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ASSOCIATE PROFESSOR
MURRAY BAKER
Room 1.06, MCS building, Phone: 6488 2576.
Email: murray.baker@uwa.edu.au
My group's research interests are primarily in synthetic chemistry—we aim to apply our skills in synthesis to
problems in areas such as catalysis, nanotechnology, surface science, biological chemistry/medicine, polymer
science, molecular recognition, and sensors. The following project descriptions are a sample of current research
projects in the group.

PROJECTS
1. Cyclophane imidazolium salts and heterocyclic carbene complexes
We are exploring the chemistry of a remarkable class of imidazolium salts (such as 1) in which the imidazolium
units are part of a cyclophane macrocycle. These salts can easily be converted into fascinating heterocyclic
carbene complexes, such as 2 and 3. Complex 2 is an outstanding, robust catalyst for industrially important C-C
bond-forming reactions (Dalton Trans. 2001, 111-20). Complex 3 contains an (η6-arene)RuClL2 structure (with
the L units in 3 being heterocyclic carbene groups). The (η 6-arene)RuClL2-type structure is found in a class of
Ru complexes being investigated as anti-cancer agents, and related structures are found in a range of Ru
complexes that promote useful isomerisation reactions under mild conditions. Complex 3 is especially
interesting, however, because the η -arene and the two L units are part of the same ligand. The simultaneous
binding of the η6-arene and the L units to the
same Ru centre introduces considerable strain,
N
so we expect 3 to exhibit unusual reactivity
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N
N
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complexes. Also, different analogues of the
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starting imidazolium cyclophane 1 are easy to
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synthesize (J. Org. Chem. 2004, 69, 7640-52),
2
1
3
which means that we will be able to easily
synthesize many analogues of 3 to optimise any interesting catalytic or biological activity we discover.
2. Biodegradable and biocompatible materials for tissue engineering
Collaboration with Prof Traian Chirila (Prevent Blindness Foundation, Qld) and Dr David Brown (Curtin).
Biocompatible materials are materials that can be placed in contact with biological tissue without causing
infection or other undesirable biological responses. A material is biodegradable if it will degrade under
biological conditions, normally under the action of enzymes. Not all biocompatible materials are biodegradable
(the prognosis for recovery from hip replacement surgery would be poor if enzymes in the body degraded the
implanted hip joint) but biocompatible materials that are biodegradable have some fascinating applications.
Slow release drugs, for example, are typically delivered from within a biocompatible, biodegradable matrix.
Tissue engineering requires biocompatible, biodegradable materials. In a modern treatment for damaged knee
cartilage, for example, a sponge made of poly(lactic acid) is cut into an appropriate shape and infused with a
broth containing new cartilage cells, and is then used to replace the damaged cartilage in the knee. The
poly(lactic acid) sponge holds the new cartilage cells in place until they grow into new cartilage material.
Poly(lactic acid) is both biocompatible and biodegradable. Gradually, the poly(lactic acid) sponge dissolves
(under the action of enzymes) and is replaced by the growing cartilage cells until the knee is repaired. Similar
techniques based on poly(lactic acid) and closely related materials are being assessed for reconstructive
surgeries that require cartilage in complex shapes (eg, ear, nose). A significant problem in tissue engineering is
the difficulty in synthesizing the biodegradable material in a form that has appropriate morphology (porosity
etc) to accommodate and encourage growth of replacement cartilage cells.
O

One of the most important biocompatible polymers is poly(hydroxyethyl methacrylate)
OH
(PHEMA). PHEMA-based materials are made by co-polymerising hydroxyethyl
O
methacrylate with suitable crosslinking agents, and they are already used to fabricate
permanent medical implants, such as intra-ocular lenses. PHEMA materials have hydroxyethyl methacrylate
biocompatibility characteristics that would make them ideal for many applications I
tissue engineering, and porous PHEMA can be easily produced. Unfortunately, however, the PHEMA materials
that have been synthesized to date are not biodegradable.
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We are investigating routes to biodegradable forms of PHEMA. Our approach uses new types of crosslinking
agents that will form crosslinks susceptible to cleavage by enzymes. Research in this area will start with
synthesis of new crosslinking agents and then explore copolymerisation of the crosslinking agents with
hydroxyethyl methacrylate to form new PHEMA-based materials. A good deal of synthetic organic chemistry
will be involved, as well as NMR spectroscopy (for characterisation of crosslinking agents and polymers) and
other polymer characterisation techniques.
3. Gold-carbene complexes as anti-cancer agents, catalysts, and luminescent materials
Collaboration with Dr Huynh Han Vinh (NUS) and Prof Stephen Hashmi (Stuttgart).
2

Cationic Au(I) carbene complexes such as 4 and
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function, and their selectivity for cancer cells
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over normal cells can be tuned by variation of
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the hydrophilic-lipophilic character of the cation.
The Au(I)-carbene complexes are easy to synthesize and they offer the prospect of fewer toxic side-effects than
their better-known Au(I)-phosphine counterparts. In addition, the gold carbene complexes are chemically
interesting species in their own right. For example, in complexes such as 5 the ligand framework forces two Au
atoms to be very close to one another, a trait that makes such complexes strongly luminescent. This
luminescence may be useful for the development of sensors and for tracking the fate of complexes in cells
(Angew. Chem. Int. Ed. 2006, 45, 5966-70). Au(I) complexes such as 4 and 5 and Au(III) complexes such as 6
also have exciting prospects as robust catalysts for a range of oxidation and C-C bond forming reactions.
In this project we are examining complexes such as 4 - 6 and additional new Au-carbene complexes, with a
view toward delineating and enhancing their biological activity, catalytic activity, and luminescence properties.
4. QCM Sensors to detect Bacteria, Viruses, Proteins...
This project seeks to use a quartz crystal microbalance (QCM) as a sensor for viruses and other particles. When
stimulated by an appropriate electrical signal, a quartz crystal oscillates. If material is attached to the surface of
the crystal, the effective mass of the crystal increases, and consequently the frequency of oscillation decreases.
This phenomenon is the basis of operation of the quartz crystal microbalance—by analysing the change in
oscillation frequency, the mass of the material attached to the QCM can be measured.
If we can design a QCM with a crystal that selectively only adsorbs a specific type of virus, and nothing else, we
can use the QCM as a sensor for that virus. One approach is to coat the surface of a QCM crystal with antibodies
for the virus, and then expose the QCM crystal to the sample to be tested. If the virus is present, it will bind to
the antibodies on the QCM surface, and the resulting mass change (just a few nanograms) will be detected by
the QCM.
This type of sensor has many potential advantages. It is inherently sensitive, since the QCM can detect very
small mass changes. It is inherently specific, since the virus/antibody interaction is specific—tobacco mosaic
virus will bind to tobacco mosaic virus antibodies, but influenza virus will not. It is also inherently flexible—we
can easily target a different virus (or protein or bacterium) simply by changing the antibody that we attach to the
surface of the QCM crystal. The QCM response is rapid (a few seconds), compared to the traditional assays
(such as ELISA assays, which can require days of sample preparation time).
5. Functionalised triazacyclononane derivatives
Collaboration with Dr David Brown (Curtin).
R
The coordination chemistry of 1,4,7-triazacyclononane and its
R
N N
N
derivatives is diverse. Many triazacyclononanes bearing pendant R
N
functional groups have been synthesized. In favourable cases, these
M
N
N
N
functionalised triazacyclononanes can bind metals via both the
R
N
N R
N
R
triazacyclononane unit and the pendant group. Triazacyclononanes
8
7
functionalised with N-heterocyclic carbenes (as in 7) have not been
reported to date, but are intriguing because they are likely to bind metals rapidly and strongly. This project will
explore the synthesis of functionalised triazacyclononanes such as 8, and their conversion into metal complexes
such as 7. Catalytic and biological activities of the metal complexes will be explored.
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PROFESSOR CHARLIE BOND
Room 4.16, MCS Building, Phone: 6488 4406
Email: Charles.Bond@uwa.edu.au

Structural Biology
Structural Biology research involves building a three-dimensional picture of biological molecules to shed light
on the molecular interactions and events which drive many of the fundamental processes of life. Investigations
in my lab address proteins of relevance to human health, including DNA repair enzymes and other nucleic acid
processing proteins, and enzymes essential to the survival of life-threatening parasites, which may be drug
targets.
Different aspects of this research can be tailored to students with strengths in Biochemistry, Chemistry, and
Biophysics. Structural Biology research typically involves the opportunity to learn from a diverse set of useful
techniques including molecular biology, protein purification and crystallisation, spectroscopy, X-ray
crystallography, molecular modelling, bioinformatics, unix computing. The Structural Biology lab is equipped
with state-of-the-art equipment including a crystallization robot and X-ray data collection facilities.
For further information, reprints of papers, a colour version of this page, or to find out about other research in
the lab come and see me (MCS Lab 4.16) and look at http://xtal.uwa.edu.au/px/charlie .

PROJECTS
NOTE: IN ADDITION TO PROJECTS LISTED HERE, IT MAY BE POSSIBLE TO TAILOR A
STRUCTURAL BIOLOGY PROJECT TO YOUR SPECIFIC INTERESTS.
1. How do proteins recognise RNA molecules? Rop mutants
Collaboration with Dr Daniel Christ, Garvan Institute, Sydney
Rop is a small alpha-helical protein which plays a critical role in bacteria where it regulates the number of
copies of a DNA plasmid that the bacteria can accommodate. Rop does this by binding to a complex of two
RNA hairpins – called the 'kissing' complex. By binding and stabilising this interaction, it stops the RNA being
used to prime replication of the plasmids.
As it is a small protein and is known to crystallise, Rop makes an excellent target for research to understand the
basis of protein:RNA interactions. We have a panel of mutant proteins, which were selected using in vitro
evolution methods, that have higher affinity for the RNA than the wild-type protein. This project will involved
expressing some of these mutant proteins, generating heterodimers of the mutants, measuring their affinity for
RNA, attempting to crystallise them and solving their structures. Skills learned will include molecular biology
(mutagenesis), protein expression and purification, protein:RNA interaction assays, crystallisation and protein
crystallography.

