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Abstract

The overall aim of this thesis is to investigate strategies to aid in the measurement of G-
protein coupled receptor (GPCR) activity for high-throughput screening and sensing
applications. GPCRs are cell surface receptors which have seven membrane spanning
domains. They are the largest family of membrane proteins in the human genome and
are involved in a number of physiological and pathophysiological pathways. They are
the most widely targeted protein family for therapeutics being the target for over 30% of
the currently available prescription drugs (Jacoby et al. 2006). For this reason
commercial interest and investment into compound screening using these receptors as
targets is of high importance in lead drug discovery. Additionally, the extensive ligand
range of the GPCR superfamily, which includes light, odorants/ volatiles,
neurotransmitters and hormones, make them an attractive biological recognition element

in biosensor applications.

This thesis demonstrates the functional expression of the Hi-histamine, M,-muscarinic
and owp,-adrenergic receptors of the G-protein coupled receptor family, along with their
associated G-proteins (Go, GB and Gy). Expression was achieved using the
Sf9/baculovirus expression system. The G-proteins were successfully incorporated into
an assay system using time-resolved fluorescence resonance energy transfer (TR-
FRET). TR-FRET was used in order to create a homogeneous assay format capable of
monitoring GPCR activation through the movement of the G-protein subunits.
Fluorescence changes in the TR-FRET assay indicated a change in distance between the
Go subunit and GBy dimer. The separation of the Go. subunit and the GBy dimer after

activation resulted in a significant decrease in TR-FRET measurement.

The homogeneous set-up of the TR-FRET assay could potentially be adaptable to an
array based format. This thesis describes the capture of vesicles containing functional
GPCRs onto a solid substrate via the specific interaction between complementary
oligonucleotides. GPCR presence and function within the immobilized vesicles, was
demonstrated using fluorescent ligands. Further to this, alternative lipid hosts (to the
vesicles), known as cubosomes, were introduced. When tagged with an oligonucleotide,
these cubosome particles were also shown to immobilize site specifically onto a

complementary oligonucleotide surface.

viii



Declaration

This work contains no material which has been accepted for the award of any other
degree or diploma in any university or other tertiary institution and, to the best of my
knowledge and belief, contains no material previously published or written by another

person, except where due reference has been made in the text.

I give consent to this copy of my thesis, when deposited in the University Library, being
made available for loan and photocopying, subject to the provisions of the Copyright
Act 1968.



Acknowledgements

I wish to express my sincerest appreciation to my supervisor Associate Professor Ted
McMurchie for his support and guidance during my candidature. Despite challenging times
within the lab, Ted continued his assurance and encouragement which allowed me to challenge
myself in new and exciting areas of science. | also want to thank my co-supervisor Dr Wayne
Leifert for his infectious enthusiasm and approachable and friendly manner. Thanks also to
Professor John Wallace and his lab for their support throughout my candidature. Additionally,
I’d like to thank Dr Patrick Hartley, who took me on as a student later in my candidature as an
external supervisor and | found this collaboration very helpful.

Thank-you to other members of my lab, Dr Richard Glatz for his help with molecular biology
and informative discussions, Sharon Burnard for her technical support and endless
encouragement, Olgatina Bucco for her support, Amanda Aloia for many interesting
conversations and for her hospitality when | came to Melbourne (I couldn’t have done those
trips without you!), and Tamara Cooper for putting up with me and all those
discussions...thanks for being on my wavelength (pun intended). And thanks to other staff and
students at CSIRO Adelaide for their help and friendship.

I also want to thank Professor Janos Vorgds, Dr Brigitte Stadler, Marta Bally and the entire LBB
group who were so welcoming and friendly when | visited their lab in Zurich. Their help and
technical assistance was invaluable to me and my project. | also want to thank
OzNano2Life/DEST for the funding to get me there.

