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Abstract

Protein structure prediction field has made some very impressive advancements in the last seven
decades of intensive research. The structural databases have also been enriched with thousands of
new protein structures. Starting off with a mere count of 5 structures in 1970, the latest updated
version of RCSB hosts a mammoth number of 136472 protein structures. This has been solely
possible because of the extensive cost, time and labour invested by experimentalists. However,
genome sequencing projects have advanced aggressively, leading to an even larger repository of
UniprotkB database over flooding with ~9.8 million protein sequences. This is clearly 100 times
more than the number of structures available. Thus, in short, there is an ever-increasing need to
generate more structures such that the sequence-structure gap can be minimized. Knowledge of
tertiary structures of proteins is essential for function annotation, for mechanism elucidation of
enzymes, for protein design and for computer aided drug design. Thus there is a pressing need for
newer structure prediction methodologies, both ab initio and template based. A newer class of
hybrid approaches have complemented advancements in structural biology. The cryo-EM field has
also made some noteworthy methodological achievements with generating crude resolution
structures of 28 A (PDB ID 1D3E) in 1999 to ultra-high resolution 2.8 A structure (PDB ID 6BDF)
in 2017; this has immensely helped the structure prediction field to utilize cryo-EM based
constraints and improve the quality of computer predicted models. In this thesis work, the primary
goal was to develop a new methodology to analyse the molecular origins of convergence and
uniqueness in protein structures, simultaneously use the same for creation of an automated
computational protocol for predicting tertiary structures of small water soluble monomeric

proteins. Structure refinement was the next step taken.

It has been known since decades that proteins are characterized by a well-defined three
dimensional structure, commonly referred to as the native state and it is this native structure and
its dynamics which directs protein function. In spite of the surge in structural data, it is unclear as
to what is the origin of the unique biologically relevant structure? Chapter 2 of the thesis attempts
at analysing the origins of convergence of protein structures using the Ramachandran Map as the
starting point. Considering the ¢, ¢ space of proteins, calculation of conformational space leads

to the result that starting from tripeptides and beyond, there is a reduction in conformational space,
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which eventually leads to a unique three dimensional structure. Thus protein folding can be thought

of as a convergent problem.

Chapter 3 entitled “From Ramachandran maps to tertiary structures of proteins” utilizes the
concept of higher order Ramachandran maps to predict a coarse grained structures of small proteins
and is an application of the inferences from the former chapter. The chapter accomplishes two
challenging tasks, representation of a complex 3D structure and prediction of a tertiary structure
starting from an input amino acid sequence. Protein structures are complex and visualization using
several softwares are the only resort to appreciate their inherent complexity. However, it would be
a fantastic challenge if one could use a pen and paper to illustrate a protein 3D structure in a
simplified fashion without losing out on critical structural information. This has been achieved in
this chapter, wherein a complicated structure has been successfully represented as an alphanumeric
string (termed as 3D-> 1D representation). The next challenge was that, given an input amino acid
sequence, is it possible to enumerate these alphanumeric strings for the sequence, without having
any prior structural data. The specification of the alphanumeric string for an input amino acid
sequence has been achieved using higher order tripeptide libraries (termed as 1D->3D structure
prediction). The methodology and webserver developed, christened “RM2TS” contains both the
methodologies described. The methodology is validated on 150 small proteins and is able to
generate structures within 5A from the native. For new sequences having no known sequence
homologs, it is expedient to use the RM2TS methodology for tertiary structure prediction. It takes

approximately only 30 minutes to predict the structure of a small protein.

The structure prediction community has been able to bring together in most cases, a correct
topology structure varying in structural similarity from the native within 1-6 A RMSD range.
However, high resolution protein structures ~1-2 A are an integral starting point for a wide range
of applications as protein function annotation and structure based drug design. Thus, beyond
structure prediction, protein structure refinement is an inevitable step towards creation of a high
resolution computer predicted structure. Hence the next chapter (chapter 4) of the thesis focuses
on adoption of an efficient implicit solvent based MD based protocol for structure refinement. The
protocol has been successfully validated on 136 predicted structures, with an average RMSD gain
of 1.3 A. The methodology reported shows a decent success rate of 79%. Furthermore, it does not

deteriorate the quality of the input modeled structure. Further improvements to the methodology
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are envisioned such that the accuracies can be pushed further and structures can be driven to the

1-2 A bin routinely.

While the protein structure prediction field is advancing drastically in the last few decades, parsing
the free energies of folding, is not yet amenable to experiment. The fifth chapter of the thesis sheds
light on the net free energy stabilizing the folded state vis-a-vis the role of each component e.g.,
electrostatics, van der Waals, hydrophobicity solvent effects to name a few. The work done,
attempted to evaluate the free energies of folding of 35 proteins and rationalize a component
analysis of the free energy contributors. It has thus been able to synthesise a consensus from the
various divergent views on the forces dominating protein folding. It also hints at a subtle fold

specific nature of free energy components. (Chapter 5)

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