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INFORMATION FOR INTENDING BACHELOR OF SCIENCE HONOURS STUDENTS
THE HONOURS YEAR
The Honours degree is a one-year course of advanced study and research. Completion of Honours allows
students to continue onto higher degree study (eg PhD) and provides intensive practical training in current
experimental techniques, the opportunity to develop oral and written communication skills and the
experience of working in an active research environment. Our Honours graduates are highly sought after by
employers in biological, medical and industrial areas.
Most Honours projects are supervised by departmental staff and research fellows located in the University
of Melbourne Bio21 Molecular Sciences and Biotechnology Institute.
The Bio21 institute has superb facilities and houses a large number of
groups with strong interests in molecular, structural and chemical
biology.
Students start their studies at the beginning of Semester one, although
mid-year entry (start of Semester 2) is also a possibility.
The Honours program consists of:
Two coursework units (40002, 40007) that each comprise two modules
covering major advances in the discipline as well as essential skills in the
experimental science. These are assessed by essays, assignments and/or
oral presentations (25 points).
The Biochemistry Research Project (40001 40006) which is assessed by
the examination of the written thesis and a seminar presentation
(75 points).

ADMISSION REQUIREMENTS
Entry is by merit, usually after a three-year B-SCI or B-BMED degree. The Honours course is open to
students who have completed a major (usually 50 points or more) in Biochemistry and Molecular Biology at
the University of Melbourne, or an equivalent level of study elsewhere. However, students with relevant
300-level subjects in closely related disciplines, are also strongly encouraged to apply.
The same admission criteria apply for University of Melbourne students and those from other institutions.
The Faculty of Medicine, Dentistry &Health Sciences requires a Grade Point Average (GPA) of 65 or better.
However, nearly all students entering Honours in Biochemistry and Molecular Biology obtain a GPA of >73,
so meeting the minimum Faculty level is not a guarantee of admission.

FINDING A PROJECT AND SUPERVISOR
Prospective Honours students can find out about research projects posted on the departmental website or
the Biochemistry and Molecular Biology Honours/Masters booklet. All students are strongly encouraged to
approach staff members directly to discuss research project opportunities and their individual interests
before completing an application form. Students can also obtain advice from the Honours coordinator.
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SUPERVISORS AND HONOURS/MASTERS PROJECTS
Departmental research covers many areas of biochemistry, cell biology, molecular biology and biophysics.
Staff research interests are listed below, but there are also many collaborative projects available.


Autoimmune disease and immunological tolerance Ian van Driel



Biochemistry and Cell Biology in Immunity to Infection and Cancer Jose Villadangos



Drug targets in the malaria parasite, Plasmodium falciparum Stuart Ralph



Enzymes involved in cancer and neurological diseases Heung-Chin Cheng



Evolution and spread of drug resistance among bacterial pathogens Kathryn Holt



Mechanisms of vaccine biology Justine Mintern



Mechanisms of viral immune evasion and disease Greg Moseley



Membrane trafficking and protein sorting in model systems and specialized primary cells Paul Gleeson



Mitochondrial protein biogenesis and quality control Diana Stojanovski



Molecular parasitology Malcolm McConville



Protein misfolding, aggregation and neurodegenerative disease Danny Hatters



Proteomics and Lipidomics Gavin Reid



Regulation of amyloid fibril formation Mike Griffin



Signal transduction in health and disease Marie Bogoyevitch



Structure-based drug design Michael Parker



Structure, function and dynamics of proteins Paul Gooley



Studies on novel G-protein coupled receptors Ross Bathgate



Targeting the malaria parasite-infected human red blood cell Leann Tilley



Using the zebrafish model to study cellular processes and human disease Heather Verkade

It is possible for students to complete their research project with supervisors in affiliated external
institutions. The Department of Biochemistry and Molecular Biology has close links with research groups at
St Vincent's Institute for Medical Research, Peter MacCallum Cancer Institute, the Howard Florey Institute,
and the Baker IDI Institute.
Projects in external institutions must have a strong focus on the use of biochemical and molecular
biological approaches and supervisors should be affiliated with the department and approved by the
Honours coordinator. A list of potential supervisors in external institutions is available from the Honours
coordinator or the Honours administrator.
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APPLICATION FOR HONOURS IN THE DEPARTMENT OF BIOCHEMISTRY AND
MOLECULAR BIOLOGY IN 2016
Students interested in applying for the Biochemistry and Molecular Biology Honours course in 2016, must:
(1)

Speak directly with potential supervisors about your interests and potential projects in their
laboratories. Helpful background material can be found in the departmental Honours booklet and
website, and at the MDHS Discover Honours Expo (September 4, 2015), and the departmental
information session (September 11, 2015). In some cases, supervisors may be willing to offer you a
provisional place in their laboratory (a provisional offer indicates that you have a guaranteed place in
the Honours course providing you satisfy all of the entry requirements). Students who have been
offered a provisional offer should scan and email a ‘Supervisor Provisional Offer Form’ (page 45 of
this booklet), signed by the supervisor, to i.koumanelis@unimelb.edu.au by Friday 13 November
2015.
(2) Apply online through the MDHS website:
http://sc.mdhs.unimelb.edu.au/how-apply
Applicants list their project preferences in the Honours Application and Tracking System (HATS)
For more information on how to apply, students should contact Irene Koumanelis (Student Administrator)
or Prof Malcolm McConville (Honours coordinator).
Students interested in applying for Masters should follow the same process as for Honours. In 2016, project
preferences and allocations for Masters projects will be made through the HATS on-line system. Students
intending to do Masters in Biochemistry and Molecular Biology have the option of taking the two Honours
coursework units (40002, 40007) towards their coursework component (total 25 points), as well as the
advanced coursework units from the Masters of Biotechnology (BTCH90009, SCIE90002) (total 25 points).
However, alternative coursework combinations are possible following consultation with your supervisor.
For further information on the Masters program, students should contact A/Prof Marie Bogoyevitch
(Masters Co-ordinator)

DEPARTMENT OF BIOCHEMISTRY AND MOLECULAR BIOLOGY
HONOURS/MASTERS INFORMATION SESSION
An information session on the Honours/Masters course in the Department of Biochemistry and Molecular
Biology will be held on Friday 11 September 2015 12.00 – 3.00 pm in the King Lecture Theatre Level 3 West
Medical Building. Students will also have the opportunity to meet supervisors during this session.

GENERAL ENQUIRIES
Student Admin
Irene Koumanelis
Email: i.koumanelis@unimelb.edu.au

Honours Coordinator
Professor Malcolm McConville
Bio21 Institute
Email: malcolmm@unimelb.edu.au
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Masters Co-ordinator
A/Professor Marie Bogoyevitch
Bio21 Institute
Email: marieb@unimelb.edu.au

ADDITIONAL FACULTY & DEPARTMENTAL INFORMATION
Useful Links
Honours in Biochemistry and Molecular Biology – information on the structure of the current course:
http://www.biochemistry.unimelb.edu.au/students/undergradhons_gen.html
The Bio21 Institute:
http://www.bio21.unimelb.edu.au/
Faculty of Medicine, Dentistry & Health Sciences regulations and further information governing the
Honours degree:
http://sc.mdhs.unimelb.edu.au/honours
Masters in Biochemistry and Molecular Biology – information on the structure of the current course:
http://medicine.unimelb.edu.au/studyhere/postgraduate_coursework_programs/master_of_biomedical_science
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THE PHD PROGRAM
The department offers a stimulating research environment for PhD students. The high priority afforded
postgraduate programs reflects the department’s view that the input of students is a crucial element of
present and future research. We have more than 50 PhD students forming a close-knit group, both
scientifically and socially.

