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Abstract

This thesis focuses on in silico development and identification of novel inhibitors
against estrogen receptor (ER) and non-structural protein 2 (nsP2). ER and nsP2 protein are
well explored protein targets against breast cancer and chikungunya fever respectively, for
identification of effective therapeutic agents. Additionally, this thesis focuses on development
of novel methodologies for binding mode identification and free energy predictions against the
DNA-ligand and protein-ligand complexes. The proposed algorithms are developed and
validated on large diversified set of complexes.

This thesis comprises six chapters: Chapter 1 discusses the general overview of
computer-aided drug design/discovery (CADD) processes, its approaches and applications in
drug discovery pipeline. This chapter highlights the key features of CADD and its integral role
in modern drug discovery approach. It also introduces briefly the concerns raised in drug
design while targeting proteins and DNA as drug targets.

Chapter 2 involves de novo design and development of some novel inhibitors against
ER, a target for breast cancer. Biphenyl scaffolds are chosen for designing the molecules as
they are regarded as surrogates of the steroidal backbone. Guided by molecular docking,
molecular dynamics simulations and free energy analyses, a few potent lead molecules are
identified. These lead molecules identified are synthesized and assayed against breast cancer
cell lines in collaboration. The molecules showed sub-micromolar activities building a synergy
between computations and experiments.

Chapter 3 deals with identification of lead molecules against nsP2 protein of
chikungunya virus. The nsP2 protein is crucial for the survival of virus due to the proteolytic

activity residing within. Drug repurposing is employed to identify some potential drug
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molecules targeting nsP2 protease from the library of ~3000 FDA approved drugs. Utilizing
computer-aided molecular modelling, a few molecules are identified which are under
procurement for performing experimental testing.

In chapter 4, Bappl+ methodology is proposed for estimating the binding free energies
of non-metallo and metallo protein-ligand complexes. Bappl+ methodology is an extended
version of our previous scoring functions (Bappl and Bappl-Z), and works very well in
comparison to most of the reported state-of-the-art scoring functions. The methodology is
validated against various datasets suggesting its generality and wider applicability.

Chapter 5 of the thesis describes a novel methodology (Intercalate) for an efficient
prediction of ligand binding modes and binding free energies for DNA-ligand complexes. The
methodology is designed to handle DNA-intercalators complexes binding non-covalently. A
large number of complexes are used to develop and validate the Intercalate methodology.
Given a DNA sequence and intercalation site information, Intercalate generates the 3D
structure of DNA, creates the intercalation site, performs docking at the intercalation site and
evaluates DNA-—intercalator binding energy in an automated way. This drug-DNA
intercalation methodology works with high accuracy and should prove useful in the discovery
of potential intercalators for their use as anticancer compounds, antibacterials or antivirals.

Chapter 6 presents a summary and perspective of the work carried out in this thesis.

Overall, the thesis work through Bappl+ (Chapter 4) and Intercalate (Chapter 5)
accomplishes the task of upgrading and broadening the applicability of Sanjeevini software
suite (http://www.scfbio-iitd.res.in/sanjeevini/sanjeevini.jsp) further validating its utility

(Chapters 2 & 3) in lead molecule discovery.
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