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Abstract

A Quantitative Structure — Activity Relationship (QSAR) analysis of cyclic urea-based
Human Immunodeficiency Virus Type 1 was carried out on a set of cyclic urea-based (HIV-1)
protease inhibitors. The stepwise multiple regression analysis and genetic algorithm were employed
as the feature selection and model development methods. Modeling of the relationship between
selected molecular descriptors and pKi data was achieved by MLLR as linear and A Levenberg—
Marquardt algorithm trained feed-forward artificial neural network as nonlinear methods. A
comparison between the obtained results revealed the non- linear method is better than linear
method. The improvement is due to the fact that the activity of the compounds demonstrates non-
linear correlations with the selected descriptors.

Introduction

Acquired immuno-deficiency syndrome (AIDS) is a leading cause of death worldwide.
Intensive efforts have been madding worldwide to develop chemotherapeutic agents effective
against the HIV infection. The viral-encoded protease for human immunodeficiency virus (HIV) is
responsible for the processing of viral polyprotein precursors to their mature polypeptides. Since
correct processing of the viral polypeptides is essential for the production of infectious virus, HIV
protease represents a potential target for therapeutic agents which may prove beneficial in the
treatment of AIDS [1].

One of the most potent HIV protease inhibitors has turned out to be the cyclic urea and its
derivatives. Its advantages include being smaller than more common peptide — based inhibitores ,
having therefore better water solubility and bioavailability.

Several Linear and non-linear methods reported in literatures to model HIV-1 protease
inhibitors. In this work a dataset of 55 symmetric and non-symmetric cyclic urea HIV-1 protease
inhibitors was investigated [2]. MLLR and ANN were used for inspection of linear and nonlinear
relation between interested activity and molecular descriptors. The stepwise multiple regression
analysis and genetic algorithm were employed as the feature selection methods.

Materials & Methods

In order to calculate the theoretical descriptors the 2D structures of the molecules were drawn
using ChemBioOffice 11.0 and were firstly preminimized with Molecular Mechanics Force Field
(MM") procedure and semi empirical AM1 using the Polak-Ribiere algorithm by hyperchem version
8.0.5. The gradient norm criterion 0.1 Kcal/ A was applied in the geometrization for all structures,
and then they transferred into the Dragon version 3.0 in order to obtain many different descriptors
these descriptors used as input variables for variable selection by multiple linear regression analysis
using the stepwise strategy in SPSS (version 16.0) software. After that the selection of the optimum
number of descriptors was performed by running genetic algorithm and the highest occurrence
frequency descriptors were selected (6 descriptors). Then the 20% of the total dataset to be used for
the test. The multiple linear regression and artificial neural network trained with Levenberg—
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Marquardt algorithm as implemented in MATLAB (version 7.6.0.324, Math Works, Inc.) were used
to modeling of the relationship between selected variables and pKi (as biological activity).

Results

Once appropriate molecular descriptors are chosen, QSAR models can be constructed to
predict the target property of untested chemicals. The selected descriptors are as following:a)
MATS6e and b) MATS1v (among 2D autocorrelation descriptors), ¢) BELe5 (among BCUT
descriptors), d) PCWTe, ¢) Mor04m (among charge and 3D-Morse descriptors, respectively), and f)
RDF155v (RDF descriptors). MLLR model was checked with the t-Test that showed all variables are
important, F- test to test the hypothesis that there is no relationship between independent and
dependent variables that is to be rejected because F exceeds the critical level, by calculation of
correlation matrix indicated each descriptor encodes different aspects of molecular structure, and
variance inflation factor values (VIF) showed there is no information of descriptors hidden by
correlation of descriptors [3, 4].
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A MLR and Levenberg—Marquardt algorithm trained neural network approach were used to
analyze the QSAR of cyclic urea HIV-1 protease inhibitors. Based on statistical parameters of the
MLR model all selected descriptors by stepwise strategy and genetic algorithm are significant.

Comparison of r° values in both set of training and test sets shows, the improvements of them
in ANN model is due to the fact that the activity of the compounds demonstrates non-linear
correlations with the selected descriptors.
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