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Abstract

This thesis examines the hydration behaviour of water in the neighbourhood of

biomolecular solutes in terms of its role in shaping the secondary structure pref-

erences of peptides using molecular dynamics simulations. As a first step towards

understanding the hydration behaviour, the relationship between structural order,

energy and thermodynamic anomalies is examined for rigid-body water models in

bulk. The commonly used solvent models of water are shown to have very differ-

ent energetic bias towards tetrahedrality, although they show similar relationships

between structural order and the density anomaly. We then examine the structural

estimators of entropy, commonly used for studying biomolecular solvation and show

that they can be applied to examine solvation thermodynamics of other nanoscale

solutes, such as alkylthiol passivated gold nanoparticle. The hydration shell struc-

ture and energetics of rigid-body water models are examined in the neighbourhood

of simple, structure-less polar (Na+, Cl−) and non-polar (Ar) solutes as well as com-

plex biomolecular solute like 16-residue β-hairpin fragment of 2GB1 protein with

CHARMM22 force-field. Despite qualitative differences in bulk properties, the wa-

ter models show only quantitative differences in hydration shell behaviour around

the folded peptide, due to parameterization of force-fields under conditions when

the folded, native structure is thermodynamically stable. Therefore, the hydration

shell structure and conformational preferences of the peptide are compared in the

unfolded ensemble of the peptide in different rigid body water models. The con-

formational preferences of unfolded ensemble of peptide show sequence-dependent

sensitivity to choice of water model. To understand the effect of tuning intermolec-

ular interactions in water on the free energy landscape of peptides, we then perform

replica exchange molecular dynamics simulations of alanine di- and pentapeptide

in rigid-body water models and hybrid solvent models. This study highlights the

significance of interplay between intrapeptide, peptide-solvent and solvent-solvent

hydrogen bonding in determining secondary structure preferences of peptides and

demonstrates that adequate representation of such interactions is essential while

modeling secondary structure of peptides.
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