A predicted model of the Rop:RNA
complex.(from Christ, D and Winter, G, Proc
Natl Acad Sci U S A. 2003 November 11;
100(23): 13202–13206)
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2. Protein Structure Prediction: PPR Proteins
Collaboration with Ian Small, CoE for Plant Energy Biology
PPR proteins are modular proteins composed of tandem
repeats of 35 amino acid sequences. A number of these
proteins are known to bind and/or process RNA by
recognising the RNA sequence. We want to understand
how this sequence-specific recognition occurs. In similar
protein families (TPR and ankyrin proteins) for which the
structures are known, these repeats form alpha-helical
hairpins which assemble to make a long „solenoid‟. We
have evidence from bioinformatics studies that PPR
proteins have a similar, but different structure. Based on a
specific type of bioinformatic (sequence covariation) data,
we can predict both the secondary and tertiary structure of
TPR and ankyrin proteins. We are interested in exploring
which other protein families can be investigated with these
Sequence covariation data can be used to
methods, but our main aim is to produce plausible models
predict
the structure of helical repeat
of PPR protein structure which can be used to guide wetproteins, with a relatively high accuracy.
lab experiments into the function of these proteins.
This is a computation-based project which will involve
learning about protein structure, molecular dynamics and bioinformatic analysis of proteins.
3 Chaperones and Co-chaperones of the Malaria Pathogen, Plasmodium Falciparum
With Dr Will Stanley

Schematic of the interactions in the multichaperone complex.
Malaria is a widespread tropical disease killing about 2 million people annually, young children and pregnant
women being especially vulnerable. It is a disease associated with poverty and classed as a neglected disease –
no vaccine is available and prophylactic drugs are often too costly for those most at risk. The microbial
pathogen, Plasmodium falciparum, is the major cause of life-threatening malaria amongst humans.This project
explores a complex of P. falciparum chaperones – proteins essential for folding, stabilising and sorting of other
proteins – which is critical to survival and proliferation of the pathogen, and thus a target for new kinds of
antimalarial drugs. The complex consists of two housekeeping heat shock proteins, Hsp70 and Hsp90, and a
Hsp organiser protein, HOP, which are involved in a complex set of intermolecular interactions to facilitate
folding/sorting of a number of client proteins.
Components of the complex can be recombinantly expressed and purified with the aim of detailed biochemical
and
biophysical studies of the assembly, structure and function of this multi-chaperone complex.
References:
(1) A Shonhai, A Boshoff & GL Blatch (2007). . Protein Sci. 16(9):1803-18.;
For
other
collaborative
projects,
see entries
Dr Swaminatha
IyerBiol.
and 379(4):732-44.
Prof Ian Small
(2)SC
Onuoha,
ET Coulstock,
JGplease
Grossmann
& SEfor
Jackson
(2008). J Mol
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DR BEN CORRY
Room 4.29, MCS building, Phone: 6488 3166,
Email: ben.corry@uwa.edu.au

My research involves using a variety of theoretical and experimental techniques to understand the transport and
binding of ions and water, and the proteins (known as ‗ion channels‘) that regulate this in living organisms. These
are large proteins responsible for signalling between and within cells that provide selective pathways for ions to
pass across cell membranes. In addition, I am also interested in ion transport and binding in synthetic molecules. I
use a variety of state of the art computational and fluorescence techniques, and these projects will provide a good
introduction into the techniques of computational chemistry, macromolecular modelling or advanced optical
imaging. Ultimately the understanding of ion selectivity in biological ion channels may aid the treatment of a range
of neuromuscular diseases from epilepsy to muscular dystrophy. Other projects may be available after consultation

PROJECTS
1. Origins of selective ion binding in enzymes
Many biological proteins need to be able to discriminate between ion types in order to function. In most cases,
however, it is not understood how this selectivity arises. We have been developing general models to understand the
mechanisms that lead to ions selectivity, and can isolate the role that each possible effect has in creating ion
differentiation. Now, we hope to test our theories on a number of real proteins. In this project you will conduct
molecular dynamics simulations of an enzyme protein known to differentiate between Na+ and K+ to ascertain how
this discrimination arises.
2. Quantum mechanical models of the origins of ion selective binding
As noted for project one, we have developed general models to
explain the origins of ion selective binding. These models have
involved the use of molecular dynamics calculations. In order to
test the models, we are also interested to see if the same results can
be achieved using a more detailed quantum mechanical system. In
this project you will determine the magnitude and origin of ion
selectivity in a range of model systems using quantum mechanical
calculations to help create a general framework for both explaining
ion selectivity and designing novel ion selective molecules.
3. Simulating interactions of organic foulants with carbon nanotube desalination membranes
Recent simulations within our group have shown that desalination of sea water can be achieved using much less
energy than current technology by using reverse osmosis membranes made from carbon nanotubes. One thing that
we have not examined is how susceptible such membranes would be to blockage from organic foulants. This project
would involve examining the interaction of such foulants within simulations of desalination.
For an introduction to these research areas, see the following publications:
 B. Corry. Understanding ion channel selectivity and gating and their role in cellular signalling. Molecular
BioSystems, 2:527-535; 2006.
 M. Thomas, D. Jayatilaka and B. Corry. The predominant role of coordination number in potassium channel
selectivity. Biophys. J. 93:2635-2643, 2007
 B. Corry. Designing carbon nanotube membranes for efficient water desalination. J. Phys. Chem. B. 112:14271434. 2008
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DR GAVIN R FLEMATTI
Room 4.17, MCS Building, Phone: 6488 4461
E-mail: gavin.flematti@uwa.edu.au
Research Interests
My main research interest is in the field of biologically active natural products. I work closely with A/Prof
Emilio Ghisalberti in this regard and together with collaborators from other disciplines we are interested in the
isolation, structural elucidation and synthesis of natural products that demonstrate some form of biological
activity. Some of our current projects are summarised below.

1. Synthesis of labelled analogues of 3-methyl-2H-furo[2,3-c]pyran-2-one (1).
Some years ago we identified a potent germination stimulant (1) contained in bush-fire smoke that promotes the
germination of many plant species from around the world.1 We are currently interested in exploring the structure
activity of this molecule (now called karrikinolide) through the preparation of synthetic analogues (karrikins)
with a view to gain some insight into its mode of action2. A target of particular interest at present is the 3,4dimethyl analogue (2) and related compounds substituted at the 4 position. (with Dr A. Scaffidi and A/Prof E.
Ghisalberti)

1. Flematti et al., Science, 305, 977 (2004).
2. Flematti et al., Journal of Agricultural and Food Chemistry, 55, 2189-2194 (2007).
2. Isolation and identification of endogenous germination stimulants.
The karrikin-responsive plant species, Arabidopsis thaliana, has recently been shown to produce
strigolactones,3,4 a group of naturally occurring germination stimulants that stimulate the germination of
parasitic species such as Striga and Orobanche5. The karrikins (eg. 1) and strigolactones (eg. 3) share some
common features, in particular a butenolide moiety (D-ring). Recently, we have found that a HPLC fraction
derived from an extract of A. thaliana can stimulate the germination of karrikin-responsive species and our
results to date suggest that this is not a strigolactone. Rather, this compound may be a karrikin-like compound.
The aim of this project will be to investigate the A. thaliana metabolites further and attempt to isolate and
identify this potentially novel germination stimulant(s). (with Dr. D. Nelson, Prof S. Smith (Centre for Plant
Energy Biology) and A/Prof E. Ghisalberti)

1. Nelson, D. C et al. Plant Physiology, 149, 863-873 (2009).
2. Goldwasser, Y et al. Plant Growth Regulation, 55, 21-28 (2008).
3. Chiwocha, S. D. S et al. Plant Science, 177, 252-256 (2009).
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3. Toxigenic secondary metabolites produced by Western Australian Fusarium spp. associated with cereal
and pasture species.
This study aims to isolate and characterise the secondary metabolites produced by Western Australian Fusarium
species. This fungus is associated with cereal and pasture species and is known to cause Fusarium head blight
and also feed refusal disorders in sheep (with Diane Tan - PhD student and A/Prof E. Ghisalberti, Prof K.
Sivasithamparam (School of Plant Biology) and A/Prof M. Barbetti (School of Plant Biology).
4. Quorum quenching compounds: A novel approach to bacterial control.
Bacteria communicate with one another in a process known as quorum sensing and inhibition of this process is
known as quorum quenching.6,7 Quorum quenching compounds offer significant potential for preventing
bacterial infection and inhibiting biofilm formation in both medical and commercial applications. The aims of
this project are to isolate and identify novel quorum quenching compounds from marine sources. Some potential
candidates as quorum quenching compounds are currently being investigated (with Jamie Summerfield –PhD
student and A/Prof E. Ghisalberti, A/Prof B. Chang (Microbiology) and Dr D. Sutton (Microbiology).
1. Hentzer, M. et al. The EMBO Journal, 22, 3803-3815 (2003).
2. Everts, S. Chemical and Engineering News, 84, 17-26 (2006).
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DR. SWAMINATHAN IYER
Centre for Strategic Nano-Fabrication (Incorporating Toxicology)
Phone: 6488 4470
Email: swaminatha.iyer@uwa.edu.au

Interdisciplinary research encompassing Chemistry (Materials Science), Physics
(Magnetism for targeted delivery, quantum dots) and Biology (Structural Biology
[proteins]; Neuroscience/Animal Biology, Algae Biofuel)

PROJECTS
1. Multifunctional quantum dots as biomarkers for neuroscience with Prof. Sarah Dunlop, Dr. Lindy
Fitzgerald and Dr. Martin Saunders.
A quantum dot (QD) is a semiconductor whose
excitons are confined in all three spatial dimensions.
As a result, they have properties that are between
those of bulk semiconductors and those of discrete
molecules. Doping—the introduction of a small
amount of ‗‗impurities‘‘ into the crystal lattice—is an
interesting way to change the QDs physical
properties. An important example is the doping of II–
VI semiconductors with paramagnetic Mn2+ ions,
yielding materials denominated dilute magnetic semiconductors (DMS), which exhibit interesting magnetic and
magneto-optical properties. The application of quantum dots as biomarkers for developing a recovery pathway
following neurotrauma is an emerging field with great potential. Nanotechnology has been previously used to
examine drug delivery across the blood brain barrier and to provide micropatterns to control neuronal growth
and connectivity. The project will explore the synthesis of multifunctional fluorescent and magnetic
nanocrystals, following which a pivotal emerging issue of importance: whether nanoparticles are innately toxic
to, or biocompatible with, the central nervous system will be addressed: via in vitro analysis with retinal
ganglion cells (RGCs).
2. Immobilizing Algae on Electrospun Nanofibers: Towards sustainable environment and efficient biofuel
production with Prof. S. Smith and Dr. M. Timmins (COE Plant Energy Biology) & Prof. C. L. Raston..
Algae make oil naturally. Raw
algae can be processed to
make biocrude, the renewable
equivalent of petroleum, and
refined to make gasoline,
diesel, jet fuel, and chemical
feedstock for plastics and
drugs. Algae can produce 15300 times more oil per acre
than conventional crops, such
as rapeseed, palms, soybeans, or jatropha, and they have a harvesting cycle of 1-10 days, which permits several
harvests in a very short time frame, increasing the total yield. Furthermore, algae can also be grown on land that
is not suitable for other established crops, for instance, arid land, land with excessively saline soil, and droughtstricken land. This minimizes the issue of taking away pieces of land from the cultivation of food crops. They
can grow 20 to 30 times faster than food crops. Not only does algae produce biofuel, it also helps with reducing
CO2 emissions. Algae, like other fuels, releases carbon dioxide when it is burned. Fortunately, algae take in CO 2
and replace it with oxygen during the process of photosynthesis. Ultimately, its net emissions are zero because
the CO2 released in burning is the same amount that was absorbed initially. The major stumbling block in algae
production is growing the algae in a controlled way and harvesting it efficiently. This project explores
electrospun nanofibers as immobilizing mats for efficient algae immobilization, production and harvesting.
(Figure refs: http://www.hybridcarnews.org, http://www.zmescience.com)
Chemistry
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3. Nanoparticles and Biomacromolecules as applied to Efficient Protein Crystallization with Prof. Charles
Bond, Dr. Melissa Latter and Dr. Will Stanley. A great deal of academic and industrial resource and effort is
targeted worldwide to improve the success, quality and speed of protein crystallization (e.g. NASA‘s Protein
Crystal Growth (PCG) program). This need is becoming more and more crucial with the rapid advances in
biotechnology, bioelectronics and molecular pharmacology that require understanding of biological processes at
the molecular level. The prime importance of protein crystals in developing novel applications is centred on three
major areas: (1) structural biology and drug design, (2)
bioseparations, and (3) controlled drug delivery. The key
to successful crystallisation is to ensure that the protein
and precipitation reagents reach levels of local saturation
appropriate for both nucleation and crystal growth to
occur. The need to produce crystals more efficiently and
rapidly is thus recognized world-over and has been a
major undertaking in countless institutions. The project
herein focuses on developing a novel protocol to
crystallize proteins via controlled interactions with
engineered nanoparticles and nanocavitands. This project
will result in hands on experience in nanotechnology,
protein chemistry, crystallography and the use of ArtRobbins Phoenix robot.
4. Mechanical stimuli induced drug release nanosystems
with Dr. G. Plant and Prof. Colin Raston. A potential limitation of most controlled drug-delivery systems is that
they have been designed to operate under static conditions. However, mechanically dynamic environments are
the norm for many locations in the body (e.g., compression in cartilage and bone, tension in muscle and tendon,
and shear force in blood vessels). Many researchers have attempted to develop drug-delivery systems, which
actively respond to external stimuli such as temperature, pH, ultrasound, electric or magnetic fields. However,
mechanical signals have not been systematically exploited as an external stimulation for controlled drug
delivery, regardless of its simple but critical function in the body. The use of self-healing materials was reported
in Nature, vol 409, p794, 2001 for the release of a microencapsulated healing agent that is released upon
cracking for repair of polymeric composites.
This project will focus on developing
nanocapsules for sustained drug release in
response to mechanical signals. This approach
would provide a useful means in the
development of advanced materials for
controlled drug delivery as well as for tissue
engineering applications
5. Fullerene chaperones: carbon mediated refolding of thermally denatured proteins with Dr. Will Stanley,
Prof C. L. Raston and Prof. Charles Bond. Protein
refolding is the process by which a denatured protein
reconfigures to its characteristic functional native state.
Denatured proteins are responsible for numerous
diseases such as bovine spongiform encephalopathy
(mad cow disease), and Alzheimer‘s disease.
Additionally, numerous medical and biotechnological
applications require the rescue of misfolded proteins
produced by in vitro or in vivo genetic expression. A
practical solution to the issue of in vitro misfolding
would be of great importance to biotechnology and
would provide leads for the creation of in vivo
therapeutics. Selective binding to the hydrophobic regions of proteins provides one route to protein refolding,
with refolding dictated by complementary electrostatic interaction with the\ exposed charged residues of the
denatured protein. The large surface area and surface tunability of nanoparticles make them excellent candidates
for this approach. The project focuses on the use of fullerene: C60, C70 and carbon nanotubes as chaperones to
interact with the charged residues on denatured protein
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ASSOCIATE PROFESSOR
GEORGE KOUTSANTONIS
Room 3.11, MCS building, Phone: 6488 3177,
Email: george.koutsantonis@uwa.edu.au

