with regard to water structure around
ions. We hypothesize that a significant part of the problem is the 12th power
short-term repulsion in non-bonded force fields, for which there is no theoretical
foundation. We therefore have computed a potential of mean force for the short
distance potassium-water oxygen non-coulombic non-bonded interactions from
the radial distribution function generated by analysis of trajectories from ab initio
molecular dynamics. Replacing the 12-6 potential with the potential derived from
ab initio MD in classical molecular dynamics of potassium ion in water, we find
very good replication of experiment and ab initio md. Our results suggest that
significant improvement is possible in the accuracy of classical molecular
dynamics simulations by the use of ab initio simulation results to define shortrange interactions, with small or no penalty in compute time.
COMP 34
PubChem3D: Relative diversity of shape
E. Bolton, bolton@ncbi.nlm.nih.gov. National Center for Biotechnology
Information, Bethesda, Maryland, United States
PubChem is a free, online public information resource from the National Center
for Biotechnology Information (NCBI). The system provides information on the
biological properties and activities of chemical substances, linking together
results from different sources on the basis of chemical structure and/or chemical
structure similarity. PubChem generates a theoretical 3D description of each
compound in the PubChem Compound database that is not too large or too
flexible and consists of only organic elements. With over 20 million chemical
structure records, PubChem3D represents a substantial resource for finding
molecules with similar shapes and features using a precomputed “Similar
Conformers” relationship. The basis for this resource and the relative diversity of
shapes represented by the more 2 billion conformers therein will be discussed.
COMP 35
Non-parametric density estimates for protein backbone and side-chain
sampling
M. V. Shapovalov, G. Wang, Q. Xu, and R. L. Dunbrack,
Roland.Dunbrack@fccc.edu. Program in Molecular and Translational Medicine,
Fox Chase Cancer Center, Philadelphi, PA, United States

The Protein Data Bank (PDB) provides a rich source of information when viewed
as a whole. Statistical analysis of structural features from atom-atom contacts to
biological and crystallographic interfaces have become a branch of modern
bioinformatics and computational biology. We will presents results of several
studies that seek to improve our understanding of protein structure and our ability
to predict structure from sequence, when an experimental structure is not yet
available. First, electron densities have been used to verify coordinate positions
and to understand the nature of side-chain rotamers and multi-conformational
side chains. Second, we have used modern non-parametric statistical methods
including kernel density estimates and the hierarchical Dirichlet process to
produce smooth and differentiable probability density estimates for backbonedependent rotamer libraries and neighbor-residue-dependent Ramachandran
maps. Finally, we have examined structures of homologous proteins in different
crystal forms to identify likely biologically relevant interfaces. All methods
developed are or will be presented as tools available to the scientific community.
COMP 36
Conformational sampling for large-scale virtual screening: Accuracy vs.
ensemble size
A. Griewel, griewel@zbh.uni-hamburg.de, and M. Rarey, rarey@zbh.unihamburg.de. Center for Bioinformatics, University of Hamburg, Hamburg,
Germany
The recently introduced TrixX Conformer Generator (TCG) [1] was developed
paying close attention to the trade-off between accuracy and conformational
ensemble size. The tool utilizes a rule-based strategy and identifies low-energy
conformers in a best-first-search build-up algorithm. The amount of explored
search space in this heuristic is determined according to an exponential function,
which employs a user-specified quality level as base and an exponent which
depends on the molecule’s flexibility. A comparison of TCG to frequently used
conformer generators shows that it performs well with respect to the trade-off
between accuracy and ensemble size, while achieving comparable accuracy.
Furthermore we show that for lead-like molecules on average 20 conformers per
ensemble suffice to achieve an average accuracy below 1Å.
[1] Griewel, A., et al.; J. Chem. Inf. Model. In press.
COMP 37
Sampling of conformational space: How much is enough?
P. Hawkins, phawkins@eyesopen.com. OpenEye Scientific Software, Santa Fe,
NM, United States

The problem of validating conformer generators has been of longstanding
interest to the modeling community. A popular approach has been to assess the
ability of a conformer generator to reproduce experimental solid state structures
from databases such as the PDB. Using a carefully selected set of ligands from
the PDB as a benchmark we will compare the level of sampling in MMFF94
energy basins when using a systematic torsion driving method and a knowledgebased torsion sampling approach. In this way we aim to understand the level of
sampling of areas of interest in the energy landscape for a molecule that can be
achieved using a knowledge-based method We will also present data on the
level of conformational sampling (or variability) amongst solid state structures
from the PDB themselves i.e. the level of conformational sampling that the solid
state benchmark structures themselves present.
COMP 38
Second order generalized ensemble method (the orthogonal space random
walk algorithm) to achieve efficient free energy simulations
W. Yang, yyang2@fsu.edu. Chemistry and Biochemistry, Florida State
University, Tallahassee, Florida, United States
Free energy simulation is one of the essential areas in computational chemistry
and biophyiscs. As known, it generally suffers from the “Hamiltionian lagging”
problem, which reveals the fact that slow environmental relaxation can catch up
with the order parameter move. Facing this challenge, we developed a nove
second-order generalized ensemble scheme (the orthogonal space random walk
algorithm), which can efficiently achieve simulatenous structural relaxations
neccesesary for the order parameter move. This powerful sampling-enhanced
free energy simulation scheme naturally allow a few historically challenging free
energy simulation problems, such as calculations of conformational-change
involved alchemical free energies, calculations of trans-membrane potentials,
calculation of QM/MM based alchemical free energies, to be robustly resolved.
COMP 39
Self-assembly of amyloid-like protofilaments using coarse grained
molecular dynamics
J. Sørensen1, jes@chem.au.dk, X. Periole2, S.-J. Marrink2, and B. Schiøtt1.
1
Department of Chemistry, Aarhus University, Aarhus C, Denmark, 2Department
of Biophysical Chemistry, University of Groningen, Groningen, The Netherlands
A mature amyloid fibril is composed of several interacting protofilaments. It is,
however, not well understood how protofilaments assemble. We present MD
simulations of systems composed of up to 27 protofilaments focusing on their
mechanism of assembly. Coarse-grained models (MARTINI+ElNeDin) of the
protofilament were built for the NFGAILS peptide, a fragment of the human
amyloid polypeptide (hIAPP, involved in type II diabetes). The models were

validated against atomistic simulations of a protofilament composed of two betasheets each with 18 peptides with an emphasis on its dynamics and flexibility.
Effects of temperature and protofilament size were investigated.

COMP 40
Blind prediction of transfer energies and tautomer ratios: The SAMPL2
challenge
M. T. Geballe1, mattg@eyesopen.com, A. G. Skillman1, A. Nicholls1, J. P.
Guthrie2, and P. J. Taylor3. 1OpenEye Scientific Software, Inc., Santa Fe, NM,
United States, 2Department of Chemistry, University of Western Ontario, Canada,
3
AstraZenica, United Kingdom
The way a molecule interacts with its aqueous environment underpins any
process that occurs in solution, from simple chemical reactions to protein-ligand
binding to protein aggregation. Fundamental measures of the interaction
between a gas phase and aqueous phase, such as the transfer energy between
gas phase and water or the energetic difference between two tautomers of a
molecule in solution, remain nontrivial to predict accurately using current
computational methods. SAMPL2 represents the third annual blind prediction of
transfer energies, and the first time tautomer ratios were included in the
challenge. Over 60 sets of predictions were submitted, and each participant also
attempted to estimate the error in their predictions, a task that proved difficult for
most. The results of this blind assessment of the state of the field for transfer
energy and tautomer ratio prediction both indicate where the field is performing
well and point out flaws in current methods.
COMP 41
Computational challenges in lead optimization of HCV protease inhibition

M. McGregor, malcolm.mcgregor@gilead.com, S. Swaminathan, X. Chen, J.
Perry, U. Schmitz, and S. Satish. Structural Chemistry, Gilead Sciences, Inc.,
Foster City, CA, United States
Two classes of HCV NS3 protease inhibitors (PIs) have been successful in the
clinic: reversibly-covalent and non-covalent inhibitors. Our early efforts in the
discovery of novel non-covalent PIs were guided by intensive model building and
later co-crystal structures. Since typical non-covalent PIs are often large,
macrocyclic compounds with unique conformational restrictions, typical docking
and scoring methods performed poorly. However, a reasonable correlation
between docking scores and experimental IC50 values for several hundred PIs
were obtained with CDOCKER, a molecular dynamics and simulated-annealingbased docking program. Methods for further improving the docking and scoring
performance were explored using pharmacophore filters and multiple scoring
functions.
COMP 42
Identifying novel CPAF inhibitors via physics-based binding energy
calculation methods
N. Huang, huangniu@nibs.ac.cn, Z. Huang, Z. Sheng, Y. Song, T. Liu, W. Li, W.
Li, and J. Chai. National Institute of Biological Sciences, Beijing, China
CPAF (Chlamydial protease/proteasome-like activity factor) is secreted by
Chlamydia trachomatis which is the most common cause of sexually transmitted
bacterial disease. CPAF plays a major role in Chlamydia pathogenesis by
degrading many host molecules, such as transcription factors RFX5 and USF-1,
thus suppresses MHC antigen expression and blocking host apoptosis in infected
cells. The structural basis of CPAF and its activation mechanism provides an
opportunity for discovering novel inhibitors as anti- Chlamydia drug. Accordingly,
structure-based virtual screening methods combined with experimental assays
were used to identify small molecular-weight non-peptidic CPAF inhibitors. Prior
to molecular docking, a novel procedure to assess the target druggability was
applied to identify the best dockable site to greatly reduce the searching space
for docking. Molecular docking was performed using the DOCK 3.5.54 program.
The top 100,000 scoring compounds from 2.5 million ZINC compounds were
submitted to MM-GB/SA refinement and rescoring. Total of 40 compounds were
selected for experimental assay. Among them, one compound was shown strong
enzymatic inhibition activity, and thus pursued for further computational analysis.
Multiple diverse binding poses were chosen for this compound, and MD
simulations were carried out to refine these binding complexes in explicit water
for 10 ns in PBC/PME using NPT ensemble. The most favorable and stable
structure from the simulations was used for docking 338 analogues of the lead
compound. 40 top scored compounds were selected and submitted to
experimental assays. 19 of them were shown CPAF inhibitory activity, and half of
actives were shown stronger inhibition than the original lead compound. 4 of the

best actives were further validated for their ability to inhibit Chlamydia infection,
and structural biology studies are in the progress.
COMP 43
Lead optimization of Akt pleckstrin homology domain inhibitors as
anticancer agents
S. Zhang, shuzhang@mdanderson.org. Department of Experimental
Therapeutics, MD Anderson Cancer Center, Houston, TX, United States
Aberrant activation of Akt has been widely implicated in various cancers.
Targeting Akt pleckstrin homology (PH) domain has been considered a promising
alternative to its kinase domain for cancer therapies. Using virtual screening
followed with experimental testing, we have identified several sulfonamide
analogues with strong binding to the Akt PH domain. Guided by combined ligand
and structure-based approaches, a series of derivatives were proposed,
synthesized, and then tested with cell-based in vitro assays and in vivo animal
studies of their antitumor activity. The binding mechanisms were investigated
using both molecular docking and confocal microscopy with fluorescent NBDlabeled analogues. This effort has led to the development of our lead compound
PHT-427 with binding affinity Ki of 2.4µM and Akt phosphorylation inhibition IC50
of 6.3µM. Animal studies demonstrated that with the dose of 125mg/kg PHT-427
produced 50% inhibition at 12 hours, and that the compound has only minimal
toxicity at effective dose.
COMP 44
Lead identification of acetylcholinesterase inhibitors–histamine H3
receptor antagonists from molecular modeling
S. D. Bembenek, sbembene@its.jnj.com. Department of Chemistry, ComputerAided Drug Discovery, Johnson & Johnson, PRD, L.L.C., San Diego, CA, United
States
Currently, the only effective treatment for Alzheimer’s disease (AD) is the use of
acetylcholinesterase (AChE) inhibitors. These inhibitors have limited efficacy and
often have unpleasant side effects. We consider the viability of a single molecule
having the actions of both an AChE inhibitor and histamine H3 receptor
antagonist. We detail how the use of the crystal structures, pharmacophore
modeling and docking (automated, manual, classical and QM/MM) lead to the
identification of an AChE-inhibitor-histamine-H3 receptor antagonist. We discuss
how this dual-acting compound may be able to affect the pathology of AD in
addition to providing symptomatic relief.
COMP 45

Computer-assisted development of lead-like compounds from
crystallographic small fragment screening data
J. Badger, info1.dgtech@gmail.com. Department of Molecular Design, DeltaG
Technologies, San Diego, CA, United States
An analysis of screening compounds from four major vendors (2 million
compounds in total) with SDsearch (http://deltagtech.com/) yields over 2000 Ro3
compliant compounds with molecular weights < 200Da and covering ∼;240
independent cyclic cores. Thus, there is little practical or financial impediment to
building small, diverse fragment libraries (300-1000 compounds) for
crystallographic fragment screening, even in academic laboratories and small
biotechnology companies. A first step in the evolution of small fragment hits to
lead-like compounds is to design follow-up libraries of somewhat larger
molecules (molecular weights < 300Da) that maintain the key binding interactions
identified from the small bound fragments but which contain additional chemical
groups that may form productive binding interactions within the three-dimensional
structure of the protein. A computational approach for rapid structure-assisted
docking and evaluation of potential follow-up compounds, designed for direct
pipelined application to compound collections from chemical vendors or internal
company chemistries, has been developed.
COMP 46
Quantum controlling for nuclear collision
Q.-F. Wang, quanfangwang@yahoo.co.jp. Mechnical and Automation
Engineering, The Chinese University of Hong Kong, Hong Kong, Hong Kong,
China
Quantum physics, nuclear/particle physics have made significant progress in last
half of century. The historic milestones include electron-prositron collision and a
mount of interdisciplinary breakthroughs (e.g. the standard model as the precise
theory of high-energy particle colliders). With the completeness of laboratory
equipments, LHC, RHIC,PHENIX, SYS, ALICE etc, nuclear collision in nuclear
events is considered for multiplicate purposes (e.g. detect particles). A great deal
mysteries are left in these areas, even the first collision at the 14 TeV protonproton LHC collider executed in 2008. Actually, with tremendously studying of
quantum control at molecules/atoms scale, controlling of nucleus is becoming the
essential part in the forthcoming control mission. The amazing question is how to
control the nuclear collision for many body problems? To find the answer, the
goal of work is laying on attempt research on controlling of nuclear collision in the
theoretical and computational study at real physical scale.
COMP 47

Free energy calculations with path collective variables: The case of methyl
phosphate hydrolysis
D. Branduardi1, davide.branduardi@iit.it, M. De Vivo1, N. Rega2, V. Barone3,
and A. Cavalli1. 1Department of Drug Discovery and Development, Italian
Institute of Technology, Genoa, Italy, 2Department of Chemistry “Paolo
Corradini”, Università degli studi di Napoli “Federico II”, Naples, Italy, 3Chemistry,
Scuola Normale Superiore di Pisa, Pisa, Italy
The estimate of free energy profiles of chemical reactions is of great interest and
yet presents major challenges related to the exploration of phase space. Path
collective variables (PCVs) allow describing complex chemical processes with a
simple bi-dimensional representation of the free energy landscape (1). Here, we
couple PCVs with enhanced sampling techniques (e.g. umbrella sampling,
metadynamics, etc.), demonstrating that this approach is able to catch most of
the complexity inherent to chemical reactions. We will also show the acceleration
of the convergence obtained through a refinement procedure. As a test case we
present the methyl phosphate hydrolysis studied via DFT molecular dynamics.
The investigation of this reaction, well studied in the past, will show the non-trivial
nature of cooperative motions along the reaction pathway, which are now
explicitly taken into account.
1. Branduardi, D.; Gervasio, F.L.; Parrinello, M; J. Chem. Phys. 2007.
COMP 48
Ornstein-Zernike -like models for the exchange-correlation hole in the
homogeneous electron liquid
R. Cuevas-Saavedra, cuevasr@mcmaster.ca, and P. W. Ayers. Department of
Chemistry, McMaster University, Hamilton, Ontario, Canada
Alternatives to the conventional Ornstein-Zernike direct correlation function
(DCF) are proposed, and applied to the homogeneous electron liquid. This
generalizes the recent work of Amovilli and March [Phys. Rev. B 76, 195104
(2007)], where the ordinary Ornstein-Zernike DCF was used. Unlike the
conventional Ornstein-Zernike DCF, the alternative DCFs do not conflict with
normalized exchange-correlation holes. This novel approach may lead to an
exchange-correlation hole with the right asymptotic behavior. Therefore
dispersion forces could be treated in a systematic and natural way.
COMP 49
Computational exploration of the relationship between interaction energies,
angles of interaction and electrostatic potentials in a series of hydrogenand halogen-bonded complexes

Z. Peralta-Inga, zpis@linuxmail.org, J. S. Murray, jsmurray@uno.edu, and P.
Politzer, ppolitze@uno.edu. Chemistry, Cleveland State University, Cleveland,
Ohio, United States
Halogen bonding as a tool in the design of advanced materials and bioactive
agents has grown significantly in the last decade. Halogen bonding is an
interaction between a halogen X in a molecule R-X and a negative site on
another molecule, e.g. a Lewis base, and can and has been compared to
hydrogen bonding, where X = H. Halogen bonding was observed experimentally
by a number of experimental groups, and recently has become the topic of
numerous theoretical/computational studies. At first glance, such as interaction
between a halogen, normally viewed as being “negative” and another negative
species seemed to be an anomaly. However we and others have shown that, in
many halogenated systems, there can exist regions of positive electrostatic
potential on the halogen surface along the extensions of the R-X bonds. These
can interact with negative regions on other molecules. These regions of positive
electrostatic potential arise because of an electron deficiency, or σ-hole, in the
outer noninvolved lobe of the halogen bonding orbital; the strengths of these
regions increase as the polarizability of X increases and as R becomes more
electron-attracting. In this presentation, we extend earlier work to specifically
address the relationships between computed interaction energies and
electrostatic potentials, focusing in particular upon the angular dependence of
these interactions compared to similar hydrogen bonding interactions. The
complexes studied are be NCX---NH3 and 5-X-pyrimidine---NH3, where X = H, F,
Cl and Br.
COMP 50
Benchmark data for noncovalent interactions in HCOOH•••benzene
complexes and their use for validation of density functionals
Y. Zhao, yan.zhao3@hp.com, H. T. Ng, and E. Hanson. Commercial Print
Engine Lab, HP Labs, Hewlett-Packard co., Palo Alto, CA, United States
We present benchmark energetic data for the HCOOH•••benzene complexes.
The benchmark data were determined by a composite approach based on
CCSD(T) calculations. Final binding energies (kcal/mol) are in the range of 1.6 ∼;
4.8 kcal/mol, and they were used as reference data to test various density
functionals as reported in the literature. Among the local density functionals
without empirical dispersion corrections, M06-L is found to be the best
performing functional, and M06-L/6-31+G(d,p) gives a mean unsigned error
(MUE) of only 0.15 kcal/mol. In addition, PBEsol and SOGGA show promising
performance. The best local DFT-D methods are the BLYP-D and PBEsol-D, and
they give an MUE of 0.15 kcal/mol after removing basis set superposition errors
by the counterpoise approach. Empirical dispersion corrections greatly improve
the descriptions of noncovalent interactions in HCOOH•••benzene dimers. The
calculated benchmark data and intermolecular potential are useful for the

parameterizations of new force fields and coarse-grained models for chemical
species such as the acrylic polymers.

COMP 51
Semiempirical quantum chemical methods based on interpolation of
atomic parameters
V. Ediz, volkaned@gmail.com, and D. J. Yaron, yaron@cmu.edu. Department of
Chemistry, Carnegie Mellon University, Pittsburgh, PA, United States
Semi-empirical quantum chemistry takes advantage of molecular similarity to
substantially reduce computational cost. Methods such as MNDO and AM1
assume similarity across broad classes of molecules by using a single set of
atomic parameters for all systems. Here, this assumption is relaxed by assuming
similarity applies only across atoms with similar hybridizations. At each step in an
SCF procedure, the relative weight of different hybridizations to the atom is
determined from the density matrix, and an admixture of hybridization-specific
parameters is computed based on these relative weights. The Fock operator is
thereby a function of the density matrix not only through the standard Coulomb
and exchange terms, but also through Hamiltonian parameters that depend on
the hybridization. The parameters are fit to ab initio calculations and the success
of the method is judged by agreement between the semiempirical and ab initio
calculations on molecules not included in the parameterization.
COMP 52
Multi-canonical basin hopping: A global optimization method for soft
matter systems
J. Z. Y. Chen, jeffchen@uwaterloo.ca. Department of Physics and Astronomy,
University of Waterloo, Waterloo, Ontario, Canada
We introduce an optimization algorithm that combines the basin hopping method,
for deterministically pinning down the local minima of an energy landscape in
high accuracy, with the multi-canonical Monte Carlo method, which enables the

system stochastically moving out of local energy traps during the computation.
We discuss applications in structural determination where a rough energy
landscape becomes a challenging issue, in systems such as mid-size LennardJones cluster, cobalt nanoclusters, and short peptides.
COMP 53
Exchange often and properly: Lessons for replica exchange simulations
A. E. Roitberg, roitberg@ufl.edu. Department of Chemistry and Quantum Theory
Project, University of Florida, Gainesville, FL, United States
I will present some of our recent work showing that in Replica Exchange-style
simulations, one should attempt to exchange replicas as often as possible. An
argument has been floated in the literature suggesting that ‘too-fast’ exchanges
will damage the equilibrium properties of the system. We show this argument to
be baseless, presenting detailed data and toy models to explain why the original
assumption was wrong. I will also present some curios behavior of a Langevin
thermostat and some risks one needs to avoid when running multiple simulations
and initializing the random seed generators.
COMP 54
Second-order generalized ensemble method (orthogonal space random
walk algorithm) to simultaneously enhance environmental relaxation
L. Zheng1, lzheng@fsu.edu, and W. Yang1,2. 1Institute of Molecular Biophysics,
Florida State University, Tallahassee, FL, United States, 2Department of
Chemistry and Biochemistry, Florida State University, Tallahassee, FL, United
States
The “hidden barrier” problem has been the bottleneck in generalized ensemble
molecular dynamics simulations. Facing the challenging, we developed a novel
second-order generalized ensemble scheme, the orthogonal space random walk
algorithm, to simultaneously enhance environmental relaxation, accompanying a
random walk along the pre-chosen order parameter (for instance, reverse
temperature, energy scaling parameter, spatial order parameter, and pressure,
etc.) Challenging biomolecular simulation results will be presented to show the
sampling power of this novel scheme.
COMP 55
Adaptive sampling method (ASM): Rapid equilibrium sampling initiated
from non-equilibrium data
V. Pande, pande@stanford.edu. Stanford University, United States

Simulating the conformational dynamics of biomolecules is extremely difficult due
to the rugged nature of their free energy landscapes and multiple long-lived, or
metastable, states. Generalized Ensemble (GE) algorithms, which have become
quite popular in recent years, attempt to facilitate crossing between states at low
temperatures by inducing a random walk in temperature space. Enthalpic
barriers may be crossed more easily at high temperatures; however, entropic
barriers will become more significant. This poses a problem because the
dominant barriers to conformational change are entropic for many biological
systems, such as the short RNA hairpin studied here. We present a new efficient
algorithm for conformational sampling, called the Adaptive Seeding Method
(ASM), that uses non-equilibrium GE simulations to identify the metastable states
and seeds short simulations at constant temperature from each of them to
quantitatively determine their equilibrium populations. Thus, the ASM takes
advantage of the broad sampling possible with GE algorithms but generally
crosses entropic barriers more efficiently during the seeding simulations at low
temperature. We show that only local equilibrium is necessary for ASM so very
short seeding simulations may be used. Moreover, the ASM may be used to
recover equilibrium properties from existing datasets that failed to converge and
is well-suited to running on modern computer clusters. Examples from folding
protein simulations with Folding@home distributed computing will be shown.
COMP 56
Generalized ensemble simulations of molecular systems
W. Janke, wolfhard.janke@itp.uni-leipzig.de. Institute for Theoretical Physics,
University of Leipzig, Leipzig, Germany, Germany
Folding, aggregation and crystallization of proteins and polymers, interaction
between proteins and membranes as well as adsorption of organic soft matter to
inorganic solid substrates belong to the most interesting challenges in
understanding the structure and function of complex macromolecules. Recent
advances of computer simulations in generalized ensembles combined with new
analysis methodologies can provide valuable insight into the processes on
multiple scales governing the self-assembly in such systems. After a brief survey
of approaches with different resolution, I will focus on mesoscopic models and
present results from recent simulations of crystallization, aggregation and
adsorption phenomena of macromolecules.
COMP 57
All atom protein simulation with evolutionary algorithms
T. Strunk1, A. Verma2, A. Schug3, schug@computational-biophysics.org, and W.
Wenzel1, wenzel@int.fzk.de. 1Institure for Nanotechnology, Forschungszentrum
Karlsruhe, Karlsruhe, Germany, 2Centro de Investigaciones Biológicas,

Universidad Autonoma Madrid, Madrid, Spain, 3Center for Biological Physics, UC
San Diego, San Diego, United States
The development of generalized ensemble methods has demonstrated that
computation of thermodynamic expectation values for complex models can be
vastly accelerated in comparison to straightforward thermodynamic sampling.
Here we extend this idea to demonstrate that evolutionary techniques can be
employed to probe the low energy landscape of medium sizes proteins using allatom biophysical forcefields in applications that permit the study of the folding
process and for protein structure prediction. Using this approach we were able to
develop an all-atom forcefield that identifies the native conformation of 24
proteins of up to 72 amino acids in simulations starting from the extended
conformation and predict protein structures de-novo for proteins of up to 150
amino acids. Implementation of such inherently coarse-grained parallel methods
permits exploitation of world-wide distributed computational architectures
(POEM@HOME) to study protein folding and the genetic causes for human
developmental disorders.
COMP 58
Enhanced sampling in generalized ensemble and application in studying
protein dynamics
C. Zhang1, cz1@rice.edu, and J. Ma1,2. 1Department of Bioengineering, Rice
University, Houston, TX, United States, 2Department of Biochemistry and
Molecular Biology, Baylor College of Medicine, Houston, TX, United States
We present an enhanced sampling method for simulating complex molecular
systems. In a generalized ensemble, several approaches are developed to
maximize the sampling efficiency and accuracy for systems such as proteins in
explicit solvent. The method addresses questions in molecular dynamics
simulations such as slow protein motion due to interactions between protein and
surrounding water molecules. Encouraging results are shown in terms of
accelerating protein motion and converging thermodynamic quantities.
COMP 59
Estimating entropies from molecular dynamics simulation
R. Baron1,2, rbaron@mccammon.ucsd.edu, and J. A. McCammon1,2,3,4.
1
Department of Chemistry & Biochemistry, University of California, San Diego, La
Jolla, CA, United States, 2Center for Theoretical Biological Physics, University of
California, San Diego, La Jolla, CA, United States, 3Department of
Pharmacology, University of California, San Diego, La Jolla, CA, United States,
4
Howard Hughes Medical Institute, University of California, San Diego, La Jolla,
CA, United States

In recent decades, the calculation of accurate free-energy differences from
computer simulation has become feasible in practice. In contrast, predicting
entropy contributions is still a notoriously difficult, long-standing challenge. New
computer-based approaches to access entropic determinants in biomolecular
systems have been developed and applied. This work present an overview of
their robust, appealing features, as well as their current limitations.
COMP 60
Insights and innovations in alchemical calculations of binding free
energies
D. L. Mobley, dlmobley@uno.edu, and P. Klimovich. Chemistry, University of
New Orleans, New Orleans, LA, United States
Recent developments enable computer predictions of binding affinities between
proteins and ligands in some binding sites. Here, we recap two prospective tests
of binding affinity predictions using alchemical free energy techniques based on
molecular dynamics simulations, and insights from these calculations. Then, we
discuss insights from applying these techniques in ongoing work to other binding
sites, including inhibitors binding to trypsin. We also discuss several ways in
which carefully focused sampling can dramatically improve convergence of
binding free energy calculations, over and above simply just running longer
simulations. This points a clear pathway forwards towards making these
calculations sufficiently accurate and robust to be useful in drug discovery efforts.
COMP 61
Computation of binding free energies from molecular dynamics
simulations with a polarizable force field: Application to hen egg white
lysozyme
Y. Zhong, yzhong@udel.edu, and S. Patel. Department of Chemistry and
Biochemistry, University of Delaware, Newark, Delaware, United States
Lysozyme is a well-studied enzyme that hydrolyzes the β-(1,4)-glycosidic linkage
of N-acetyl-D-glucosamine (NAG) oligmer. The active site of hen egg-white
lysozyme (HEWL) is believed to consist of six subsites, A-F, which in total are
able to accommodate six sugar residues. To probe the free energetics
associated with such binding processes, we present studies exploring the use of
polarizable force fields in prediction of binding free energies of complexes of
HEWL and NAG oligsaccharides. Thermodynamic integration (TI) and the MultiState Bennett acceptance ratio (MBAR) are applied and compared in their
performances of computing the free energy changes of HEWL/NAG systems
studied. We also discuss the differences in binding free energetics associated
with the wild and W62Y mutant HEWLs (PDB ID 1lzb and 1lze).

COMP 62
Prediction of absolute solvation free energies using free energy
perturbation
D. Sheevakumar, J. Williams, Y. Wu, W. Damm, J. Shelley, and W. Sherman,
woody.sherman@schrodinger.com. Schrodinger, Inc., New York, NY, United
States
The accurate prediction of protein-ligand binding free energies is a primary
objective in computer-aided drug design. The solvation free energy of a small
molecule provides a surrogate to the desolvation of the ligand in the
thermodynamic process of protein-ligand binding. Here, we use an explicit
solvent MD/FEP approach to predict the absolute solvation free energies on a set
of 239 small molecules spanning diverse chemical functional groups commonly
found in drugs and drug-like molecules. We also compare the performance of
absolute solvation free energies obtained using the OPLS_2005 force field with
two other commonly used small molecule force fields - General Amber Force
Field (GAFF) with AM1-BCC charges and CHARMm-MSI with CHelpG charges.
We find that OPLS_2005 produces the highest correlation with experimental data
(R2=0.94) and the absolute unsigned errors for majority of the functional groups
are smaller than for AM1-BCC/GAFF or CHelpG/CHARMm-MSI. However,
OPLS_2005 performs poorly for certain classes of polar compounds and we
show that predictions on these compound classes can be improved by using a
semi-empirical charge assignment method with an implicit bond charge
correction (CM1A-BCC).
COMP 63
Absolute free energy and entropy of a Streptavidin loop
I. J. General, ijgeneral@gmail.com, and H. Meirovitch. Department of
Computational Biology, University of Pittsburgh, Pittsburgh, Pennsylvania, United
States
X-ray studies of the protein streptavidin show that the conformation of the 8residue surface loop, 45-52 (Ser, Ala, Val, Gly, Asn, Ala, Glu, Ser), is changed
significantly upon binding of biotin to streptavidin. The loop is usually found in its
“open” conformation when biotin is not attached to the protein, while it is in the
“bound” conformation otherwise. Using the hypothetical scanning molecular
dynamics method with thermodynamic integration (HSMD-TI) we find that,
without biotin, the open microstate is more stable than the bound one by a free
energy difference ΔFfree-bound = -26.8 ± 2.0 kcal/mol, compatible with the
experimental findings that show a higher availability (hence, lower free energy) of
the open microstate. Interestingly, while the energy difference, ΔEfree-bound, is also
negative, the difference in entropy, ΔSfree-bound, is (unexpectedly) positive, adding
to the higher stability of the open microstate. Computational aspects of HSMD-TI
will also be discussed.

COMP 64
Free energy surface of a cis-β-methylstyrene/chloroperoxidase-compound I
reactive complex
O. N. Morozov, omorozov@fiu.edu, and D. C. Chatfield,
David.Chatfield@fiu.edu. Department of Chemistry & Biochemistry, Florida
International University, Miami, FL, United States
We present simulations of a cis-β-methylstyrene/chloroperoxidase-compound I
reactive complex using classical molecular mechanics with an adaptive bias
potential. Our goal is to determine whether the favorability of precursor reactive
conformations will parallel the enantiospecific epoxidation of cis-β-methylstyrene
(cbms), which is 96% 1S2R and 4% 1R2S epoxide at pH 5. If so, a desirable
mutation of chloroperoxidase can be searched for in silico on the molecular
mechanics level. The reactive conformations are described by a two-dimensional
reaction coordinate comprising the distance between the oxyferryl oxygen and
the carbon-carbon double bond of cbms, r, and an angular coordinate, ø, that
distinguishes reactive conformations leading to the 1S2R and 1R2S epoxide
products. The corresponding two-dimensional adaptive bias potential, Fb(r,ø), at
the i-th iteration is constructed using smooth approximations of (r,ø) histograms
from the previous iterations. By applying Fb(r,ø), the free energy surface of the
cbms/chloroperoxidase-compound I complex is obtained for the conformational
space of interest.
COMP 65
Using extended ensemble relative and absolute ligand binding affinities to
compare OPLS-AA, AMBER/GAFF, and differing AM1-BCC charge sets
M. R. Shirts, michael.shirts@virginia.edu. Department of Chemical Engineering,
University of Virginia, Charlottesville, VA, United States
I compare a series of binding affinity calculations to FKBP using AMBER/GAFF
parameter sets using the Folding@Home distributed computing platform. For
straightforward free energy calculations with microsecond extensive sampling,
binding free energies are less than 1 kcal/mol RMS from experiment for
molecules of typical drug size. Calculations of relative free energies with
expanded ensemble methods were in almost all cases within 0.3 kcal/mol to the
absolute binding energies; differences identify a potential convergence problem
in the absolute binding calculations. Monitoring torsional angles show expanded
ensemble simulations explore conformational states an order of magnitude more
rapidly. The same computations were repeated using OPLS-AA for both protein
and ligand. Despite individual components differing by several kcal/mol, total
OPLS-AA and AMBER/GAFF binding free energies differed by only 0.4 kcal/mol
RMS. Differences in binding using AM1-BCC charges obtained from different
ligand configurations were also examined. Although solvation free energies

differed by up to 0.5-1.0 kcal/mol, binding free energies had 0.3 RMS kcal/mol,
indicating a level of variation that might be acceptable for lead design.
COMP 66
Molecular key-cutting
A. Almond1,2, Andrew.Almond@conformetrix.com. 1Faculty of Life Sciences,
University of Manchester, Manchester, United Kingdom, 2Core Technology
Facility, Conformetrix Limited, Manchester, Greater Manchester, United Kingdom
Trends in the pharmaceutical industry are all too clear - increasing R&D spend
and falling productivity. One reason is the focus of experimentalists on protein
targets to the exclusion of almost everything else. To use Fischer’s ‘lock-and-key’
analogy, the industry has invested billions trying to unpick the locks (proteins),
only to have to reverse engineer the keys (drugs) that might fit. This has
blindsided the industry to the existence of a vast array of ready-made key
templates, there for the copying: the natural ligands that normally bind these
receptor proteins (e.g., hormones). Conformetrix redresses this balance: our
platform technology converts raw NMR data (on any ligand of interest) into
accurate blueprints for guiding computer-aided drug design. Returning to the
lock-and-key analogy, we have developed the world’s first pharmaceutical key
cutter! This offers the prospect of truly rational ligand design and represents a
paradigm shift in the pharmaceutical sector.
COMP 67
Efficient estimate of vibrational entropy changes upon complex formation
by analyzing biomacromolecular frameworks
H. Gohlke, gohlke@uni-duesseldorf.de, and H. Kopitz. Department of
Mathematics and Natural Sciences, Heinrich-Heine-University, Duesseldorf,
Germany
Changes in the degrees of freedom of binding partners upon complex formation
lead to entropic contributions to the binding free energy. Considering these
contributions in binding free energy estimates is strongly needed. Here, we
present a method for efficiently estimating vibrational entropy changes of (the)
biomacromolecular binding partner(s) upon complex formation. Normal mode
analysis (NMA) is considered the “gold standard” for this. However, NMA is
computationally expensive. Instead, we efficiently analyze changes in the
flexibility of the biomacromolecular binding partner(s) using a molecular
framework representation of the biomacromolecule(s). For a data set of 10
protein-protein complexes, total vibrational entropy changes as determined by
our method correlate well (r2 = 0.84) with NMA results. Estimates of sidechain
contributions as determined by our approach also show a fair correlation with

NMA results (r2 = 0.51). Finally, results for various datasets of small-molecule
ligands binding to pharmaceutically relevant targets will be discussed.
COMP 68
Quantum computing for quantum chemistry and molecular dynamics, a
new approach for obtaining exponential speedups in exact molecular
simulation: Experiment and theory
A. Aspuru-Guzik, aspuru@chemistry.harvard.edu. Department of Chemistry and
Chemical Biology, Harvard University, Cambridge, MA, United States
Schuch and Verstraete [1] recently showed that obtaining a universal density
functional is for all intents and purposes as difficult as building a quantum
computer to carry out the calculation of such a functional. In 1992, Feynman
suggested that simulating quantum systems with quantum devices was a
possible way forward [2]. Five years ago, we showed that quantum computers
can provide exponential speedup for quantum chemistry calculations [3]. In 2009,
we were able to carry out the first quantum computer for chemistry experiments
for the exact simulation of the hydrogen molecule using a prototype quantum
computer obtaining 22 bits of precision [4]. We have also shown how to carry out
quantum molecular dynamics calculations gaining an exponential speedup over
classical computers [4]. We also demonstrated how to find low-energy
confomations of protein models [5] potentially gaining a quadratic speedup by
means of the adiabatic quantum computation approach. In this talk, I will
describe the theory behind quantum computing for chemistry, what it would entail
in terms of resources to simulate biological systems, and the early experiment
that we carried out in collaboration with the quantum optics group of Andrew
White at the University of Queensland, Australia.
[1] Schuch and Verstraete, Nat. Phys. (2009). [2] Feynman, Int. J. Theo. Phys.
(1982) [3] Aspuru-Guzik et. al Science (2005) [4]. Lanyon, et. al Nat. Chem. In
press. [5] Kassal et. al PNAS (2008) [6] Perdomo et al PRA (2008)
COMP 69
Materials informatics applied to nanocomposites for advanced technology
C. M. Breneman1, brenec@rpi.edu, L. Schadler2, C. Brinson3, and M. Krein1.
1
Department of Chemistry, Rensselaer Polytechnic Institute, Troy, NY, United
States, 2Department of Materials Science and Engineering, Rensselaer
Polytechnic Institute, Troy, NY, United States, 3Department of Mechanical
Engineering, Northwestern University, Evanston, IL, United States
Materials Informatics was developed to facilitate the design of materials with
specific properties. We now describe how a variant of this approach can be used
to design nanocomposites with customized properties. Rule-of-Mixtures and

other basic models often fail in this regime because current methods neglect
atomistic interactions in the interphase region between nanoparticles and
polymer matrices. By applying modeling techniques pioneered in the field of
predictive cheminformatics, we demonstrate control over nanomaterial properties
such that predictions approach actual results.

COMP 70
Paradigm shift in molecular simulation: Combining network theory and
statistical analysis captures millisecond timescale events at atomic
resolution
G. R. Bowman1, gbowman@stanford.edu, and V. S. Pande2,
pande@stanford.edu. 1Biophysics Program, Stanford University, Stanford, CA,
United States, 2Department of Chemistry, Stanford University, Stanford, CA,
United States
Understanding molecular kinetics is a classic grand challenge with significant
medical implications, particularly for protein misfolding diseases like Alzheimer’s
and drug design. However, traditional simulation methods fall short of biologically
relevant timescales and suffer from limited statistics. We propose a combination
of network theory and Bayesian statistics that enables statistically significant
simulation of biologically relevant timescales. Due to its statistical nature, this
approach allows us to direct sampling to where it is needed most, resulting in a
tremendous advance in what one can do with existing resources. Moreover, our
methods naturally yield quantitative agreement with experimental structures and
rates for specific systems on microsecond to millisecond timescales. Novel
insights from these system specific models are complemented by simple,
fundamental models that can reproduce qualitative phenomena, distilling the

nature of the phenomena to its essence. Together, these models provide an
unprecedented intuition for molecular kinetics.
COMP 71
On the performance of extended-ensemble methods: A general theoretical
approach
H. Nymeyer1,2, hnymeyer@gmail.com. 1Department of Scientific Computing,
Florida State University, Tallahassee, FL, United States, 2Institute of Molecular
Biophysics, Florida State University, Tallahassee, FL, United States
A general theoretical framework is presented for understanding the performance
of extended-ensemble methods including multicanonical, Wang-Landau and
replica exchange methods. This is based upon two assumptions: crosscorrelations in parallel replica simulations are negligible and the bias parameter
is a fast variable. Validation of these assumptions are made using a simple
Monte Carlo model and an all-atom simulation of a water-soluble helix in explicit
solvent. This framework provides a method for quickly predicting the optimal
target distribution for the bias parameters in any particular problem. For replica
exchange methods, this allows one to quickly determine the optimal temperature
distribution for a simulation if the thermodynamic parameters characterizing the
different kinetic transitions in the protein are known.
COMP 72
Covering conformational space: How conformational sampling affects
virtual screening success rates
J. Kirchmair1,2, jkirchmair@gmail.com, S. Distinto3,4, K. R. Liedl2, P. Markt1,4, D.
Schuster1,4, G. M. Spitzer2, T. Langer5, and G. Wolber1,4.
1
Pharmacy/Pharmaceutical Chemistry, University of Innsbruck, Innsbruck,
Austria, 2Theoretical Chemistry, University of Innsbruck, Innsbruck, Austria,
3
Dipartimento Farmaco Chimico Tecnologico, Università degli Studi di Cagliari,
Cagliari, Italy, 4Inte:Ligand Software-Entwicklungs und Consulting GmbH, Maria
Enzersdorf, Austria, 5Prestwick Pharmaceutical, Strasbourg-Illkirch, France
The performance of 3D virtual screening techniques such as similarity-based
approaches, pharmacophore searches and docking is reliant on the adequate
representation of the conformational space. While a few years ago
conformational sampling and data management of large virtual compound
libraries as well as virtual screening thereof was limited by excessive
computational costs, the availability of cheap multi-core platforms renders
hardware resources to be a minor issue today, also because of novel efficient
algorithmic sampling and screening approaches. Nonetheless, the process of
conformational sampling is far from being solved. Rapid sampling methods in
particular have difficulties to generate comprehensive and smooth
representations of the conformational space. However, also the question what

areas of the conformational space are of primary interest, the role of the bioactive
conformational space in computational approaches and how to render it are
discussed controversially. We report the behavior and performance of current
conformational space sampling techniques and their impact on structure-based
and ligand-based virtual screening approaches. Also, we demonstrate that a
smoother conformational sampling does not necessarily imply superior screening
performance and provide guidelines for reliable virtual screening.
COMP 73
Influenza viral protein hemagluttinin antibody and receptor binding: Large
scale free energy perturbation calculations
R. Zhou, ruhongz@us.ibm.com. IBM Thomas J Watson Research Center, United
States
The outbreaks of avian flu and swine flu are ausing great public health concern
over a major global pandemic. In this talk, I will describe some of our recent
extensive molecular modeling on influenza virus antigen-antibody and antigenreceptor bindings. The goal is to identify which mutations on the viral glycoprotein
hemagglutinin (HA) might cause its receptor binding specificity to switch from
avian to human, and which mutations might cause its escape of antibody
neutralization. We used large scale free energy perturbation (FEP) calculations
to address these important questions. We found that a single mutation T131I on
H3N2 HA can decrease the HA-Ab binding affinity by 5.2 ± 0.9 kcal/mol, in
excellent agreement with experimental results. We also found that a double
mutation, V135S & A138S, might switch the H5N1 HA binding specificity from
avian to human, thus allowing the virus to gain a foothold in human population.
Detailed analyses also reveal molecular picture of the antigen-antibody and
antigen-receptor binding mechanisms. For example, the large decrease in the
H3N2 HA-Ab binding affinity with a single T131I mutation is mainly due to the
displacement of two bridge water molecules otherwise present in the wild-type.
Similarly, the double mutation induced H5N1 HA binding specificity switch is due
to the significant increase (by 2.6 ± 0.7 kcal/mol) in the binding affinity to α-2,6linked (human) sialic acid receptors, which primarily arises from the electrostatic
interactions. These findings might provide new insights into the our
understanding of human adaptation to the influenza virus and potential vaccine
development.
COMP 74
Selecting and generating pocket conformations for multiconformational
docking
R. Abagyan, rabagyan@ucsd.edu, M. Rueda, mrueda@ucsd.edu, and I.
Kufareva, ikufareva@ucsd.edu. Skaggs School of Pharmacy and Pharmaceutical
Sciences, University of California, San Diego, La Jolla, California, United States

Induced fit upon molecular interaction is a key obstacle to the accurate molecular
docking. It was shown that simultaneous consideration of just a few essential
conformers of the binding interface in an ensemble docking of a four-dimensional
docking protocol dramatically improves the performance of docking procedures.
Based on a large scale analysis of protein binding pockets we describe recipes to
select a subset of conformers from crystal structures for optimal docking
performance. Furthermore, we describe a pocket generation procedure, called
fumigation, that generates more open and drug-bound-like pocket conformations
starting from one of several crystallographic starting conformations.
COMP 75
SPE and SOS: Two robust and universally applicable conformational
search algorithms
D. K. Agrafiotis1, dagrafio@its.jnj.com, F. Zhu1, A. C. Gibbs1, P. Bonnet1, and E.
Martin2. 1Johnson & Johnson Pharmaceutical Research & Development, Exton,
PA, United States, 2Novartis, Emeryville, CA, United States
As computational drug design becomes increasingly reliant on virtual screening
and high throughput 3D modeling, the need for fast, robust, and reliable methods
for sampling molecular conformations has become greater than ever.
Furthermore, chemical novelty is at a premium, forcing medicinal chemists to
explore more complex structural motifs and unusual topologies. This
necessitates the use of conformational sampling techniques that work well in all
cases. In this talk, we compare the performance of our Stochastic Proximity
Embedding (SPE) and Self Organizing Superposition (SOS) conformational
sampling algorithms against several established methods using both drug-like
molecules as well as three challenging classes of macrocycles. Our results show
a compelling advantage for distance geometry methods (SOS, SPE, and to a
lesser extent Rubicon) in every important respect: the number of unique lowenergy conformations identified, the geometric diversity and pharmacophore
space coverage of these conformations, and the ability to identify the “global”
minimum. Most importantly, SPE and SOS showed consistently good
performance across all types of molecules investigated, which is not the case for
any other method examined.
COMP 76
Combining protein and ligand sampling: Modeling ligands binding to
flexible or homology-modeled proteins
M. P. Jacobson, matt.jacobson@ucsf.edu. Department of Pharmaceutical
Chemistry, UCSF, San Francisco, CA, United States
Sampling methods for protein modeling and for ligand docking have largely
developed independently. We have hypothesized that hybrid methods that

combine ligand and protein sampling would be particularly useful for modeling
ligands binding to flexible binding sites, or to homology models of proteins.
Specifically, we have developed methods based primarily on sampling torsionangles in ligands and proteins concomitantly; for example, conformational
changes between side chain “rotamers” can be accomplished in a single step.
We have tested these methods retrospectively and prospectively for their ability
to predict ligand-binding “poses” and to predict relative binding affinities. I will
present applications to predicting ligand binding specificity, as well as related
work on covalent ligand docking.
COMP 77
New strategies for protein and RNA conformation sampling using the RETO
coordinates
C. H. Mak, cmak@usc.edu, and A. K. Sharma. Department of Chemistry,
University of Southern California, Los Angeles, California, United States
A new set of coordinates, called RETO, are used to describe the conformations
of proteins and RNAs. The RETO coordinates consist of a set of four variables,
which represents the minimal information needed to uniquely specify the relative
positions of any two residues along the backbone given bond distance and bond
angle constraints. New conformational sampling techniques can be constructed
based on RETO. Two applications will be discussed: (a) analytical loop closure
algorithms for closing ring structures (e.g. the ribose) as well as multi-residue
loops in proteins and RNAs, and (b) high-efficiency loop sampling algorithms
using a RETO distribution derived from either knowledge-based information or
from first principles.
COMP 78
Autodock2MMGBSA, A multi-level virtual screening rescoring and
refinement scheme that combines consensus scoring and MM-GBSA
binding free energy methods
D. Xu, dxu@mccammon.ucsd.edu, N. Sawaya, nsawaya@ucsd.edu, J. A.
McCammon, jmccammon@mail.ucsd.edu, and W. W. Li, wilfred@sdsc.edu.
National Biomedical Computation Resource, University of California, San Diego,
La Jolla, CA, United States
Molecular docking programs are used extensively in high throughput in silico
drug screenings.While efficient for elucidating the binding conformations, these
programs tend to rank ligands poorly with high false positive and negative rates,
due to their simplified scoring functions. This issue can be treated by adopting a
multi-level virtual screening refinement scheme that combines consensus scoring
and higher-level of theory such as MM-GBSA (molecular mechanics generalized
Born surface area) method with implicit solvent energy minimization and
molecular dynamics. AutoDock2MMGBSA, an implementation to automate this

multi-level refinement process (AutoDock Vina --> AutoDock4 --> MMGBSA), has
shown significant enhancement in virtual screening enrichment and overall
performance. Tests using influenza virus neuraminidase co-crystal structures,
experimental binding constants, and ZINC Directory of Useful Decoys dataset
demonstrate that the enhancement is a direct result of improved binding pose
and binding free energy prediction. Since AutoDock2MMGBSA can be coupled
with any docking program, we anticipate the multi-level refinement scheme
presented here will have a broad impact in the field of computer-aided drug
design.
COMP 79
Predicting multiple ligand binding modes using self-consistent
pharmacophore hypotheses
I. Wallach1, izhar.wallach@gmail.com, and R. H. Lilien1,2. 1Department of
Computer Science, University of Toronto, Toronto, Ontario, Canada, 2Banting
and Best Department of Medical Research, University of Toronto, Toronto,
Ontario, Canada
Despite significant recent progress, virtual docking has not yet eliminated the
need for wetlab experiments to determine ligand binding modes. We present a
step towards improving protein-ligand binding mode prediction for a set of ligands
each of which is known to bind a common receptor. The approach is based on
the hypothesis that each active site contains “hot-spots” which binding ligands
tend to exploit. Our algorithm first performs traditional protein-ligand docking for
each known binder to obtain ranked lists of candidate binding modes. From these
lists we identify sets of conformations which are maximally self-consistent with
respect to their generated pharmacophoric map. We have demonstrated the
algorithm on four protein systems, using three docking algorithms, and attained
predictions with an average RMSD <2.5Å for all systems. This represents a
typical improvement of ∼;1.0Å (up to 25%) RMSD over the underlying virtual
docking predictions.
COMP 80
Probabilistic approach to docking and scoring using GLIDE: Belief docking
S. Swann, steven.swann@abbott.com, S. P. Brown, and P. Hajduk.
Cheminformatics and Fragment Based Lead Generation, Abbott
Pharmaceuticals, Abbott Park, IL, United States
Belief theory has been previously described to identify the relationship between
chemical similarity and bioactivity. Here we describe a probabilistic approach to
compound docking and scoring using the belief theory framework. As opposed to
conventional approaches that attempt to identify direct correlations between
scored binding poses and affinity, our method assigns a probability that a

molecule will be within a specified potency range. It is quite clear that
GLIDE(Schrodinger) significantly outperforms other docking and scoring
programs when using this approach, whereas other programs show little or no
probabilistic enrichment of known actives over inactives. We describe the
development and validation of this approach using 7 different protein targets and
suggest potentially additional applications such as identifying the druggability of a
specific binding site.

