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Abstract

This thesis employs computer simulations to examine conformational preferences of
peptides along the folding free energy landscape (FEL), role of hydration waters
in mediating protein-glass transition and folding-unfolding equilibria, and deactiva-
tion of catalyst surfaces by biogenic impurities in fermentation derived feedstocks.
As a first step to achieve this goal, we assess how small quantitative differences in
different water models translate into significant dependence of conformational FEL
for 20-residue, a-helical Trp-cage, on the choice of water models. The same set of
water models generate qualitatively different secondary structure preferences for the
unfolded peptide with a sequence-dependent response to the choice of water model.
This study highlights the importance of adequate representation of peptide-water
interactions to obtain better predictive values of biomolecular force fields, especially
for the unfolded states. The effect of water models on the solvent-driven, protein-
glass transition for Trp-cage is also examined. The correlated protein-water dynam-
ics is unaffected by the choice of model, while the activation of methyl dynamics
shows considerable sensitivity. The alterations induced in the folding pathway of
16-residue trpzips obtained by progressive substitution of hydrophobic core residues
have been explored by performing replica exchange molecular dynamics simulations.
The role of water in mediating protein-unfolding with sequential changes in hydra-
tion behaviour for encompassing set of metastable states with partially unfolded
structures is outlined. Mutations modify packing of peptide backbone to adjust
the changes in side chain volume, resulting in reshaping of the FEL for mutated
peptides. The differential hydration behavior among the strand and turn regions of
trpzips owing to their motional heterogeneity regulates the unfolding process. Fi-
nally, an approach towards understanding the physicochemical principles governing
interactions and poisoning of metal surfaces by amino acids with varying side chain
specificity is made by using steered molecular dynamics simulations. A bimetallic

design of catalyst surface is examined to mitigate surface poisoning.
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