I’d also like to thank everyone in CSIRO in Parkville and Clayton who provided assistance
during my visits. Thanks to; Dr Connie Darmanin for you technical help, as well as your
friendship and providing me with a place to stay, Lynne Waddington for her help with the TEM,
Guoliang Zhen for his help with the spotter and array reader, Dr Tash Polyzos for his help with
the cubosome work, and Dr Ben Muir for his help with surface chemistries and XPS.

And finally, thank-you to my family and friends for their advice and encouragement. Thank-you
Lisa for being a fantastic big sister and a constant support, from your advice on presentations to
just being there for a coffee at Rumours, it really helped along the way. A special thank-you to
Craig for putting up with me and providing endless support, I couldn’t have done it without you.



Academic Prizes and Awards

Australian Society for Biochemistry & Molecular Biology (ASBMB)
Student Poster Prize, ComBio 2005 ($300)
Adelaide Convention Centre, September 2005

Australian Research Council Nanotechnology Network, Young
Nanotechnology Ambassador Award
South Australia, 2006 ($2000)

International Workshop on Fluorescence Spectroscopy in Biological and
Biomedical Research, ASBMB
Travel grant to attend the Fluoro workshop, Coffs Harbour, NSW 2006 ($400)

OzNano2Life Travel Funding

Travel funds for an International Laboratory visit ($6,500).

Laboratory of Biosensors and Bioelectronics, The Swiss Federal Institute of
Technology (ETHZ), Zurich, Switzerland. March-June 2007.

The University of Adelaide
Postgraduate School Travel grant (2005-2008) ($2000)

Lorne Protein Conference Committee
Student Travel Support ($100)

Student Poster Prize ($300)

Lorne, Victoria February 2008

Xi



Publications and Abstracts Arising from this Thesis

Kelly Bailey*, Marta Bally*, Wayne Leifert, Janos Voros and Edward J. McMurchie. (2009)
G-protein coupled receptor array technologies: site directed immobilisation of liposomes
containing the H;-histamine or M,-muscarinic receptors Proteomics, 9: 2052-2063. (*equal
contributors)

Richard V. Glatz, Wayne R. Leifert, Tamara H. Cooper, Kelly Bailey, Christopher S. Barton,
Scott A. Martin, Amanda L. Aloia, Olgatina Bucco, Lakshmi Waniganayake, Gang Wei,
Burkhard Raguse, Lech Wieczorek and Edward J. McMurchie. (2007) Molecular engineering of
G-protein coupled receptors and G-proteins for cell-free biosensing. Australian Journal of
Chemistry; Research Fronts in BioNanochemistry. 60: 309-313.

Wayne R. Leifert, Kelly Bailey, Tamara Cooper, Amanda Aloia, Richard V. Glatz, Edward J.
McMurchie (2006). Measurement of heterotrimeric G-protein and regulators of G-protein
signaling by time-resolved fluorescence resonance energy transfer. Analytical Biochemistry.
355: 201-212

Marta Bally, Kelly Bailey, Dorothee Grieshaber, Kaori Sugihara, Janos V6ros, Brigitte
Stadler. From synthetic vesicle/bilayer arrays to cell-based biosensors. Invited review:

Biointerphases. In press.

Wayne Leifert, Richard Glatz, Kelly Bailey, Tamara Cooper, Marta Bally, Brigitte Maria
Stadler, Erik Reimhult & Joe Shapter. Nanoscale biosensors and biochips. Invited Review:
3rd volume of Annual Review of Nano Research. In press.

Wayne R. Leifert, Tamara H. Cooper and Kelly Bailey. G-protein coupled receptors:
progress in surface display and biosensor technology. Springer Handbook of Nanotechnology,
3rd Edition. In Press.

Kelly Bailey, Marta Bally, Wayne Leifert, Janos Vorés and Edward J. McMurchie (2008). A
novel strategy towards a G-protein coupled receptor array. Proceedings of the Protein
Structure and Function conference. Lorne 2008.

Marta Bally, Kelly Bailey, Brigitte Stadler, Janos V6ros (2008) Development of self-sorting
G-protein coupled receptors. Proceeding of the tenth world congress on biosensors.
Shanghai, China.