COURSE STRUCTURE
Candidature is generally three years for a PhD with the possibility of two six-month extensions. PhD
students enrol as probationary candidates and must apply for confirmed candidature at the end of 12
months. Graduate students working within the department normally have one supervisor who plays an
important role in the initial selection of the project and in offering advice as the work progresses.
For external students enrolled through the department, supervision is the responsibility of an approved
external supervisor and, usually, a nominated internal supervisor. Each student will have a PhD committee
that comprises of their supervisor(s) and two or more staff members who bring additional expertise and
experience to the project and provide support throughout the student’s candidature.
Students will have the opportunity of presenting their work at various forums within the department and at
the annual Postgraduate Student Retreat. They are also financially supported by the department to attend
national and international scientific meetings to help them find their feet in the scientific community.

INFORMATION AND APPLICATION
More information may be obtained from the Departmental Office or the Postgraduate Coordinator:
Associate Professor Heung-Chin Cheng
Bio21 Molecular Science and Biotechnology Institute
Tel: +61 3 8344 2254, Email: heung@unimelb.edu.au
Students may apply for various scholarships.
Melbourne Scholarships Office
http://www.services.unimelb.edu.au/scholarships/
The faculty of Medicine, Dentistry and Health Sciences also offers research scholarships.
Faculty Research (Trust) Scholarships - Funding Information
http://research.mdhs.unimelb.edu.au/scholarships-list
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DESCRIPTION OF CURRENT PROJECTS AND RESEARCH
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MARIE BOGOYEVITCH
Associate Professor
Cell Signalling Research Laboratories – Level 5 West Medical Building
Department of Biochemistry & Molecular Biology and
Bio21 Molecular Science and Biotechnology Institute
Tel +61 3 8344 2289
marieb@unimelb.edu.au
http://www.biochemistry.unimelb.edu.au/research/res_bogoyevitch.html

Signal transduction in health and disease
The coordination of signal transduction pathways is critical to the maintenance of normal cellular functions.
A focus of our laboratory is in defining stress-activated signaling events and their consequences, with an
ultimate aim to pinpoint new targets for possible therapeutic intervention in cardiovascular and
neurodegenerative diseases.
MAB LAB Honours Projects 2016
Please contact Marie to discuss the details of the projects on offer in 2015. Descriptions of 4 broad areas of
research interest are described below. These projects build on current research in our laboratory, and will
allow the development of a range of biochemistry and molecular biology techniques.
Mechanisms regulating structure and function of neuronal DCX - in collaboration with A/Prof Paul Gooley
Mutations in the doublecortin (DCX) gene result in “double cortex” syndrome in females and “smooth
brain” syndrome in males. In these syndromes, abnormal migration of neurons during development
disrupts the layering of the cortex and leads to a disease spectrum typified by intractable epilepsy, seizures,
and mental retardation. We are working to define the impact of disease-causing mutations on DCX domain
structure, how the stress-activated protein kinase JNK recognises DCX, and how mutant and phospho-forms
of DCX can impact on its actions in cells.
Impact of mitochondrial form and function on cell survival
The maintenance of the cellular mitochondrial population requires a dynamic interplay of proteins that
modify mitochondrial morphology through their regulation of fission or fusion. Indeed, the regulation of
mitochondrial dynamics has been implicated in the disease development in neurodegenerative diseases
including Alzheimer’s and Parkinson’s diseases. We have identified a mitochondrial matrix protein, p32, as
a regulator of mitochondrial morphology: knockdown of p32 results in a fragmented pattern whereas its
increased expression results in a reticular, fused network. We are defining the impact these changes have
on cell survival in response to different stresses, as well as probing possible partner proteins that will
explain the dramatic changes in mitochondrial morphology. We are further interested in the impact of viral
infection on p32 localisation, and how loss of p32 function can be exploited in anti-viral therapies.
Novel roles for JNKs in neuronal signalling events
c-Jun N-terminal Kinases were originally identified as stress-activated protein kinases. Two decades on from
their discovery, there is an increasing appreciation of the diverse roles that these kinases play in a range of
critical physiological and pathophysiological situations, particularly in the brain. Our recent work has
evaluated the JNK interactome, with a particular emphasis on the JNK3 that is highly expressed in the brain.
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We are continuing these studies to identify new JNK targets, scaffolds and regulators with an ultimate aim
to define the importance of these in JNK-mediated functions and as possible therapeutic targets.
Recent publications:
1.

Differences in c-Jun N-terminal kinase recognition and phosphorylation of closely related stathmin-family members. Yip
YY, Yeap YY, Bogoyevitch MA, Ng DC. Biochem Biophys Res Commun. 2014 Mar 28;446(1):248-54.

2.

Hyperosmotic stress sustains cytokine-stimulated phosphorylation of STAT3, but slows its nuclear trafficking and impairs
STAT3-dependent transcription. Ng IH, Jans DA, Bogoyevitch MA. Cell Signal. 2014 Apr;26(4):815-24. doi:
10.1016/j.cellsig.2013.12.012. Epub 2014 Jan 3.

3.

cAMP-dependent protein kinase and c-Jun N-terminal kinase mediate stathmin phosphorylation for the maintenance of
interphase microtubules during osmotic stress. Yip YY, Yeap YY, Bogoyevitch MA, Ng DC. J Biol Chem. 2014 Jan
24;289(4):2157-69. doi: 10.1074/jbc.M113.470682. Epub 2013 Dec 3.

4.

Oxidative stress impairs multiple regulatory events to drive persistent cytokine-stimulated STAT3 phosphorylation. Ng IH,
Yeap YY, Ong LS, Jans DA, Bogoyevitch MA.Biochim Biophys Acta. 2014 Mar;1843(3):483-94.

5.

Intracellular mobility and nuclear trafficking of the stress-activated kinase JNK1 are impeded by hyperosmotic stress.
Misheva M, Kaur G, Ngoei KR, Yeap YY, Ng IH, Wagstaff KM, Ng DC, Jans DA, Bogoyevitch MA. Biochim Biophys Acta. 2014
Feb;1843(2):253-64.

6.

6.Cardioprotective 3',4'-dihydroxyflavonol attenuation of JNK and p38(MAPK) signalling involves CaMKII inhibition. Lim
NR, Thomas CJ, Silva LS, Yeap YY, Yap S, Bell JR, Delbridge LM, Bogoyevitch MA, Woodman OL, Williams SJ, May CN, Ng
DC. Biochem J. 2013 Dec 1;456(2):149-61. doi: 10.1042/BJ20121538.

7.

A novel retro-inverso peptide is a preferential JNK substrate-competitive inhibitor. Ngoei KR, Catimel B, Milech N, Watt
PM, Bogoyevitch MA. Int J Biochem Cell Biol. 2013 Aug;45(8):1939-50.

8.

p32 protein levels are integral to mitochondrial and endoplasmic reticulum morphology, cell metabolism and survival. Hu
M, Crawford SA, Henstridge DC, Ng IH, Boey EJ, Xu Y, Febbraio MA, Jans DA, Bogoyevitch MA. Biochem J. 2013 Aug
1;453(3):381-91. doi: 10.1042/BJ20121829.

9.

Identification and characterization of bi-thiazole-2,2'-diamines as kinase inhibitory scaffolds. Ngoei KR, Ng DC, Gooley PR,
Fairlie DP, Stoermer MJ, Bogoyevitch MA. Biochim Biophys Acta. 2013 Jun;1834(6):1077-88.

