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ABSTRACT 

Protein misfolding and aggregation have implications in number of devastating diseases and in 

production of large amounts of proteins in biotechnological industries. Hence, it is vital to 

understand and control undesirable aggregation process to prevent amyloid-based disorders and 

production of therapeutic proteins. The physico-chemical environment of protein exerts a strong 

influence on various aspects of protein aggregation such as onset, aggregation rate, and the final 

morphology of the aggregated state. Once it is established that how the physico-chemical 

determinants for aggregation modulate the stability and aggregation propensity of protein, the 

information can be used almost straightforwardly for getting insights into aggregation 

mechanism and for devising strategies to control/modulate them according to the requirement. 

With this aim, we tried to investigate the effect of changing protein environment or solution 

conditions on the aggregation tendency of protein.  The thesis entitled “Stability, aggregation 

and refolding studies of Human Carbonic Anhydrase II” is concerned with the understanding 

of stability and aggregation behaviour of model protein human carbonic anhydrase II under 

various stress conditions. In this thesis, we also discussed the effect of intrinsic properties of the 

polypeptide chain on the stability of HCAII by introducing single point mutations in the amino 

acid sequence. 

The thesis is composed of seven chapters. Chapter 1 (Introduction) provides an overview of 

different models proposed to explain the mechanism of protein aggregation, thermodynamic and 

kinetic aspects of aggregation phenomenon, and various intrinsic and extrinsic determinants that 

lie behind protein self-assembly. This chapter also describes the structural and functional aspects 

of model protein used in the present study- human carbonic anhydrase II. Chapter 2 (Materials 

and Methodologies) give details of the chemicals acquisition, construction of mutants, 
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expression and purification of protein as well as analytical techniques used to study the stability 

and aggregation of human carbonic anhydrase II (HCAII) and its variants. Chapter 3 

(Intermediate conformation between native β-sheet to non-native α-helix is a precursor of 

trifluoroethanol-induced aggregation of Human carbonic anhydrase II) deals with the study of 

conformational transitions and aggregation propensity of human carbonic anhydrase II (HCAII) 

in the presence of 2,2,2-trifluoroethanol (TFE). This chapter also discuss about the 

conformational preference of intermediate state to form amyloid-like fibrils over disordered 

aggregates. Chapter 4 (Salt mediated unusual switching in the aggregation kinetic profile of 

Human carbonic anhydrase II) deals with the study of heat induced aggregation of HCA II in 

the presence of salt ions. The chapter describes the effect of protein concentration, temperature 

and salt concentration on the unusual biphasic kinetic profile of HCAII in the presence of salt. 

The efficiency of different cations in accelerating the protein aggregation was evaluated and 

analysed in terms of various possible models given in literature. The gross structural and 

morphological features of HCA II aggregates were also explored in a time dependent manner. 

Chapter 5 (Effect of disease linked single point mutations on the stability and aggregation of 

Human carbonic anhydrase II) describes the effect of H94Y and G145R mutations on the 

structure and stability of HCA II. A systematic investigation involving chemical and thermal 

equilibrium unfolding studies, conformational studies using CD and NMR, and enzymatic assay 

were performed and comparison was made with wild type HCAII to ascertain the role of amino 

acids that are substituted in HCAII stability and aggregation. The structural stability of HCAII 

variants was also studied in the presence of small molecule acetazolamide with the aim of 

stabilizing the native state of mutant proteins. Chapter 6 (Competition between folding and 

aggregation during osmolyte-aided refolding of Human carbonic anhydrase II: Possible role 
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of preferential exclusion and binding) presents the investigation of various osmolytes, including 

glycerol, sorbitol, ethylene glycol, sucrose and trehalose, on the refolding yield of guanidine-

hydrochloride denatured human carbonic anhydrase II. The occurrence of competing aggregation 

pathway was assessed during refolding of denatured protein. Based on the results, the mode of 

action of co-solvents belonging to two different classes of osmolytes viz., polyols and sugars was 

explained. Chapter 7 (Summery and Future Perspectives) highlights the salient features of this 

work. The findings of this work have projected light on the various intrinsic and extrinsic factors 

that modulates the stability and aggregation of HCAII. These studies may help in better 

understanding of self-assembly of proteins under various stress conditions often encountered by 

the protein inside the cellular environment. 
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