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ABSTRACT

In this work, the immobilisation of different biomolecules on thioalkylated polyethelene
glycol (PEG)-capped gold monolayer protected clusters (MPCs) has been successfully
conducted. This followed a series of aqueous and nonaqueous synthetic protocols carried
out to synthesize gold nanoparticles and MPCs of sizes ranging between 4 — 200 nm.
Hetero-bifunctional PEG ligands possessing functionalities such as carboxyl, hydroxyl,
biotin and nitrilotriacetic acid (NTA) were introduced resulting in stable, biocompatible
gold MPCs, templates for biomolecular functionalisation reactions. Biomolecular
functionalisation strategies such as carbodiimide coupling, biotin-avidin interaction and
Ni-NTA-histidine interactions following the introduction of the bivalent hexadentate
Ni(ll) onto the NTA matrix of the MPCs, were conducted to formulate the biomolecular
hybrid systems. A range of biomolecules including the cell-penetrating TAT peptide
(YGRKKRRQRRR), mitogen-activated protein kinase (MAP kinase), streptavidin and
fluorescent-labelled FAM-TAT peptide were successfully immobilised on the gold
MPCs. The simplicity of the synthetic approaches and the stability of the resultant
biomolecular systems strengthened their potential applications in targeted drug delivery,
molecular recognition tools for diagnostics and in the purification, quantification and

beneficiation of tagged fusion biomolecules.

The colloidal gold nanoparticles, MPCs and bioconjugates were further investigated for
inherent biologic effects through a series of end-point based in vitro assays. The
cytotoxicity, namely the causation of necrotic cell death was studied using the neutral red
assay on CHO22 cell line. All three system types showed benign cytotoxicity properties;
demonstrating minor dose-dependence decline in cell viability through necrotic cell
death. Additionally, dose-dependent patterns were also observed in the apoptosis-
induction effects of these gold systems on CHO22 and CD4 expressing Jurkat cell lines.
Overall, this work demonstrated facile protocols of synthesis for colloidal gold
nanoparticles, MPCs and bioconjugates, and subsequently through in vitro cellular
interaction assays, demonstrated these systems as useful tools for application in life

sciences and related fields.
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functionality (B) and different bioconjugates (C) on CHO22
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Symbols and abbreviations

7-AAD
AGE
BAB
CHO
CPP
CVvD
2D

3D

Da
DMME
DNA
EDC
fcc
FCS
FSC
FACS
FAM

GSH
GST
6xHis
kDa
LDso
LDH

mL

MAP
mM
MMPCs
MPCs

7-aminoactinomycin D

Agarose gel electrophoresis
Biotin-avidin-biotin

Chinese hamster ovary cells

Cell penetrating peptide

Chemical VVapour Deposition

Two dimension

Three dimension

Dalton

Dulbecco’s modified eagle medium
Deoxyribonucleic acid
N-(3-dimethylaminopropyl)-N"-ethylcarbodiimide hydrochloride
Face centred cubic

Foetal calf serum

Forward scatter
Fluorescence-Activated Cell Sorting
6-Carboxyfluorescein

Gram

L-Glutathione
Glutathione-S-transferase
Hexahistidine

Kilo Dalton

Median lethal dose
Lactate-dehydrogenase

Molar

Milliliter

Microliter

Mitogen-activated protein
Milimolar

Mixed monolayer protected clusters

Monolayer protected clusters
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MPS Mononuclear phagocytic system

MRI Magnetic resonance imaging

MTT 3-(4,4-dimethylthiozol-2-yl)-2,5 diphenyl tetrazonium bromide test
NHS N-hydroxysuccinimide

um Micrometer

nm Nanometer

NTA Nitrilotriacetic acid

ODsyo Optical density at 540 nm

PBS Phosphate buffered saline

PEG Poly(ethylene glycol)

PEG-SH Thioalkylated PEG

Pl Propidium iodide

PS Phosphatidylserine

PVP poly(vinyl pyroolidone)

r Radius

p Density

R Organic group

RES Reticuloendothelial system

RME Receptor mediated endocytosis
ROS Reactive oxidative species

rpm Revolutions per minute

SAMs Self assembled monolayers

SDS Sodium dodecyl sulphate

SPION Superparamagnetic iron oxide nanoparticles
SPR Surface plasmon resonance

SSC Side scatter

TOABr Tetraoctylammonium bromide
TEM Transmission Electron Microscopy
UV-vis Ultraviolet-visible
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