10. WD40-repeat protein 62 is a JNK-phosphorylated spindle pole protein required for spindle maintenance and timely
mitotic progression. Bogoyevitch MA, Yeap YY, Qu Z, Ngoei KR, Yip YY, Zhao TT, Heng JI, Ng DC. J Cell Sci. 2012 Nov
1;125(Pt 21):5096-109.
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HEUNG-CHIN CHENG
Associate Professor
Cell Signalling Research Laboratories – Level 5 West Medical Building
Department of Biochemistry & Molecular Biology and
Bio21 Molecular Science and Biotechnology Institute
Tel +61 3 8344 2254
heung@unimelb.edu.au
http://www.biochemistry.unimelb.edu.au/research/res_cheng.html

Enzymes involved in cancer and neurological diseases
My research focuses on the protein kinases and phosphatases involved in cancer formation and progression
as well as neuronal cell death associated acute and chronic neurological diseases.
Projects:
Biochemical basis of the tumour suppressive mechanism of CSK-homologous kinase (CHK) - with Dr. Mike
Griffin, Dr. Bruno Catimel (Ludwig Institute, Austin Hospital), Prof. Harshal Nandurkar (St. Vincent’s Hospital) and Armadeep
Dhillon (Peter MacCallum Cancer Institute)

Src-family kinases (SFKs) are protein products of the Src-family of oncogenes and proto-oncogenes.
Constitutive activation of SFKs contributes to many forms of cancer. In normal cells, SFKs are kept in the
inactive form by phosphorylation of the C-terminal regulatory tyrosyl residue (referred to as YT). CSKhomologous kinase (CHK) is a major tumour suppressor enzyme constraining SFK activity in normal cells.
Furthermore, we and others recently discovered that CHK is down-regulated by epigenetic silencing and
inactivating missense mutations in colorectal cancer, suggesting that lack of expression of functional CHK
permits over-activation of SFKs in cancer cells. This project focuses on deciphering (i) the structural basis of
two inhibitory mechanisms employed by CHK to constrain SFK activity, (ii) how CHK activity and expression
are regulated in cancer cells and (iii) how expression of CHK induces apoptosis and growth arrest of the
cancer cells.

Deciphering the role of Src-family kinase c-Src in excitotoxic neuronal death during ischemic stroke - With
Dr. Carli Roulston (St. Vincent’s Hospital)

An ischemic stroke occurs when the one of the blood vessels (e.g. the middle cerebral artery) supplying the
brain is blocked, leading to the damage of the neurons nearby. The damaged neurons induce a second
round of neuronal death by secreting an excessive quantity of the neurotransmitter glutamate. Overstimulation of glutamate receptors in the neighbouring healthy neurons causes cell death – a process
known as excitotoxicity. Exactly how over-stimulation of glutamate receptor induces neuronal death is
poorly understood. Results of the studies by us and others indicate that inhibitors of c-Src kinase are
protectants, indicating that aberrant activation and/or subcellular localisation of c-Src contribute to
excitotoxic neuronal death. We are using cultured mouse primary cortical neurons and rat model of
ischemic stroke to decipher how c-Src is aberrantly activated in neurons undergoing excitotoxic neuronal
death and how the activated c-Src induces premature death of neurons in cultured and in rats. Students
participating in this project will be co-supervised by Dr. Carli Roulston of St. Vincent’s Hospital (refer to
publications 5 and 6 for further information).
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Protein kinases involved in the pathogenesis of Parkinson’s disease
Parkinson’s disease (PD) is a neurodegenerative disorder of movement known to result from the
progressive, preferential loss of dopaminergic neurons from the substantia nigra of the mid-brain.
However, the cause of such neuronal death in PD is not known. Recently the genes encoding PTEN-induced
kinase 1 (PINK1) and leucine repeat-rich kinase 2 (LRRK2) were identified as PD-causative genes. The aim of
this project is to identify the physiological substrates and define the biochemical and structural basis of
regulation of PINK1 and LRRK2 (refer to publications 3 and 4 for more information).
The role of protein tyrosine kinases in evolution of animal multicellularity (With Dr. Michael Griffin and Prof.
Todd Miller, State University of New York, Stony Brook, Dr. Ren Dobson, University of Canterbury, New Zealand)

Animals (Metazoans) are eukaryotic heterotrophic organisms with a complex multicellular organisation
capable of coordinated cell-cell adhesion and communications, proliferation and differentiation. First
occurring between 600 million to one billion years ago, the emergence of animals from the microscopic
unicellular ancestor is a major transition in the history of life on Earth. One of the requirements for the
development and maintenance of multicellular organisms is the ability of their cells to adhere and
communicate with each other. The protein tyrosine kinases Src and Csk are major regulators of cell-cell
adhesion and communications in animals. Their expression was thought to be restricted to animals because
they are not expressed in prokaryotes, plants and fungi. Thus, it was surprising that genes encoding Src and
Csk as well as other proteins critical to cell-to-cell communications were found in the genomes of the
closest relatives of animals Choanoflagellates, which are unicellular non-metazoan microbes. This discovery
led researchers to suggest that Src and Csk existed in the unicellular ancestor of animals. Presumably, the
ancestral non-metazoan Src and Csk were co-opted appropriately to facilitate the evolution to multicellular
animals. As the unicellular ancestor of animals is extinct, we are unable to directly confirm this hypothesis.
To reconstruct how Src and Csk were co-opted to facilitate the evolution of animal multicellularity, this
project aims to study and compare the biochemical properties and cell signaling mechanism of Src and Csk
orthologs expressed in the extant unicellular non-metazoan microbes and metazoans
Relevant publications:
1. Ia KK,et al, and Cheng H-C. (2010) ‘Structural elements and allosteric mechanisms governing regulation, catalysis and
substrate recognition of CSK-family kinases’, Growth Factors, 28(5):329-50.
2. Ia, K.K., Jeschke, G.R., Deng, Y., Kamaruddin, M.A., Williamson, N.A., Scanlon, D.B., Culvenor, J.G., Purcell, A.W., Liu, S.,
Zhu, H.-J. And Cheng, H.-C. (2011) “Defining the substrate specificity determinants recognized by the active site of Cterminal Src kinase-homologous kinase (CHK) and identification of β-synuclein as a potential CHK physiological substrate.”
Biochemistry, 50:6667-77.
3. Sim, CH, Gabriel, K., Mills, RD, Culvenor, JG, and Cheng, H.-C. (2012) “Analysis of the Regulatory and Catalytic Domains of
PTEN-Induced Kinase-1 (PINK1)” Human Mutation, 33(10):1408-22.
4. Mills, R.D., Mulhern, T.D., Liu, F. Culvenor, J.G., and Cheng, H.-C. (2014) "Prediction of the repeat domain structures and
impact of parkinsonism-associated variations on structure and function of all functional domains of Leucine rich repeat
kinase 2 (LRRK2)" Human Mutation, 35(4):395-412.
5. Hossain MI, Roulston CL, Kamaruddin MA, Chu PW, Ng DC, Dusting GJ, Bjorge JD, Williamson NA, Fujita DJ, Cheung SN,
Chan TO, Hill AF, Cheng HC. (2013) “A truncated fragment of Src protein kinase generated by calpain-mediated cleavage is
a mediator of neuronal death in excitotoxicity.” J Biol Chem. 288(14):9696-709.
6. Hossain, M.I., Hoque1, A., Lessene, G., Kamaruddin, M.A., Chu, P.W.Y., Ng, I.H. W. , Irtegun, S., Ng, D.C.H., Bogoyevitch,
M.A., Burgess, A.W., Hill, A. F. and Cheng, H.-C. (2015) “Dual role of Src kinase in governing neuronal survival” Brain
Research, 1594: 1-14.
7. Ku M, Wall M, MacKinnon RN, Walkley CR, Purton LE, Tam C, Izon D, Campbell L, Cheng H.-C., Nandurkar H.(2014) Leuk
Lymphoma. 2015 56(3):577-86.
8. Deng, Y., Alicea-Velázquez, N.L., Boggon, T. J., Cheng, H.-C., Hytönen, V. and Turk, B.E. (2014) “Global analysis of human
non-receptor tyrosine kinase specificity using high-density peptide microarrays” J. Proteomic Res. 13:4339-4346.
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PAUL GLEESON
Professor
Room 335
Bio21 Molecular Science and Biotechnology Institute
30 Flemington Road
Tel +61 3 8344 2354
pgleeson@unimelb.edu.au
http://www.biochemistry.unimelb.edu.au/research/res_gleeson.html