COMP 81
Improving molecular docking through eHiTS’ tunable scoring function
O. Ravitz, ravitz@simbiosys.ca, A. Simon, and Z. Zsoldos. SimBioSys Inc.,
Toronto, Ontario, Canada
The molecular docking paradigm has been hampered by the lack of a generically
well performing scoring function. We present two complementary family-based
approaches for score-tuning that improve docking performance using
experimental data. One technique treats the relative weights of the eHiTS energy
terms as parameters that can be adjusted to improve score-RMSD correlations.
The other technique is employing ligand-based similarity to rescale the docking
score such that better enrichment factors are achieved in virtual screening. We
discuss the algorithmic details of the methods, and demonstrate the effects of
score tuning on a variety of targets, including CDK2, BACE1 and AChBP, as well
as on common benchmarks. We observe an average improvement of 10% in the
top-rank pose RMSD, and a similar improvement for docking success (top pose
under 2 A). An average EF(1%) of 15 is achieved for the targets in the DUD set.
COMP 82
DynaDock: A molecular dynamics based docking method allowing for full
receptor flexibility
I. Antes, antes@wzw.tum.de. Life Sciences, Technical University of Munich,
Freising, Bavaria, Germany
To describe protein-ligand interactions realistically, the structural changes in both
the receptor and the ligand should be considered during complex formation. We

developed a docking approach, DynaDock, which combines various sampling
techniques with a new, molecular dynamics based refinement method, OPMD
(Optimized Potential Molecular Dynamics), and allows for flexible treatment of
the whole system. The method works especially well for large, flexible ligands
and open surface binding sites. The approach was tested for 15 protein-peptide
complexes (2 to 16 residues). For all peptides docking poses with RMSD values
< 2.1Å could be obtained (best scoring RMSD < 3.4Å). In addition, the approach
was successfully evaluated for docking into the apo-structures of 10 proteinligand complexes with flexible binding sites and backbone movement upon ligand
binding (all RMSD values < 2.0Å). In all cases full flexibility was allowed for the
ligand as well as the receptor (Antes, Proteins, in press).
COMP 83
Evaluation and optimization of DOCK for structure-based drug design
S. Mukherjee, T. E. Balius, and R. C. Rizzo, rizzorc@gmail.com. Dept. Applied
Math & Statistics, Stony Brook University, Stony Brook, NY, United States
In an effort to optimize docking/virtual screening protocols for the DOCK6
program we have performed a critical analysis of three core experiments which
aim to recover crystallographic observed binding poses of ligands using rigid
(RGD), fixed anchor (FAD), and flexible (FLX) docking. Total success rates,
sampling failures, and scoring failures were examined based on ligand flexibility
and for individual protein families. A new feature which allows for visualization of
growth trees to trace the behavior of the anchor-and-grow algorithm has
facilitated both debugging and optimization of input parameters to increase
success rates, especially for more flexible ligands. Preliminary studies using a
new footprint-based rescoring method will also be presented which aims to
identify ligands in a virtual screen which make binding site interactions similar to
a reference input molecule.
COMP 84
Success of fragment docking in virtual screening enrichment and binding
pose prediction
A. T. Macias, a.macias@vernalis.com, N. Foloppe, and I.-J. Chen. Department
of Chemistry, Vernalis Ltd, Cambridge, Cambridgeshire, United Kingdom
Fragment-based drug discovery platforms include a variety of experimental
methods to identify fragments that bind to a target protein. Fragments are lowmolecular weight ligands which are efficient starting points for lead-optimization,
but which are weak binders making few interactions with the protein. While the
success of docking to identify binders is well-document for larger compounds,
there are few studies published on fragment docking. We have evaluated the
performance of Glide with regards to the ability to (1) separate binders from non-

binders (enrichment) during virtual screening, and (2) reproduce crystallographic
binding modes. This retrospective study was carried out on two proteins (Hsp90,
PDPK1) for which we have at least 20 crystallized fragments. These fragments
were identified by NMR screens of our SeeDs library. The effect of scoring
functions, sampling, protein conformation, presence of waters, and
pharmacophore restraints will be discussed.
COMP 85
Chemistry in water with adaptive QM/MM simulations
R. E. Bulo1, bulo@few.vu.nl, B. Ensing2, and L. Visscher1. 1Department of
Theoretical Chemistry, Vrije Universiteit Amsterdam, Amsterdam, The
Netherlands, 2Van ‘t Hoff Institute for Molecular Sciences, University of
Amsterdam, Amsterdam, The Netherlands
The computational study of the behavior and reactivity of chemical compounds in
water is crucial for our understanding of biology, as well as for the development
of sustainable chemical processes. Aqueous solutions involve many molecules,
but have a specific active region, connected to the environment only through
non-bonded interactions. This makes them a seemingly ideal candidate for
QM/MM approaches, which describe a reactive region at quantum mechanical
level, while the environment is treated at lower levels of accuracy. Difficulties
arise due to the diffusive nature of the solution, involving water molecules that
flow in and out of the active region during a molecular dynamics simulation. We
used our Difference-based Adaptive Solvation scheme (DAS), which affords
accurate investigation of exactly these problematic cases, to study CaCO3 in
water, using both DFT and semi-empirical methods. We focus on the diffusion
behavior of the water molecules in the first and second solvation shells.
COMP 86
QM/MM free energy simulations of Cl- + OH radical interactions in water
M. Valiev, marat.valiev@pnl.gov. PNNL, Environmental Molecular Sciences
Laboratory, Richland, WA, United States
The nature of the Cl-/OH complex in aqueous solution has been subject of
considerable controversy. In this talk combined quantum mechanical molecular
mechanics calculations of ground-state free-energy surfaces and absorption
spectrum through the CCSDT level of theory will be discussed. The results
(Valiev et al J. Phys. Chem. A 2009 113 (31), 8823) are consistent with the
experimental data and suggest that hemibonded HOCl- species may indeed exist
in bulk aqueous solution.
COMP 87

Hydrogen combustion simulations employing a new adaptive, multilevel
QM/MM molecular dynamics methodology
M. G. Guthrie, m.graham.g@gmail.com, and M. R. Salazar, msalazar@uu.edu.
Department of Chemistry, Union University, Jackson, TN, United States
The application of a new method of performing molecular dynamics simulations
of complex gas-phase chemical processes is presented. The method is
formulated to give a time-dependent, multilevel representation of the total
potential that is derived from spatially-resolved quantum mechanical (QM) and
molecular mechanical (MM) regions. This nQM/MM method (where n is the
number of QM regions) induces discontinuities in both the total potential and
atomic force vectors. The result of both of these discontinuities will be examined
and shown to be negligible resulting in a methodology that, while not conserving
total energy, yields canonical (NVT) simulations. This method is particularly
applicable to combustion processes where the large number of chemical species
and reactive channels demand such a multilevel approach to account for all
relevant phenomena in a computationally feasible manner. Hydrogen combustion
simulations will be examined, employing the ReaxFF force field for the MM
(intergroup) potentials and multiple high levels of electronic structure theory for
the QM (intragroup) potentials.
COMP 88
Semiquantum molecular dynamics simulation of liquid water by timedependent Hartree approach
K. Hyeon-Deuk, kim@kuchem.kyoto-u.ac.jp, and K. Ando. Department of
Chemistry, Kyoto University, Kyoto, Kyoto, Japan
Semiquantum liquid water molecular dynamics simulation was developed using
the timedependent Hartree approach. The classical intra- and inter-molecular
potential functions of water were extended to describe the wave packet(WP)
hydrogen atoms. The equations of motion with an extended phase space
including auxiliary coordinates and momenta representing the hydrogen WP
widths were derived and solved. The molecular dynamics simulation of
semiquantum water demonstrated that the semiquantum hydrogen atoms make
the liquid water less structured and the hydrogen bonds weakened. The poor
structurization in liquid water was inferred from the increased mobility of a water
molecule and the red-shift of OH stretching frequency. The zeropoint energy
introduced by the semiquantum hydrogens enhances the anharmonic potential
effects and contributes to the red-shifted OH stretching vibration. We found a
significant peak above 4000 cm-1 in the absorption spectrum resulting from the
energy exchange between the WP width dynamics and the coupling of the OH
stretching mode and the rotational motion of each water. We proposed that a
liquid free energy landscape is smoothed due to semiquantum hydrogen atoms,
and influences the liquid structure and dynamics.

Reference: J. Chem. Phys. Vol.128 135102 (2008); Virtual Journal of Biological
Physics Research Vo.15 Issue 8 (2008)
COMP 89
Structures, dynamics, and electronic properties at the liquid-vapor
interface of water-methanol mixtures from first principles simulations
I.-F. W. Kuo1, kuo2@llnl.gov, B. L. Eggimann2, M. J. McGrath3, C. J. Mundy4,
and J. I. Siepmann3. 1Chemical Sciences Division, Lawrence Livermore National
Laboratory, Livermore, CA, United States, 2Department of Chemistry, Wheaton
College, Wheaton, IL, United States, 3Department of Chemistry, University of
Minnesota, Minneapolis, Minneapolis, MN, United States, 4Fundamental and
Computational Sciences Directorate, Pacific Northwest National Laboratory,
Richland, WA, United States
Surfactants and interfaces play many vital roles in atmospheric and biological
systems. Not surprisingly, many experimental and theoretically studies has
utilized small amphiphilic molecules such as methanol as a model surfactant
while probing the liquid-vapor interface. In the current study, our aim is to obtain
structural, dynamical, and chemical properties at the liquid-vapor interface of
methanol-water mixtures solely from first principles simulations. First principles
simulations was performed using density functional theory with BLYP exchange
and correlation functionals as well as with and without additional van der Waals
corrections. Liquid-vapor interfaces were simulated using a slab configuration.
Three sets of methanol-water mixtures composed of 10%, 20%, and 30%
methanol to water was performed. From the simulations, we were able to
characterize the structures, dynamics, and electronic changes at the liquid-vapor
interface as a function of increase methanol coverage. In addition, the benefits of
including van der Waals correction will be presented in the context of its effect on
interfacial properties. To conclude, we compared our results obtained from first
principles based interaction potential to an empirical force field that has been
shown to successful at predicting phase equilibria (TraPPE).
Part of this work was performed under the auspices of the U.S. Department
of Energy by Lawrence Livermore National Laboratory under Contract DEAC52-07NA27344.
COMP 90
Novel approaches to QM/MM MD simulation of biomolecules: Recent
developments within the AMBER MD package
A. Goetz, agoetz@sdsc.edu, and R. C. Walker, rcw@sdsc.edu. San Diego
Supercomputer Center, University of California, San Diego, La Jolla, CA, United
States

We present an overview of recent developments in QM/MM support within the
AMBER Molecular Dynamics package. Specifically we describe the
implementation of d-orbitals in a way that preserves the ability to run molecular
dynamics within the NVE ensemble. We discuss performance improvements as
well as the application of enhanced sampling techniques, including umbrella
sampling and thermodynamic integration, specifically targetted at biomolecules.
Additionally we provide an overview of support for running QM/MM MD
simulations using a recently developed interface to ADF that includes support for
long range interactions via a QM/MM compatible version of the Particle Mesh
Ewald (PME) approach.
COMP 91
Molecular dynamics methods in generalized ensemble
Y. Okamoto, okamoto@phys.nagoya-u.ac.jp. Department of Physics, Nagoya
University, Nagoya, Aichi, Japan
Various molecular dynamics (MD) methods in generalized ensemble are
described. Multicanonical MD, replica-exchange MD, and simulated tempering
MD are first explained. Secondly, their combinations and their multi-dimensional
extensions are introduced. These methods in generalized ensemble are applied
to biomolecular systems, and the results are presented. Especially, the protein
folding problem was studied by these methods, and their resutlts are described in
detail.
COMP 92
Finite dimensional spin model for the glass transition
A. H. Billoire1, Alain.Billoire@cea.fr, G. Biroli1, J.-P. Bouchaud2, and T. Sarlat1.
1
DSM/iPhT, CEA Saclay, Gif-sur-Yvette, France, 2Science Finance, Capital Fund
Management, Paris, France
The Random First Order Phase Transition theory (RFOT) is one of the most
convincing scenarios of the glass transition. According to RFOT, the glass
transition can be described by the progressive disappearing, as temperature is
decreased, of the unstable modes that allow the liquid to flow at high
temperature. Below some vitreous temperature Tg that is well defined in mean
field theory the system is blocked inside one of very many states that are
separated by barriers that are infinitely high in the mean field limit. It is not clear
at all however how deeply this scenario is modified outside the mean field limit,
namely in the real world. After reviewing the RFOT approach of the glass
transition, I present results of large-scale numerical simulations, using the
parallel tempering algorithm, of the so-called ROM (random orthogonal model), in
a version that interpolates continuously between the mean field limit and the real
(three dimensional) world. The results show for the first time a genuine threedimensional spin model with a behavior quite suggestive of the RFOT scenario.

COMP 93
Optimized statistical ensembles for slowly equilibrating systems
S. Trebst, trebst@kitp.ucsb.edu. University of California, Microsoft Research,
Santa Barbara, CA, United States
Competing phases or interactions in complex many-particle systems can result in
free energy barriers that strongly suppress thermal equilibration. In this talk I will
review an ensemble optimization technique that allows to identify and overcome
these free energy barriers in a large class of numerical simulation schemes
which are broadly grouped under the heading “extended ensemble” techniques.
Prominent examples of the latter include the multicanonical approach pioneered
by Bernd Berg, the Wang-Landau algorithm and parallel tempering or replica
exchange simulations. I will mention several applications of the ensemble
optimization approach to dramatically improve simulations that aim to elucidate
the folding of small proteins, the equilibrium behavior of dense liquids and
thermal transitions in quantum mechanical problems.
COMP 94
Important but rare events and phase transitions in trajectory space
D. Chandler, chandler@cchem.berkeley.edu. Department of Chemistry,
University of California, Berkeley, Berkeley, CA, United States
The method of transition path sampling, importance sampling of trajectory space,
has provided the means to study rare events and order-disorder transitions in
space-time. This lecture will discuss recent applications.
COMP 95
Replica exchange simulations: What we know and what we would still like
to know
W. Nadler, w.nadlere@fz-juelich.de. Juelich Supercomputing Centre,
Forschungszentrum Juelich, Juelich, NRW, Germany
Replica exchange simulation is one of the most promising methods to
successfully simulate complex chemical systems like proteins and to investigate
particularly the folding behavior of the latter. Despite this methods widespread
use there are still a number of questions that have to be answered to better
understand its behavior. New developments dealing with replica flow in
temperature/control parameter space, round trip times, exchange frequency,
multiplexing, and effects of nonergodicity will be discussed.
COMP 96

Multicanonical simulations of simplified models for molecular systems
M. Bachmann, m.bachmann@fz-juelich.de. Institut für Festkörperforschung,
Forschungszentrum Jülich, Jülich, Germany
In the past few years, the application of generalized-ensemble methods has
become very popular in computer simulations of molecular systems such as
polymers and proteins. In their pioneering work on crossing barriers of systems
exhibiting first-order phase transitions, Berg and Neuhaus introduced a
particularly efficient sampling technique - the multicanonical method - which also
gave umbrella sampling a new interpretation. In my talk, I present results
obtained in multicanonical simulations for conformational transitions molecular
systems experience in folding, aggregation, or substrate adsorption processes.
Due to the high precision in estimating the density of states, a systematic
analysis of finite-size effects accompanying these transitions becomes possible,
too.
COMP 97
Defining a new era in modeling and simulations: Trends and challenges
S. Varma-O/Brien, shikha@accelrys.com, L. Yan, and F. Guzman-Hernandez.
Life Sciences, Accelrys, Inc., San Diego, CA, United States
As part of the drug discovery process, computational chemistry is constantly
evolving and adapting to meet the latest scientific challenges and business
demands. An approach to computational drug discovery that is both flexible and
adaptable is essential. This talk highlights the developing trends in computational
chemistry and biology with an emphasis on demonstrating innovative and routine
workflows in structure-based design and biotherapeutics projects. Examples
include how best to leverage experimental X-ray data to gain insight for structure
based drug design and making most of the PDB data. Given the increased
interest in protein therapeutics, examples will also be given for protein
engineering and for methods in building antibody framework structures and
predicting the antibody-antigen binding interfaces.
COMP 98
Conformational sampling and energetics of drug-like molecules: Practical
experiences and fundamental questions
N. Foloppe, n.foloppe@vernalis.com, and I.-J. Chen. Department of chemistry,
Vernalis R&D Ltd, Cambridge, United Kingdom
Computational conformational sampling is integral to small molecule
pharmaceutical research, for detailed conformational analysis and highthroughput 3D library enumeration. Conformational sampling tools available in
several mainstream software packages for drug design were tested, with an

emphasis on reproduction of the bioactive conformation. The bioactive
conformers were from a set of 253 diverse, druglike, protein-bound ligands
compiled and analyzed with particular care. Conformational coverage in terms of
3D pharmacophore fingerprints was also addressed. Overall, results suggest that
current conformational sampling tools are reasonably efficient at reproducing the
bioactive conformation, providing a strong basis for pharmacophore-based
modeling. In addition, the intramolecular conformational energetics of the
bioactive conformers was investigated. This shows that a number of important
fundamental and practical questions remain unresolved regarding the energetics
and conformational sampling of small molecules in the context of medicinal
chemistry, suggesting directions for future work.
COMP 99
Effects of torsional sampling bias on a multi-objective genetic algorithm
R. D. Clark1,2, bclark@bcmetrics.com, and R. J. Dorfman3, roman@tripos.com.
1
Biochemical Infometrics, St. Louis, MO, United States, 2School of Informatics,
Indiana University, Bloomington, IN, United States, 3Tripos International, St.
Louis, MO, United States
The GALAHAD program uses a multi-objective genetic algorithm to align sets of
ligands that bind to a common target structure. It does so by optimizing steric and
pharmacophoric feature similarity among the ligands while simultaneously trying
to minimize total energy. For data sets comprised of very flexible ligands,
however, the nominally optimal solution is a collapsed configuration, which is
usually not the most bichemically appropriate one. In other cases, the calculated
energy gradient is so diametrically opposed to getting good pharmacomorphic
overlap that the program oscillates among solutions to single criteria rather than
converging to good compromises. It turns out that using a knowledge-based
torsional profile (R.J. Dorfman et al., J. Comput.-Aided Molec. Design 2008, 22,
681-691) to bias mutation helps mitigate these problems.
COMP 100
CAESAR II: The combination of direct geometry method and CAESAR
algorithm for super fast conformational search
J. Li, jli@accelrys.com, J. Sutter, D. Zhang, P. Flook, and F. Brown. Accelrys Inc,
San Diego, CA, United States
A new method called Direct Geometry, is proposed for 3D structure generation of
molecules with various types of geometric constraints such as ring closures,
chirality and cis-trans isomerism. This method is combined with the original
CAESAR algorithm for super-fast conformation searches. The new method is
based on a very simple iterative procedure which directly modifies atom
coordinates according to the geometric constraints, such as bond lengths, bond
angles, torsions, and various stereochemical constraints. As compared to the

traditional Distance Geometry method, the new method is much simpler and
more efficient for highly constrained molecules. The techniques for stabilizing
and accelerating convergence are presented. The efficiency and the robustness
of the Direct Geometry method are demonstrated by the successful 3D structure
generation of C60 and other highly constraint structures from completely random
coordinates. To further improve the overall performance, a new ring library
technology is designed for better re-use and fast retrieval of ring conformations.
Our test with nearly 6 million compounds shows that the new integrated method,
called CAESAR II, the 2nd generation of the CAESAR algorithm, is significantly
faster than the original one. The high performance suggests that the new
algorithm can be used for on-the-fly conformation generation for many
applications which involve conformational models. Validation studies, such as
conformation diversity measurements, pharmacophore space coverage and the
ability to reproduce of the bioactive conformation of ligands extracted from the
Protein Data Bank (PDB) will be reported.
COMP 101
Conformational optimization with natural degrees of freedom: A novel
stochastic chain closure algorithm and its applications
P. Minary, peter.minary@stanford.edu, and M. Levitt. Department of Structural
Biology, Stanford University, Stanford, CA, United States
In the present talk we introduce a novel method that facilitate the use of ‘Natural
Moves’ or arbitrary degrees of freedom which may give rise to collective
rearrangements in the tertiary structure of biological assemblies. While such
‘Natural Moves’ may spoil the stereochemistry and even break the bonded chain
at multiple locations, our new method restores the correct chain geometry by
adjusting torsional and bond angles in an arbitrary molten zone. After introducing
the basic concepts behind our method we present applications for computational
prediction of sequence specific DNA bending, modeling protein-DNA interactions
and nucleosome positioning.
COMP 102
Molecular simulation of ab initio protein folding for a millisecond folder
NTL9(1-39)
V. A. Voelz, vvoelz@stanford.edu, G. R. Bowman, K. Beauchamp, and V. S.
Pande. Department of Chemistry, Stanford University, Stanford, CA, United
States
To date, the slowest-folding proteins folded ab initio by all-atom simulations have
had folding times in the range of nanoseconds to microseconds. We report
simulations of several folding trajectories, each from unfolded states, of the 39residue protein NTL9(1-39), which has a folding time of ∼;1.5 milliseconds.

Distributed molecular dynamics simulations on GPU processors using an
AMBER forcefield with GBSA implicit solvation were used to generate ensembles
of trajectories out to ∼;40 µs for several temperatures and starting states. At a
temperature less than the melting point of the forcefield, we observe a small
number of productive folding events, consistent with predictions from a model of
parallel uncoupled two-state simulations. The posterior distribution of the
predicted folding rate agrees well with the experimental folding rate (∼;640/sec).
Markov State Models (MSMs) built from the data show an implied time scale gap
indicative of two-state folding. Structural and transition path theory analysis of a
2000-state MSM shows a compact unfolded state with residual structure, and
heterogeneity in mesoscopic substates and pathways, consistent with several
mechanistic models of folding. The rate-limiting role of non-local strand-pairing is
clearly seen. We plan to use this data to seed adaptive resampling simulations of
metastable transitions in explicit solvent, which we believe will be a promising
new method for achieving statistically converged descriptions of folding
landscapes at longer time scales than ever before.

COMP 103
Accelerated view of functional dynamics in biomolecular systems
P. R. Markwick1, pmarkwick@ucsd.edu, C. F. Cervantes1, E. A. Konives1, D. B.
Goodin2, and J. A. McCammon1. 1Department of Chemistry and Biochemistry,
University of Calfornia San Diego, La Jolla, Calfifornia, United States,
2
Department of Molecular Biology, The Scripps Research Institute, La Jolla,
California, United States
Many important biological processes, such as ligand binding, enzyme kinetics
and allosteric regulation occur on the micro- to millisecond time-scale. Despite
their obvious importance, the study of these slow time-scale motions remains a
challenge to experimentalists and theoreticians alike. In this presentation, a novel
simulation method called “Accelerated Molecular Dynamics” (AMD) will be
presented . AMD is an extended biased potential classical MD approach that
allows for the efficient study of bio-molecular systems up to time-scales several
of orders of magnitude greater than those accessible using standard classical

MD approaches, whilst maintaining a fully atomistic representation of the system.
Various applications of the method will be presented including the study of slow
(micro- millisecond) functional dynamics of I-Kappa-B-Alpha, the primary inhibitor
of Nuclear Factor-Kappa-B (NF-Kappa-B) and the study of the conformational
behavior of Cytochrome P450cam. Theoretical results are complemented by both
experimental NMR and X-ray crystallographic data.
COMP 104
Challenging the prevailing conceptual models of molecular geometry
through computational methods
R. F. See, rfsee@iup.edu. Department of Chemistry, Indiana University of PA,
Indiana, PA, United States
The physical basis of the geometry of molecules is a fundamental question in
chemistry. A new conceptual model, called the Non-Bonded Interaction (NBI)
model, is being developed – this model is based on the results of computational
techniques. The presently-accepted models of molecular geometry, hybridization
and VSEPR, were exemplary applications of conceptual theoretical chemistry,
given the information available at the time of their development. However,
advancements over the last 50 years, particularly in chemical structure
elucidation and molecular orbital calculations, have revealed many shortcomings
of these models. The NBI model asserts that the equilibrium geometry of a
molecular species is primarily based on repulsive interactions involving terminal
atoms and stereochemical electrons. Accurate computational methods have
made it possible to directly assess the forces that constitute the physical basis of
the observed molecular geometry, and they provide strong evidence that the NBI
model best reflects these forces.
COMP 105
Advances in coarse-grained statistical mechanics of protein vibrations:
Theory and calculation
A. M. Ruvinsky1, ruvinsky@ku.edu, and I. A. Vakser2. 1Center for Bioinformatics,
The University of Kansas, Lawrence, KS, United States, 2Center for
Bioinformatics and Department of Molecular Biosciences, The University of
Kansas, Lawrence, KS, United States
The study presents a statistical-thermodynamic analysis of relationship between
the sequence composition and the distribution of residue fluctuations in proteinprotein complexes and protein monomers. We suggest a novel methodology,
which consistently reduces atomistic protein Hamiltonian to low-resolution
(coarse-grained) Hamiltonian and keeps memory of inter-atomic interactions at
low resolutions. We show that the structural instability in proteins is possibly
related to abundance of the highly fluctuating residues and lack of the weakly
fluctuating residues in irregular secondary structure elements (loops), chameleon

sequences, and disordered proteins. Comparison of the binding site (interface)
residues fluctuations with that of other surface residues shows that, on average,
the interface is more rigid than the rest of the protein surface and Gly, Ala, Ser,
Cys, Leu and Trp have a propensity to form more stable docking patches at the
interface. The findings have broad implications for revealing the mechanisms of
protein association and thermostability of protein structures.
COMP 106
Impact of polarization on relative binding affinity prediction: IGF-1R a case
study
R. Rajamani1, ramkumar.rajamani@bms.com, D. Frennesson2, B. Fink2, A.
Sampognaro2, M. Saulnier2, U. Velaparthi2, X. Zhang2, J. Sack2, and D. Langley1.
1
Department of Computer Assisted Drug Discovery, Bristol-Myers Squibb,
Wallingford, CT, United States, 2Bristol-Myers Squibb, Wallingford, CT, United
States
Impact of polarization on relative binding affinity prediction has been explored in
this study. Combined QM/MM stochastic boundary simulations along with energy
decomposition analysis are employed to explore the role of polarization. A set of
24 ligands designed against the target IGF-1R was employed in this study. The
study aims to discuss the impact of including conformational sampling and ligand
polarization in relative binding energy estimations.
COMP 107
Ligand affinity calculations with new torsion parameters of protein
backbone
H. Fujitani, fjtani@nifty.com, and Y. Tanida. Fujitsu Laboratories Ltd., Atsugi,
Kanagawa, Japan
Absolute binding free energies of ligands for pharmaceutical target proteins were
calculated by massively parallel method (MP-CAFEE) using new torsion
parameters of protein backbone, which were derived with high level ab initio
calculations for model molecules of glycine and alanine dipeptides.[1,2] The new
backbone torsion has smaller potential barrier between lower energy structures
of glycine than the traditional force fields like AMBER and OPLS-AA. This
difference significantly affects the absolute binding energy for the pharmaceutical
target proteins like Prion and HIV protease.
[1] Fujitani et al. JPhys. Rev. E 79, 21914 (2009) [2] Fujitani et al. JCTC 5, 1155
(2009)
COMP 108

Rapid assessment of molecular solvation using semi-explicit assembly
C. J. Fennell1, cfennell@maxwell.compbio.ucsf.edu, C. J. Kehoe2,
ckehoe@maxwell.compbio.ucsf.edu, and K. A. Dill1,
dill@maxwell.compbio.ucsf.edu. 1Department of Pharmaceutical Chemistry,
University of California, San Francisco, San Francisco, CA, United States,
2
Graduate Group in Bioinformatics, University of California, San Francisco, San
Francisco, CA, United States
We present a new approach to computer modeling of solvation free energies.
Informed by simulations of TIP3P waters around simple spheres, Semi-Explicit
assembly is a fast implicit approach for computing the solvation properties of
arbitrary solutes. Semi-Explicit assembly involves little parameter fitting because
the solute and water properties come from existing force fields. It attains the
physical accuracies of explicit solvent models while retaining the computational
efficiency of implicit models. We test the predictions on alkanes, alkynes,
polyaromatic hydrocarbons, and on a general set of 504 molecules previously
explored by explicit solvent simulations. We find that not all hydrocarbons are the
same. Hydrocarbons have `hot spots’, places where first-shell waters interact
more strongly. For example, we observe enhanced solvation of the faces of
aromatic rings over the edges, just like in explicit simulations where water
molecules localize and form an H-bond with the ring.
COMP 109
Prediction of entropy relying on phase space inhomogeneities
R. Huber1, M. Laner1, G. M. Spitzer1, J. E. Fuchs1, H. Wallnoefer1, R. T.
Kroemer2, and K. R. Liedl1, Klaus.Liedl@uibk.ac.at. 1Faculty of Chemistry and
Pharmacy, University of Innsbruck, Innsbruck, Austria, 2Sanofi-Aventis, Vitry-surSeine, France
We propose a novel method to predict entropic contributions to ligand and water
binding based on calculation of inhomogeneous distributions in phase space
coordinates. The method can be applied to densities resulting from docking
poses, distributions basing on X-ray structures as well as densities observed
from computer simulations. Here we demonstrate the application of the method
to estimate the entropy of a spatial distribution of water molecules in the minor
groove of B-DNA resulting from a database of X-ray structures and compare it to
data derived from computer simulations. The respective degrees of freedom
were split into translational and rotational contributions. The discrete distributions
are smoothened to continuous densities by means of the Generalized Cross
Entropy Method. Integration over the contributions of the different densities yields
an estimate of the ensemble’s entropy.
COMP 110
Modeling nonlinear absorption in gold nanoclusters

P. N. Day1,2, Paul.Day@wpafb.af.mil, K. A. Nguyen1,3, and R. Pachter1.
1
Materials & Manufacturing Directorate, Air Force Research Lab, WrightPatterson AFB, OH, United States, 2General Dynamics Information Technology,
Dayton, OH, United States, 3UES, Inc., Dayton, OH, United States
Small thiolated gold clusters have been demonstrated to be particularly stable.
Furthermore, one such cluster, Au25(SR)18, where R is an alkyl group or possibly
another organic group, has been found to have a large two-photon absorption
(TPA) cross-section. In applying TDDFT, we have shown that the linear
absorption spectrum for this compound is in fairly good agreement with
experiment, consistent with previous theoretical work. However, the theoretical
prediction of the TPA spectrum for this molecule has proven to be more
challenging due to a combination of a high density of states and the sensitivity of
the TPA cross-section to resonance effects, yet the effort has provided insight
into the possible origin of the large TPA cross-section observed experimentally.
Smaller stable clusters, such as Au12(SR)9, and larger clusters, such as
Au38(SR)24, have also been investigated, as the optimal size cluster for nonlinear
properties is of broad interest.
COMP 111
Sampling pre-critical clusters in a sulfuric acid aerosol
N. D. Atoms1, nick@si.msg.chem.iastate.edu, M. S. Gordon1,2,
mark@si.msg.chem.iastate.edu, and T. L. Windus1,2, theresa@fi.ameslab.gov.
1
Department of Chemistry, Iowa State University, Ames, IA, United States,
2
Ames Laboratory, Ames, IA, United States
Nucleation is thought to be strongly influenced by the formation of clusters
containing few molecules. This preliminary aggregation has not been well
described by bulk observations. The Dynamical Nucleation Theory Monte Carlo
(DNTMC) method has been used to probe the formation of small clusters of
weakly-bound sulfuric acid molecules. In addition to these DNTMC results,
geometries and energies determined with both ab initio and DFT methods will be
presented.
COMP 112
Estimates of Sn (n=1-4) electronic excited state energies
J. A. W. Harkless1,2, harkless@mit.edu. 1Department of Chemistry, Howard
University, Washington, DC, United States, 2Department of Chemistry,
Massachusetts Institute of Technology, Cambridge, MA, United States
Quantum Monte Carlo methods are applied to estimate electronic excitation
energies of Sn, (n=1-4). Various approaches to VMC and DMC trial function
design are tested for quality of result as a function of increasing user input and

insight in the development and optimization. The overall effectiveness and
accuracy of the method is compared against available theory and experiment.
COMP 113
Evaluation of frequency dependent Raman intensities of heterocyclic
compounds supported on transition metal clusters
A. Vázquez-Mayagoitia1, avazque1@utk.edu, E. Aprà2, B. G. Bobby G.
Sumpter2,3, and R. J. Harrison1,2. 1Department of Chemistry, University of
Tennessee, Knoxville, TN, United States, 2Computer Sciences and Mathematics
Division, Oak Ridge National Laboratory, Oak Ridge, TN, United States, 3Center
for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge,
TN, United States
Time-dependent Density Functional Theory was used to evaluate Raman
intensities obtained by computing the numerical derivatives of the frequency
dependent polarizabilities. The polarizabilites were obtained within the Linear
Response equations by solving the first order change of the charge density. Due
to the high computational cost to obtain the complete Raman spectrum, our
implementation was partitioned in uniform sized subtasks that are efficiently
distributed among hundreds of computer nodes. This scheme was implemented
in the computational chemistry program NWChem. This implementation was
used to compute the surface-enhanced Raman spectra (SERS) for heterocyclic
compounds (pyridine, uracile and phthalimide) supported on gold and silver
clusters. In addition, we explored how the size of the metal cluster affects the
final spectrum.
COMP 114
One-photon spectra of CdSe magic size quantum dot clusters calculated
using time-dependent density functional theory
K. A. Nguyen1,2, kiet.nguyen@wpafb.af.mil, P. N. Day3, and R. Pachter1. 1Air
Force Research Laboratory, Wright-Patterson Air Force Base, OH, United
States, 2UES, Inc., Dayton, OH, United States, 3General Dynamics Information
Technology, Inc., Dayton, OH, United States
Although previous experimental and theoretical investigation of very small
semiconductor quantum dots have shown relative stability for clusters that
deviate from bulk, these materials have not been systematically characterized.
Structure and properties of small quantum dots are of fundamental and practical
interest due to a broad range of applications that exploit their optical tunability.
Specifically, the structure of (CdSe)n (n = 1-36, 48) clusters was studied using a
combination of structure enumeration, Monte Carlo search, and local
optimization. DFT binding energy (En and relative binding energy, DEn = n(En+1 En), per CdSe unit) calculations were carried out to identify the magic size (MS,
DEn > 0) quantum dots. (CdSe)n with n = 12, 16, 18, 25, 28, 32, 33, and 34 were

found to have high relative stability. In addition, TDDFT calculations of onephoton absorption (OPA) spectra for MS clusters were also carried out to
compare with experimental spectra in order to provide insight into the cluster
formation during early growth, and as a starting point for further analysis of the
optical response. The effects of solvent on the structure, stablility, and OPA
spectra were also examined for selected clusters.
COMP 115
Computation of non-retarded London dispersion coefficients and Hamaker
constants of copper phthalocyanine
Y. Zhao1, yan.zhao3@hp.com, H. T. Ng.1, E. Hanson1, J. Dong2, D. S. Corti2,
and E. I. Franses2. 1Commercial Print Engine Lab, HP Labs, Hewlett-Packard
co., Palo Alto, CA, United States, 2School of Chemical Engineering, Purdue
University, West Lafayette, IN, United States
Time-dependent density functional theory (TDDFT) is employed to compute the
non-retarded London dispersion coefficients. TDDFT yields dispersion
coefficients for five small molecules that are within 4 to 14% of those obtained
with the dipole oscillator strength method of Meath and co-workers. The nonretarded Hamaker constants (A11) are then calculated while implementing a
semi-empirical correction factor (a) to the standard Hamaker constant equation.
The value of a is estimated based on the value of A11 for water, as computed
from the macroscopic Lifshitz theory. The predicted values of the Hamaker
constants agree with previous “best estimates” for three hydrocarbons and two
polymers to within –9 to +7%. The dispersion coefficients of copper
phthalocyanine CuPc and CuPc-SO3H are then computed. Using the validated
correction factor and the theoretical densities of 1.63 and 1.62 g/cm3, the A11 of
crystalline a-CuPc and β-CuPc are found to be 14.4 × 10-20 J and 14.3 × 10-20 J,
respectively. Using the experimentally derived density of1.56 g/cm3 for a
commercially available β-CuPc (nanoparticles of ∼;90 nm diameter) , A11(β) =13.3
× 10-20 J is found. Its corresponding effective Hamaker constant in water (A121) is
calculated to be 2.9 × 10-20 J. All computed A11 are noted to be higher than those
reported previously.

COMP 116
Structures, energetics, and nucleation rates of small water clusters
B. Temelso1, berhane.temelso@armstrong.edu, K. Archer1, R. Shields2, T.
Castonguay3, and G. C. Shields1. 1Department of Chemistry and Physics,
Armstrong Atlantic State University, Savannah, GA, United States, 2Department
of Chemistry, Hamilton College, Clinton, NY, United States, 3Department of
Chemistry, Iona College, New Rochelle, NY, United States
For (H2O)n where n=1-10, we have combined molecular dynamics sampling with
high level ab initio calculations to locate the global and many low lying local
minima. The MP2/CBS values were approximated by scaling the plain and
counterpoise corrected energies calculated using smaller basis sets. The
interplay between energy and entropy and the shapes of the hydrogen bonding
networks of the clusters are noted.

Furthermore, nucleation rates calculated using quantum mechanical quantities
are compared with those derived from classical nucleation theory.
COMP 117
Energy and free-energy decomposition along reaction path
K. R. Haas1, krhaas@berkeley.edu, J. B. Brokaw2, jbbrokaw@berkeley.edu, and
J.-W. Chu1, jwchu@berkeley.edu. 1Chemical Engineering, UC Berkeley,

Berkeley, CA, United States, 2Chemistry, UC Berkeley, Berkeley, CA, United
States
In computing the free-energy profile of rare events occurring in complex
molecular systems, a fundamental challenge is the tight but specific coupling
between many degrees of freedom. Such coupling not only slows down the
reaction rate but also smears the signal of reaction coordinate in molecular
dynamics simulations. In accelerating the sampling of configurational space via
methods such as the generalized ensemble approach, such coupling also causes
the Hamiltonian lagging problem that can lead to serious issues of convergence
and hysteresis. In this work, we present a systematic method to analyze the
specific roles of different degrees of freedom in contributing to the energy or freeenergy differences during a rare event. This method is based on the chain-ofreplicas (states) framework for optimizing reaction path. Given a path that
satisfies the work-energy theorem, the energy difference between any two states
along the path can be decomposed into contributions from individual degrees of
freedom. We have developed schemes of reaction path optimization that can
satisfy the work-energy theorem. Decomposition analysis can also be
generalized to free-energy differences along minimum free-energy paths. By
applying the decomposition scheme to the reaction paths of a rare event that are
optimized under different conditions, the underlying mechanism of the rare event
and the coupling between different degrees of freedom can be systematically
characterized. Examples will include alanine dipeptide isomerization in water, a
transesterification reaction catalyzed by a water cluster, and the open-to-closed
transition of adenylate kinase.
COMP 118
Error and efficiency of replica exchange molecular dynamics simulations
G. Hummer, gerhard.hummer@nih.gov, and E. Rosta. Laboratory of Chemical
Physics, NIDDK, National Institutes of Health, Bethesda, Maryland, United States
Replica exchange molecular dynamics (REMD) and replica exchange Monte
Carlo (REMC) simulations are widely used to accelerate the sampling of
conformation space. We derive analytical expressions for the statistical error and
computational efficiency of REMD and REMC simulations. The formulas apply to
systems whose long-time dynamics is governed by the slow interconversion
between two metastable states, such as protein folding and unfolding. The
formulas are tested against REMD simulations of the folding of a small peptide in
explicit water. Implications on the optimal choice of REMD and REMC simulation
parameters will be discussed.
COMP 119
Exploring landscapes for protein folding and binding using replica
exchange and network models

R. M. Levy, ronlevy@lutece.rutgers.edu, M. Andrec, E. Gallicchio, and W.
Zheng. Department of Chemistry and Chemical Biology, and BioMaPS Institute
for Quantitative Biology, Rutgers University, Piscataway, NJ, United States
Advances in computational biophysics depend on the development of accurate
effective potentials and powerful sampling methods to traverse the rugged
energy landscapes that govern protein folding, binding, and fitness. I will review
work in my lab over the last several years concerning the construction of all-atom
effective potentials for proteins and multi-scale methods for simulating their
folding, and binding. Replica exchange (RE) is a generalized ensemble
simulation method for accelerating the exploration of free-energy landscapes
which define many challenging problems in computational biophysics, including
protein folding and binding. We have clarified some of the obstacles to obtaining
converged thermodynamic information from RE simulations [1,2]. I will discuss
these issues and new multi-scale approaches to recover protein folding rates
using the combined power of replica exchange, a kinetic network model and
effective stochastic dynamics [3].
References
[1] Zheng, W., M. Andrec, E. Gallicchio, and R.M. Levy. Simulating replica
exchange simulations of protein folding with a kinetic network model.
Proceedings Natl. Acad. Sci. USA, 104, 15340-15345 (2007).
[2] Zheng, W., M. Andrec, E. Gallicchio, and R.M. Levy. Simple continuous and
discrete models for simulating replica exchange simulations of protein folding. J.
Phys. Chem B., 112, 6083-6093 (2008).
[3] Zheng, W., M. Andrec, E. Gallicchio, and R.M. Levy. Recovering Kinetics from
a Simplified Protein-Folding Model using Replica Exchange Simulations, a
Kinetic Network, and Effective Stochastic Dynamics, J. Phys. Chem B., 113,
11702-11709 (2009).
COMP 120
Microsecond simulations of the detailed folding/unfolding thermodynamics
of proteins under various solvent conditions
A. E. Garcia1, angel@rpi.edu, D. R. Canchi2, C. A. Jimenez1, and D. Paschek1.
1
Department of Physics, Applied Physics and Astronomy, Rensselaer
Polytechnic Institute, Troy, NY, United States, 2Department of Chemical and
Biological Engineering, Rensselaer Polytechnic Institute, Troy, NY, United States
We study the unbiased folding/unfolding thermodynamics of the trp-cage mini
protein using detailed molecular dynamics simulations of an all-atom model of
the protein in explicit solvent, using the Amber ff99SB force field. Replicaexchange molecular dynamics (REMD) simulations are used to sample the
protein ensembles over a broad range of temperatures covering the folded and
unfolded states, and at two densities. The obtained ensembles are shown to
reach equilibrium in the 1 ms per replica timescale. The total simulation time

employed in the calculations exceeds 100 ms. Ensemble averages of the fraction
folded, pressure, and energy differences between the folded and unfolded states
as a function of temperature are used to model the free energy of the folding
transition, ΔG(P,T), over the whole region of T and pressures sampled in the
simulations. The ΔG(P,T) diagram describes an ellipse over the range of
temperatures and pressures sampled, suggesting that the system can undergo
pressure induced denaturation and cold denaturation at high temperatures. The
calculated free energy function exhibits remarkable good agreement with the
experimental folding transition temperature (Tf = 321 K), free energy and specific
heat changes. However, changes in enthalpy and entropy are significantly
different than the experimental values, but cancel out to give good free energies.
We speculate that these differences may be due to the simplicity of the semiempirical force field used in the simulations and that more elaborate force fields
may be required to describe appropriately the thermodynamics of proteins. This
work is supported by the National Science Foundation, MCB-0543769.
COMP 121
In-silico protein folding
A. Schug, aschug@ctbp.ucsd.edu, and J. N. Onuchic. Center for Theoretical
Biological Physics, University of California San Diego, La Jolla, CA, United
States
The kinetic and thermodynamic properties of Protein Folding are becoming
increasingly well understood by combining experimental observations and
theoretical investigations. One common problem for in-silico investigations of
Protein Folding is ensuring sufficient sampling of a protein’s conformational
space without computationally prohibitive cost. Generalized ensemble techniques
(GET) combine a large-scale sampling of conformational space with a sufficient
exploration of local minima without leading to entrapment. One example for the
application of these methods is in protein structure prediction. The all-atom force
field POEM approximates the free-energy of a given protein conformation. By
locating the global minimum one can predict a protein’s native state. Another
example are molecular dynamics simulations of protein folding, based on nativestructure based models and the energy landscape theory. GET achieve full
thermodynamic sampling of the folding process or conformational motions.
COMP 122
Recovering kinetic rates from accelerated molecular dynamics simulations
of long-timescale biomolecular events
D. Hamelberg, dhamelberg@gsu.edu. Department of Chemistry, Georgia State
University, Atlanta, GA, United States

Molecular dynamics simulations are now routinely employed to study the
temporal behavior of biomolecules. However, some processes of biological
interest occur at timescales that are not yet accessible by MD simulations. Cistrans isomerization of the peptide (omega) bond, in particular, takes place on the
order of several seconds. The advancement in computational chemistry has led
to the development of an incredible amount of methodologies and techniques to
circumvent the limitations of MD. While each of these sampling methods is
appropriate for particular problems and can yield equilibrium properties of a
system, it is not straightforward to obtain kinetic information, and based on the
choice of the method varying degrees of complexity is involved. We examine the
validity of time-reweighting, the path integral formulation, and the Kramers kinetic
rate theory in recovering kinetic information on the original potential landscape
from accelerated molecular dynamics simulations.
COMP 123
Exploring the chemical universe
C. Lemmen, clemmen@biosolveit.de, C. Detering, M. Gastreich, and H.
Claussen. BioSolveIT, Sankt Augustin, Germany
Virtual screening is widely established as part of the drug discovery process. So
far, the primary domain of application are screening collections based on inhouse repositories and vendor catalogs, while pharma companies have access
to large numbers of validated chemistries. It would be of great interest to perform
virtual screens based on all compounds that are synthetically accessible by any
such combinatorial library protocol. However, the number of possible compounds
easily exceeds – by many orders of magnitude – the number of compounds that
can be stored and searched by conventional methods. We overcame these
limitations by converting large numbers of combinatorial libraries into a “virtual
chemistry space”. Festure Trees is capable of searching such spaces for similar
molecules and FlexNovo can retrieve virtual products on the basis of their fit to a
protein active site. In each case compounds are suggested which are
synthetically accessible via one or more of the existing synthetic routes. Such
output provides library design ideas for hit follow-up from high-throughput
screening or lead hopping into novel series. The design of a free publicly
available chemistry space and a number of successful applications will be
presented.
COMP 124
Modeling enzyme-catalyzed reactions using semiempirical methods
J. Stewart, MrMOPAC@att.net. Stewart Computational Chemistry, Colorado
Springs, CO, United States
Using the newly-developed semiempirical method PM6, the linear scaling SCF
procedure MOZYME, and the low-memory function minimizer L-BFGS, various

features of enzyme catalyzed reactions were investigated. Mechanisms
examined range from simple reactions, such as the Claisen chorismate –
prehenate isomerization and the Kemp elimination in the ring-opening of 5nitrobenzisoxazole, to more complicated systems, specifically the carboxylate
and imidazole – carboxylate dyad base catalyzed hydrolysis of peptide bonds.
Some of the issues and features found in these systems will be discussed, such
as the computational effort required, the nature of the environment of the
substrate in chymotrypsin hydrolysis, and the mechanism used in aspartate
protease.
COMP 125
Constrained-pairing mean-field theory (CPMFT)
G. Scuseria, guscus@rice.edu. Rice University, United States
Our CPMFT model [1] for describing static correlation with Hartree-Fock-like
computational cost will be presented. This new theory can correctly dissociate
any polytomic molecule to open-shell atoms (or fragments) on the correct spaceand spin-symmetry surface. It offers a symmetry preserving alternative to the
unrestricted models prevailing in Kohn-Sham theory. The incorporation of
dynamical correlation as well as numerous examples will be discussed. The key
element of our approach is the addition of electron number fluctuations to the
wavefunction.
[1] T. Tsuchimochi and G. E. Scuseria, J. Chem. Phys. 131, 121102 (2009).
COMP 126
Unraveling the nature of intermolecular interactions from electronic
structure calculations
M. Head-Gordon1,2, mhg@cchem.berkeley.edu. 1Department of Chemistry,
University of California, Berkeley, CA, United States, 2Chemical Sciences
Division, Lawrence Berkeley National Laboratory, Berkeley, CA, United States
Electronic structure calculations can yield very precise values for intermolecular
interaction energies, but this amounts to simply an accurate numerical
experiment. The question of how best to disentangle physically distinct
contributions to intermolecular interactions from an overall calculation has
therefore attracted continuing attention. In this talk, I will discuss recent
developments from my group on how to address this problem, first in the context
of density functional calculations, and then in the context of correlated wave
function calculations. Examples ranging from hydrogen bonds to dative
interactions in organo-metallic complexes will be highlighted, and differences
between the present methods and other approaches will be discussed.