Kelly Bailey, Marta Bally, Amanda L. Aloia, Wayne Leifert, John Wallace, Janos Vorés and
Edward J. McMurchie (2007). Site-directed immobilisation of membrane vesicles containing
G-protein coupled receptors. Molecular Pharmacology of G-Protein-Coupled Receptors.
Proceedings of the Australasian Society of Clinical and Experimental Pharmacologists and
Toxicologists (ASCEPT). Melbourne.

Cooper, T., Bailey, K., Leifert, W.R., Wallace, J. and McMurchie, E.J. (2007) Time-resolved
fluorescent technologies for GPCRs, G-proteins and regulators of G-protein signaling
interactions. Proceedings of the 5% Annual GPCR Congress, Portugal. May 2007.

Richard Glatz, Joanne Kent, Kelly Bailey, Wayne Leifert, Olgatina Bucco, Edward J.
McMurchie (2007). G-protein Coupled Receptor (GPCR)-based biosensors: novel technology
for studying invertebrate biology. Proceedings for the US Entomological Society Conference
2007. San Diego, California.

Cooper, T., Bailey, K., Glatz, R., Aloia, A., Leifert, W., Wallace, J. and McMurchie, E. J.
(2007) Time-resolved FRET assay development for GPCRs, G- protein and regulator of G-
protein signalling interactions. Proceedings for the Annual Scientific Meeting Consortium for
G protein-coupled receptor Research and the Australasian Society of Clinical and
Experimental Pharmacologists and Toxicologists [ASCEPT], Melbourne.

Marta Bally, Kelly Bailey, Brigitte Stddler, Dorothee Grieshaber, Janos Vords. (2007)
Functional Heterogeneous Vesicle Arrays obtained by Self-Sorting onto a DNA Chip.
Proceedings of the ESF-EMBO Symposium, Sant Feliu de Guixols, Spain.

Xii



Glatz, RV, W.R. Leifert , K.Bailey, T.H. Cooper , C.S. Barton, A.S. Martin, A. Aloia, O. Bucco,
L. Waniganayake, G. Wei, B. Raguse, L. Wieczorek & E. J. McMurchie (2006). G-protein
coupled receptors: towards cell-free environmental biosensing. Proceedings from The
Australian and New Zealand Entomological Societies Conference. Adelaide.

Cooper, T. Glatz, R.V., Bailey, K., Leifert, W., Wallace, J. and McMurchie, E.J. (2006).
Development of site-specific fluorescence labelling of G-protein subunits using a lanthanide
(Tb3*) binding tag and a FIAsH binding tetracysteine motif. Proceedings from the Australian
Society for Medical Research (Adelaide Scientific Meeting).

Xiii



Abbreviations

0-AR
[*SIGTPYS
AMP-PNP
AFM

a.f.u

a.u
AlF,

Py

BA1l
BB1
BCIP
Bmax
BODIPY
bp
BRET
BSA
C-terminus
CAL
CBl
CCR5
CHAPS
CHO
CLSM
CNS
CS124
CSIRO, MHT
Cys
dCALl"
dcB1’
DHB
DMSO
DNA
DTPA
E.coli
ECso
FITC
FRET
G-protein
Ga

GDP
GF/C
GFP

Op,-adrenergic receptor
Radioactive isotope S* conjugated, non-hydrolysable guanosine triphosphate

Adenylyl- 5°-imidodiphosphate tetralithium salt
Atomic force microscopy
Arbitrary fluorescence units

Arbitrary units
Tetrafluoroaluminate

G-protein beta gamma dimer

Biotinylated oligonucleotide (Al sequence)

Biotinylated oligonucleotide (B1 sequence)
5-bromo-4-chloro-3-indolyphosphate p-toluidine salt

The maximum value for specific binding (number of functional receptors)
4,4-difluoro-5,7-dimethyl-4-bora-3a, 4a-diaza-s-indacene-3-alkyl

