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ABSTRACT

This thesis explores the transformative potential of peptide biologics in addressing two major
medical challenges breast cancer and fungal keratitis through the innovative application of
antimicrobial peptides (AMPs) and cell-penetrating peptides (CPPs). By harnessing their
unique selectivity, membrane-targeting ability, and low toxicity, this work aims to push the

boundaries of conventional therapeutics and offer next-generation treatment strategies.

Part I focuses on a venom-derived AMP, Ltc2a, evaluated for its anticancer efficacy. In vitro
studies across human cancer cell lines revealed significant cytotoxicity in comparison to
normal HEK293T cells. Moreover, the disruption of 3D spheroid integrity by Ltc2a was also
observed. The LDH assay and PI staining revealed a membranolytic mode of action of the
peptide. Interestingly, in vivo analysis in a murine breast cancer model demonstrated
remarkable tumour suppression, reduced expression of Ki67 and CD34, and increased
apoptosis confirmed through TUNEL assays. The truncated variants of Ltc2a were designed to
gain insights into the region responsible for its activity. Interestingly, the truncated variants
retained their helical structure but exhibited no cytotoxicity at the tested concentration,
suggesting the role of specific amino acids in the activity of peptides. However, the differential
uptake of variants in cancer cells vs. normal cells suggests the potential selectivity of peptides,
opening avenues for targeted drug delivery. Importantly, histological evaluation of major
organs and comprehensive haematological and biochemical analyses confirmed the excellent
safety profile of Ltc2a, with no observable systemic toxicity. In parallel, zebrafish toxicity and
bioavailability studies validated the peptide’s biocompatibility and systemic distribution,

supporting its translational potential.

Part II shifts focus to the CPP Tat,, exploring its peptide membrane interactions and antifungal
efficacy. This study demonstrates the successful uptake of Tat> across multiple mammalian
cell lines, conforming its broad delivery potential. The mechanism of action of Tat; revealed
concentration dependent uptake with lower concentration favouring endocytosis while higher
concentration demonstrating direct penetration. Atomic force microscopy revealed increased
membrane roughness following peptide exposure, while FESEM confirmed the absence of
gross morphological changes, suggesting a selective, non-disruptive entry mechanism.
Molecular dynamics simulations unravelled Tat,’s preferential interaction with anionic lipid

membranes, leading to bilayer thinning and water penetration. Circular dichroism spectroscopy



showed that Tat; remains unstructured in lipid environments, which likely contributes to its

functional flexibility.

Tat; also demonstrated potent antifungal activity against Fusarium dimerum, impairing hyphal
growth via membrane disruption. It successfully penetrated the corneal epithelium in a rabbit
model and resolved fungal keratitis in mice, showing anti-inflammatory properties and no

detectable ocular or systemic toxicity.

In conclusion, this work presents two promising peptide candidates Ltc2a for cancer and Tat,
for fungal infections as powerful, safe, and multifunctional biologics with the potential to

revolutionize current treatment paradigms.

Vi
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E.coli Escherechia coli

EDTA Ethylenediamine tetraacetic acid

EGF Epidermal growth factor

EGFR Epidermal Growth Factor Receptor

EO Eosinophils

ERa Estrogen Receptor Alpha

ERBB2 v-erb-b2 avian erythroblastic leukemia viral oncogene
homolog 2

FACS Fluorescence-activated cell sorting

FDA Food and Drug Administration

FESEM Field Emission Scanning Electron Microscopy

FITC Fluoroscein Isothiocyanate

F.dimerum Fusarium dimerum

GAGs Glycosaminoglycans
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GLP

GR
GROMACS
H&E

Hb

HCI

HCT

HER2

HIV

HPLC
HRP
HSV
IAEC
IARC
IBC
IBD
IDC
HC
IL-1B
ILC
I-TASSER

LCIS

Glucagon-like peptide
Granulocytes
GROningen MAchine for Chemical Simulations
Hematoxylin & Eosin
Haemoglobin
Hydrochloric acid
Hematocrit
Human epidermal growth factor receptor 2
Human Immunodeficiency Viruses
hours post-fertilization
High Performance Liquid Chromatography
horseradish peroxidase
Herpes Simplex Virus
Institutional Animal Ethics Committee
International Agency for Research on Cancer
Inflammatory Breast Cancer
Inflammatory Bowel Disease
Invasive Ductal Carcinoma
Immunohistochemistry
Interleukin-18
Invasive Lobular Carcinoma
Iterative Threading ASSEmbly Refinement