COMP 127
Non-orthogonal localized molecular orbitals for linear scaling calculations
of electronic ground and excited states
W. Yang, weitao.yang@duke.edu, G. Cui, and S. Burger. Department of
Chemistry, Duke University, Durham, NC, United States
Non-orthogonal localized molecular orbitals (NOLMO) is the most localized
representation of electrons. We here explore NOLMO for linear scaling
calculations of ground and excited states. For ground states, a minimum principle
has been developed and is used for carrying out linear-scaling calculations with
NOLMO. Comparing with results based on orthogonal localized orbitals, the
method is shown to give significantly more accurate results. We also show how
an exact line search may be used efficiently with the conjugate gradient method
for minimizing the energy functional. For excited states, we develop a
reformulation of TDDFT equations in terms of NOLMO. Its novel use here leads
to a time propagation equations which can be solved with linear scaling effort.
We have tested the method for several large molecular systems within the selfconsistent charge density-functional tight-binding method (SCC-DFTB) and
demonstrated its accuracy. This opens up pathways for TDDFT applications to
large bio- and nanosystems.
COMP 128
Application of multi-scale quantum models to ribozyme catalysis
D. M. York, york@umn.edu. Department of Chemistry, University of Minnesota,
Minneapolis, MN, United States
Theoretical methods are used to study mechanisms of catalysis for several
prototype ribozymes, including the hairpin and hammerhead ribozyme. These
system are compared in terms of their metal ion dependence, conformational
variations, pKa values, free energy profiles and chemical mechanisms.
Simulation results are compared with crystallographic and biochemical
experiments in order to provide a more clear mechanistic interpretation. New
semiempirical and density-functional quantum models are discussed, as well as
novel methods for calculation of free energy profiles. These methods extend the
arsenal of accurate theoretical tools that can be applied to study complex
biocatalysis problems.
COMP 129
Modeling hypothesis and validation of scaffold-dependent SAR of HCV NS3
protease inhibition
X. Chen, xchen@gilead.com, C. Sheng, C. Kim, H. Yang, W. Delaney, T.
Appleby, and S. Swaminathan. Gilead Sciences, Foster City, CA, United States

Hepatitis C virus NS3 protease is a clinically validated drug target. During our
early efforts to identify potential non-covalent NS3 inhibitors, we used molecular
modeling to characterize acylsulfonamides and phosphonates as possible
bioisosteres of a key carboxylate moiety of BILN-2061 (a potent NS3 inhibitor). In
the absence of relevant co-crystal structures, we built models which led to the
hypothesis that acylsulfonamides could gain additional potency by interacting
with S1’ pocket, which was not occupied by the carboxylates. For validation, we
designed and tested specific inhibitors with reduced P2 and various P1’ moieties.
The inhibition results were consistent with predicted SAR in that extension into
the S1’ pocket enhanced potency. Furthermore, the binding mode of the
acylsulfonamides was ultimately confirmed by co-crystal structures. This work
also enabled us to a better understanding of D168 resistance and a hypothesis
on design strategy that may lead to improved resistance profile.
COMP 130
Kinase selectivity index based on thermodynamics
A. C. Cheng, alan.cheng@amgen.com. Amgen Inc., Cambridge, MA, United
States
Selective modulation is generally sought to reduce dose-limiting off-target
pharmacology. For kinases, selectivity against other kinases, especially among
the 512 members of the protein kinase gene family, is almost always a challenge,
and kinase selectivity panels can help to detect and overcome selectivity issues.
These panels may be weekly panels of just a few targeted enzyme assays, or
less frequent but larger panels that represent a broader kinome profile. A
selectivity index—a single numerical value representing the selectivity of a
particular compound—can be useful in objective, quantitative analysis of these
datasets. Selectivity indices are not new, but have generally been more
applicable to large kinome selectivity panels. We will present a new,
thermodynamics-based selectivity index that is useful for analysis of both larger
kinome selectivity panels and smaller weekly medicinal chemistry panels.
COMP 131
R-group virtual screening with guided docking
A. Filikov, afilikov@arqule.com, and M. A. Ashwell, mashwell@arqule.com.
Informatics and Modeling, ArQule, Inc., Woburn, MA, United States
Selection of R-groups that maximize protein-ligand interactions and also provide
favorable ADMET profile is equally important both at hit generation stage and
lead optimization. We will present a method that starts with enumeration of virtual
library with all available reagents, followed by the following steps: (i) filter for
toxic, unstable and other unwanted functionalities, (ii) property-based druglikeness filter, (iii) functionality-based drug-likeness filter, (iv) human
bioavailability filter, (v) guided docking to target structure, (vi) interaction energy

calculation, (vii) filter for key interactions, (viii) binding index efficiency ranking.
The best few hundred compounds from the list are re-ranked manually based on
considerations that compensate for force-field deficiencies. The most important
considerations of this kind will be discussed. Experimental hit rates delivered by
the method will be compared with hit rates from other approaches.
COMP 132
Saturation as an approach to improving clinical success
F. Lovering, flovering@wyeth.com, J. Bikker, bikkerj@wyeth.com, and C.
Humblet, humblec@wyeth.com. Chemical Sciences, Wyeth Research,
Cambrdige, MA, United States
We hypothesized that the shift to high throughput synthetic practices may be a
factor that predisposes molecules to fail by steering discovery efforts toward
achiral, aromatic compounds. We have proposed saturation (Fsp3) as an
interpretable measure of the complexity of molecules prepared as potential drug
candidates. We demonstrate that saturation correlates with success as
compounds transition from discovery, through clinical testing, to drugs.

COMP 133
Challenges in modeling nucleoside inhibitors of HCV NS5b polymerase
J. K. Perry, jason.perry@gilead.com, U. Schmitz, S. Swaminathan, A. S. Ray,
and J. Y. Feng. Gilead Sciences, Foster City, CA, United States
For several decades, nucleosides and their analogs have been a successful
class of antivirals. Yet, the design of active molecules has remained challenging
since they must fit the structural requirements not only of the viral polymerase of
interest but also the enzymes involved in their activation. We discuss three
aspects of modeling nucleoside inhibitors of the HCV polymerase. The first
section addresses conformational analyses of the nucleoside, with specific

emphasis on the limitations of various force fields in accurately reproducing
known structures. The second section deals with nucleoside metabolism and
toxicity, outlining structural requirements for efficient phosphorylation and
minimization of off-target activity. Finally, we describe the development of a new
model of the elongation complex of the HCV polymerase, in lieu of appropriate
ternary complex crystal structures of NS5b, RNA and nucleoside triphosphate.
COMP 134
Application of ligand-based methods and homology models to the design
and optimization of selective S1P-1 receptor agonists
R. Albert1, R. Baenteli1, N. G. Cooke1, G. Landrum1,
gregory.landrum@novartis.com, L. Oberer2, and F. J. Ze’cri1. 1Global Discovery
Chemistry, Novartis Institutes for Biomedical Research, Basel, Switzerland,
2
Analytical Sciences, Novartis Institutes for Biomedical Research, Basel,
Switzerland
Agonists of the sphingosine-1-phosphate (S1P) family of receptors are promising
oral drug candidates for the treatment of multiple sclerosis (MS). Here we
describe the application of ligand- and homology-model-based computational
strategies to merge the information from multiple diverse chemical scaffolds,
rationalize results from 2D NMR spectroscopy, and guide the lead optimization of
S1P-1 selective compounds derived from a 2-oxo-2H-chromene-3-carboxylic
acid amide. We present a pharmacophore for S1P-1 agonism and the results of
manual docking into homology models used to understand the SAR for S1P-1
agonism and selectivity.
COMP 135
Quantum chemical modeling and tuning of the photophysics on Euquinolinate complexes
A.-M. Kelterer1, kelterer@tugraz.at, J. Kreutzer1, E. Zojer2, K. Zojer3, F.
Niedermair4, and C. Slugovc4. 1Department of Physical and Theoretical
Chemistry, Graz University of Technology, Graz, Austria, 2Department of Solid
State Physics, Graz University of Technology, Austria, 3Department of
Theoretical Physics, Graz University of Technology, Austria, 4Department of
Chemistry and Technology of Materials, Graz University of Technology, Austria
Design, synthesis and characterization of light emitting materials including
complexes of Europium with quinolinate ligands is stimulated by the close
collaboration of theoretical with experimental groups in the field of material
chemistry. Research on the antenna effect and finding a possibility of tuning the
singlet triplet splitting of light emitting complexes including the effect of different
push and pull substituents on the ligands is the main focus of this theoretical
study . Based on Density Functional calculations of the quinolinate ligands with
their substituents in different positions, the energetics of the singlet and triplet

states is discussed in comparison with experimental spectra. Calculations on a
big number of substituted ligands lead to an advanced knowledge of the
influence of the different donors and acceptors and their shifting of excited states.
As a consequence a small number of Eu quinolinate complexes with the most
promising ligands has been calculated with Density Functional method including
TD-DFT for the excited states. The influence of their geometry, ligands and
solvent effects is discussed for the energetics and spectral characteristics. The
results of this study should lead to the design and synthesis of VIS excitable Eu
complexes with high quantum yield in the emission.
COMP 136
Influence of π-bridges in push-pull-chromophores on the transparencyhyperpolarizability tradeoff
B. C. Rinderspacher, berend.rinderspacher@arl.army.mil, J. Andzelm, A. M.
Rawlett, and J. Dougherty. RDRL-WMM-A, Army Research Laboratory,
Aberdeen Proving Ground, Maryland, United States
We present electronic structure calculations of the ultraviolet/visible (UV-Vis)
spectra as well as hyperpolarizabilities (HP) of push-pull chromophores based on
a donor(D)-cyclic bridge(B)-acceptor(A) framework comparing various quantummechanical methods. Five aromatic and four anti-aromatic polycycles and five
fulvalene analogues are considered for the bridges keeping the donor and
acceptor moieties constant. Both the color of the chromophores and the static
hyperpolarizability are sensitive functions of modifications of the conjugated
framework. For aromatic bridges, the D->A coupling is mediated by the bridge
and leads the spectrum with relatively strong oscillator strengths. Anti-aromatic
bridges generally exhibit weak D->A couplings at considerably higher
wavelengths, while λmax is dominated by B->A and B->B excitations. The
fulvalenoid bridges present a spectrum with regular intervals of strong
absorptions including couplings between all three components D, B, and A. The
first HPs generally increase with the size of the bridge, but are dependent on the
substitution pattern of the rings. Anti-aromatic bridges achieve high HPs with
smaller rings than aromatic bridges, but are surpassed by the fulvalenoids.
COMP 137
Investigation of quantum mechanical effects on vibrational energy
relaxation rates in polar liquids
F. X. Vázquez, fxv@umich.edu, and E. Geva. Department of Chemistry,
University of Michigan, Ann Arbor, MI, United States
Time correlation functions can be calculated for relatively complex systems using
classical molecular dynamics (MD) simulations; however quantum mechanical
correlation functions are required for systems where quantum mechanical effects

play a significant role. Unfortunately, calculating quantum mechanical time
correlation functions is difficult for systems with many degrees of freedom. One
strategy for tackling this challenge is to employ semiclassical approximations,
where quantum mechanical properties are calculated from input that is obtained
from classical MD simulations. One such method is based on the linearizedsemiclassical (LSC) approximation, which can be obtained by linearizing the time
correlation function with respect to the difference between forward and backward
trajectories. The resulting approximation can be put in a classical-like form,
where the classical quantities are replaced by their corresponding Wigner
transforms and the time evolution is classical. We have developed LSC-based
computational methodologies for calculating vibrational energy relaxation (VER)
rates in liquids, with an emphasis put on developing more efficient algorithms and
applying them to studying complex systems, specifically polar liquids, with the
aim of investigating the quantum mechanical contributions to the VER rate
constant.
COMP 138
Computational reconstruction and characterization of organic pigments
Y. Zhao, yan.zhao3@hp.com, H. T. Ng, D. Chun, and S. Ganapathiappan.
Commercial Print Engine Lab, HP Labs, Hewlett-Packard co., Palo Alto, CA,
United States
Here we report our recent progresses in using state-of-the-art multiscale
modeling methods to study behaviors and properties of organic pigments. More
specifically,
1) The M06-L density functional was employed to calculate the structures and
energetics in CuPc•••H2O and CuPc•••CH4 noncovalent complexes. The global
minimum of CuPc•••H2O complex is a hydrogen bonded dimer with the water
molecule being the hydrogen donor and a bridge nitrogen in CuPC being the
acceptor. The interaction strength in CuPc•••CH4 is found to be weaker than
CuPc•••H2O. Substitution effects in CuPc were calculated with the M06-L
functional, and the sulfonte group (-SO3H), carboxylic group (-COOH), and
chlorine (-Cl) group were investigated.
2) The lowest-energy gas-phase structure, unit cell, and crystal morphology of
P.Y. 74 and P.Y. 185 organic pigments were computed. The calculated lattice
parameters are in good agreement with the reported experimental data.
COMP 139
Computed 1H and 13C NMR chemical shifts: Implementation and evaluation
of current techniques

M. W. Lodewyk, mwlodewyk@ucdavis.edu, and D. J. Tantillo. Department of
Chemistry, University of California, Davis, Davis, CA, United States
Numerous approaches exist for the efficient and accurate prediction of proton
and carbon chemical shifts. While no one method alone seems to be ideal for
every situation and to answer every question, these techniques are generally
both highly effective and efficient enough to be available to synthetic and
computational chemists alike. Presented here will be a survey of some recent
approaches that have appeared in the literature and considerations that should
be taken into account in various situations. Topics will include computational
methods, scaling factors, multi-standard approach, conformational averaging,
and solvent effects.
COMP 140
Withdrawn
COMP 141
Multi-scale strategy in all-atom continuum solvent simulations
J. Wang, and R. Luo, ray.luo@uci.edu. Molecular Biology and Biochemistry,
University of California, Irvine, Irvine, CA, United States
Continuum solvent models have become essential tools for efficient atomistic
analyses of biomolecular structure and function. However, challenges still exist in
their applications. At the fundamental level, the very assumption in decomposing
the solvation interaction into electrostatic and non-electrostatic components was
recently questioned. Limitations were also raised in the hard-sphere dielectric
model on its inability to respond to energetic fluctuations. We have explored a
multi-scale simulation strategy to overcome these challenges. The new strategy
explicitly simulates the solvent fluid dynamics that is coupled with the solute
atomistic dynamics. The strategy is designed to allow for a self-consistent
treatment of the solvation that adjusts to local energetic fluctuations. Our test of
the multi-scale simulation strategy in simple hydrophobic systems shows a better
agreement with explicit solvent on simulated free energy profiles.
COMP 142
Landscape of binding-folding and conformational changes
J. Wang, jin.wang.1@stonybrook.edu, and Q. Lu. Chemistry, SUNY at Stony
Brook, Stony Brook, New York, United States
We developled coarse grained models to study a few flexible biomolecular
recognition processes involving the binding-folding dynamics. We explored the
underlying energy landscape and found binding can proceed before folding for
some flexible recognitions. This can help for efficiency and specificity of binding.

We also developed coarse grained models for allosteric conformational changes
and applied to a few cases. We explored the underlying energy landscapes and
found that conformational changes can sometimes proceed in more than one
pathways.
COMP 143
Enhanced sampling of large biomolecular complexes using a coarsegrained ensemble approach
G. A. Voth1,2, voth@hec.utah.edu. 1Department of Chemistry, James Franck
Institute, and Computation Institute, University of Chicago, Chicago, IL, United
States, 2Argonne National Laboratory, Argonne, IL, United States
Coarse-graining methods will be described that allow for the simulation of large
multi-protein complexes. Such simulations define a coarse-grained (CG)
ensemble of effective configurations at a substantially reduced resolution. The
approach first involves the systematic reduction in resolution of the proteins into
a few key coarse-grained sites, the complete elimination of solvent by folding its
effects into the coarse-grained protein-protein interactions, and the determination
of effective CG forces using force renormalization where possible. While valuable
in their own right, the CG protein configurations can then be used to focus
subsequent molecular-scale MD simulations down to key interactions that may
strongly influence the behavior of the protein complexes. Recent applications of
the approach to membrane remodeling phenomena by proteins, large protein
complexes such as the actin Arp2/3 junction, and even a system as large as the
HIV-1 immature virion will be described. The computational challenges and
opportunities for this methodology within the field of computational biophysics will
be emphasized.
COMP 144
Exploration of conformational fluctuations with replica-exchange molecular
dynamics
C. L. Brooks, brookscl@umich.edu. Department of Chemistry and Biophysics
Program, University of Michigan, Ann Arbor, Michigan, United States
In this talk I will highlight applications of replica-exchange sampling in the context
of a number of biological areas, from protein folding using coarse-grained and all
atom force fields to constant pH molecular dynamics to sampling conformational
fluctuations in RNA. In the area of protein folding, we have explored the
folding/binding mechanism of the small acid-triggered bacterial chaperone
protein HDEA. All atom replica exchange folding simulations of a number of
peptides and mini-proteins were performed in the development and
parameterization of new generalized Born models. Replica-exchange molecular
dynamics are also a critical component to sampling protein fluctuations in pKa
calculations carried out with constant pH molecular dynamics. Finally, recent

applications of explicit solvent, all atom replica exchange sampling have lead to
insights into fluctuations in RNA structures associated with antibiotic binding and
translational switching.
COMP 145
Enhanced sampling by accelerated molecular dynamics
J. A. McCammon, jmccammon@ucsd.edu. Department of Chemistry and
Biochemistry, UCSD, La Jolla, CA, United States
Accelerated molecular dynamics simulation methods have proven to be very
helpful in assessing the range of conformational fluctuations in atomistic models
of proteins on the millisecond and longer timescales, and in rapidly calculating
free energies. Recent progress in this area will be described. Images and
animations related to this work can be found at the website
http://mccammon.ucsd.edu/
COMP 146
HAREM and REST: Some enhancement on the Replica Exchange Method
R. Zhou, ruhongz@us.ibm.com. IBM Thomas J Watson Research Center, United
States
The replica exchange method (REM) has been widely used in conformation
space sampling of both physical and biological systems. Despite its huge
success, it has serious limitations for large systems due to its unfavorable system
size dependence. In this talk, I will describe our two recently developed methods
which partially address this problem: one is the hydrophobic-aided replica
exchange method (HAREM), and the other is the replica exchange solute
tempering (REST). I will describe the algorithm, the physics behind the algorithm,
some recent applications, and limitations for both methods.
COMP 147
LowModeMD: Conformational search of small molecules, macrocycles, and
protein loops
P. Labute, esourial@chemcomp.com, and C. Williams, cw@chemcomp.com.
Chemical Computing Group, Inc., Montreal, Quebec, Canada
We present a method for conformational search of complex molecular systems
including macrocycles and protein loops. The method is based upon perturbing
an existing conformation along a molecular dynamics trajectory using atomic
velocities with kinetic energy concentrated on the low-frequency vibrational
modes followed by energy minimization. A novel Chebyshev polynomial filter is
used to heavily damp the high-frequency components of a randomly generated

Maxwell-Boltzman velocity vector. The method is efficient, straightforward to
implement, and requires only standard forcefield energy and gradient
evaluations. The results of several computational experiments suggest that the
method is capable of efficiently sampling low strain energy conformations of
complex systems with non-trivial non-bonded interaction networks
COMP 148
The missing atom in functional motion: Hydrogen
D. Ringe, ringe@brandeis.edu. Rosenstiel Basic Medical Sciences Research
Center, Brandeis University, Waltham, MA, United States
Arguably the most important atom in a protein is the smallest one, hydrogen.
However, it is also the most difficult to visualize. It plays a central role in enzyme
catalysis, protein stability and folding, protein engineering, and computational
drug design. Assignment of mechanistic roles to individual residues often
depends on the ability to assign protonation states. However, because the
environment of an active site can influence the pKa of a residue, it is often
difficult to identify such residues from kinetic analyses. Protein structures are
generally presented without hydrogens, since usual structural methods do not
identify them. Consequently, other methods are required to assign hydrogens.
Ultra-high resolution crystallography (<1.2A resolution) can provide information
about some hydrogens, although those of most interest are often still invisible.
Neutron diffraction analysis identifies protons, and their positions can be
correlated with the results of ultra-high resolution analyses, thereby filling this
important mechanistic gap.
COMP 149
Watermap: Ligand design and binding affinity calculations via mapping of
the free energies of waters in protein active sites
R. A. Friesner, rich@chem.columbia.edu. Department of Chemistry, Columbia
University, New York, New York, United States
We have developed a new algorithm, which we refer to as WaterMap, to
approximately calculate the free energies of localized and quasilocalized water
molecules in protein active sites. The method requires a short molecular
dynamics simulation, the results of which can be used to study many different
ligands. The method is useful for both ligand design and quantitative lead
optimization. Examples of applications to a wide range of pharmaceutically
interesting targets will be presented.
COMP 150

What can we learn if we actually compare theory to experiment? Lessons
from small molecule dipole moments
A. Nicholls1, anthony@eyesopen.com, A. Grant2, and M. A. Gallardo3.
1
Department of Science, OpenEye Scientific Software, Inc, Santa Fe, New
Mexico, United States, 2Department of Enabling Science and Technology,
AstraZeneca, Plc, Alderley Park, Cheshire, United Kingdom, 3Department of
Chemistry, Universidad de Zaragoza, Zaragoza, Spain
Much of computational chemistry exists independently from experimental data of
any quantity or accuracy. However, in the 1950’s and 60’s microwave
spectroscopy made it possible to accurately measure the dipole moment of small
molecules in vacuum, often to several significant figures. We have collated a
substantial set from the work of McCellan1 and used it to test both conformer
generation and some of the levels of quantum theory common in molecular
modeling. The lessons from this work have been substantial, both on the perils of
trusting respected sources and also on the facility of modern QM. In addition, our
gain in predictive confidence has suggested new approaches to old problems,
such as charge-fitting and conformer prediction.
1

A. L. McClellan, Tables of Experimental Dipole Moments (Freeman, San
Francisco, 1963).
COMP 151
Does my raise depend on this? Quantifying and qualifying expertise in
molecular modeling
M. S. Head, martha.s.head@gsk.com. Computational and Structural Chemistry,
GlaxoSmithKline Pharmaceuticals, Collegeville, Pennsylvania, United States
The computational chemistry groups at GSK are in the midst of an on-going
experiment the aim of which is to quantify the role of expertise in the application
of computational technologies. This talk will present early results from that ongoing study.
COMP 152
Rock, paper, scissors: Protease inhibitor design
M. K. Holloway, kate_holloway@merck.com. Department of Chemistry,
Modeling and Informatics, Merck Research Laboratories, West Point, PA, United
States
Structure-based drug design has played a key role in the development of
protease inhibitors due to the early and ongoing availability of structural
information for many of these targets, e.g. aspartic acid and serine proteases.
This talk will review successful modeling strategies, as well as lessons learned,

in the design of protease inhibitors, with particular focus on HIV protease, βSecretase (BACE-1), and Hepatitis C NS3/4A protease inhibitors. Key
considerations include the protonation state and flexibility of the protein, the
incorporation of ligand constraints that pre-form the bioactive conformation, and
the differential effects of enhancing affinity by direct binding interactions vs.
biasing toward the bound pose through gearing. Despite the fact that protease
inhibitors have been well-characterized structurally, identifying and developing
drug-like protease inhibitors remains a significant challenge given the extended
and largely hydrophobic nature of their active sites and in some cases (e.g.
BACE-1) the necessity to cross the blood-brain barrier.
COMP 153
Allosteric inhibition of homodimer enzymes
A. E. Cho, artcho@korea.ac.kr. Department of Biotechnology and Bioinformatics,
Korea University, Jochiwon, Chungnam, Republic of Korea
Human peroxiredoxin is an enzyme which acts as a reducing agent for peroxide.
For its role, it undergoes homodimerization, which is a phenomenon often
observed in macromolecules. We develop a protocol in which a mix of different
molecular modeling techniques is used in an attempt to identify and predict the
mechanism of allosteric inhibition of human peroxiredoxin, which can be
generalized to other homodimer enzymes. Inspired by experimental results, we
scanned the surface of human peroxiredoxin dimer to identify allosteric binding
sites and employed molecular dynamics and protein docking to establish a
possible scenario of allosteric inhibition of its function as a reducing agent for
peroxide.
COMP 154
Shape matters: Interfamily modeling of viral polymerases reveals insights
for shared mechanisms of action and selectivity features
J. H. Nettles1,2, jnettle@emory.edu, and R. F. Schinazi1,2. 1Center for AIDS
Research, Emory University School of Medicine, Atlanta, Georgia, United States,
2
Medical Research, Veterans Affairs Medical Center (Atlanta), Decatur, Georgia,
United States
Crystal structure coordinates of HIV-Reverse Transcriptase (HIV-RT), hepatitis C
polymerase (HCV-pol), and the human Norwalk Virus (NV) contain catalytic
triads of Asp residues that complex with metals to form an activation plane at the
floor of the site. However, there is less than 9% overall sequence identity
between any of the enzymes. All three were fit to a common reference using the
Needleman-Wunch algorithm including secondary structure. Active site regions
were defined in 3D and comparative analysis of drug binding was performed.
Surprisingly, structural alignment of these three systems highlight regions of

shared and divergent overlap consistent with select biological functions of each.
Using interaction geometries from the NV polymerase provides a “site shape”
and explains SAR in a series of nucleotide analogs against HCV-pol and HIV-RT.
The combined results of this analysis should provide more accurate and
predictive structural models of drugs efficacy in these dynamic targets.
COMP 155
Identification of allosteric binding sites by computer simulation:
Application to Glucokinase
J. W. Essex1, jwe1@soton.ac.uk, N. Vahdati1, M. Patel1, R. A. Ward2, and C. M.
Edge3. 1School of Chemistry, University of Southampton, Southampton,
Hampshire, United Kingdom, 2AstraZeneca, Alderley Park, Cheshire, United
Kingdom, 3GlaxoSmithKline, Harlow, United Kingdom
Allosteric modulators bind at a site remote from the substrate active site, and
influence protein activity by changing the nature of the protein’s conformational
equilibrium. Targeting allosteric binding sites offers advantages over
conventional competitive inhibition in terms of improved selectivity, saturability,
reduced toxicity, and the development of new chemotypes. Although allosteric
inhibitors have been developed and are in clinical use, their discovery has largely
been through serendipity. In this presentation, the application of molecular
mechanics based approaches, namely normal mode analysis, atomistic
molecular dynamics simulations, coupled with principal component analysis, and
coarse-grain Monte Carlo simulations, to the protein glucokinase is described.
Glucokinase plays a critical role in glucose homeostasis, and allosteric activators
to this enzyme offer a promising approach for the treatment of diabetes. This
presentation will address the question of whether the allosteric binding site in
glucokinase could have been identified using these computational methods a
priori.
COMP 156
Building antibody homology models and graphical identification and
refinement of CDR loops
J. Maier, jmaier@chemcomp.com. Research and Development, Chemical
Computing Group Inc, Montreal, Quebec, Canada
The high target specificity and modular structural composition of antibodies make
them attractive candidates for protein engineering. As a result, the field of
therapeutic antibody development has become one of the fastest growing areas
in the pharmaceutical industry. Antibody homology modeling techniques have
been used for antigen screening, designing smaller antibody fragments, and
modifying antibody structure to enhance antigen binding. We present a collection
of procedures that facilitate fast and effective generation of antibody models. We
describe a knowledge-based approach for CDR loop generation based on

antibody structures from the Protein Data Bank (PDB) as well as potential inhouse FAB collections and discuss the accuracy of the approach. In addition, we
demonstrate the metjods that enable an effective search for template candidates,
factoring in the specific structural composition of anitbodies, and show their
applicability for various aspects of antibody homology modeling.
COMP 157
Folding transmembrane proteins with the help of evolutionary
conservation
D. Zmuidinavicius1, dz234@cam.ac.uk, W. Filsell2, and R. C. Glen1.
1
Department of Chemistry, Unilever Centre for Molecular Science Informatics,
Cambridge, Cambridgeshire, United Kingdom, 2Unilever Discover, Sharnbrook
Bedford, United Kingdom
Transmembrane proteins represent a significant challenge for conventional
approaches to structure determination. A novel computational technique that
incorporates a diverse array of existing experimental data enabled the calculation
of structural models for transmembrane protein families, enabling potential new
applications in computational drug discovery. Formally, this approach is similar to
that adopted when using NMR spectroscopy as a constraint in structure
elucidation. A 3D model is obtained by computing the structure of the
transmembrane protein by deducing its secondary structure using derived
constraints. Optimization of a molecular probability density function (implemented
in Modeller), consisting of geometrical spatial restraints including incorporation of
evolutionary data is a key novel element of this approach.
COMP 158
Novel checking function (D2) for secondary structure propensity of proteins
at the residue level
G. Ozer1, gungor.ozer@chemistry.gatech.edu, S. Zhong1, S. Quirk2, and R.
Hernandez1. 1Chemistry, Georgia Institute of Technology, Atlanta, GA, United
States, 2Kimberly-Clark Corporation, Atlanta, GA, United States
At the residue level, dihedral angle analysis is one of the important methods used
for the interpretation of protein structures. Beyond the correlations in the the ϕ
and Ψ values about one residue, the correlations in the Ψi– ϕi+1 values between
pair residues can also play an important role for this interpretation. A new scoring
function (D2), suggested recently by Hernandez and coworkers [Biophys J., 91,
4014 (2006)], evaluates the degree of structural compatibility with some artificial
entropic functions. In the present work, D2 analysis has been extended from the
protein level to the residue level. Residue level D2 compatibility of a given protein
structure is displayed in a compact form using a color strip. The work is further
extended towards analyzing structural similarities/differences amongst protein

families and structural effects of mutations. Graphical representation of color strip
difference has been found to be effective in charaterizing family of mutants
tested.
COMP 159
Describing molecular interactions: A different approach
S. A. Wildman, wildman@biochem.wustl.edu, and J. Penzotti. Center for
Computational Biology, Department of Biochemistry and Molecular Biophysics,
Washington University in St. Louis, St. Louis, MO, United States
We describe a method to represent molecular interactions using the interacting
surfaces and the atomic properties that comprise that surface. This approach
characterizes the interaction using multiple, continuously-variable properties,
allowing for a more natural representation of the molecular surfaces and an
improved description of the binding interaction. Complementary pairs of atomic
properties are identified by analyzing available 3-D crystal structures, where the
interacting surfaces and their underlying atoms can be easily identified.
COMP 160
Unified reaction valley approach: New insights into chemical reaction
mechanism
E. Kraka, ekraka@smu.edu. Department of Chemistry, South Methodist
University, Dallas, Texas, United States
The detailed analysis of the reaction mechanism can be efficiently carried out
utilizing the Reaction Path Hamiltonian and the United Reaction Valley Approach
(URVA). The chemical conversion of the reaction complex is reflected by the
changes in the reaction path direction and its curvature, both expressed as a
function of the path length s. This can be used to partition the reaction path and
by this the reaction mechanism of an elementary reaction into reaction phases
describing chemically relevant changes. Utilizing the concept of localized
adiabatic vibrational modes that are associated with the internal coordinates of
the reaction complex, the chemical character of each reaction phase can be
identified. The reaction phases of substitution, addition, and pericyclic reactions
are discussed. It is demonstrated that even reactions without a barrier can have
a complicated reaction mechanism. An understanding of this mechanism can
help to design new reactions and control them.
COMP 161
Parallelized transition state searching methods for catalysis research

H. Chaffey-Millar, hugh.chaffey-millar@ch.tum.de, N. Rösch, and F. E. Kühn.
Department of Chemistry, Technische Universität München, Garching b.
München, Bavaria, Germany
To enable fuller utilization of high performance computing facilities available to
quantum chemists, a highly parallelized and abstracted optimization framework
has been developed, with a particular emphasis on the rapid discovery of
transition states of catalytic reactions. Many of the state-of-the-art refinements of
the so called Chain of State methods (e.g. Nudged Elastic Band and String) have
been implemented in an extensible and modular package which provides a
uniform interface to a variety of Quantum Chemistry programs. Using intelligent
scheduling algorithms, images from along the chain can be dynamically
distributed across a variety of parallel computing topologies. The package allows
for optimizations to be performed in terms of diverse coordinate systems,
including mixed internal and Cartesian coordinates, which is especially useful for
studying reactions of organic molecules on surfaces. The framework is applied to
several state-of-the-art systems, including the transition-metal catalyzed
polymerization of isobutene at room temperature.
COMP 162
Substrate destabilization in SEA domain autoproteolysis
D. G. A. Johansson2, G. Wallin1, goran@xray.bmc.uu.se, A. Sandberg2, B.
Macao2, J. Åqvist1, and T. Härd2,3. 1Uppsala University, Department of Cell and
Molecular Biology, Uppsala, Sweden, 2University of Gothenburg, Department of
Medical Biochemistry and Swedish NMR Centre, Gothenburg, Sweden, 3Swedish
University of Agricultural Sciences, Department of Molecular Biology, Uppsala,
Sweden
Nucleophilic attack by a side chain nucleophile on the adjacent peptide bond
followed by N-->O or N-->S acyl shift is the primary step in protein
autoproteolysis. Precursor structures of autoproteolytic proteins reveal strained
amides at the site of cleavage, and we previously showed that SEA domain
autoproteolysis involves substrate destabilization by approximately 7 kcal/mol.
However, the precise chemical mechanism by which conformational energy is
converted into reaction rate acceleration has not been understood. Ab initio
quantum chemical calculations and experimental results support a mechanism
involving strain, nitrogen protonation, and N --> O acyl shift, as opposed to a
classical mechanism involving a structurally conserved active site with a catalytic
triad and an oxyanion hole, which are not present at the SEA domain cleavage
site. Specifically, conformational strain forces the peptide nitrogen into a
pyramidal conformation with a significantly increased pK(a) for protonation.
(JACS 131, 9475-9477)
COMP 163

Investigation of the reactions of olefins with nickel dithiolenes
E. N. Brothers, ed.brothers@qatar.tamu.edu. Science Program, Texas A&M at
Qatar, Doha, Qatar
There has been experimental demonstration of nickel dithiolene’s ability to
selectively bind olefins as a route to olefin purification.[Wang and Stiefel,Science,
v291 p106 (2001)] The technological importance of advances in olefin purification
are significant given the volumes in which these chemicals are produced as well
as the quantity of energy consumed in their production. However, the mechanism
by which this binding occurs is not fully understood. Computational investigation
of this process is complicated the size of the system making high level ab initio
calculations impractical and various density functional giving very different
predictions. We have conducted significant benchmarking and investigated many
modern functionals, and discuss their relative efficacy along with describing our
current understanding of the binding reaction mechanism.
COMP 164
Mixed aggregates of 1-methoxyallenyllithium with lithium chloride
L. M. Pratt1, lpratt@fisk.edu, D. D. Dixon2, and M. A. Tius2. 1Department of
Chemistry, Fisk University, Nashville, TN, United States, 2Department of
Chemistry, University of Hawaii, Honolulu, HI, United States
A combined computational and 13C NMR study was used to investigate the
formation of mixed aggregates of 1-methoxyallenyllithium with LiCl in THF
solution. Free energies of mixed dimer, trimer, and tetramer formation were
calculated with the B3LYP and MP2 methods and the 6-31+G(d) basis set. The
observed and calculated chemical shifts, as well as the calculated free energies
of mixed aggregate formation (MP2/6-31+G(d)), are consistent with the formation
of a mixed dimer as the major species in solution. The primary synthetic reaction
of this compound is nucleophilic addition to a carbonyl compound. Since mixed
aggregates can influence reaction rates, the activation barrier heights were
calculated for the nucleophilic addition of 1-methoxyallenyllithium to acetone via
the two homo-dimers, the tetramer, and the LiCl mixed dimer; to test the
hypothesis that deaggregation of bulky aggregates accelerates the rate of
reaction.
COMP 165
Elucidation of the acetamide hydrolysis mechanism using QM
metadynamics simulations as a model for amide hydrolysis in proteins
B. De Sterck, bart.desterck@ugent.be, S. Catak, M. Waroquier, and V. Van
Speybroeck. Center for Molecular Modeling, Ghent University, Zwijnaarde, OostVlaanderen, Belgium

The reaction mechanism for the hydrolysis of amide bonds is a much debated
topic in literature. This is not surprising when considering the variety of
biologically significant domains in which this reaction is of interest. For instance,
asparagine (Asn) and glutamine (Gln) residues are known to undergo
spontaneous nonenzymatic deamidation in water, forming aspartic acid and
glutamic acid residues. Deamidation could be the result of a hydrolysis reaction,
either via a concerted or a stepwise mechanism. In this work, we perform
quantum mechanical dynamics and metadynamics simulations of the hydrolysis
of acetamide as a model compound for Asn or Gln. The methodological aspects
related to a careful selection of collective variables and an interpretation of the
multidimensional free energy surface will be discussed, leading to the
identification of the most competitive pathway for peptide sidechain deamidation.
These results give a clearer insight in deamidation processes on proteins and
polypeptides.
COMP 166
QM metadynamics study on asparagine deamidation in proteins
S. Catak, saron.catak@ugent.be, B. De Sterck, M. Waroquier, and V. Van
Speybroeck. Technologiepark 903, Center for Molecular Modeling, Zwijnaarde,
Belgium
Asparagine (Asn) residues spontaneously deamidate to form aspartate under
physiological conditions, causing time-dependent changes in the conformation of
proteins, limiting their lifetime. The ‘molecular clocks’ hypothesis [1], suggests
that deamidation is a biological molecular timing mechanism that could be set to
any desired time interval by genetic control of the protein structure. To date
deamidation is believed to occur over a succinimide-mediated pathway.
Concerted and stepwise pathways leading to the succinimide intermediate were
previously explored with the inclusion of explicit water molecules [2,3]. The
current study introduces a new ‘competing’ route for the deamidation of
asparagine residues. The aim is to comparatively analyze the feasibility of this
new mechanism against the traditional succinimide route, taking into account the
catalytic effect of the solvent environment via QM dynamics and meta-dynamics
calculations on a model peptide placed in a periodic water box. These results will
identify the lowest energy pathway for asparagine deamidation and will serve as
a stepping stone for calculations of Asn deamidation in proteins.
[1] N. E. Robinson and A. B. Robinson, Proc. Natl. Acad. Sci. USA, 98, 944
(2001)
[2] S. Catak, G. Monard, V. Aviyente and M. F. Ruiz-López, J. Phys. Chem. A,
110, 8354 (2006)
[3] S. Catak, G. Monard, V. Aviyente and M. F. Ruiz-López, J. Phys. Chem. A,
113, 1111 (2009)

COMP 167
Towards the detailed reaction mechanism of hammerhead ribozyme (HHR)
catalysis
T. Lee, taisung@umn.edu, K.-Y. Wong, G. M. Giambasu, and D. M. York.
Chemistry, University of Minnesota, Minneapolis, Minnesota, United States
In this presentation, we will summarize our progress toward the understanding of
hammerhead ribozyme (HHR) catalysis through a multi-scale simulation strategy
that employs molecular dynamics simulations with classical MM and combined
QM/MM potentials, using linear-scaling electrostatic methods and specialized
MM residues and semiempirical QM models derived from density-functional
calculations of phosphoryl transfer reactions. Simulation results so far collectively
paint a picture of the HHR catalysis, especially, 1. the specific binding modes of
active site metal ions; 2. the migration of the metal ion(s) ; 3. the detailed
enzymatic roles of the metal ion(s). Our simulations lead to a mechanism
consistent with available experimental evidence, and have motivated new
experimental work. Hence the reported work represents an excellent example of
simulation-guided studies of biological problems.
COMP 168
Thermodynamics and kinetics of cotranslational protein folding: Alteration
in energy landscapes, denatured state, and transition state ensembles
E. P. O’Brien, eo264@cam.ac.uk, M. Vendruscolo, and C. M. Dobson.
Department of Chemistry, University of Cambridge, Cambridge, Cambridgeshire,
United Kingdom
In vitro experiments examining cotranslational folding utilize ribosome-nascent
chain complexes (RNCs) in which the nascent chain is stalled at different points
of its biosynthesis on the ribosome. We investigate the thermodynamics, kinetics,
and structural properties of RNCs containing five different globular and repeat
proteins stalled at ten different nascent chain lengths using coarse grained
replica exchange simulations. We find that when the proteins are stalled near the
ribosome exit tunnel opening they exhibit enhanced folding cooperativity,
quantified by the van’t Hoff enthalpy criterion; a significantly altered denatured
state ensemble, in terms of Rg and shape parameters (Rg tensor); and the
conversion of two-state folders in bulk to three-state folders on the ribosome,
evidenced by the appearance of a third basin in the free energy profile. These
trends are due in part to excluded volume (crowding) interactions between the
ribosome and nascent chain. We perform in silico temperature-jump experiments
on the RNCs and examine nascent chain folding kinetics and structural changes
in the transition state ensemble at various stall lengths.
COMP 169

Revealing the switching mechanism of L1 ligase ribozyme with large scale
molecular dynamics simulations
G. M. Giambasu, georgemgiambasu@umn.edu, T.-S. Lee, and D. M. York.
Department of Chemistry, University of Minnesota, Twin Cities, Minneapolis,
Minnesota, United States
L1 ligase (L1L) is an in vitro selected ribozyme that uses a non-canonically basepaired ligation site to catalyze regioselectively and regiospecifically the 5’ to 3’
phosphodiester bond ligation, a reaction that stays at the origin of RNA World
hypothesis. L1L is an allosteric ribozyme molecular switch whose intrinsic
flexibility was verified by the fact that two crystallographically independent
conformations were resolved in the same asymmetric unit. These conformers
differed in the orientation of one of the stems by a movement of the stem tip by
around 80 Angstrom. It remains apen question as to what degree these two
conformers persist as stable conformational intermediates in solution, and along
what pathways are they able to inter-convert. To explore these questions, we
have performed a series of MD simulations in explicit solvent to explore the
inactive--active conformational switch in L1L departing from both active and
inactive states that covered 50 % of the postulated transition path. We
complemented these results with a strategy that involves string method and
structural databases mining to explore and refine potential transition pathways of
L1L. Three restricted regions that are responsible for the interconversion of the
two states were identified. Two of them are well known RNA motifs: a loop and a
three-way junction. We were able to monitor their change in conformation using a
reduced set of four virtual torsions and to identify a series of hydrogen bond
contacts between conserved regions that define specific intermediary states
which existence was not obvious from the crystal structures alone. The third
flexible spot is, surprisingly, the active site that covers a series of three distinct
conformations out of which two have a high probability to support the catalytic
step.
COMP 170
Driving forces behind allosteric and synergistic regulations in tryptophan
synthase
M. Q. Fatmi, qaiser_fatmi@yahoo.com, R. Ai, rai001@ucr.edu, and C.-E. A.
Chang, chiaenc@ucr.edu. Department of Chemistry, University Of California,
Riverside, Riverside, CA, United States
Allosteric and synergistic communications are pivotal to effectively regulate the
functions of several proteins and enzyme complexes. The associated
conformational changes and dynamics of the amino acid residues, upon binding
of ligands, help to optimize protein functions and substrate channeling
processes. The switching of the alpha-L6 loop and the beta-COMM domain from
open to close conformations and vice versa in tryptophan synthase (TRPS) is a
well known example for such kind of dynamics and conformations changes upon

ligand binding. The real driving forces behind such regulations in terms of
chemistry are still unknown, partly due to the inaccessibility and the limitations in
the modern experimental techniques. In order to understand the real chemistry
behind these fundamental regulations, we chose TRPS as a model system and
extensively studied the dynamics of TRPS in the presence and absence of
ligands. For this purpose we performed several sets of explicit water MD
simulations at nanosecond time scale period. Important contributions for the
alpha- and beta-subunit communications, such as attraction forces, hydrogen
bonding networks, will be discussed in the presentation.
COMP 171
Computational study of protein prenylation
Y. Yang, yueyang@ufl.edu, and K. M. Merz. Department of Chemistry, University
of Florida, Gainesville, FL, United States
The protein prenyltransferases represent a family of enzymes that catalyze the
attachment of isoprenoid lipid groups to various substrates including the Ras
superfamily signal transduction proteins, which is responsible for 30% of human
cancers. Based on the preferred substrate, protein prenyltransferases can be
divided into two types: 1) protein prenyltransferases that catalyze the attachment
of a farnesyl (C15) or geranylgeranyl (C20) group to substrate enzymes, and 2)
aromatic prenyltransferase that transfers the geranyl (C10) or farnesyl (C15)
group to aromatic substrates. Although extensive studies have been done on
these enzymes, the reaction mechanism remains unclear. We have carried out
molecular dynamics (MD) simulations to study the catalytic mechanism of the
Orf2 and Farnesyltransferase (FTase). Based on our knowledge, our study is the
first to tackle the problem of the binding of magnesium in FTase and study the
mechanism with the magnesium binding in the activate site catalyzing the
prenylation.
COMP 172
Thermal and mechanical multistate folding of ribonuclease H
T. J. Schmitt, J. E. Clark, and T. A. Knotts IV, thomas.knotts@byu.edu.
Department of Chemical Engineering, Brigham Young University, Provo, UT,
United States
Two different classes of experimental techniques exist by which protein folding
mechanisms are ascertained. The first class, of which circular dichroism is an
example, probes thermally-induced folding. The second class, which includes
atomic force microscopy and optical-tweezers, measures mechanically-induced
folding. In this work, we investigate if proteins fold/unfold via the same
mechanisms both thermally and mechanically. We do so using a combined
replica exchange and umbrella sampling approach to study Ribonuclease H, a
protein that has been shown to fold through a three-state mechanism

experimentally. A detailed, molecular-level description of the states involved in
the folding processes shows that mechanisms for both types are globally similar,
but small difference exist in the most unfolded conformations (see Figure 1).
Comparison to previous work suggests a universal folding behavior for proteins
with a core helical bundle. Taken as a whole, the results offer improved
understanding of proteins that do not fold through the traditional two-state
mechanism.

