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Abstract

Historically, viruses have been significant contributors to morbidity and mortality in humans,
which is recently exemplified by the global impact of the COVID-19 pandemic. Unraveling the
virus lifecycle and developing effective therapeutics constitute critical research endeavors.
Viruses hijack host cellular machinery for replication and assembly, with sustained viral
infections posing a threat by compromising the host immune system, leading to potentially fatal
outcomes. Recent studies indicate that viruses may facilitate the development of
neurodegenerative disorders in humans. Examples include Herpes Simplex Virus-1 (HSV-1),
which has been linked to Alzheimer’s, Multiple Sclerosis (MS), and Parkinson’s disease; Human
T-cell Leukemia Virus type-1 (HTLV-1) which has been associated with tropical spastic
paraparesis; and HIV, linked to the HIV-associated neurodegenerative disorder (HAND’s). Thus,
developing treatment strategies to prevent or slow down neurotropic virus-induced
neurodegenerative disorders is a priority, which requires a deeper understanding of virus-host
interaction pathways. Studying conserved sequences in viruses may be an essential tool for
generating basic knowledge of such pathways. Such conserved sequences encode structural and
non-structural viral proteins critical for various infection cycle stages. These sequences aid in
identifying specific viruses and provide insights into conserved host-pathogen interaction
techniques and can even serve as epitopes for vaccine development.

In the first part of the thesis work, we sought to elucidate the functional significance of the
conserved pentapeptide sequence (VGGVV) identified in AP and analogous aggregation-prone
viral proteins, such as the Virion Infectivity Factor (Vif-1) of Human Immunodeficiency Virus
1 (HIV-1). HIV plaques, detected in the cerebral tissue of the afflicted individuals, have been
found to harbor beta-amyloid protein responsible for debilitating neurodegenerative Alzheimer’s

disease. A meticulous examination of Vif-1 was conducted to discern its propensity for inducing
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aggregation in AP peptides. The study provided insights into the molecular mechanisms
underpinning the correlation between viral infection and protein amyloid aggregation.

In the second part of the thesis, we explored the possibility of utilizing virus-like particles of
Chikungunya Virus (CHIKV) as protein nanocontainers for delivery of foreign material to
specific cell types. CHIKV VLPs were chemically modified to allow the conjugation of small,
targeting peptides on the surface. The particles were subjected to a limited denaturation strategy
to allow incorporation of fluorescent dye. The engineering strategies employed here resulted in
the targeting of CHIKV VLPs to bone cells and breast carcinoma cells, as well as the deposition
of the packaged cargo in target cells, indicating the potential of CHIKV nanocontainers for
therapeutic delivery.

Thus, this study delves into both the disease-causing aspects of viruses and the therapeutic
potential of virus nanocontainers. The findings of this work may contribute to advancing our
understanding of virus-host interaction and pave the way for innovative therapeutic strategies

involving virus-like particles.
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Figure 3.11: Electron microscopy of of CHIKV VLPs
Figure 3.12: DLS profile of CHIKV VLPs

Figure 3.13: Intrinsic fluorescence (tryptophan fluorescence) profile of purified
CHIKV VLPs at different temperatures (20°C to 80°C) and pH (7.2 and 5.5)

Figure 3.14: CD spectroscopy of purified CHIKV VLPs at different temperatures
(20°C t0 80°C) and at (i) pH 7.2 and (ii) pH 5.5, (iii) comparative profile of secondary
structure loss at 222 nm at different pH with respective to different temperatures

Figure 3.15: Analysis of CHIKV VLPs after conjuating with t-Lypl peptide using
SEM(PEG)2 crosslinker, (A) A schematic of t-Lypl conjugated and unconjugated
CHIKV VLPs, (B) DLS merged profile of t-Lypl conjugated and unconjugated
CHIKV VLPs

Figure 3.16: DSC profile of VLP (t-Lypl unconjugated) and CnVLP (t-Lypl
conjugated CHIKV VLPs)

Figure 3.17. Analysis of incorporation of sulforhodamine-B dye in CHIKV VLPs
using gradient of detergent, (A) TEM analysis after incorporation, (B) Analysis of
encapsulated dye in CHIKV VLPs using fluorescence spectroscopy, (C)fluorescence
spectroscopy of dye encapsulated in t-Lypl conjugated and unconjugated CHIKV
VLPs, (D) Standard plot of Sulforhodamine-B using fluorescence spectroscopy

Figure 3.18: CHIKV VLPs Binding study on HCE, MDA MB231 and SW982 cells
using confocal microscopy. We observed the localization of green fluorescence of E2
and red fluorescence of encapsulated sulforhodamine-B in association with the
cellular membranes in SW982 and MDA-MB 231 cells; however, in the case of HCE
cells no such association was observed. The line plots on the right panel shows the
overlap of green (E2), red (sulforhodamine-B dye) and blue (membrane)
fluorescence, indicating the binding of both unconjugated and tLyp-1 conjugated
Virus-Like Particles (VLPs) on the membrane