Lobular Carcinoma in situ
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LDH

LINCS

LUVs

LY

MAPs

MCV

MCH

MCHC

MD

MFI

miRNA

MHC

MIC

MO

MPV

mRNA

MRE

mTORC1

MTT

NIB

NOD

NLRs

NPs

Lactate dehydrogenase

Linear Constraint Solver

Large Unilamellar Vesicles

Lymphocytes

Membrane-active peptides

Mean Corpuscular Volume

Mean Corpuscular Haemoglobin

Mean Corpuscular Haemoglobin Concentration
Molecular Dynamic

Mean Fluorescence Intensity

Micro ribonucleic acid

Major Histocompatibility Complex
Minimum Inhibitory Concentration
Monocytes

Mean Platelet Volume

messenger RNA

Mean Residual Ellipticity

Mammalian Target of Rapamycin Complex 1
3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide
National Institute of Biologicals
Nucleotide-binding Oligomeristion domain
NOD-like receptors

Natriuretic Peptides

XXi



NPR

NPT

NTA

NVT

PARP

PBS

PCT

PD-1

PDA

PDB

PD-L1

PDW

PET

PG

PI

PI3K

PLT

PMAP-23

PME

PNPs

PR

PRRs

PR

Natriuretic Peptide Receptor
Nose-Hoover Piston Thermostat
Nanoparticle Tracking Analysis
Nose-Hoover thermostat with volume and temperature
Poly (ADP-ribose) polymerase
Phosphate Buffer Saline
Procalcitonin
Programmed Cell Death Protein 1
Potato Dextrose Agar
Potato Dextrose Broth
Programmed Cell Death Ligand 1
Platelet Distribution Width
Positron emission tomography
Phosphatidylglycerol
Phosphatidylinositol
Phosphoinositide 3-kinase
Platelets
Porcine Myeloid Antimicrobial Peptide-23
Particle Mesh Ewald
Pexiganan Nanoparticles
Progesterone Receptor
Pattern Recognition Receptors

Proline-arginine
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PrAMP
PRO
PS

PTU
QCM-D
RAAS

RANKL

RDF
RDWCV
RDWSD
RNA

ROS

RPMI
RT

SBS
SDS
SGPTD
SGOTD
siRNA
SPECT

T2DM

Proline-rich Antimicrobial Peptide

Protein

Phosphatidylserine

Phenylthiourea

Quartz crystal microbalance with dissipation monitoring
Renin-Angiotensin-Aldosterone System
Receptor activator of nuclear factor-Kb, its ligand
Red Blood Cell

Radial Distribution Function

Red Cell Distribution Width-coefficient of Variation
Red Cell Distribution Width Standard Deviation
Ribonucleic Acid
Reactive Oxygen Species
Retinal Pigment Epithelium
Roswell Park Memorial Institute
Room temperature
Short Bowel Syndrome
Sodium Dodecyl Sulphate
Serum Glutamic Pyruvic Transaminase

Serum Glutamic Oxaloacetic Transaminase
small interfering RNA
Single-photon emission computed tomography

Type-2 Diabetes Mellitus
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Tat

TBS

TFE

TIP3P

TME

TNBC

TLRs

TST

TUNEL

UA

USD

USFDA

VMD

VPs

WBC

WHO

Trans-activator of transcription

Tris-buffered saline

2,2,2-trifluoroethanol

transferable intermolecular potential with 3 points
Tumour Microenvironment

Triple-negative Breast Cancer

Toll-like Receptors

Topical-Systemic-Targeted

Terminal deoxynucleotidyl transferase dUTP-mediated

nick-end labelling

Uric acid

United States Dollar

U.S. Food and Drug Administration
Visual Molecular Dynamics
Venom peptides

White Blood Cell

World Health Organization
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