Metals in Chemistry and Nanochemistry
Our group is interested in the role of metals in functional materials. While the role played by metals in materials
is still evolving and there is a an increasing effort to incorporate redox–active centres into many materials, e.g.
conducting polymers, in an effort to create highly efficient redox conductivity for sensor, catalytic,
photochemical and photoelectronic applications. We are participating members of the WA Centre of Excellence
in Nanochemistry.

PROJECTS
1. Biomimetic Complexes of the Mg/Ca oxide cluster of Photosystem II
The inorganic cubane complex known as the manganese-calcium oxide cluster,
commonly referred to as the "Oxygen Evolving Complex" or OEC (also referred to as
a photosynthetic water oxidase). The OEC is located on the oxidizing side of
Photosystem II (PSII), and isolated within chloroplasts, a plastid found in all plants
and algae. The OEC is also found in one group of bacteria, the Cyanobacteria. It is
believed that the Cyanobacteria are the endosymbiotic ancestors of modern day
chloroplasts. At the active site water oxidation procceds at a pentanuclear Mn4Ca
oxide particle with an “organic sheath” protecting the core. An attractive method for
the formation of nanoparticles derived from metal compounds is the use of a particular ligand to excise clusters
from the lattice of a simple species. More commonly, however, the "excision" is a formal process, in that while
the cluster may be recognisable as a portion of an extended lattice, it is not, in fact, formed by direct
fragmentation of that lattice..
In this project we will utilise polyphenolic compounds, called calixarenes, as a template to build Mn/Ca
clusters upon and to introduce the geometric constraints required for the enzyme function to be mimicked.
2. Artificial Iron-Sulfur Enzymes
The ubiquity with which iron-sulfur clusters are distributed throughout
SR
Me
SR =
nature are testament to their constancy and age. They are believed to be
Fe
S
amongst the oldest of metal-containing co-factors and are widely
S
N N N
S
Fe
RS
distributed throughout anaerobic, aerobic and photosynthetic bacteria,
Fe
Co
Fe
SR
S
N N N
including mammals, plants and fungi. These complex metallosulfur
SR
clusters comprise the active sites that catalyse 4FeCl2 + 10RS- + 4S
[Fe4S4(SR)4]2HN
the redox activation of dinitrogen, carbon
+ 3RSSR + 8Cl-peptide-S
monoxide and hydrogen and perform electron
transport and structure directing roles. Tetranuclear cubanes, [4Fe4S] comprise the
largest group of complexes that have been synthesised to mimic the proteinshrouded co-factors. A seminal feature of these clusters is electron transfer that is
facilitated by the presence of a number of metal atoms that can attain variable
oxidation states while the structural integrity of the cluster is maintained by
complexation. These cubane clusters can be found with variable core valences,
ranging from zero to three in unit steps, [Fe4S4(SR)4]4-, 3-, 2-, -.
In this project we will construct new mimics that may function as artificial redox enzymes by linking central
Fe/S clusters to thiolates linked to very kinetically stable redox centres. These are the well known class of cage
amine ligands, sarcophagines.
3.
Redox-active Metallomicelles
Metallosurfactants are an emerging class of materials which offer interesting
alternatives
to
traditional
“organic”
surfactants due to the range of properties
inherent to complexed metal ions
Introduction of such a centre can impart the
magnetic and electronic properties, as well
as the redox and catalytic activity of the
complex to the surfactant system, which of course can be concentrated at an
interface, be it polar/apolar (e.g. micelles, vesicles), solid/liquid (e.g. monolayers)
or liquid/gas (e.g. Langmuir-Blodgett films). Cationic surfactants have general
applications such as biocidal agents, and there has been recent interest in their use as DNA delivery agents for
Chemistry
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gene therapy. We have shown that copper and cobalt metallosurfactants can form wormlike micelles in aqueous
solution which may co-exist with, or easily interconvert with vesicle structures. The cylindrical micelle
structures are of nanometer dimensions and these cylindrical structures are unusual for triple chain surfactants,
not easily accounted for using geometrical packing arguments. The solution behaviour has been characterised
by cryo-TEM and SAXS measurements. Both the Cu and Co compounds display viscoelastic solutions at 10
wt% which coupled with the wide variety of stable metal complexes formed by the cage head group augur
exciting materials for possible application in the production of mesoporous silica structures loaded with metal
aggregates for a variety of catalytic applications.
4. Redox-active Surfaces as Sensors and Devices
With Heniz-Bernhard Kraatz (University of Western Ontario, Canada)
Reagent immobilisation on surfaces is a sophisticated pathway to materials with a wide range of applications,
heterogeneous catalysis being one obvious application, such applications
depending on the functionality introduced with the bound reagent, as well as
upon the ease and convenience of the immobilisation procedure and the
stability of the final product. Given the remarkable stability and varied
electronic, magnetic and redox properties of metal complexes of the
macrobicyclic polyamines known as "sarcophagines" these are species of
particular appeal as entities for attachment to surfaces and for various related
applications. Reduction potentials for readily accessible species span a range of 2 V, subject to modification in
an interfacial environment, and outer-sphere redox processes involving Co complexes, are, for example, known
to be rapid steps in reactions leading to photoinduced hydrogen production and the reduction of oxygen to
hydrogen peroxide. Of practical importance in relation to immobilisation of such complexes is the facile
synthesis of the ligand in forms with reactive "external" functional groups R. Our immediate aim in the present
work is to synthesize a series of disulfides bearing peptido-cage complex substituents, evaluate their solution
and surface electrochemical characteristics and determine a suitable methods for their immobilisation onto gold
electrodes.
5. Charge density analysis of fundamental host-guest supramolecular systems
several projects, with Prof Mark Spackman and Dr Alex Sobolev, UWA
Although supramolecular chemistry is one of the most active fields of modern chemistry, very
little seems to be known about the detailed nature of the host and guest
systems that comprise these aggregates. Supramolecular systems – molecular
aggregates – underpin the design and development of materials in areas as
diverse as catalysis, targeted drug delivery, gas storage, chemical separation
and nonlinear optics. They also serve as models for complex phenomena such as self-assembly
and ligand-receptor binding. Projects in this area are part of a research program aimed at a greater understanding
of intermolecular interactions and the properties of host-guest systems in the solid state, particularly organic
clathrates and complexes formed by small molecules interacting with crown ethers, calixarenes, molecular
tweezers and cages (some examples are given in the figure below). These projects
will involve some synthesis, and measurement of highly accurate X-ray diffraction
data, complementary neutron diffraction experiments, quantum chemical
calculations and computer graphics. A particular focus of the charge density
analyses will be the polarization and dipole moment of guest molecules as a
function of the changing electrostatic nature of the host systems.
6. New Organometallic Materials
In collaboration with Weiqiao Deng, Nanyang Technological University, Singapore.
Photocatalysis and its application to solar energy conversion is an important research problem for the next
century particularly in light of the peak oil problem that faces current
energy generation strategies.
This project seeks to prepare new metallotectons with the ability to
potentially control energy and electron transfer processes. One way in
which to do this is to recruit pendant or bridging aromatic groups for
this purpose and a readily available moiety for this is the pentacene
unit. Aromatic units of differing structure will allow us to control the
HOMO-LUMO and band gap. There is a significant synthetic
component involved in this project the majority of which is supported
by solid literature procedures. The molecule in blue will allow us to target additional allenylidene complexes
with interesting properties and the molecule in red will allow a systematic investigation on metal-ligand
combinations and their effect on the electronic properties of the complexes.
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DR MELISSA LATTER
Centre for Strategic Nano-Fabrication (Incorporating Toxicology)
Room 3.32, MCS building, Phone: 6488 4422
Email: Melissa.Latter@uwa.edu.au
My research interests are primarily in supramolecular chemistry, an area that has emerged as a significant field in
modern chemistry. Nobel Laureate Jean-Marie Lehn refers to supramolecular chemistry as ‗chemistry beyond the
molecule’, as non-covalent interactions are often used to assemble building blocks into functional entities.
Supramolecular chemists often derive inspiration from Nature, striving to replicate the efficiency and accuracy of
such systems and processes for practical application in areas relating to health, energy and the environment. The
projects offered are multi-disciplinary and offer students excellent opportunities to further skills in chemical
synthesis, analytical and characterisation techniques and where relevant probing assembly modes. Summaries of
possible research projects are listed below but interested students are encouraged to discuss with me tailoring
options specific to their interests.

PROJECTS
1. Resorcinarene based host-guest chemistry
Resorcinarenes are macrocycles that can adopt a bowl shaped geometry and arise from the condensation of
resorcinol and an aldehyde. The curved framework provides a binding pocket that has been shown to be suitable
for a variety of guests as well as being a popular building block for the assembly of larger, nano-sized containers
that are able to completely enclose space. Many synthetic modifications of the core structure are possible, for
example, introducing functionality for water solubility, incorporation of ligands for metal complexation and
producing larger and/or more rigid cavitand structures. The aim of this project is to synthesise novel
resorcinarene based hosts and investigate guest binding and possible assembly modes for potential nano-material
applications.
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2. Synthesis of amphipathic organic molecule additives aimed at assisting protein crystallisation
Collaboration with Prof Charlie Bond and Dr Swaminathan Iyer, (UWA)
A significant challenge in progressing structural biology is the ability to routinely obtain protein crystal
structures to provide accurate structural information. The aim of this project is to develop and synthesise a
library of amphipathic organic molecules that will be tested as additives for protein crystallisation. This project
will be highly synthetic taking organic molecules that have a hydrophobic core structure and rendering them
amphipathic by incorporating hydrophilic substituents. An additional avenue of synthetic investigation will be to
incorporate additional fuctionality to increase self-assembly interactions specifically for proteins and/or alter the
hydrophobic cavity size in the case of cyclic compounds.
3. Fluorescent dyes for bio-imaging and bio-sensing applications
Collaboration with Prof Rob Smith and Assoc Prof David Larsen (University of Otago)
Biological imaging is receiving much research interest both in academic research
programs but also in industrial/commercial development since it provides a means of
monitoring processes concerned with living systems. This project has several applications
relating to the selective uptake of a class of fluorescent dyes and would require extensive
synthetic work to develop and prepare analogues of the highly fluorescent dyes (one
example shown here).
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4. Surface assembly of resorcinarene based systems for potential nano-material applications
Modification of the feet of resorcinarene based hosts with surface binding (SB) groups provides ideal anchors to
assemble molecules on a surface. Guest complexations with surface confined host molecules may be a useful
avenue for delivery or sensor type devices. Further, self-assembly of nanoparticles with molecular capsules may
produce ordered arrays which nano-material applications. The goal of the project is to synthesise suitably
functionalised resorcinarene host systems to facilitate surface self-assembly and characterise the resulting arrays.
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5. Porphyrin supramolecular chemistry
The core dimensions of the porphyrin macrocycle (shown below) together with its rich photo- and
electrochemistry, metal coordination ability and synthetic versatility make it an attractive building block in nanoand supramolecular systems for potential applications in photosynthetic mimics, catalysis, sensing etc. There are
a number of projects possible under this theme, ranging from synthetic intensive ones to modify the core structure
or construct covalent arrays, metal-ligand coordination projects as well as investigating the assembly both in
solution and a surface.
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PROFESSOR ALLAN McKINLEY
Room 2.11, MCS Building, Phone: 6488 3165
Email: allan.mckinley@.uwa.edu.au

My research interests involve: applications of spectroscopy for the detection and characterization of reactive
intermediates, theoretical modelling of the bonding in radicals, analysis and remediation of contaminated
groundwater, and biological applications of Electron Spin Resonance spectroscopy.