Membrane trafficking and protein sorting in model systems and specialized primary cells
Membrane trafficking underpins many physiological processes, including secretion, receptor signalling,
endocytosis, antigen presentation, and neural networking. Membrane trafficking is also exploited by
infectious organisms and toxins to gain entry into the cell. Moreover, many diseases arise from defects in
membrane trafficking, including Alzheimer’s disease. Our aim is to understand the molecular basis of
membrane and protein sorting in the secretory and endocytic pathways in a variety of physiological
processes using cultured cells and differentiated primary cells.
1.
Defining molecular machinery and cargo sorting along Golgi transport pathways
The trans-Golgi network (TGN) is a major traffic hub. Our goal is to identify the molecular machinery that
regulates both the export and the import pathways to and from the TGN and to identify the sorting signals
and specific pathways used by different cargos. We have identified novel components of the trafficking
machinery, including small G proteins and membrane tethers, and have developed an interference RNAbased approach to silence these components in vivo and explore their physiological function. This project
will investigate the role of two novel Golgi small G proteins and membrane tethers. We will examine the
precise localization of these components together with different cargos in the TGN using new methods of
super resolution microscopy and electron microscopy. We will also identify the
effectors/binding partners of these small G proteins by pull-downs and
MS/proteomics. We will also use a new strategy of in vivo labeling for
identification of interaction partners. In addition, the role of these small G
proteins in transporting different cargos will be assessed using transport assays
in a variety of cell types. The project will also involve the use of a newly
develop flow cytometry method in the lab to track the intracellular transport of
cargo in and out of the Golgi apparatus.
Cartoon of the secretory and endocytic
pathways

2.

The function of the ribbon structure of the Golgi apparatus in vertebrates

Vertebrates have evolved mechanisms for joining the individual Golgi stacks into a ribbon, typically found in
a juxtanuclear location in interphase cells . The organisation of the Golgi apparatus is highly dynamic and
the Golgi ribbon can dissociate and re-organise under a variety of conditions, for example, during mitosis
and to reposition the Golgi to accommodate a number of processes, including directed secretion and
pathogen invasion. Surprisingly, and despite our knowledge of Golgi dynamics, the fundamental biological
relevance of the “ribbon” structure of the Golgi in vertebrates remains a mystery.
We have discovered that a modest overexpression of one of the TGN membrane tethers (golgins) results in
disruption of the Golgi ribbon and dispersal of intact Golgi mini-stacks throughout the cytoplasm. On the
other hand, silencing this particular TGN golgin results in an enhanced Golgi ribbon structure. Our finding
that the dose of GCC88 regulates the balance between Golgi mini-stacks and Golgi ribbon provides the first
opportunity to explore the function of the Golgi ribbon in stable cell lines. This project will determine the
relevance of the ribbon structure of the Golgi on higher order functions of cell mitosis, cell polarity,
metabolism and autophagy in cells in culture.
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3.
Cell biology of membrane receptors regulating the serum half-life of
novel therapeutic proteins
The neonatal Fc receptor (FcR) plays a critical role in regulating the half-live of a
range of serum proteins, including IgG, in the adult individual. The Fc receptor
protects serum proteins from degradation by binding to IgG in endosomes after
internalization by cells and releasing the proteins back into the plasma. There
is consideration interest in exploiting this protective pathway to prolong the
live time of engineered therapeutic proteins. In collaboration with CSL
HeLa cell expressing a epitope taggedthis project will define the membrane recycling pathway of the neonatal
membrane protein, mutated in a TyrFc receptor, information which is critical for the optimizing the life span of
based internalization motif, resulting
therapeutic proteins.
in the accumulation of the membrane
protein (red) on the cell surface of
transfected cells. 3D reconstruction of
confocal images showing membrane
protein (red), Golgi marker (green) and
nuclear DAPI staining (blue).

4.
Signals for endosomal sorting in primary cells
A number of important membrane proteins recycle between the plasma membrane and the Golgi, and this
recycling is essential for their function. Perturbation of these pathways can result in diseases, including
neurodegenerative diseases such as Alzheimer’s disease. Very little is known about the targeting signals of
cargo proteins that define this transport pathway. One project will define these targeting signals by the
generation and analysis of mutants of membrane cargos using defined transport assays and by the silencing
pathway-specific trafficking machinery. Endosomes are known to play important roles in neuronal
development and in disease. Another project will map the endosomal compartments of primary mouse
neurons and examine the effect of neuronal activation on the distribution of the recycling endosomes
throughout the cell.
References/publications/recommended reading
1.
2.
3.
4.
5.
6.
7.

Houghton F, Chew PL, Lohedo S, Goud B and Gleeson PA (2009) The localization of the golgin, GCC185, is independent of Rab6 and Arl1.
Cell 138: 787-794.
Gleeson PA and Goud, B (2010) TGN golgins, Rabs and cytoskeleton: Regulating the Golgi trafficking highways. Trends Cell Biol 20(6):32936.
Phey Lim, J. and Gleeson, P.A. (2011). Macropinocytosis: An endocytic pathway for internalising large gulps. Immunol Cell Biol 89:836-843.
Chia, PZC, Gasnereau, I, Lieu, ZZ and Gleeson, PA (2011). Rab-9 dependent retrograde transport and endosomal sorting of the
endopeptidase, furin. J. Cell Sci. 124:2401-2413.
Houghton FJ, Bellingham SA, Hill AF, Bourges D, Ang DK, Gemetzis T, Gasnereau I, Gleeson PA. (2012) Arl5b is a Golgi-localised small G
protein involved in the regulation of retrograde transport. Exp Cell Res. 2012: 318:464-77.
Chia, PZ, Toh, WH, Sharples, R, Gasnereau, I, Hill, AF and Gleeson, PA (2013) Intracellular itinerary of internalized β-secretase, BACE1, and
its potential impact on β-amyloid peptide biogenesis. Traffic 14:997-1013.
Chia, PZC and Gleeson, PA (2014) Membrane tethering. F1000 reports 6:74.
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PAUL GOOLEY
Associate Professor
Room 402
Bio21 Molecular Science and Biotechnology Institute
30 Flemington Road
Tel +61 3 8344 2273
prg@unimelb.edu.au
http://www.biochemistry.unimelb.edu.au/research/res_gooley.html

The structure, function and dynamics of proteins
My research interests focus on protein interactions and the molecular mechanism of several therapeutic
targets and essential protein receptors. An important theme of many of our projects is to investigate the
influence of conformational change in function (1-3). The aim of all projects is to find, by characterizing the
dynamics and molecular interactions, novel ligands that will serve as templates for drug design, or explain
an important biological process. In our laboratory you will gain skills in basic molecular biology, protein
expression and isotope labelling using mostly bacterial systems, protein purification, site-directed
mutagenesis and functional assays. To understand structure-function relationships we use bioinformatics
and an array of biophysical methods which include NMR, isothermal titration calorimetry, surface plasmon
resonance, fluorescence, mass spectrometry (including hydrogen-deuterium exchange), X-ray
crystallography and small angle X-ray scattering.
Fig. 1. Analysis of the dynamics of proteins. Protein dynamics is critical for
all aspects of protein structure and function. Understanding functional
motion gives insights into how proteins recognize substrates and release
products. To speed up analysis we have coded and developed novel
software.

