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The Comparative Molecular Field Analysis (CoMFA) approach permits analysis of a large number of
quantitati\)e descriptors and uses chemometric methods such as partial least squares (PLS) to corre-
late changes in biological activity with changes in chemical structure. It is one of the most robust
modern tools for quantitative structure activity relationship studies.This review gives the introductory
overview and general methodology used to carry out CoMFA.

A primary goal in any drug design strategy is to pre-
dict the biological activity of new compounds. Compara-
tive Molecular Field Analysis (CoMFA)' is one of the most
robust modern tools for quantitative structure activity re-
lationship studies. The CoMFA method of three dimen-
sional quantitative structure activity relationship (3D-
QSAR) was introduced by Cramer in 1988, in which an
assumption is made that at molecular level, the interac-
tion between an inhibitor and its molecular target, which
produces an observed biological effect that is usually
non-covalent and the changes in biological activities or
binding affinities of sample compounds correlate with
changes in the steric and electrostatic fields of these
molecules?,

3D-QSAR method has been used to develop a 3D-
model and pharmacophore® describing the structure ac-
tivity relationship for a series of compounds. The CoMFA
approach permits analysis of a large number of quantita-
tive descriptors and uses chemometric methods such

as partial least squares (PLS) to correlate changes in

biological activity with changes in chemical structure. One
of the characteristic of 3D-QSAR method is the large
number of variables which are generated in order to
describe the non-bonded interaction energies between
one or more probes and the drug molecule*.

*For correspondence
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Characteristic features of this method are'; 1. repre-
sentation of ligand molecules by their steric and electro-
static fields, sampled at the intersections of a three di-
mensional lattice. 2. A new “field fit” technique, allowing
optimal mutual alignment within a series, by minimizing
the root mean square (RMS) field differences between
molecules. 3. Data analysis of partial least squares (PLS)
using cross-validation to maximize the likelihood that the
results have predictive validity and 4. Graphical repre-
sentation of results as contoured three dimensional co-

- efficient plots.

Conventional CoMFA is performed by any option of
QSAR. In a standard CoMFA procedure, all molecules
under investigation are first structurally aligned and the
steric and electrostatic fields are sampled with probe at-
oms. Usually a sp? carbon atom with a positive unit charge
(+1) is moved on a rectangular grid that encompasses
the aligned molecules8, The CoMFA grid spacing should
be 2.0 A in all three dimensions within the defined region
which should be extend beyond the Van-der-Waal's
envelopes of all molecule by at least 4.0 A, A CoMFA
QSAR table of thousands of column is formed thereafter
from the numerical values of the fields at each grid point
which is subsequently analysed using special multivariate
statistical analysis procedures such as PLS analysis’
and cross-validation®. The optimal number of components
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(ONC) in the final PLS model is determined by g2 value,
obtained from the leave-one-out cross-validation
technique. A cross validated R? (@?) obtained as a result
of this analysis serves as a quantitative measure of the
predictability of the final COMFA model. It should be noted
that g2 is different from the cross-validated correlation
coefficient in multilinear regression and a g>>0.3 is already
considered significant’. For small data sets, in order to
maximize the q value and minimize the standard error of
prediction, the number of components should be
increased only when adding a component raised the q?
value by 5% or more'.

In most cases, the molecular field is developed from
the quantum-chemically calculated atomic partial charges
of the molecule under investigation. MNDO, AM,, PM,
calculated Mulliken charges have been used most widely
for this purpose. The fields arising from the charge
distribution on the Frontier-Molecular Orbitals (FMO-s)
have also been suggested for COMFA analysis''.

The CoMFA method of 3D-QSAR is carried out on
following lines: ’

Biological data:

A series of compounds with their structure and bio-
logical activity values form the training set. The biological
activity of the ligands is a critical input for QSAR studies.
For 3D field based QSAR methods such as CoMFA, ac-
curate biological data from the enzyme or receptor binding
assay is required.

Molecular modeling:

First a group of compounds having a common
pharmacophore is selected. Then 3D structures of rea-
sonable conformations are generated. The geometries of
the compounds are modeled with the standard bond
lengths and bond angles using the molecular modeling
package. The conformations of the molecules must be
generated from the systematic search of all the rotatable
bonds with a uniform increment. All rotatable bonds are
searched with uniform increase at 15° from 0 to 360°.
Some conformers may be rejected during the search due
to non-bonded steric interactions. The rotation of the linker
chain produces many low energy conformations. The com-
pounds having lowest energy conformation posses an
extended conformation. The compounds having an
. extended conformation are highly active while those which
have less conformation are less active. The lowest energy
conformer which has an extended conformation is used
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for CoMFA study and for superimposition. Those

- compounds having less rotatable bonds can not attain a

proper conformation.

Alignment' rules:

The alignment, i.e. molecular conformation and ori-
entation is one of the most sensitive inputs for COMFA
study. The alignments define the putative pharmacophore
for the series of ligands. One of the active molecules
servés as a template structure to derive all alignments .
The molecule with the smallest number of possible
conformations forms the template. There are two different
approaches to superimpose the molecules.