PROJECTS
1. Matrix isolation studies of reactive intermediates
We have built a state-of-the-art apparatus for measuring the ESR spectra of molecules trapped in solid neon at
4 K. There are less than half a dozen labs with this type of equipment in the world, no other in Australia. This
is cutting edge work and some of our recent successes CdCH3 [1], ZnCH3 [2], MgCH3 [3], Al2- [4] and HgCH3
[5] are published in top international chemistry journals. We have also completed the experimental phase for
CdP, MgN, MgP, ZnN, ZnP, MgCH 2 and MgCH radicals and articles on these molecules are in preparation.
The results of our studies are important to improve understanding of models of chemical bonding as well as the
chemical mechanisms involved in manufacturing computer chips, the wear-resistant coatings, and even the
chemical processes occurring in circumstellar dust clouds.
2. Radicals of Environmental or Astrochemical Relevance
We have been studying radical adducts formed between simples radicals such as OH, NH2 and O2 molecule and
a water molecule. To date we have published four papers in this area [6-9]. We are interested in nitrogen
containing radical adducts with water as these molecules could be important intermediates in the chemical
reactions occurring in our atmosphere or those of solar system bodies such as Titan, one of the moons of the
planet Saturn. The atmosphere of Titan is mainly nitrogen with traces of water and organic compounds. We are
also interested in the chemistry leading to the formation of methanol. Methanol has been observed on comets
and may be present on Titan. These experiments would involve matrix isolation IR and ESR experiments and
could involve PES experiments in collaboration with Professor Duncan Wild.
3. Environmental Chemistry of Contaminated Groundwater.
For some years now we have had a collaboration with Drs Greg Davis and Brad Patterson at the Land and Water
division of CSIRO at Floreat. In Australia, water is a key resource. In WA much of our water reserves are
underground and very vulnerable to pollution. We have studied the degradation in groundwater of BTEX
hydrocarbons (from leaking petrol stations), the mobility of pesticides such as atrazine and fenamiphos in soils
and we are evaluating the possibility of employing a new method for remediation of contaminated groundwater
using polymer-mats to introduce reagents into groundwater to promote microbial consumption of the pollutants.
As well as remediation of groundwater contaminated by BTEX and other volatile organics [11] we have studied
denitrification of ammonium nitrate contaminated groundwater[10]. There is a plume of ammonium nitrate
flowing into Cockburn Sound and we have tested this remediation technique on this plume [12]. In this field
study oxygen was introduced first to oxidize the ammonium ions to nitrate, and then ethanol was introduced
downstream to reduce the nitrate ions directly to nitrogen gas. Due to the scarcity of water there is also
considerable interest in ways of recycling and reusing water. Of particular interest is purifying waste-water
from sewage treatment plants with reverse osmosis equipment and using this water to recharge underground
aquifers. Questions that need to answered include: how long do contaminants persist if they get through the
purification process and what chemical changes occur in the anoxic aquifer when oxygenated water is injected?
Projects in this area would involve either the analysis of the chemistry occurring in, or the mathematical
modeling of the mass transport phenomena involved with, pilot scale test-rigs for groundwater remediation
which are set up at CSIRO in Floreat.
4. Development of New Antimicrobials.
Multidrug-resistance in pathogenic strains of bacteria has in the last decade presented an increasing problem in
treatment of bacterial infections and diseases. The re-emergence of tuberculosis (TB), for instance, is one of the
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serious threats and resistant strains of TB are rapidly spreading throughout the world. Furthermore, many strains
of enterococci have acquired resistance to vancomycin, one of the last lines of defence against such species.
Last year many wards at Royal Perth Hospital were plagued by VRE (vancomycin resistant enterococci) and
MRSA (methicillin Resistant staphylococcus aureus). In a joint project with Professors Riley (Microbiology)
and Stewart (Chemistry) we have synthesized a new compound which shows exceptional activity against grampositive bacteria. The activity of this compound against MRSA is similar to the activity of vancomycin and
other commercial antimicrobials. We are currently applying for a provisional patent on this compound and its
analogues. Projects in this area could involve synthesis of analogues of the compound with Professor Stewart
or, for an appropriately qualified student, experiments with Professor Riley to determine the mode-of-action of
the compound and biological activity of its analogues.
References: Copies are available from Dr Allan McKinley.
1.Karakyriakos, E.; Davis, J. R.; Wilson, C. J.; Yates, S. A.; McKinley, A. J.; Knight, L. B. Jr.; Babb R.; Tyler, D. J. ―Neon
and argon matrix ESR and theoretical studies of the 12CH3Cd, 12CD3Cd, 13CH3Cd, 12CH3111Cd, and 12CH3113Cd Radicals‖ J.
Chem. Phys. 1999, 110, 3398-3410.
2.McKinley, A. J.; Karakyriakos, E.; Knight, L. B. Jr.; Babb, R.; Williams, A. ―Matrix isolation ESR studies of the various
isotopomers of the CH3Zn and ZnH radicals; comparisons with ab initio theoretical calculations‖ J. Phys. Chem. A 2000,
104, 3528-3536.
3.McKinley, A. J.; Karakyriakos, E. ―Neon matrix isolation ESR and theoretical studies of the various isotopomers of the
CH3Mg radical‖ J. Phys. Chem. A 2000, 104, 8872-881.
4.Stowe, A. C.; Kaup, J. G.; Knight, L. B. Jr.; Davis , J. R.; McKinley, A. J. ―Matrix-isolation investigation of the diatomic
anion radicals of aluminium and gallium (Al2- and Ga2-): An electron resonance (ESR) and ab initio theoretical study.‖ J.
Chem. Phys. 2001, 115, 4632-4639
5.Karakyriakos, E.; McKinley, A. J. ―The Matrix Isolated HgCH3 Radical: An ESR Investigation‖ J. Phys. Chem. A. 2004,
108, 4619-4626.
6.Langford, V. S.; McKinley, A. J.; Quickenden, T. I. "Identification of OH∙H 2O in argon matrices." J. Am. Chem. Soc. 2000,
122, 12859-12863.
7.Cooper, P. D.; Kjaergaard, H. G.; McKinley, A. J.; Quickenden, T.I.; Schofield, D. P. "Infrared measurements and
calculations on H2O∙HO" J. Am. Chem. Soc. 2003, 125, 6048-6049.
8.Cooper, P. D.; Kjaergaard, H. G.; Langford, V. S.; McKinley, A. J.; Quickenden, T. I.; Robinson, T. W.; Schofield, D. P.
"Infrared Identification of Matrix Isolated H2O∙O2" J. Phys. Chem. A. 2005, 109, 4274-4279.
9.Ennis, C. P.; Lane, J. R.; Kjaergaard, H. G.; McKinley, A. J. ―Identification of the water amidogen radical complex.‖ J. Am.
Chem. Soc. 2009, 131, 1358-1359.
10.Patterson, B. M.; Grassi, M. E.; Davis, G. B.; Robertson, B.; McKinley, A. J. ―The use of polymer mats in series for
sequential reactive barrier remediation of ammonium-contaminated groundwater: laboratory column evaluation.‖ Environ.
Sci. Technol. 2002, 36, 3439-3445.
11.Patterson, B. M.; Davis, G. B.; McKinley, A. J. ―Polymer mats to remove selected VOCs, PAHs and pesticides from
groundwater: laboratory column experiments‖ Ground Water Monit. Rem. 2002, 22, 99-106.
12.Patterson, B. M.; Grassi, M. E.; Robertson, B. S.; Davis, G. B.; Smith, A. J.; McKinley, A. J.; ―The Use of Polymer Mats in
Series for Sequential Reactive Barrier Remediation of Ammonium-contaminated Groundwater: Field Evaluation.‖ Environ.
Sci. Technol. 2004, 38, 6846-6854.
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DR MATTHEW PIGGOTT
Room 3.29, MCS Building, Phone: 6488 3170
Email: piggott@cyllene.uwa.edu.au

Medicinal and Synthetic Organic Chemistry
Our expertise in organic and medicinal chemistry is applied to the design and synthesis of therapeutic drug
candidates and small molecule probes to help investigate complex biological systems. We have active
collaborations with biochemists, cell biologists, geneticists, immunologists, microbiologists, molecular
biologists, neurobiologists, psychopharmacologists and structural biologists, and opportunities for crossdisciplinary projects exist. The synthesis of biologically active natural products and novel aromatic molecules
with potential applications in molecular photonics, supramolecular chemistry, and as components of molecular
machines are other areas of interest.

PROJECTS
1.

Redesigning the designer drug, ‘ecstasy’

MDMA has been shown to induce apoptosis in Burkitt's
lymphoma and related cancer cell lines. Burkitt‟s lymphoma is
rare in the western world, but endemic in Africa, where it
primarily affects children. The disease manifests as horrific facial
tumours, which can double in size in one day, and is fatal if left
untreated. In collaboration with Professor John Gordon (Institute
of Biomedical Research, Birmingham) we have discovered an
analogue that is 300 times more potent than the lead compound,
MDMA, and is selectively toxic to cancer cell lines. Our search
for even more potent and selective compounds is ongoing.
With Dr Jonathan Brotchie (Toronto Western Research Institute), Professor Mathew
Martin-Iverson (Pharmacology, UWA) and other collaborators, we have identified a
non-psychoactive, non-neurotoxic analogue of MDMA that dramatically improves
the quality and duration of action of L-DOPA therapy in an animal model of
Parkinson‟s disease. This research is also ongoing.
2.

Total Synthesis of Biologically Active Natural Products

Inspiration for synthetic targets comes from biologically active natural products that present an opportunity to
investigate new methodology or strategy which improves on literature precedents. An overriding aim is to
develop concise syntheses so that useful quantities of end-products, intermediates and analogues can be
provided for biological testing. A sample of the synthetic targets in our sights is shown below.
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3. Inhibitors of vanin
With Professors Lawrie Abraham and Charlie Bond
Vanin, an enzyme that catalyses the hydrolysis of pantetheine, is implicated in cardiovascular disease. This
project will involve the rational design of inhibitors of the enzyme based on its substrate and mechanism, and
synthesis and (potentially) evaluation of these compounds.

4.

