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The problem of the search for relationships between
the structures of chemical compounds and their proper-
ties is still important. In this work, we described a spe-
cial algorithm applicable to solving this problem for a
set of molecules of amber odorants (small molecules
possessing an amber odor). A specific feature of the
approach to the QSAR problem used in this work con-
sists in that prediction of some (specified) properties of
a molecule is based not on initial molecular graphs but
on three-dimensional graphs derived from the initial
ones, and the vertices of these graphs are formed by sta-
tionary points rather than by the atoms of molecules [1,
2]. As a result, the object to be analyzed is a spatial
graph whose vertices are located at the stationary points
of the molecular surface. Only after then, based on the
resulting three-dimensional labeled graph, the values of
structural 3D descriptors are calculated, which can be
used for making QSAR predictions.

The above molecular surface is constructed based
on the van der Waas radii of atoms. Around each atom
of a molecule, a sphere of a given radius is constructed,
and the aggregate of these spheres is considered. The
resulting region is the base of the molecular surface at
which, after “smoothing,” stationary points are distin-
guished. They are defined as geometric local extrema of
the surface (the points at the surface nearest to or far-
thest from definite groups of atoms) or as physicochem-
ical extrema. A set of stationary points is calculated for
each molecule; these points are specified by their coor-
dinates, geometric type, and potential (Fig. 1).

Each stationary point is assigned a symbolic label
(marker). Marking is determined by the description
parameters optimized in the problem and can be calcu-
lated based on both the geometric type and the electro-
static potential at the surface. The electrostatic potential
is calculated by the formula
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 is the charge on this atom. A set of all electrostatic
potential values thus obtained is considered. The range
containing this set is divided into several partition inter-
vals. Three intervals are distinguished: the interval of
values close to zero (the magnitude of the potential is
smaller than the specified threshold value) and the
intervals of positive and negative values (the magnitude
is larger than the threshold value).

As a result, each stationary point has two character-
istics: (1) the local maximum or local minimum (two
variants) and (2) and the interval of the electrostatic
potential at the point (three variants). Combinations of
these characteristics gave six types of stationary points.
According to these types, the stationary points are
assigned symbolic labels. In this work, the numbers
from 1 to 6 are used as the labels.

At the next stage, we need to construct a family of
descriptors adapted to a given property (activity) and
then formulate a structure–descriptor matrix. A known
model used for studying structure–biological activity
relationships is a “spatial triangle” in which the vertices
have specified local physicochemical properties and the
sides are specified by intervals of distances. If a 3D
conformation of a molecule exists that “contains” such
a triangle, this molecule is believed to have the speci-
fied biological property. A more complicated variant of
such a model is a spatial pyramid with specified prop-
erties of the “vertices” and “edges.” Based on such a
model, we attempted to construct the descriptor alpha-
bet so that to describe the mutual arrangement of pairs,
triads, and tetrads of stationary points of the molecular
surface.

Then, we formulated a molecule–descriptor matrix
in which the rows correspond to the molecules of the
training set and the columns, to the descriptors. It is
worth noting that, in addition to structural 3D descrip-
tors, scalar descriptors can be used: general physico-
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chemical characteristics of molecules (e.g., molecular
weight, volume, refraction, surface tension, density,
dielectric constant, polarizability) and classical topo-
logical indices.

At the fourth stage, based on the formulated mole-
cule–attribute matrix X of the size 
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 is the num-
ber of objects of the training set, 

 

M

 

 is the number of
revealed attributes of the objects) and on the column of
properties (depending on whether or not the 

 

i

 

th mole-
cule has a given property, the column has in the 

 

i

 

th row,
respectively, 1 or –1), a prediction algorithm was
“launched” [3]. As such an algorithm, we used the
group method of data handling (GMDH), which makes
it possible to select significant properties of the mole-
cules of the matrix column (since the constructed
matrix is often very “wide,” i.e., 
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) [4].

Inasmuch as the spatial forms of molecules of the
processed set are “inhomogeneous”, the structure-
activity relationship in the framework of the GMDH

method is sought as a tree of solutions in such a way
that the initial set of molecules is divided, upon train-
ing, into groups (clusters), and, then, a separate classi-
fier is found for each cluster (Fig. 2).

The hierarchical cluster analysis method is used for
identification of clusters [3]. An important advantage of
this method is the possibility to reject the prediction if
the compound studied is not similar to the molecules of
the training set. To assess the predictive stability of the
model, a cross-validation procedure is used [3] and the
multiple correlation coefficient is calculated. This coef-
ficient allows us to evaluate the quality of the descrip-
tion of the set in the given classification model con-
structed on selected parameters. The best model can be
chosen by varying the parameters of calculation of
descriptors, and the corresponding set of descriptors is
referred to as optimal for a specified property.

As mentioned above, this algorithm was tested for
the set of 50 molecules, 37 of which were amber odor-
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Fig. 1.

 

 Stationary points at the molecular surface.
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Scheme 1. 
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ants (have an odor) (Scheme 1), i.e., were biologically
active, and the other 13 molecules with similar struc-
tures did not exhibit biological activity. For each com-
pound of the set, the 3D description of the correspond-
ing molecular graph was obtained: the graph vertices
(atoms) were enumerated with additional attributes,
such as chemical symbol, three-dimensional coordi-
nates in angstroms, and electric charge. One of the
molecular surfaces with stationary points is shown in
Fig. 1.

After pairs and triads for each compound were
found, descriptors of length 703 were obtained. Based
on the formulated molecule–attribute matrix, the
GMDH algorithm was implemented. As a result, two
large clusters containing 28 and 10 elements were dis-
tinguished with the cross-validation estimate 78.6 and
80%, respectively [5]. This means that, by means of the
suggested algorithm, the labeled stationary points
describe rather accurately the activity in a series of
amber odorants.

In further description of the molecular surface in the
framework of the suggested approach, other properties

of molecules can be considered, for example, their lipo-
philicity or reactivity (the propensity to donate or
accept an electron or proton), thereby improving the
predictive quality of the model.
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 Scheme of use of the solution tree in prediction of biological activity.
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