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ABSTRACT

A selection of 289 pyrimidine derivatives with anti-HIV RT activities as non-nucleoside HIV RT inhibitors (NNRTI)
were studied. The associative neural network (ASNN) method was applied to develop a quantitative structure—
activity relationship (QSAR) for anti-HIV RT activity. The calculated models were validated using the bagging ap-
proach. A consensus model with R* = 0.87 and RMSE = 0.5 was obtained from 10 individual models. Scaffold
analysis and molecular docking of the compounds used in the QSAR model identified a potential chemical scaf-
fold. The results showed that scaffold-based analysis of the QSAR model could be helpful in identifying potent
scaffolds for further exploration than analyzing the overall model. Matched molecular pair analysis (MMPA)
was applied in the QSAR model to characterize molecular transformations causing a significant change in the
anti-HIV activity. The linear QSAR model was calculated to explore the structural features important for NNRTI
activity. The results revealed that the activity of NNRT inhibitors is strongly dependent on their aromaticity
and structural flexibility. The scaffold-based analysis of QSAR models with molecular docking and MMPA was
found to be helpful in characterizing potential scaffolds for anti-HIV RT derivatives. The outcome of this study
provides a deeper insight into the computer-aided scaffold-based design of novel molecules with HIV RT activi-
ties. It was also clearly shown that the consensus model's failure to correctly predict new chemical series could be
due to the limitation of its applicability domain (AD). Redevelopment of models using new measurements can

dramatically increase their AD and performance.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

According to a recent WHO estimate, 35.3 million people were living with
HIV/AIDS worldwide in 2012 [ 1], with a significant number of these infections
being resistant to antiretroviral therapies. HIV utilizes reverse transcriptase
(RT), an enzyme that makes copies of cDNA from RNA, a process called re-
verse transcription. This makes RT an attractive target for anti-retroviral
drugs like non-nucleoside reverse transcriptase inhibitors (NNRTIs) [2].

The higher rate of mutation in HIV strains, and the subsequent de-
velopment of resistance to the NNRTIs, is a major issue in managing
HIV infection. This highlights the need for rapid and rational develop-
ment of NNRTIs. Pyrimidine derivatives were synthesized for decades
and have been actively pursued as NNRTIs [3]. Two main series of py-
rimidine derivatives are DABO (dihydro-alkoxy-benzyl-oxopyrimidine)
and DAPY (di-aryl pyrimidine) [2]. Owing to NNRTI's importance in
targeting HIV RT, QSAR studies have been used to understand the rela-
tionship between its structure and anti-HIV RT activity.
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Quantitative structure-activity relationship (QSAR) is the mathematical
modeling of chemical structures of compounds and their relationship with
biological activity, and is actively used in drug design [4,5]. Knowledge of
the relationship between structural properties of chemical compounds
and their biological activity is crucial in optimizing lead molecules. The con-
struction of QSAR models typically consists of two main steps: (i) calcula-
tion and representation of structural features (molecular descriptors) of
the selected compounds; (ii) multivariate analysis for correlating molecular
descriptors with observed activities (biological, physico-chemical and
ADMET properties). Numerous methods, ranging from simple linear regres-
sion to complex machine learning algorithms are applied to explore struc-
ture-activity relationships. The linear regression models in general allow a
relatively straightforward interpretation in terms of linear regression coeffi-
cients, provided that descriptors used in the equation are not correlated.
However, the models obtained by machine learning methods, such as neu-
ral network and support vector machines, are more difficult to interpret
due to the non-linear nature of the algorithms.

A recently developed matched molecular pair analysis (MMPA) ap-
proach has the capability to address the “black box” nature of QSAR
models [6]. A matched molecular pair (MMP) is defined as a pair of
molecules that differ by a minor structural change at a single point [7].