Novel aromatic molecular architecture

The classes of compounds shown below are challenging and fundamentally interesting synthetic targets, but also
have potential applications in molecular photonics, supramolecular chemistry and crystal engineering, and as
components of molecular machines. A selection of representative targets is shown below. Opportunities to
examine the metal coordination chemistry of these compounds (once synthesised) is possible in collaboration
with Professor George Koutsantonis.
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WINTHROP PROFESSOR
COLIN RASTON
Director, Centre for Strategic Nano-Fabrication (Incorporating Toxicology)
Fledgling Centre for Green Chemistry and Molecular Discovery
Room 3.09, MCS Building, Phone: 6488 3045
Email: colin.raston@uwa.edu.au
http://www.strategicnano.uwa.edu.au/

Organic Synthesis, Tissue Engineering, Nano-chemistry, Graphene, Desalination, Solar
and Fuel Cell Technology, Chemical Sensors, Drug Delivery, Process Intensification
Current research covers: (i) Inter-related process intensification using spinning disc processing and rotating tube
processing, fabrication of nano-materials, nano-chemistry, supramolecular chemistry, and crystal engineering,
with applications in tissue engineering. (ii) Benign process technology – process intensification in organic
synthesis (controlling chemical reactivity and selectivity), and drug delivery. (iii) Device technology – sensors,
desalination, solar and fuel cells. Integration of these areas has led to novel chemistry and applications. Projects
for 2010 deal with these areas which are directed towards the major challenges facing humanity in the 21st
Century – in being able to gain access to complex functional molecules and materials for tackling energy, health
and environmental issues. The projects are excellent training in a wide range of techniques, including chemical
engineering, nano-technology, inorganic and organic synthesis, X-ray diffraction, NMR, electron microscopy,
analytical techniques, and other characterisation techniques. Brief details of some projects are given below.
Other projects are also available depending on the interests of the researcher.

PROJECTS
1. Controlling chemical reactivity and regio-selectivity in organic synthesis using process intensification
on rotating surfaces (PIRS) We have established the remarkable utility of PIRS in preparing organic
compounds, and projects here will focus on further applications in organic synthesis targeting molecules with
biological activity. There are two noteworthy effects of PIRS:
(i) Plug flow conditions which control chemo-selectivity without the need for
protection and de-protection.
(ii) The ability to control the kinetic and thermodynamic outcome of chemical
reactions which is not possible using classical stirred flask reaction vessels.
All this is under continuous flow conditions. In consequence of these findings we are
mapping out the plethora of organic reactions to establish the versatility of PIRS in
organic synthesis in general, and then to use the technology to prepare molecules with
particular function for biological applications. In the first instance we used PIRS to
prepare new classes of pyridine compounds which have application in medicine,
including diabetes inhibitors, and anti-cancer and anti-inflammatory activity, having
identified the binding prowess of molecules to G-Qualdruplex (insert).

PIRS NanoMaterials

PIRS
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2. Nano-chemistry using the dynamic thin films associated with PIRS with Dr
Swaminathan Iyer. We have recently established that spinning disc processing
(SDP) can be used to prepare nano-particles in a controlled way, for silver nanoparticles (medical and chemical catalysis applications), magnetite (medical
imaging), gold (medical technology), and drug molecules (drug delivery), and more.
Related to this is new technology based on rotating tube processing (RTP),
including variable angel rotating tube (VART) processing, which allows control
over residence time, and electro-spinning. We now plan to develop PIRS chemistry
to make a range of different shapes and nano-arrays. New materials will have
potential in synthesis (eg. Heck reaction), medicine (e.g. multi-functional imaging
and drug release), and fuel cell and solar cell technology. The PIRS facility at UWA
is one of a few such facilities in the world, to be further enhanced with the RTP and
a larger SDP with accessible temperatures ≥ 600oC. Gold, palladium and platinum
nano- chemistry is supported by AGR Matthey, with other projects in collaboration
with industry, eg drug delivery (with iCeutica), and solar cell technology (with
Dyesol).
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3. Applications of phosphonated calixarenes in tissue engineering with
Dr Keith Stubbs, Prof Fiona Wood and Prof Sarah Dunlop Relatively
unexplored phosphonated calixarenes have been prepared, 1, Fig 1, allowing
access to derivatives with alkyl chains attached to the phenolic O-centres,
and various functionalised moieties in the same position, including
unsaturated chains (for photolytic cross linking) and groups with specific
binding prowess (towards metal centres and organic molecules). Long alkyl
chain (R) derivatives assemble into intertwining nano-fibres with the overall
material having nano-textured features suitable for application in tissue
engineering - for skin regeneration and neurotrauma. In addition, the
calixarenes can act as surfactants in stabilising nano-particles (for imaging
and magnetic field manipulation), at the same time binding drug and
enzymes molecules.
4. New device technology for sensors and energy with Dr Swaminathan Iyer Recently Lee Hubble and Jinali
Zou (PhD candidates in the research group) developed technology for detecting hydrogen gas and detecting and
discriminating organic molecules in the gas phase. This has exciting possibilities in sensor technology for
detecting chemical warfare agents, fuel cells (including hydrogen gas), forensics (explosives and their
breakdown products) and solar cell technology. The core of the device is based on (i) carbon nano-tubes (CNT)
which can be decorated with selected nano-materials to tailor specific applications, and (ii) bare Pd nanoparticles, which are accessible using recent developments in continuous flow technology - PIRS.
5. Application of diatoms in nanotechnology with Dr Iyer Swaminathan Single cell diatom have well ordered
silica skeletons with regularly spaced pores all the same size with diameters dimensions down to 40 nanometers. The skeletons have exciting potential in nano-technology, ranging from medical (drug delivery) through
to solar and fuel cell technology, paint additives, water purification, and photonic devices.
We recently established that the pores can be decorated with nanoparticles of gold (inset), with a very narrow size distribution. The
proposed research focuses on extending it to decorating with
superparmagnetic nano-particles, associated with advances in process
intensification, as well as with several materials (different nano-particles)
depending on the applications. High temperature treatment of the
skeletons is also possible using the new spinning disc reactor, >600 oC.
This has potential in replacing silicon atoms by other metals, titanium
and magnesium, under scalable continuous flow conditions.
6. Materials chemistry of carbon New forms of carbon nano-materials,
including composites of fullerenes with carbon nano-tubes and graphene (as
a recently established from of carbon), will be investigated using selfassembly strategies and innovative approaches such as high temperature
continuous flow and scalable spinning disc processing. A detailed
understanding of the structures of these is important in developing their
potential applications. These include separating different diameter carbon
nano-tubes with different properties (semi-conducting versus conducting),
quantum dots, controlling chemical reactivity and selectivity inside the
tubes, chip devices for gas sensing (including chemical warfare agents),
devices for solar energy conversion, and desalination. Membranes based on
specific diameter carbon nano-tubes, in combination with other material, will
be developed to gain access to material for only water passing across the
membrane (desalination).
Solvent/SDP
-H2

Solvent/H 2
[(Solvent/H

2)

(Calixarene )6]

7. Probing molecular structure using process intensification with
Dr Swaminathan Iyer and Dr Melissa Latter Molecular capsules
based on six C-alkylpyrogallol[4]arenes held together by a seam of
72 H-bonds, can be disassembled/assembled using SDP (dynamic
light scattering). A flow of H2 gas over the disc at ambient pressure
and temperature results in high mass transfer of H2 into solution.
Instantaneous re-assembly of the capsules post SDP results in
confinement of H2 in the capsules (NMR). The internal capsule
concentration of hydrogen is representative of the concentration of
hydrogen in chloroform under SDP – nano-sampler.

This breakthrough technology can be used to probe the structure of matter, and to disassemble DNA, large
assemblies of protein molecules in the form of ferritin and plant viruses, and liposomes, for drug delivery.
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DR SAM SAUNDERS
Room 3.10, MCS building, Phone: 6488 3153,
Email: saunders@cyllene.uwa.edu.au

ACER – Atmospheric and Environmental Chemistry
Research Group
My research interests have wide environmental implications. One of my keen interests is to measure
anthropogenic impacts, to develop practical tools for environmental impact assessment. The research projects
range from laboratory based chromatographic analysis of environmental samples, field campaign measurements,
to chemical simulations of the atmosphere using established software tools. Study regions extend from local
WA to wider Australia, Hong Kong, China and as far a field as the UK.

PROJECTS
Atmospheric Science and Air Quality Issues
1) Integrated Air Monitoring Campaign Field measurements and analysis.
Health impacts attributed to industrial air emissions has become a major social and environmental issue
especially in Western Australia, which has a large mining and refining industry. In order to reliably identify the
environmental signature of specific sources, (to assess their impact on air quality) requires a comprehensive,
multi-dimensional investigation involving highly accurate and detailed measurements supported by computer
modelling studies, over an extended time period, to cover both seasonal and background variability.
The DEC is actively supporting and promoting the development of technical expertise within the state, towards
understanding and characterising the unique and complex atmospheric processes of various regional air masses
in WA. To advance current air contaminant measurement capabilities a Proton Transfer Reaction Mass
Spectrometer (PTRMS) instrument was commissioned in 2006. For atmospheric trace gas analysis PTRMS is
the state-of-the-art method, having resolution down to sub-ppb concentrations (100 to 500 ppt depending on
compound) and the ability to cyclically sweep for many compounds every few minutes. The latter capability is
vital for capturing short term events and is unique to the PTRMS.
Further project developments include the main objectives:
optimise the PTRMS utilization;
development of the method of ambient air monitoring;
develop efficient data collection and analysis; and
generate validation and processing protocols

Ambient air inlet

H3O+ ion
source and
drift tube

PTR-MS side view
PTR-MS top view
The projects will provide dedicated personnel for PTRMS method development within a comprehensive
research program and results generate new baseline measurement data within the State by investigating both
seasonal and background variability, in biogenic and anthropogenic VOC sources.
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2) Investigating reactive indoor air chemistry
This project will work towards extending the field of knowledge on indoor air chemistry. Particularly in
reference to the types of photochemical degradation reactions of organic compounds that occur in the indoor
environment and how these compare with those outdoor, for which there is currently very little research. The
project will focus on tailoring the Perth ambient outdoor model to the indoor study region and work towards
developing a new model for the simulation of the reactive indoor air chemistry based on the master chemical
mechanism (MCM) framework.
3) Assessment of the Pearl River Delta emissions, monitoring and meteorological data to develop a
regional chemical mechanism for simulating observed ozone formation and ambient VOC measurements
Collaborating with the Hong Kong EPD, and Hong Kong Polytechnic University this project gives the
opportunity to make a significant contribution in developing a comprehensive tropospheric chemical
degradation mechanism, to provide simulations of the extensive sets of VOC and ozone measurements from
field campaigns in the Pearl River Delta region of China. A base case model has been developed in 2009, and
this requires further refinements to enable the determination of POCP‟s for this geographic location. Only
through developing an understanding of the chemistry occurring in this airshed, will it be possible to work
towards viable remediation strategies and reduce the air pollution episodes in the region .
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PROFESSOR MARK SPACKMAN
Room 4.11, MCS Building, Phone: 6488 3140
Email: mark.spackman@uwa.edu.au

Crystallography and theoretical chemistry
Our research investigates in detail the structure of crystals, in particular the electron distribution and properties
related to it, such as electric moments of molecules (dipole, quadrupole, etc.), electrostatic potential and electric
field, and also measures of its response to external perturbations, including polarizability and
hyperpolarizability. All research projects in this area incorporate different aspects of physical and theoretical
chemistry. They utilise ab initio computational methods along with some computer programming and computer
graphics and, where applicable, measurement and detailed analysis of high-resolution, low-temperature X-ray
diffraction data.
The Honours projects listed below will provide valuable practical experience with the techniques of modern
computational chemistry and a familiarity with state-of-the-art ab initio quantum chemical calculations, as well
as some practical experience in the use and applications of X-ray crystallography. The amount of hands-on
experience with computer programming and graphics on the one hand, and experimental measurement of X-ray
diffraction data on the other hand, can be tailored to suit the project and the candidate.

