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Abstract

Since the deposition of first DNA structure in RCSB PDB site (PDB ID:
1ZNA), on March 18, 1981, the number of DNA and associated complexes has
registered a significant increase (~6600, as of October 2018, in structural
repositories such as RCSB, NDB, etc.). Several FDA approved drugs are now
known to exert their biological action by interacting with DNA as a target and there
are over ~400 DNA-drug complexes hosted by structural repository NDB. Despite
advances in genomics and structural biology, the drug discovery pipeline is drying
up due to increasing cost and time. Thus, there is a pressing need to develop
computational methodologies in order to efficiently generate DNA binders which
could be of considerable importance in DNA targeted drug discovery. Further,
protein-DNA recognition, which has been witnessed in ~4743 crystal structures
(available in NDB), is a routine process crucial for several biomolecular pathways
and for maintaining cellular integrity. Several attempts notwithstanding, no rules for
specific recognition have hitherto been identified. This necessitates the exploration
of protein-DNA systems from a new perspective.

The aim of this thesis work has been towards understanding the structure and
dynamics of some modified DNA molecules as well as exploring DNA-
ligand/protein interactions using computational approaches. This thesis is divided
into six chapters. Chapter 1 gives an overview of the structural repositories for
obtaining experimentally determined DNA associated structures and computational
protocols for generating DNA structures using customized helicoidal parameters,

performing molecular dynamics simulations and analyzing the results. The



importance of DNA and its important associates (DNA-water, DNA-drug, and
DNA-proteins) has also been discussed.

Directionality (5’—3”) associated with DNA is crucial for the processes of
transcription and replication. Chapter 2 of the thesis examines DNA directionality. It
is discovered that the directionality of each strand of the DNA can be removed by
several ways to create in silico models of directionally symmetric nucleic acids. The
symmetric nucleic acids designed are characterized by some state of the art all-atom
explicit solvent molecular dynamics simulations (ns to ps scale). Some of the
symmetric molecules designed maintained B-DNA type structure as measured by
helicoidal parameters and hydrogen bond strength. These modified nucleic acid
molecules could have importance in the fields of antiviral development and
antisense therapy for targeting mRNAs.

DNA is a target for several drug molecules underscoring the importance of
computational studies for obtaining insights into interactions and specificity
associated with DNA-drug complexes. However, screening a million compound
library to target a specified DNA sequence is computationally forbidding due to the
compute-intensive nature of docking protocols. Development of a computational
tool that can provide fast and accurate estimates of binding free energies by
performing rapid screening of molecules against a given DNA molecule is of
significant importance. Chapter 3 focuses on the development of a rapid throughput
screening protocol (RASDD) for screening a given DNA sequence against a million
compound repository for the estimation of binding free energies of DNA-ligand
molecule without actually docking the molecule in the minor groove of the DNA by
utilizing physicochemical and structural properties of DNA as well as that of

candidate molecules. The methodology, when tested on 25 DNA-drug complexes,
Vi



showed a good correlation (R=0.84) between estimated binding free energies and
experimental binding free energies. RASDD can scan a million compounds against a
given DNA sequence in ~18 seconds. Chapter 4 utilizes the RASDD protocol
developed in the preceding chapter. A complete pipeline starting from the DNA
sequence to the generation of some minor groove binders is reported (PSDDF). For
any given DNA sequence, in the first step, a list of minor groove binders is obtained
by virtual screening. These molecules are then docked in the minor groove using
“DNA-ligand docking” software followed by the binding free energy estimations.
The methodology is demonstrated on Mycobacterium tuberculosis H37Rv wherein
two potential candidate lead molecules have been obtained.

DNA-protein recognition happens routinely by utilizing the characteristic
structural and chemical features offered by both DNA and proteins. There have been
several attempts to quantify these interactions. However, this complex code of
recognition still remains an enigma. Chapter 5 examines protein-DNA recognition
from a new perspective by utilizing the concepts of atomic clusters and cluster pairs
at the interfaces of the complexes. This methodology is able to efficiently capture
hydrogen bond signatures in protein-DNA complexes. Several important atomic
cluster pairs have been identified which may serve as a platform to gain a better
understanding of DNA-protein recognition.

In summary, this thesis addresses structural, dynamic and energetic
properties of symmetric nucleic acids, recognition patterns in DNA-ligand and
DNA-protein systems. This has been summarized with scope for future work in

Chapter 6.
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