Base pairs

Bioluminescence resonance energy transfer

Bovine serum albumin

Carboxyl terminus of polypeptide

Cholesterol tagged oligonucleotide (Al" sequence [complementary to Al])
Cholesterol tagged oligonuceotide (B1" sequence [complementary to B1])
Chemokine receptor
(3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate)

Chinese hamster ovary

Confocal laser scanning microscopy

Central nervous system

7-amino-4-methyl-2(1H)-quinoline

Commonwealth scientific & industrial research organisation, molecular and health technologies
Cysteine residue

Double cholesterol tagged oligonucleotide (Al" sequence [complementary to Al])
Double cholesterol tagged oligonucleotide (B1™ sequence [complementary to B1])
2,5-Dihydroxybenzoic acid

Dimethyl sulfoxide

Deoxyribose nucleic acid

Diethylenetriaminepentaacetate

Escherichia coli

Effective concentration at 50%

Fluorescein isothiocyanate

Fluorescence resonance energy transfer

Guanine nucleotide binding protein

G-protein alpha subunit

Guanosine-5"-diphosphate

Glass fibre filter (class c)

Green fluorescent protein

Xiv



GPCR

GTP

GTPyS
HiR

HEPES
hexahistidine
His6

HTS

1gG

Ky

Ki

M,R
MALDI MS
MANT

MOI
mRNA

NA
N-terminus

NBT
Net TR-
FRET

Ni-NTA
0G
PBS

PEG
PEG-biotin

PFU
PLL
PLL-g-PEG
PDMS
PMSF

QCM-D
Ro

RET

RGS

RNA

RT

SEM

S/B
SDS-PAGE
Sf9

SPR

TAC

G-protein coupled receptor

Guanosine-5"-triphosphate

Non-hydrolysable guanosine triphosphate

H,-histamine receptor
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

Six sequential histidine residues

Hexahistidine

High throughput screening

Immunoglobulin G

Dissociation constant

Dissociation constant (obtained in competition binding studies)
M,-muscarinic receptor

Matrix-assisted laser desorption/ionisation mass spectrometry
N-methylanthraniloyl (fluorescent conjugate)

Multiplicity of infection

Messenger ribonucleic acid

Numerical aperture

Amino terminus of the polypeptide

Nitro-blue tetrazolium chloride

FRET fluorescence @ 572nm/donor fluorescence @ 545nm
Nickel-nitrilotriacetic acid

Oregon green

Phosphate buffered saline

Polyethylene glycol
Polyethylene glycol with 50% of the side chains consisting of a biotinylated polyethylene

glycol

Plaque forming units

Poly-L-lysine

Graft copolymer: Poly(L-lysine)-grafted-poly(ethylene glycol)
Polydimethylsiloxane

Phenyl methyl sulfonyl fluoride

Quartz crystal microbalance with dissipation

Distance between two spectrally matched fluors at which half the energy is transferred during

resonance energy transfer
Resonance energy transfer
Regulator of G-protein signalling
Ribonucleic acid

Room temperature

Standard error of the mean
Signal to background

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
Spodoptera frugiperda 9

Surface plasmon resonance
Telenzepine amine congener

XV



Th Terbium

TEG Tri-ethylene glycol

TEM Transmission electron microscopy

TIRFM Total internal reflection fluorescence microscopy

TR Time-resolved

Tris Tris hydroxymethylaminoethane

TR-FRET Time-resolved fluorescence resonance energy transfer

UK Synthetic adrenaline analogue (5-bromo-N-[4,5-dihydro-1H-imidazol-2-yl]-6-quinoxalinamine)
uv ultraviolet

XVi



	TITLE: Assay and array technologies for G-protein coupled receptors
	Contents
	List of Figures
	List of Tables
	Abstract
	Declaration
	Acknowledgements
	Academic Prizes and Awards
	Publications and Abstracts Arising from this Thesis
	Abbreviations


