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ABSTRACT 

In recent years, proteins and other biological systems are finding increasing 

applications in food, pharmaceutical and other industries as biocatalysts. For enhancing 

the stability of biocatalysts and an understanding of many a biological phenomena, 

stability of native structure and conformation of proteins and other biopolymers in 

aqueous solutions are of fundamental importance. Although protein stability in terms of 

folding/unfolding transitions in globular proteins has been studied both experimentally 

and theoretically, much still needs to be done for the elucidation of its details. 

The present work describes (a) Thermodynamic investigations on the stability of 

simple globular proteins - lysozyme and ribonuclease A in the presence of various 

solutes such as ammonium halides, tetraalkylammonium halides, urea, polyhydric 

alcohols and glucose using ultra high sensitive micro differential scanning calorimeter 

(p.-DSC). 

The transition temperature Td and thermodynamic functions enthalpy AHd, 

entropy ASd, heat capacity ACI,A  and free energy LGd  of protein denaturation have been 

determined by micro-DSC. Results on the thermal denaturation of lysozyme in the 

presence of ammonium and tetraalkylammonium halides at pH 2.50 and 6.00 indicate 

that they act as destabilizers. The destabilization further increases with the increase in 

the hydrophobic character of the halides as Td and AGd  decrease in the following order: 
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Me4NC1 < NH4C1 < NH4Br < Me4NBr <Et4NBr < Pr4NBr < Bu4NBr 

The results are explained in terms of binding of the denaturant molecule to the 

hydrophobic parts of the protein as well as perturbing the solvent structure. Me4NC1 

increases Td at high concentrations (> 2.0 m) at pH 6.00. The stabilization of lysozyme 

in the presence of Me4NC1 is attributed to the presence of charge on the quaternary 

nitrogen on Me4N+  and/or induced polarization. 

DSC studies on the thermal denaturation of lysozyme in the presence of polyols 

at pH 2.50 show that the polyols increase the stability of protein. The stability is 

enhanced with the increase in the number of hydroxyl groups of the polyols. The 

thermal stability of lysozyme and ribonuclease A also increases with the increase in the 

concentration of glycerol at pH 6.00. The stabilization of these proteins in the presence 

of polyols has been explained in terms of preferential hydration or due to the 

strengthening of the water structure, which in turn intensifies the hydrophobic 

interactions of the protein. 

The combined effects of both stabilizers and destabilizers on lysozyme and 

ribonuclease A have also been investigated. Results on 0.5 m Bu4NBr + polyols and 

0.5 m urea + glycerol show that the combined effect on the stability of the protein is 

additive. The effect of 0.5 m Bu4NBr and varying concentration of glycerol at pH 2.5 

show an additive effect but not at pH 6.00. The stabilization effect of glycerol is found 

to be more than the destabilization of Bu4NBr at pH 6.00. 



A knowledge of hydrophobic interactions is critical to an understanding of the 

driving force involved in the folding of proteins. The change in water accessible 

nonpolar surface area due to folding A/61„,, is a measure of the contribution of 

hydrophobic interactions to the free energy of folding. Part (b) of the thesis describes 

accessible surface area calculations of some pure proteins and mutants of phage 14  

lysozyme and HEW-lysozyme in the presence of tetraalkylammonium bromides and 

glycerol. 

AA,y, has been computed by the Lee and Richards algorithm. Pure proteins 

studied are: HEW-lysozyme, lysozyme T4, ribonuclease, chymotrypsin, 

chymotrypsinogen, cytochrome C and pepsinogen and a quantitative relationship 

between change in area AA,,,, and heat capacity, ACpf  due to folding is discussed. 

Iv  of Phage 14  lysozyme and its mutants: T157S, T157N, T157A, T157E, 

T157R, T157V, T157L, T1571 in which Threonine at position 157 is replaced by Serine, 

Asparagine, Alanine, Glutamate, Arginine, Valine, Leucine, Isoleucine is computed. 

The relative contribution of hydrophobic interactions, hydrogen bonding etc. to the 

stability of protein has been obtained from the calculation of hydrophobic free energy, 

AGf1®  from AA,,p  and compared with the observed free energy of folding, AGf  of T4 

lysozyme and its mutants. 

An attempt has been made to estimate the hydrophobic contribution to the free 

energy of folding of lysozyme in the presence of destabilizers (tetraalkylammonium 
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bromides) and stabilizer (glycerol) and the calculated results are compared with the 

experimental results, obtained by calorimetrically. The difference in the calculated AG11, 

and the observed AG f  necessitates further refinement of this theoretical model in the 

future. 

Due acknowledgement has been made where ever the work described is based 

on the findings of other investigators. The author apologizes for any omission which 

might have occurred due to oversight. 
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