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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 Å (PDB ID 1D3E) in 1999 to ultra-high resolution 2.8 Å 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 5Å 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 Å RMSD range. 

However, high resolution protein structures ~1-2 Å 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 Å. 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 Å 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-à-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. 

  



सार 

 

प्रोटीन स्ट्रक्चर प्रेडिक्शन फील्ि ह ैमेि सम वैरी इम्प्पे्रसडसवे अिव ांसमेंट्स इन थे ल स्ट्ट सेवन ििेस ऑफ़ इांटेंडसव ररसचच. तेह स्ट्रक्चरल िेट बेसस  हवैे 

बीन एनररचेि डवथ ठोसँदस ऑफ़ नई प्रोटीन स्ट्रूक्टइसच स्ट्ट डटिंग ऑफ डवथ ा  मेरे अकॉउांट ऑफ़ ५ स्त्रुक्टुरेस इन १९७०, थे लैटेस्ट्ट अपिेटेि वशचन 

ऑफ़ RCSB होस्ट्ट्स ा  मैमथ नांबर ऑफ़ १३६४७२ प्रोटीन स्त्रुक्टुरेस . तहसी ह ैबीन सोलेली पॉडसबल डबकॉज़ ऑफ़ थे ाेटेंसीवे कॉस्ट्ट, टीम एांि 

लबोर इनवेस्ट्टेि बी एक्सपेररमेन्टडलस्ट्ट्स. होवेवेर जीनोम डसक्वेंडसांग प्रोजेक्ट्स हैवे एिव ांस्ट्ि अग्ग्रेडस्ट्सवेली, लीडिांग तो ा न इवन ल जचर ररपॉडजटरी 

ऑफ़ ाुडनप्रोत-कब िेट बेस ओवरफ्लडूिांग डवथ ~९.८ डमडलयन प्रोटीन सीक्वेंसेस. तहसी सी क्लेअल्यच १०० ट इम्प्स मोरे थ न थे नांबर ऑफ़ स्त्रुक्टुरेस 

अवेलेबल. थशु, इन श टच, तेरे सी ा न एवर इन्रेअडसांग नीि तो गेनेर ते मोरे स्त्रुक्टुरेस सचु तहत तेह सीक्वेंस स्ट्रक्चर गैप कैन बे डमडनडमज़ेि. नॉलेज 

ऑफ़ टेरतीआयच स्त्रुक्टुरेस ऑफ़ प्रोइडटसँ इस एसेंडशयल फॉर फां क्शन नोटेशन, फॉर मैकेडनज्म ाेलसुीदडतओ ां ऑफ़ एन्ज़इम्प्स , फॉर प्रोटीन डिज़ इन एांि 

फॉर कां प्यटूर एडिि ड्रग डिज़ इन. तस ुतेरे इस ा  पे्रडसांग नीि फॉर नेवेर स्ट्रक्चर प्रेडिक्शन मेथोिोलोडजज़ बोथ अब डानीडतओ एांि टेम्प्पलेट बेस्ट्ि. A 

नेवेर क्ल स ऑफ़ ह इडिि अप्प्रोचेस हैवे कम्प्प्लीमेंटेि अद्वांसमनेट्स इन स्ट्रक्चरल ब योलॉजी. थे कयो एम ्फील्ि ह ैआल्सो मेि सम नोटेव थी 

मेथोिोलॉडजकल अचीवमेंट्स डवथ जनरेडटांग रूि रेसोलशुन स्त्रुक्टुरेस ऑफ़ २८ ऐांग्ग्स्ट्रॉम (पड़ब ID १ड़३ाे) इन १९९९ तो अल्र  ह ई रेसोलशुन २.८ 

ऐांग्ग्स्ट्रॉम स्ट्रक्चर (PDB ईद ६ब्दफ) इन २०१७. थशु ह ैइममेंसेलय हले्पेद थे स्ट्रक्चर प्रेडिक्शन फील्ि तो ाुटीलीज़े कयो EM बेस्ट्ि कां स्ट्रीन्ट्स एांि 

इम्प्प्रवू थे क्व डलटी ऑफ़ कां प्यटूर प्रेडिक्टेि मॉिल्स. 