COMP 173
Computational determination of residues for nucleotide misincorporation
discrimination in E. coli DNA polymerase I
G. A. Cisneros, andres@chem.wayne.edu. Department of Chemistry, Wayne
State University, Detroit, MI, United States
DNA polymerases play a crucial role in the cell cycle due to their involvement in
genome replication and repair. Errors in replication can produce mutations that
can lead to disease or even death. Thus, understanding the molecular
mechanism for correct base pairing can lead to insights into the mutagenesis
process. Recent single--molecule Förster resonance energy transfer (smFRET)
studies on DNA polymerase I (Klenow Fragment) (KF) have revealed a
previously unknown step in DNA polymerization. Following each nucleotide
incorporation, KF changed conformation in a process consistent with a 2--base
downstream movement along the template before returning to the proper location
(1--base downstream) for the next base incorporation. These results have led to
the hypothesis of a post--insertion fidelity--checking site that ensures proper base
paring as part of the proofreading mechanism. To help test this hypothesis, we
have used energy analysis decomposition (EDA) to identify residues involved in
this checking site. To this end, MD simulations were carried out for T--A
(correctly paired) and three mispairs (C--A, G--A and A--A) DNA trimers in the
pre--insertion and putative checking sites in KF. The structures generated from
these runs were subjected to the EDA. The results show that several residues
have altered non--bonded interactions for the correctly paired DNA trimer
compared to the mispairs. All these residues are located roughly within 12 Å of

the putative checking site. Furthermore, a sequence alignment of A family DNA
polymerases shows that 7 of the residues obtained from the EDA are totally
conserved across the family and across species. These residues provide
potential targets for mutagenesis studies.
COMP 174
Chloroperoxidase halogenation mechanism: A theoretical study
C. D’Cunha, cdcun001@cs.fiu.edu, D. C. Chatfield, Daivd.Chatfield@fiu.edu,
and O. N. Morozov, omorozov@fiu.edu. Department of Chemistry &
BIochemistry, Florida International University, Miami, FL, United States
The goal for this study is elucidating the mechanism by which chloroperoxidaze
(CPO) catalyzes the halogenation of electron rich substrates such as betadiketones. Two possible pathways are studied for reaction of the model substrate
cyclopentadione (CPD): (1) Halogenation in solution via hypochlorous acid
released by CPO and (2) Halogenation at the active site of CPO. In either case,
the keto-enol isomerization of CPD is expected to be the rate determining step;
the actual chlorination step is probably barrierless. A system of CPD and HOCl in
an explicit solution environment is simulated with 300 K MD to generate
potentially reactive snapshot structures. Individual reaction barriers for these
structures are calculated with a QM/MM approach and statistically averaged to
predict the representative reaction barrier for the solution environment. Barriers
are also calculated with CPD situated at the active site of CPO and compared
with the barriers in solution to predict the dominant reaction pathway.
COMP 175
Perspectives in computational chemistry
A. Nicholls, anthony@eyesopen.com. Department of Science, OpenEye
Scientific Software, Inc, Santa Fe, New Mexico, United States
Computational chemistry is a broad discipline that continues to expand its
applicability to medicinal chemistry. Some of the ways OpenEye contributes to
this process will be discussed.
COMP 176
Water oxidation mechanisms of Ru–Hbpp, cis-Ru(bpy)2(OH2)2 and
Ru(DAMP)(bpy) catalysts
M. Z. Ertem1, mzertem@gmail.com, T. K. Todorova2, A. Llobet3, L. Gagliardi1,2,
and C. J. Cramer1. 1Department of Chemistry and Supercomputing Institute,
University of Minnesota, Minneapolis, MN, United States, 2Department of

Physical Chemistry, University of Geneva, Geneva, Switzerland, 3Catalonian
Institute of Chemical Research, Tarragona, Spain
The mechanisms by which the Ru–Hbpp (in,in-{[RuII(trpy)(H2O)]2(μ-bpp)}3+), cis[Ru(bpy)2(OH2)2]2+, and [Ru(DAMP)(bpy)(H2O)]2+ catalysts oxidatize water to
molecular oxygen have been investigated by means of density functional theory
(M06-L) and multi-reference second-order perturbation theory (CASPT2). The
SMD continuum solvation model was combined with these gas-phase models to
account for bulk aqueous solvation effects. Analysis of free energies of activation
associated with relevant transition-state structures indicates that different
mechanistic pathways are preferred as a function of catalyst, with the most
important mechanisms for O-O bond formation being either by direct coupling of
two metal oxo fragments or by nucleophilic attack of a water molecule on a metal
oxo. Mechanistic predictions based on theory are compared with isotope labeling
studies and kinetic data. Comparison of DFT and CASPT2 provides additional
insight into the electronic structures of key species along the various reaction
coordinates and helps to define the limits of applicability of the different modeling
techniques to issues of energy and electronic structure.

COMP 177
Mapping protein surfaces for druggable hot spots: Mixed-solvent molecular
dynamics (MixMD)
K. W. Lexa, klexa@umich.edu, and H. A. Carlson. Department of Medicinal
Chemistry, University of Michigan, Ann Arbor, MI, United States
Receptor-mapping techniques are useful but limited because the binding site
must be predefined and most are performed in the gas phase, ignoring
competition with water. Most mapping techniques are also hindered by an
inability to distinguish between irrelevant local energy minima and druggable hot

spots. We present a novel computational method for mapping an entire protein
surface with organic probes. This new technique moves beyond mapping only a
predefined binding site and allows for competition with water. While
computational solvent mapping is a fairly common technique, it has only recently
been combined with dynamic simulations. Our new MixMD method in AMBER
uses organic solvent to displace water from a protein surface and map all
potentially favorable interactions. We have validated our method against
traditional and multiple-solvent crystal structures. Our new method can be used
to discover novel binding modes, including allosteric regulation.
COMP 178
Prediction of properties of diarylethene photochromic compounds for use
as nonvolatile optical data storage devices: A density functional theory
study
P. D. Patel1,2, pdpatel@mail.ucf.edu, I. A. Mikhaylov2, imikhaylov@mail.ucf.edu,
and A. E. Masunov1,2,3, amasunov@mail.ucf.edu. 1Department of Chemistry,
University of Central Florida, Orlando, Florida, United States, 2Nanoscience
Technology Center, University of Central Florida, Orlando, Florida, United States,
3
Department of Physics, University of Central Florida, Orlando, Florida, United
States
Diarylethenes (DAs), are thermally irreversible (P-type) photochromic
compounds, have prospective applications in optical switches and data storage
devices, which require design of chromophores with enhanced properties of
interest. We validated TD-M05/6-31G*/PCM//M052x/6-31G*/PCM level of
calculation to give the best agreement for both the parameters - BLAs as well as
the λmax values [1]. The results on predicting the thermal stability of both closed
and open isomers [2] and the prediction of kinetics of photochemical fatigue [3]
suggest that UM052x/6-31G* theory level gives accuracy on comparison to the
experimental data. Currently, we are investigating the prediction of quantum yield
of cyclization for a set of 14 diarylethene derivatives at the validated M052x/631G* theory level.
References
[1] P. D. Patel, et al. J. Phys. Chem.; 113, 8409 (2009).
[2] P. D. Patel, et al. LNCS, 5545, (2009).
[3] P. D. Patel, et al., Int . J. Quant. Chem; 109, 3711 (2009).
COMP 179
Computational prediction of fold resistance in EGFR drug resistance
T. E. Balius, tbalius@aol.com, and R. C. Rizzo. Dept. of Applied Math and
Statistics, Stony Brook University, Stony Brook, NY, United States

The Tyrosine Kinase Domain (TKD) of Epidermal Growth Factor Receptor
(EGFR) is a well validated and important cancer drug target. In an effort to
deduce how ATP-competitive inhibitors interact with EGFR at the atomic level,
and what changes occur as a result of clinically relevant mutations, we performed
molecular dynamics (MD) simulations for three inhibitors (erlotinib, gefitinib, and
AEE788) with wildtype EGFR and L858R, G719S, and L858R&T790M variants.
Analysis included post MD trajectory processing to estimate simulation stability
(rmsd and component analysis), computation of fold resistance for comparison
with experiment (MM-GBSA method), and identification of key interactions
modulated by the mutations (molecular footprints). The computational and
experimental fold resistance results are in good overall accord (r2 = 0.84, N=7)
including the fact that all three inhibitors bind L858R more tightly than a drug
resistance mutant L858R&T790M. The role of water-mediated interactions in
binding and drug resistance for this system will be discussed.
COMP 180
Effect of pH on protein conformation and function in GM2-activator protein
J. M. Swails, swails@qtp.ufl.edu, B. R. Miller, bmiller@qtp.ufl.edu, and A. E.
Roitberg, roitberg@qtp.ufl.edu. Department of Chemistry, Quantum Theory
Project, University of Florida, Gainesville, FL, United States
The GM2 activator protein (GM2-AP) is responsible for catalyzing the hydrolysis
of the GM2 ganglioside. When this pathway breaks down, the resulting GM2
build-up results in serious neurological health issues, including Tay-Sacchs
disease. It operates in a three-step mechanism, by first extracting the ganglioside
from a lipid bilayer, transporting it to the lysosome, and preparing it for hydrolysis
by the HexA enzyme. GM2-AP is known to act in a pH-dependent manner. This
is biologically relevant because the lysosome environment has a pH of roughly 4.
This conclusion is supported by the existence of 22 titratable residues, 20 of
which have carboxylic acid sidechains. Furthermore, many of these titratable
residues reside in close proximity to one another, so it provides an ideal system
for testing and expanding upon currently existing constant pH MD methods.
COMP 181
Novel theoretical method to uncover residue-specific information for the
denatured states of proteins
J. K. Shen, jana.k.shen@ou.edu. Department of Chemistry and Biochemistry,
University of Oklahoma, Norman, OK, United States
Molecular interactions in the denatured state, which is in equilibrium with the
native state under physiological conditions, perturb the stability and folding of
proteins. However, these interactions remain largely invisible to experimental
techniques due to the sparse population under folding conditions and rapid

interconversion among a large number of heterogenous states. Molecular
dynamics simulations employing physics-based force fields can in principle offer
atomistic details of the denatured state. However, practical applications are
plagued with deficiencies in the force fields and lack of rigorous means to
validate the microscopic information. Here we present a method based on
coupled titration and folding simulations to generate the denatured state under
native conditions, and to validate it through comparison with pH- and mutationinduced stability data. We demonstrate the capability of the method by
investigating the denatured-state interactions and their effects on the stability of
N-terminal domain of ribosomal protein L9.
COMP 182
Physico-chemical modeling of actin polymerization in vivo
G. A. Papoian, gpapoian@unc.edu, and L. A. Hu, lhu@email.unc.edu.
Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill,
NC, United States
Actin polymerization in vivo is regulated spatially and temporally by a web of
signaling proteins. We developed a three-dimensional, physico-chemical,
stochastic model of sheet-like lamellipodia, which are projected by eukaryotic
cells during cell migration, and contain a dynamically remodeling threedimensional actin mesh. A number of regulatory proteins and subtle mechanochemical couplings determine the lamellipodial protrusion dynamics. Our work
sheds light on how lamellipodial protrusion dynamics is affected by the
concentrations of actin and actin-binding proteins. In particular, we found that
protrusion speed saturates at very high actin concentrations, where filament
nucleation does not keep up with protrusion, resulting in sparse filamentous
networks, and, consequently, high resistance forces on individual filaments.
Overall, our work emphasizes that elongation and nucleation processes work
highly cooperatively in determining the optimal protrusion speed for the actin
mesh in lamellipodia. Our computational results are in agreement with a number
of related experiments.
COMP 183
Generalized Yvon-Born-Green theory for extended ensembles: A
framework for calculating transferable potentials from known structures
W. G. Noid, wnoid@chem.psu.edu. Department of Chemistry, The Pennsylvania
State University, University Park, PA, United States
Although knowledge-based statistical potentials continue to be employed in
successful protein structure prediction algorithms, two central components of
knowledge-based approaches have been widely questioned. 1) Knowledgebased approaches only approximately address the correlations between
interacting residues. 2) The physical significance of correlations within the PDB

remains obscure because the PDB is not an equilibrium ensemble. We have
derived a framework that directly addresses these two shortcomings. We have
generalized the Yvon-Born-Green theory to exactly address the many-body
correlations present in proteins. Moreover, this theory is compatible with our
extended ensemble framework for deriving transferable CG potentials. In
combination, these two theories provide a “first-principles” theory for determining
optimal transferable CG potentials directly from PDB structures. The fundamental
assumption is that for each protein, the structures present in the PDB have been
sampled according to their equilibrium distribution in solution.
COMP 184
Monte Carlo cluster algorithms to enhance conformational sampling in
solvated systems
D. J. Earl, dearl@pitt.edu. Department of Chemistry, University of Pittsburgh,
Pittsburgh, PA, United States
We present a cluster algorithm for the efficient simulation of solvated systems
that we term solvent-shift Monte Carlo (SSMC). The algorithm involves a
conformational change in a solvated solute molecule of interest, followed by a
concerted movement of solvent particles about a rotation axis. The method
satisfies detailed balance and can be applied to existing schemes to sample
conformational space, where an axis or plane of rotation can be defined. We
demonstrate that the algorithm significantly enhances the sampling of phase
space in solvated systems, and may be easily combined with other advanced
sampling techniques. Applications of the method to a number of systems of
chemical importance will be described, including the conformational dynamics of
peptides in water and the study of volume phase transitions in polymers.
COMP 185
Evaluation of conformation generators based on the occupancy rate
against bioactive conformation space
T. Takagi, takagi_terufumi@takeda.co.jp, M. Amano,
Amano_Michiko@takeda.co.jp, and M. Tomimoto,
Masaki_Tomimoto@takeda.co.jp. Takeda Pharmaceutical Co., Ltd., Japan
Conformation generation is a common and key process of computer-aided drug
design. Conformation generators have been evaluated by whether they can
reproduce the experimentally determined bioactive conformations of bound small
molecules. This method, however, simply checks whether generated
conformations ensemble (GCE) includes the corresponding bioactive
conformation, because these bioactive conformations are usually obtained from
publicly available crystal structures of protein-ligand complexes and it is difficult
to obtain 2 or more than 2 bioactive conformations of one compound. Therefore,
we developed a novel evaluation method based on the occupancy rate of GCE

with respect to bioactive conformation space. By using this evaluation method,
we can evaluate the overall validity of GCE. We applied this method to
commercially available conformation generator and optimized its calculation
condition as the illustration. This method can be also applied to the evaluation of
the algorithm and/or design of the conformation generator program itself.
COMP 186
Genus of Gini single global metrics to interpret kinase selectivity data
S. Bhat, sathesh_bhat@merck.com, and C. I. Bayly. Department of Medicinal
Chemistry, Merck Frosst, Kirkland, QC, Canada
In kinase programs, it is routine to screen compounds against kinase panels
ranging from tens to hundreds of kinases. Even with visualization tools such as
heat maps and small-molecule kinase interaction maps, the information hidden
within hundreds of potency values is difficult to interpret. The Gini coefficient is a
single global metric that was developed to determine the overall selectivity of a
kinase inhibitor in a single-point measurement against a panel of kinases
(Graczyk, P., J Med Chem, Oct 19 2007). In this work, we extend the Gini
coefficient to utilize IC50 data, which results in a much more accurate measure of
selectivity and also, unlike the original formulation, interprets both potency and
selectivity data (GiniP). This new metric has been applied extensively for internal
programs to prioritize selective compounds for follow-up in screening efforts,
monitor selectivity during lead optimization and draw correlations between SAR
and selectivity.
COMP 187
Interactions of Aβ peptides with lipid bilayers: A molecular dynamics study
X. Yu, yuxiang8057155@hotmail.com, Q. Wang, J. Zhao, C. Zhao, and J. Zheng.
Chemical and Biomolecular Engineering, The University of Akron, Akron, OH,
United States
The self-assembled of Aβ peptide into amyloid fibrils, major component found in
the brain of Alzheimer’s patients, is directly linked to the pathogenesis of AD.
Accumulating evidences have shown that soluble Aβ oligomer and larger
intermediates are more toxic than mature fibrils. Although important aspects of
Aβ fibril structure are well understood, the oligomer structures and associated
membrane-disruption mechanism at the very early stage of aggregation are still
unclear. In this work, we performed a set of molecular dynamics simulations to
study the interactions of a soluble Aβ pentamer with neutral zwitterionic POPC
and mixed anionic POPC/POPG lipid bilayers. Aβ pentamer was placed above
the lipid bilayers with three typical orientations for identifying the preferential
adsorption/insertion sites and modes of Aβ on/into the lipids. Simulation results
show that the interaction energies between Aβ pentamer and anionic

POPC/POPG bilayers is much more stronger than those between Aβ pentamer
and POPC bilayers, indicating that electrostatic interactions are dominated force
to control Aβ adsorption and orientation on the lipid bilayers. Several Aβ
adsorption scenarios coupled with energetic and structural analysis will be
discussed. Due to the complex nature of cell membranes, we also alternatively
employed self-assembled monolayers to study the aggregation and
conformational changes of Aβ peptides using an integrated simulation and
experimental approach. The complementary results from simulations and
experiments will provide valuable insights into structural transition and underlying
driving forces from aqueous solution to lipid/SAM surfaces, as well as Aβmembrane interactions, which are essential for understanding the origin of the
toxicity of Aβ oligomers.
COMP 188
Molecular modeling of tubulysin binding to microtubule
H. Xu1, xuhuiqun@hznu.edu.cn, L. Xu2, and F. You1. 1Department of
Mathematics, Hangzhou Normal University, Hangzhou, Zhejiang, China,
2
Hangzhou Normal University Affiliated Hospital, Hangzhou, Zhejiang, China
We simulated the binding of tubulysins to microtubule by using AutoDock to
investigate the interaction between tubulysins and microtubule.
COMP 189
Highly complex water network stabilizes a globular protein: A molecular
dynamics simulation study on factor Xa
H. G. Wallnoefer1,2, S. Handschuh1, K. R. Liedl2, and T. Fox1,
thomas.fox@boehringer-ingelheim.com. 1Department of Lead Discovery,
Boehringer Ingelheim Pharma GmbH & Co KG, Biberach, Germany, 2Institute of
General, Inorganic and Theoretical Chemistry, University of Innsbruck,
Innsbruck, Austria
The serine protease factor Xa (fXa) is a key enzyme in the blood coagulation
cascade. It is the joining point for the extrinsic and the intrinsic pathway, and
therefore often considered a promising target for antithrombotic drugs. We
present an in-depth analysis of the crystallographically resolved water molecules
present in Xray structures of factor Xa. We derive a consensus set of water
molecules and using MD simulations, we show that a model with a complete Hbonding network including all structural waters is necessary to obtain stable
trajectories. We discuss the problems associated with using the water molecules
of just a single crystal structure, and discuss computational methods to obtain a
set of water molecules if only limited structural information is available.
COMP 190

Molecular dynamics simulations of homology models of dengue virus
NS2B/NS3 protease complexed with its peptidic inhibitors
S. Kokpol1, siriratkokpol@gmail.com, K. Wichapong1,2, S. Pianwanit1, and W.
Sippl2. 1Department of Chemistry, Chulalongkorn University, Computational
chemistry unit cell, Bangkok, Thailand, 2Department of Pharmaceutical
Chemistry, Martin-Luther University Halle-Wittenberg, Institute of Pharmacy,
Halle(Saale), Germany
West Nile Virus (WNV) and Dengue Virus (DV) contain NS2B/NS3 protease
which is important for cleaving viral precursor protein. Whereas Crystal structures
of WNV protease-inhibitor complexes have been resolved; no such structures are
available for DV protease. Therefore, we generated several models of DV
NS2B/NS3 protease complexed with the peptidic inhibitor (Bz-Nle(P4)-Lys(P3)Arg(P2)-Arg(P1)-H). The first DV protease model (DV-1) was constructed using
the available crystal structure of the apo DV NS2B/NS3 protease. The second
model (DV-2) was built taking the WNV NS2B/NS3 protease-inhibitor complex as
a template. Molecular dynamics simulations of WNV crystal structures as well as
DV models were performed. Results revealed that NS2B are important for
maintaining the protease in the active conformation and also essential for
interacting with inhibitor. Key interactions between the peptidic inhibitor and WNV
and DV NS2B/NS3 protease were additionally identified by GRID calculations.
The provided DV NS2B/NS3 model in the productive conformation can now be
used for structure-based design purposes.
COMP 191
Solvation properties of N-acetyl-D-glucosamines: A molecular dynamics
study of the effects of electrostatic polarization
Y. Zhong, yzhong@udel.edu. Department of Chemistry and Biochemistry,
University of Delaware, Newark, Delaware, United States
N-acetyl-D-glucosamines(NAG) are common in nature and are found in
molecules such as chitin, glycosaminoglycans and as an essential component of
the carbohydrate structure of glycoproteins and glycolipids. They are also
implicated in molecular recognition processes, acting as ligands for a variety of
ribonucleases. We present the development of a polarizable force field for the
carbohydrate functionality with NAG as the paradigmatic model compound.
These studies will present the first application of polarizable force fields to
carbohydrates. We discuss condensed phase properties of the NAG monomer as
well as polymeric NAG species that are relevant as ligands to naturally occurring
receptors (HEWL). The hydration energies of NAG oligmers are computed via
Thermodynamic integration (TI) and the Bennett acceptance ratio (MBAR).
COMP 192

Hydration effects on ion polarizability: Insights from iterative-Hirshfeld
partitioning
B. A. Bauer, babauer@udel.edu, T. R. Lucas, and S. Patel. Department of
Chemistry and Biochemistry, University of Delaware, Newark, DE, United States
Recent studies of alkyl-halide ions at aqueous liquid-vapor interfaces have
suggested the importance of polarizability for the density enhancement of larger
anions at the surface. The nature of ion polarizability variation upon hydration
may offer insight into the fundamental driving force for such processes as well as
provide the basis for development of sophisticated new force fields. The IterativeHirshfeld method is implemented to study the effects of hydration on ion
polarizability in ion-water clusters of various sizes. The variation of polarizability
as a function of cluster size using several levels of theory and basis sets is
considered for fluoride, chloride, bromide, and sodium ions. Furthermore, effects
of ions on the polarizability of neighboring water molecules are examined.
Results suggest decreased ion and water polarizability in condensed
environments, in agreement with recent studies and theoretical arguments based
on Pauli’s Exclusion Principle.
COMP 193
Implicit solvation in QM/MM, a density domain fragmentation approach
L. C. Menikarachchi, lochana.m@uconn.edu, and J. A. Gascón. Department of
Chemistry, University of Connecticut, Storrs, CT, United States
Molecular Modeling of biomacromolecules requires proper handling of solvent
effects especially for reactions occurring near or at the solvent boundary. The
Conductor like screening model (COSMO), which assumes that the solute acts
as a conductor, treats the solvation by adding a set of image charges distributed
on a set of mosaics (tesserae) placed on the surface of the molecule to satisfy
the appropriate boundary conditions. COSMO has been used successfully for
small molecules but impractical when it comes to biomacromolecules due to the
large number of tesserae associated with the solute surface. Here we propose a
Density Domain Fragmentation (DDF) approach to handle this problem. DDF
divides the macro molecular surface in to a set of small density domains and
solves classical electrostatic boundary conditions iteratively in a self-consistent
manner. Although an approximate method, we show that the solvation energy
correlates linearly with a full COSMO solvation energy. Furthermore DDFCOSMO can be integrated with regular QM/MM as well as Moving Domain
QM/MM, which includes polarization in the MM region.
COMP 194
Range-seperated local hybrid density functional approximations based on
Gaussian-type mixing functions

R. Haunschild1, rh8@rice.edu, B. G. Janesko2, and G. E. Scuseria1.
1
Department of Chemistry, Rice University, Houston, TX, United States,
2
Department of Chemistry, TCU, Fort Worth, TX, United States
It has been proven to be a successful approach in Kohn-Sham density functional
theory to mix some amount of non-local HF-type (HF) exchange with some
density functional exchange into the exchange correlation functional. [1] No
constant amount of HF exchange was found to describe all properties well: More
HF exchange is desirable for barrier heights and less HF exchange is favorable
for thermochemistry. Additionally, the optimum amount of HF exchange varies
also with the employed density functional approximation. A possible solution to
this problem is the incorporation of a position dependent fraction f(r) rather than a
constant fraction of HF exchange into the XC functional. Another promising route
is provided by the technique of range-separation. [2] Combining both approaches
enables access to a range-separated local hybrid which improves for atomization
energies and reaction barriers on average over previously published local hybrids
[3-5], range-separated global [6] and local hybrids [7].
[1] A. D. Becke, J. Chem. Phys. 98, 1372 (1993).
[2] A. Savin, in Recent Developments and Applications in Modern Density
Functional Theory, edited by J. M. Seminaro (Elsevier, Amsterdam, 1996), pp.
327-357.
[3] J. Jaramillo, G. E. Scuseria, and M. Ernzerhof, J. Chem. Phys., 118, 1068
(2003).
[4] H. Bahmann, A. Rodenberg, A. V. Arbuznikov, and M. Kaupp, J. Chem. Phys.
126, 011103 (2007).
[5] J. P. Perdew, V. N. Staroverov, J. Tao, and G. E. Scuseria, Phys. Rev. A 78,
052513 (2008).
[6] O. A. Vydrov and G. E. Scuseria, J. Chem. Phys. 125, 234109 (2006).
[7] B. G. Janesko, A. V. Krukau, and G. E. Scuseria, J. Chem. Phys. 129, 124110
(2008).
COMP 195
Molecular dynamics simulations of the GABAA receptor
T. Carpenter, carpenter36@llnl.gov, and F. C. Lightstone. Biosciences and
Biotechnology Division, LLNL, Livermore, CA, United States
GABAA receptors (GABARs) are ion channels found in the brain and are the
major inhibitory neurotransmitter receptors. Upon agonist binding, GABARs open
and increase intraneuronal chloride ion concentration, hyperpolarizing the cell
and inhibiting transmission of nerve action potential. GABARs are also
modulated by various important drugs (diazepam) and other regularly abused
drugs (ethanol). Here, we present homology models (based on acetylcholine
receptor structure) and simulations of the most abundant GABAR subtype, and
alcohol-sensitive subtype. A variety of ligands were docked to the proteins to

assess potential binding sites and the effect of ligand binding on the protein.
Through simulation of two receptor subtypes, and comparison of ligand effects
upon each one, we are able to gain insight into specific residues important in
binding, and different behavior of the subtypes. This work performed under the
auspices of the U.S. Department of Energy by Lawrence Livermore National
Laboratory under Contract DE-AC52-07NA27344. Release number LLNL-ABS417208.
COMP 196
Thermodynamic integration based on molecular dynamics simulation
combined with 3D-RISM theory
T. Miyata, miyata@ims.ac.jp, Y. Ikuta, and F. Hirata. Department of Theoretical
and Computational Molecular Science, Institute for Molecular Science, Okazaki,
Aichi, Japan
Recently, we proposed a combination of molecular dynamics (MD) simulation
with the three-dimensional reference interaction site model (3D-RISM) theory, i.e.
MD/3D-RISM method. In this study, we extend this combination method to a
thermodynamic integration method to calculate the free energy differences
between different states in solution. Regarding this extension, we develop two
computational tools: i.e. we introduce either (1) the reaction coordinate or (2) the
coupling parameter, where the latter is the parameter for switching the interaction
potentials. We will present a basic formalism and an application to the potassium
ion recognition by crown ether 18C6 in aqueous solution as one of the simplest
examples to demonstrate our method. Our calculation showed that the 18C6potassium ion complex is more favored in water than a separately solvated state,
and also revealed that the conformation of 18C6 significantly changes depending
upon the separation between 18C6 and potassium ion.
COMP 197
Computational study of the stability of ortho-substituted phenylboroxines
towards hydrolysis
L. L. Bautista, jkua@sandiego.edu, and J. Kua. Department of Chemistry and
Biochemistry, University of San Diego, San Diego, CA, United States
One strategy of protecting phenylboroxines towards hydrolysis is to add steric
groups in the ortho-position of the phenyl ring. This forces the phenyl rings to
rotate perpendicular to the plane of the boroxine (B3O3) ring putting these
groups above and below the boroxine core potentially blocking the access of
water. We have used density functional theory to calculate the torsional energy
curves to rotate the B–C bond between the boroxine and phenyl groups. These
results were used to parameterize a reactive force field to model the interactions
of phenylboroxine in water. We present our quantum chemical data and

molecular dynamics simulations to evaluate the strategy of using bulky groups in
the ortho-position to protect against hydrolysis.
COMP 198
Mechanism of triazine formation from nitrile trimerization catalyzed by
ZnCl2
E. M. Cummings, jkua@sandiego.edu, and J. Kua. Department of Chemistry
and Biochemistry, University of San Diego, San Diego, CA, United States
Density functional theory calculations, including a Poisson-Boltzmann implicit
solvent, was used to study the trimerization of terephthalonitrile to form aromatic
polynitriles with triazine cores. We have outlined the thermodynamic and kinetic
landscape by calculating the potential intermediates and transition states along
the reaction coordinate, and suggesting how ZnCl2 catalyzes the reaction. This
reaction is particularly interesting because these monomers self-assemble into
microporous covalent organic frameworks that are thermally stable and have a
potential range of interesting applications.
COMP 199
Identification of novel drug scaffolds for inhibition of SARS-CoV 3Chymotrypsin-like protease using virtual screening
A. Mittal1,2, amitta2@uic.edu, H. Lee1, danielhl@uic.edu, J. Torres1,
jtorre23@uic.edu, D. Mulhearn1, debbiem@uic.edu, and M. E. Johnson1,2,
mjohnson@uic.edu. 1Center for Pharmaceutical Biotechnology, University of
Illinois at Chicago, Chicago, IL, United States, 2Dept. of Bioengineering,
University of Illinois at Chicago, Chicago, IL, United States
A novel SARS coronavirus (SARS-CoV) was identified as the etiological agent of
the infectious upper respiratory tract disease, Severe Acute Respiratory
Syndrome, that resulted in worldwide fatalities in 2003. The 3-Chymotrypsin-like
protease (3CLpro) is a potential target for novel antiviral drug design against
SARS because of its vital role in SARS-CoV replication. In this work we describe
a virtual screening protocol employing tiered docking with consensus scoring to
identify novel noncovalent inhibitors against 3CLpro of Human SARS-CoV. The
SARS-CoV 3CLpro shows induced-fit effects upon ligand binding. To account for
protein flexibility, we have incorporated screening using a dynamic receptorbased pharmacophore model, in parallel with the use of flexible docking through
the use of the Amber-Score protocol. Of the 127 compounds evaluated for
enzyme activity, 17 compounds showed micromolar activity, providing strong
validation of our basic approach. Analogs of two most potent molecules have
been tested to search for improved potency.
COMP 200

Vinylboronate esters as Diels-Alder dieneophiles
K. Range1, krange@lhup.edu, C. Salter2, and J. A. MacKay3. 1Department of
Chemistry, Lock Haven University of Pennsylvania, Lock Haven, PA, United
States, 2Department of Chemistry, Moravian College, Bethlehem, PA, United
States, 3Department of Chemistry & Biochemistry, Elizabethtown College,
Elizabethtown, PA, United States
Several vinylboronate esters are examined via density functional theory to
assess their ability to act as Diels-Alder dieneophiles. The calculated barrier
height for a Diels-Alder reaction between vinylboronate esters and dienes such
as cyclopentadiene are correlated with the participation of the boron orbitals in
lowest unoccupied molecular orbital, which varies with the type of vinylboronate
ester. Vinylboronic acid methylimido diacetic acid ester is predicetd to be a poor
dieneophile, a result confirmed by experiment. Replacement of the methylimido
with oxygen, to give vinyl boronic acid diacetic acid ether ester, is predicted by
density functional theory to result in a much better dieneophile, while preserving
the tetrahedral configuration of the boron.
COMP 201
Accounting for loop flexibility of SARS-CoV papain-like protease in
computational drug discovery
R. Chaudhuri, rchaud5@uic.edu, and M. E. Johnson. Center for Pharmaceutical
Biotechnology, University of Illinois at Chicago, Chicago, IL, United States
There is no effective antiviral treatment for Severe Acute Respiratory Syndrome
(SARS). The papain-like cysteine protease (PLpro) encoded by the SARS
coronavirus (SARS-CoV) replicase gene represents a potential target for antiviral
drug development. The apo and inhibitor bound structures of SARS-CoV-PLpro
highlight the role of an extremely flexible loop for inhibitor binding, a major
challenge in computational drug discovery/design efforts. Conventional molecular
dynamic studies do not sample the drastic phi-psi dihedral torsion change of
Tyr269-Gln270 on inhibitor binding. We used simulated annealing version of
Nudged Elastic Band method to find a low energy transition pathway for phi-psi
isomerization and calculate the energy barrier. This energy barrier guides us in
accelerated-MD simulations, where a bias potential helps the system make statestate transitions and enhances conformational sampling. We used snapshots
from accelerated-MD to develop a computational solvent mapping
pharmacophore model that is used for in-silico database screening for discovery
of lead compounds.
COMP 202
Ce3+ co-doping effect in Li2SrSiO4:Eu2+ yellow phosphor: First principle
calculations study

H. Lee, hyosug@samsung.com, T.-G. Kim, T. Kim, and S.-J. Im. Department of
Materials Research Center, Samsung Advanced Institute of Technology, Yonginsi, Gyunggi-do, Republic of Korea
Additional Ce3+ doping improves the luminescence of Li2SrSiO4:Eu2+, which is a
yellow phosphor for ultraviolet or blue light emitting diodes. By examining the
photoluminescence (PL) of Li2SrSiO4:Eu2+, Li2SrSiO4:Ce3+, and
Li2SrSiO4:Ce3+,Eu2+, it was confirmed that the energy transfer from Ce3+ ions to
Eu2+ does not contribute to the luminescent enhancement of Li2SrSiO4:Ce3+,Eu2+.
As the reason, we suggested that Ce3+ ions could stabilize the Li vacancies,
suppress the oxidization of Eu2+ to Eu3+, and consequently increase the emission
intensity. The proposed argument was validated with the first principle calculation
about the defects formation energies and the electronic energy level calculations.
COMP 203
Grand canonical Monte Carlo simulations for the hydrogen uptake on
pillared covalent organic frameworks
D. Kim1,3, D. H. Jung1, J. Kim2, K. Choi3, and S.-H. Choi1,
mkkim@insilicotech.co.kr. 1Insilicotech Co. Ltd., Republic of Korea, 2Department
of Chemistry, Soongsil University, Republic of Korea, 3Department of Chemistry,
Korea University, Republic of Korea
Pillared covalent organic frameworks (PCOFs) have been modeled using the
density functional theory (DFT) calculations. Based on the COF-1 structure, one
of covalent organic frameworks (COFs), synthesized by the condensation
reactions of phenyl diboronic acid {C6H4[B(OH)2]2}, we inserted “pillar” molecules
between the organic layers for the improvement of physisorption ability for the
hydrogen molecules. Pyridine was considered as a candidate for the pillar
molecule. The system was extended from the cluster to the periodic systems for
the estimation of the effect of insertion, inter-layer distance and energetic
stability. We also considered the effect of stacking orientation on stability of COF
layers in the presence of “pillar” molecules. Among all the feasible packing
structures, two structures in staggered and eclipsed form were obtained as stable
ones. With this calculation, we propose new PCOF structures to enhance
hydrogen storage capacity. Grand canonical Monte Carlo (GCMC) simulations
showed that insertion of pyridine molecule into COFs may increase adsorption
capacity of the hydrogen molecules and PCOF can be regarded as a good
candidate of hydrogen storage material with the comparison of the normal 2D
COFs.
COMP 204
Density-based clustering of small peptide conformations sampled from a
molecular dynamics simulation

M. Kim1, mkkim@insilicotech.co.kr, S.-H. Choi1, J. Kim1, K. Choi2, J.-M. Shin3,
S.-K. Kang4, Y.-J. Choi4, and D. H. Jung1. 1Insilicotech Co. Ltd., Republic of
Korea, 2Department of Chemistry, Korea University, Republic of Korea,
3
SBScience Co. Ltd., Republic of Korea, 4School of Agriculture Biotechnology,
Seoul National University, Republic of Korea
This study describes the application of a density-based algorithm to clustering
small peptide conformations after a molecular dynamics simulation. We propose
a clustering method for small peptide conformations that enables adjacent
clusters to be separated more clearly on the basis of neighbor density. Neighbor
density means the number of neighboring conformations, so if a conformation
has too few neighboring conformations then it is considered as noise or an outlier
and is excluded from the list of cluster members. With this approach, we can
easily identify clusters in which the members are densely crowded in the
conformational space, and we can safely avoid misclustering individual clusters
linked by noise or outliers. Consideration of neighbor density significantly
improves the efficiency of clustering of small peptide conformations sampled
from molecular dynamics simulations and can be used for predicting peptide
structures.
COMP 205
Methodological considerations for the prediction of dicarboxylic acid
dissociation constants
W. Ding1, wding@butler.edu, A. V. Marenich2, C. J. Cramer2, and D. G. Truhlar2.
1
Department of Chemistry, Butler University, Indianapolis, IN, United States,
2
Department of Chemistry, University of Minnesota Twin Cities, Minneapolis, MN,
United States
First and second dissociation constants (pKa values) were computed for oxalic
acid, malonic acid, succinic acid, and glutaric acid, by using a variety of
theoretical protocols based on density functional theory and both continuum
solvation models and mixed discrete-continuum solvation models. The predicted
values were found to be quite sensitive to the influence of functional, basis set,
choice solvation model, microsolvation, and molecular conformer population. No
combination of protocols ensured quantitative accuracy in every instance, but
improved values were associated with the use of augmented basis sets for the
computation of the gas-phase deprotonation free energy and the inclusion of one
or more first-shell explicit solvent molecules in the computation of anionic
solvation free energies. This work was supported in part by the Lando/NSF
Research Program and by the U.S. Army Research Office.
COMP 206
Property encoding path fingerprints

K. Boda, krisztina@eyesopen.com, and B. Cole. OpenEye Scientific Software,
Santa Fe, New Mexico, United States
Measuring molecular similarity and diversity plays an important role in various
steps of the drug design cycle. Calculating molecule similarity is extensively used
in applications such as virtual screening, property prediction, synthesis design
and chemical database clustering. Fingerprinting provides an elementary
encoding of molecular graphs. Even though fingerprints can only represent local
structural features and not their relative positions in molecules, it has proven to
be very successful in a range of similarity and diversity studies. The path-based
fingerprint generation implemented in the OEGraphSim programming toolkit
involves traversing through a molecular graph to identify unique paths which are
then hashed into a bitvector. The novelty of this fingerprint generation that it
gives full control to the user to specify the size of the enumerated paths along
with the atom and bond properties that are taken into account when paths are
encoded into bitvectors. The poster will give details of the fingerprint generation
and its extensive validation based on previously published benchmarks .
COMP 207
Impact of calcium on N1 influenza neuraminidase dynamics and free
energy of binding
M. Lawrenz1,2, mlawrenz@ucsd.edu, J. Wereszczynski1,
jmweresz@mccammon.ucsd.edu, and A. McCammon1,2,3. 1Department of
Chemistry and Biochemistry, University of California, San Diego, La Jolla, CA,
United States, 2Center for Theoretical Biological Physics, University of California,
San Diego, La Jolla, CA, United States, 3Department of Pharmacology,
University of California, San Diego, La Jolla, CA, United States
Highly pathogenic influenza strains H5N1 and H1N1 are currently treated with
inhibitors of the surface protein neuraminidase (N1). The protein includes a
conserved, high affinity calcium binding site located near the active site. The
specific role of this calcium in the enzyme mechanism is unknown, though it is
shown to be important for enzyme activity and thermostability. MD simulations of
calcium-included and calcium-free complexes of N1 and the drug Tamiflu
independently use both Amber and Gromos forcefields and reveal the influence
of this calcium on N1 dynamics, particularly for stability of key binding site
residues. Thermodynamic integration free energy calculations for these
complexes indicate the calcium impact of ∼;3 kcal mol-1 on the free energy of
binding. The contribution of this calcium to active site stability is particularly
crucial for structural models used in computational drug design efforts such as
virtual screening and free energy methods.
COMP 208

Modeling condensed phase systems with a novel QM/MM approach: The
hybrid many-body interaction method
K. L. Theel, kelly.theel@email.ucr.edu, and G. J. O. Beran,
gregory.beran@ucr.edu. Department of Chemistry, University of California at
Riverside, Riverside, CA, United States
Most existing hybrid quantum mechanical (QM) and molecular mechanical (MM)
methods calculate a small area of interest using QM methods, leaving the bulk of
the system to be modeled using MM. This works well for systems in which the
important chemistry is localized in a small area, such as the docking site of a
protein. However, it is less suitable for more homogeneous systems such as
solutions. To better model these types of systems, we have developed the hybrid
many-body interaction (HMBI) method. HMBI calculates single and two-body
energies using quantum mechanics, while many-body interactions are
approximated inexpensively with classical force fields. This partitioning scheme
provides nearly QM accuracy at reduced computational cost, making accurate
predictions feasible in a variety of systems. The details of the HMBI method and
results on test systems will be presented.
COMP 209
Using molecular dynamic simulations to investigate the mechanism of
thrombin regulation by thrombomodulin
P. M. Gasper1, pgasper@ucsd.edu, and J. A. McCammon1,2,3,
jmccammon@ucsd.edu. 1Department of Chemistry and Biochemistry, University
of California San Diego, La Jolla, CA, United States, 2Department of
Pharmacology, University of California San Diego, United States, 3Howard
Hughes Medical Institute, United States
The specificity of coagulation pathway serine protease thrombin is altered by
distal binding of cofactor thrombomodulin (TM); however, the crystal structures
are remarkably similar. We are using molecular dynamic (MD) simulations to
investigate the mechanism. Three series of simulations were performed;
thrombin unbound, thrombin bound to TM EGF domains four, five and six
(TM456), and thrombin bound to TM EGF domains five and six (TM56). These
were selected because TM56 has been experimentally shown to be sufficient for
binding while the change in specificity is only observed for TM456. Crosscorrelations by residue were calculated from the resulting MD ensembles.
Significant differences in normalized correlation (> 0.5) were observed between
thrombin and TM456 but not TM56. These differences are most pronounced in
the active site, indicating that an allosteric signal propagated from the fourth EGF
domain of TM may change the active site dynamics resulting in the altered
specificity of thrombin.
COMP 210

Trypanosoma cruzi proline racemase: A promising new drug target for
Chagas’ disease
M. Zhou1, yzhou@ucsd.edu, C. A. F. de Oliveira1,2,
cesar@mccammon.ucsd.edu, B. Grant1, bgrant@mccammon.ucsd.edu, and J.
A. McCammon1,2, jmccammon@mail.ucsd.edu. 1Chemistry/Biochemistry,
University of California, San Diego, La Jolla, CA, United States, 2Howard Hughes
Medical Institute, La Jolla, CA, United States
Chagas’ disease, caused by Trypanosoma cruzi infection, currently affects 16-18
million people resulting in an estimated 50,000 annual deaths, mostly in Central
and South America. The principal mechanism of transmission is via
contaminated secretions from blood sucking insect vectors, transfusion of blood
from infected donors and transplacental transmission from infected mothers. The
chronic stage of the disease is accompanied by severe debilitation,
cardiomyopathy and digestive system damage due to cell death in infected
tissues. Here we describe a computational study on a promising new drug target,
the T. cruzi secreted proline racemase (TcPRAC), believed to be essential for
parasite virulence. TcPRAC has been shown to be a potent mitogen for host B
cells, preventing the development of an effective parasite-directed immune
response. In order to identify inhibitor candidates, virtual screening procedures
were carried out on both open and closed forms of the enzyme. Our docking
results suggest the existence of a second potential binding site on the open form
of the enzyme. Since conservation analysis identified highly conserved residues
in the secondary pocket, we hypothesize that the mitogenic properties of
TcPRAC may depend on the exposure of epitopes located in this region. To
further explore this hypothesis, long molecular dynamics simulations were
performed on the apo and inhibitor bound enzyme. Cross-correlation and
principal components analyses revealed that the enzyme can undergo large
conformational changes in the apo state around the newly identified binding
pocket. We believe that the strategy adopted in this work is useful for
rationalizing the molecular basis of inhibition and representing a starting point for
designing more potent inhibitors.
COMP 211
Multibaric-multithermal and partial multicanonical molecular dynamics
simulations for a peptide
H. Okumura, hokumura@ims.ac.jp. Institute for Molecular Science, Japan
Biomolecules such as proteins have complicated free energy surfaces with many
local minima. Conventional molecular dynamics (MD) and Monte Carlo (MC)
simulations tend to get trapped in these local-minimum states. One of the
powerful techniques to avoid this difficulty is the multicanonical algorithm.
However, because the multicanonical simulation is performed in a fixed volume,
neither the pressure dependence nor temperature dependence at certain
pressure can be investigated. In order to overcome this difficulty, I have recently

proposed multibaric-multithermal (MUBATH) MC [1-3] and MD [4,5] algorithms. I
applied the MUBATH MD algorithm to an alanine dipeptide in explicit water [6,7].
The MUBATH MD simulation covered a wide range of conformational space,
although the conventional isobaric-isothermal simulation was trapped in localminimum free-energy states. I also calculated the partial molar enthalpy
difference DH and partial molar volume difference DV among these states using
the AMBER parm96 and parm99 force fields. This is the first simulational work to
calculate DH and DV of biomolecules. I compared these results with those from
Raman spectroscopy experiments. All experimental results fall in between those
of simulations using AMBER parm96 and parm99 force fields, suggesting that
the ideal force field parameter lie between AMBER parm96 and parm99.
[1] H. Okumura and Y. Okamoto: Chem. Phys. Lett. 383 (2004) 391.
[2] H. Okumura and Y. Okamoto: Phys. Rev. E 70 (2004) 026702.
[3] H. Okumura and Y. Okamoto: J. Phys. Soc. Jpn. 73 (2004) 3304.
[4] H. Okumura and Y. Okamoto: Chem. Phys. Lett. 391 (2004) 248.
[5] H. Okumura and Y. Okamoto: J. Comput. Chem. 27 (2006) 379.
[6] H. Okumura and Y. Okamoto: Bull. Chem. Soc. Jpn. 80 (2007) 1114.
[7] H. Okumura and Y. Okamoto: J. Phys. Chem. B 112 (2008) 12038.
[8] H. Okumura: J. Chem. Phys. 129 (2008) 124116.
COMP 212
Data structures and programming models to maintain data concurrency in
parallel molecular dynamics simulations utilizing commodity hardware
A. J. Pounds, pounds_aj@mercer.edu. Departments of Chemistry and
Computer Science, Mercer University, Macon, GA, United States
While many excellent programs exist for completing molecular dynamics
simulations in parallel, most, if not all, experience performance bottlenecks at the
point of sharing data prior to updating the force, velocity, and position vectors.
While numerous strategies have been developed to speed up this process,
techniques at the data sharing and hardware level generally target state of the art
systems with multiple network pathways between processors. Such methods are
not appropriate for smaller institutions, where systems are commodity
components connected together via a single network card in each system and a
switch. We present here data structures and parallel programming
methodologies designed to keep a constant flow of data moving between
commodity computer systems in a distributed memory environment and thus
minimize the networking bottleneck common to molecular dynamics code.
Performance and scalability of our techniques will be demonstrated across
heterogeneous computer systems and the ease of implementation discussed.
COMP 213

Computational investigation on mechanisms of hydrocarbon chain growth
in Fischer-Tropsch synthesis
Y. Luo, yin.luo@email.ucr.edu, and G. Beran, gregory.beran@ucr.edu.
Department of Chemistry, University of California, Riverside, Riverside, CA,
United States
Fischer-Tropsch(FT) synthesis has long been one of most important industrial
reactions for synthetic fuel production, but its reaction mechanism remains
controversial. The two most widely accepted schemes differ in whether a vinyl or
ethyl intermediate is involved in the first step of hydrocarbon chain-propagation.
Recently, Shen and Zaera[1] obtained the first direct experiment evidence for vinyl
intermediates on V(100) based on TPD and XPS. Using planewave density
functional theory, we have investigated the energetics and reaction barriers for
these two mechanistic pathways on V(100) to explain this experimental
observation. In addition, because vanadium is not a standard FT catalyst, we
model the same chemistry on Co(0001), which is more representative of
industrial FT catalysts. These models provide insight into the importance of the
vinyl-intermediate mechanism in FT synthesis.
[1] M. Shen, F. Zaera, Angrew. Int. Ed. 2008, 47, 6583
COMP 214
Simulation of age-related cataract causing monomeric two-domain
misfolding pathway of γS-crystallin via enhanced sampling and 2Dpotential of mean force (2D-PMF) mapping
I.-H. Park1, ipark@chemistry.ohio-state.edu, and C. Li2. 1Chemical Physics
Program, The Ohio State University, Columbus, OH, United States, 2Division of
Medicinal Chemistry and Pharmacognosy, College of Pharmacy, The Ohio State
University, Columbus, OH, United States
γS-crystallins are water-soluble proteins of eye lens, have paired N-terminal and
C-terminal domains with highly compact two Greek-key sandwich motifs. Its
stability and the solubility therefore affect vision transparency. Altered stability of
γS-crystallins causes cataract due to aggregation of water-insoluble, misfolded
crystallins.To construct an unfolding pathway of γS-crystallin, replica exchange
MD (REMD) in 260-560 K starting with folded NMR structures was carried out.
2D-PMF was then constructed with an inter-domain distance ILE60...ILE137 and
a native-likeness of each domain as reaction coordinates.The 2D-PMF profile
revealed that the domain interface dissociates first upon loss of hydrogen bond
network due to small area of interface contact. Then the N-terminal domain is
denatured prior to C-terminal domain associated with (a) lacking of the
secondary structure of β3, (b) reduction-prone Cys-rich disulfide-bond(s) around
β3-β4 causing instability and (c) weakened van der Waals contact triggered by
highlyfluctuating long N-terminal arm.

COMP 215
Development of a physics-based model for predicting passive membrane
permeability
S. S. F. Leung1, siegfried.leung@ucsf.edu, J. Mijalkovic2, and M. P. Jacobson1.
1
Department of Pharmaceutical Chemistry, University of California, San
Francisco, San Francisco, CA, United States, 2Universiteit Leiden, Leiden, The
Netherlands
Modulating bioavailability, which may require improving passive membrane
permeability of a molecule, is a critical challenge in drug development. Aiming to
understand the physics of membrane permeation, a physics-based model is
developed to predict membrane permeability. The initial model has illustrated that
passive permeation of a molecule depends heavily on its conformational
adaptation to the membrane environment. In order to account for the physical
process of permeation, additional attributes, including estimates of entropic
losses of the ligand and membrane upon ligand insertion, are implemented. The
entropic term is estimated from conformational searches or simulations in water
and chloroform. We also account for the volume and maximum cross-sectional
area of the molecule. The expanded model is trained and tested with PAMPA
and Caco-2 data from diverse compound sets, ranging from drug-like small
molecules to cyclic peptides. Incorporation of these attributes is demonstrated to
be constructive, reflecting their importance in membrane permeation.
COMP 216
MD simulations reveal protein flexibility in the oxidoreductase NQO1
H. Abdel-Aal Bettley, hoda.abdel-aal@manchester.ac.uk, R. A. Bryce, I. J.
Stratford, and K. A. Nolan. School of Pharmacy and Pharmaceutical Sciences
and Manchester Cancer Research Centre, University of Manchester,
Manchester, United Kingdom
NQO1, or NAD(P)H quinone oxidoreductase, is over-expressed in many tumours
and is therefore a target for selective anti-cancer drug development. This
oxygen-independent two-electron reductase functions as an antioxidant, a
protective enzyme and an enzyme capable of bioactivating various prodrugs.
Further, it has been suggested that NQO1 can interact with a variety of client
proteins, including p53, which can be destabilized by addition of the inhibitor
dicoumarol. Here, we use computational methods to provide molecular insights
into the effect of binding of dicoumarol, and a variety of other ligands, on NQO1
structure and function. Our analysis reveals key flexible amino acid residues in
the enzyme that form potential pathways of communication between monomers
and amino acids which are sensitive to the binding of inhibitors. The results
provide a mechanistic understanding of how allosteric interactions can change
NQO1 behaviour and potentially influence NQO1’s interactions with other
proteins.

