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ABSTRACT

Controlling the mechanism of self assembly in proteins has emerged as an interesting and
important tool for various biomedical applications. Silk fibroin has been used to form a
variety of biomaterials for various biomedical applications. Silk fibroin self assembly consists
of gradual conformational transition from silk I (non crystalline) to stacked B-sheet crystal
rich (silk 1I) structure. The fabrication of unique silk-based biomaterials with
tunable/controlled secondary conformation can be achieved by modulating the self assembly
process of silk fibroin. Self assembly in silk fibroin may result in different secondary
structural conformations, which may further lead to different immune responses. Thus,
controlling the self assembly process of silk fibroin may have a direct influence on the

immune responses.

In the present thesis different methodologies has been applied for modulating the self
assembly process of silk fibroin namely the effect of calcium ions and the macromolecular
crowding agents. The thesis also presents a mechanistic point of view of such secondary
structural modulation of silk fibroin. Silk fibroin with calcium ions resulted in a
predominantly a-helical intermediate conformation, which was absent under controlled
conditions (i.e. fibroin without calcium ions). Further, the molecular modelling of the N-
terminal region of fibroin with calcium ions showed that negatively charged glutamate and
aspartate amino acids play a key role in the electrostatic interaction with positively charged
calcium ions. Furthermore, we used silk fibroin as a model protein for aggregation to
modulate the self assembly process and its inhibition using combination of different
molecules. It is worthwhile to note that protein aggregation has been implicated in a number
of human pathological disorders including numerous neurodegenerative diseases. We

explored the propensity of silk fibroin protein to undergo amyloid-like nano-fibrilization and



its prevention using optimized concentrations of curcumin and B-cyclodextrin combination.
The results demonstrated that fibroin treated with ethanol, without adding the optimized
combination, showed the formation of nano-fibrils. However, addition of optimized
combination of curcumin and B-cyclodextrin kept the silk fibroin in random coil native
conformation. Based on our findings we hypothesized that the benzene rings of curcumin
interact with the Tyrosine, Tryptophan and Phenylalanine aromatic residues present in the
significant proportion (~8%) in silk fibroin via hydrophobic interactions. Whereas, [-
cyclodextrin also interacted with the non-polar residues which are core components for

nucleation dependent protein aggregation.

Macromolecular crowding is a one of the major factors that governs the protein folding/self
assembly and aggregation kinetics inside the cells. Therefore, another approach to modulate
the self assembly process of silk fibroin used was the introduction of a macromolecular
crowder in the silk fibroin solution. Our data revealed that macromolecular crowders PEG
(PEG 200 and PEG 6000) and dextran (dextran 6000 and dextran 70000) may induce a
conformational transition in silk fibroin under defined parameters. Also the increase in the
effectual concentration of macromolecular crowders results in the improved thermodynamic
activity. Based on these findings we further investigated the role of macromolecular crowders
and silk fibroin on human fibroblast, wherein we found that culturing of cells in the crowded
microenvironment may lead to enhanced extracellular matrix as compared to control (media

without crowders and silk fibroin).
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