Figure 3.19: CHIKV VLPs internalization study in HCE using confocal microscopy.
The cells were fixed after 10 and 30 minutes post-treatment with conjugated and
unconjugated VLPs. The viral glycoprotein E2 is stained green, SulfoB is red, and the
membrane is stained blue

Figure 3.20: CHIKV VLPs internalization study in MDA-MB-231 cells using
confocal microscopy. The cells were fixed after 10 and 30 minutes post-treatment
with conjugated and unconjugated VLPs. The viral glycoprotein E2 is stained green,
SulfoB is red, and the membrane is stained blue

Figure 3.21: CHIKV VLPs internalization study in SW982 cells using confocal
microscopy. The cells were fixed after 10 and 30 minutes post-treatment with
conjugated and unconjugated VLPs. The viral glycoprotein E2 is stained green,
SulfoB is red, and the membrane is stained blue
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List of Tables
Table 2.1: Viral proteins with VGGVV sequence are listed below (Carter 2010a).
Table 2.2: Peptide sequence shortlisted after analyzing the VGGVV third position
G variation in viruses for aggregation study.
Table 2.3: List of primers for Quantitative PCR (qPCR).
Table 3.1. Description of different routes of CHIKV entry
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A280
APS

AP
AIDS
APP
a.u.
CD
°C
CNS

DNA
dNTP
DSC
e.g.

Amax

HIV-1
HSV-1
hrs

i.e.

kb
kDa
Hg

ul
mdeg
mg

mi
Mm
min

MW
DAPI
ng

nm
NCBI
DMEM
%
PAGE
PCR
PDB
RFU
rpm
RT

SDS
SP

Tm
EGFP
Trp

LIST OF ABBREVIATIONS

Absorbance measured at 280 nm
Ammonium per sulfate

Angstrom

Approximately

Beta Amyloid

Acquired Immunodeficiency Syndrome
Amyloid Precursor Protein
Acrbitrary Units

Circular dichroism

Degree Celsius

Central Nervous System

Heat Capacity at constant pressure
Deoxyribonucleic Acid
Deoxyribonucleotide  triphosphate
Differential Scanning Calorimetry
Exempli gratia, or “for example”
Fluorescence emission maxima
Gram

Human Immunodeficiency Virus type 1
Herpes Simplex Virus type 1
Hour/hours

| d est, or “that 1s”

Kilobase pair

K ilodalton

Microgram

Microliter

Milli degrees

Milligram

Milliliter

Millimolar

Minute

Molar

Molecular weight
4’ 6-diamidino-2-phenylindole
Nanogram

Nanometer

National Center for Biotechnology Information
Dulbecco's Modified Eagle Medium
Percent

Polyacrylamide gel electrophoresis
Polymerase Chain Reaction
Protein Data Bank

Relative Fluorescence Units
Revolutions per minute

Room Temperature

Second

Sodium dodecyl sulphate

Slow Progressors of HIV-1

hours

Melting Temperature

Enhanced green fluorescent protein
Tryptophan

XX



VS.
VGGVV
Vif
HRP
CHIKV
RNA
T
RRV
VEEV
SFV
SINV
NSP
Tat
VLP
TBST
NaCl
Tris
HEK
VGGVV
NaAcetate
PBS
SEC
CDNA
PVDF
VMD
SD
WGA
MD
DMEM
FBS
SulfoB
KCI
MgCl
EGFP
gRT-PCR
Ct
HRP
rpm

TEM

SW982
MDAMB231

SHSY5Y
HCE
ND

AD

PD

Versus
N’-Val-Gly-Gly-Val-Val-C’ peptide stretch
Virion Infectivity Factor
Horseradish peroxidase
Chikungunya virus
Ribonucleic acid
Triangulaton number
Ross Rivr Virus
Venezuelan Eastern Equine Encephalitis Virus
Semliki Forest Virus
Sindbis Virus
Non-Structural Protein
Trans-Activator of Transcription
Virus Like Particle
Tris Buffered Saline with Tween
Sodium Chloride
Trisaminomethane
Human Embryonic Kidney
N’-Val-Gly-Gly-Val-Val-C’ peptide stretch
Sodium Acetate
Phosphate Buffered Saline
Size Exclusion Chromatography
complementary DNA
Polyvinylidene difluoride
Visual Molecular Dynamics
Standard Deviation
Wheat Germ Agglutinin
Molecular Dynamics
Dulbecco's Modified Eagle's Medium
Fetal Bovine Serum
Sulforhodamine B
Potassium Chloride
Magnesium Chloride
Enhanced Green Fluorescent Protein
Quantitative Reverse Transcription Polymerase Chain Reaction
Cyclic Threshold
Horse Radish Peroxidase
Revolutions per minute
Transmission Electron Microscopy
Synoviocytes
M.D. Anderson and MB stands for Metastasis Breast cancer
SK-N-SH neuroblastoma cell line
Human corneal epithelial cell
Neurodegenerative Disorder
Alzheimer’s Disease
Parkinson’s Disease
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