PROJECTS
1. Electrostatic complementarity as a guiding principle in molecular crystals
with A/Prof Dylan Jayatilaka and Dr Mike Turner
In recent years much of our research has focused on
a detailed exploration of the attributes and uses of
Hirshfeld surfaces, which are now making a
substantial
contribution
to
the
improved
understanding of intermolecular interactions in bulk
materials, and especially crystal engineering (the
understanding of intermolecular interactions in the
context of crystal packing and exploiting that
understanding in the design of new solids with
desirable physical and chemical properties). Details
and examples of this exciting work can be found at
the web site associated with this project:
http://www.hirshfeldsurface.net/,
and
CrystalExplorer, developed in collaboration with
Dylan Jayatilaka's group is described at
http://hirshfeldsurface.net/CrystalExplorer.
This Honours project will explore in more detail the electrostatic potential mapped on these surfaces, especially
the way in which the electropositive part of one molecule coincides with the electronegative region of an
adjacent molecule (an example is given in the figure). This qualitative picture of intermolecular interactions
will be compared with the more quantitative results obtained with ab initio calculations of intermolecular
interaction energies, and for a range of molecular crystals incorporating hydrogen bonds, halogen bonds and
other important interactions.
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2. Charge density analysis of fundamental host-guest supramolecular systems
several projects, with A/Prof George Koutsantonis and Dr Alex Sobolev
Although supramolecular chemistry is one of the most active fields of modern chemistry, very little seems to be
known about the detailed nature of the host and guest systems that comprise these aggregates. Supramolecular
systems – molecular aggregates – underpin the design and development of materials in areas as diverse as
catalysis, targeted drug delivery, gas storage, chemical separation and nonlinear optics. They also serve as
models for complex phenomena such as self-assembly and ligand-receptor binding. Projects in this area are part
of a research program aimed at a greater understanding of intermolecular interactions and the properties of
host-guest systems in the solid state, particularly organic clathrates and complexes formed by small molecules
interacting with crown ethers, calixarenes, molecular tweezers and cages (some examples are given in the
figure below). These projects will involve some synthesis, and measurement of highly accurate X-ray
diffraction data, complementary neutron diffraction experiments, quantum chemical calculations and computer
graphics. A particular focus of the charge density analyses will be the polarization and dipole moment of guest
molecules as a function of the changing electrostatic nature of the host systems.

3. Reactivity in crystals and its relationship to voids and cavities
with A/Prof Dylan Jayatilaka and Dr Mike Turner
Reactivity in crystals has been the focus of increased activity in recent years, in particular the recent kinetic
studies of E/Z photoisomerizations occurring in co-crystals, [2+2] photodimerizations in organic crystals (for
example, (a) to (b) in the adjacent figure) and single-crystal to single crystal transformations in molecular
framework materials. Many studies such as these use concepts of "reaction cavity" and "void space" to
rationalize the observed reaction products, and in
particular the differences between solution and solid
state products. The Hirshfeld surface (see Project 1,
above) is a measure of the space occupied by a
molecule in a crystal, and hence it should be able to
provide a considerable amount of relevant information,
or at least a vehicle for mapping properties such as the
magnitude of the LUMO orbitals, etc. This project will
build on the results of Maram Susli, a 2009 Honours
student, to further explore the correlation of void
locations, volumes and orbital properties with
experimental information on various kinds of reactivity
involving molecules in crystals.
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DR SCOTT STEWART
(Room 3:30), MCS building, Phone: 6488 3180,
Email: sgs@cyllene.uwa.edu.au
Research Interests
Research interests include the construction of biologically active natural products utilising modern organic
synthetic methods. Many these syntheses are designed using palladium catalysed cross coupling reactions as the
key step transformation. Two natural products the hexahydroanthracene mensacarin (1),1,2 and arboflorine (2)3
have been targeted within this group because of their interesting molecular architecture and biological activity.
Related to this field, methodological studies
involving the improvement various reactions
OMe OMe OH O
A
including, Suzuki, Buchwald-Hartwig and
OH O
intramolecular Heck reactions through the
C N
B
A
O
B
modification of nickel(0) and palladium(0)
H
N
catalytic conditions are currently being
H
R
O N
explored. Also, associated with this area
O
OH
projects which deliberately target domino
H
2
1
transformations (the execution of two or
more bond-forming transformations under identical reaction conditions)4 mediated by palladium are in the initial
stages. Medicinal chemistry interests include the synthesis of libraries of small molecules for the treatment of
cancer. A library of new thalidomide analogues have been synthesised for the inhibition of tumour necrosis
factor (TNF) expression. Recently we have developed syntheses of the maleimide and maleic anhydride natural
products of Antrodia camphorata5 as well as a new synthesis of the indolizidine ring system of the pumiliotoxin
alkaloids found in poison dart frogs.

PROJECTS
Project 1: Synthesis of Thalidomide Derivatives (with Prof L. Abraham and Dr Keith Stubbs)
Since its discovery, thalidomide [(R,S)-2-(2,6-Dioxo-3-piperidinyl)-1H-isoindole-1,3(2H)-dione (R,S)-2 has had
a tumultuous history as a medicinal agent. Administered in the 1950’s as a treatment for insomnia and as an
antiemetic agent, the racemic compound (R,S)-3 was assumed to be non-toxic. Later investigations found that
while the R-isomer (R)-3 was responsible for the sedative effect the
O O
S-isomer (S)-3 had teratogenic properties
(causing foetus
H
1
deformities). As a result, in 1962 this popular drug (R,S)-3, as
N 1'
3'
N
O prescribed for morning sickness, was withdrawn.
5
Currently, thalidomide (R,S)-3 use is undergoing a
3
H
5'
4
resurgence
in the medical world. Attention has been focused on a
O
widespread application in the research for treatment of various types
3
of cancer including, multiple myeloma (MM), an as yet incurable
O O
H
form of bone marrow cancer. It is the aim of this project, through the
1
N 1'
invention of new synthetic pathways, to provide more active
3'
N
O analogues of thalidomide through the inhibition of the expression of
tumour necrosis factor (TNF). TNF is a cytokine which is described
3
H
5'
4
H
as the central regulator of the inflammatory cascade the main being
O
anti-angiogenic,
anti-inflammatory
and
immunomodulatory.
4
O
Compound 4, has recently been produced within the group, and has
shown to have THF inhibitory activity many times that of thalidomide 3.6 Additionally, this alkyne has shown to
exhibit strong apoptotic activity. Along with the synthesis of new thalidomide analogues we have recently (with
Dr K Stubbs) attached a biotin linker to thalidomide with the idea to locate thalidomide cellularly (through
fluorescence studies) and identify (through photo affinity labelling studies) the molecular target of the resurgent
drug.
This project will involve the synthesis of new thalidomide analogues through modern synthetic
methodology as well as attempt to identify the as yet unknown mode of action of thalidomide itself.
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Project 2: The Synthesis of Pyrrolosesquiterpene Natural Products (with Dr. M. Połomska)
The pyrrolosesquiterpene 5
and two related compounds
form a series of compounds
called Glaciapyrroles which
have recently been isolated
from a Streptomyces sp.
(NPSOO8187) found in a
marine sediment collected in Alaska.7 These natural products belongs to a polyene
pyrrole family of compounds which in the past have drawn much attention due to
their biological activity and unique structure. This project involves the synthesis of 5
through pathways which will involve the initial preparation of the iodinated pyrrole
ring precursor 6. The key transformation in this proposed total synthesis will involve
the cross coupling of fragment 6 and derivatives of geraniol (7).

Project 3: The Synthesis of Natural Products from the Grey Mangrove Tree
This project focuses on the synthesis and further biological evaluation of several of the natural products
contained within the marine mangrove plant Avicennia marina. The grey mangrove
tree found in Western Australia and parts of south Asia, is considered to be resistant
to diseases and pests and thus provides an interesting netural
product source. The napthoquinone skeleton is a common to
several of the Avicennia marina natural products of which have
independently displayed various antiproliferative, cytotoxic and
antibacterial effects.8 Particular interest to this project is
compound 9 which can only be found isolated in small
quantities, thus hindering its biological evaluation. The initial
stages of this project will involve a stereoselective synthesis of 9 from 2-tetralone. The
interesting epoxide moiety is proposed to be incorporated through either a Sharpless directed
allylic epoxidation with VO(acac)2 or a Sharpless enantioselective epoxidation of a prochiral allylic alcohol.
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L. F. Tietze.; S. G. Stewart.; M. E. Polomska.; A. Modi.; A. Zeeck, Chem, Eur. J. 2004, 10, 5233.
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DR KEITH STUBBS
Room 4.18/Lab 4.22, MCS Building, Phone: 6488-2725
E-mail: kstubbs@cyllene.uwa.edu.au

Research Interests
Carbohydrates are present in every living system from prokaryotes to eukaryotes and traditionally, have been
known for their role in the structural integrity of plants and as energy sources. Recently, however,
carbohydrates have been shown to be involved in a variety of fundamental biological processes such as
protein folding and trafficking, as well as cellular signaling and recognition. As we gain greater
understanding into the roles that carbohydrates play at the cellular level, scientists are faced with new
challenges. On the chemistry side, unique carbohydrate-based tools need to be developed and in turn used to
investigate the specific roles that a single mono- or polysaccharide plays in the dynamics of the cell in order
to keep up with the biochemical discoveries of new glycan structures and the enzymes that regulate them.
My research aims are to address the development of such tools.
All the projects outlined below will initially involve the synthesis of compounds using both new and
literature methods. Once the compounds have been prepared, investigation(s) using biochemical and
microbiological assays will be conducted.

PROJECTS
1. Development of new scaffolds to inhibit carbohydrate processing enzymes.
The enzymes that regulate the structures of glycans are extremely important and have been implicated in a
wide variety of diseases. For example, the post-translational modification of serine and threonine residues of
nucleocytoplasmic proteins with N-acetylglucosamine
(GlcNAc) is a reversible and dynamic process
implicated in multiple cellular processes in eukaryotes.
Recently, compounds have been prepared that are very
potent inhibitors of O-GlcNAcase (see right) and have
been shown to be excellent candidates for a prevention
of Alzheimer‘s disease.
Project(s) described here will be to design and synthesize new inhibitor scaffolds that can be used to
investigate the role that other carbohydrate processing enzymes play in human disease. The prepared
compounds will be tested for their potency against the human enzymes in question and they will also be
tested in vitro to determine their effectiveness at the cellular level.
Students with interests in synthetic chemistry or both synthetic chemistry and biochemistry are very well
suited for this project.
2. Investigations into the glycobiology of Helicobacter pylori.
Helicobacter pylori is a Gram-negative, microaerophilic bacterium that infects the
stomach and duodenum. It has been shown that many cases of peptic ulcers, gastritis,
duodenitis, and stomach cancers are caused by H. pylori infections. Whilst a lot of
information has been gathered on the genetics and pathology of H. pylori infection, the
role that carbohydrates play in this bacterium‘s life cycle and in mediating host-pathogen
interactions is lagging. Increased insight into these interactions would be of use in the
design of new therapeutics to treat H. pylori infections.
In collaboration with Associate Professor Mohammed Benghezal, Professor Barry Marshall and their
research team, projects under this heading will investigate, through chemical synthesis and molecular
biology, what roles carbohydrates and larger glycan structures play in the pathogenesis of H. pylori and to
use this information in the design of new therapeutics.
Students with interests in synthetic chemistry or both synthetic chemistry and microbiology are very well
suited for this project. Please feel free to come and chat with me about these and any other projects and
research interests if you are interested.
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WINTHROP PROFESSOR
ALICE VRIELINK
Room 4.31, MCS Building, Phone: 6488 3162
Email: alice-vrielink@cyllene.uwa.edu.au

Protein Structure by X-ray Crystallography
The studies in my lab focus on crystallographic analysis of a variety of proteins with the aim of using
structural analysis to better understand their biology. The structural biology laboratory is well equipped with
state of the art robotic crystallization equipment, X-ray diffraction equipment and computational facilities for
structure solution and analysis. Expression and purification resources are available in the laboratory in order
to obtain sufficient quantities of protein for crystallographic studies. In addition we carry out kinetic and
spectroscopic analyses to establish the quality of protein and pursue biochemical and biophysical studies to
better correlate function with structure.