1. Atom based alignments: In these alignments, at-
oms of the molecules are used for RMS fitting onto the
corresponding atoms of the template structure, and 2.
Shape based alignment : In these alignments, centroids
rather than the exact superimposition of the atoms of the
rings are used for RMS-fitting to the template structure'2.

The conformation of the compounds identified by sys-
tematic search is used for superimposition. DISCO'3 uses
a clique-detection method to find superimposition's of the
molecules that contain at least one conformation of each
compound in the user-defined three dimensional arrange-
ment of site points. The exact superimposition of the at-
oms is essential to exhibit good predictivity. Slight varia-
tions in alignment rules lead to dramatic differences in
the external predictiors. Many factors such as entropy,
solvation and desolvation etc. can have an effect on the
binding modes. To improve the alignment, a field fit
procedure has been proposed. The objective of the field
fit is to minimize the residual mean square differences
between a fixed template field (consisting of a steric and
an electrostatic field) and the fields of the molecules to
be aligned. It is claimed that most often better results
are obtained by using this field fit after a first, preliminary
alignment of the molecules. ALADDIN™ calculates the
location of points which may be considered for the
superimposition of the molecules for all low energy
conformers of a series of compounds (only conformers
separated by a certain distance are considered for the

" same molecule); such points are e.g. atoms, ring centers

and projection from the molecule to H-bond, donor, ac-
ceptor and charged groups at the binding site.
Grid establishment:

Once the molecules are aligned, a grid or lattice is
established which surrounds the set of analogs in potential
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) receptor space; although 0.2 nm (=2 A) is the default
values for the distance between the grid points, other
values may be chosen; smaller distances seem desirable,
but they lead to unreasonably large number of grid points.
The field which a certain probe atom would experience
at every grid point is calculated for each molecule. For
the steric field a (a/r'2-b/r%) Lennard-Jones potential is
calculated, the electrostatic field is a 1/r coulomb potential
the use of r'2-r¢ Van-der-Waal's potentials has been
criticised to produce unrealistic results in case of steric
overlap of the ligand and the receptor. Large positive
energy values, e.g. grid points inside the molecules, are
set constant at certain cut-off values to avoid
unreasonable large energy values.

Normally the steric and electrostatic fields are kept
separate for the ease of interpretation of performed. Other
fields than those implemented in the CoMFA program
have been proposed for 3D-QSAR analysis, e.g. different
interaction fields calculated by the program GRID'>'8 or
hydrophobic fields derived from HINT9:2,

Partial least square (PLS) analysis:

The last step in a CoMFA study is partial least square
(PLS) analysis to determine the minimal set of grid points
which is necessary to explain the biological activities of
the compounds. Most often good to excellent results are
obtained. The predictive value of the model must be
checked by cross-validation. In cross validation many
PLS runs are performed in which one (leave-one out
technique) or several objects are eliminated from the data
sets either randomly or in a systematic manner and a
model is generated from the remaining compound. This
model is then used to predict the activity of the dropped
compound. This process is repeated until the
corresponding model predicts all the compounds. If
necessary, the model is refined and the analysis is
repeated until a model of high predictive ability is obtained.
The PLS a‘nalysis gives the optimum number of
component that are used to generate the final models
without cross-validation. The results from cross-validation
analysis is expressed as r2, value which is defined as -

?, =1+ PRESS/(T y-y mean)

where, PRESS (Predictive Residual Sum of Squares) =
(X yy

mean)2

The 2 can take up values in the fange from 1, sug-
gesting a perfect model, to less than 0 where errors of
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prediction are greater than the error from assigning each
compound mean activity of the model. The cross-
validation analysis can also be performed by setting the
number of cross-validation groups to 2 (leave-half-out,
LHO). In this case, cross-validation groups are randomly
selected and a model! is derived. This is then used to
predict the activity of the compounds from other groups.

The PLS variant GOLPE? seems to be better suited
than ordinary PLS analysis because it eliminates variables
not contributing to prediction in a stepwise procedure.
Some recent applications in CoMFA studies confirm that
the predictive power of the CoMFA model increases after
reduction of the number of variables according to the
GOLPE procedure. Biological activities of new
compounds can be predicted by transforming the PLS -
results into a multiple regression equation®,

Predictive r? values:

The predictive ability of each analysis is determined
from a set of test compounds that are not used in the
training set. The activities of these compounds are
predicted from each PLS analysis. The predictive r? (1, )
will be based on molecules of the test set only and is
defined as -

P ed = S/D - PRESS/SD
were, SD is the sum of the squared deviation between

the biological activities of the test set and mean activity
of the training set molecules. PRESS is the sum of the
squared deviation between predicted and actual activity
values from every molecule in the test set. '

CoMFA has been used for the quantitative description
of effect of compounds on enzymes i.e. receptor-antago-
nist and agonist activities, an antiviral activities and car-
cinogenic and toxicological properties of compounds.
CoMFA approach has been most widely used in biomedical
QSAR studies; however, it has also been applied for the
description of the chemical reactivity of compounds.
Notably CoMFA has been used to correlate log K for the
SN, reaction of benzyl benzene-sulfonate and p-
methoxybenzylamines.
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