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Abstract

In this thesis, we report development and application of coarse-grained (CG) force-field
for simulation of lipid membranes and vesicles in the presence of amphiphilic solvents
and also studied the effect of biocompatible ionic liquids (BiolLs) on biomimetic DMPC
(1,2-dimyristoyl-sn-glycero-3-phosphocholine) lipid membrane. Motivation behind this
work originates from the fact that lipid membranes play important roles in various bi-
ological processes, including cell signaling, transport, and division. To understand
these processes at the molecular level, computer simulations have been proven to be
important technique to study how lipid membranes and vesicles behave in different
environments, such as in the presence of pharmacologically active amphiphiles, which
are used to move drugs across cell membranes[I} 2]. However, simulating these sys-
tems at an atomistic (AA) level is computationally expensive, limiting the size and
timescale of simulations that can be accessed. Coarse-grained simulations, which re-
duce the number of particles by grouping them into larger entities, are an effective
way to overcome these limitations|3]. In this thesis, we aim to develop and apply CG
force-fields for simulating lipid membranes and vesicles in the presence of amphiphilic
solvents and also studied the impact of BiolLs on the structure of lipid membranes.
We have first developed a CG model for DMSO for molecular dynamics (MD) sim-
ulations with the lipid membrane[4]. The proposed DMSO model successfully mim-
ics the structural variation in biomimetic phospholipid bilayer systems comprised of
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphoethanolamine (POPE) lipids, including alteration in bilayer thick-
ness, lipid tail ordering, lipid lateral packing, and electron density profiles, when com-
pared to results obtained from atomistic simulations. This model helps us appreciate
the details on how the membrane physical properties such as fluidity and thickness are
modulated by amphiphile-lipid interactions. Further, we develop a CG model for liquid
ethanol (EtOH) and its aqueous mixture with lipid membranes for MD simulations[5].
The employment of the proposed ethanol model reveals ethanol-induced swelling, ag-
gregation, and fusion of POPC lipid vesicles at different concentration of ethanol. Our
study is further extended to observed the effect of ethanol molecules on more realistic
vesicle membrane comprising POPC and cholesterol molecules. With CG MD simu-

lations, it was found that ethanol had a detrimental effect on the biomimetic bilayers



and vesicle membranes, in presence of 30% cholesterol. Further we have broaden our
study to develop the CG model for pathogenic membranes such as Escherichia coli
(E. coli) under ethanolic stress. This study demonstrates the effect of ethanol on the
structural alteration of membrane bilayers and vesicles using CG MD simulations. The
study presents how a CG SPICA force-field was used to model the membrane of Gram-
negative F. colt and how it interacts with amphiphilic ethanol. In the last core chapter,
impact of two popular choline-amino acid-based ILs, cholinium glycinate (|Ch]|Gly|)
and cholinium phenylalaninate (|[Ch|[Phe]), which have previously been utilized as an
alternative media for diverse applications, have been investigated on the structural
organization and phase behavior of biomimetic bilayers at different concentrations|6]

using MD simulations.
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