COMP 217
Computational investigation of the transport mechanism for monoamine
transporters
B. A. Merchant, merchantb@duq.edu, and J. D. Madura, madura@duq.edu.
Department of Chemistry & Biochemistry, Center for Computational Sciences,
Duquesne University, Pittsburgh, PA, United States
Neurotransmitter sodium symporters are targets for various medicinal and illegal
drugs that affect mood and behavior. Of particular interest are the dopamine
(DAT) and serotonin (SERT) transporters of which the three-dimensional
structures are unknown. A three-dimensional structure homologous to DAT and
SERT, both in sequence and in function, is the leucine transporter (LeuTAa).
Therefore the LeuTAa is an ideal system to test new computational tools that can
be used to study DAT and SERT function and dynamics, once their structures
are determined. The Multi Configurational Thermodynamic Integration method as
implemented in NAMD, was used to study the transport of leucine in LeuTAa. We
have identified four regions of low free energy including one that corresponds to
the “secondary” binding pocket of LeuTAa, which has been determined
crystallographically. Detailed free energy and structural results of leucine
transported by LeuTAa and dopamine by DAT will be presented.
COMP 218
Predicting ligand binding to human serum albumin
E. Dolghih, ldolghih@gmail.com, and M. P. Jacobson, matt.jacobson@ucsf.edu.
Department of Pharmaceutical Chemistry, University of California, San
Francisco, San Francisco, California, United States
Human serum albumin (HSA) is the most abundant plasma protein that is
responsible for transport of a wide range of physiological ligands including fatty
acids, bilirubin, thyroxine and others. High concentration of this protein and its
ability to bind a variety of ligands, makes it an important aspect in distribution,
metabolism and excretion of many drugs. Thus, drugs with high affinity to HSA
(some bound at >99%), require higher doses and could take longer to clear from
the body, both of which increase possibility of undesirable side effects. In this
study we use docking methods incorporating receptor flexibility to predict HSAdrug interactions for a series of FDA-approved compounds. The structural
information obtained in this manner could be used to guide structural modification
of drug molecules that would reduce their affinity for HSA. Our initial results
indicate that accounting for the flexibility of key positively charged residues is
critical for predicting how diverse ligands bind to HSA.
COMP 219

Utilization of computational fragment mapping to understand metabolism
in human cytochromes
R. L. Napoleon1, raeanne@bu.edu, D. Kozakov2, and S. Vajda1,2. 1Department
of Chemistry, Boston University, Boston, Massachusetts, United States,
2
Biomedical Engineering, Boston University, Boston, Massachusetts, United
States
The interplay between structure and function in proteins, and in protein-ligand
complexes, is essential for biological activity. As such, we utilize robust
computational techniques to probe the molecular surface of human cytochromes
P450 (CYP) in combination with fragment based docking methods to identify
druggable hot-spots. Identification of these hot-spots is critical for the structurebased design methods of pharmaceuticals. Here we present findings of the
application of our new algorithms for the CYP 3A4. This particular isoform
catalyzes the metabolic clearance of a large number of clinically used drugs, it is
the most abundant protein used in the metabolism of xenobiotics, and is the most
abundant protein found in the liver. We employ a computational fragment
mapping program (FTMap) that identifies fragment binding hot-spots. This
method includes a rigid body docking algorithm that is based on the Fast Fourier
Transform correlation approach and has been extended to use pairwise
interaction potentials. Our results show that these techniques provide metabolic
information that would be advantageous for identifying potential drug candidates
and for insight into the protein structure-function relationship.
COMP 220
Prediction of 13C and 15N kinetic isotope effects for the aqueous oxidation
of substituted anilines
A. J. Turgeon, turg0029@umn.edu, C. J. Cramer, and W. A. Arnold. Department
of Chemistry, University of Minnesota, Minneapolis, MN, United States
The oxidation of substituted aniline species by manganese oxide results in a
depletion of the 15N isotope compared to 14N. The isotopically sensitive step of
the oxidation is hypothesized to be the formation of the radical cation
intermediate, i.e., the first electron transfer step. In addition, 15N isotope effects
can be associated with the analytical method employed for the extraction of the
neutral anilines from the reaction mixture. Small 13C isotope effects were also
detected during the oxidation and extraction of the aniline species. The focus of
this work is to predict computationally kinetic isotope effects for the one-electron
oxidation of various substituted anilines and the equilibrium isotope effects
relevant to the extraction procedure. 13C kinetic and equilibrium isotope effects
were additionally predicted for the specific case of p-methylaniline (p-toluidine).
Predictions based on application of density functional theory and Marcus theory
for electron transfer will be presented.

COMP 221
Accurate and inexpensive ab initio treatment of large clusters
K. D. Nanda, kaushiknanda@gmail.com, and G. Beran. Department of
Chemistry, Univeristy of California, Riverside, Riverside, California, United States
The application of ab initio quantum chemistry to large systems of interacting
molecules is limited by high computational costs. The Hybrid Many-Body
Interaction (HMBI) methodology substantially reduces the cost of such
calculations while maintaining accurate energy predictions. HMBI partitions the
system on the basis of the order of the interaction in the many body expansion
instead of using the spatial partitioning as in many QM/MM schemes. Since the
monomer terms and pair-wise interaction terms between these monomers are
the most important terms in the many-body expansion, HMBI treats them
accurately with quantum mechanics (QM) while the higher-order terms are
treated inexpensively with molecular mechanics (MM) force fields. We
demonstrate that the incorporation of smooth local truncations that treat distant
pairwise interactions classically allows linear scaling of the computation cost with
system size without introducing significant new errors. Consequently, using HMBI
with local truncation, affordable and accurate geometry optimization calculations
of these large systems can be performed. Details of the HMBI energies and
geometries of some benchmark systems will be compared with those obtained
from other methodologies.
COMP 222
Identification of novel malarial cysteine protease inhibitors: Virtual
screening study and optimization of hits
F. H. Shah1, fhshah@olemiss.edu, Y. Pedduri1, P. Mukherjee1, J. Gut2, P.
Rosenthal2, B. Tekwani3, and M. Avery1,3. 1Department of Medicinal Chemistry,
University of Mississippi, University, MS, United States, 2Department of Medicine
at SFGH, University of California at San Fransisco, San Fransisco, CA, United
States, 3National Center for Natural Products Research, University, MS, United
States
Malaria, in particular that caused by plasmodium falciparum (P. falciparum), is a
highly infectious disease, prevalent across the globe and its treatment is resistant
to the most currently available drugs. The cysteine proteases, falcipain-II (FP-II)
and falcipain-III (FP-III) isolated from P. falciparum, are hemoglobinases, crucial
for the life cycle of protozoa, and, therefore, are potential antimalarial drug
targets. Structure-based virtual screening of targeted cysteine protease library
was performed against the X-ray crystal structure of FP-II using Glide docking
program. Biological evaluation of the selected 25 compounds identified nine
compounds with an IC50 value of ≤ 25 µM. Similarity/substructure search were
carried out to identify structure analogs of the most active hits. Further,
combinatorial library design and synthesis of the most active scaffolds were

performed. Synthesized compounds are currently under biological evaluation
against FP-2.
COMP 223
FEP-guided optimization of azoles as nonnucleoside inhibitors of HIV-1
reverse transcriptase
C. S. Leung1, cheryl.leung@yale.edu, J. G. Zeevaart1, R. A. Domaoal2, M.
Bollini1, V. V. Thakur1, K. S. Anderson2, and W. L. Jorgensen1. 1Department of
Chemistry, Yale University, New Haven, CT, United States, 2Department of
Pharmacology, Yale University, New Haven, CT, United States
Non-nucleoside inhibitors of HIV reverse transcriptase (NNRTIs) are a key
component of highly active anti-retroviral therapy (HAART) for the treatment of
HIV infection. The therapeutic effectiveness of current NNRTIs is challenged by
the rapid emergence of variant strains of the virus. Computer-aided structurebased design is being pursued to develop new NNRTIs active against a broad
spectrum of variants. Monte Carlo/free-energy perturbation (MC/FEP)
calculations are used to guide lead optimization. The protein-ligand complexes
are constructed using the BOMB program and modeled with MC statistical
mechanics. FEP calculations yield predictions on relative free energies of
binding. They are now used routinely to guide optimizations of heterocycles and
ring substituents. Applications are illustrated in multiple lead series that have led
to the discovery of highly potent NNRTIs with low-nanomolar potency in cellbased, anti-HIV assays. The computations also provide extensive structural
information that helps clarify the origins of the variations in activity.
COMP 224
Development of binary QSAR models to predict the biological activity of
semi-synthetic artemisinin derivatives by kNN and SVM approach
F. H. Shah1, fhshah@olemiss.edu, Y. Wu1, A. Golbraikh2, T. Wu2, D. Fourches3,
X. S. Wang3, A. Tropsha2,3, and M. A. Avery1,4. 1Department of Medicinal
Chemistry, University of Mississippi, University, MS, United States, 2Division of
Medicinal Chemistry and Natural Products, University of North Carolina at
Chapel Hill, Chapel Hill, NC, United States, 3Molecular & Cellular Biophysics
Program, University of North Carolina at Chapel Hill, Chapel Hill, NC, United
States, 4National Center for Natural Products Research, University, MS, United
States
Artemisinin, a sesquiterpene endoperoxide isolated from the Chinese plant
Artemisia annua, is a front-line therapy against drug-resistant strains of malaria.
However, development of new artemisinin analogs with improved potency
remains a problem. kNN and SVM classification QSAR modeling approaches
have been applied to a dataset of 118 artemisinin analogs with different C-7, C-9

substitutions recently synthesized in our laboratory. The models with correct
classification rate higher than 0.8 and 0.7 for training and test sets, respectively,
were rigorously validated and used for consensus prediction of antimalarial
activity of designed artemisinin derivatives taking into account model applicability
domains. Several compounds predicted to have high antimalarial activity were
synthesized; they currently undergo biological evaluation for antimalarial activity.
In addition, these models will be used to search the natural product databases for
novel artemisinin-like compounds with endoperoxide bridge bearing scaffolds.
COMP 225
Prediction of weak magnetic exchange constant in Mn12(mda) complex
using DFT+U
S. Gangopadhyay1,2, shruba@gmail.com, A. E. Masunov1,2,3,
amasunov@gmail.com, E. Poalelungi1,4, and M. N. Leuenberger1,3.
1
NanoScience Technology Center, University of Central Florida, Orlando, Florida,
United States, 2Department of Chemistry, University of Central Florida, Orlando,
Florida, United States, 3Department of Physics, University of Central Florida,
Orlnado, Florida, United States, 4Department of Physics, Alexandru Ioan Cuza
University, Iasi, Romania
Single-molecule magnets are promising materials for molecular spintronics and
quantum computing applications. Predictions of magnetic coupling in these
systems have posed a long standing problem, as calculations of this kind require
a balanced description of static and dynamic electron correlation. The large size
of these systems limits the choice of theoretical methods used. Two methods
feasible to predict the exchange coupling parameters are broken symmetry
Density Functional Theory (BSDFT) and DFT with empirical Hubbard U
parameter (DFT+U). In this contribution we apply DFT+U to study Mn-based
molecular magnetic wheel using Vanderbilt Ultrasoft Pseudopotential plane wave
DFT method, implemented in Quantum ESPRESSSO code. Unlike most
previous studies, we adjust U parameters for both metal and ligand atoms using
five dineuclear molecular magnets as the benchmarks. Next, we apply this
methodology to Mn12 (mda) molecular wheel. Our study finds antiparallel spin
alignment in weakly interacting fragments of Mn12(mda) in agreement with
experimental observations.
COMP 226
QSAR modeling 5-HT1D serotonin receptor ligands and model-based
virtual screening for new hit identification
T. L. Moda1,2, tiagomoda@ursa.ifsc.usp.br, X. S. Wang1, A. D. Andricopulo2, and
A. Tropsha1. 1Molecular Modeling Laboratory, Division of Medicinal Chemistry
and Natural Products and Carolina Exploratory Center for Cheminformatics
Research, School of Pharmacy, University of North Carolina at Chapel Hill,

Chapel Hill, North Carolina, Uni, 2Laboratory of Computational and Medicinal
Chemistry, Institute of Physics of Sao Carlos, University of Sao Paulo, Sao
Paulo, Sao Paulo, Brazil
We have developed robust and externally predictive Quantitative StructureActivity Relationship (QSAR) models for binders to serotonin 5-HT1D receptor, a
promising drug target for central nervous system (CNS)-mediated diseases such
as anxiety and migraine. The data set of 147 structurally diverse molecules (66
binders and 81 non-binders) was retrieved from the Psychoactive Drug
Screening Program (PDSP) Ki database. Models were developed with both kNearest Neighbor (kNN) and Support Vector Machine (SVM) methods using
Dragon descriptors. Multiple predictive QSAR models were obtained using fivefold external validation with Correct Classification Rate (CCR) higher than 0.85
for both training and test sets. The validated QSAR models of 5-HT1D binders
were used to mine the World Drug Index (WDI) database totaling over 54,000
compounds to identify multiple consensus hits. The experimental validations of
these predictions are ongoing in the PDSP program.
COMP 227
3D QSAR studies on 3,4-dihydroquinazolines as T-type calcium channel
blocker by comparative molecular similarity indices analysis (CoMSIA)
S. H. Lee1, bambitious99@naver.com, S. Y. Jung1, H. B. Kang1, J. Y. Park1, H.
Cho2, J. Kim1, D. J. Choo1, and J. Y. Lee1, ljy@khu.ac.kr. 1Department of
Chemistry, Kyung Hee University, Seoul, Republic of Korea, 2T&J Tech Inc.,
Seoul, Republic of Korea
A comparative molecular similarity indices analysis (CoMSIA) of a set of forty-two
3,4-dihydroquinazolines have been performed to find out the pharmacophore
elements for T-type calcium channel blocking activity. The most potent
compound, 33 (KYS05090) was used to align the molecules. As a result, we
obtained 3-D QSAR model which provided good predictivity for the training set
(q2=0.642, r2=0.874) and the test set (r2pred=0.884). This model would guide the
design of new chemical entities potentially having high potency.
COMP 228
Chemoinformatics in R: Enriching molecular encoding, selective use of
kernels and methods
A. Adefioye, tunde.adefioye@esat.kuleuven.be, and B. De Moor,
bart.demoor@esat.kuleven.be. ESAT-SISTA, K.U. Leuven, Leuven-Heverlee,
West Brababant, Belgium
We use kernel functions for inferring similarity of a given set of compounds, for
classification or regression depending on application. We also explore what
aspects of chemical compounds can help us encode them better. We attempt to

improve sequence/graph representation at the 2D through 4D level. Compounds
can be encoded by physiochemical properties (1D), structural arrangement (2D
graphs), as well as computed features relating to 3D. We want to find ways that
chemical representation can enhance abilities of existing kernel functions?
Additionally, we explore kernels or methods fit for chemical compound
manipulation so 1D, 2D, 3D, and 4D molecular information are used to optimally
learn information to improve the drug discovery process. As an initial step, to
address the encoding question, rCDK in R is being used to attain fingerprints. R
is also used for necessary statistical analysis and machine learning
methods(kKmeans, feature extraction/selection, and SVM/LS-SVM). Overall, we
are developing a platform for innovative chemoinformatics for use with various
drug discovery related applications
COMP 229
Protein-ligand docking using conformational space annealing
W.-H. Shin1,2, rainmaker1207@gmail.com, L. Heo1,2, huhlim@naver.com, J.
Ko1,2, J. Lee1,2, J. Lee2,3, and C. Seok1,2,3. 1Department of Chemistry, Seoul
National University, Seoul, Republic of Korea, 2Center for In Silico Protein
Science, Korea Institute for Advanced Study, Seoul, Republic of Korea, 3School
of Computational Sciences, Korea Institute for Advanced Study, Seoul, Republic
of Korea
Protein-ligand docking technique is one of the essential tools for structure-based
drug design. The two major components of docking programs are scoring
function and sampling method. Scoring function is an estimation of the binding
free energy and used for ranking different binding poses for a given ligand or
different ligands in compound databases. Sampling method is required to
optimize the scoring function to identify the docked pose, represented by
translation, orientation, and conformation of a ligand, with the lowest energy. In
this work, the Conformational Space Annealing (CSA) method has been
employed to optimize the ligand pose with the AutoDock scoring function. CSA is
a very effective global optimization algorithm that has been successfully applied
to protein structure prediction. Performance of the new docking program,
AutoDockCSA, is compared with the standard Autodock3 program which uses a
Lamarkian Genetic Algorithm (LGA) and two other docking methods, SODOCK
and PSO@AutoDock, which use Particle Swarm Optimization (PSO) to optimize
the same AutoDock scoring function.
COMP 230
Towards an efficient theoretical and experimental probe of protein-protein
interactions with the MM-PB/GBSA methods

R. T. Bradshaw, Richard.Bradshaw08@imperial.ac.uk, I. R. Gould, R. J.
Leatherbarrow, and E. W. Tate. Department of Chemistry, Imperial College
London, London, United Kingdom
Protein-protein interactions are involved in a wide variety of cellular processes
and often represent therapeutically interesting drug targets. The MM-PB/GBSA
approaches are widely used to predict and rank relative binding free energies for
complexes and their mutants, however the conformational flexibility of the
interface means it is often difficult to obtain converged free energy estimates
using snapshots from molecular dynamics simulations. Here we present a
comparison of MM-PB/GBSA results from multiple simulations of a trypsinpeptide complex, highlighting the problem of sampling different conformational
space with different simulations. We then performed alanine scanning simply by
mutating the desired residue in snapshots from the native structure dynamics,
rather than repeating costly simulations for each mutant. This approach efficiently
obtained correct ordering and magnitude of relative free energy differences,
despite the inherent approximation that interface dynamics remained constant
beyond the mutated residue. Future work will develop the technique with
therapeutically relevant interactions.
COMP 231
Half metallic organic radical polymers
E. C. Lee1, cazzar@postech.ac.kr, S. Lee1, and K. S. Lee2. 1Department of
Application & Support, Supercomputing Center, Korea Institute of Science and
Technology Information, Daejeon, Republic of Korea, 2Center for Superfunctional
Materials, Department of Chemistry, Pohang University of Science and
Technology, Pohang, Gyungbuk, Republic of Korea
In half metals which have only one type of conduction electron, either spin up or
spin down, the current can be completely spin polarized. In this regard, half
metals have received attention as promising candidates for spin-based electronic
(spintronic) devices. The advantage of using organic materials as spintronic
devices is that the spin relaxation length and spin lifetime are considerably long
because of weak spin-orbit and hyperfine interactions. In addition, organic
materials would be candidates for flexible devices. Here, we introduce graphenelike 2-dimensional organic half metals which are candidates of complete spin
polarized carrier sources.
COMP 232
Combining conformation space annealing method with replica exchange
method for improved conformational sampling
A. Okur1, okura@nhlbi.nih.gov, J. Lee2, M. Hodoscek3, J. Lee4, J. Lee2, and B.
R. Brooks1. 1National Heart Lung and Blood Institute, National Institutes of

Health, Bethesda, Maryland, United States, 2Korea Institute of Advanced
Studies, Republic of Korea, 3National Institute of Chemistry, Slovenia,
4
Kwangwoon University, Republic of Korea
Replica exchange molecular dynamics (REMD) has been successfully used to
improve the conformational search for model peptides and small proteins.
However achieving convergence with large systems and with systems with slow
transition kinetics is also very difficult. One improvement to REMD is called
Reservoir Replica Exchange Method (R-REMD) where the conformational search
and temperature equilibration are separated. This allows integrating
computationally efficient search algorithms with REMD. The Conformational
Space Annealing (CSA) method has been shown to be able to determine the
global free energy of proteins efficiently and has been used in structure
prediction successfully. CSA uses a genetic algorithm approach to perform the
conformational search and determine the minimum energy structure. We have
used conformations generated through CSA method and collected them in a
reservoir. Replica exchange was then performed where the top replica was
seeded with the reservoir structures and fast convergence at every temperature
is observed.
COMP 233
Effect of aromatic interactions on flavin’s redox potential: A theoretical
study
M. A. North, northma@uwec.edu, and S. Bhattacharyya, bhattas@uwec.edu.
Chemistry, University of Wisconsin at Eau Claire, Eau Claire, WI, United States
Flavins, substituted isoalloxazines, are redox active cofactors ubiquitous among
oxidoreductases that catalyze diverse chemical reactions. They also exhibit
photoinduced electron transfers and have great potentials as sensors and as
light-harvesting chromophores. Versatility in chemical functions in flavin
containing enzymes arise mainly due their unique ability to undergo both oneand two-electron reductions. Modulation of the redox potential is accomplished
by various hydrogen bonding interactions with flavin ring atoms, as well as πstacking interactions with aromatic sidechains. Although, recent studies revealed
the role of hydrogen bonding and electrostatics on the charge separation upon
reduction (1), the significance of aromatic functionalities and their impact on
flavin’s redox potential have remained poorly understood. In the present study,
these noncovalent interactions, in various flavin-aromatics, have been studied
and their impact on the electrochemical properties investigated. Using density
functional theory (DFT), the free energy changes of these flavin-aromatic noncovalent hybrids have been calculated in their gas-phase and condensed-phase.
The geometry and energetics of these molecular hybrids derived from this study
will be presented.

(1) Rauschnot, J. C.; Yang, C.; Yang, V.; Bhattacharyya, S. J. Phys. Chem. B
2009, 113, 8149–8157.
COMP 234
Parameterising inositol 1,3,4,5-tetrakisphosphate for use in molecular
dynamics simulations with protein kinase B
S. A. J. Rosen, sarah.rosen08@imperial.ac.uk, I. R. Gould, and P. Gaffney.
Department of Chemistry, Imperial College London, London, United Kingdom
Protein Kinase B (PKB) interacts with the head-group of phosphatidylinositol
3,4,5-trisphosphate [PI(3,4,5)P3] via its pleckstrin homology (PH) domain. This
interaction is involved in a critical cell signalling pathway frequently activated in
cancer. Molecular Dynamics (MD) simulations provide an efficient method to
study this interaction. The objectives of this work are: a) To parameterise the
highly charged PIP3 head-group, inositol 1,3,4,5-tetrakisphosphate
[Ins(1,3,4,5)P4], using quantum mechanical methods - once validated these
parameters can be used in MD simulations of Ins(1,3,4,5)P4 complexed with the
PKB PH domain; b) to study and compare a number of simulations of the PKB
PH domain in order to further understand its dynamics, as well as conformational
changes upon binding the Ins(1,3,4,5)P4 ligand.
COMP 235
Combining homology modeling, docking, and the linear interaction energy
method to estimate hERG protein-ligand binding free energies
L. Boukharta, H. Keränen, henrik.keranen@icm.uu.se, and J. Åqvist. Uppsala
University, Department of Cell and Molecular Biology, Uppsala, Sweden
The human ether á go-go related gene (hERG) potassium channel is of great
interest in drug design. The interactions of pharmaceutical agents with hERG are
generally highly unwanted as they can lead to severe complications such as
cardiac arrhythmias. In this work, homology modeling, docking, molecular
dynamics (MD) and the linear interaction energy (LIE) method are used to predict
binding modes and binding free energies for a series of sertindole analogues.
Using the LIE method, the experimental binding free energies are reproduced
with an R2 = 0.73 and an average unsigned error of 0.31 kcal/mol. From the MD
simulations, the hERG residues that are responsible for the difference in binding
affinities between the inhibitors are identified, which gives the opportunity to
optimize drugs to have less binding affinity to hERG. The calculations illustrate
that a combination of docking, MD, and LIE can be a powerful tool in
computational inhibitor design.
COMP 236

Application of computational methods for large-scale screening and
prediction of binding affinities
Y. Khan, yasmin.khan@icm.uu.se. Department of Cell and Molecular Biology,
Uppsala University, Uppsala, Uppsala, Sweden
Today, thousands of molecules can be found in molecular databases created
over the past decades. The molecules in those databases can be used for
screening against known proteins to find possible candidates for use in the
pharmaceutical industry. The current project investigates the possibility of
accurately predicting the binding affinity of large quantities of known diverse
molecules found in databases to that of the COX protein using MD simulations.
The parameters given from the simulations are used for calculating the ligand
binding free energy using the Linear Interaction Energy (LIE) method.
COMP 237
Molecular modeling of human melanocortin-1 receptor
D. Zmuidinavicius1, dz234@cam.ac.uk, W. Filsell2, and R. C. Glen1.
1
Department of Chemistry, Cambridge, Unilever Centre for Molecular Science
Informatics, Cambridge, Cambridgeshire, United Kingdom, 2Unilever Discover,
Sharnbrook Bedford, United Kingdom
MC1R is a member of the G-protein-coupled receptor (GPCR) super-family
expressed in cutaneous and hair follicle melanocytes. MC1R displays an
unusually high number of natural variations, associated with distinct and visible
phenotypes. In the present study we tried to determine structural aspects and
molecular determinants of hMC1R that are responsible for endogenous peptide,
small molecule ligand binding and receptor signaling. Using published
mutagenesis data and calculated theoretical model for hMC1R, we have
examined interactions with aromatic and acidic regions in the melanocortin
receptor binding pocket. We also determined role of key amino acids in ligand
binding strength, signalling efficacy and pigmentation phenotypes. Our results
provide important information about hMC1R ligand receptor complexes and may
assist in rational design and development of other non-peptide melanocortin
receptor agonists and antagonists.
COMP 238
Virtual screening for peptide drug leads
J. Audie1,2, audiej@sacredheart.edu. 1CADD, CMDBioscience, Orange, CT,
United States, 2Chemistry, Sacred Heart University, Fairfield, CT, United States
There is growing scientific and commercial interest in the development of peptide
and peptidomimetic drug leads. Unfortunately, robust, efficient and dedicated
computational methods to enable peptide-based drug design are not widely

available. We propose to fill this vacuum with our new virtual combinatorial
peptide sequence screening (VCPSS) work-flow. The work-flow integrates a
novel free energy scoring function, an efficient algorithm for searching peptide
sequence and conformational space, and a new methodology for predicting
peptide membrane partitioning propensities. Starting from a protein-peptide input
structure, the VCPSS work-flow can be used to efficiently search and score
billions of peptide sequence possibilities, in search of the few that are predicted
to bind the protein target of interest. The peptides can then be quickly
synthesized and their activities verified in suitable in vitro assays, providing novel
compounds for more advanced peptide-based, peptidomimetic and even small
molecule drug design projects.
COMP 239
Surface barrier diffusion of Pd atoms on the (100) surface of Cu3N
J. A. Rodriguez1, M. G. Moreno-Armenta2, moreno@cnyn.unam.mx, and N. T.
Takeuchi2. 1Dept. of Physics, Universidad Nacional de Colombia, Bogota,
Bogota, Colombia, 2Centro de Nanociencias y Nanotecnología, Universidad
Nacional Autónoma de México, Ensenada, Baja California, Mexico
In this work, we present a study of the adsorption energy of a Pd atom on the
(100) surface of the cubic phase of Cu3N. One Pd atom is adsorbed at several
high symmetry sites on the surface and the total energy is calculated using the
Density Functional Theory as is implemented in the quantum-espresso code. We
used ultrasoft pseudopotentials and Gradient Generalized Approximation. We
find that the most stable adsorption site is the H4, where the formation enthalpy
is also a minimum. The energy barrier for diffusion of the Pd atom between H4
and T4 sites is about 0.285 eV. The barrier for diffusion in to the bulk is about
0.39 eV, which is higher and therefore it is more difficult for a Pd atom to diffuse
into the bulk of Cu3N.
COMP 240
CYLview: Rapid analysis and 3D representation program for chemists
C. Y. Legault, claude.legault@usherbrooke.ca. Department of Chemistry,
University of Sherbrooke, Sherbrooke, Quebec, Canada
The efficient analysis and communication of scientific results is a vital portion of
the work of any chemist. This aspect is even more important for computational
chemists, due to the amount and complexity of computational results. Tools to
maximize the efficiency of this process are thus critical. The present major
challenge with the preparation of publication quality representations of structures
is the need to use multiple programs to achieve the desired result. In this regard,
CYLview was specifically created to accelerate the evaluation and analysis of
computed structures, as well as to generate in the same program high quality
representations, containing all the information (e.g. bond distances, angles, atom

numbering) needed for professional publications and presentations. The steady
increase in computing resources has led to the study of ever larger structures
that are inherently more difficult to depict; static two dimensional images of three
dimensional structures over a certain size lead to a loss of spatial orientation and
distracting clutter. CYLview overcomes these issues by using powerful visual
cues, such as fog and focal blur.
COMP 241
Simulation study on the interactions of transmembrane helices
A. Benjamini, ayeletb@berkeley.edu, and B. Smit. Department of Chemistry,
University of California Berkeley, Berkeley, CA, United States
Membrane proteins play an important role in cellular communication and
transport. Bundles of Transmembrane Helices (TMH) are a common
organizational motif of membrane proteins with varying sizes and functions. It
was shown (Walters & DeGrado, PNAS (2006); 13, 37) that only a small number
of helix-helix interaction clusters can be found in the database of known
membrane protein structures. This small area of interaction space sampled by
TMH can be explained by a fundamental and universal set of interactions. A
coarse-grained model of those helices, removing specific helix-helix interactions
while maintaining the overall universal features would help explain the basis of
that. Our model, using the Dissipative Particle Dynamics (DPD) simulation
technique, has successfully reproduces the effect hydrophobic mismatch on
peptides in a lipid bilayer (deMeyer, Venturoli & Smit, Biophys. J (2008); 95, 4).
Additions to this model explains to greater detail the sets of inter-helical
interactions.
COMP 242
CSAR 2010 workshop at Boston ACS
H. A. Carlson, carlsonh@umich.edu, and J. B. Dunbar. Department of Medicinal
Chemistry, University of Michigan, Ann Arbor, Ann Arbor, MI, United States
The Community Structure-Activity Resource (www.CSARdock.org) will provide
high quality datasets to develop computational methods. Each protein’s dataset
will contain several crystal structures and binding affinities for many ligands
(dozens to hundreds, covering several congeneric series). ITC will be used to
provide enthalpic/entropic contributions. CSAR will provide some in-house
targets, but the greatest impact will come from donated pharma data. We
encourage participation from the community to select targets and provide data.
As part of our outreach, we have designed a Workshop for the ACS National
Meeting in Boston, Aug 2010
(http://www.csardock.org/MainContent.jsp?page=include/csar2010workshop.jsp). An integral part of the workshop is our Benchmark Exercise

where participants score ∼;350 protein-ligand crystal structures with a “standard”
approach and with an “improvement”. Everyone is welcome to participate and
exchange ideas of what data is needed to overcome limitations in scoring
functions. We hope the exercise will create an even platform for comparison
between various methods.
COMP 243
Can computational simulations be really useful?
T. Lee1, taisung@umn.edu, M. Albitar2, and D. M. York1. 1Chemistry, University
of Minnesota, Minneapolis, Minnesota, United States, 2Department of
Hematopathology, Quest Diagnostics Nichols Institute, San Juan Capistrano,
California, United States
Advances in studies of three important biological systems through bioinformatics
and multi-scale molecular simulations will be presented to demonstrate the
power of modern simulations techniques: First, a putative homology model of
JAK2 was built, along with simulations on WT and clinically observed mutants.
Simulation results provide the first atomic-level explanation of mechanisms of
JAK2’s auto-regulation as well as the constitutive activation due to mutations.
The second system is the BCR-ABL1 fusing gene. Drug resistance was
rationalized for mutants of the ABL kinase domain, including a significantly
overlooked alternative spliced variant, 35INS. The prediction of 35INS drug
resistance led to relevant experimental and clinical works and was confirmed
recently. Finally, multi-scale molecular simulations of the Hammerhead ribozyme
(HHR) will be presented. Our work paints a detailed picture of the HHR reaction
mechanism and has motivated new experimental work, and represents an
excellent example of simulation-guided studies of biological problems.
COMP 244
Incorporating implicit molecular dynamics and RMSD clustering to predict
small molecule membrane permeability
R. V. Swift1, robvswift@gmail.com, and R. E. Amaro1,2. 1Department of
Pharmaceutical Sciences, University of California, Irvine, Irvine, CA, United
States, 2Computer Science, University of California, Irvine, Irvine, CA, United
States
Extending earlier work done by the Jacobson group (J Comput Aided Mol Des
2007 21: 675-679), we use implicit molecular dynamics, in water and chloroform,
to approximate the free energy of transferring small organic solutes from water
into a lipid membrane. This free energy can be used to determine the relative
membrane permeability of each solute. We explore the effects on predicted and
experimental correlation of the following: (i) reducing the conformational
ensemble using the centroids of RMSD clusters; (ii) including configurational

entropy changes using normal-mode analysis of the RMSD centroids; (iii) quasiharmonic analysis over RMSD cluster members; (iv) including approximations of
solvent entropy changes upon transferring the small organic solute between
solvents.
COMP 245
Role of a hydration pocket in the function of nAChR studied by
computational approach
A. Rychkova, rychkova@usc.edu, and A. Warshel. Department of Chemistry,
University of Southern California, Los Angeles, CA, United States
The crystal structure of the extracellular domain of the nicotinic acetylcholine
receptor (nAChR) [Dellisanti et al., 2007] revealed two hydrophilic residues inside
the beta sandwich core. Both these residues are highly conserved in nAChR,
whereas the nonchannel homolog AChBP has bulky hydrophobic residues at
these positions. This feature may provide some clues about the possible
importance of the hydrophilic residues for the function of nAChR as a gated
channel. To explore this possibility and to examine the origin of the
hydrophilic/hydrophobic substitution effect, we formulated this problem in terms
of the relevant free energy changes and applied a proper thermodynamic cycle
plus free energy perturbation calculations. Exploring the effect of the Thr52Val in
both the open and closed states of nAChR appeared to provide an interesting
microscopic insight on the operation of this system and highlighted the
importance of using the proper computational strategies in studying biophysical
problems.
COMP 246
Introducing DockOmatic: Automated ligand and receptor screening
R. B. Jacob, greengiant99@gmail.com, and O. M. McDougal. Chemistry and
Biochemistry, Boise State University, Boise, Idaho, United States
Computational modeling using the program Autodock 4 is the basis for most drug
screening techniques. Autodock simulates the interactions between ligands
binding to receptors, and by a lamarkian algorithm, calculates an estimated free
energy of binding. This estimated value provides the basis for ligand
comparisons. DockOmatic is designed to submit and track multitudes of
ligand/receptor interactions, using autodock, saving tremendous time and
energy. The results from these simulated bindings are then output to designated
files with coordinates for user review. It is hoped this program will alleviate the
stress inherent in data collation by automating this process. Further refinements
are being made to improve performance and feature availability, such as an
inclusive modeller interface, providing the possibility of receptor model creation.
Currently dockOmatic’s input accepts a list of ligand “.pdb” files or a text file

listing residue sequences it will then create, and grid box values or the
associated “.gpf” files for each receptor.
COMP 247
Stucture and dynamics of GNA: A molecular dynamics study
A. T. Johnson1, ajohns12@nd.edu, O. Wiest1, L.-O. Essen2, and E. Meggers2.
1
Department of Chemistry and Biochemistry, University of Notre Dame, Notre
Dame, IN, United States, 2Fachbereich Chemie, Philipps-Universität Marburg,
Marburg, Germany
Glycol nucleic acid (GNA) is a newly discovered, non-natural nucleic acid
consisting of an acyclic propylene glycol phosphodiester backbone. This highly
simplified nucleic acid is capable of forming stable duplexes far exceeding the
thermodynamic stability of DNA. To this date, the only structure available
contains modified nucleobases. In this study we utilize molecular dynamics
simulations in order to explore the structure and dynamics of both the modified
and unmodified GNA. MD simulations show periodic fluctuations in the backbone
RMSDs which are attributed to a “breathing mode” involving a twisting/ untwisting
mode. This observation is consistent with thermodynamic analysis which shows
the GNA duplex formation is entropically more favorable than DNA. The inherent
flexibility of the GNA duplex in comparison to the DNA duplex is discussed in
relation to entropic penalties upon annealing.
COMP 248
Molecular dynamics simulations of deoxy and carboxy bjFixLH in crystal
and solution: Intrinsic dynamics affects the behavior of the ligand after
dissociation
K. C. Parra1, kparra@mail.usf.edu, and A. Cardenas1,2,
alfredo@ices.utexas.edu. 1Department of Chemistry, University of South Florida,
Tampa, Florida, United States, 2Institute for Computational Engineering and
Sciences, University of Texas, Austin, Texas, United States
FixL, a dimeric protein of bradyrhizobia japonicum, is an oxygen sensor that
regulates the expression of the genes involved in nitrogen fixation. It contains an
N-terminal heme-bound PAS domain (bjFixLH) that controls the activity of the Cterminal histidine Kinase domain depending on heme ligation state. To
investigate the ligand behavior after CO dissociation as well as protein structural
changes involved in the relaxation to the deoxy state, 10ns molecular dynamics
simulations of the CO-bound and CO-unbound bjFixL heme domain in crystal
and solution environments were performed and analyzed using PCA and NMA.
Our simulations show that the diffusion of the ligand is influenced by internal
motions of the bound structure of the protein before the CO bond dissociation
event. Comparison of our results to experimental data shows that different

environments and Arg220 affect the dynamics of the ligand, which in turn
influences the structural changes within important regions of the protein.
COMP 249
Insights from molecular dynamics simulations of Trypanosoma brucei RNA
editing terminal uridylyl transferase (TbRET2)
O. Demir1, odemir@uci.edu, and R. E. Amaro1,2. 1Department of Pharmaceutical
Sciences, University of California-Irvine, Irvine, CA, United States, 2Department
of Information and Computer Science, University of California-Irvine, Irvine, CA,
United States
Trypanosoma brucei is the causative agent of African sleeping sickness, which is
a major health problem in Africa. A unique post-transcriptional RNA editing is
catalyzed in T. brucei by a large multiprotein complex called the editosome and
by this way, uridine nucleotides are inserted or deleted in mitochondrial premRNAs. RNA editing terminal uridylyl transferase 2 of T. brucei (TbRET2) is one
of the key components of the editosome and catalyzes the uridine nucleotide
addition. Since TbRET2 is shown to be vital for the bloodstream form of the
parasite and no close human homologs are identified, TbRET2 poses as a
potential drug target. We have performed all-atom molecular dynamics
simulations of apo and UTP-bound forms of TbRET2, as well as other members
of the TUTase family of enzymes, and will present insights about the structure
and dynamics of this fascinating family of proteins.
COMP 250
Molecular dynamics simulations of alcohol-based electrolyte solutions:
Ionic conductivity and dielectric properties
A. M. Fleshman, afleshman@ou.edu, M. N. Kabbani, R. Frech, and R. A.
Wheeler. Department of Chemistry and Biochemistry, University of Oklahoma,
Norman, OK, United States
Understanding the mechanism of ion transport is crucial to the development of
electrolytes with favorable ionic conductivity. Experiments with low dielectric
constant solvents (ε<10) show that liquid electrolyte molar conductivity increases
with salt concentration to a maximum before decreasing. This behavior has been
attributed to ionic association effects; however, salts that do not associate exhibit
similar concentration dependence. Experiments also show that the dielectric
constant increases similarly to conductivity as salt concentration increases. We
investigate the correlation between dielectric properties and ion transport using
molecular dynamics simulations. Longtime (multiple ns) trajectories were
obtained using the all-atom CHARMM22 force field. We calculate the dielectric
constant and molar conductivity of linear alcohols (propanol, butanol, hexanol,

and octanol) containing various salts and compare them at room temp (25 °C) for
increasing concentrations of salt.
COMP 251
Comparing predicted structural ensembles with NMR experiments: What
have we learned?
L. Hua, lan.hua@gmail.com, J. MacCallum, justin.maccallum@me.com, K. Dill,
dill@maxwell.compbio.ucsf.edu, and M. Jacobson, matt.jacobson@ucsf.edu.
Department of Pharmaceutical Chemistry, University of California at San
Francisco, San Francisco, California, United States
The traditional way to evaluate the success of structure prediction doesn’t include
protein dynamical information. Here we compared predicted ensembles with
experiments directly. Homology models for several proteins have been refined
using REMD simulations and NMR observables were back-calculated and
compared with experimental data. We find that the simulated ensembles agree
with NMR data better than the homology models and most of individual
structures in the ensemble. Since NMR structures can have long range NOE
upper bound violations, it might be fairer to compare with experimental data in
the evaluation of prediction. The ensembles simulated from native structures
mostly cannot reproduce experimental data better than NMR ensembles,
probably because that simulated structures are loosely packed especially in nonlocal regions. Highly populated clusters with less structure diversity don’t agree
with NMR data significantly better than the whole ensemble. Our study supports
the importance of including dynamical heterogeneity in protein structure
prediction.
COMP 252
Discovering drug candidates for the alpha-subunit of tryptophan synthase:
From docking, molecular dynamics simulations, to experiments
M. Q. Fatmi1, qaiser_fatmi@yahoo.com, W. M. Thant1, S.-N. Lee1, D. Niks2, M.
F. Dunn2, and C.-E. A. Chang1. 1Department of Chemistry, University Of
California, Riverside, Riverside, CA, United States, 2Department of Biochemistry,
University Of California, Riverside, Riverside, CA, United States
In this study, we combine computational docking and experiments to discover
antibiotic candidates that target the alpha-subunit of tryptophan synthase
(TRPS). TRPS is an analogous to the TIM barrel protein, which carries out a
critical step in tryptophan biosynthesis. Inhibiting this step blocks the tryptophan
production in microorganisms and stops their growth. Therefore, inhibiting the
function of TRPS may cure several diseases such as trachoma, tuberculosis,
cryptosporidiosis, gastroenteritis, food poisoning and etc. In order to find suitable
alpha-subunit competitive inhibitors, we virtually screened ligands in the NCI
diversity set with TRPS (PDB entry 3CEP and 2CLO). The top a few hundred hits

(the smaller set) have been chosen for further docking studies. Several
representative protein conformations obtained from our molecular dynamics
simulations are chosen for docking studies. Instead of using the full NCI diversity
set, only the smaller set of ligands are docked into these conformations. Ligands
with the top predicted binding affinities from our docking studies are chosen for
fluorescence assays to measure their binding affinities experimentally.
COMP 253
T-Analyst: A program for efficient analysis of protein conformational
changes by torsion angles
R. Ai, rai001@ucr.edu, M. Q. Fatmi, qaiser_fatmi@yahoo.com, and C.-E. A.
Chang, chiaenc@ucr.edu. Department of Chemistry, University of California,
Riverside, Riverside, CA, United States
The conformational dynamics of proteins play important roles in their function
and regulating ligand binding. T-Analyst is a Bioinformatics tool in Perl script for
analyzing protein molecular dynamics trajectories. Instead of using Cartesian
coordinate system for protein conformational analysis, T-Analyst adopts Internal
Bond-Angle-Torsion (BAT) coordinate system in which internal torsion angle
movements, such as side chain rotations, can be easily detected. The program
computes entropy and rotameric states of dihedrals, clusters multiple
conformations and detects dihedral rotations that contribute hinge-like motions.
Currently, most docking software prefers proteins to be rigid to avoid intensive
computational effort. Yet, a simple, fixed conformation can never be guaranteed
as an adequate representation of the protein structure. T-Analyst can help cluster
multiple protein conformations by torsion angles and focuses on showing
changes in protein flexibility between different states, and selecting
representative protein conformations for molecular docking studies.
COMP 254
Lipscomb or Lindskog? The mechanism of the hydration of CO2 to
bicarbonate in hCAII revisited
J. Li, jjsli@ucdavis.edu, and Y. Duan, duan@ucdavis.edu. Genome Center,
University of California Davis, Davis, CA, United States
Carbonic anhydrases have been extensively studied because of their important
physical functions in the hydration of CO2 to bicarbonate. The accepted overall
mechanism of the substrate turnover is composed of two independent stages.
The first stage is the conversion of CO2 into bicarbonate via a nucleophilic attack
on CO2 by the zinc-bound hydroxide. The resultant bicarbonate is then displaced
from the zinc by a water molecule. There are two proposed mechanisms for the
first stage to describe the binding of bicarbonate. They are respectively Lipscomb
mechanism which involves a monodentate Zn-HCO-3 intermediate, and Lindskog
mechanism which requires a bidentate Zn-HCO-3 intermediate. Guided by a

recent X-ray experiment we carried out B3LYP/6-31G** calculations on the active
site of hCAII protein. Our results show that there might be a third mechanism in
which one of the neighboring water molecules plays an important role.
COMP 255
Docking studies of human β defensin-2 (hBD-2) and the neurotoxin
crotamine
S. M. Dutz1, smdutz@csupomona.edu, Z. Ramjan1, N. Y. Yount2,3, A. J. Waring4,
M. R. Yeaman2,3,4, and S. Sharma1, sks@csupomona.edu. 1Department of
Chemistry and Center for Macromolecular Modeling and Materials Design,
California State Polytechnic University, Pomona, Pomona, CA, United States,
2
Division of Infectious Diseases, LAC-Harbor, University of California, Los
Angeles, Torrance, CA, United States, 3St. John’s Cardiovascular Research
Center, Los Angeles Biomedical Research Institute at Harbor-University of
California, Los Angeles, Torrance, CA, United States, 4Department of Medicine,
David Geffen School of Medicine at University of California, Los Angeles, Los
Angeles, CA, United States
Significant structure-activity parallels have been shown to exist between
cysteine-stabilized antimicrobial peptides and toxins. In an effort to gain insight
into the structure-activity relationship between antimicrobial peptide hBD-2 and
the myotoxin crotamine, in silico docking studies (with the RosettaDock proteinprotein docking algorithm) were performed with bacterial, fungal, and mammalian
ion-selective channels. The results of these studies suggest that hBD-2 and
crotamine have diametrical interactions with prokaryotic and eukaryotic ion
channels. Crotamine was observed to interact directly with the eukaryotic ion
channel pore but was shown to be inactive towards prokaryotic cells. Although
hBD-2 interacted with both prokaryotic and eukaryotic ion channels, it did not
occlude the pore on either. The known structure in conjunction with the predicted
interaction mechanism suggest that crotamine and hBD-2 have ancestral
homology, but have evolved to target microbial and mammalian ion channels
differentially through specific residue-residue interactions.
COMP 256
Catalytic atom mapping: A scaffold selection method for the rational
redesign of active sites
G. Nosrati, geoff@chem.ucla.edu, and K. N. Houk. Department of Chemistry
and Biochemistry, University of California, Los Angeles, Los Angeles, CA, United
States
The Gess software suite has been developed for the analysis of atomic
geometries in proteins, using the Jess algorithm for structural template matching.
Gess is used to explore the Protein Data Bank to locate proteins with a specific

3D arrangement of catalytic groups. The goal is to identify active sites that might
be redesigned to catalyze new reactions. First, Gess was used to identify
enzymes that have the catalytic group arrangement present in osuccinylbenzoate synthase (OSBS). It has been established that L-Ala D/L-Glu
epimerase (AEE) and muconate lactonizing enzyme II (MLE) can be redesigned
to become OSBS catalysts. Among the top ten scaffolds identified by the Gess
search for enzymes with the same catalytic group arrangement as OSBS, nine
were AEE or MLE structures. Second, Gess was applied to the design of an
active site for a non-natural aromatic Claisen rearrangement. The Gess search
identified many scaffolds with catalytic group geometries like that of a quantum
mechanically designed active site.
COMP 257
Ab initio methods in graphene modeling
J. Wang1,2, jinhuawang125@gmail.com, S. Vukovic2,3,
sinisa.vukovic@berkeley.edu, M. R. Philpott2,4, philpott@imr.edu, D. Y. Zubarev2,
dmitry.zubarev@berkeley.edu, B. Austin2, baustin@berkeley.edu, W. A. Lester,
Jr2,3, walester@lbl.gov, T. Cui1, cuitian@jlu.edu.cn, and Y. Kawazoe4. 1State Key
Laboratory of Superhard Materials, Jilin University, Changchun, Jilin, China,
2
Kenneth S. Pitzer Center for Theoretical Chemistry, Department of Chemistry,
University of California at Berkeley, Berkeley, California, United States,
3
Chemical Sciences Division, Lawrence Berkeley National Laboratory, Berkeley,
California, United States, 4Institute for Materials Research, Tohoku University,
Aoba-ku, Sendai, Japan
A family of two-dimensional polyaromatic hydrocarbons (PAH) have been
investigated to gain insight on the formation of graphene-like geometry and
electronic structure using resolution-of-identity perfect pairing (RI-PP) and plane
wave density functional theory (DFT) levels of theory. Restricted closed-shell and
open-shell singlet- and triplet-state graphene patches were calculated and the
relative stability of different spin-states is relative to spin-polarization along a
zigzag edge was determined. The electronic structure is characterized using the
harmonic oscillator model of aromaticity (HOMA), which distinguishes between
exterior and interior regions of electronic structure, assesses closeness of the
models to ideal graphene, and yields predictions about reactivity. As a prelude to
exploring the relative energies and thermodynamic stabilities of graphene-edge
oxidation, the O-H bond dissociation energy of phenol was obtained with the
quantum Monte Carlo (QMC) method.
COMP 258
Interaction of lithium and low-dimensional graphene materials
C. Uthaisar, uthai1c@cmich.edu, J. Peralta, and V. Barone. Department of
Physics, Central Michigan University, Mount Pleasant, Michigan, United States

The lithium storage capabilities of low-dimenstional graphitic materials present a
great potential for the developemnt of more efficient anode materials. Here we
study the lithium intake potential of graphene nanoribbons with two different
types of edges, zigzag and armchair, using density functional theory. We found
that Li adsorption is stronger in zigzag nanoribbons than in two-dimensional
graphene, fullerene and armchair nanoribbons. The strongest binding occurs
when the Li-atom is placed at the edges of zigzag nanoribbons. The evaluation of
Li diffusion coefficient on the surfaces of graphene nanoribbons in the lowdensity limit is discussed. We will also show that the enhanced Li-zigzag
nanoribbon interaction affects significantly their magnetic properties by
quenching the magnetization in the areas neighboring the absorption site.
COMP 259
Integrals implementation for variational explicitly correlated methods
N. J. Ward1, njward@stanford.edu, S. A. Varganov1,2, and T. J. Martinez1,2.
1
Department of Chemistry, Stanford University, Stanford, CA, United States,
2
SLAC National Accelerator Laboratory, Menlo Park, CA, United States
We present an implementation of recurrence formulas for overlap, nuclear
attraction, and electron repulsion integrals over explicitly correlated Cartesian
Gaussian functions. We obtain many-electron integrals of higher angular
momentum from the corresponding integrals of lower angular momentum. The
recurrence scheme is based on an extension of the Obara and Saika recurrence
formulas for two-electron integrals over Cartesian Gaussian functions. As an
example, we use this scheme to generate the integrals for the geminalaugmented multireference self-consistent field method, which requires up to
three- and four-electron integrals.
COMP 260
Density functional theory study of lithium mediated hydrogen storage in
carbon nanostructures
P. Wanaguru, wanag1p@cmich.edu, V. Barone, and J. Peralta. Department of
Physics, Central Michigan University, Mt. Pleasant, MI, United States
Storage mechanisms of hydrogen molecules became the most critical factor for
hydrogen-based energy technologies. Storing hydrogen molecules in a phase
between chemisorbed and physisorbed levels is crucial to operate this
technology at ambient temperature and pressure. Here we present results based
on first-principles density functional theory calculations on the hydrogen storage
potential of carbon compounds such us C60 and graphene nanoribbons. We
specifically look into the potential of carbon nanomaterials doped with lithium
atoms to bind hydrogen molecules. In these calculations we look for the
maximum number of lithium atoms that can be adsorbed into the carbon
structure and their stability, most favorable position for the lithium atoms, charge

acquired by the lithium atoms, and the binding energy of hydrogen molecules in
these Li-doped systems.
COMP 261
Filtering and ranking of computational enzyme designs using quantum
mechanical transition states and molecular dynamics
S. A. Johnson, sajohn2@chem.ucla.edu, S. Kim, and K. N. Houk. Department of
Chemistry and Biochemistry, University of California, Los Angeles, Los Angeles,
CA, United States
The “inside out” approach to enzyme design hinges on developing a quantum
mechanical transition state for the rate-limiting step of a chemical reaction. This
transition state is stabilized using model amino acids to create a theozyme
(theoretical enzyme). Enzyme design programs, like Rosetta, can use the
theozyme as a template to design an enzyme active site. These active sites are
grafted into high-resolution protein structures. Mutations are made to the native
protein to introduce the catalytic residues, stabilize the newly introduced
residues, and encourage substrate binding. The mutations can have a significant
effect on the geometry of the active site and on protein stability. We have
developed a program, EDGE (Enzyme Design Geometry Evaluation), to filter and
rank enzyme designs based on geometrical “theozyme-likeness.” EDGE has
been applied in the “inside out” protein design procedure, and also used in
conjunction with molecular dynamics to distinguish active from inactive enzyme
designs.
COMP 262
Thiolate-protected Au20(SR)16 cluster: Prolate Au8 core with novel
[Au3(SR)4] staple motifs
Y. Pei, Y. Gao, N. Shao, nshao@huskers.unl.edu, and X. C. Zeng. Department
of Chemistry, University of Nebraska - Lincoln, Lincoln, NE, United States
The ligand protected gold cluster exhibits distinct structural pattern in contrast to
the bare moieties. A most striking feature of ligand stabilized AuN is its high
symmetrical Au-core. A big breakthrough was made recently by the
crystallizations of thiolate-protected gold cluster Au102(p-MBA)44 (pMBA = SC7O2H5) and Au25(SR)18-, which are composed of highly symmetric cores and
staple motifs (i.e. –RS-Au-RS- and –RS-Au-RS-Au-RS-). In this work, the corestructure of a newly synthesized “magic cluster” Au20(SR)16 (R = -CH2CH2Ph) is
predicted, using ab initio calculations and global-minimum searches. The lowestenergy structure of Au20(SCH3)16 is composed of a prolate-shaped Au8-core and
four level-3 Au3(SR)4 staple motifs RS-Au-RS-Au-RS-Au-RS-). The simulated
optical absorption spectra of the lowest-energy structures are in good agreement
with the measured spectrum. The Au20(SR)16 cluster, with a low Au/SR ratio of

1.25:1, may represent a structural evolution from core-free homoleptic clusters
[Au(SR)]N to core-stacked clusters.

