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ABSTRACT

The ability to control or reverse protein aggregation is vital to the production and
formulation of therapeutic proteins and may be the key to prevention of a number of
neurodegenerative diseases. The thesis entitled ‘An investigation of aggregation
behaviour of some proteins and their modulation by cosolvents’ is concerned with the
understanding the mechanism of aggregation behaviour of model proteins. Thesis also
deals with ways to modulate the protein environment with an eye towards minimizing its
aggregation for technological use. The strategy not only includes an exploration of the
structural features of the intermediates responsible for the aggregation of proteins but also
an effort towards understanding the mechanism of the aggregation through different
thermodynamic and kinetic tools available in literature. The main aim of this work is to

develop a much needed fundamental molecular-level view of the aggregation.

The thesis has been divided into seven chapters. Chapter 1 provides a brief
introduction to types of aggregation, different hypothesis proposed in literature to explain
the phenomena of aggregation, structural, kinetics and thermodynamic tools used (a) to
differentiate between the different mechanisms and (b) to determine various
thermodynamic and kinetic parameters associated with different stages of the aggregation
processes. Chapter 1 also describes the combined energy landscape of folding and
aggregation, the factors affecting aggregation and a review of strategies used to inhibit
the aggregation. Chapter 2 titled “Materials and Methodologies™ is about protein and
chemical procurement, purification as well as techniques and methodologies used in the

investigation. The chapter also describes the procedures for analyzing the data. Chapter 3
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(Characterization of different conformations of bovine serum albumin and their
propensity to aggregate in the presence of N-cetyl-N,N,N-trimethy]l ammonium bromide)
lays out details of the investigation on the aggregation of BSA in presence of CTAB and
establishes the role of unfolded conformation in the aggregation. Chapter 4 (Effect of the
sugar and polyol additives on the aggregation kinetics of BSA in the presence of N-cetyl-
N,N,N-trimethyl ammonium bromide) presents the investigation of the kinetics of the
BSA-CTAB aggregation. It also describes the effect of addition of sugar and polyol
additives on the aggregation of BSA-CTAB system. Based on the results, the plausible
mode of actions of these additives is discussed. Chapter 5 (Effects of additives on the
aggregation kinetics of the insulin) presents the investigation of aggregation kinetics of
insulin at 333 K. The effect of sugar and polyol derivatives on the kinetics of aggregation
was also investigated. Apart from sugar and polyol additives, this report includes the
inhibitory action of some of the ayurvedic compounds used in the treatment of diabetes.
Finally, a plausible mechanism for the inhibition of insulin aggregation was discussed
based on the change in kinetic parameters of the protein aggregation, the change in
stability data of protein as probed by change in the CD signal and viscosity data on the
additive solution. Chapter 6 (The modulation of the aggregation of Transforming
Growth Factor B3 at physiological pH) describes the inhibitory effect of additives on
the aggregation of TGF-B3. In this chapter, we report the inhibitory action of some of the
surfactants on the aggregation apart from other usual additives. Ionic and zwitterionic
detergents can be used for breaking protein-protein interactions in such cases. Based on
the action of these additives, a model of TGF-B3 aggregation has been proposed.

Chapter 7 (Summary and Future Perspectives) contains salient features of this work.
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Taken together, the findings/observation of this thesis will help develop a much needed
fundamental and molecular-level view of the aggregation of proteins. In brief, it is
concluded that the different conformations of protein may be involved in the aggregation
depending on protein of interest. The presence of additives changes the physico-chemical
properties of the system alongwith the energy barriers of various nucleation and
elongation steps. This results into change in the aggregation propensity of a given
protein. The factors influencing the nucleation and elongation do not necessarily work in

the same direction.
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