How does relaxin activate its G-protein coupled receptor? - Collaborators: Prof Ross Bathgate and Dr Daniel Scott
(Florey Institute of Neuroscience and Mental Health Melbourne Brain Centre).

Relaxin is an important hormone that is currently in clinical trials for treating heart failure. As it is necessary
to inject relaxin and as relaxin is rapidly cleared, the design of small molecule agonists has become
important. Relaxin belongs to the insulin superfamily and thus is a two chain disulphide linked peptide.
Relaxin activates the GPCR, RXFP1, an unusual class C GPCR that comprises a large ectodomain with an Nterminal LDLa module joined by putatively unstructured 32-residue linker to a Leucine Rich Repeat (LRR)
domain. Truncation of the LDLa module results in a receptor that cannot activate, suggesting that the LDLa
module may be the true ligand (4-8). Previous research suggested that relaxin binds by its B-chain to the
LRR domain resulting in an uncharacterized conformational change whereby the LDLa module bound and
activated the transmembrane domain. Recent unpublished investigations by us have shown critical roles for
the linker, where it also forms a part of the relaxin binding site. We think relaxin binds via its A-chain to the
linker, inducing a structure within the linker, and that this is the key conformational change. Importantly a
series of residues immediately C-terminal to the LDLa module while not playing a direct role in ligand
binding, when mutated perturb binding, although we do not know how. Furthermore these residues if
mutated show significant loss of receptor activation, where this is also unknown. This project therefore will
continue to identify how the LDLa module and linker combine to activate RXFP1. We wish to understand
the structure of the linker including the relaxin binding site and how this site changes on binding relaxin.
We will characterize the structural changes and how the residues C-terminal to the LDLa module activate
the receptor. In addition we wish to identify where on the transmembrane domain the linker residues and
LDLa module interact. This structural understanding will aid the development of novel agonists of RXFP1.
Parallel investigations are being applied to the related INSL3-RXFP2 system.
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Characterizing allosteric sites and conformational diversity of G-protein coupled receptors - Collaborators:
Prof Ross Bathgate and Dr Daniel Scott (Florey Institute of Neuroscience and Mental Health Melbourne Brain Centre).

There is intense interest in G-protein coupled receptors (GPCRs) as they are the most important family of
protein targets for drug design. GPCRs are dynamic, integral membrane molecules which have made them
difficult to characterize. By having a range of conformational states an individual GPCR can couple to a
number of signaling pathways, however, a drug may turn on all these pathways which can lead to
undesirable side effects. Additionally, the pathway of ligand-binding can include allosteric sites that can
both influence selectivity of signaling pathways and be potential drug target sites. This project is therefore
aimed at characterizing the dynamic states and allosteric sites of GPCRs and to finding compounds that are
more specific and have promise as therapeutics. We work on several GPCRs: the neurotensin receptor,
identified as a target for neurodegenerative diseases such as Schizophrenia and Parkinson’s; and the α1Aand α1B-adrenoreceptor which are important in cardiac and neuroprotection. Dr Daniel Scott has
developed an innovative method of stabilizing GPCRs in detergent systems which importantly results in
milligram amounts of stable receptor for biophysical characterization of both the unbound and bound
states. This development gives a powerful resource for understanding GPCR mechanism. We are
developing methods to rapidly determine if sets of ligands bind to the same site, have similar orientations,
and show subtype specificity.
Probing the interaction of STAT1α and the C-terminal domain of the rabies P protein.
Collaborator: Dr Greg Mosely (Department of Biochemistry and Molecular Biology).

The rabies virus phosphoprotein (P protein) has a central role in the neutralization of host innate defences
by acting to antagonize type I interferon (IFN), thereby preventing both transcriptional induction of IFN and
expression of IFN-stimulated genes in target cells. Specifically, rabies P protein inhibits IFN-α and IFN-γ
mediated transcriptional responses and subsequently prevents nuclear accumulation of the signal
transducer and activator of transcription 1 (STAT1α) to overcome an antiviral state of the infected cells.
Recently a hydrophobic pocket of the P protein C-terminal domain has been identified as a critical
interacting site for STAT1α binding. To obtain insight into the mechanism by which P-protein interact with
STAT1α, this project aims to determine the interacting residues/sites of the C-terminal domain of P protein
and STAT1α. We can express and purify both proteins but STAT1α is a large protein making traditional
biophysical studies complicated. This project will therefore use novel structural biology approaches,
including paramagnetic labelling of STAT1α, to probe and define this interaction.
Recent publications
1. Perry, AJ, Hulett, JM, Likić, VA, Lithgow, T and Gooley, PR “Convergent evolution of receptors for protein import into
mitochondria.” (2006) Current Biology 16, 221-229.
2.

Bieri, M, Mobbs, JI, Koay, A, Louey, G, Mok, Y-F, Hatters, DM, Park, J-T, Park, K-H, Neumann, D, Stapleton, D, and Gooley,
PR “AMP-activated protein kinase β subunit requires internal motion for optimal carbohydrate binding” (2012)
Biophysical J. 102, 305-314.

3.

Mobbs, JI, Koay, A, Di Paolo, A, Bieri, M, Petrie, EJ, Gorman, MA, Doughty, L, Parker, M, Stapleton, D, Griffin, MDW and
Gooley, PR “Determinants of oligosaccharide specificity of the carbohydrate binding modules of AMP-activated protein
kinase” Biochemical Journal (2015) 468(2):245-57.

4.

Hopkins EJ, Layfield S, Ferraro T, Bathgate RAD, Gooley PR (2007) 'The NMR solution structure of the Relaxin (RXFP1)
receptor LDLa module and identification of key residues in the N-terminal region of the module that mediate receptor
activation', J Biol Chem, 282, 4172–4184.

5.

Bruell, S., Kong, RCK, Petrie, EJ, Hoare, BL, Wade, JD, Scott, DJ, Gooley, PR and Bathgate, RAD “Chimeric RXFP1 and RXFP2
receptors highlight the similar mechanism of activation utilizing their N-terminal low density lipoprotein class A modules”
(2013) Frontiers in Molecular and Structural Endocrinology 4, Article 171, 1-8.

6.

Kong, RCK, Petrie, EJ, Mohanty, B, Ling, J, Lee, JCY, Gooley, PR and Bathgate, RAD “The relaxin receptor (RXFP1) utilises
hydrophobic moieties on a signalling surface of its N-terminal low density lipoprotein class A module to mediate receptor
activation” J Biol Chem (2013) 288(39), 28138-28151.

7.

Diepenhorst, NA, Petrie, EJ, Chen, CZ, Wang, A, Hossain, MA, Bathgate, RAD and Gooley, PR “Investigation of Interactions
at the Extracellular Loops of the Relaxin Family Peptide Receptor 1 (RXFP1)” (2014) J Biol Chem, 289(50):34938-52.
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Project 1:- The structure and function of the Interleukin-11 signalling complex
Interleukin (IL)-11 is a member of the IL-6 family of cytokines that performs a wide range of biological
functions. Recombinant human IL-11 is administered as a standard clinical treatment for chemotherapyinduced thrombocytopenia. Recently, we identified a new role for IL-11 signalling as a potent driver of
gastrointestinal cancers, and demonstrated that it is a novel therapeutic target for these diseases.
Cell signalling by IL-11 is initiated by binding of soluble IL-11 to its membrane bound, specific receptor,
IL-11Rα. This binary complex subsequently engages with the signal transducing receptor, GP130, inducing
GP130 dimerisation and resulting in activation of the transcription factor, Signal Transducer and Activator
of Transcription (STAT)-3 (Figure 1).