आईटी ह ैबीन नोन सीन्स ििेस तहत प्रोटीन्स अरे चरक्टेररज़ेि बी ा  वेल डिफ इांि ३डदमेंशनल स्ट्रक्चर, कम्प्य ांलय रेफ़रीद तो अस थे नेडटव स्ट्टेट एांि 

आईटी इस डथस नेडटव स्ट्रक्चर एांि इतस ि यन डमक्स डहहच डिरेक्टस प्रोटीन फां क्शन. इांसडपते ऑफ़ तेह स्ट्रक्चरल ि ट , आईटी इस उांक्लेअर अस तो 

हह ट इस थे ओररडजन ऑफ़ थे यडूनक डबओलॉडजकली ररलेवेंट स्ट्रक्चर? चैप्टर २ ऑफ़ थे थीडसस अते्तम्प्प्ट्स ा त आन ;ाीडज़ांग थे ओररडजनस ऑफ़ 

कन्वजेन्स ऑफ़ प्रोटीन स्त्रुक्टुरेस ाुडसांग Ramachandran मैप्स अस थे स्ट्टॉडटिंग पॉइांट. कडस्ट्निररांग तेह फ ई स ई स्ट्पेस ऑफ़ प्रोटीन्स कैलकुलेशन 

ऑफ़ कन्फोमेशनल स्ट्पेस लीिस ्तो तेह ररजल्ट तहतस्ट्रेडटांग फ्रॉम डिपेडप्टि्स एांि डबयॉन्ि तेरे इस ा  ररिक्शन इन कन्फोमेशनल स्ट्पेस. 

चैप्टर ३ ाुटीलीज़ेस थे क ांसेप्ट ऑफ़ ह यर order Ramachandran मैप्स तो प्रेडिक्ट ा  करस ेरेन्ि स्त्रुक्टुरेस ऑफ़ स्ट्म ल प्रोटीन्स एांि इस 

ा न एप्लीकेशन ाोफ़्ते इन्फेरेंसेस फ्रॉम थे फॉमचर चैप्टर. थे मेथिोलोग्ग्य एांि वेबसवचर िेवलप्ि डरस्ट्टनेि "रम२्ट्स" कन डटन्स बोथ थे मेथोिोलोग्ग्य 

िेडस्ट्रबेद. आईटी इस वडलद तेड़ ाोाां १५० स्ट्म ल प्रोटीन्स एांि इस अबले तो गेनेर ते स्त्रुक्टुरेस वीडथन % अांगस्ट्रोम्प्स. 

डबयॉन्ि स्ट्रक्चर प्रेडिक्शन, प्रोटीन स्ट्रक्चर रेडफनेमेंट इस ा न इनएडवटेबल स्ट्टेप टुवि्चस डरएशन ऑफ़ ा  ह ई रेसोलशुन कां प्यटूर प्रेडिक्टेि स्ट्रक्चर. 

हांस थे नेक्स्ट्ट चैप्टर (चैप्टर ४) फोकसेस ाोाां एिॉप्शन ऑफ़ ा न एडफ्फडसएांट इडम्प्प्लडसत स ल्वेंट बेस्ट्ि मद बेस्ट्ि प्रोटोकॉल फॉर स्ट्रक्चर रेडफनेमेंट. 

डथस मेथि डगवेस ा न अवेअरगे रांसद गेन ऑफ़ १.३ अांगस्ट्रोम्प्स. 

डहहल ेथे प्रोटीन स्ट्रक्चर प्रेडिक्शन फील्ि इस एिव ांडसांग दृडस्ट्टकल्ल्य, इन तेह ल स्ट्ट फ्य ूििेस पॉडसिंग तेह फ्री ाेनेगीएस ओफ फोडल्िांग इस नॉट येत 

ा मन बल ेतो एक्सपेररमेंट. चैप्टर ५ शेि्स ल इट ाोाां तेह नेट फ्री एनजी स्ट्टैडबलडज़ांग थे नेडटव स्ट्टेट डवस-्ा -डवस ्थे रोले ाोफीच कॉम्प्पोनेन्ट. थे 

वकच  दोने अटेम्प्प्टेि तो ाेवलएुट थे फ्री ाेनेगीएस ऑफ़ फोिडलांग ऑफ़ ३५ स्ट्म ल प्रोटीन्स एांि रेशनल इज थे कां पोनेंट्स एन डलडसस ऑफ़ थे फ्री एनजी 

कां रीब्यटुसच. 

चैप्टर ६ पे्रजेंट्स ा  समरी एांि पसचपेडक्टव ऑफ़ थे वकच  कररचएद आउट इन डथस थीडसस.   
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