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Recent studies have demonstrated the importance of evaluating multiple types of descriptors and statistical methods in creating
a predictive QSAR model for a set of molecules.' Almond® offers a new generation of molecular descriptors and a statistical
workbench with which to rapidly create and test structure-activity relationship hypotheses.

“Models obatined with GRid-Independent Descriptors (GRIND) are of comparable statistical quality with respect to
models obtained with other 3D-QSAR methodologies, from the point of view of the fitting and predictive power of the
models, and are readily interpretable. Moreover, from a chemometric point of view, they are quite robust and less prone
to overfitting and other undesirable problems than models obtained with other methods. ... In the field of drug design,
GRIND provides a fast and simple way to obtain structure-activity methods, not involving a time-consuming and difficult
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preliminary step related to compound superimposition.

Traditional 3D-QSAR methods require a two-step preparation to analyze a set of molecules: 1) identification of the functional
groups essential for binding; and 2) superimposition of the molecules based on alignment of these groups. This preparation is
the most time consuming aspect of the method, and is a source of user bias. By creating 3D-QSAR models without the need
to superimpose molecules, Alimond is much faster and more objective yet retains the predictive power of more

complicated methods.

Because Almond and its descriptors represent the internal geometrical relationship of pharmacophoric regions, they are useful for
predicting pharmacodynamic properties (i.e., specific receptor/ligand interactions). This is in contrast to other descriptors more
suited for pharmacokinetic properties such as logP, permeability, solubility, etc.

Use novel, alignment-independent
descriptors

GRid-INdependent Descriptors (GRIND)

Starting with a set of 3D structures, Almond
employs GRID3 force field to generate
Molecular Interaction Fields (MIFs). These
fields are created by calculating the interac-
tion energy of one or more probe atoms with
each molecule at points on a grid surround-
ing the molecule.

The information in the MIFs is transformed
to generate information-rich descriptors
independent of the location of the molecules
within the grid. The first step is filtering of
the MIFs to remove redundant information.
MIF points are retained only if they 1) have
low energy values, representing highly favor-
able interactions; and 2) are as far as possi-
ble from each other. These criteria limit MIF
points to those representing independent
pharmacophoric groups by which the ligand
can interact with the receptor.

In the second step, the filtered MIF points
are subjected to an auto- and cross-correla-

tion transform. Almond "bins" the distances
between pairs of filtered MIF points and
computes the product of the interaction
energies for each pair. For each distance bin,
only the maximum product is stored, along
with the spatial position of its two MIF
points. The values from auto-correlation of
each probe's MIF points and the cross-corre-
lation of different probes' MIF points are rep-
resented in correlograms, where the prod-
ucts of the interaction energies are plotted
versus the distance separating the points.

In other words, the GRIND features describe
compounds in terms of their potential capa-
bility to bind and the QSAR model shows
what features guide the response.

At the end, a matrix of GRid-INdependent
Descriptors (GRIND) is obtained, with each
row representing a compound by its associ-
ated transformed MIF descriptors. This
reduced set of variables represents the geo-
metrical relationships between relevant
regions of the (unknown) receptor surface
and is independent of the coordinate frame
in which the MIF is computed. The whole

process of calculating GRIND takes less than
15 sec/compound on an SGI MIPS R12000
300 MHz or 1.5 sec/compound on a Pentium
IV 3 GHz Linux® machine.

Shape Descriptors

Almond's shape descriptors4 complement
the point-based interaction information pro-
vided by GRIND and enable the considera-
tion of shape complementarity in QSAR
models. A special shape probe, TIP, is used
to extract each molecule's isosurface at 1
kcal/mol from the field of a normal GRID cal-
culation. The local curvature is calculated for
all the grid points situated on the isosurface.
A transform similar to that used for GRIND is
applied: the points are filtered to retain only
the most convex; and correlations are calcu-
lated. A TIP-TIP autocorrelogram indicates
the distance between separated TIP patches.
Cross-correlograms between TIP and other
probe atoms indicate the distance between
specific area of interaction (e.g. a hydrogen-
bond acceptor site) and the protruding parts
of the molecule.
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A statistical workbench designed for testing and
refining QSAR models

Almond includes chemometric tools specifi-
cally adapted to GRIND: Fractional Factorial
Design (FFD) variables selection, Principal
Component Analysis (PCA), Partial Least
Squares (PLS), and PLS model validation
with a variety of cross-validation options.
Almond simplifies model refinement though
graphical interfaces that enable easy
removal of descriptors or molecules either
by manual selection or based on statistical
design criteria.

