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Abstract 

The prediction of tertiary structure (three dimensional functional form) of a 

protein starting from its amino acid sequence information alone is one of the 

fundamental unsolved problems in computational biology / molecular biophysics. 

The folding of protein molecules with a large number of degrees of freedom 

spontaneously into a unique three-dimensional structure is of scientific interest 

intrinsically and also due to its application in structure based drug design 

endeavors, design of biocatalysts as well as designer proteins. The genome 

sequencing projects have lead to an explosion in the protein sequence databank as 

well. The cost and time factors involved in experimental methods for protein 

tertiary structure determination urge for a rapid solution. The computational 

methods can be divided into comparative modeling and ab initio methodologies. 

Both methodologies have certain disadvantages, the comparative modeling 

approaches are fast but are limited by the size and diversity of the structural 

database whereas the ab initio methodologies are accurate but time consuming. 

Thus to maintain the rigor in calculations and to overcome the limitations, de 

novo methodologies are adopted. 

The aim of this thesis work has been towards development of an energy based 

protocol for limiting the search space of tertiary structures of small globular 
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proteins. This has been achieved through a combination of physics based 

potentials with biophysical filters and a Protein Regularity Index (ProRegln) to 

arrive at 10 plausible candidate structures starting from sequence and secondary 

structure information. The methodology has been validated on 50 small globular 

proteins consisting of 2-3 secondary structural elements and at least one or more 

structures within 3-6 A RMSD (root mean square deviation) from the native have 

been obtained in each case. To incorporate structural f' ures in proteins such as 

beta sheet formation (via hydrogen bonding), disulphide bridge formation 

(covalent interactions) and metal ion coordination (as in zinc fingers) constraint 

minimization have been utilized. Explicit solvent molecular dynamics 

simulations are carried out on some candidate structures to propel the system 

towards better side chain packing. The protocol has been automated in the form 

of a web server (http://www.scibio-iitd.res.in/bhageerath)  and is made freely 

accessible for usage by the scientific community. 

This thesis is divided into eight chapters. Chapter 1 gives an introduction of the 

protein tertiary structure prediction methodologies. An overview of the 

computational methodologies (comparative modeling, ab initio as well as de 

novo) is also presented. In addition, a brief account of the evaluation of the 

prediction methodologies carried out biannually (CASP) is presented. Chapter 2 

describes the methodology developed as a part of this thesis for the prediction of 



tertiary structures of proteins starting from its sequence and secondary structure 

information. The modular form of the methodology has been explained which 

allows for the automation of the methodology as a web server. In Chapter 3, an 

index based on the regularity observed in the loop regions of the 7351 unique 

proteins from the database is presented. The trends observed and the formulation 

and validation of a filter for selection of native-like structures is also described. 

Chapter 4 describes the results obtained from the methodology explained in 

Chapter 2 on 50 small globular proteins. A comparison of the results obtained 

with the comparative modeling approaches as well as two other de novo web 

servers is also presented. Chapter 5 explains the protocol devised for the further 

refinement of structures obtained from the methodology for the proteins with beta 

sheets, disulphide linkages and metal ions. Chapter 6 explains the protocol 

followed for carrying out the explicit solvent molecular dynamics simulations on 

a few systems. The methodology explained in Chapter 2 has been automated in 

the form of a web server which is described in Chapter 7. In addition, each of the 

modules has been made into an independent utility which are also described here. 

Chapter 8 summarizes the above thesis work and gives some interesting 

perspectives on protein tertiary structure prediction. 
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