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Abstract

In this thesis, we study the impact of amphiphilic molecules and a bio-compatible
ionic liquid (IL) on the structural stability of different lipid bilayers by employing
all-atom molecular dynamics (MD) simulations. Motivation behind this work origi-
nates from the fact that binding and permeation of amphiphiles and ions across the
cell membranes depend not only on the chemical nature of the solute, but also on
the composition and thermodynamic phases of the membrane bilayers. The outer
leaflet of the plasma membrane of most eukaryotes is made up of phosphatidylcholine
(PC), sphingomyelin (SM), cholesterol along with other species. The modulation of
the functions and physico-chemical characteristics of lipid membranes by amphiphilic
molecules is crucial for many bio-technological and bio-medical applications, including
transdermal drug delivery, anesthesia, and cryopreservation. In the literature, most of
the simulation and experimental studies pertaining to the interaction of biologically
relevant amphiphilic molecules have been carried out on the simplest biological mem-
brane model based on PC lipids. Though, SM and PC lipids share similar head group
structures, the presence of high average saturation rates and strong inter- as well as
intra-molecular H-bonding network make SM-based bilayers different than that of PC-
based bilayers. In this thesis, we first investigate the concentration dependent effects
of acetone, dimethyl sulfoxide (DMSO) and ethanol on the structure and stability of
homogeneous N-palmitoyl-sphingomyelin (PSM) lipid bilayer. The molecular basis of
the interaction of these amphiphiles is investigated through computing various bilayer
structural properties, such as order parameter, density profiles, lateral area per lipid,
and bilayer thickness. Also, the variations in the possible H-bonding interactions are
explored to gain insight on the molecular basis of the interaction of these solutes with
the PSM lipid bilayer. In the next step, we extended our study to explore how the
presence of other lipid species and cholesterol varies the effects of ethanol and DMSO
on the binary bilayer system consisting of PSM and 1-Palmitoyl-2-oleoyl-sn-glycero-
3-phosphocholine (POPC) lipids and ternary bilayer system consisting of cholesterol
together with PSM and POPC, which is more realistic model towards natural bio-
logical membrane. Furthermore, we investigate the energetics of the permeation of

each single solute from the bulk water phase to the center of the homogeneous PSM,



binary and ternary bilayer systems in the respective chapters. The last part of this
thesis is directed to understand the impact of choline based bio-compatible IL on the
structural stability of lipid bilayers. Recent experimental investigations reported that
choline cation coupled with amino acid based anions constitutes a more biodegradable
and bio-compatible solvent.[I, 2] Herein, we investigate, for the first time, the effect of
bio-compatible IL choline glycinate (|[Ch|[Gly|) on the structure and stability of homo-
geneous POPC and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE)
lipid bilayers by employing atomistic MD simulations.
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