A Model Library manager makes it possible
to save any model generated by Almond,
and to call them up for fully automatic pre-
diction of activity starting directly from the
3D structure of chemicals to be tested.

Almond's statistical workbench makes it a
fast, simple to use, and highly flexible
research tool for generating and

testing hypotheses.

Visualize descriptors and predictions

In addition to speed, one of the strengths of
the GRIND is their interpretability. Almond's
correlograms are ordered representations of
the GRIND in which the horizontal axis
represents the distance between two grid
points and the vertical axis is the product of
their associated field energies. These plots
are interactive, so that by selecting a point,
the corresponding interactions are shown by
a line overlaying the molecule.

In a correlogram, the height of a peak
expresses the intensity of the field at the
two corresponding points. Large interaction
regions around the compound are
represented by wide peaks; and small
interactions are represented by narrow
peaks. Correlograms can be displayed
individually for every molecule in the set or
simultaneously for all molecules. When
color-coded by activity, by molecule, or other
user-definable rule, a user can visually
identify which interactions correlate with
activity. Compounds interacting with the
same receptor can have some peaks in
common, expressing the internal
geometrical relationships of receptor

regions with which ligands establish non-
covalent bonds.

Almond's statistical models can be
examined through a set of 2D and 3D
graphs, including: PCA scores; PCA/PLS
loadings; predicted vs. experimental activity;
residuals vs. experimental activity; and r2,
g2, SDEC and SDEP as a function of model
dimensionality.

Applications

The descriptors and statistical tools in
Almond make it useful for 3D-QSAR analy-
ses relevant to a wide range of different
fields, including:

B Receptor binding site studies’

M Quantitative structure-
activity relationships®’

B Quantitative structure-
metabolism relationships™®

M Designing combinatorial libraries
I Virtual screening

M Lead optimization

M Selectivity studies’

M 3D searching of databases®

M Pharmacophore identification”

Features

M Accepts standard molecule file formats as
input (mol2 files, SDFiles, etc.)

M Incorporates GRID for molecular interac-
tion field calculation.

M Can import pre-computed MIFs from a
variety of sources.

M No arbitrary limits to the size or to the
number of molecules.

M Scaling options for both GRIND and shape
descriptors.

M A wide range of probe groups, including
those that commonly represent strong
non-covalent interactions commonly
found in ligand/receptor complexes:
hydrophobic (DRY), hydrogen bond
acceptors (0), and hydrogen bond donors
(N1).

Il Extensive interactive visualization capa-
bilities, including molecule, descriptor,
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and model displays.

Complementary Software
M VolSurf™ for predicting ADME properties
based on pre-calculated models.

I QSAR with CoMFA® for constructing predic-
tive structure-activity models from a set
of aligned molecules.

M FlexS™ for shape-based screening in the
absence of a receptor structure, and
automatic structural alignment
of molecules.

M Legion™/CombilibMaker™ for building vir-
tual combinatorial libraries in cSLN for-
mat.

W OptDesign™ for designing and editing
combinatorial libraries.

I UNITY® for rapid, flexible 3D searching to
identify lead compounds based on a
pharmacophore hypothesis.
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Validation
Almond was tested using two sets of com-
pounds that have been extensively used to
validate other 3D-QSAR methods®: the
glycogen phosphorylase inhibitors used to
validate GOLPE; and the corticosteroid-bind-
ing globulin receptor ligands used to vali-
date CoMFA. In both cases, Almond yielded
a model with fitting and predictive capabili-
ties comparable to those other more time-
consuming methods.

Hardware and Software Requirements
Almond runs on workstations operating
under IRIX® (SGI®) or Linux® (x86).

An HTML browser is required to use
Almond's online help.
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