Figure 1. The IL-11/STAT3 signaling cascade leads
to activation of STAT3 target genes associated
with inflammation and colon cancer progression.

Despite its importance, our understanding of the structure of the IL-11 signalling complex and the
interactions between its components remains rudimentary. Our recent work has produced the first crystal
structure and biophysical characterization of IL-11 (Figure 2A)1, and we are currently investigating the
structural details of the complex between IL-11 and IL-11Rα (Figure 2B).
A

Figure 2. (A) The crystal structure of human
IL-111.

B

(B) Sedimentation velocity analytical
ultracentrifugation analysis demonstrating
the formation of the IL-11/IL-11Rα
complex. Continuous molecular mass
distributions are shown for IL-11 (dotted),
IL-11Rα (dashed), and the IL-11/IL-11Rα
complex (solid line).

Inhibition of interleukin-11 signalling suppresses colon cancer progression
We have recently shown that an antagonist variant of IL-11, which binds to IL-11Rα but blocks signalling,
effectively inhibits STAT3 activation and suppresses the growth of colon cancer in mouse models.
Projects are available with the following specific aims:
Aim 1:

To characterise the structure and interactions IL-11 and IL-11Rα.

Aim 2:

To understand the structural mechanisms of IL-11 signalling antagonists.

Recent publications; Project 1
1.

Putoczki, T. L., Dobson, R. C. J. & Griffin, M. D. W. (4014). The structure of human interleukin-11 reveals receptor-binding
site features and structural differences from interleukin-6. Acta Cryst. D 70, doi:10.1107/S1399004714012267
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Project 2:- Apolipoproteins and amyloid fibril formation in disease
Several diseases, including Alzheimer’s, Parkinson’s, diabetes type II and atherosclerosis are associated with
protein misfolding and the deposition of amyloid fibrils. Our work to date has focused on amyloid fibril
formation by apolipoproteins (Figure 3). Apolipoprotein A-I forms amyloid in atherosclerosis and in
hereditary amyloidosis, which leads to failure of vital organs 2.
Figure 3. Transmission electron
micrographs of amyloid fibrils
formed from (A) oxidised
apolipoprotein A-I2 and (B)
apolipoprotein C-II in the presence
of micellar phospholipid.
1 T

i i

l

i

h

f

l id fib il f

d b (A)

The structure of amyloid fibrils
Amyloid fibrils have increased β-structure relative to the
non-fibrillar protein form and interact with Congo Red and
thioflavin T (ThT). X-ray Diffraction patterns indicate a common
cross β-structure with strands in adjacent β-sheets oriented at right
angles to the long axis of the fibril. Our NMR and spectroscopic
studies have been used to generate a simple ‘letter G-like’
structural model for apolipoprotein C-II amyloid fibrils (Figure 4).

A

Fibril axis

Figure 4. A structural model for apolipoprotein
C-II amyloid fibrils. The apoC-II monomer adopts
a letter G-like β-strand-loop-β-strand structure.

The role of small heat shock proteins in amyloid formation
Our recent work identified new roles for small heat shock
chaperone proteins (sHSP) in the formation and dynamics of amyloid fibrils3. We showed that the sHSP, αBcrystallin, promoted assembly of amyloid fibrils into large aggregates, or inclusions. At the same time, αBcrystallin induced disassembly of individual amyloid fibrils (Figure 5). Since both formation of inclusions and
fibril disassembly are protective against amyloid toxicity, we believe that chaperone proteins have the
potential to modulate the toxic effects of amyloid in disease. We are currently extending our findings to
understand the effects of sHPS on
α-synuclein, which forms amyloid associated with Parkinson’s disease.
Figure 5. Schematic of the effect of αB-crystallin on
amyloid formation by apolipoprotein C-II3.
αB-crystallin induces the assembly of large amyloid
inclusions and promotes disassembly of individual
amyloid fibrils (red arrows). Both of these processes
are thought to protect against the toxicity of amyloid
to cells.

Projects are available with the following specific aims:
Aim 1:

To understand the structure and formation of apolipoprotein A-I amyloid fibrils.

Aim 2:

To determine the effects of small heat-shock chaperone proteins on protein misfolding and
amyloid formation by apolipoproteins and α-synuclein.

Recent publications; Project 2
2. Wong, Y. Q., Binger, K. J., Howlett, G. J. & Griffin, M. D. (2010). Methionine oxidation induces amyloid fibril formation by
full-length apolipoprotein A-I. Proc Natl Acad Sci U S A 107, 1977-82.
3. Binger, K. J., Ecroyd, H., Yang, S., Carver, J. A., Howlett, G. J. & Griffin, M. D. (2013). Avoiding the oligomeric state: alphaBcrystallin inhibits fragmentation and induces dissociation of apolipoprotein C-II amyloid fibrils. FASEB J 27, 1214-22.
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Our lab is interested in understanding the fundamental mechanisms underpinning the devastating and fatal
brain diseases of Huntington’s and Motor Neuron Diseases. These diseases are characterized by problems
with protein quality control, protein misfolding and aggregation. These diseases can arise by mutations
that lead to unstable proteins that confer a gain-of-toxicity function. We are interested in determining
what these mechanisms are using a wide array of protein biochemistry and cell biology approaches.
A defining feature of our lab is the construction of innovative new methods and approaches to understand
these mechanisms. This includes protein engineering to make new biosensors from proteins, developing
biosensors from small organic dyes to probe properties of proteins in live cells, design and cell biology
approaches to watch how proteins operate in cells and what happens to cells when they behave
abnormally and misfold. We are also interested in more “systems” approaches at the cell level (e.g. whole
transcriptome sequencing and proteomic analysis levels) to understand how the whole cell changes in
response to the toxicity.

Techniques we use:
Our laboratory offers training in a wide range
of biophysical, cell biology and genetics
approaches. We also develop new methods
and tools for research and collaborate with
other researchers in areas of proteomics,
chemistry, bioinformatics, mathematics, stem
cells or anything that enables us to answer our
biological questions of interest. Typical
methodologies we use in-house include:
•
•
•
•
•
•
•

Human cortical neuron model. We are interested in studying
Targeted mutagenesis of proteins to probe
how mutant proteins interfere with the functioning of cells
structure and function relationships
including human neurons grown from embryonic stem cells.
Development and application of biosensors
to monitor metabolic state and protein conformations in cells
New flow cytometry approaches to track how proteins aggregate in individual cells
Time lapse imaging of cells to observe protein localization changes over time
Analytical ultracentrifugation using fluorescence detection to study aggregation in the cell
Protein expression and purification to study intrinsic structural features of disease causing proteins.
Next generation sequencing and proteomics approaches.

Projects:
Our laboratory offers projects for Honours, Masters and PhD projects. Examples of recent projects are
listed below, but specific projects should be discussed with Danny as our work is constantly evolving and
we like to design our projects to suit the interests of the student. We also welcome students interested in
applying mathematical modelling to biological datasets; or who have interesting ideas that can add to our
research. There is certainly the possibility to bridge interests across supervisors for those interested in
mathematics, structural biology and chemistry through existing close collaborators of the lab. Our ethos is
in encouraging innovation and creativity.
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Defining the mechanisms by which the cell intercepts mutant misfolded proteins involved in
Huntington’s disease.
Mutant huntingtin protein forms aggregates in cells; a process that causes damage to cells through
mechanisms that are incompletely understood. Our research centres on building new tools to define the
process by which huntingtin aggregates and assessing how the cell is impacted by this process. We also
decipher the mechanisms the cell employs to protect itself from harm using proteomics and siRNA
approaches. This includes protein quality control systems in the cell, which include molecular chaperones.
Designing new biosensors to view how
proteins fold in a cell
In a new direction for our lab, we are
constructing new fluorescence-based
methods to view how proteins fold in a
cell and how the protein quality control
network, such as chaperones, impacts
on this process. A key goal is to
measure how well cells can fold proteins
under conditions of stress, such is in
neurodegenerative diseases. The
techniques include fluorescence
resonance energy transfer, biophysics,
cellular imaging and modelling.

