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Abstract

The protein folding problem has come to center stage with the growing genome
databases on one hand and the pressing necessity for the discovery of structures of new
irqug targets for life threatening diseases on the other, and an early solution either via

o~

theory or experiment or both is expected. Despite advances in the field of bioinformatics
for structure prediction and growing genomic and structural databases, the
insurmountable time scale problem in simulating protein folding in silico continues to
raise doubts whether a computational solution to the protein folding problem -categorized
as an NP-hard problem- is within reach in the near future. With the advent of protein
engineering experiments, structure prediction techniques, clusters and supercomputers,
the field of protein structure prediction has progressed immensely. Combining some
specially designed biophysical filters and vector algebra tools with ab initio methods, the
thesis presents a promising computational pathway for bracketing native-like structures
of small alpha helical globular proteins departing from secondary structural information.
The automated pipeline is able to bracket a few structures to with in 3-5 A of the native.
Thus the formidable “needle in a hay-stack” problem is narrowed down to finding an
optimal solution amongst a computationally tractable number of alternatives at least for
small proteins (with less than 100 amino acids).

The thesis is divided into eight chapters. Chapter 1 provides introduction to the

protein folding problem and different approaches for protein structure prediction. A

computational pathway for predicting tertiary structures for proteins starting from the

amino acid sequence and secondary structure information is presented in Chapter 2. This



chapter also presents the database analyses carried out on known representative proteins
from the PDB for the dihedral angles, employed for the three dimensional model building
of proteins. Chapter 3 concentrates on various methods for an efficient sampling of the
conformational space of the polypeptide chain of given amino acid sequence. A
comparative analysis of each method is provided. The conformations generated are
assessed for their native-like characteristics based on a few Biophysical Filters.
Development of these Biophysical Filters and their applicability in protein structure
prediction attempts is described in Chapter 4. Chapter 5 focuses on the necessity for a
reliable empirical scoring function for ab initio protein structure prediction. The
performance of the proposed empirical scoring function for protein structure prediction is
investigated via its applicability on several publicly available as well as some new decoy
sets. The success of the proposed protocol in bracketing native-like structures for twelve
small alpha helical globular proteins is demonstrated as a proof of concept in Chapter 6.
Extension of the methodology to mixed alpha beta proteins is provided in Chapter 7.
Finally a critical assessment of the proposed computational pathway together with further

improvements envisioned is summarized in Chapter 8.
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