COMP 263
Improvement of the quantum mechanical polarizable force field:
Generalization of the exchange term and application to the lattice energy of
crystalline benzene
J. R. McClean1, jarrod-mcclean@berkeley.edu, E. G. Hohenstein2, and C. D.
Sherrill2. 1Department of Chemistry, University of California at Berkeley, Kenneth
S. Pitzer Center for Theoretical Chemistry, Berkeley, California, United States,
2
School of Chemistry and Biochemistry and College of Computing, Georgia
Institute of Technology, Center for Computational Molecular Science and
Technology, Atlanta, Georgia, United States
We extend the advanced polarizable forcefield QMPFF3 to include a generalized
exchange term, and benchmark the results over our training set and the
molecular benzene crystal lattice energy. The root mean square error of the
model fit to an identical training set is reduced from 0.35 kcal/mol to 0.09
kcal/mol with no observable increase in computational cost. Additionally, by
analysis of benzene crystal results, it is found that inclusion of this term increases
transferability of a minimal training set to new geometric conformations. This
represents a great improvement in the description of aromatic π-π by molecular
forcefields. It is hoped that this model can provide immediate extension to
simulation of these interactions in more complex environments such drug
intercalation, DNA conformations, or hydrogen storage in the condensed phase.
COMP 264
Multiconfigurational nonadiabatic calculations on small diatomic molecules
using an interpolating polynomial basis in prolate spheroidal coordinates

D. J. Haxton, djhaxton@lbl.gov. Chemical Sciences, Lawrence Berkeley
National Laboratory, Berkeley, CA, United States
Calculations on energies, properties, and excitations of various diatomic
molecules in a non-Born-Oppenheimer framework are presented. These
calculations use the multiconfiguration time-dependent Hartree-Fock (MCTDHF)
method and are performed in the nonorthogonal coordinate system of prolate
spheroidal coordinates for the electrons, and the bond length R. An interpolating
polynomial basis is used in the electronic and nuclear degrees of freedom, and
the wavefunction is expanded in terms of slater determinants of electronic
orbitals times the full primitive basis in R. Results on ground and excited states
as well as ionization rates are presented.
COMP 265
Brownian dynamics simulations of influenza virus-host cell carbohydrate
receptor binding kinetics
J. C. Sung1, jcsung@ucsd.edu, D. Xu1,2, D. Y. Fu2, W. L. Li2, and J. A.
McCammon1,2,3,4,5. 1Department of Chemistry and Biochemistry, University of
California, San Diego, San Diego, California, United States, 2National Biomedical
Computational Resource, University of California, San Diego, La Jolla, California,
United States, 3Department of Pharmacology, University of California, San Diego,
La Jolla, California, United States, 4NSF Center for Theoretical Biological
Physics, University of California, San Diego, La Jolla, California, United States,
5
Howard Hughes Medical Institute, La Jolla, California, United States
The recent swine flu pandemic has been a reminder of the importance of
understanding the molecular mechanisms of influenza virus infection and
transmission. We have investigated the binding kinetics of influenza viruses
(1968 Hong Kong flu pandemic H3N2 A/Aichi/2/68 and avian H5N3 A/Duck/Hong
Kong/313/4/78) to sialic acid-containing gangliosides utilizing Brownian
Dynamics (BD) simulations. The association rates of human/avian glycan
receptor analogues (Neu5Acα2-6nLc4Cer and Neu5Acα2-3nLc4Cer) to the
hemagglutinin binding domain have been determined and are in good agreement
with the surface plasmon resonance experiments. The successful prediction of
human H3 and avian H5 binding kinetics will allow us to expand the investigation
to 2009 pandemic H1N1 and other highly pathogenic strains. This is the first time
that BD simulations have been employed to reveal insights into virus-host
recognition at an atomic level. We anticipate the findings presented here will
have broad implications for the surveillance of pandemic strains and mutants.
COMP 266
Hydration structure of the snow flea antifreeze protein

J. D. Lauzun, lauzjd28@oneonta.edu, and K. R. Gallagher,
gallagkr@oneonta.edu. Chemistry and Biochemistry, SUNY College at Oneonta,
Oneonta, New York, United States
Antifreeze proteins are found in a wide variety of organisms including plants,
bacteria, insects, and fish. These proteins are thought to inhibit the growth of
nascent ice crystals via an adsorption-inhibition mechanism, indicating a role for
recognition of the ice surface by the protein. Studies with several antifreeze
proteins have demonstrated that there is a distinct hydration signature that
correlates with antifreeze activity. The major feature of the ice-binding, or active,
face, of these molecules is a topologically flat, relatively hydrophobic surface. A
glycine-rich protein from the snow flea (sfAFP) represents a new class of
antifreeze protein with an enhanced ability to inhibit ice growth. This study
examines the dynamics and geometry of solute-induced structural distortions in
water as determined from atomistic molecular dynamics simulations.
COMP 267
Computational studies of pericyclic reactions of the highly reactive
aminoborane (F3C)2B=NMe2
B. C. Dutmer, bdutmer@niu.edu, and T. M. Gilbert, tgilbert@niu.edu.
Department of Chemistry & Biochemistry, Northern Illinois University, DeKalb, IL,
United States
Aminoborane (F3C)2B=N(CH3)2, 1, undergoes olefin-like bimolecular reactions
with substrates in preference to dimerization. This arises from a combination of
the steric bulk and the electron accepting/donating properties of the substituents,
which enhance the double bond between nitrogen and boron. We examined ene
and hydride-transfer pericyclic reactions of 1 with alkenes and alkynes, using
MPW1K/6-311G(2d,2p) and MP2/6-311G(2d,2p) models. Both reactions proceed
through six membered cyclic chair-like transition states. Results for model
reactions indicate that product formation depends on kinetic barriers rather than
reaction energies, with a barrier of 65 kJ/mol apparently the maximum for
experimental reactions that occur readily. Experimental reactions where
diborylation results from sequential ene steps, and where ene and hydridetransfer reactions compete were also investigated. Observed products and
distributions for these correlate with barrier energies. The observed 7:3 product
mixture resulting from reaction between 1-hexyne and 1 matches the 3 kJ/mol
barrier difference.
COMP 268
In silico studies of the metalloproteinases ADAM10 and ADAM 17
G. Lindfors, healy@stedwards.edu, S. Caine, and E. F. Healy. Department of
Chemistry, St. Edward’s University, Austin, Tx, United States

The matrix metalloproteinases (MMPs) and the ADAMs (A Disintegrin And
Metalloproteinase domain) are zinc-containing proteolytic enzyme families
implicated in a variety of physiological processes such as inflammation, wound
healing and tissue development. The pathologies associated with either
increased or decreased activities of these enzymes include, but are not limited
to, conditions such as rheumatoid arthritis, diabetes osteopenia, Alzheimer’s
disease and cancer. The roles of metalloproteinases in cancer are complicated
by the fact that most tumor cells, and frequently the surrounding stromal cells,
synthesize MMPs to facilitate invasion into surrounding connective tissue and
promote metastasis. While sharing only a 39% sequence identity phylogenetic
profiling clearly identifies ADAM10 and ADAM 17 as comprising a distinct and
separate subfamily from the other ADAM proteins. While a few ADAM10-specific
inhibitors have been synthesized rational design of such targets has been
complicated by the lack of a crystal structure for an ADAM10 catalytic domain.
Using molecular mechanics and molecular dynamics, we have been able to
generate a model structure for ADAM10. We have tested the validity of our
model by docking the TACE-specific inhibitor TMI-2 to both ADAM17, protein
structure based on PDB entry 1BKC, and our model of ADAM10. Our results are
presented here.

COMP 269
Time-dependent fluorescence of the Wurster’s Blue radical cation
E. N. Laricheva1, elarich@bgsu.edu, M. Olivucci1, J. Grilj2, and E. Vauthey2.
1
Department of Chemistry and Center for Photochemical Sciences, Bowling
Green State University, Bowling Green, Ohio, United States, 2Department of
Physical Chemistry, University of Geneva, Geneva, Switzerland
Organic mixed-valence (MV) compounds have received considerable recent
attention as model systems for electron transfer (ET) studies. In this context, the
photophysics of a stable N,N,N’,N’-tetramethyl-p-phenylenediamine radical cation
(TMPD), known as Wurster’s Blue, is a subject of current research studies. In our
collaborative experimental and theoretical work, we used transient absorption,
fluorescence up-conversion and ab initio quantum-chemical calculations at
CASPT2//CASSCF/6-31G* (5D) level to show that temperature-dependent
fluorescence of the Wurster’s Blue radical cation and its excited state dynamics

are controlled by D0/D1 conical intersection. The energy barrier between the D1
excited state planar energy minimum and low-lying conical intersection structure
(CI) was estimated to be 1.5 kcal/mol (in agreement with experiment). The
relaxation of the excited state molecule from the D0/D1 intersection space along
the D0 potential energy surface led to the ground state equilibrium structure. As a
result, we concluded that this barrier was responsible for the observed
temperature dependence of fluorescence, disappearing at temperatures above
110K due to the opening of a radiationless deactivation channel.
COMP 270
Crystallographic and quantum mechanical analysis of a unique
conformation of a sulfonamide-containing inhibitor bound in a kinase
active site
P. A. Gibbons1, pgibbons@gene.com, J. Murray1, J. J. Kulagowski2, M. Ultsch1,
M. Zak1, W. Blair1, and S. Ward2. 1Genentech, South San Francisco, CA, United
States, 2Argenta Discovery, Harlow, United Kingdom
A 1.9 Angstrom resolution co-crystal structure of a small molecule containing a
sulfonamide moiety bound in the active site of a kinase reveals what is predicted
to be a high energy conformation based on quantum mechanical calculations. In
addition, no examples of this conformational minimum exist in the small molecule
Cambridge Structure Database (CSD). Solvent models as well as the energetics
of the deprotonated state are examined as possible explanations for this
observation.
COMP 271
Structure based SAR studies and synthesis of new retinoids
S. Dakshanamurthy1, and B. C. Das2, bhaskar.das@einstein.yu.edu. 1Oncology
& Drug Discovery Program, Georgetown University Medical Center, Washington,
DC 20057, United States, 2Departments of Nuclear Medicine and Developmental
& Molecular Biology, Albert Einstein College of Medicine, Bronx, NY, United
States
Retinoids (retinoic acid analogues) play key roles in embryogenesis and for
maintenance of various cellular processes in addition to its clinical value for
cancer chemoprevention and therapy. Retinoids exert their biological effects by
activating nuclear receptors and modulating gene transcription. However, their
use is limited by toxicity and teratogenecity at pharmacological doses. A clear
understanding of the biological roles of the retinoid receptor families would
greatly facilitate the design of retinoid analogues that could be targeted for
specific diseases to improve the therapeutic index. In this study, a number of
synthetic retinoids have been rationally designed through structure based SAR
studies

and synthesized that interacts selectively with the retinoic acid receptor.
Biological studies of these newly synthesized retinoids are in progress in our
laboratory.
COMP 272
Assessing the accuracy of the TraPPE force field for arenes with multiple
polar and non-polar substituents
K. A. Maerzke, maerz001@umn.edu, and J. I. Siepmann, siepmann@umn.edu.
Departments of Chemistry and of Chemical Engineering and Materials Science,
University of Minnesota, Minneapolis, MN, United States
The transferable potentials for phase equilibria (TraPPE) force field is extended
to mono- and polycyclic arenes with substituents, including toluene, ethyl
benzene, styrene, mesitylene, and the isomeric forms of xylene, cresol, and
nitrotoluene. The accuracy of combining TraPPE explicit-hydrogen (EH)
parameters for the aromatic ring with TraPPE united-atom (UA) parameters for
the alkyl and vinyl substituents is tested. TraPPE-UA combines CHx groups into
one pseudo-atom in order to increase the computational efficiency. TraPPE-EH
for aromatics uses a continuum solvent calculation to obtain the partial atomic
charges for each compound; however, the best method of obtaining the partial
charges for the UA pseudo-atoms in not clear. Different approaches for the
determination of partial charges for the UA pseudo-atoms are explored.
COMP 273
Microsecond timescale MD simulation suggests that partial dimer
dissociation is the flap opening mechanism of HIV-PR
F. Ding, fangyuding@gmail.com, C. Bergonzo, and C. Simmerling. Department
of Chemistry, Stony Brook University, Stony Brook, NY, United States
Human immunodeficiency virus type 1 protease (HIV-1PR) plays a fundamental
role in the maturation of the retrovirus HIV-1, as it functions to process and
cleave the viral precursor gag and gag-pol polyproteins. Both experimental and
theoretical studies have shown that the HIV–1 PR flaps display considerable

flexibility and undergo long-range conformational changes, associated with its
function. Therefore, a complete understanding of the mechanism underlying
these conformational changes will shed light on how this enzyme works and have
a potential for more potent therapeutics that are less prone to resistance. Here,
we present a working model of the flap-opening mechanism captured in a
microsecond time scale simulation on an apo wild type HIV-1 protease with
TIP3P explicit solvent. Based on the observation of a concerted partial
dissociation among the dimerization interfaces facilitated by water dynamics
upon flap opening, we propose that the inter-subunit interactions are critical for
the dimer stability associated with protein dynamics; the binding strengths of
different parts of the dimer interfaces vary, where weakness in certain areas may
be a requirement for protein function, i.e., allowing partial dissociation to render
an open form. This novel opening mechanism is supported by the natural
tendency of dimers to dissociate and provides insights into mechanisms of drug
resistance for mutations outside the binding cavity; they might confer resistance
by affecting assembly and stability of the dimer. In addition, this working model
provides potential targets for allosteric inhibition of the viral protease, targeting a
weaker part of the dimer interface would interfere with the dimer stability, and
thus its dynamics.
COMP 274
Computational studies on binding interactions in an MDM2 inhibitor
receptor-ligand complex
J. D. Gough, jonathan.gough@liu.edu. Department of Chemistry and
Biochemistry, Long Island University, Brooklyn, New York, United States
Inhibition of human double minute 2 (HDM2) binding to the α-helical transactivation domain of p53 decreases the proliferation of tumors and induces p53mediated apoptosis. Although HDM2 represents an efficacious target, a limited
number of inhibitors exist. The receptor-ligand binding of benzodiazepinedione
antagonists to HDM2 was studied computationally using various levels of semiempirical and ab initio analysis. We have varied the specificity of binding by
shifting the initial position of the inhibitor and run simulations from the various
starting conformations. We characterized the conformational preferences of the
inhibitor in both its unbound and bound form. Results show the importance of van
der Waals interactions between the phenyl rings of the ligand and Leu-54, His-96
of the receptor. Binding energy and energy contributions of residues that
facilitated binding were measured. Our analysis suggest directions to take in the
design of novel HDM2 inhibitors.
COMP 275
Assessing selectivity potential for kinase hinge-binding fragments

J. M. Jansen, johanna.jansen@novartis.com, P. Mukherjee, M. K. Lindvall, Y.
Xu, T. J. Hoeffel, and E. J. Martin. Global Discovery Chemistry/Oncology &
Exploratory Chemistry, Novartis Institutes for Biomedical Research, Emeryville,
CA, United States
The design of a kinase hinge-binding fragment set for biophysical fragmentbased screening should include a measure of selectivity potential for such
fragments in order to ensure diversity in that dimension. This poster explores the
concept that the selectivity potential for a fragment can be assessed by
enumerating a virtual library around the fragment using a standard set of Rgroups and then predicting selectivity profiles for the enumerated products. As a
proof of concept, a retrospective analysis is presented to explore 1) whether
Novartis proprietary methods, Autoshim & profile QSAR, can predict kinase
selectivity profiles for combinatorial libraries and 2) whether experimentally
observed kinase selectivity profiles in combinatorial libraries are a subset of the
selectivity profiles predicted from virtual libraries around the library core,
enumerated with a standard R-group set.
COMP 276
Examining the effect of self-guided Langevin dynamics on the
thermodynamic stability and kinetics of peptide folding
A. C. Carr1, amber.carr@gmail.com, M. Majkut2, and C. Simmerling1.
1
Department of Chemistry, Stony Brook University, Stony Brook, NY, United
States, 2Washington and Jefferson College, Washington, PA, United States
Self-guided Langevin dynamics (SGLD) simulations have been suggested as a
powerful method for enhancing the conformational search efficiency of molecular
dynamics (MD) simulations. The sensitivity to variation of the two key parameters
used in SGLD simulations, however, has not been well explored. In this work,
SGLD simulations of trpzip2 at 300K were studied in comparison with standard
Langevin dynamics (LD) and replica exchange molecular dynamics (REMD)
simulations of this peptide at temperatures ranging from 300K to 375K. Twelve
parameter sets were employed in the SGLD simulations, each corresponding to
a different combination of guiding factor and averaging time, in order to assess
the efficiency of SGLD versus high-temperature LD simulation. Our results
indicate that although certain SGLD parameter sets are effective in speeding the
folding process of trpzip2, distortion of the thermodynamic surface of the system
often occurs, and the optimal parameter set for simulation gives minimal
improvement as compared to high temperature.
COMP 277
Denoising single-molecule FRET trajectories with wavelets and Bayesian
inference

J. N. Taylor, jntaylor@rice.edu, and C. F. Landes. Rice University, United States
Recent studies have revealed that biological systems often employ multiple weak
interactions to accomplish their objectives. Single-molecule studies have
particularly advanced the understanding of dynamic heterogeneities in complex
systems, but detection of heterogeneity in these experiments is often limited by
the artifacts of experimental noise. We employ advanced data analysis and
processing methods, including wavelets and Bayesian statistics, as a means to
reduce the effects of such noise and extract meaningful information about the
system. We use these techniques in combination with single-molecule
experimental methods to explore dynamic heterogeneity in the conformations
and interactions of a DNA aptamer. Most notably, we use single-molecule
fluorescence resonance energy transfer (smFRET), along with the incorporation
of theoretical models, to study the Mg2+-dependence of the aptamer’s
conformational dynamics.
COMP 278
Extracting and analyzing compound names and images from documents
H. O. Villar, hugo@altoris.com, and M. R. Hansen. Altoris, Inc, La Jolla, CA,
United States
Comparing the chemical content of patents and other chemically-focused
documents is critical to researchers in many industries. We discuss some of the
challenges faced in automating the identification and extraction of chemicals
named in patents, and their conversion into chemical databases that can be
mined effectively. We illustrate the process using the advanced USPTO query
syntax that yielded a collection of patent applications of interest. We
automatically extracted a majority of the compounds from each patent application
and organized them according to the chemotypes contained. The different
chemotypes found in each patent were organized in a hierarchical tree to
facilitate the mining of the content. A comparison of the libraries was carried out
to identify potential overlaps in content as well as possible avenues for scaffold
hopping when coupled to other available information. The ChemDox technology
provides an automated avenue to quickly extract and transform compound
names and images from document sources into editable molecular structures.
The technology is embedded in a practical desktop software tool for starting the
process of chemical analytics of patent applications and other discovery efforts.
COMP 279
N log N generalized Born approximation
R. Anandakrishnan1, ramu@vt.edu, and A. V. Onufriev2. 1Department of
Computer Science, Virginia Tech, Blacksburg, VA, United States, 2Computer
Science and Physics, Virginia Tech, Blacksburg, Va, United States

Most practical implicit solvent models, including the popular generalized Born
(GB) approximation, have so far had a serious drawback: poor scaling - O(N2) with number of atoms. As a consequence applying the GB model to large scale
simulations can be computationally prohibitive. We previously developed the
hierarchical charge partitioning (HCP) approximation for speeding up
computation of pairwise electrostatic interactions in biomolecular systems. The
approximation is based on multiple levels of natural partitioning of biomolecular
structures into a hierarchical set of its constituent structural components. For a
structure consisting of N charges, the computational cost of computing the
pairwise interactions via the HCP scales as O(N logN), under assumptions about
the structural organization of biomolecular structures generally consistent with
reality. Our previous study showed that the HCP approximation, for simple
Coulomb interactions with fixed dielectric constants, is comparable in accuracy to
the “industry standard” particle mesh Ewald (PME) method and significantly more
accurate than the spherical cutoff method. A critical benefit of the HCP
approximation is that it is algorithmically very simple, and unlike the PME, the
HCP is straightforward to use with implicit solvent models. The HCP
approximation for the GB implicit solvent model has now been implemented in
the freely available nucleic acids builder (NAB) molecular dynamics package in
Amber tools. 10 ns simulations of a representative set of structures, ranging in
size from approximately 1000 to 3 million atoms, demonstrates that simulations
using the HCP approximation for GB can be stable, and multiple orders of
magnitude faster than GB simulations without the HCP approximation, consistent
with N logN scaling. This study also examines the consequence of violating
Newton’s 3rd law by multiscale methods.
COMP 280
Ligand guided optimization of a chemokine receptor CXCR4 homology
model for virtual screening
M. A. C. Neves1,2, macneves@gmail.com, M. L. Sá e Melo3, S. Simões2, and R.
Abagyan1. 1Skaggs School of Pharmacy and Pharmaceutical Sciences,
University of California, San Diego, La Jolla, CA, United States, 2Faculty of
Pharmacy, Laboratory of Pharmaceutical Technology, Center for Neuroscience
and Cell Biology, University of Coimbra, Coimbra, Portugal, 3Laboratory of
Pharmaceutical Chemistry, University of Coimbra, Faculty of Pharmacy,
Coimbra, Portugal
The chemokine receptor CXCR4 is a G-protein coupled receptor involved in
cancer growth and invasion, promoting metastasization of the most common
types of human carcinomas. CXCR4 is highly expressed in tumor cells, whereas
chemokine CXCL12 is secreted in common sites for metastasis. Therefore,
inactivation of the CXCR4-CXCL12 pathway might be an important new antimetastasis cancer therapy. Homology models of GPCRs, especially if supported
by experimental data, can be used to guide drug discovery. In this wok we have
applied a ligand guided optimization approach to generate relevant models of the

CXCR4 receptor. Briefly, initial models were built based on homologous GPCR
X-ray structures. Multiple active site conformations were then generated using all
heavy-atom Elastic Network Normal Modes analysis. The ability to discriminate
known CXCR4 antagonists from random decoys was evaluated in VLS
benchmark. These results provide important atomic details to improve our current
understanding on the molecular determinants for CXCR4 antagonism.
COMP 281
Hydration of C60 in aqueous solvent
E. Y. Lau1, lau12@llnl.gov, and M. E. Colvin2, mcolvin@ucmerced.edu. 1Physical
and Life Sciences, Lawrence Livermore National Laboratory, Livermore,
California, United States, 2Natural Sciences, University of California Merced,
Merced, California, United States
Many simulations have been performed with C60 in solution but they have often
neglected the polarizablility of the system. Molecular dynamics simulations of
C60 have been performed using a polarizable force field. The present results will
be compared to previous data obtained from standard molecular mechanics force
fields.
COMP 282
Computational investigation of gas and condensed phase behavior of
intermolecular complexes of sulfur oxides
J. M. Standard, standard@ilstu.edu, M. C. Cafarelli, and P. Gorczynski.
Department of Chemistry, Illinois State University, Normal, IL, United States
Intermolecular donor-acceptor complexes of sulfur oxides exhibit significant
structural and property differences in the gas and condensed phases. Some of
these complexes, including SO3-H2O and SO3-NH3, also are thought to be
important species in atmospheric chemistry. Gas and condensed phase density
functional calculations of donor-acceptor complexes formed between various
donor molecules and sulfur oxides have been performed in which the condensed
phase was modeled using the Polarizable Continuum Model. The donor
molecules studied include nitrogen- and oxygen-containing compounds as well
as hydrogen halides. Systematic studies of the differences between the gas and
condensed phase geometries and other properties of the complexes are
reported. The Natural Bond Orbital and Natural Resonance Theory methods
have been employed in order to investigate the bonding of the complexes in the
gas and condensed phases, and it has been found that the calculated bond
orders of many of the complexes exhibit significant differences in the gas and
condensed phases, in some cases increasing by more than a factor of two in the
condensed phase relative to the gas phase value.

COMP 283
Determining the cause of species toxicity differences of traditional
chemical weapons agents by computational free energy calculations
B. Bennion1, bennion1@llnl.gov, E. Lau1, E. Schwegler2, schwegler1@llnl.gov,
J.-L. Fattebert3, and F. Lightstone1. 1Biosciences and Biotechnology Division,
Lawrence Livermore National Laboratory, Livermore, California, United States,
2
Condensed Matter and Materials Division, Lawrence Livermore National
Laboratory, Livermore, California, United States, 3CENTER FOR APPLIED
SCIENTIFIC COMPUTING, Lawrence Livermore National Laboratory, Livermore,
California, United States
Butyrylcholinesterase (BChE), a member of the alpha/beta hydrolase superfamily
is inhibited by organophosphate (OP) compounds. The physiological role of
BChE is unclear and as such the endogenous natural substrate is unknown.
However, because BChE also binds OP compounds and is found in the plasma,
BChE is thought to have a toxicological role by scavenging compounds such as
OPs and acting as a detoxifying enzyme. Chemical weapon agents and other OP
derived cholinesterase inhibitors display toxicities that vary between species
(mice, rats, rabbits, and humans). These differences in toxicity may be
attributable to differences in the chemical compounds physical characteristics,
differences in efficiency of AChE alone or to the differences in the efficiency
between AChE and BChE. Computational docking and free energy calculations
will be presented. This work performed under the auspices of the U.S.
Department of Energy by Lawrence Livermore National Laboratory under
Contract DE-AC52-07NA27344.
COMP 284
Combined QM/MM study of thyroid and steroid hormone analog
interactions with avb3 integrin
M. Freindorf1, marek@q-chem.com, T. Furlani2, J. Kong1, V. Cody3, F. B.
Davis4, and P. J. Davis4. 1Q-Chem, Inc., Pittsburgh, PA, United States, 2Center
for Computational Research, University at Buffalo, Buffalo, NY, United States,
3
Structural Biology, Hauptman-Woodward Medical Research Institute, Buffalo,
NY, United States, 4Ordway Research Institute, Inc., Albany, NY, United States
Integrins are cell membrane proteins which are responsible for signals of cell
remodeling and growth; uncontrolled activity of these proteins is responsible for
cancer development. Experimental data showed that in a normal cell the ratio of
Mg2+/Ca2+ is 0.4/1.0, however in an initial stage of a healing process of wounds
this ratio is changed into 1.0/1.0, and a similar increase of Mg2+ in cells has
been observed in cancer growth. Recently these processes have been shown to
be modulated by thyroid or steroid hormones. To explain this observation we
used a combined QM/MM approach to study potential interactions of a series of
thyroid and steroid hormone analogues with the Arg-Gly-Asp (RGD) recognition

site of integrin avb3, based on its reported crystal structure. The series of model
compounds includes L- thyroxine (T4), 3,5,3’-triiodo-L-thyronine (T3),
tetraiodothyroacetic acid (T4ac), GC-1, estradiol, trans- and cis-stilbene and
trans- and cis-resveratrol. The results of the QM/MM calculations of the
investigated model compounds in the protein and in water solution are reported
as an average value based on an ensemble of macromolecular structures
obtained from MD (molecular dynamics). Generally, the presence of the Mg2+
ions increases the interaction energy more strongly than the presence of the
Ca2+ ions, indicating greater activity of the integrin RGD site when occupied by
Mg2+. The stronger interaction energy between the molecule and the protein or
water is correlated in our calculations with a larger induced dipole moment of the
molecule in those two environments.
COMP 285
Quantifying correlations between allosteric sites in thermodynamic
ensembles
C. L. McClendon1, chris.lee.mc@gmail.com, G. Friedland3, and M. P.
Jacobson2. 1Graduate Group in Biophysics, University of California San
Francisco, San Francisco, CA, United States, 2Department of Pharaceutical
Chemistry, University of California San Francisco, San Francisco, CA, United
States, 3Joint Bioenergy Institute, Sandia National Laboratories, Emeryville, CA,
United States
Allostery describes altered protein function at one site due to a perturbation at
another site. One mechanism of allostery involves correlated motions, which can
occur even in the absence of substantial conformational change. We quantify
correlated motions using a mutual information metric, which we extend to
incorporate data from multiple short simulations and to filter out correlations that
are not statistically significant. Applying our approach to uncover mechanisms of
allostery in human interleukin-2 and other proteins, we identify clusters of
correlated residues from 50 ns of molecular dynamics simulations. In interleukin2, two of the clusters with the strongest correlations highlight known cooperative
small-molecule binding sites and show substantial correlations between these
sites. Since this approach identifies pairs of residues with correlated
conformations in an unbiased, statistically robust manner, it should be a useful
tool for finding novel or “orphan” allosteric sites in proteins of biological and
therapeutic importance.
COMP 286
Ubiquitin ligase binding modulates dynamics of the catalytic site of
ubiquitin conjugating protein (E2): Insight into the structure and dynamics
using computational tools

S. B. Rafi1, sbrafi@gmail.com, C. L. McClendon2, M. Smith2, J. Gross1, and M.
P. Jacobson1. 1Department of Pharmaceutical Chemistry, University of California
at San Francisco, San Francisco, CA, United States, 2Graduate Group in
Biophysics, University of California at San Francisco, San Francisco, CA, United
States
Ubiquitin transfer has been shown to be allosterically regulated: Ubiquitin ligase
(E3) RING domain binding to E2 at one site promotes ubiquitin release from the
active site cysteine (∼;15Å distance away) without substantial conformational
change in E2. Previous studies used statistical coupling analysis to identify
clusters of residues that might transmit information. We use a novel informationtheory approach to identify residues with statistically significant correlated
conformations in a set of equilibrium molecular dynamics simulations on the
UBCH5B E2 protein. We observed substantial coupling between an E2’s active
site and its E3 RING domain binding site. Similar analysis was performed on the
mutants I88A, I37A, controls P95A, K4A, and on the UBCH5B-E3 complex. With
mutants, we observe that the pattern of correlations is disrupted, consistent with
the experimental observation that these mutations abrogate the allostery in the
UBCH5B E2. Significantly, we observe that the dynamics of the E2 active site is
modulated by the E3 binding. This insight has relevance in developing strategies
for inhibiting E2s.
COMP 287
Hyperfine properties can distinguish anionic from neutral radicals derived
from ubiquinone, plastoquinone, and menaquinone cofactors in electron
transfer proteins
R. A. Wheeler, rawheeler@ou.edu, and S. E. Boesch. Department of Chemistry
& Biochemistry, University of Oklahoma, Norman, OK, United States
Ubiquinones, plastoquinones, and menaquinones are important electron transfer
cofactors and their radicals are intermediates implicated in bacterial
photosynthesis, plant photosynthesis, and mitochondrial respiration. Hyperfine
properties calculated by using the B3LYP method show that isotropic methyl
proton coupling constants, isotropic 13C hyperfine coupling constants for the
carbonyl carbons, or heavy-atom hyperfine tensor components would distinguish
neutral from anionic radicals derived from each of these quinones and tell which
oxygen atom is protonated in the neutral radical.
COMP 288
Theoretical studies on SO2-carboxylic acid dimers: Exploring substituent
and solvation effects

B. L. Harrod, blharrod@alaska.edu, S. Chowdhury, fychem@uaf.edu, and J. W.
Keller, jwkeller@alaska.edu. Department of Chemistry and Biochemistry,
University of Alaska Fairbanks, Fairbanks, Alaska, United States
Millions of tons of SO2 are introduced into the atmosphere each year, where it
may directly interact with cellular targets. We are using theoretical methods to
understand the noncovalent interactions of SO2 with model protein functional
groups such as carboxylic acids. This work studied the effects of various
substituents on the stability, geometry, and predicted vibrational spectra of SO2carboxylic acid dimers. The figure compares the B3LYP/aug-cc-pVTZ geometries
of SO2-fluoroformic and SO2-formic acid.

COMP 289
Does 2-methyl-2,4-pentanediol reduce pyrimidines in the process of
crystallization of oligonucleotides?
M. Mandziuk1, margaret.mandziuk@nyu.edu, E. M. Barbieri2, M. J. Kehoe2, J.
Landers2, and Y. Zhao3. 1Department of Chemistry, New York University, New
York, New York, United States, 2Department of Chemistry and Biochemistry,
Manhattan College, Riverdale, New York, United States, 3Commercial Print
Engine Lab., HP Labs, Hewlett-Packard Co., Palo Alto, California, United States
2-methyl-2,4-pentanediol (MPD) is commonly used in the crystalization of
oligonucleotides. We present our results of computational studies indicating that
the reduction of C5-C6 bonds of pyrimidines by MPD is thermodynamically
favorable. At the B3LYP/cc-pVDZ level, stabilization increases in the order U > T
> C > 5-metC. However, the stabilization of U or T in a W-C pair with A is lowered,
whereas the stabilization of C and 5-metC in a W-C pair with G increases upon
reduction. Computations for a CpG step with the M05-2X and M06-2X functionals
and the 6-31+G(d,p) basis set indicate that the stabilization per C:G pair, due to
C5-C6 bond hydrogenation, increases further with the formation of a base pair
step. While the reduction of pyrimidine nucleotides, or small oligonucleotides in a
solution should be kinetically forbidden, in the large ordered structures of
oligonucleotides in crystals it may become feasible. We leave it to
experimentalists to definitively confirm or rebuff our computational prediction.
COMP 290

Predicting enzyme-substrate specificity
C. Kalyanaraman, ck@cgl.ucsf.edu, and M. P. Jacobson. Department of
Pharmaceutical Chemistry, University of California, San Francisco, California,
United States
Computational methods that have been used to predict protein-ligand binding in
the context of drug design can also be applied to predicting enzyme specificity,
which we have shown can usefully aid the assignment of function to previously
uncharacterized enzymes. Our previous work has focused on predicting the the
substrate preference of an enzyme and the reaction(s) catalyzed by it in vitro. To
aid in determining in vivo function, we are now expanding these studies to a
more ambitious goal of determining an enzyme’s role in a biochemical pathway.
As a first test, we have applied homology modeling and metabolite docking to all
enzymes in the glycolysis pathway of E coli. Results obtained from our
calculations show that the cognate substrate of each enzyme involed in the
glycolysis pathway can be identified in top 1% of the docked database.
COMP 291
Classifying proteins by common conserved motifs
D. Roe1, dcroe@sandia.gov, A. Zemla2, C. Zhou2, S. Elmer1, and J. Schoeniger1.
1
Biosystems Research Department, Sandia National Lab, Livermore, CA, United
States, 2Lawrence Livermore, Livermore, CA, United States
One challenge in developing drugs with broad-binding properties is identifying
common motifs among a set of related targets. These common motifs cannot be
identified using sequence information alone, as proteins with the same function
may show more structural homology than sequence homology. We have
developed the Conserved Common Motif methodology (CCM) to identify these
conserved structural motifs. CCM takes an integrated bioinformatics and
chemoinformatic approach to analyze and compare structural and sequence
motifs across large sets of genomes. High-throughput homology models are
generated for all proteins correlated with virulence within these genomes. Key
functional features from these structural models, essential for pathogenicity, are
identified. We have developed metrics to compare these features across a set of
genomes, taking into account the need for conservation within the set of threat
organisms and their strain variants, and uniqueness compared to genomes
outside the set.
COMP 292
Prediction and structural rationalization of PDZ-peptide specificity using
flexible backbone modeling

C. A. Smith, colin.smith@ucsf.edu, M. P. Jacobson, matt.jacobson@ucsf.edu,
and T. Kortemme, kortemme@cgl.ucsf.edu. University of California San
Francisco, San Francisco, CA, United States
Protein-peptide interaction domains, such as PDZ domains, facilitate the
localization and regulation of many cellular processes. Determination of the
specificity of those interactions, as well as the structural features that promote
such specificity, is important for broadening our understanding of molecular
recognition. Here we present results demonstrating progress towards
computational, structure-basted prediction of PDZ domain specificity. Our study
leverages the large amount of PDZ phage display data that has recently been
produced. The first stage of our modeling approach involves generation of an
ensemble of near-native backbone conformations using the Backrub flexible
backbone sampling method. The second stage scores approximately 106
sequences generated using a genetic algorithm. For human PDZ domains, we
are able to predict the specificity profiles at most of the non-flat positions. In
many cases, our method correctly selects the dominant amino acid observed in
phage display over the amino acid used during structure determination.
COMP 293
Data mining of a large and diverse high-throughput screening library using
a novel local learning method
H. Tang1,2, tangh@email.unc.edu, X. S. Wang1, D. Kireev1,3, and A. Tropsha1.
1
Division of Medicinal Chemistry and Natural Products, Eshelman School of
Pharmacy, University of North Carolina at Chapel Hill, Chapel Hill, NC, United
States, 2Department of Biochemistry and Biophysics, School of Medicine,
University of North Carolina at Chapel Hill, Chapel Hill, NC, United States,
3
Computational Drug Discovery,Center for Integrative Chemical Biology and Drug
Discovery, University of North Carolina at Chapel Hill, Chapel Hill, NC, United
States
We have developed a novel local learning QSAR method that was applied to a
large and diverse industrial dataset of ca. 140,000 compounds tested in high
throughput screening (HTS) experiments. The dataset was unbalanced; it
included 1% active and 99% inactive compounds. Three QSAR approaches were
employed, i.e. kNN, conventional SVM and local learning SVM, with Dragon
descriptors. Our new local learning SVM showed better performances with the
highest sensitivity (SE) of 0.72 and specificity (SP) of 0.95 (Correct Classification
Rate (CCR) =0.84) for the internal validation set, compared to SE=0.70,
SP=0.88, and CCR=0.80 respectively for conventional SVM. Its prediction
accuracy on the external validation set of 663 compounds selected randomly
from the initial dataset was marginally better compared to the conventional SVM,
but with much larger coverage, e.g. 87% vs. 77%, respectively. The resulting
models were used to virtually screen the proprietary corporate library of
1,330,000 chemicals yielding 375 computational hits that will be further validated
experimentally.

COMP 294
Recognizing damage through a sea of undamaged DNA: Insights from 2D
umbrella sampling calculations
A. J. Campbell1, arthurjohncampbell@gmail.com, C. Bergonzo1, K. Song1, K.
Zhao2, C. de los Santos3, A. Grollman3, and C. Simmerling1. 1Department of
Chemistry, Stony Brook University, Stony Brook, New York, United States, 2Ward
Melville High School, Simons Fellow, East Setauket, New York, United States,
3
Department of Pharmacological Sciences, Stony Brook University, Stony Brook,
New York, United States
Human life depends on oxygen for survival; yet oxidative damage can be
mutagenic, leading to cell death and/or cancer if left unrepaired. One common
product of oxidative DNA damage is 8-oxoguanine (8OG), occurring once in
every 1x106 nucleotides. Unrepaired, 8OG may lead to transversions,
compromising the genomes fidelity. Organisms have evolved repair mechanisms
for damaged DNA, one of these is called Base Excision Repair(BER). In
bacterium the BER-enzyme that excises 8OG is the glycosylase Fpg. It remains
unknown how Fpg recognizes 8OG and everts it out of the duplex for excision. In
this work we use several computational techniques to ascertain the lesion
discrimination between 8OG/G and the appearance of these energetic
landscapes. From our modeling and sequence conservation studies we have
found key residues involved in the discrimination against undamaged G and for
8OG in the eversion process.
COMP 295
Use of genomic enrichment for the identification of genes involved in
butanol tolerance in Escherichia coli
L. H. Reyes, and K. Kao, katy@chemail.tamu.edu. Department of Chemical
Engineering, Texas A&M University, College Station, Texas, United States
Recent advances in the metabolic engineering of Escherichia coli demonstrated
it’s potential for use in butanol production. Due to it’s fast growth, ability to grow
with and without oxygen, and it’s well characterized central metabolism, E. coli
has several advantages over the native producer, Clostridia. However, low
solvent tolerance is one of the main challenges in the use of microorganisms for
solvent production, with the highest concentration of butanol tolerated by these
bacteria being only around 2%. To elucidate the mechanisms of butanol
tolerance in E. coli, an E. coli genomic DNA library was constructed. DNA inserts
conferring increased tolerance to butanol were enriched via serial transfers of
batch cultures or in continuous cultures with increasing butanol concentrations.
The identities of genes or pathways involved in butanol tolerance are identified
via DNA microarray analysis.