Building windows to view how aggregation damages a cell. We have
developed methods to separate cells that have different aggregate types in
them. We are defining the proteomic, genomic and metabolic changes in
these cells so we can determine how aggregation damages a cell. Left shows
cells with Huntingtin aggregates. Right shows cells lacking aggregates

Defining how mutations in the superoxide dismutase 1 (SOD1) protein affect dimerization in a cell
SOD1 when mutated is a leading cause of motor neuron disease. The protein is normally a dimer but many
mutations lead to it dissociating into monomers, which are thought to underpin mechanisms of
dysfunction. This project involves developing new methods mathematically evaluate parameters that are
of most importance to propagating pathogenesis. Techniques for this project include live cell time lapse
imaging, molecular biology, protein biophysics and cell biology.
Selected recent publications:
1.
2.
3.
4.
5.
6.
7.

8.
9.

Polling, S., Mok, Y.-F., Ramdzan, Y. M., Turner, B. J., Yerbury, J. J., Hill, A. F., and Hatters, D. M. (2014) Misfolded
Polyglutamine, Polyalanine, and Superoxide Dismutase 1 Aggregate via Distinct Pathways in the Cell, J. Biol. Chem. 289,
6669-6680.
Irtegun, S., Wood, R., Lackovic, K., Schweiggert, J., Ramdzan, Y. M., Huang, D. C. S., Mulhern, T. D., and Hatters, D. M.
(2014) A Biosensor of Src Family Kinase Conformation by Exposable Tetracysteine Useful for Cell-Based Screening, ACS
Chem. Biol. In Press.
Chia, P. Z. C., Ramdzan, Y. M., Houghton, F. J., Hatters, D. M., and Gleeson, P. A. (2014) High-Throughput Quantitation of
Intracellular Trafficking and Organelle Disruption by Flow Cytometry, Traffic 15, 572-582.
Ormsby, A. R., Ramdzan, Y. M., Mok, Y. F., Jovanoski, K. D., and Hatters, D. M. (2013) A Platform to View Huntingtin Exon
1 Aggregation Flux in the Cell Reveals Divergent Influences from Chaperones hsp40 and hsp70, J. Biol. Chem. 288, 3719237203.
Ramdzan, Y. M., Polling, S., Chia, C. P., Ng, I. H., Ormsby, A. R., Croft, N. P., Purcell, A. W., Bogoyevitch, M. A., Ng, D. C.,
Gleeson, P. A., and Hatters, D. M. (2012) Tracking protein aggregation and mislocalization in cells with flow cytometry,
Nat. Methods 9, 467-470.
Hatters, D. M. (2012) Putting huntingtin "aggregation" in view with windows into the cellular milieu, Curr. Top. Med.
Chem. 12, 2611-2622.
Miller, J., Arrasate, M., Brooks, E., Libeu, C. P., Legleiter, J., Hatters, D., Curtis, J., Cheung, K., Krishnan, P., Mitra, S.,
Widjaja, K., Shaby, B. A., Lotz, G. P., Newhouse, Y., Mitchell, E. J., Osmand, A., Gray, M., Thulasiramin, V., Saudou, F.,
Segal, M., Yang, X. W., Masliah, E., Thompson, L. M., Muchowski, P. J., Weisgraber, K. H., and Finkbeiner, S. (2011)
Identifying polyglutamine protein species in situ that best predict neurodegeneration, Nat. Chem. Biol 7, 925-934.
Ramdzan, Y. M., Nisbet, R. M., Miller, J., Finkbeiner, S., Hill, A. F., and Hatters, D. M. (2010) Conformation sensors that
distinguish monomeric proteins from oligomers in live cells, Chem. Biol. 17, 371-379.
Olshina, M. A., Angley, L. M., Ramdzan, Y. M., Tang, J., Bailey, M. F., Hill, A. F., and Hatters, D. M. (2010) Tracking mutant
huntingtin aggregation kinetics in cells reveals three major populations that include an invariant oligomer pool, J. Biol.
Chem. 285, 21807-21816.
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Evolution and spread of drug resistance among bacterial pathogens
Before the introduction of penicillin in the 1940s, there was very little that could be done to treat bacterial
infections, and so a huge number of people died every year from bacterial diseases including pneumonia,
tuberculosis, wound infections, syphilis, and others. Penicillin and other antibiotics have since transformed
these infections from lethal to treatable, and mortality associated with infections has dropped dramatically
wherever antibiotics are widely used.
Unfortunately, while penicillin and other antibiotic compounds were ‘new’ to human knowledge in the
1940s, they were not new to the bacterial world (e.g. penicillin is produced naturally by particular types of
fungi). As some bacteria have been exposed to penicillin for millennia in their natural environments, they
have evolved a range of mechanisms to resist its bacteria-killing effects. The same is true for other
antibiotics. Mechanisms of resistance include pumping the drug back out of the cell before it can do too
much damage, breaking down the drug into harmless pieces, or modifying the bacteria’s own proteins to
prevent the drug from binding and causing problems.
These drug resistance mechanisms are all encoded in
bacterial gene sequences, which can be passed
around from one bacteria to the next via horizontal
transfer. Unfortunately for us, it didn’t take long for
penicillin resistance genes to find their way from the
environmental bacteria that were used to
encountering penicillin, into the bacterial pathogens
that cause the infections we would like to treat with
the drug. The same is true for virtually every antibiotic
drug available and there are now bacteria that can
resist every drug we have, sometimes called
‘superbugs’. This problem of multidrug resistance
threatens to return us to the pre-antibiotic era, when
bacterial infections were untreatable, and the WHO
now considers it to be among the top 3 health
problems facing humanity.

Tree showing the relationships of Incl1 resistance
plasmids identified among Shigella sonnei
genome sequences. From our recent paper in
BMC Genomics.

Because the evolution and spread of drug resistance is
essentially a problem of gene transfer or mutation, it is most easily tracked and studied through DNA
sequencing.
We use high-throughput platforms to sequence the complete genomes of drug-resistant and drugsusceptible bacterial pathogens, to investigate:
1.

how the resistance genes spread

2.

where and into which bacteria they spread

3.

how they impact the population structure of pathogens.
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We are developing novel methods and tools to extract information about resistance genes and mutations
direct from high-throughput sequencing data more quickly and accurately, and using network analysis to
model the spread of resistance genes through space, time and different pathogens. We are particularly
interested in resistance in Gram negative bacterial pathogens, which includes E. coli,Shigella, Salmonella,
Klebsiella and Acinetobacter.

Typhoid fever and dysentery
Typhoid fever and dysentery are enteric infections, caused by the ingestion of Salmonella or Shigella
bacteria that are pathogenic to humans. There are >25 million cases every year of typhoid fever and >150
million of dysentery, mostly in developing countries where there is limited access to clean water.
We use genome sequencing coupled with phylogenetic analysis to track transmission, and comparative
genome analysis to investigate evolution and the emergence of drug resistance. Where possible, we couple
this with spatiotemporal information in order to trace the evolution and spread of the bacteria through
space and time.

Hospital bugs – Klebsiella and Acinetobacter
Klebsiella pneumoniae and Acinetobacter baumannii are Gram negative bacteria that can cause a range of
infections in humans. They are generally considered to be ‘opportunistic’ pathogens, meaning that they
would not usually cause infections in healthy individuals but can cause serious infections in people who are
immunocompromised (including infants, the elderly and some hospital patients) or people who have
exposed wounds or inserted medical devices (usually hospitalised patients). These two bacteria appear to
be are exceptionally good at acquiring antibiotic resistance genes (see above), and in the last few decades
have established themselves as significant causes of hospital-acquired infections across the globe.
However very little is known about these organisms, including their mechanisms of pathogenesis or and
their population structure, and there are very few tools available to study their evolution and transmission.
This makes the bugs prime candidates for genomic studies.