PROJECTS
1.

Endotoxin Biosynthesis in Neisseria.

The gram negative bacteria, Neisseria meningitidis, is the causative agent of meningitis and is responsible for
significant mortality throughout the world. A characteristic feature of these bacteria is the presence of
lipooligosaccharide (LOS) molecules on their outer membranes. These complex molecules, also called
endotoxins, are structural components that play a role in the pathogenicity of the organism. Twelve different
immunotypes are found depending on the structure of the LOS moiety. One aspect of complexity of the LOS
group that plays a role in defining the specific immunotype is the presence and location of
phosphoethanolamine (PEA) residues. The enzyme responsible for adding the PEA residue to the LOS
group is phosphoethanolamine transferase. Different forms of PEA transferase are present depending on the
precise location of the PEA moiety on the LOS molecule. Knowledge of the biosynthesis and regulation of
meningococcal lipoooligosaccharides will provide a more detailed understanding of the role of this molecule
in pathogenesis and disease. In collaboration with Dr. Charlene Kahler of the Department of Microbiology at
UWA we have begun a study to determine the three dimensional structure of the enzyme LPTA, the
phosphothanolamine transferase specific for phosphorylation of the lipid A core of LOS.
This project will involve protein expression, purification, crystallization and structure determination using
crystallographic techniques. The structural results will be correlated with functional studies carried out by
Dr. Kahler and coworkers.
2.

The Design of Therapeutic Agents to Treat Gastric Ulcers and Gastric Cancer

The bacterium Helicobacter pylori, is the leading cause of gastric
ulcers, infecting over half of the world population. Furthermore,
patients infected with the bacteria exhibit an increased risk of
developing gastric cancer, with 900,000 new cases diagnosed yearly.
The current treatment for H. pylori infection consists of a one week
triple therapy of antibiotics. Due to the widespread use of antibiotics
An image of the bacterium
however, the bacteria are able to develop resistance resulting in
Helicobacter pylori, the causative
increasing rates of failed antibiotic treatment. Consequently there is a
agent of gastric ulcers and gastric
pressing need for the development of new treatment options that will
carcinoma
allow for a continued high quality of life for those people suffering
from peptic ulcers. One mechanism by which H. pylori establishes
infection is by extracting cholesterol molecules from the host‟s epithelial cells, and modifying them in such a
manner that the bacterium is able to evade phagocytosis, an essential effector response of the host‟s immune
system. This alteration is carried out by a specific cholesterol -glucosyltransferase (CGT), which transfers a
single glucose molecule to cholesterol. Crystallographic studies of CGT will provide a detailed view of the
enzyme active site, which will facilitate the development of an anti-H. pylori drug therapy based on the
inhibition of this enzyme.
The enzyme has been cloned into a bacterial expression vector in our laboratory. In this project expression
of the enzyme from E. coli will be optimized and the protein purified by chromatographic methods.
Crystallization trials will be carried out on the enzyme with the aim of obtaining X-ray diffraction quality
crystals. In addition, circular dichroism and other biophysical studies will be carried out on the enzyme in
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order to establish the protein stability and elucidate whether structural changes occur to the enzyme upon
ligand binding.
3. Studies of Snake Venom L-amino acid oxidase
L-amino acid oxidase is a flavoenzyme catalyzing the
stereospecific oxidative deamination of L-amino acids to give
the corresponding
-keto acids.
It is found in high
concentrations in a number of different snake venoms,
constituting up to 30% of the total venom proteins and is thought
to contribute to the toxicity of the venom. The enzyme has also
been shown to possess antibacterial, anti-HIV and antineoplastic
or apoptosis-inducing activity. The general mechanism of
cytotoxicity by the enzyme is thought to be due to the generation
of H2O2. Indeed, studies have shown that the addition of
catalase, a scavenger of H2O2, protects the cell from the toxic
effects of the enzyme. However other factors may also
contribute to the apoptotic activity including the glycosylation
moiety of the enzyme and an increase in the presence of
Structure of the dimeric L-amino acid
substrate. The structure of the enzyme in the presence of a
oxidase from the snake venom of
substrate and an inhibitor have been determined in our
Malayan pit viper. The glycosylations
laboratory and reveal a channel that may act as the peroxide exit
are also indicated.
route from the active site. The channel exits near to the location
of one of the two glycosylation sites on the protein surface.
Further characterization of this enzyme and its mechanism of apoptosis will require production of wild type
enzyme as well as specific mutants, which affect catalytic activity. The protein is not able to be expressed in
a functional form in a bacterial expression system due to the presence of extensive glycosylation. Thus it
must be expressed in a eukaryotic system. In this project you will develop a Bacculovirus expression system
for the enzyme to produce functional protein.
Site directed mutagenesis, kinetic analysis and
crystallographic studies will be undertaken to establish the roles of discrete residues in oxidation chemistry
and its relationship to apoptosis.
4.

Probing the Structure of Cholesterol Oxidase – A Novel Antibiotic Target.

The flavoenzyme cholesterol oxidase constitutes an
important virulent factor in immunocompromised patients
prone to Rhodococcus equi lung infections.
The
longstanding problem with antibacterial drug resistance
calls for a continued need to probe new targets for the
design and development of novel antibiotic treatments. The
design of novel antibacterial drugs is facilitated by a
detailed knowledge of the architecture of active site,
including the positions of hydrogen atoms, the ionization
state of titratable groups and the precise conformational
state of side chains and cofactors through the substrate
binding and catalysis events.
Our laboratory uses a combination of crystallographic,
mutagenesis and kinetic methods to understand these
events. We have crystals of cholesterol oxidase that diffract
to sub-Ångstrom resolution providing an unprecedented
view of the enzyme structure. Different redox states of the
enzyme can be followed spectrophotometrically in the
crystal and ligands bound to induce oxidation chemistry
while maintaining sub-Ångstrom diffraction. This provides
us with a unique opportunity to visualize transient states and
establish structural changes as a function of the redox state.
Honours projects, focused on testing hypotheses on redox
activity and oxygen reactivity for the enzyme include:

Electron density view of the isoalloxazine
ring of cholesterol oxidase. The density
clearly shows single electron differences
for individual atoms.

Difference electron density showing the
positions of hydrogen atoms in a region of
the structure.

(i) Investigating the structural and electronic differences between the oxidized and reduced enzyme and
(ii) Examining whether a tunnel is involved in oxygen access to the active site during the oxidative half
reaction.
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WINTHROP PROFESSOR
JOHN WATLING
Room: 3.31 Room 2.11, MCS Building, Phone: 6488 4488
Email: john.watling@uwa.edu.au

Forensic Chemistry Research Group Expertise and Interests:
The Group has two main research initiatives, firstly, spectral fingerprinting of crime scene evidence and
provenancing metals, projectiles, gemstones, glass, oriental ceramics, paintings, foodstuffs, explosives,
plastics, drugs and environmental materials, and secondly nano-forensics, a completely new area of forensic
science associated with the development of nano-sensors for real-time crime scene and terrorist activity
investigations by determining the presence of explosive gases, biological agents and residues.
Group Activities:
It is impossible to discuss in detail the diversity of projects being undertaken by the Forensic Chemistry
Research Group at UWA, however, any student wishing to obtain information should contact John Watling
for a CD of the group‟s activities.
Introduction:
With the increase in both sophistication and frequency of crime and the continuous decrease in
Governmental funding of police and law enforcement authorities it has become necessary for forensic
chemists to be aware of, to develop and to apply, relevant new analytical technology to assist them in "fast
tracking" forensic investigations. Furthermore, as criminals become more careful about leaving "debris" at a
crime scene the amount of evidentiary material is
becoming smaller and increasingly more difficult to
analyze using conventional analytical methodology. A
significant setback for criminals occurred with the advent
of ICP-MS. This technique provides an improvement in
detection limits for most elements in the Periodic Table of
often more than three orders of magnitude over
conventional absorption and emission techniques.
Consequently it has now become more possible to obtain
analytical information for a wide range of elements on
much smaller samples. Incorporation of laser ablation with
ICP-MS has the potential to solve many of the existing
problems associated with provenance establishment of scene of crime evidence as even the initial Nd-YAG
lasers were capable of volatilization of relatively small craters (<100 m in diameter) thereby removing often
only a relatively tiny amount of the evidentiary material. The recent advent of UV and Excimer lasers
decreased the sampling volume to crater sizes of <10 m and thereby decreased the size of potentially
analyzable debris. The current research group in the application of lasers to forensic investigations in a world
leader in this technology and is a founder member of the international NITECRIME Network of forensic
mass spectrometric CSI laboratories.
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The science of “Spectral Fingerprinting” is on its infancy and although recorded in case law in five countries
researchers have only scratched the surface of the technology. Consequently application of this technology is
suited to Honours, masters and PhD projects as well as considerable post doctoral research initiatives.
Therefore, while some overview project types are discussed in this document, rather than identify specific
projects in detail to students, the student is encouraged to use their imagination to identify areas where the
application of this technology is relevant and to suggest these to
members of the Forensic Chemistry Group. In this way it will be
possible to tailor specific projects of particular relevance to the student
to suit student interest and commitment. Suggestions such as the
spectral fingerprinting of Tapes and ties used in rape and drug
transport, pencils and inks used in forgeries, glass, pollen, plants,
plastic rope, metals from crime scenes, fibres, abrasive minerals, paper
and canvass used in art forgery, statues, clays, guns and projectiles are
all relevant for consideration. Give it a thought yourselves and come
and see us. Current Honours students are investigation the provenance
establishment of diamonds, gold and identifying the provenance of oil
at ram raids and hit and run events.

PROJECTS
Some Possible Suggestions for Projects in Environmental Forensics:
1)
The recent recognition of a lead problem in Esperance has resulted in an increase in interest in the
distribution of lead in the environment. Of particular risk are young children and babies. We propose to
develop a method of teeth analysis (lead is sequestered in teeth) to plot the history of lead intoxication by
humans and to look at methods of determining changes in the lead pollution of the environment with time. In
addition we will look at an Ibex tooth from the last European Ice Age ad determine if we can see the
reflection of pasture changes from summer to winter and tell how old the animal was when it died some
20,000 years ago.
2)
The international requirement to provenance foodstuffs has led to the Forensic Chemistry Group at
UWA pioneering the inception of PROOF (The Australian and New Zealand Proof of Origin of Foodstuffs)
programme. This programme interfaces with the European equivalent programme (TRACE). We have
projects on developing methodology for the elemental fingerprinting of Milk Powder, Mineral Waters and
Wine. We even have some research dollars to buy some of the necessary ingredients! These projects will lay
the foundation of our involvement with the European programmes in these products and will compliment our
existing projects for tea and drugs.
Please remember that these are not the only projects on offer, they only from a basis for discussion towards a
relevant equivalent which can be mutually developed.
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ASSISTANT PROFESSOR
DUNCAN A. WILD
Room 3.31, MCS building, Phone: 6488 3178,
Email: duncan.wild@uwa.edu.au

Laser Spectroscopy
Our research interests include: Spectroscopic investigations of small gas phase clusters, ab initio calculations
to predict infrared and photoelectron spectra, and utilising graphical programming techniques in physical
chemistry.