COMP 296
Electrostatic steering in kinesin-microtubule association
B. J. Grant1, bgrant@mccammon.ucsd.edu, and J. A. McCammon1,2.
1
Department of Chemistry and Biochemistry and Center for Theoretical Biological
Physics, University of California, San Diego, La Jolla, CA, United States,
2
Department of Pharmacology and Howard Hughes Medical Institute, University
of California, San Diego, La Jolla, CA, United States
Kinesins are a large family of microtubule-based motors essential for establishing
and maintaining the structure and function of eukaryotic cells. Deciphering the
properties that ensure their timely binding to microtubules is thus of central
importance. Here we describe the application of Brownian dynamics simulations
that dissect the role of electrostatic steering in complex formation. Our results
show that kinesin and tubulin can converge on a specific encounter complex
simply by diffusing in each other’s electrostatic fields. In addition, we found that
despite high sequence divergence, all kinesins possess a consistent asymmetric
charge distribution, as well as sub-family specific charged regions that lead to a
wide range of association rates. Furthermore, these calculations successfully
predicted the effects of a large number of charge altering mutations. Expanded
simulations, using larger microtubule models and assemblies of tethered kinesin
dimers indicate that neighbouring protofilaments have a significant influence on
the kinesin-microtubule association mechanism.
COMP 297
Scaffold-hopping with 4D-fingerprint
Y. J. Tseng1,2, yjtseng@csie.ntu.edu.tw, B.-H. Su1, Y.-S. Tu2, and C.-C. Tsai2.
1
Department of Computer Science and Information Engineering, National Taiwan
University, Taipei, Taiwan Republic of China, 2Graduate Institute of Biomedical
Electronic and Bioinformatics, National Taiwan University, Taipei, Taiwan
Republic of China
The 4D-fingerprints estimate the molecular similarity of pairs of molecules based
upon the entire ensemble of conformational states each molecule can adopt at a
given temperature. Given the success on molecular similarity analysis on
structurally diverse compounds in the past, we extend the methodology for
scaffold hopping to retrieve compounds with diverse structures but retain their
desirable bioactivity properties.
COMP 298
Novel switching mechanism for the fragmentation of protonated, nitrileterminated PPI dendrimer elucidated with DFT

W. D. Price, pricew@marshall.edu, J. T. Kilgore, E. W. Martin, and J. Hendrix.
Chemistry, Marshall University, Huntington, West Virdinia, United States
Dendrimers are regularly branched polymers with a treelike structure that can be
tuned for size, shape, and functionality. This relatively new class of compound
has shown potential for useful host-guest chemistries including site-specific drug
delivery via molecular recognition, catalysis, and nonlinear optics. Gas-phase
dissociation studies have been initiated to probe the structure and stability of the
half and first generation polypropylene dendrimer complexes and to develop an
analytical framework for their characterization. These dissociation studies result
in fragmentation products of mass-to-charge ratios that can be assigned to
multiple possible isomers formed by potentially competing mechanisms. Since
these reactions are under kinetic control we will present density functional results
for modeling the dissociation mechanisms for the most abundantly produced
fragments from the protonated dendrimers. Several functionals in conjunction
with a moderately-sized basis has been chosen for their utility in determining
transition state energies and kinetic parameters. A novel proton-switching
mechanism will be presented for these fragmentations.
COMP 299
Theoretical study of small gold clusters: Effect of geometry, ligand,
solvation, and relativism on their optical properties
S. Goel1,2, satyendergoel@gmail.com, K. A. Velizhanin2, A. Piryatinski2, S.
Tretiak3, and S. A. Ivanov3. 1NanoScience Technology Center, Department of
Chemistry, University of Central Florida, Orlando, FL, United States, 2Theoretical
Division, Center for Nonlinear Studies, Los Alamos National Lab, Los Alamos,
NM, United States, 3Center for Integrated Nano-Technologies, Los Alamos
National Lab, Los Alamos, NM, United States
The study of noble metal clusters holds promises for the next revolution in
material science as they form the basis for assembly of nanoarchitectures having
specific emergent properties. Recent advances in the synthesis of gold metal
nanoclusters, for example, suggest that they will likely permit the manipulation of
light at the molecular scale, if only their size and structure can be controlled at
the atomic level. Experimental studies alone cannot address the fundamental
questions about cluster properties, whereas theoretical studies can provide
microscopic insight into the structure and dynamics of the nanoclusters. We have
used Density Functional Theory (DFT) to model electronic structure and
photoexcited dynamics of small gold clusters. Our study reveals the 2D→3D
transition happening at Au6 which is even lower than much debated size of Au8
and Au13. Our ongoing study would target the questions about size and reasons
of metal nanocluster transition into fluorescent nanoparticles.
COMP 300

Interplay of AAA+ molecular machines, DNA repair enzymes and sliding
clamps at the replication fork: A multiscale approach to modeling
replisome assembly and function
I. Ivanov1, iivanov@gsu.edu, J. A. Tainer2, and J. A. McCammon3. 1Department
of Chemistry, Georgia State University, Atlanta, GA, United States, 2Department
of Molecular Biology, The Scripps Research Institute, La Jolla, CA, United
States, 3Department of Chemistry & Biochemistry, University of California, San
Diego, La Jolla, CA, United States
During replication proliferating cell nuclear antigen (PCNA, sliding clamp) serves
as an accessory protein whose role is to topologically tether DNA polymerase to
DNA. PCNA also acts as a scaffold in the recruitment of proteins involved in cellcycle control and DNA repair. Recent experimental evidence has pointed to the
participation of sliding clamps in almost every aspect of DNA metabolism. Yet
many mechanistic details of how these fascinating proteins are loaded onto DNA
and function within the machinery of the replisome have remained unknown.
Herein, we explore two aspects of PCNA involvement within the replisome:
eukaryotic clamp loading and PCNA ubiquitination. Using steered molecular
dynamics and the novel adaptive biasing force method we have rationalized the
role of the clamp loader RFC in stabilizing the ring-open form of PCNA. We have
also developed computational models of PCNA in complex with covalently-bound
ubiquitin, yielding insight into previously unexplained biological observations.
COMP 301
Pharmacophore fingerprint-based support vector machine model building
for efflux properties of anti-bacterial leads against Gram-negative bacteria
to overcome multidrug resistance
J.-H. Hsieh1, juihua_hsieh@unc.edu, Z. Yang2, zheng.p.yang@gsk.com, J.
Huang3, C. Shen3, and M. N. Gwynn3. 1Division of Medicinal Chemistry and
Natural Products, School of Pharmacy, University of North Carolina, Chapel Hill,
NC, United States, 2Computational and Structural Chemistry, GlaxoSmithKline
Pharmaceuticals, Collegeville, PA, United States, 3Antibacterial Discovery
Performance Unit, Infectious Diseases Center of Excellence in Drug Discovery,
GlaxoSmithKline Pharmaceuticals, Collegeville, PA, United States
Bacterial multidrug resistance (MDR) is frequently reported in clinics. This issue
is especially serious for Gram negative bacteria against which fewer antibiotics
are effective compared with Gram positive bacteria. Two major resistance
mechanisms are through (1) preventing antibiotics from entering the bacterial cell
(i.e. influx), and (2) actively exporting antibiotics from the bacterial cell (i.e.
efflux), thus restricting the levels of these antibiotics in bacterial cells. Despite the
importance of antibiotic influx and efflux properties, relatively few studies have
been reported relating to structure-based modeling, primarily due to the cost of
molecular dynamics simulation and complexities of efflux stoichiometry. On the
other hand, modeling of influx and efflux properties also presents challenges for

ligand-based approaches, given the dynamic nature of these processes. In our
study, efforts have been made to build in silico models to classify Gram negative
cell influx and efflux properties using pharamacophore fingerprint (pFP)
descriptors and a support vector machine (SVM) algorithm to help guide novel
template design and prioritize compound synthesis. The pFP-SVM method is
applied to model the compound efflux properties. The consensus approach (90%
level) is applied to prediction results from all SVM models with high crossvalidation prediction accuracy (75%) for prediction. The pFP-SVM consensus
model has been validated by recently synthesized compounds with a prediction
accuracy of 76%, without any misclassification of high efflux compounds as low
efflux. The models were also employed to virtually screen ∼;4K compounds from
historic antibacterial chemical series, achieving prediction accuracy of 80%.
Subsequently, this pFP-SVM consensus efflux model has been used at GSK to
find templates with low efflux properties.
COMP 302
Ligand based design of novel steroidal 5α-reductase inhibitors for the
management of benign prostatic hyperplasia
S. Aggarwal, aggarwalsau@gmail.com, S. Thareja, sureshthareja@gmail.com,
M. Kumar, and T. R. Bhardwaj. University Institute of Pharmaceutical Sciences,
Panjab University, Chandigarh, Chandigarh, India
Benign Prostatic Hyperplasia (BPH) is non-cancerous enlargement of the
prostate gland. Steroidal 5α-reductase, a NADPH dependent enzyme that
catalyzes the irreversible conversion of testosterone to the corresponding
dihydrotestosterone, thus plays an important role in BPH .Due to the lack of Xray crystallographic structure of target enzyme there is an increased interest in
the ligand based designing for studying the binding properties of inhibitors. The
fundamental premise of a 3D-QSAR model is that by superimposing the
pharmacophoric elements of all molecules it is possible to identify the structural
features which contribute to or detract from receptor-binding affinity. In the
present study it was envisaged to identify the structural requirements of steroidal
5α-reductase inhibitors for inhibition of human 5α-reductase using SOMFA, a
novel 3D-QSAR technique, used to study the molecular properties including both
shape and electrostatic potential of ligand in order to design to new molecules
with improved spectrum of activity.
COMP 303
Conbinatorial QSAR analysis of 5-HT1A receptor binders and application of
resulting models to virtual screening
M. Luo, mluo@email.unc.edu, X. S. Wang, xswang@email.unc.edu, A.
Golbraikh, golbraik@email.unc.edu, and A. Tropsha, alex_tropsha@unc.edu.

Department of Medicinal Chemistry, University of North Carolina, Chapel Hill,
Chapel Hill, NC, United States
The 5-Hydroxytryptamine receptor subtype 1A (5-HT1A) is highly concentrated in
raphe nuclei region and limbic structures; thus, it has been an attractive target to
treat mood disorders such as anxiety and depression. We have developed
combinatorial Quantitative Structure-Activity Relationship (QSAR) models for 105
5-HT1A binders and 61 non-binders retrieved from the PDSP Ki database. Three
methods, k-Nearest Neighbor (kNN), Random Forest (RF) and Support Vector
Machines (SVM), were employed for model building using 697 Dragon 2D
descriptors. We relied on a rigorous model development workflow including
extensive internal and external validation. Highly predictive QSAR models with
Correct Classification Rate above 0.80 for both training and test sets, and 0.86
for the external validation set were generated. The robust QSAR models of 5HT1A binders were used to mine the World Drug Index (WDI) database and
Prestwick library for putative novel binders. Hits will be further examined in
receptor binding experiments.
COMP 304
Intermolecular potentials of the carbon tetrachloride dimer calculated with
Møller-Plesset perturbation theory and density functional theory
A. H.-T. Li, d93543004@ntu.edu.tw, and S.-D. Chao,
sdchao@spring.iam.ntu.edu.tw. Institute of Applied Mechanics, National Taiwan
University, Taipei, Taiwan Republic of China
We have calculated the intermolecular interaction potentials of the carbon
tetrachloride dimer in twelve orientations using the Hartree-Fock (HF) selfconsistent theory, the correlation-corrected second-order Møller-Plesset (MP2)
perturbation theory, and the density functional theory (DFT) with 80 functionals.
We have employed basis sets from Pople’s medium size basis sets [up to 6311++G(3df, 3pd)] to Dunning’s correlation consistent basis sets (up to aug-ccpVQZ). The BSSE corrected HF interaction potentials of most conformers yield
purely repulsive potentials without minima for all the basis sets used except four
conformers. Those might be due to the large bond polarizability and electrostatic
attraction. For BSSE corrected MP2 calculations, the potentials become deeper
when there are more inner chlorine atom contacts between the monomers. It is
found that the minimum-energy conformation corresponds to the D3d symmetry
configuration, which is consistent with our previous methane and silane dimers
potential energy dissection research. In general case, the DFT potentials
converge at a larger basis set than the HF potentials but at a smaller basis set
than the MP2 potentials. The DFT calculations generate a wide range of
interaction patterns, from purely unbound to strongly bound, underestimating or
overestimating the binding energy. We find that the bond lengths of SVWN5 and
SPL functionals yield a value (4.49 and 4.49Å, respectively) close to the MP2
result (4.77Å). The binding energies of SVWN5 and SPL functions yield a value

(-3.063 and - 3.088 kcal/mol, respectively) close to the MP2 result (-2.609
kcal/mol).
COMP 305
Withdrawn
COMP 306
Optimization and evaluation of numerical solvers of Nonlinear Poisson
Boltzmann equation
Q. Cai1,2, qcai@uci.edu, M.-J. Hsieh2, J. Wang2, and R. Luo1,2. 1Department of
Biomedical Engineering, University of California, Irvine, Irvine, CA, United States,
2
Department of Molecular Biology and Biochemistry, University of California,
Irvine, Irvine, CA, United States
We implemented and optimized seven finite-difference solvers for the full
nonlinear Poisson-Boltzmann equation in biomolecular applications, including
four relaxation methods, one conjugate gradient method, and two inexact Newton
methods. The performance of the seven solvers was extensively evaluated with a
large number of nucleic acids and proteins. The performance analysis shows that
the nonlinear methods accompanied with a functional-assisted strategy, such as
the conjugate gradient method and the inexact Newton method, can guarantee
convergence in the tested molecules. Especially the inexact Newton method
exhibits impressive performance when it is combined with highly efficient linear
solvers that are tailored for its special requirement.
COMP 307
Virtual screening targeting the PhoP response regulator to inhibit bacterial
virulence
Y. T. Tang1, yattang@wustl.edu, E. A. Groisman2,3, J. J. Havranek4, and G. R.
Marshall1. 1Department of Biochemistry and Molecular Biophysics, Washington
University in St. Louis, School of Medicine, St. Louis, MO, United States,
2
Department of Molecular Microbiology, Washington University in St. Louis,
School of Medicine, St. Louis, MO, United States, 3Howard Hughes Medical
Institute, United States, 4Department of Molecular Genetics, Washington
University School of Medicine, St. Louis, MO, United States
Two-component signal transduction (TCST) is the predominant signaling system
used in bacteria to sense and respond to environmental changes in order to
survive and thrive under various conditions. A computational approach using
virtual screening combined with consensus scoring revealed compounds that
inhibit the function of the PhoP TCST response regulator. Electrophoretic mobility
shift assays and size exclusion chromatography were used to test the
predictability of the computational approach and confirmed the mechanism of

action as dimerization inhibitors. Compounds identified displayed inhibition
activity in the micromolar range, with ongoing efforts to identify analogs to
improve activity. This study serves as a proof-of-principle for targeting TCST
response regulators to modulate gene expression and bacterial virulence
regulation. With the increasing resistance of pathogenic bacteria to current
antibiotics, the success of this study suggests targeting TCST response
regulators as a promising strategy for the development of novel antimicrobial
therapeutics.
COMP 308
Ab-initio quantum mechanical electron densities of macromolecules for
crystallographic refinement
J. Faver, jfaver@ufl.edu, and K. M. Merz. Department of Chemistry, The
University of Florida, Gainesville, FL, United States
Accurate molecular models of proteins are necessary for a variety of biochemical
studies including structure-based drug design, enzyme reaction mechanisms,
and molecular dynamics. Many of these structures are built during an x-ray
crystallographic refinement process using very simple electron density models. A
more realistic QM-derived electron density model would be beneficial to the
refinement process by accelerating convergence and by not relying on
parameterization. This work proposes using an automated fragmentation
algorithm combined with the adjustable density matrix assembler method to
quickly assemble the density matrix of a unit cell. The method is easily
parallelizable to make it applicable to even large unit cells. The overall method
has been tested and optimized on example systems and used to compare
calculated and observed structure factor magnitudes. The long term goal is to
offer a new method for analyzing and improving the quality of protein crystal
structures.
COMP 309
Structure and dynamics of the MMP-1 catalytic domain
N. Diaz, diazfnatalia@uniovi.es, D. Suarez, and E. Tilvez. Departamento de
Quimica Fisica y Analitica, Universidad de Oviedo, Oviedo, Asturias, Spain
Matrix metalloproteinases (MMPs) are a family of zinc and calcium-dependent
endopeptidases with great relevance in many physiological and pathological
processes. In the present work, we employ Molecular Dynamics simulations and
Free Energy calculations to investigate the most probable configurations of the
MMP-1 catalytic domain in aqueous solution. Thus, we have analyzed the role
played by the third structural calcium ion in maintaining a compact arrangement,
fine-tuning the accessibility to the enzyme binding sites and stabilizing the overall
conformation of the catalytic domain. On the other hand, the coordination
environment of the catalytic zinc located at the enzyme active site has been

analyzed by modelling either a tetrahedral or an octahedral coordination sphere.
This study constitutes a first step towards the modelling of the full-length MMP-1
enzyme composed by the catalytic and hemopexin-like domains, either alone or
in complex with different types of substrates and inhibitors.
COMP 310
Development of a molecular library for classification and similarity analysis
of anti HIV compounds
M. Jalali-Heravi1, Jalali@sharif.edu, A. Mani-Varnosfaderani2,
ahmad.mani.varnos@gmail.com, D. Taherinia3, david.tiher@gmail.com, M. M.
Mahmoodi4, mohsen.mahmoodi67@gmail.com, and P. Eftekhar-Jahromi5,
payam.eftekhar@gmail.com. 1Chemistry, Sharif University of Technology,
Tehran, Tehran, Iran (Islamic Republic of), 2Chemistry, Sharif University of
Technology, Tehran, Tehran, Iran (Islamic Republic of), 3Chemistry, Sharif
University of Technology, Tehran, Tehran, Iran (Islamic Republic of), 4Chemistry,
Sharif University of Technology, Tehran, Tehran, Iran (Islamic Republic of),
5
Chemistry, Sharif University of Technology, Tehran, Tehran, Iran (Islamic
Republic of)
The main aim of the present work was designing a molecular library for anti-HIV
compounds. A total of 3173 compounds were taken from 143 different articles
published from 1998 to 2009. These molecules were consisted of anti-reverse
transcriptase, anti-protease, anti-integrase and anti-entry compounds which are
the main four classes of anti-HIV agents. The structures of these compounds
were optimized using Austin Model 1 (AM1) Hamiltonian implemented in
Hyperchem software and a total of 193 molecular descriptors were computed for
each compound by using the Dragon software. From the above mentioned
molecules 1109 active anti-HIV molecules were chosen as target for classifying
the compounds. Genetic algorithms (GA) and Counter Propagation Artificial
Neural Networks (CPANNs) for the very first time was combined and used as a
method for classification and variable selection, simultaneously. The obtained
results reveal that the proposed method is able to classify 93.2% of the anti-HIV
agents.
COMP 311
Computer simulations of collagen triple helical peptides: Structure,
stability and binding to the MMP-2 catalytic domain
D. Suarez, dimas@uniovi.es, N. Diaz, E. Suarez, and H. Valdes. Departamento
de Quimica Fisica y Analitica, Universidad de Oviedo, Oviedo, Asturias, Spain
To investigate the thermal stability, folding and binding properties of the triple
helix domain of natural collagen, many synthetic triple helical peptides (THPs)
with 30-45 amino acids per chain have been characterized using a wide array of
experimental techniques. Computer simulations provide further molecular

information that can be useful for the design of biofunctional THPs, as well as to
better understand the mode of binding between collagen molecules and matrix
metalloproteases (MMPs). Using molecular dynamics simulations and free
energy calculations, we have analyzed a) two small THPs with available X-ray
structures, b) three models of type I collagen centered at the Gly775-Ile776 bond,
and c) a synthetic fluorogenic model (fTHP-5) that contains a segment of type II
collagen. Finally, we have simulated the binding between the MMP-2 catalytic
domain and fTHP-5. This simulation gives new insight into collagen triple
helicase activity, which is still an unresolved problem in MMP catalysis.
COMP 312
Hydrogen bonding, electrostatics, and conformational motions in enzyme
catalysis
S. Hammes-Schiffer, shs@chem.psu.edu. Department of Chemistry,
Pennsylvania State University, University Park, PA, United States
Hybrid quantum/classical molecular dynamics simulations of proton and hydride
transfer reactions in the enzymes ketosteroid isomerase (KSI) and dihydrofolate
reductase (DHFR) will be presented. The free energy profiles are generated
along a collective reaction coordinate, and the impact of nuclear quantum effects
and dynamical barrier recrossings are examined. The changes in hydrogen
bonding, electrostatic potentials, and conformational motions are analyzed along
the entire reaction pathway. In KSI, conformational changes of the enzyme active
site and substrate strengthen the hydrogen bonds that stabilize the intermediate,
thereby facilitating the proton transfer reactions. In DHFR, mutations distal to the
active site significantly impact the catalytic rate by altering the conformational
motions of the entire enzyme and thereby changing the probability of sampling
conformations conducive to the catalyzed reaction. A computational approach for
ranking mutant enzymes according to the catalytic reaction rates and the
application to a series of DHFR mutants will be presented.
COMP 313
Computational studies of active site motion and catalysis in oxalatedegrading enzymes
N. G. J. Richards, richards@qtp.ufl.edu. Department of Chemistry, University of
Florida, Gainesville, FL, United States
This lecture will outline computational studies aimed at understanding the
energetics and dynamical properties of active site loops that are known to be
essential in mediating catalysis in oxalate decarboxylase (OxDC) and formyl-CoA
transferase (FRC). QM/MM calculations will be reported that examine how loop
residues control the proton-coupled electron transfer step that initiates C-C bond
cleavage in the OxDC-catalyzed reaction. Efforts to understand the extent to
which the motions of an active site loop in FRC represent the intrinsic dynamics

of the enzyme using normal mode analysis will be presented. These calculations
have also provided insight into how global, low-frequency protein motions
function to correlate catalysis in the two active sites of FRC. Finally, the use of a
new algorithm for computing the effects of residue mutagenesis on the
conformational energetics of the active site loop in FRC will be discussed.
COMP 314
New directions in force fields for proteins and nucleic acids
D. A. Case, case@biomaps.rutgers.edu. Department of Chemistry and Chemical
Biology, Rutgers University, Piscataway, NJ, United States
Although molecular dynamics simulations of proteins have been undertaken for
more than 30 years, there is still a lot we don’t know about the behavior of even
the simplest force fields, which used fixed partial charges at atomic positions to
represent electrostatic interactions. As an example, current Amber force fields
underestimate the affinity of the protein backbone and side chains for water; this
has been known for some time for neutral side chains, and is also true for
charged side chains (especially those with positive charge), but the extent of the
error depends on what one thinks the target hydration free energies ought to be. I
will give an overview of the performance of current force fields, and discuss
efforts to obtain good parameters for phosphorylated side chains, and for
phosphate groups in other environments, such as co-factors, lipid head groups
and nucleic acids.
COMP 315
Information flow in biomolecular systems
A. van der Vaart, vandervaart@cas.usf.edu. Department of Chemistry,
University of South Florida, Tampa, FL, United States
We present a method to assess the flow of information in biomolecular systems
from molecular dynamics simulations. The method will be illustrated by its
appication to DNA-binding proteins and kinases.
COMP 316
Slow dynamics of biomolecular systems studied through atomistic MD
simulations
C. Simmerling, carlos.simmerling@stonybrook.edu. Department of Chemistry,
SUNY Stony Brook, Stony Brook, NY, United States
Atomic-detail simulations have the potential to provide an unparalleled view of
the dynamic and energetic aspects of many important biological processes such
as folding and binding. Although much progress has been made, accuracy of

energy functions and difficulty in modeling rare events still remain significant
challenges. This talk will present our work in applying recently improved physical
models to the study of slow conformational changes in biomolecular systems,
focusing in particular on conformational changes that accompany molecular
recognition events.
COMP 317
Docking-derived free energy method for computing binding affinity in drug
design
M. Clark, mclark@pharmatrope.com, and J. S. Wiseman,
jwiseman@pharmatrope.com. Pharmatrope, Ltd., Wayne, PA, United States
We describe a drug design tool that increases the accuracy of ligand-protein
binding affinity calculations while at the same time providing speed, generality,
and ease of use. The method samples both ligand and protein flexibility and
returns the free energies of preferred ligand-pose/protein-structure states.
Ligands with seven rotatable bonds are typically simulated in 5-20 cpu-hours. We
present data for typical structure-based design targets that is accurate enough to
cut synthetic chemistry efforts in half. We also describe the limitations of the
current implementation along with methods to prospectively predict the reliability
of the method for a give compound. Simulation of water binding, which requires
2-5 cpu hours, is used to assign high-affinity structural waters to the parent
protein structure; and simulation of molecular fragments is used along with data
for known full-sized ligands to inform design of new ligands.
COMP 318
Importance of water in structure-based drug design
M. L. Brewer, mark.brewer@schrodinger.com. Schrodinger, New York, NY,
United States
The thermodynamic properties of water molecules within the binding pockets of
proteins play an essential role in the determination of protein-ligand binding
affinities. We have developed a method to compute the free energy (both
enthalpic and entropic contributions) of water molecules displaced upon ligand
binding. This enables the energetics of explicit water molecules to be
incorporated into the structure-based design of molecules to enhance binding
affinity and gain selectivity. A brief summary of the underlying theory will be
presented followed by a survey of applications that includes case studies for
targets of interest in the current medicinal chemistry literature, as well as
examples from active preclinical drug discovery programs.
COMP 319

Efficient assembly of a molecule from fragments and computation of its
binding free energy
S. Meshkat, smeshkat@locusPharma.com, and G. Talbot,
gtalbot@locusPharma.com. Locus Pharmaceuticals, Blue Bell, PA, United States
A fragment-based method for computing protein-ligand binding free energies has
been developed. The method employs comprehensive systematic sampling of
fragment-protein interactions in translational and rotational space at every point
on a grid of defined resolution, followed by assembly of fragments into molecules
and computation of binding free energies for the molecules based on statistical
mechanical principles. The original assembly algorithm (Clark et al., J. Chem. Inf.
Mod. 2009) constructed a table for each pair of bonded fragments, followed by
recursive merger of these tables into one final table. An improved assembly
algorithm has been developed that constructs interaction tables between all pair
of fragments, bonded or non-bonded. All information about the poses and
energies can be derived from these pair tables, without ever constructing a table
of more than two columns. As a result, the assembly is faster by an order of
magnitude. We present the theory and application of this method to computation
of protein-ligand binding.
COMP 320
Mapping the binding free energy landscape to improve the accuracy of
protein-ligand complex structure prediction
D. T. Moustakas, demetri.moustakas@astrazeneca.com. Department of
Infection Computational Sciences, AstraZeneca R&D Boston, Waltham, MA,
United States
Small molecule docking programs must evaluate and accurately prioritize large
numbers of potential poses of a ligand bound to a protein in order to correctly
identify near-native protein-ligand complex structures. Assuming that the
sampling of ligand poses is sufficient to ensure that near-native ligand poses are
generated, the success of docking for structure prediction relies on the ability of a
scoring function to discriminate between near-native and decoy poses of the
ligand. Many single-point energy (SPE) scoring functions – ranging from firstprinciples based molecular mechanics approaches to empirically derived
knowledge-based potentials – have been developed to rapidly score ligand
poses with approximate binding energies. SPE scoring functions – driven by the
necessity to rapidly evaluate many ligand poses – neglect the microcannonical
ensemble of protein-ligand complex conformations, and instead rely on a single
minimum-energy conformation to approximate the binding energy. A number of
statistical-mechanics based scoring functions have been reported that use
various approaches to sample conformations from the microcannonical ensemble
of a given ligand pose in order to estimate the free energy of binding ΔG°, at
greater computational expense. Here I report the development of a new method
– the energy landscape mapper (ELM) – which uses an efficient, non-linear

Monte Carlo algorithm to rapidly but thoroughly sample the microcannonical
ensemble of a bound ligand pose. The ELM method uses the PB/SA implicit
solvation electrostatics model to evaluate the energies of the microcannonical
ensemble, and constructs a partition function to estimate ΔG°. I evaluate the
ability of the ELM method to correctly predict the binding modes of a large test
set of protein-ligand complex structures. From these data, I also study the power
of the different scoring function components (ΔG°, ΔH°, -TΔS°, ΔGhyd) to
discriminate between near-native and decoy ligand poses. I demonstrate that
statistical mechanical based scoring functions can be used in a computationally
efficient fashion to improve the accuracy of complex structure prediction.
COMP 321
Molecular basis sets: A general similarity-based approach for representing
chemical spaces
G. Maggiora, gerry.maggiora@gmail.com. Department of Pharmacology &
Toxicology, University of Arizona College of Pharmacy, Tucson, Arizona, United
States
The basis for a novel, and quite general, similarity-based approach for
representing chemical spaces is presented. A key feature of the method, which is
derived from generalized Fourier series, is an ansatz that equates inner products
between “molecular basis vectors” to the similarities of the corresponding
molecules. Importantly, there is no need to know the actual form of the molecular
basis vectors since one computes the inner product or Gramian matrix directly
from the molecular similarities of the basis molecules, which is quite analogous to
kernel-based learning methods where construction of the Gramian matrix does
not always require a detailed knowledge of the feature space.
COMP 322
Challenges in quantitative computational prediction of metabolism and
toxicity
D. L. Harris, dannil@toxmet.com. Computational Chemistry, ToxMet, Inc., Palo
Alto, CA, United States
Preclinical triage of lead compounds with toxicity potential requires prediction of
metabolite profiles arising from phase I and II metabolism. The core requirements
for such predictions have been well understood for some 20 years and typically
involve variants of ligand-P450 configuration sampling and use of approximate
metrics of the rate limiting metabolic step transition state energies from quantum
chemical approaches. Case studies are presented that illustrate the challenges
to accurate quantitative prediction for problems involving competitive metabolism
from multiple metabolizable sites due to drug reorientation on the timescale of
the lifetime of compound I/drug complexes or simultaneous exposure of adjacent

sites. These highlight the importance of use of accurate transition state metrics
from correlated electron approaches including all prototypical reaction types.
Interpolative schemes predicting substituent effects modulating functional-group
class metabolism activation barriers involving through-bond (e.g. Inductive) and
through-space effects (electrostatic) are discussed in the context of the limits of
transferability.
COMP 323
What does logP really mean?
T. Clark, Tim.Clark@chemie.uni-erlangen.de, and C. Kramer. ComputerChemie-Centrum, Universitaet Erlangen-Nuernberg, Erlangen, Bavaria, Germany
We describe a local hydrophobicity function based on surface properties
obtained from semiempirical molecular orbital calculations. This function allows
the local contribution to logPOW to be visualized. Some features of this
visualization, such as the fact that σ-holes or H-bond donors are found to be
hydrophobic, prompted us to investigate the binding properties of water and noctanol more closely using high level ab initio calculations. The results provide a
detailed microscopic picture of the factors affecting logPOW and provide new
insight into the water/octanol model for hydrophobicity.
COMP 324
Exploring the surface reactivity of silver and gold nanoparticles with
potential biomedical applications: A comparative study using DFT-based
reactivity indices
R. E. Estrada-Salas1, Ruben.EstradaSalas@utsa.edu, H. Barron1,
nvb966@my.utsa.edu, D. Sandhu1, devraj.sandhu@gmail.com, A. A.
Valladares2, valladar@unam.mx, and M. Jose-Yacaman1,
miguel.yacaman@utsa.edu. 1Department of Physics and Astronomy, University
of Texas at San Antonio, San Antonio, Texas, United States, 2Departamento de
Materia Condensada y Criogenia, Instituto de Investigaciones en Materiales,
UNAM, Mexico, Mexico, D.F., Mexico
The preferential sites of electrophilic, nucleophilic and radical attacks on the
surface of silver and gold nanoparticles with diameters up to 3 nm were studied
via two useful reactivity indices, namely the Fukui functions and the Molecular
Electrostatic Potential (MEP). These indices were calculated using the gradientcorrected density-functionals, PBE and RPBE, with numerical basis sets for the
treatment of the valence electrons. DFT-based Semi-core PseudoPotentials
(DSPP’s) was used for the treatment of the core electrons. These DSPP’s
include some relativistic effects which are important in the theoretical studies of
heavy metals such as gold. Regarding the fact that the gold and silver
nanoparticles must be water-soluble –in order to interact with cells, virus and

microorganisms– the solvent effect was also taken into account by the use of the
Conductor-like Screening Model (COSMO). As a result, the dependence of the
surface reactivity with size, shape, solvent effect and composition is therefore
analized in this work.
COMP 325
Accurate treatment of charge-transfer excitations in time-dependent
density functional theory
A. W. Lange, C. F. Williams, M. A. Rohrdanz, and J. M. Herbert,
herbert@chemistry.ohio-state.edu. Department of Chemistry, The Ohio State
University, Columbus, OH, United States
We survey our group’s progress in applying time-dependent density functional
theory to macromolecular systems, including DNA and certain push-pull
chromophores, where one is forced to confront the charge-transfer (CT) problem
that afflicts most density functionals. We have shown that certain long-rangecorrected functionals are capable of predicting Rydberg and CT excitation
energies with a statistical accuracy comparable to that obtained for localized,
valence excitation energies. In the context of DNA, this makes it possible to treat
both the excitonic bright states and the CT states on an equal footing, and we
have demonstrated that both types of states are present at comparable excitation
energies.
COMP 326
Long-range-corrected DFT methods for materials chemistry applications
B. M. Wong, bmwong@sandia.gov, J. G. Cordaro, and G. O’Bryan. Materials
Chemistry, Sandia National Laboratories, Livermore, CA, United States
Over the last few years, time-dependent density functional theory (TDDFT) has
made tremendous progress in the accurate description of electronic excitations
and time-dependent quantum-mechanical phenomena. In particular, there has
been major methodological progress in long-range-corrected (LC) DFT methods
which accurately account for charge-separation excitations. We have recently
applied the LC formalism to describe excited-state properties in various areas of
materials chemistry including organic solar cell dyes (J. Chem. Phys. 2008, 129,
214703), fluorescent push-pull biomarkers (Phys. Chem. Chem. Phys. 2009, 11,
4498), and new mechanochromic polymers. In each of these cases, we find that
the LC formalism provides an efficient and accurate description of chargetransfer excitations for these materials. Our results give insight into chargetransfer dynamics and allow a guided understanding of maximizing the potential
capabilities in optoelectronic materials.
COMP 327

Density functional study of the X-ray absorption spectra of titanium
catalysts
W. B. Carlen, wcarlen@utk.edu, R. J. Harrison, rjharrison@gmail.com, and C. E.
Barnes, cebarnes@utk.edu. Chemistry, University of Tennessee, Knoxville, Tn,
United States
The motivation for this theoretical study is the interpretation of experimental X-ray
absorption data for Ti-containing amorphous materials designed and synthesized
by the University of Tennessee group of Barnes3. The spectra display systematic
shifts of the ionization edge and pre-edge features with increasing coordination of
titanium by chloride. Four sets of compounds of increasing size have been
studied to explore convergence of the finite-cluster calculations. Three sets are
Ti(OH)nCl4-n, Ti(OSiH3)nCl4-n, and Ti[OSi(OSiH3)3]nCl4-n, for n=0,1,2,3,4. The
fourth set is composed of yet larger systems formed from the actual cubic
building blocks used to construct the catalyst3. Hartree-Fock, and density
functional theory within the local density approximation and also with the B3LYP
functional are compared with time-dependent density functional theory from the
core-hole state and experimental data. This research was conducted as part of
the Chemistry Endstation project with funding from the Office of Advanced
Scientific Computing research, the Department of Energy under contract to the
University of Tennessee, and was performed in part using resources of the
National Center for Computational Sciences at Oak Ridge National Laboratory
under contract DE-AC05-00OR22725. 3 Synthesis and structure of functional
spherosilicate building blocks for materials synthesis, C. E. Barnes et. al, Journal
of Organometallic Chemistry, 691, 3213-3222, 2006.
COMP 328
TD-DFT investigation of the ultrafast dissociation of ionised biomolecules
immersed in water: Direct and indirect chemical reactivity
M.-P. Gaigeot1, mgaigeot@univ-evry.fr, F. Martin2, M. Alcami2, P. Lopez-Tarifa2,
R. Vuilleumier3, I. Tavernelli4, M.-A. Herve du Penhoat5, and M.-F. Politis5.
1
Department of Physics, Universite d’Evry val d’Essonne - LAMBE UMR8587 Blvd F.Mitterrand, Bat Maupertuis, Evry, France, 2Department of Chemistry,
Universidad Autonoma de Madrid, Madrid, Spain, 3Department of Chemistry,
Ecole Normale Superieure ENS, Paris, France, 4Department of chemistry, Ecole
Polytechnique Federale de Lausanne, Lausanne, Switzerland, 5Department of
Physics, Universite P/M Curie, Paris, France
Theoretical simulations are particularly well suited to investigate, at a molecular
level, direct and indirect effects of ionising radiations in DNA, as in the particular
case of irradiation by swift heavy ions such as those used in hadron therapy. In
the past recent years, we have developped the modeling at the microscopic level
of the early stages of the Coulomb explosion of DNA molecules immersed in
liquid water, that follows the irradiation by swift heavy ions. To that end, TimeDependent Density Functional Theory molecular dynamics simulations (TD-DFT

MD) have been developped where localised Wannier Orbitals are propagated.
This latter enables to separate molecular orbitals of each water molecule from
the molecular orbitals of the biomolecule. We will review the TD-DFT
methodology we have developped and present applications on the Coulomb
explosion of the Uracil base and Uridine nucleotide immersed in liquid water after
ionisation by swift heavy ions. Comparisons to gas phase results will also be
given.
COMP 329
First-principles density-functional theory (DFT) studies of the electronic
and vibrational properties of sila-diamondoids
S. L. Richardson, srichards22@comcast.net, and U. T. Novakovski. Department
of Electrical and Computer Engineering, Howard University, Washington, DC,
United States
Diamondoids are cage-like, stable, saturated hydrocarbons, which possess a
rigid carbon-framework that is superimposable upon the diamond crystal
structure. These carbon-based diamondoids could be important building blocks in
a variety of applications in biochemistry and nanotechnology. While the chemistry
of silicon is not as robust as that of carbon, silicon-based analogues of
diamondoids such as sila-adamantane (Si10H16) do exist and there is reason to
believe that larger sila-diamondoids might either be synthesized in the lab one
day or observed experimentally in chemical vapor deposition (CVD) experiments.
In this work we show that density-functional theory (DFT) can accurately
compute the electronic, structural, and vibrational properties of a variety of lower
and medium order sila-diamondoids. We believe that DFT is an important tool
that will assist experimentalists in identifying more complicated sila-diamondoids
that either may be synthesized or already may exist as important intermediates in
CVD experiments to grow silicon.
COMP 330
Time-dependent density functional theory for open quantum systems
A. Aspuru-Guzik, aspuru@chemistry.harvard.edu. Department of Chemistry and
Chemical Biology, Harvard University, Cambridge, MA, United States
In recent work [1,2] we have proved the relevant time-dependent density
functional theory theorems that show that it is possible to simulate an open
quantum system using an auxiliary quantum system that is “closed” in the sense
that it is represented by a Kohn-Sham system, but that can be driven a timedependent Hamiltonian. Here, we describe the basic theorems and demonstrate
computational experiments fo rthe approach. We also introduce the first family of
dissipative density functionals.

[1] Yuen-Zhou et. al arxiv:0902.4505 [2] Yuen-Zhou et. al, Phys. Chem. Chem.
Phys., 11, 4509 (2009).
COMP 331
Path collective variable and enhanced sampling methods applied to
enzymatic catalysis
M. De Vivo, marco.devivo@iit.it, D. Branduardi, and A. Cavalli. Department of
Drug Discovery and Development, Italian Institute of Technology, Genova, Italy,
Italy
Here, we present the first application in studying enzymatic catalysis of a newly
developed method for determining the low free energy paths between an initial
and a final state. This method is referred to as path collective variable (PCV)1,
and uses a small set of collective variables (CVs) for describing the reaction
process. Rather than looking at individual trajectories, PCV method focuses on
the average flux of reactive trajectories that connects reactants and products.
PCV can be used in conjunction with enhanced sampling methods such as
steered molecular dynamics, metadynamics and others. We will show how the
PCV method can be used to study a complex enzymatic activity that implies
multi-step, multi event reaction pathways. As a test case, we will discuss the
reaction mechanism of the fatty acid amide hydrolase (FAAH) protein,
investigated by means of MD and QM/MM simulations.
1. Branduardi, D.; Gervasio, F.L.; Parrinello, M; J. Chem. Phys. 2007.
COMP 332
Novel approach for extracting PMF from umbrella sampling simulations
T. Lee, taisung@umn.edu, and D. M. York. Chemistry, University of Minnesota,
Minneapolis, Minnesota, United States
A novel approach for extracting potential of mean force (PMF) from umbrella
sampling simulations will be presented. Based on principles of information
theory, this approach provides a histogram-free reconstruction of overall PMF
curves in smooth and analytical forms with faster convergence. Results of
several model systems will be presented.
COMP 333
Constant pressure and temperature dynamics for non-periodic systems
using the convex hull
C. F. Vardeman II1, cvardema@nd.edu, and J. D. Gezelter2. 1Center for
Research Computing, University of Notre Dame, Notre Dame, IN, United States,

Department of Chemistry & Biochemistry, University of Notre Dame, Notre
Dame, IN, United States

2

We have developed a new NPT algorithm which applies an external pressure to
the facets comprising the convex hull surrounding the objects in the system.
Additionally, a Langevin thermostat is applied to facets of the hull to mimic
contact with an external heat bath. This new method, the “Langevin Hull”,
performs better than traditional affine transform methods for systems containing
heterogeneous mixtures of materials with different compressibilities. It does not
suffer from the edge effects of boundary potential methods, and allows realistic
treatment of both external pressure and thermal conductivity to an implicit
solvents. We apply this method to several different systems including bare nanoparticles, nano-particles in explicit solvent, as well as clusters of liquid water and
ice. The predicted mechanical and thermal properties of these systems are in
good agreement with experimental data.
COMP 334
Fast and accurate computational approach to protein ionization:
Combining the generalized Born model with an iterative mobile cluster
method
V. Z. Spassov, vss@accelrys.com. R&D, Accelrys, San Diego, CA, United
States
We report a fast and accurate computational method to calculate the pH
dependent electrostatic effects in protein molecules. The method combines the
Generalized Born approximation with an iterative mobile clustering approach to
predict the equilibria of proton binding to multiple titratable sites in a
macromolecule. The computational protocol also includes a novel algorithm to
construct and refine the coordinates of all hydrogen atoms at a given pH. The
tests on a set of 24 proteins demonstrate a high accuracy of the predicted pKa
values with an average r.m.s. error close to 0.5 pK units. The comparisons to the
available neutron-diffraction data also show a high accuracy of the predicted
hydrogen positions. The use of the GBIM (Generalized Born with Implicit
Membrane) approach makes the method applicable not only to water soluble
proteins but also to proteins embedded in membrane. The method is
implemented as a computational protocol in the Accelrys Discovery Studio
software. We will demonstrate the function of this protocol based on a study of
the activation mechanism of Beta 2-adrenergic receptor. The protonation states
of the receptor and ligands and the binding energy of agonists and inverse
agonists are calculated as a function of pH and at different stages of molecular
dynamics trajectories.
COMP 335

Novel method to uncover specific interactions in the denatured states of
proteins
J. K. Shen, jana.k.shen@ou.edu. Department of Chemistry and Biochemistry,
University of Oklahoma, Norman, OK, United States
Molecular interactions in the denatured state, which is in equilibrium with the
native state under physiological conditions, perturb the stability and folding of
proteins. However, these interactions remain largely invisible to experimental
techniques due to the sparse population under folding conditions and rapid
interconversion among a large number of heterogenous states. Molecular
dynamics simulations employing physics-based force fields can in principle offer
atomistic details of the denatured state. However, practical applications are
plagued with deficiencies in the force fields and lack of rigorous means to
validate the microscopic information. Here we present a method based on
coupled titration and folding simulations to generate the denatured state under
native conditions, and to validate it through comparison with pH- and mutationinduced stability data. We show that errors due to force fields are largely local
and can be compensated for by calibrating the denatured-state pka values using
the titration data of fragment peptides. We demonstrate the capability of the
method by investigating the denatured-state interactions and their effects on the
stability of N-terminal domain of ribosomal protein L9.
COMP 336
Sampling consistency in the force matching method
L.-P. Wang, leeping@mit.edu, and T. Van Voorhis, tvan@mit.edu. Chemistry,
Massachusetts Institute of Technology, Cambridge, MA, United States
We present a self-consistent force matching (FM) method for force field (FF)
parameterization, in which a sampling correction ensures that the Boltzmann
distribution of the updated FF are reflected in the optimization procedure. The
sampling correction is a physically motivated improvement to the FM method
based upon underlying statistical mechanics principles, and has the added
advantage of accelerated FF parameter convergence. To illustrate the concept,
we first use toy models to show the incorrect behavior of conventional FM and
the effects of sampling correction. Following this, we present two FM
parameterizations of a biomolecule FF, with and without sampling correction. The
effect of sampling correction is greatest along degrees of freedom where the FF
functional form is unable to reproduce the complex features of the ab initio
potential energy surface; in these instances, we observe significantly improved
descriptions of energy minima and statistical averages.
COMP 337
Least action trajectories computed with a motion planning algorithm

A. E. Cardenas1,2, alfredo@ices.utexas.edu, and S. Baheti2. 1Institute of
Computational Engineering and Sciences, University of Texas, Austin, TX,
United States, 2Department of Chemistry, University of South Florida, Tampa, FL,
United States
Classical trajectories are stationary solutions of the action. The stochastic
difference equation in length (SDEL) algorithm is an approximate method to
obtain these trajectories based on the optimization of the first variation of the
action. Using a graph representation of configuration space, a new kind of
shortest path algorithm is described to obtain optimal SDEL trajectories for which
the path length computation not only depends on the current node (spatial
conformation) but also on the node already traversed. This new motion planning
method is based on a redefinition of the graph in which the edges represent
connections between 3 neighboring configurations of the system. We use
Dijkstra’s algorithm to compute the shortest trajectory between nodes in the
redefined graph. Numerical evaluations of the algorithm have been done for the
2D Muller potential and a dipeptide. We will present shortest trajectories
computed with this method and discuss its applicability to larger systems
COMP 338
Recent advances in structure-based drug design
W. Sherman, Woody.Sherman@schrodinger.com. Schrodinger, Inc., United
States
Structure-based drug design continues to gain in popularity with recent
methodological advancements as well as increased computing resources. In this
work, we highlight some of the most promising methods and applications,
including the accurate assessment of water free energies, incorporation of
protein flexibility into docking algorithms, inclusion of electron density in the
structure refinement process, and structure-based modeling of GPCRs. In
addition, we describe the most significant limitations in the existing methods and
provide a development roadmap to overcome these limitations.
COMP 339
Can simulations lead experiment?
T. Clark, Tim.Clark@chemie.uni-erlangen.de. Computer-Chemie-Centrum,
Universitaet Erlangen-Nuernberg, Erlangen, Bavaria, Germany
Modern hard- and software have now become powerful enough to be able to
make real predictions about the behavior and microscopic (atomistic) details of
macromolecular biological or nanotechnological assemblies with moleculardynamics simulations. This talk will concentrate on examples in which
simulations have guided experiment in both areas, but also discuss the problems
of acceptance of unusual, but potentially very important, predictions based on

simulations alone. Examples will be given from the areas of the self-assembly of
soft nanoparticles and biological signal transduction via protein-DNA complexes.
COMP 340
Physics-based models of evolution
I. Kuntz, kuntz@cgl.ucsf.edu. Department of Pharmaceutical Chemistry,
University of California, San Francisco, CA, United States
I use simple lattice models of macromolecules to examine fundamental concepts
in evolution such as “fitness”, “adaptation” and the definition of “species”. Using
Monte Carlo and Markov methods to extend the quasi species ideas of Eigen
and Schuster, it is possible to study the responses to selective pressures and
ligands. Phenotypic and genotypic adaptation is observed along with allostery
and ligand-induced folding. The implications of these models for the direction of
evolution and the core aspects of Darwinian optimization will be discussed
COMP 341
Do you need electrons to discover drugs?
C. H. Reynolds, chrmkh@comcast.net. Drug Discovery, Johnson & Johnson
Pharma R&D, Spring House, PA, United States
Structure-based modeling in drug discovery has been dominated by classical
force-field methods. As a practical matter force-fields have been seen as the only
models computationally efficient enough to be applied to proteins, ligands, and
their complexes. Academic and industrial research groups have devoted
tremendous resources over many years to develop a number of high quality
models (e.g. AMBER, OPLS, MMFF, and CHARMM). New approaches make it
more practical to carry out semi-empirical quantum calculations for large
biological systems. Nevertheless these calculations remain many orders of
magnitude slower than molecular mechanics. The question is whether this
additional expense is warranted. Examples will be presented that illustrate some
of the potential for quantum-based models in drug discovery.
COMP 342
Methodological advances in computer simulation of biomolecular systems
W. F. van Gunsteren, wfvgn@igc.phys.chem.ethz.ch. Laboratory of Physical
Chemistry, Swiss Federal Institute of Technology, ETH, Zurich, Switzerland
Computer simulation of the dynamics of biomolecular systems by the molecular
dynamics technique yields the possibility of describing structure-energy-function
relationships of molecular processes in terms of interactions at the atomic level.
Yet, the time and spatial scale of simulations is limited due to finite computing

power. Recent advances in simulation methodology e.g. to rapidly compute
binding constants or free energy for protein-ligand binding, or to extend the time
scale of simulation by coarse-graining will be discussed.
Angew. Chem. Int. Ed. 45 (2006) 4064 – 4092
J. Chem. Phys. 126 (2007) 184110
J. Chem. Phys. 128 (2008) 174112
J. Chem. Theory Comput. 5 (2009) 276 – 286
J. Comput. Chem. 30 (2009) 1664 - 1679 and (2009) in press www.igc.ethz.ch
COMP 343
Award Address (ACS Award for Computers in Chemical and
Pharmaceutical Research Sponsored by ACS). Computational chemistry
challenges
K. M. Merz, Jr, merz@qtp.ufl.edu. Chemistry, The University of Florida,
Gainesville, Florida, United States
Computational Chemistry is now a well-established field with numerous
significant successes to show for several decades of effort. Nonetheless, several
challenges remain both from the computational/theoretical and experimental
perspective. This talk will touch on several of these challenges and suggest ways
in which to overcome them in the coming years. In particular, we will touch on
biomolecular structure quality and the impact it has on computational efforts like
drug design and we will touch on the establishment of error bounds in
computational studies and how this affects the outcome of absolute versus
relative energy computations. Based on these insights we will discuss what
potential future directions for Computational Chemistry might have the most
short-term impact.
COMP 344
Minor groove of DNA as target for drug design
G. M. Spitzer1, Gudrun.Spitzer@uibk.ac.at, J. E. Fuchs1, A. Biela2, C. R. Kreutz1,
B. Wellenzohn3, G. Klebe2, and K. R. Liedl1. 1Faculty of Chemistry and
Pharmacy, University of Innsbruck, Innsbruck, Austria, 2Institute of
Pharmaceutical Chemistry, Philipps-University of Marburg, Marburg, Germany,
3
Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach/Riss, Germany
Ligands that bind to the DNA minor groove are of high therapeutic interest as
they allow to influence DNA transcription. Previous studies showed that ligand
shape is of special interest for groove recognition. Accordingly, shape based
virtual screening turned out to be successful in terms of retrieval of known
ligands as well as identification of diverse scaffolds. Herein we show the result of
shape based virtual screening of the NCI database. Isothermal titration

calorimetry and NMR spectroscopy were applied to verify DNA affinity and clarify
the thermodynamic profile of the ligands binding different DNA sequences.
COMP 345
Designing TRPV1 antagonists for the treatment of pain: A general
pharmacophore model based on 3D-QSAR analyses of multiple chemical
series
V. N. Viswanadhan, vellarkad_viswanadhan@jubilantbiosys.com, V. Parmar, R.
Kristam, and V. N. Balaji. Department of Computational Chemistry, Jubilant
Biosys Limited, Bangalore, Karnataka, India
Transient Receptor Potential Vanilloid 1 (TRPV1) is a well-established target for
treating pain. Though several TRPV1 antagonists have progressed to become
clinical candidates, many are known to cause temperature elevation in humans,
halting their further advancement, and signifying the need for new chemotypes.
Different chemical classes of TRPV1 antagonists share three important features:
an amide or an isostere flanked by an aromatic (or fused aromatic) ring with polar
substitutions on one side, and a hydrophobic group on the other. Recent work
identified new series of compounds with these and additional features, leading to
improvement of properties, and clinical candidates. We describe here, for the first
time, a pharmacophore model developed from multiple chemical series, including
two clinical candidates. 3D-QSAR models developed using Phase QSAR or
CoMSIA methodologies, for piperazinyl-aryl (n = 62; r2 = 0.93 and q2 = 0.75), and
other series are discussed. Implications for new designs are addressed.
COMP 346
Quasi-Monte Carlo integration for the fast and effective generation of
molecular shape fingerprints
J. D. MacCuish1, john.maccuish@mesaac.com, N. E. MacCuish1, M.
Hawrylycz2, and M. Chapman1. 1Mesa Analytics & Computing, Inc., Santa Fe,
New Mexico, United States, 2Allen Institute for Brain Science, Seattle,
Washington, United States
2D fingerprints of molecular structure has enabled the chemical analysis of large
datasets on the order of millions of compounds in the matter of hours. With the
increase in computational resources, the need for a 3D shape fingerprint for
diversity analysis, fragment assessment, and compound acquisition decisions, is
now warranted. A 3D molecular shape fingerprinter based on quasi-Monte Carlo
integration is presented with generation and comparison times within the same
magnitude as that found with 2D fingerprints. Shape similarity searching and
shape cluster analysis on millions of conformations is now feasible within a
reasonable timeframe on a modern workstation.

