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Specific Interests

Analysis of drug-receptor interactions by receptor binding, autoradiography, cell biology,
molecular biology, second messenger and organ bath approaches. Discovery of novel receptors
related to Family A G-protein coupled receptors by database screening and pharmacological
analysis with particular emphasis on adrenoceptors. Signal transduction pathways utilized by these
receptors and their alteration by drugs. The laboratory is one of the founder members of the
Consortium for G-protein coupled receptor Research (CGR) formed in 2001 to facilitate
collaboration in this important area of drug discovery and is a member of the Drug Discovery
Research Strength of the Faculty of Medicine, Nursing and Health Sciences at Monash University.
Goal

Our goal is to identify and validate drug targets based on
knowledge of the structure and function of G protein-
coupled receptors (GPCRs). X-ray crystal structures of
GPCR's and associated proteins are determined in
collaboration with the Structural Biology Facility. This will
utilize the synchrotron due to be commissioned in 2006 as
well as key technologies already in place including X-ray
crystallography, nuclear magnetic resonance and cryo-
electron microscopy. The ligand binding properties of
particular GPCRs are examined by high throughput
radioligand binding to determine affinities at recombinant
receptors expressed in cell culture systems. The ability of
selected compounds to stimulate or block receptors or
interact with allosteric sites is studied using high through put
cell signalling assays including cAMP, IP3 (a-screen, Perkin
Elmer), cytosensor microphysiometer and calcium
mobilisation assays.

Current projects

Receptor polymorphisms

In humans, mutations in GPCRs (single nucleotide polymorphisms — SNPs) can modify disease
susceptibility and severity as well as responses to drugs. SNPs are common (e.g. 18 for the B1-AR; 17
for the B2-AR) and some of these examples are associated with diseases such as asthma, cardiac
failure and obesity. SNPs may also be associated with modified responses to drugs and receptor
regulation. If the GPCR polymorphism is relatively common this may lead to the rejection of



potentially useful drugs due to side effects or lack of efficacy. A better understanding of GPCR
polymorphisms and their relationship to function will therefore lead to the design of drugs which are
effective at mutant and wild type receptors or to the application of simple screening techniques to
identify patients that may display abnormal responses. The laboratory is studying the factors that
define the relationship between structural features of GPCRs and their response to drugs.

Drug interaction with GPCRs at allosteric sites: In addition to the classic agonist (and antagonist)
binding site, some (and potentially most) GPCRs contain secondary, “allosteric”, sites that
modulate the activity of the classic binding site. We are conducting studies in collaboration with Dr
Arthur Christopoulos at the University of Melbourne to study allosteric modulators that have been
identified for a-adrenoceptors, and may provide an explanation for the novel pharmacology
displayed by the all-AR and bl-AR. The separation of functional properties of orthosteric and
allosteric sites may provide significant potential for therapeutic exploitation. Theoretically, allosteric
drugs have a number of advantages over classical, orthosteric drugs, including greater specificity
(allosteric sites tend to show greater sequence divergence across receptor subtypes), modulation
of ongoing physiological events (thus maintaining spatial and temporal patterns of neurotransmitter
or hormone responses) and minimal or differential effects on receptor desensitisation/regulation.

Splice variants

pppp——— One of the ways in which a number of receptors can be
derived from a single gene is by alternative splicing of the gene.
The splice variants of GPCRs can vary inligand recognition,
signal transduction properties and trafficking. In the case of the
alA-AR, there are at least 12 splice variants that share similar
pharmacology, consistent with retention of identical
transmembrane regions forming the ligand-binding pocket.
Alternative splicing of the mouse B3-AR mRNA produces 2
isoforms with different C-terminal tails. These isoforms have
similar affinity and potency for B-AR ligands, but the f3b-AR and
a truncated B3-AR couple to Gs and Gi, whereas the B3a-AR
couples only to Gs. We are generating mutant receptors by
site-directed mutagenesis and these are being used to examine
receptor specificity, G protein-coupling, signalling, and
trafficking with a view to identifying functional domains of
GPCRs.

