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Abstract

This thesis focuses on developing atomic level computational algorithms for
binding site detection and applying them in improving protein-ligand docking in an
automated mode. The protocols have been validated on diverse datasets and a good
agreement/correlation has been achieved with experiment. The algorithm developed
as part of this thesis has been web enabled and integrated as part of the in silico drug
design software christened Sanjeevini which is freely available at http://www.scfbio-
iitd.res.in/sanjeevini/sanjeevini.jsp.

The thesis is divided into six chapters. Chapter | discusses the current status
of computer-aided drug design in general and its role in drug discovery process. A
brief overview of protein binding site detection algorithm is reported. Various
virtual screening methodologies including docking and scoring approaches and some
of the software known for them is also presented.

Given a three dimensional structure of a protein, some of the questions like,
if the protein is a suitable drug target, how one can detect possible binding sites
where a small molecule can bind, or if the binding sites have suitable properties for a
high affinity binding with small molecules, are of immediate value in understanding
the protein-ligand binding mechanism. Chapter 2 of this thesis explains various
physico chemical properties involved in binding of a small molecule against protein.
An algorithm for binding site detection in a protein target, its validation on more
than 600 proteins with known binding sites and the web enabling of the algorithm is

described.



In Chapter 3, development of a docking and scoring algorithm and its
automation with the binding site detection is presented. The results of the automated
binding site detection followed by docking and scoring on 170 protein-ligand
complexes are presented and discussed. This chapter describes in detail, the
computational protocol, preparation of the target protein and the ligand molecule,
various model validations used in this work and the web enabling of the algorithm
developed. Chapter 4 describes the development of a flexible docking and scoring
algorithm considering flexibility of a ligand molecule, its validation, and results
obtained on 170 protein-ligand complexes and the web enabling of the tool
developed.

Design of novel molecules being a direct application of the computational
methodologies discussed in this thesis, the methodology was extended to an in silico
design and study of molecules with high affinity and specificity against an important
class of drug targets, the matrix metalloproteinases, is discussed in Chapter V. The
computational algorithm helped in formulating important design principles to come
up with specific molecules against MMP-2, MMP-3, MMP-8, MMP-9 and MMP-
13. Finally in Chapter VI, a summary and some perspectives emerging from this

thesis work on drug design in silico are provided.
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