COMP 347
Structure-based virtual screening approach using support vector machine
L. Li1,2, liwei.li@gmail.com, J. P. Baird2, and S. O. Meroueh1,2,3. 1Center for
Computational Biology and Bioinformatics, Indiana University School of
Medicine, Indianapolis, IN, United States, 2Department of Biochemistry and
Molecular Biology, Indiana University School of Medicine, Indianapolis, IN,
United States, 3Department of Chemistry, Indiana University - Purdue University
Indianapolis, Indianapolis, IN, United States
A new approach combining machine learning technique with knowledge-based
statistical methods was developed to classify receptor-ligand complexes. More
specifically, we employ knowledge-based DFIRE pairwise atomic potentials
collected from receptor-ligand complexes as features to build a Support Vector
Machine model for the purpose of identifying active receptor-ligand complexes.
We validate this approach using the Directory of Useful Decoys. Our results
show that the SVM approach to perform well relative to other scoring functions.
The SVM approach was further validated by screening nearly 1,500 molecules
and selecting 12 that were tested in vitro for inhibition of EGFR. Three out of the
12 compounds tested at 50 µM concentration showed inhibition, with one
molecule showing complete inhibition of kinase activity suggesting a nanomolar
inhibition constant. To the best of our knowledge, this is the first example of
scoring receptor-ligand complexes in virtual screening with a machine learning
algorithm.
COMP 348
Applying a bayesian model in HTS frequent hitter analysis
K. Song1, kun.song@pfizer.com, J. Wang1, M. Boehm1, A. Mathiowetz1, and J.
Klug-McLeod2. 1CVMED Chemistry, Pfizer Inc., Groton, CT, United States,
2
Computational Sciences Center of Emphasis, Pfizer Inc., Groton, CT, United
States
HTS (high-throughput screening) is one the most commonly used tools in smallmolecule drug discovery. HTS can rapidly screen a large number of compounds
in a relatively short period of time. The “hit” compounds coming out of HTS
usually are followed up with chemistry efforts to be transformed to “lead”
compounds, with improved potency and ADME (absorption distribution
metabolism excretion) properties. However, some of the “hit” compounds turn out
to be false positives or promiscuous binders, the so-called “frequent hitters.” In
this study, we surveyed 96 HTSs run within Pfizer in the past five years and
characterized the common features among these “frequent hitters.” A Bayesian
model was built based on this collection of compounds and their FCFP-10
fingerprint. The performance of the model was evaluated by experimental results.
The application of the model considerably reduces the time and cost of HTS
triage and chemistry follow-up during small molecule drug discovery.

COMP 349
Application of molecular dynamics and conformationally sampled
pharmacophores to the design of apelin-13 cyclic peptide analogs
N. J. M. Macaluso, max.macaluso2@gmail.com, and R. C. Glen,
rcg28@cam.ac.uk. Unilever Centre for Molecular Sciences Informatics,
Department of Chemistry, University of Cambridge, Cambridge, United Kingdom
Apelin-13 (NH2-QRPRLSHKGPMPF-COOH), one of the most potent inotropic
endogenous agents identified in humans to date, activates the APJ receptor. The
apelin-APJ system has yet to be fully characterized, but plays a central role in
HIV infection, cardiovascular disease, and tumor neoangiogenesis. The design of
selective pharmacological probes is the first step in understanding the binding
requirements and pharmacology of this receptor. The absence of an X-ray crystal
structure has impeded the discovery of a putative binding site, therefore we used
a ligand-based approach to probe the binding requirements of APJ. We present a
new series of cyclic and linear peptide analogs exploring the β-turn character,
stereospecificity, and hydrophobicity of the apelin peptide. Our design was
guided by extensive replica exchange molecular dynamics simulations and
conformationally sampled pharmacophores. These computational results were
validated through competition binding assays and reveal a correlation between
secondary structure and potency.
COMP 350
Estimates of electron-impact excitation/dissociation cross sections and
product branching: Studying methane with scaled plane-wave Born and
trajectory–surface-hopping
M. D. Lodriguito, mlodriguito@gmail.com, and G. C. Schatz. Department of
Chemistry, Northwestern University, Evanston, IL, United States
Electron-impact dissociation is one of the key processes in plasma-assisted
combustion. In particular, this process is responsible for the production of
radicals such as CH. However, the mechanism for the formation of this species is
not yet known and hence remains a big limitation to the modeling of the effect of
the plasma. We use the scaled plane wave Born (sPWB) approach to estimate
electron-impact excitation/dissociation cross sections for methane for impact
energies up to 200 eV. Generalized oscillator strengths for these calculations are
determined using multireference configuration interaction calculations, including
all singlet excited states up to 26 eV excitation energy, and Q values up to 20.
The resulting cross sections agree to within a factor of two of recent
measurements. Estimates of product branching fractions are determined by
nonadiabatic trajectory-hopping calculations using CAS-SCF potential energy
surfaces. The resulting branching fractions show more fragmentation than has
been observed in methane photodissociation, or in electron impact dissociation
measurements.

COMP 351
First-principles approach to spin effects in molecular electronics
C. Herrmann, c-herrmann@northwestern.edu, G. C. Solomon, and M. A. Ratner.
Department of Chemistry, Northwestern University, Evanston, IL, United States
Electron transport on the molecular scale is not only a topic of crucial importance
for biological processes such as photosynthesis, but has also become a major
issue in nanotechnology, i.e., in molecular electronics. In transport through
magnetic molecules, several new phenomena such as spin filtering and spin
switching arise. Some of these phenomena may be described by a combination
of the Landauer-Imry approach with non-equilibrium Green’s functions and KohnSham density functional theory. Here, it is shown how organic radicals can, in
principle, act as spin filters, and how their transport properties may be tuned and
controlled. Also, the limitations of the Landauer-Imry approach in spin-dependent
molecular electronics are discussed.
COMP 352
B2GP-PLYP and friends: Robust, generally applicable, double-hybrid
functionals for thermochemistry, thermochemical kinetics, and weak
interactions
J. M. L. Martin, gershom@weizmann.ac.il. Dept. of Organic Chemistry,
Weizmann Institute of Science, Rechovot, Israel
We report on the development and validation of fifth-rung “double-hybrid”
exchange-correlation functionals, which combine a hybrid of (meta-)GGA and
HF-type exchange with a mixture of (meta-)GGA and MP2-type correlation. By
judicious parametrization, functionals can be found that render superior
performance (comparable to composite ab initio methods like G3 theory) for both
atomization energies and barrier heights, and that do not share the deficiencies
of other “kinetics-friendly” functionals for late transition metal reactions.
Performance for weak interactions, while already good, can be further improved
by adding an empirical dispersion correction. Performance for vibrational
frequencies is intermediate between conventional DFT methods and CCSD(T).
Our B2GP-PLYP functional [1] is available in several popular quantum chemistry
programs without recoding. Prospects for further improvement will be discussed.
[1] Amir Karton, Alex Tarnopolsky, Jean-François Lamère, George C. Schatz,
and Jan M. L. Martin, J. Phys. Chem. A 112, 12868–12886 (2008).
COMP 353
Calculation of nuclear spin-spin coupling constants using frozen-density
embedding

A. W. Götz1, agoetz@sdsc.edu, J. Autschbach2, and L. Visscher3. 1San Diego
Supercomputer Center, University of California San Diego, La Jolla, California,
United States, 2Department of Chemistry, State University of New York at
Buffalo, Buffalo, New York, United States, 3Theoretical Chemistry, VU University
Amsterdam, Amsterdam, The Netherlands
We present a method for subsystem-based calculations of nuclear spin-spin
coupling tensors within the framework of current-spin-density-functional theory.
Our approach is based on frozen-density embedding and extends a previously
reported approach for NMR shielding tensors to magnetic fields which couple
both to orbital and spin degrees of freedom. The electron density, the induced
paramagnetic current, and the induced spin-magnetization density are calculated
separately for the individual subsystems. Neglect of the perturbations in the
environment leads to a very efficient method in which the computationally
expensive response calculation has to be performed only for the subsystem of
interest. This approach leads to very good results for solvent-induced shifts of
nuclear spin-spin coupling constants in hydrogen-bonded systems. As an
example for systems with stronger interactions we show results for
methylmercury halides which exhibit an exceptionally large shift of the one-bond
coupling constants between 199Hg and 13C upon coordination of
dimethylsulfoxide.
COMP 354
Geminal-augmented MCSCF for multi-electron systems
S. A. Varganov1,2, varganov@stanford.edu, N. J. Ward1, and T. J. Martinez1,2.
1
Department of Chemistry, Stanford University, Stanford, CA, United States,
2
SLAC National Accelerator Laboratory, Menlo Park, CA, United States
We generalize our geminal-augmented multiconfigurational self-consistent field
method to multi-electron systems. This method provides an interesting alternative
to standard multireference methods. The approach is based on variational
optimization of a MCSCF-type wave function augmented by a single geminal.
Such wave function is able to account for dynamic correlation without explicit
excitations to virtual molecular orbitals. We discuss different approximations
which are necessary to make this method computationally efficient.
COMP 355
Extension of the CASPT2 and RASPT2 methods for the treatment of
nondynamical electron correlation: The split-CAS method
L. Gagliardi1, gagliard@umn.edu, G. Li Manni2, and F. Aquilante2. 1Department
of Chemistry, University of Minnesota, Minneapolis, MN, United States,
2
Department of Physical Chemistry, University of Geneva, Geneva, Switzerland

Chemical systems with a multiconfigurational electronic structure continue to
represent a major challenge for modern quantum chemistry. The
CASSCF/CASPT2 approach [1] is one of the most elegant ways to treat nondynamical electron correlation; however, it is severely limited by the size of the
active space, which may include at most 15-16 electrons in 15-16 active orbitals.
We have recently extended this method to the restricted active space
RASSCF/RASPT2 regime [2], which permits the address of significantly larger
active spaces, including up to 30 electrons in 30 orbitals, by considering more
limited sets of excitations. We are working at the moment on a further extension,
the Split-CAS method,[3] which allows the selection of the important
configurations, by still using large active spaces. In this lecture we will describe
the main features of the Split-CAS method and we will show our recent
applications concerning the study of polymetallic systems and organic oligomers
of increasing size [4].
[1] B. O. Roos, P. R. Taylor, and P. E. M. Siegbahn, Chem. Phys. 48, 157
(1980); B. O. Roos, in Advances in Chemical Physics: Ab Initio Methods in
Quantum Chemistry-II, Wiley, Chichester, England, (1987), Chap. 69, p. 399.
[2] P.-A. Malmqvist, K. Pierloot., A. R. Moughal Shahi, C. J. Cramer and L.
Gagliardi The Restricted Active Space followed by second order perturbation
theory method: theory and application to the study of CuO2 and Cu2O2 systems
J. Chem. Phys. 128, 204109 (2008)
[3] G. Li Manni, F. Aquilante, and L. Gagliardi in preparation
[4] A. R. Moughal Shahi, C. J. Cramer, and L. Gagliardi Second-order
perturbation theory with complete and restricted active space reference functions
applied to oligomeric unsaturated hydrocarbons DOI: 10.1039/b912607d (2009)
COMP 356
Treatment of hydrocarbon molecules by the correlation consistent
Composite Approach (ccCA)
B. Wilson1, brentwilson@my.unt.edu, N. DeYonker1,2, and A. Wilson1.
1
University of North Texas, United States, 2University of Memphis, United States
The correlation consistent Composite Approach (ccCA) has been used to
compute the enthalpies of formation (ΔHf’s) for 58 closed-shell, neutral
hydrocarbon molecules selected from an established the test set of Cioslowski et
al. This set includes hydrocarbons which span a range of molecular sizes,
degrees of aromaticity and geometrical configurations, and so provides a
rigorous test of ccCA’s applicability to hydrocarbons. ΔHf’s were calculated (1)
using an atomization energy-based approach for all of the molecules considered;
and (2), based upon ring conserved (RC) isodesmic reactions for the aromatics
molecules studied. When calculating the ΔHf’s by atomization energy, the lowest
mean absolute deviation (MAD) from experiment achieved by ccCA was 1.15
kcal mol-1. When the ΔHf’s for the 12 aromatics were calculated by RC isodesmic

reaction energies, the lowest MAD achieved by a variant of ccCA for the entire
set of 58 molecules was 1.00 kcal mol-1. This MAD is within chemical accuracy
(1.0 kcal mol-1) and is less than the MAD achieved by the Gaussian-3 (G3)
method. ccCA is shown to be useful in calculating the ΔHf’s of hydrocarbons,
even of large molecules, though for molecules larger than benzene, an isodesmic
scheme is recommended.
COMP 357
Explicit correlation and intermolecular interactions
J. R. Lane, jlane@waikato.ac.nz. Department of Chemistry, University of
Waikato, Hamilton, New Zealand
Molecular complexes are recognized as intermediates between strictly gasphase and condensed-phase species that are important for describing the
chemistry of Earth’s atmosphere. The inherent weak nature of intermolecular
interactions makes theoretical investigation of molecular complexes difficult and
necessitates the use of computationally demanding methods such as CCSD(T)
with large basis sets. We have calculated interaction energies and intermolecular
distances for a series of small hydrogen bonded and electron donor-acceptor
complexes using the recently developed explicitly correlated CCSD(T)-F12
methods and compare to results obtained with conventional CCSD(T) theory. For
a given cardinal number, we find that the results obtained with the CCSD(T)-F12
methods are much closer to the CCSD(T) complete basis set limit than the
conventional CCSD(T) results. We also investigate two ways to reduce the
effects of basis set superposition error with conventional CCSD(T), namely, the
popular counterpoise correction and limiting diffuse basis functions to the heavy
atoms only.
COMP 358
Chemistry unified language interface for scripting multiscale modeling
S. McGrother2, simon@culgi.com, S. Nath2, and J. Fraaije1,2. 1Leiden University,
The Netherlands, 2Culgi BV, The Netherlands
The Chemistry Unified language Interface (CULGI) is a C++ library for soft
materials multiscale modeling, ranging from molecular to mesoscopic and
materials informatics. Culgi is sponsored by an international industrial consortium
and several large EU projects (Multimatdesign, Nanomodel and Selfmem) and
the Dutch Space Agency. The library is organized as a ‘computer game’, where a
user can manipulate individual chemical objects, either through manual
interaction via a script or by some physical interaction model. Scripts can be
written in Tcl or Python, or a specialized subset in simplified Culgi script. A
special consideration that requires considerable investigation is the narrow path
between writing a library for experts only, or a scripting interface than can be

used by non-experts as well, similar to existing Graphical User Interfaces. We
discuss the logic of Culgi, and present some applications from customizability in
petroleum engineering, engineering plastics and surfactants design
COMP 359
Mechanical actuators at the nanoscale: Molecular propellers, paddles and
wheels
L. Vukovic1, lvukov1@uic.edu, R. D. Astumian2, and P. Kral1. 1Department of
Chemistry, University of Illinois at Chicago, Chicago, IL, United States,
2
Department of Physics, University of Maine, Orono, Maine, United States
We model by molecular dynamics simulations nanosystems that could realize
mechanical action in nanofluidics. First, we study molecular propellers formed by
carbon nanotube rotors with attached aromatic blades that can pump liquids with
efficiency dependent on the chemistry of the liquid-blade interface [1]. Next, we
investigate nanorods with photoactive surfaces that can roll on water when driven
by light [2]. Their rolling motion is realized when chromophores attached to their
surfaces become anisotropically polarized by light and attracted to water. Finally,
we examine nanoscale pumping induced by deformable nanoscale blades [3].
We show that the length, polarity, frequency and amplitude of oscillations of the
nanoblades control their efficiency of water pumping.
[1] B. Wang and P. Král, Phys. Rev. Lett. 98, 266102 (2007).
[2] L. Vukovic and P. Král, submitted.
[3] L. Vukovic, D. Astumian and P. Král, in preparation.
COMP 360
Towards accurate molecular modeling of plastic bonded explosives
T. L. Chantawansri1, tanya.chantawansri@arl.army.mil, J. Andzelm1, E. Byrd2,
D. Taylor2, and B. Rice2. 1RDRL-WMM-A, U.S. Army Research Laboratory,
Aberdeen Proving Grounds, Maryland, United States, 2RDRL-WMB-D, U.S. Army
Research Laboratory, Aberdeen Proving Grounds, Maryland, United States
Numerous molecular dynamics(MD) simulations of polymer bonded
explosives(PBXs) using the COMPASS forcefield have been reported in recent
years. Although COMPASS has been widely used to accurately model polymers,
the validity of the forcefield in modeling the solid EM fill has been judged solely
on its ability to reproduce lattice parameters, which is an insufficient metric.
Performance of the COMPASS forcefield in modeling EMs and the polymeric
binder has been assessed by calculating structural, thermal, and mechanical
properties, where only fair agreement with experimental data is obtained. We
performed MD simulations using the COMPASS force field for the polymer binder
hydroxyl-terminated polybutadiene and five EMs: cyclotrimethylenetrinitramine,

1,3,5,7-tetranitro-1,3,5,7-tetra-azacyclo-octane, 2,4,6,8,10,12hexantirohexaazazisowurzitane, 2,4,6-trinitro-1,3,5-benzenetriamine, and
pentaerythritol tetranitate. Predicted EM crystallographic and molecular structural
parameters, as well as calculated properties for the binder will be compared with
experimental results for a variety of different simulation conditions. We also
present novel simulation protocols, which improve agreement between
experimental and computation results thus leading to the accurate modeling of
PBXs.
COMP 361
Non-equilibrium molecular dynamics simulation study of the transport of
pure CO2 and CO2/CH4 mixture through nanopore the framework of zeolites
(MFI and LTA) and metal-organic frameworks (Cu-BTC)
T. Wei2, twei2004@gmail.com, and W. Chen3, weichen@alumni.usc.edu. 1Mork
Family Department of Chemical Engineering and Materials Science, University of
Southern California, Los Angeles, CA, United States, 2Technip USA Corporation,
Claremont, California, United States, 3Cirrus Enterprises, LLC dba E. V. Roberts,
Carson, CA, United States
Non-equilibrium molecular dynamics (NEMD) simulations were developed to
study the transport of pure CO2 and the mixture of CO2/CH4, driven by the
chemical potential gradient, through two classes of nanopore materials: zeolite
and metal-organic framework (MOF). Two zeolites of MFI and LTA and a MOF of
Cu-BTC were chosen in this work. The zeolites and MOF were treated as rigid
frameworks, and their effective interactions, which were defined by cutoff
distance among the framework and gas molecules, were calculated and recorded
by spatial-grid. In NEMD simulation, the method of dual control volume grand
canonical molecular dynamics (DCV-GCMD) was employed. The contribution of
rotational motion to the transport in the nanopore was analyzed with the
simulation of pure CO2. The separation selectivities of CO2/CH4 mixture were
compared among the frameworks of the two zeolites and the MOF of Cu-BTC.

COMP 362

Using molecular dynamics to understand liquid crystal phases under the
presence of a rotating external field
A. K. Tucker, ashley.tucker@gatech.edu, and R. Hernandez,
hernandez@gatech.edu. Department of Chemistry and Biochemistry, Georgia
Institute of Technology, Atlanta, GA, United States
The liquid crystal phase behavior of a system of hard-rod-like particles in the
presence of a rotating electric field has been modeled using molecular dynamics
simulations. The collisions between the particles is treated according to the
Rebertus and Sando algorithm [J. Chem. Phys. 67 (1997) 2587]. Additionally, the
particle experiences a torque that causes the particle to remain aligned with the
electric field by inducing rotation of the particle around its center. This torque is
produced by interaction of a dipole with an external electric field. The frequency
dependent phase behavior has been simulated as a function of the nematic order
parameter and long-range orientational correlation functions. Current and future
work will address solvent effects from dissipation and hydrodynamics.
COMP 363
Molecular dynamics of methyl viologen-cucurbit[n]uril complexes in
aqueous solution
A. M. Rawashdeh1, rawash@yu.edu.jo, M. I. El-Barghouthi2, musab@hu.edu.jo,
K. I. Assaf2, and C. Sotiriou-Leventis3, cslevent@mst.edu. 1Department of
Chemistry, Yarmouk University, Irbid, Jordan, 2Department of Chemistry, The
Hashemite University, Zarqa, Jordan, 3Department of Chemistry, Missouri
University of Science and Technology, Rolla, MO, United States
In this work, molecular dynamics (MD) simulations have been used to study the
dynamics of the inclusion complexes of Methyl viologen (MV) with cucurbit[n]uril,
CBn, (where n = 6, 7 and 8) in aqueous solution. The obtained MD trajectories
were analyzed and post processed using Molecular Mechanics-Poisson
Boltzmann Surface Area (MM–PBSA) method to shed some light on the guesthost intermolecular forces that play a significant role in the formation of the CB
inclusion complexes. MV exhibits partial inclusion into CB6 cavity while deep
inclusion was observed for the larger macrocyclic hosts with the two cationic
groups interacting with the carbonyl portals. The extracted snapshots reveal an
increase in the macrocycle distortion of CB6 and CB7 upon inclusion of the guest
molecule. MM-PBSA calculations indicate that CB7 forms the most stable
complex with MV. The guest-host electrostatic interactions are the dominant
contribution to the complex stability. Furthermore, van der Waals interactions add
significantly to the complex binding free energy. Potential of Mean Force (PMF)
for the guest-host distance was obtained by umbrella sampling. No energy
barriers were obtained for the guest movement inside the host cavity except in
the case of CB6.

Figure. The average structures of the studied complexes, (a) CB6/MV, (b)
CB7/MV, (c) CB8/MV.
COMP 364
Aqueous microenvironments inside hydrophobic nanochannels
R. J. Mashl, mashl@illinois.edu, and E. Jakobsson. University of Illinois, Urbana,
IL, United States
Biological channels formed from membrane proteins assemble into complex
conduits for passage of select ions and molecules across the cell membrane.
The selectivity properties of some of these channels has inspired the search for
synthetic analogs that may serve as nanoscopic filters for various technical
applications, including electronic devices and desalination membranes. To
understand better the properties of water confined to nano-sized channels, we
study the structure and dynamics of water inside long, hydrophobic pores and
membrane-embedded pores under ambient conditions using classical molecular
dynamics simulations. The resulting structural and dynamic properties of the
water are seen to vary generally with channel diameter and other model
parameters. In particular, the computed static dielectric constants are found to be
significantly anisotropic in the confines of narrow geometries.
COMP 365
Molecular dynamics investigation of the interaction of large-scale
hydrophobes with water
B. A. Bauer, babauer@udel.edu, and S. Patel. Department of Chemistry and
Biochemistry, University of Delaware, Newark, DE, United States
Hydrophobic effects influence a range of physical phenomena ranging from the
aggregation and assembly of colloids in water to protein folding. In this work, the
interaction of two large-scale hydrophobic plates and water is examined using
molecular dynamics (MD) simulations. Various water models, encompassing

common polarizable and nonpolarizable force fields, are considered and
compared. Position dependent profiles of water density, dipole moment,
orientation, hydrogen bonding, and free energy of plate-plate interactions are
presented. Predictions of critical plate separation distances (suggestive of the
onset of drying transitions) are also considered. We expand upon current
understanding of hydrophobic interactions and the empirical models used to
study them.
COMP 366
Computational chemistry - still unsolved problems
H. Kubinyi, kubinyi@t-online.de. Department of Pharmaceutical Chemistry,
University of Heidelberg (retired), c/o Weisenheim am Sand, Rheinland/Pfalz,
Germany
Computational chemistry aims at contributing to the discovery of new drugs by
means of various approaches. First and foremost, QSAR, pharmacophore
modeling, virtual screening, docking and scoring, and ADMET predictions have
to be mentioned. However, there is still a gap between the achieved results and
the medicinal chemists’ needs in lead discovery and optimization. QSAR has the
problem of insufficient external predictivity; modeling often does not adequately
consider molecular properties and their influence on pharmacophore definitions;
virtual screening and docking suffer from the lack of reliable scoring functions;
ADMET predictions often fail because of the complexity of absorption and
metabolism, especially the formation of toxic metabolites. Future computational
chemistry research should focus on solutions to these problems, instead of
keeping to the beaten tracks.
COMP 367
Binding energy distribution approach for protein-ligand affinity estimation
with implicit solvation
E. Gallicchio, emilio@biomaps.rutgers.edu, M. Lapelosa, and R. M. Levy.
BioMaPS Institute for Quantitative Biology, Rutgers University, Piscataway, NJ,
United States
We present a formulation of the absolute free energy for binding with implicit
solvation which is homologous to the well known particle insertion theory for the
computation of the solute chemical potential. Statistical mechanics techniques of
particle insertion can be utilized to gain insights on the binding process. An
efficient computational method is developed based on the calculation, by
advanced molecular dynamics sampling and reweighting techniques, of the
distribution of binding energies between the receptor and the ligand. The shape
of the distribution and the magnitude of its low-binding energy tail dictates the
value of the binding constant. We present applications of the method to the well
studied mutant T4 lysozyme system as well as to important medicinal targets.

The newly developed AGBNP2 implicit solvation model provides a realistic
balance between interatomic and hydration forces which is needed for obtaining
accurate affinity estimates with this method.
COMP 368
Modulating protein specificity dynamically
C. S. D. Sisu, csds2@cam.ac.uk, and G. H. Grant. Unilever Centre for Molecular
Science Informatics, University of Cambridge, Cambridge, Cambridgeshire,
United Kingdom
For a long time PDZ domain binding specificity has been thought to reside in the
bond mediated contacts of the active site. However a question still remains: how
does a protein find its best binding partner? We address this question using
molecular dynamic simulations to demonstrate the significance of protein
dynamics in high affinity interactions. A modelling study was conducted from two
perspectives: ligand specificity (unique ligand interacting with various receptors)
and protein selectivity (interaction of a protein with different binding partners).
Molecular mechanics – Poisson Boltzmann surface analysis as implemented in
Amber 10 was used to explore the thermodynamics of binding. The temperature
factors were calculated as an exponent of residues’ dynamic behaviour. The
results indicate that there is a direct linear correlation between the overall
induced movement and the binding free energy. Based on these findings we
show that ligand selection in the PDZ domain is modulated dynamically.
COMP 369
Molecular modeling studies of bovine and camel chymosin–κ-casein
complexes
D. S. Palmer1, dsp@chem.au.dk, J. Sørensen2, A. U. Christensen1, L. Celik2,3, K.
Bruun Qvist4, and B. Schiøtt2. 1Department of Chemistry, Aarhus University,
Aarhus, Denmark, 2Department of Chemistry, The Center for Insoluble Protein
Structures (inSPIN) and the Interdisciplinary Nanoscience Center (iNANO),
Aarhus University, Aarhus, Denmark, 3Department of Chemistry, Yale University,
New Haven, Connecticut, United States, 4Department of Cultures and Enzymes,
Chr. Hansen, Hørsholm, Denmark
We present computational studies of two homologous mammalian aspartic
proteases (calf and camel chymosin) complexed with fragments of their native
peptide ligands (cow and camel κ-casein) and the cross-complexes. Using
molecular docking calculations, homology modelling and molecular dynamics
simulations, we compare the binding modes of the four systems. The complexes
are of industrial interest because camel chymosin has recently been marketed to
replace bovine chymosin as an enzyme to promote milk clotting in cheese
manufacturing. The camel enzyme has been shown to have 70% higher clotting

activity and only 20% of the unspecific protease activity for bovine κ-casein as
compared to the bovine enzyme. Interestingly, bovine chymosin has a very low
proteolytic rate for camel κ-casein. The models provide putative atomic
coordinates for these complexes, for which there are no available
crystallographic or NMR structures, and help to explain existing experimental
results.
COMP 370
Characterization of binding sites and protein interaction surfaces by
thermodynamic analysis of hydration sites
T. Beuming, thijs.beuming@schrodinger.com, R. Abel, and W. Sherman.
Schrodinger, Inc., New York, NY, United States
The free energy gain resulting from the release of water molecules in both
protein-ligand and protein-protein interactions is a major driving force in binding.
We have recently developed a statistical thermodynamic method called
WaterMap to quantify the entropic and enthalpic characteristics of hydration sites
on protein surfaces. The method has been used to study the ligand binding
properties of several systems, including FactorXa (Abel et al., JACS, 2008) and
PDZ domains (Beuming et al., Protein Science, 2009). In this work we applied
WaterMap to the entire surface a large set of protein structures to characterize
the types of solvent-protein interactions that determine the thermodynamic
properties of hydration sites. From these whole-protein WaterMap calculations,
the distributions of thermodynamic properties (enthalpy, entropy, and free
energy) of all hydration sites were evaluated and we analyzed how the properties
are affected by the hydration site environment in terms of specific residue
contacts. In addition, the thermodynamic properties of hydration sites are
compared among small molecule binding sites, protein-protein interaction
interfaces, and the remainder of the protein surface. The thermodynamic
properties of water molecules highlight important characteristics of binding sites
and protein-protein interaction interfaces.
COMP 371
Quantum mechanical design of enzymes for an aromatic Claisen
rearrangement and evaluations using molecular dynamics
S. Kim, seonah@chem.ucla.edu, G. Bollot, S. A. Johnson, and K. N. Houk.
Department of Chemistry and Biochemistry, University of California, Los Angeles,
Los Angeles, CA, United States
One of the greatest challenges of computational biology is to develop methods to
design enzymes to catalyze any desired reaction. We have been developing
computational methodology for enzyme design using quantum mechanics (QM)
and molecular dynamics (MD). We located structures of catalytic sites

(theozyme) for the aromatic Claisen rearrangement of an allyl coumarin ether
using density functional theory. The resultant theozymes were incorporated into
existing stable protein scaffolds using the Rosetta programs of Baker et al. The
program EDGE (Enzyme Design Geometry Evaluation) compares the
geometrical similarity between the catalytic residues/substrates in the original
theozyme and the candidate enzyme designs created from Rosetta program. The
residues in the vicinity of active site were then optimized with RosettaDesign.
The designs were further evaluated using MD. Experimental tests are in
progress.
COMP 372
Large-scale simulations of fluctuating biological membranes
L. Maibaum1,2, maibaum@cal.berkeley.edu, A. Pasqua1, G. Oster3, D. A.
Fletcher4,5, and P. L. Geissler1,2,5. 1Department of Chemistry, University of
California, Berkeley, Berkeley, CA, United States, 2Chemical Sciences Division,
Lawrence Berkeley National Laboratory, Berkeley, CA, United States,
3
Department of Molecular and Cellular Biology, University of California, Berkeley,
Berkeley, CA, United States, 4Department of Bioengineering, University of
California, Berkeley, Berkeley, CA, United States, 5Physical Biosciences Division,
Lawrence Berkeley National Laboratory, Berkeley, CA, United States
We present a new computational model for lipid bilayers that allows the
simulation of membrane systems on the micrometer scale. In our model, each
∼;25 nm2 patch of bilayer is represented by a spherical particle. Mimicking the
forces of hydrophobic association, many-body interactions suppress the
exposure of each sphere’s equator to the implicit solvent. We illustrate the
usefulness of our model by computing the response of a bilayer to mechanical
perturbations, such as deformations caused by an extending filopod.

COMP 373
Multiscale modelling of lipid membranes
J. W. Essex1, jwe1@soton.ac.uk, M. Orsi1, W. E. Sanderson2, and M. G. Noro3.
1
School of Chemistry, University of Southampton, Southampton, Hampshire,

United Kingdom, 2Johnson & Johnson PRD, Beerse, Belgium, 3Unilever R&D,
Port Sunlight, Wirral, United Kingdom
We have developed coarse-grain molecular dynamics simulation models of
biological lipids that are able to reproduce important membrane physical
properties, particularly the lateral pressure profile. This is critical in determining
the phases adopted in lipid systems. The novelty in these models lies
predominantly in the way they capture shape anisotropy, and the realistic way in
which electrostatic interactions are incorporated. Furthermore, through careful
design, the models are compatible with atomistic potentials, allowing multiresolution simulations of membrane systems. In this presentation, the design
philosophy and parameterisation procedures for these models will be described,
followed by their application to multi-resolution simulations. First, their use to
investigate the permeability process of a range of molecules, including drugs,
through phospholipid bilayers, will be outlined. Second, the effect of small
molecules on membrane properties will be discussed, focusing particularly on
antibacterials, which, it is postulated, may work through modifying the underlying
physics of the membrane.
COMP 374
Modelling lipid phase behaviour using highly simplified models
J. W. Essex, jwe1@soton.ac.uk, and G. Chellapa. School of Chemistry,
University of Southampton, Southampton, Hampshire, United Kingdom
Lipid membranes are critical biological structures which show rich phase
behaviour and are able to tune their physical properties by varying their
composition. To simulate and understand this complex behaviour requires the
development of coarse-grain lipid models. Here we describe the development of
a simple two-site lipid model, based on the Gay-Berne potential of liquid crystals,
together with an associated coarse-grain water model. This model improves on
previously described approaches in that electrostatics are incorporated in a
realistic fashion, and solvent particles are explicitly represented, thereby better
reflecting reality. By changing the relative sizes of the head and tail particles we
are able to control the phases adopted, and lyotropic behaviour is also captured
in that the phases adopted depend on the level of hydration. Finally, by
combining different lipid types we can probe the behaviour of lipid mixtures,
crucial to the formation of rafts in biological systems.
COMP 375
Stimulation study of stapled alpha-helical p53 peptide analogs: Probing the
relationship between structural stability and biological potency
U. Mohanty1, mohanty@bc.edu, Z. Guo1, J. Nohere2, T. Sawyer2, W. Sherman3,
and G. Krilov1. 1Chemistry, Boston College, Chestnut Hill, MA, United States,

2
3

Aileron Therapeutics, Inc; 840 Memorial Drive, Cambridge, MA, United States,
Schrodinger, Inc., 120 W 45th Str, 29th Fl., New York, NY, United States

Reactivation of the p53 cell apoptosis pathway through inhibition of the p53
hDM2 interaction is known to be a viable approach to suppressing tumor growth
in many human cancers and stabilization of the helical structure of p53 analogs
via a hydrocarbon cross-link (staple) has been found to lead to increased
potency and inhibition of protein-protein binding. However, details of the structure
and dynamic stability of the stapled peptides and their relationship to the nature
and location of hydrocarbon linker are not well understood. Here, we use
extensive molecular dynamics simulations to study a series of stapled α-helical
peptides over a range of temperatures in solution. The peptides are found to
exhibit substantial variations in predicted helicities that are in good agreement
with the experimental values. In addition, we find significant variation in local
structural flexibility of the peptides with the position of the linker, which appears
to be more closely related to the observed differences in activity than the
absolute helical stability.
COMP 376
Revealing the switching mechanism of L1 Ligase
G. M. Giambasu, georgemgiambasu@umn.edu, T. Lee, leex2750@umn.edu,
and D. M. York, york@umn.edu. Department of Chemistry, University of
Minnesota, Twin Cities, Minneapolis, Minnesota, United States
L1 ligase (L1L) is an in vitro selected ribozyme that uses a non-canonically basepaired ligation site to catalyze regioselectively and regiospecifically the 5’ to 3’
phosphodiester bond ligation, a reaction that stays at the origin of RNA World
hypothesis. L1L is an allosteric ribozyme molecular switch whose intrinsic
flexibility was verified by the fact that two crystallographically independent
conformations were resolved in the same asymmetric unit. These conformers
differed in the orientation of one of the stems by a movement of the stem tip by
around 80 Angstrom. It remains apen question as to what degree these two
conformers persist as stable conformational intermediates in solution, and along
what pathways are they able to inter-convert. To explore these questions, we
have performed a series of MD simulations in explicit solvent to explore the
inactive--active conformational switch in L1L departing from both active and
inactive states that covered 50 % of the postulated transition path. We
complemented these results with a strategy that involves string method and
structural databases mining to explore and refine potential transition pathways of
L1L. Three restricted regions that are responsible for the interconversion of the
two states were identified. Two of them are well known RNA motifs: a loop and a
three-way junction. We were able to monitor their change in conformation using a
reduced set of four virtual torsions and to identify a series of hydrogen bond
contacts between conserved regions that define specific intermediary states
which existence was not obvious from the crystal structures alone. The third

flexible spot is, surprisingly, the active site that covers a series of three distinct
conformations out of which two have a high probability to support the catalytic
step.
COMP 377
Dynamics of the PKA C-Subunit major conformational states using
REXAMD
M. Fajer1, mfajer@ucsd.edu, S. Taylor1,2,3, and J. A. McCammon1,2,3.
1
Department of Chemistry and Biochemistry, University of California, San Diego,
La Jolla, CA, United States, 2Howard Hughes Medical Institute, University of
California, San Diego, La Jolla, CA, United States, 3Department of
Pharmacology, University of California, San Diego, La Jolla, CA, United States
Molecular dynamics simulations can yield insight into the role of protein dynamics
in allostery and binding cooperativity. Recent work by Masterson et al. (reference
1) on protein kinase A (PKA) has shown that the binding of ATP and PKI to the
catalytic sub-unit is highly cooperative. Various biochemical techniques have
been applied to this problem and have identified specific residues important to
the allosteric network. We present replica exchange accelerated molecular
dynamics (REXAMD) simulations of the different states of the PKA catalytic subunit, linking the protein dynamics with the known cooperativity.
References:
1) Masterson, L. R.; Mascioni, A.; Traaseth, N. J.; Taylor, S. S.; Veglia, G.
Proceedings of the National Academy of Sciences 2008, 105, 506-511.
COMP 378
High-order correlations in internal protein motions and energetics
S. C. Chennubhotla, chakracs@pitt.edu. Department of Computational Biology,
University of Pittsburgh, Pittsburgh, PA, United States
Background: Despite originating as a linear sequence of amino acids, folded
proteins display a remarkable diversity and specificity of motions, or dynamics,
which constitute the building blocks of cellular metabolism. A growing body of
evidence also suggests that these motions are hierarchical, involving a multitude
of spatial and temporal scales. A key task in biology is thus to elucidate the
relationship between the hierarchical nature of protein dynamics and function.
Characterizing these spatial (and temporal) fluctuations in molecular dynamics
(MD) simulations is a critical step toward generative models that yield insight into
enzyme catalysis, ligand binding, and allosteric signaling - all therapeutically
exploitable processes. Results: Using a 0.5us simulation for ubiquitin, a 76
residue protein that labels other proteins for degradation, we show that the

positional deviations exhibit non-Gaussian behavior (kurtosis >> 3), at
functionally important regions of the protein. To analyze the spatial deviations of
protein backbone atoms, we propose a general and statistically rigorous method
that meaningfully captures non-Gaussian behaviors overlooked with established
methods. An extension of Independent Component Analysis (ICA) techniques,
we see Quasi Anharmonic Analysis (QAA) as a more realistic encoding of protein
fluctuations and atomic coupling since its basis vectors capture higher-order
spatial statistics in addition to the variance. QAA benefits from a relaxation of the
requirement for orthogonal basis vectors (as in PCA) or assumptions of Gaussian
deviations. This coupling between the basis vectors from QAA allows one to
elucidate how ‘fast’ and ‘slow’ motions in ubiquitin allow it to bind to different
substrates with high specificity. Conclusions: In summary, QAA is a novel
approach to organize and visualize the conformational landscape spanned by a
protein. QAA naturally characterizes long-tailed distributions and separates
conformational clusters with exceptional clarity when projected onto the novel
representation space. The transitions we observe in ubiquitin signal biologically
important structural shifts and highlight meaningful energetic barriers in the
underlying energy landscape.
COMP 379
Poliovirus RNA-dependent RNA polymerases’ dynamics on the
microsecond timescale: A coarse-grained molecular dynamics study
H. Shen, hzs@psu.edu, and C. M. Colina, colina@matse.psu.edu. Department
of Materials Science and Engineering, The Pennsylvania State University,
University Park, PA, United States
We applied our recently developed hybrid coarse-grained model (ENM/MARTINI)
to study the dynamics of 3Dpol wild-type and two different mutants (G64S and
H273R). These coarse-grained molecular dynamics (MD) simulations allow us to
study the dynamical properties of 3Dpol on the microsecond timescale, consistent
with previous nanosecond atomistic MD simulations. We found that the high
fidelity mutant (G64S) of 3Dpol may be a result of the low flexibility presented by
some amino acid residues located in the pinky finger, index finger, and the thumb
regions, as well as, structural motifs A and D. In addition, our coarse-grained
results provide information about the strength of interaction between structural
motifs A and D and their directions of motions on the microsecond timescale that
may have an important effect on the fidelity of 3Dpol.
COMP 380
Ligand entry and exit pathways in the β2-adrenergic receptor
T. Wang, twang@ucdavis.edu, and Y. Duan. Genome Center and
Bioinformatics, University of California at Davis, Davis, CA, United States

The recently determined crystal structure of the human beta2-adrenergic (b2AR)
G-protein coupled receptor provides an excellent structural basisfor exploring
b2AR-ligand binding and dissociation process. Based on this crystal structure, we
simulated ligand exit from the b2AR receptor by applying the random acceleration
molecular dynamics (RAMD) simulation method. We also abtained a putative
ligand free conformation of the receptor and investigated the possible ligand
entry pathways. Our results for the first time suggest the importance of a junction
between the secondary extracellular loop (ECL2) and the top of the 7th helix for
ligand entry and exit. These results may help design b2AR-targeting drugs with
improved efficacy as well as understand the receptor subtype-selectivity of ligand
binding in the beta family of the adrenergic receptors that share almost identical
ligand-binding pockets but show notable amino acid sequence divergence in the
putative ligand-entry site, including ECL2 and the extracellular end of TM7.

COMP 381
Dispersion interactions in biologically significant N-heterocycles: An
effective fragment potential investigation
T. Smith1, toni@si.msg.chem.iastate.edu, L. V. Slipchenko2, and M. S. Gordon1.
1
Department of Chemistry, Iowa State University, Ames, IA, United States,
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Department of Chemistry, Purdue University, West Lafayette, IN, United States
The generalized effective fragment potential (EFP2) method in GAMESS is a
computationally inexpensive, quasi-classical, discrete solvation model rigorously
based in quantum mechanics. It has previously been shown to model π-π
interactions in substituted benzene dimers with an accuracy exceeding that of
MP2 and approaching that of CCSD(T). Biologically important nitrogencontaining heterocycles also possess dispersion-dominated π-π interactions, but
the effect of the heteroatom on the electron cloud alters the energetic ordering of
the various structures examined compared to the benzene dimer. Here, the

results of an EFP2 study on dimers of N-heterocycles are presented and
compared with high-level ab initio data.
COMP 382
Application of the fragment molecular orbital (FMO) method to the high
energy 1-hydroxyethyl-4-amino-1,2,4-triazolium nitrate (HEATN) ionic liquid
system
P. J. Carlson, philipc@iastate.edu, and M. S. Gordon. Department of Chemistry,
Iowa State University, Ames, IA, United States
The Fragment Molecular Orbital (FMO) Method was applied to the high energy
ionic liquid system 1-hydroxyehtyl-4-amino-1,2,4-triazolium nitrate (HEATN).
High energy ionic liquids are of high interest due to their potential as
environmentally friendly alternative fuels. Hence it is essential that their
properties and molecular structure be well understood. Modeling of triazolium
ionic liquid systems via ab initio methods has been sparse with a few notable
studies. The FMO method has been applied extensively to proteins and other
biologically relevant systems but application to ionic clusters is rare. Herein the
two-body FMO (FMO2) scheme along with the 6-31++G(d,p) basis set were used
to successfully model and characterize the HEATN Ionic cluster systems with up
to three cation-anion pairs, shedding light on the cation-anion interaction and the
highly hydrogen-bonded network therein.
COMP 383
Calculations of large molecular systems with the fragment molecular
orbital method
D. G. Fedorov1, d.g.fedorov@aist.go.jp, and K. Kitaura1,2. 1RICS, AIST,
Tsukuba, Japan, 2Graduate School of Pharmaceutical Sciences, Kyoto
University, Kyoto, Japan
The fragment molecular orbital method (FMO) makes practical large scale
quantum-mechanical calculations, by dividing the system into fragments and
performing ab initio calculations of fragments and their pairs in the electrostatic
field of the remaining fragment environment. Recently, FMO has been extended
to describe clusters representing solids (faujasite zeolite, silicon nanowires) and
electronic excitations in molecular crystals (quinacridone), in addition to a
number of biochemical applications to proteins and DNA, as well as molecular
dynamics of explicitly solvated systems (see The FMO Method: Practical
Applications to Large Molecular Systems, CRC Press, Boca Raton, FL, 2009).
FMO is implemented in the freely available GAMESS program suite. Modelling
and visualisation can be easily done with a GUI, Facio (see
http://staff.aist.go.jp/d.g.fedorov/ for more details). Recent advances in the
method development will be complimented by several illustrative applications.

COMP 384
Excited states of the acenes from quantum Monte Carlo
P. M. Zimmerman1, paulzim@stanford.edu, Z. Zhang2, J. Toulouse5, C. B.
Musgrave3, and C. J. Umrigar4. 1Department of Chemical Engineering, Stanford
University, Stanford, CA, United States, 2Stanford Nanofabrication Facility,
Stanford University, Stanford, CA, United States, 3Department of Chemical and
Biological Engineering, University of Colorado at Boulder, Boulder, CO, United
States, 4Laboratory of Atomic and Solid State Physics, Cornell University, Ithaca,
NY, United States, 5Laboratoire de Chimie Théorique, Paris, France
Quantum Monte Carlo is used to compute the low-lying excited states of acenes
(napthalene and larger). Results for both singlet and triplet excitations will be
presented. Optimization of Jastrow, CSF and orbital parameters in variational
Monte Carlo is employed to generate systematically improved nodes for fixednode diffusion Monte Carlo wavefunctions. Accurate excitation energies are
obtained for these aromatic molecules using pseudopotentials from Burkatski et
al (J. Chem. Phys. 126, 234105 (2007)) and relatively small basis sets. We show
that including the minimum number of Slater determinants to describe static
correlation is sufficient for attaining accurate results. This results will be
compared to excitation energies calculated with CR-EOM-CCSD(T) and multireference perturbation theory.
COMP 385
Beyond a single solvated electron: Hybrid quantum Monte Carlo and
molecular mechanics approach
D. Y. Zubarev1, dmitry.zubarev@berkeley.edu, G. N. I. Clark2,
gary.clark@berkeley.edu, T. Head-Gordon2,4, TLHead-Gordon@lbl.gov, and W.
A. Lester, Jr1,3, walester@lbl.gov. 1Kenneth S. Pitzer Center for Theoretical
Chemistry, Department of Chemistry, University of California, Berkeley, Berkeley,
CA, United States, 2Department of Bioengineering, University of California,
Berkeley, Berkeley, CA, United States, 3Chemical Sciences Division, Lawrence
Berkeley National Laboratory, Berkeley, CA, United States, 4Physical

Biosciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA,
United States
A hybrid computational approach combining quantum Monte Carlo and molecular
mechanics (QMC/MM) has been recently developed for an accurate treatment of
electron correlation in systems that require a large number of explicit solvent
molecules. Here, QMC/MM is utilized to address the issue of binding of two
excess electrons to water clusters of medium-to-large size. Such systems are
relevant to the studies of interaction of excess electrons with solvent molecules
during electron-energy transfer in medium. A modeling strategy is proposed that
combines polarizable force field simulations and density functional theoretical
calculations for geometries and binding energies of dianionic clusters, and
QMC/MM calculations for refined binding energies. The possibility of stable
doubly charged anionic water clusters is demonstrated. The study explores
binding properties of various structural motifs. and how stability towards
spontaneous electron detachment depends on cluster size. Applicability of
QMC/MM to the studies of metastable systems will be discussed.
COMP 386
Quantum Monte Carlo study of C2 and C3
Z. Zhang1, zyzhang@stanford.edu, P. Zimmerman2, paulzim@stanford.edu, R.
Jaffe3, richard.jaffe@nasa.gov, C. Umrigar4, cyrusumrigar@cornell.edu, C.
Musgrave5, charles.musgrave@colorado.edu, and J. Toulouse6,
toulouse@lct.jussieu.fr. 1Stanford Nanofabrication Facility, Stanford University,
Palo Alo, CA, United States, 2Chemical Enigineering, Stanford University, United
States, 3NASA Ames, United States, 4Cornell University, United States,
5
University of Calorado, United States, 6Université Pierre et Marie Curie, France
Accurate determination of heat of formations of C2 and C3 are important for a
number of important applications, including the vaporization energy of graphite
with dominant species C, C2, and C3; and the determination of the relative
abundance of C2/C3 in carbon stars. However, the accurate determination of the
thermochemistry of small carbon molecules C2 and C3 has proven a challenging
task, both experimentally and theoretically. Quantum Monte Carlo (QMC) has
become an increasingly important tool for electronic structure calculations due to
its favorable scaling with system size. Recent progress in optimizing parameters
of a general and flexible trial wavefunction allows the fixed-node error in diffusion
QMC to be removed systematically and highly accurate results can be obtained.
We have carried out extensive QMC calculations to determine the electronic
properties of C2 and C3. We have obtained very accurate results for the
thermochemistry in comparison with the best available experimental results.

