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Abstract 

The tertiary structure prediction of a protein using amino acid sequence information 

alone is one of the fundamental unsolved problems in computational biology/ molecular 

biophysics known as “The Protein Folding Problem”. Protein folding, considered to be a 

grand challenge problem in modern science and a holy grail of molecular biology, remains 

intractable even after six decades since the report of the first crystal structure.  Proteins are 

the biomolecules that are involved in almost every biological process. Their functions range 

from maintaining cellular shape, organization, membrane potential, reaction catalysis, 

transport, signaling and immunity. Any consideration of protein function requires 

understanding of its three dimensional structure. Knowledge of protein tertiary structure has 

wide range of scientific applications in different areas of research such as structure based 

drug design, protein functional annotation, understanding mechanism of molecular 

recognition, protein design and engineering. The advent of human genome sequencing 

project has led to an explosion in the number of protein sequences in databanks. Despite the 

availability of over half a million sequences in UniProtKB/SwissProt database and around 37 

million protein sequences in non-redundant (NR) database, there are only 99,775 X-ray and 

NMR structures in the protein data bank (PDB). This diverging gap between available 

sequences and structures calls for an immediate in silico solution. Computational methods 

such as homology modeling which rely on extracting information from the known structures 

in PDB have proved to be successful in predicting tertiary structures of sequences which 

share high sequence similarities. Algorithms such as fold recognition/threading have further 

supplemented in searching PDB for distant homologs, while ab initio/ devo no methods 

attempt to fill the gaps/missing links in the protein structure.  Despite the progress made,  the 

challenges faced by tertiary structure prediction strategies involve prediction of structure of 
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proteins with no significant sequence similarity, exploration of protein fold space to generate 

near-native conformations, refinement of low resolution protein models to atomistic details 

and finally, a single automated computational protocol to predict near-native protein 

candidate structures for a given amino acid sequence. In an attempt to meet these challenges, 

newer homology/ab initio hybrid approaches are being explored to solve the tertiary structure 

prediction problem. 

The aim of this thesis was to develop an automated homology/ ab initio hybrid 

computational protocol for predicting tertiary structure of soluble monomeric proteins. 

Complementing the limitations of individual methodologies i.e. homology modeling and ab 

initio, the goal was to evolve a hybrid method for predicting tertiary structure of proteins. 

This has been achieved through a combination of individual modules, which includes (i) a 

robust Bhageerath ab initio protein structure modeling protocol for predicting tertiary 

structures of small globular proteins (< 100 amino acids), (ii) a homology/ab initio hybrid 

method for exhaustive sampling of protein conformation space and (iii) a quantum mechanics 

(PM6) based protein loop bond angle optimization method for refining low resolution 

proteins models. All the individual modules are pipelined in the freely accessible 

Bhageerath-H web server (http://www.scfbio-iitd.res.in/bhageerath/bhageerath_h.jsp). For a 

given amino acid sequence, Bhageerath-H web server predicts tertiary structures of soluble 

proteins without any size limitation. The web server was validated on 75 CASP10 targets and 

showed the ability to predict a structure in top 5 with TM-score > 0.5 in 91% of the cases, 

while in 59% of the cases Bhageerath-H was able to predict a model in top 5 having a Cα 

RMSD (root mean square deviation) < 5.0 Å from the native. Currently, Bhageerath-H is 

being fielded in the ongoing CASP11 experiment (1-May-14 to 18-July-14). 

This thesis has been divided into six chapters. Chapter 1 gives an introduction and 

application of the field of protein tertiary structure prediction. An overview of the 



ix 

computational methodologies (comparative/homology modeling, threading/fold recognition 

and ab initio/de novo prediction) is presented. A brief note on critical assessment of methods 

for protein tertiary structure (CASP) experiment and scope of the thesis is presented. Chapter 

2 describes Bhageerath ab initio/ de novo method for protein tertiary structure prediction of 

small globular proteins. This chapter explains in detail the Bhageerath pathway for predicting 

structure of proteins with < 100 amino acids and < 5 secondary structural elements. The 

chapter discusses each of the eight computational modules and the patching algorithm for 

proteins with more than 3 secondary structural elements. Validation of the Bhageerath web 

server on 80 small globular proteins is presented. In Chapter 3, a homology/ ab initio hybrid 

methodology is proposed for effective sampling of protein conformation space especially for 

proteins >100 amino acids. Development of Bhageerath-H Strgen method for protein decoy 

generation, its validation on CASP9 dataset, performance comparison with different decoy 

generation methods and availability as a web tool is presented. Chapters 4 discusses the role 

of bond angles parameters as an important contributor to force field noise and indicate the 

systematic role played by bond angle in protein structure modeling. Overlooking their role 

can lead to structural inaccuracies. The chapter presents a quantum mechanical (PM6) 

method for protein loop bond angle optimization for refining low resolution protein models. 

Performance of the methodology on CASP10 dataset is shown. The methodologies explained 

in Chapters 2, 3 and 4 are streamlined along with few additional modules into Bhageerath-H, 

a fully automated web server for protein tertiary structure prediction. Testing of the web 

server on 75 CASP10 targets and evaluation of its performance with other software is 

presented in Chapter 5. Lastly, Chapter 6 summarizes the above thesis work and presents 

some perspectives on the evolving field of protein tertiary structure prediction.  
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