RECEPTOR-BASED DESIGN: DOCKING

CScore A

RANK THE AFFINITY OF COMPOUNDS BOUND TO A TARGET

WITH CONSENSUS SCORING Go.Discover

CScore uses multiple types of scoring functions to rank the affinity of ligands bound to the active site of a receptor. The
strengths of individual scoring functions combine to produce a consensus that is more robust and accurate than any single
function for evaluating ligand-receptor interactions.

In virtual high throughput screening, compounds are "docked" into an active site and then "scored" to determine which ones
are more likely to bind tightly to the target macromolecule. At present, no single scoring function can accurately predict the
binding affinities for all types of ligands with all types of receptors. Consensus scoring is the simultaneous use of multiple dif-

ferent scoring functions in order to make virtual screening more predictive.

containing integers that range from O to the ChemScore

CScore is a consensus scoring program that
integrates multiple, well known and
extensively applied scoring functions from
the scientific literature™: a GOLD™-like
function, a DOC™-like function,
ChemScore™, a PMF function, and FlexX™
(separately licensed).

Each individual scoring function is used to
predict the affinity of ligands in candidate
complexes. CScore creates columns in the
SYBYL® Molecular Spreadsheet™ that report

raw scores for each scoring function. CScore

also creates a consensus column,

total number of scoring functions. Each
complex whose score exceeds the threshold
for a particular function adds one to the
value of the consensus; configurations
below the threshold contribute a zero.
Consensus columns can also be calculated
from any combination of numerical
spreadsheet columns, so that key aspects of
binding (e.g., the presence of a specific
hydrogen bond) can be used to discriminate
good configurations from bad ones.

The DOCK-like function is based on the work
of Meng, Shoichet, and Kuntz." It considers
both electrostatic and hydrophobic
contributions to the binding energy,” but
does not include entropic terms. A distance-
dependent dielectric attenuates charge-
charge and other polar interactions.
Nevertheless, Knegtel et al.® report that
these terms tend to dominate the non-polar
terms in this type of scoring function.

ChemScore* is based on a diverse training
set of 82 receptor-ligand complexes. It uses
four terms that estimate contributions to
binding energy from lipophilic interactions,
metal-ligand binding, hydrogen bonding,
and loss of ligand flexibility. A head-to-head
evaluation of scoring functions
demonstrated that ChemScore is more
accurate and robust than many other widely
used functions. The CScore implementation
of ChemScore was validated in collaboration
with the authors.

PMF_score

This function is based upon ligand-receptor
atom-pair interaction potentials that are
statistical in nature rather than empirical.
Muegge and Martin® derived these
potentials from crystallographic data in the
Protein Data Bank, ° drawing on hundreds
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(Left) A Molecular Spreadsheet showing the results of a CScore analysis of inhibitors bound to HIV-1 Reverse
Transcriptase.

(Right) An inhibitor, 1-(2- hydroxyethy} hyl)-6-phenyl-thioth
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and sometimes thousands of examples of
each interaction type. The resulting equation
for all the atom-pair interactions in a
protein-ligand complex can yield free
energies directly, as solvation and entropic
terms are treated implicitly. This type of
scoring function tends to perform best at
ranking different ligands bound to a single
receptor.

The GOLD-like function is based on the work
of Jones et al."® and focuses on hydrogen-
bonding interactions. A hydrogen-bonding
term incorporates desolvation of donors and
acceptors. A pair-wise dispersion term
considers the contribution of non-polar or
hydrophobic interactions, while a more
typical molecular mechanics equation is
used to calculate the internal strain energy
of the ligand itself. This type of scoring
function performs well in situations where
there are significant polar interactions
between the ligand and the receptor, but
has difficulty with ligands that are primarily
non-polar hydrophobic in nature.

FlexX

The FlexX scoring function ** (separately
licensed) is based on an empirical function
first reported by Bohm." The equations
divide hydrogen-bond, salt bridge, and non-
polar interaction distances into a small
number of discrete bins. An energy is
assigned to each interaction based on which
bin it occupies. Additional terms in the
function are both entropic as well as
enthalpic in nature, and consider the effect
of buried surface area and the number of
rotatable bonds in the ligand. The FlexX
scoring function performs best in situations
where the ligand has many site points
(heteroatoms and ring centroids).

Features

M Integration of multiple scoring functions
for evaluating binding affinity of ligands.

H Automated display of raw and consensus
scores in the Molecular Spreadsheet.

B Quick comparison and analysis of
different combinations of scoring
methods.

B Numerical or functional data can also be
used for consensus scoring.

M Relaxation of ligands in the receptor site
prior to scoring.

M Tools for identifying the highest affinity
ligands and extracting the results.

Hardware and Software Requirements

CScore is accessible through the SYBYL
expert molecular modeling environment. It
requires a license for SYBYL/Base in
addition to the CScore license itself. FlexX
scores require a FlexX license. SYBYL and
CScore run on workstations operating under
IRIX® (SGI®) or Linux® (x86).

Complementary Software

Integration of CScore in the SYBYL® expert
molecular modeling environment allows
users to access SYBYL's powerful molecular
design and analysis tools.

I CombiFlexX°® for rapidly docking
combinatorial libraries into a receptor
site.

M Concord® for generating accurate 3D
coordinates.

M Confort™ for generating sets of diverse,
low energy conformers.

M FlexX for flexibly docking ligands into a
binding site.

M FlexX-Pharm™ for flexibly docking ligands
under pharmacophore constraints.
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M FlexE™ for considering protein flexibility
during docking calculations.

M FlexS™ for performing shape-based
screening of ligands in the absence of
receptor structure.

B MM3™/MM4™ for optimizing structures by
molecular mechanics.

B MOLCAD™ for visualizing molecular
surfaces and molecular properties.

M SitelD™ for finding and visualizing protein
binding sites.

I UNITY® for locating compounds in
databases that match a pharmacophore
or fit a receptor site.
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