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Abstract

This thesis entitled ‘Protein Dynamics in Crowded Scenario: A Solvation Approach’
focuses on the study of the effect of macromolecular crowding on the dynamics of two serum
albumin proteins, bovine serum albumin (BSA) and human serum albumin (HSA), both in
their native and denatured states primarily through solvation studies.

Chapter 1 entitled ‘Introduction’ describes dynamics of the biomolecules in detail with
numerous examples. It also includes relevant details on the phenomenon of macromolecular
crowding and its influence on protein structure and dynamics. This chapter ends with a brief
overview of structural and functional aspects of HSA.

Chapter 2 entitled ‘Materials and Methods’ describes chemical procurement, purification
and storage along with techniques used during the investigation. Specifically, UV-VIS
spectroscopy, Steady-state and Time-resolved fluorescence, Rotational Anisotropy, Circular
Dichroism (CD), were used to carry out the requisite characterization.

Chapter 3 entitled ‘Do macromolecular crowding agents exert only excluded volume
effect? A protein solvation study’ describes the solvation of serum proteins in presence of
increasing concentrations of synthetic and protein based crowding agents. We have observed
that the synthetic crowders such as dextran and PEG of varying molecular weights at very
low concentrations can have an appreciable effect on the extent of protein solvation thereby
implying the presence of soft interactions that were initially very hard to detect. Since under
such conditions the effect of excluded volume is appreciably low, this gives a direct evidence
of soft interactions between the macromolecular crowding agents used and the serum
proteins. Moreover, our data reveal, that since at these low crowder concentrations major
perturbations to the protein structure are unlikely to take place while minor perturbations
might not be readily visible, protein solvation provides a unique spectral signature of
capturing such local dynamics, thereby allowing one to decouple hard sphere interactions
from soft sphere ones. In other words our data reveal negligible changes at the equilibrium
level but dramatic modulations in dynamics, implying therefore that the crowders show
substantial transient/weak non-specific interactions with the proteins.

Chapter 4 entitled ‘pH Dependent Domain Dynamics of HSA Controlled by Protein

Based Crowding Agents’ describes the dynamics of domain | of human serum albumin

iv



(HSA) in presence of bovine serum albumin and lysozyme as crowders. 6-bromoacetyl-2-
dimethylaminonaphthalene (BADAN) covalently attached to cysteine-34 of HSA was used
as the solvation probe and changes in its solvation pattern in presence of the protein-based
crowders were monitored as a function of pH. Lysozyme induced increased retardation of
solvation while BSA brought about faster dynamics. Our observations re-emphasize the
importance of soft interactions even under conditions where repulsive charge-charge
interactions dominate, thus reminding us of the enhanced level of complexity that the
crowded milieu can possess.

Chapter 5 entitled ‘Investigating the Solvent Characteristics of Macromolecular
Crowders using Fluorescent Probes’ describes the solvation characteristics of the medium
in presence of various crowding agents. Microenvironment studies by using suitable
fluorophores revealed that the microenvironment undergoes some drastic changes in presence
of crowding agents. Also self aggregation processes like the formation of micelles, excimers
and J-aggregates are significantly affected in a crowder dependent manner. Moreover,
PEG8000 behaves quite differently from all the crowding agents, implying that the
microstructure of these crowding agents is different in the solution medium. Diffusion
studies enable us to distinguish different concentration regimes of the polymer mesh which
provide insights into the nature of the entanglement of the crowding agents. Therefore the
molecular level picture of these crowding agents thus help us obtained understand in some
detail, the characteristics of the medium, with these playing a significant role in various
biological phenomenon.

Chapter 6 entitled ‘Influence of Crowding Agents on the Dynamics of a Multidomain
Protein in its Denatured State: A Solvation Approach’ describes the dynamics of
BADAN attached to domain | of HSA in presence of different concentrations of various
crowding agents at different urea concentrations. In absence of the macromolecular
crowders, solvation time decreases as a function of urea concentration due to progressive
unfolding of the protein. However, in presence of crowding agents, at low urea
concentrations an initial drop followed by retardation in the solvation time was observed
which we propose, implies the crossover between soft to hard sphere interactions between the

protein and crowder molecules.
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