Dimer Formation
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G-protein coupled receptors (GPCRs) are the major group of cell surface receptors activated by
hormones and neurotransmitters. Until recently it was thought that GPCRs operated as single
entities and that each receptor contained domains responsible for interaction with ligands,



coupling to G-proteins and receptor regulation. However, recent studies indicate that GPCRs
interact with like-receptors, other GPCRs, or other receptors such as EGF and insulin receptors, or
with accessory proteins such as RAMPs (receptor activity modifying proteins). There is evidence
that these interactions influence pharmacological properties, coupling to G-proteins, and
trafficking to and from the cell membrane. Our studies presently focus on adrenoceptors but the
principle and methods developed will be applicable to any of the 616 genes coding for GPCRs. At
present we are determining which adrenoceptor (AR) subtypes form homo- or heterodimers,
whether they interact with RAMPs (in collaboration with Dr Patrick Sexton of the Howard Florey
Institute) and whether this is driven by particular agonists or antagonists; whether protein/protein
interactions affect pharmacological, signal transduction and internalisation properties and whether
known novel receptor pharmacology such as b4- and allL-Ars can be explained by protein/protein
interactions of known ARs. We are using Bioluminescence Resonance Energy Transfer (BRET) and
functional studies employing TM3 and TM6/7 mutant receptors to provide approaches for testing
drugs and determining whether compounds favouring or inhibiting dimerisation or association with
RAMPs produce differential signalling via pathways such as PKA or MAPK activation. Drugs that
have these properties would facilitate studies on the importance of AR protein/protein interactions
in animal tissues with endogenous ARs, for example cardiomyocytes, skeletal muscle, adipocytes,
and urinary tract smooth muscle. k-d opioid receptor and dopamine D2R-somatostatin SSTR5
heterodimers have been shown to have enhanced sensitivity to combinations of agonists. Thus
drugs or combinations of drugs targeting receptor homo- or heterodimers may have significant
therapeutic benefits.

Adrenoceptors in memory formation and consolidation
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In collaboration with Dr Marie Gibbs studies are being carried out of the role of adrenoceptors in
modulating memory formation. There are two important periods in memory processing where
noradrenaline plays an essential role. The first occurs at the time of acquisition, where attentional
or arousal factors are important and related to noradrenaline release; the second occurs at the
time of consolidation, when labile memory is stored into a permanent form. The role of
noradrenaline in the modulation of memory formation depends on the populations of ARs in
different brain locations and the times at which they are activated in the sequence of memory
processing. We are currently investigating the mechanisms of action of adrenoceptors using both
in vivo (behaviour) and in vitro (cell culture and molecular pharmacology) techniques. The
mechanism by which activation of b3-ARs promotes memory consolidation is related to the uptake
of glucose at specific times after training. Similar studies are also being carried out in mice to
enable the effects of removal of specific genes (knock-out mice) on memory formation and
consolidation to be studied in a mammalian model. We are also studying the involvement of
noradrenaline in the effect of prenatal compromise (hypoxia) on subsequent learning disabillities.

Relaxin receptors

In collaboration with Professor Geoffrey Tregear, Dr John Wade, Dr Ross Bathgate and Dr Chrishan
Samuel of the Howard Florey Institute we are studying the pharmacology of the hormone relaxin.
We have developed a receptor autoradiographic method with phosphorimaging detection and
used this technique to identify and characterize relaxin receptors in the heart, uterus and brain.
Current studies are examining the signalling pathways and functional domains of the relaxin
receptors (LGR-7, LGR-8, GPCR135 and GPCR142). The studies are aimed at understanding the role
of relaxin and related molecules and development of small molecules that demonstrate relaxin-like
activity.



A wide range of student projects are available that utilize the techniques of molecular biology,
bioinformatics, cell and tissue culture, high throughput receptor binding and second messenger
screens as well as organ bath pharmacology.
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