PROJECTS
Photoelectron Spectroscopy and ab initio calculations of anion clusters
Two projects are offered for prospective students, the first is concerned with spectroscopic interrogation of
fundamental and important gas phase species using the recently built TOF-PES apparatus. The second
project involves modelling photoelectron and infrared spectra via ab initio methods.
1. Photoelectron Spectroscopy of Gas Phase Clusters and Particles
This project will be based on a time of flight (TOF) mass spectrometer coupled to a PhotoElectron
Spectrometer (PES). See the figure for a schematic representation of the apparatus.
You will be involved with some of the very first experiments to be conducted with the apparatus (glory
days!).
The idea behind the experiments is in essence;
1) Create exotic clusters in our specialized gas
phase ion source.
2) Mass select a specific cluster from the array we
produce (using TOF mass spectrometry [1])
3) Record its photoelectron spectrum by using the
output of a ―LASER‖.
4) Enjoy the warm inner glow that comes from
knowing that you‘re becoming a spectroscopist!

The machine has recently become operational, and
we have recorded our first photoelectron spectra of
the bare halide anions (One is shown to the left).
While the spectra have reasonable resolution, we
plan to improve upon it, and this will form a part of
your project. If you like constructing and testing
pieces of apparatus, then please come and discuss
what is planned, and come on board!
This project is ideal for those who are interested in spectroscopy, intermolecular interactions, and probing
neutral reaction chemistry. The project also offers the exciting opportunity to extend your knowledge into
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areas outside of chemistry; for example into the realms of i) basic electronics, ii) high vacuum technology,
iii) data acquisition programming [2], and much more…
2. Modelling Photoelectron and infrared spectra of small dimer (1:1) complexes
Ab initio methods (calculations from first principles, i.e. no experimental input) are used routinely to predict
structures and energetics of molecules and clusters (for some examples see references [3] and [4] and
citations within). In this project you will model photoelectron and infrared spectra of small dimer clusters (1
solvent molecule bound to an anion). In particular, the project will involve simulating the photoelectron
spectra of the gas phase complexes formed between the halide anions F-, Cl-, Br- and various solvent
molecules, such as PH3, H2S, CO, NH3 and HCCH. You will predict the photoelectron spectra that will
guide the experiments that are planned in the future. In fact, this project will path the way for many of the
experiments planned for the TOF-PES (in case you needed another reason to feel important!). We will start
with basic approximations, and then extend to producing multi dimensional potential energy hypersurfaces!
(sounds impressive, heh?)
We have a healthy allocation of computing time with
IVEC [5] and the NCI [6], and you will use these
supercomputing facilities to carry out the calculations.
We will also collaborate with the group of Anna Krylov
at the University of Southern California who have
developed

excellent

programmes

for

predicting

photoelectron spectra.
This project is ideal for those who are interested in
theoretical chemistry, spectroscopy, computing, basic
code production, fooling around with Unix(Linux), and
working with multiple computer processors!

Potential describing the H-bonded
S-H stretching mode of Cl- …H2S

References:
1.W. C. Wiley and I. H. McLaren, Rev. Sci. Instrum. 26, 1150 (1955)
2. see http://www.agilent.com/find/vee for information about VEE
programming
3. D.A. Wild and T. Lenzer, Phys. Chem. Chem. Phys., 2005, 7, 3793-3804
4. D.A. Wild and T. Lenzer, Phys. Chem. Chem. Phys., 2004, 6, 5122-5132
5. http://www.ivec.org/
6. http://nci.org.au/

graphical

Please do come by and see Duncan for more information, or drop by the lab and have
a chat with Kim Lapere about what life is like in the Wild Group (Hons. student in 09).
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HOW TO APPLY
UWA Applicants
If you completed your undergraduate studies at UWA you should lodge an on-line
application via StudentConnect by clicking on the Apply for Honours link in the left hand
menu bar of StudentConnect.
Applications will open online on Wednesday 7 October and close on Tuesday 8
December.

Non-UWA Applicants
If you have not previously been enrolled at UWA, you apply through one of the following
centres, depending on your circumstances.
Applications close on Friday 18th December 2009

Domestic Students
Australian citizens, permanent residents and/or holders of a humanitarian visa or New
Zealand citizens apply through the UWA Admissions Centre.

International Students
International Students apply through the UWA International Centre.

All applicants need to complete the BBCS Honours Preference Form.

Chemistry
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HONOURS APPLICATION FORM
(External Applicants
Student ID: (Office Use Only)
Admissions Centre, M353, 35 Stirling Highway, Crawley WA 6059 P: (08) 6488 2077 F: (08) 6488 1226

1

Personal Details
Mr/Ms/Miss/Mrs etc

Family Name

Given Names

Date of Birth (dd/mm/yy)

Former Family Name (if applicable)

Sex

M

F

Please attach evidence of change of name to application

Notification Address
Country/Postcode
Home Address
Country/Postcode
Business Phone

Home Phone

Mobile

Facsimile

Email

2

Enrolment
Are you currently enrolled or have you previously enrolled as a student of The University of Western Australia?
YES

3

NO

Year last attended:

If YES, state student number:

Course Information
1. Application for commencement: (Please tick)

Start of Year (February commencement)

Note: Applications are only permitted for the next available intake.

Mid-Year (July commencement)
2. Please list all the UWA Honours degree courses that you intend to apply for in order of preference:
[Please submit separate School / Faculty Approval Form for each course]
Preference

Course Title
(eg. Bachelor of Science Honours)

Course Code
(eg. 5011H)

Major/Programme
if appropriate
(eg. Neuroscience)

Major/Programme Code FACULTY
USE
(eg.MJ-GRMAN)
ONLY

1st
2nd
3. Are you applying for Joint or Cognate Honours within your degree course?

YES

NO

If YES, list combination (eg Anthropology and Mathematics)
Note that you must have discussed this combination with both Schools responsible for the programme

4

Secondary School Qualifications
Please attach correctly certified copies of your results (not necessary for WA TEE results from 1976 onwards)

Qualification

Year

State/Country

School

Candidate No.
(if known)

Example:

TEE

2004

Western Australia

Applecross S.H.S.

98122456

Office Use Only
ENTERED ON CALLISTA _________________

OFFER

SENT TO FACULTY _________________________

CONDITIONAL OFFER

CRICOS Provider Code: 00126G

NO OFFER

NOTIFICATION SENT ___________________________

CONDITION SATISFIED; LIFTED ON CALLISTA

5

Post-secondary & Tertiary Qualifications
Please provide details of ALL study you have undertaken at a tertiary institution, and attach correctly certified copies of your results.
Official Academic Transcripts are required, NOT statements of examination results (UWA results are not required)

Years
Undertaken

Name of Course/Award

Institution, Country

Course
Type

YES

Example:

1996 - 1999

6

Course
Completed

Bachelor of Arts

University of Sydney, Australia

Bachelor

NO

9

Personal Statistical Details
You must attach proof of citizenship/permanent residence status to your application. Acceptable documents include: original or certified
copy of an Australian or New Zealand Birth Certificate; ID page of your passport (and relevant visa pages, if you are an Australian PR)

1. Are you of Aboriginal or Torres Strait Islander origin?

YES

NO

2. What is your Citizenship or Residency Status? (tick applicable box below)
Australian Citizen
Possess a
humanitarian visa

New Zealand Citizen

Possess a permanent residency visa

(or diplomat or consular representative)

(permitted to stay in Australia indefinitely)

Possess a temporary entry visa (or
diplomat or a dependent of a diplomat)

Other

3. In what country were you born? (if not born in Australia)
4. Year of arrival in Australia (if applicable)
5. Do you speak a language other than English at your permanent home residence?

YES

NO

If yes, what is the other language?

7

Admission Statistical Details
Please attach to the application original or certified copies of documentation to support Admission Statistical Details

1. Entry Qualifications - What is your highest educational attainment?

(Please mark one box only)

Completed Higher Education postgraduate level course
Completed Higher Education bachelor level course
Completed Higher Education sub-degree level course (eg diploma)
Incomplete Higher Education course
Completed TAFE award course
Completed final year of secondary education course at school or TAFE
Completed other qualification or certificate of attainment or competence
No prior educational attainment
2. In what year did you achieve your highest educational attainment?

8

Declaration
All applicants must read, sign, and date the declaration below

I declare that I have read and understood the Information Sheet for Domestic (External) Honours Applicants. I declare that the
information provided by me in connection with this application is true and complete. I understand that UWA reserves the right
to vary or reverse any decision regarding admission or enrolment made on the basis of incorrect or incomplete information
provided by me, and that any such act on my part will be placed on record and will form part of confidential information
forwarded to selectors in assessing any subsequent applications. I authorise UWA to obtain results and records from any
examining body or educational institution, and to disclose information to the Australian Vic-Chancellors’ Committee and its
member institutions.
I understand that the University’s authority to collect the information on this form is given by the Higher Education Support Act
2003; that the information is collected to allow the University to properly administer its course programmes; that the
information may be shared for these purposes between the Australian Taxation Office and the Department of Education,
Science and Training; and that the information may not otherwise be disclosed without my consent, unless authorised or
required by law.
APPLICANT’S SIGNATURE:________________________________________________________ DATE:___________________________

School of Biomedical, Biomolecular
and Chemical Sciences

Honours or GradDipSci in 2010
PROJECT PREFERENCE FORM
The purpose of this form is to ascertain your interest in our Honours/GradDipSci courses. It is appreciated that students may be
exploring Honours/GradDipSci in more than one discipline. Phone the BBCS School Office (64884402) to be referred to the
appropriate Coordinator to discuss any questions you may have.

Please return form to BBCS School Office by Wed 8th Dec 2009
I am interested in Honours/GradDipSci in 2010 within the Discipline of:




Biochemistry & Molecular Biology
Microbiology & Immunology

Chemistry
Physiology




Note: You need to fill out a separate form for each Discipline if you are considering projects in more than one. Include projects for
any Programme (e.g. Genetics, Green Chemistry, Biomedical Science etc) that will be located within one of the above Disciplines

I am considering mid-year entry to Honours in 2010



I am considering deferring Honours until 2011



I will  will not  be available for interview during the week 14 December - 18 December 2009
1. CONTACT DETAILS
Name…………………………………………………………………………………………………………………………
Address(es) (during period November/December 2009 – January 2010):
……………………………………………………………………………………………………………………………...…
………………………………………………………………………………………………………………………………...
Phone No (during same period)

……………………………..…………………………………….………...

Mobile No (during same period)

……………………………………………………….……………………..

Email address

…………………………….………………………………………………..

2. PROJECT PREFERENCES
In order of preference:
1
Project No
2
Project No
3
Project No
4
Project No
5
Project No
6
Project No

[
[
[
[
[
[

]
]
]
]
]
]

Supervisors
Supervisors
Supervisors
Supervisors
Supervisors
Supervisors

……………………………………………………………
……………………………………………………………
……………………………………………………………
……………………………………………………………
…………………………………………………………...
…………………………………………………………...

If there are any points you would like us to take into consideration please note them below:
………………………………………………………………………………………………………………………………
………...………………………………………………………………………………………………………………………
Signature………………………………………………………Date………………………………………………………
The Faculty’s End-on Honours on-line application form must be completed by December 8th 2009. Prospective candidates will be
interviewed 14 December - 18 December 2009, although other arrangements can be made if candidates are unavailable. Those
students who have submitted this project preference form and who are eligible to enrol in the course will be emailed a confirmation of
eligibility as soon as exam results are known [approximately 21 December], and allocation of projects will be advised as soon as
possible after this. Student Administration will send you an Authority to Enrol letter in January 2010.

School of Biomedical, Biomolecular and Chemical Sciences

Tel
Fax
Email
Web

+61 8 6488 4402
+61 8 6488 7330
admin@bcs.uwa.edu.au
www.biomedchem.uwa.edu.au

CRICOS Provider Code: 00126G

UniPrint 72366

The University of Western Australia
M310, 35 Stirling Highway, Crawley WA 6009