Bacterial colonization in infant airways and its role in the development of viral lung infections,
asthma and allergy during childhood
A new area of research for us is investigating the composition of bacterial communities (the microbiome) in
nasopharyngeal samples in childhood cohorts. By deep sequencing of the 16S rRNA bacterial genes
extracted from the samples, we are able to profile the bacterial taxa present in those samples. We then
examine differences between the profiles of children who develop asthma later in life, vs those who never
develop asthma. We also look for associations between bacterial colonization and the severity of lung
infections, which are known to be an important risk factor for asthma, in early childhood.

Recent publications
1.

2.

3.
4.
5.

'Shigella sonnei genome sequencing and phylogenetic analysis indicate recent global dissemination from Europe', Holt KE,
et al. Nature Genetics 2012
(Commentaries on this paper are available in Nature Genetics and Nature Reviews Gastroenterology and Hepatology)
‘Combined high-resolution genotyping and geospatial analysis reveals modes of endemic urban typhoid fever
transmission’, Baker S, Holt KE et al, Open Biology 1:110008, 2011
(A detailed walkthrough of the study is available on my blog, bacpathgenomics.wordpress.com)
‘Beginner’s guide to comparative bacterial genome analysis using next-generation sequence data’, Edwards D and Holt KE,
BMC Microbial Informatics and Experimentation, 2013
‘Phylogeographical analysis of the dominant multidrug-resistant H58 clade of SalmonellaTyphi identifies inter- and
intracontinental transmission events’, Wong et al. Nature Genetics 2015
‘The Infant Nasopharyngeal Microbiome Impacts Severity of Lower Respiratory Infection and Risk of Asthma Development’
Teo et al, Cell Host & Microbe 2015
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Molecular Parasitology
Our research focuses on microbial pathogens that cause a number of important human diseases, including
Plasmodium falciparum (the cause of malaria), Toxoplasma gondii (human toxoplasmosis) and Leishmania
spp (human leishmaniasis) and Giardia (giardiasis). There are no vaccines against any of these disease and
current drug treatments are limited and constantly being undermined by drug-resistance. We have
developed innovative new approaches for identifying metabolic pathways that are switched on in both the
pathogen and in infected host cells during invasion and are required for pathogenesis or resistance. These
studies utilize a range of techniques, including molecular genetics, mass spectrometry-based metabolite
profiling and stable isotope labeling, fluorescence microscopy tissue imaging and host-pathogen infection
assays and are directed at identifying and/or validating novel drug targets.

(b)

(a)

(c)

Fig. 1. (a) The malaria parasite, Plasmodium falciparum proliferates in human red blood cells. We are keen to identify how new
antimalarial lead compounds work. (b) Advanced mass spectrometric analysis can identify hundreds to thousands of metabolites,
providing a new and extremely powerful tool for studying parasite metabolism and drug responses. (c) Leishmania parasites
(outlined in green) reside within the lysosome compartment of human macrophages (outlined in white). Understanding how they
do this will open up new avenues for drug development.

Projects:
1. Drug target identification in the malaria parasite
There is an urgent need to develop new anti-malarial drugs to combat the ongoing spread of drug resistant
strains. We have access to an extensive library of drug-like compounds that have been shown to have
potent anti-malarial activity in high throughput chemical screens (Nature, 465 (7296), articles by Sanz et al
and Gulguemde et al). However, little is known about the mode of action and targets of these compounds.
We have developed a novel screening approach to investigate the impact of these compounds on parasite
gene transcription, protein translation and metabolism. The aim of this project will be to (1) to broadly
categorize the metabolic phenotype induced by library compounds (2), to compare these phenotypes with
those induced by current antimalarials and known metabolic inhibitors and (3) to identify more precisely
the mode of action of specific compounds. Students will gain experience in Plasmodium cell culture and a
range of state-of-the-art mass spectrometric and bioinformatics techniques. The project will be
undertaken in collaboration with Dr Stuart Ralph.
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2. Identifying key metabolic pathways required for Toxoplasma gondii infection
Toxoplasma gondii is a protozoan parasite that infects one third of the world’s population, and causes
acute disease in neonates and immunocompromised individuals. While drugs are available for treating
acute (active) infections no drugs are available for clearing chronic infections. We have identified a number
of metabolic pathways that are predicted to be important for parasite survival during acute and/or chronic
infections. This project will involve the generation of parasite mutants by targeted deletion of critical genes
in these pathways and detailed analysis of any biochemical and/or virulence defects in these mutant
strains. Students will gain experience in parasite/mammalian tissue culture, in the parasite molecular
genetics and novel mass spectrometric profiling and stable isotope labelling techniques. These studies will
allow us to identify pathways essential for parasite infectivity and validate specific enzymes as drug targets.
3. Identification of novel metabolic pathways in Leishmania parasites
Leishmania parasites cause a spectrum of human diseases and primarily proliferate in macrophages in the
mammalian host. Comparatively little is known about the metabolism of the intracellular parasites stages
that could be the targets of new drugs. Leishmania mutants will be generated with defects in specific
metabolic pathways predicted to be essential for virulence. In particular, we are interested in targeting
genes involved in the synthesis of a novel intracellular carbohydrate reserve material, termed mannogen,
which accumulates to very high levels during macrophage invasion (Ref 5). The biochemical phenotype of
these mutants will be extensively characterized to define the potential role of mannogen in central carbon
metabolism. The effect of changes in mannogen metabolism on parasite virulence will also be tested in
cultured host cells and animal models. This project will be co-supervised with Dr Fleur Sernee.
4. Genome wide analysis of host responses to Leishmania infection
Intracellular pathogens such as Leishmania are dependent on host metabolites for growth and survival and
may manipulate host cell metabolism in order to increase access to nutrients. Alternatively, host cells may
restrict nutrient availability to prevent pathogen growth. We have initiated a genome-wide siRNA screen to
identify macrophage genes that when repressed, lead to either increased or reduced Leishmania growth in
intracellular vacuoles. This screen will result in a target list of >50 host genes that regulate the outcome of
Leishmania infection and represent a novel class of drug targets. This project will involve the detailed
characterization of the top ~50 host genes that regulate Leishmania infection, by undertaking detailed
analysis of vacuole formation and maturation, parasite growth, and macrophage and parasite metabolism
following RNAi suppression of candidate genes. This project will utilize an array of cell biological
(fluorescence microscopy) and metabolomics (mass spectrometry) approaches and will be cosupervised
with Drs Michael Dagley and Eleanor Saunders.
Recent publications
1.

2.
3.
4.
5.

Blume M, Nitzsche R, Sternbergy U Gerlic M, Masters SL, Gupta N, McConville MJ (2015) The gluconeogenic enzyme fructose
bisphosphatase regulates glucose catabolism in Toxoplasma gondii and is essential for replication and virulence. Cell Host & Microbe 18,
210-220
Kloehn J, Saunders EC, O'Callahan S, McConville MJ (2015) Characterization of metabolically quiescent Leishmania parasites in
granulomatous murine lesions using heavy water labeling. PloS Pathogens 11(2) e1004683
Saunders EC, Ng, WW, Kloehn J, Chambers JM, Ng M, McConville MJ (2014) Induction of a stringent metabolic response in intracellular
stages of Leishmania mexicana Leads to increased dependence on mitochondrial metabolism. PloS Pathogens 10(1) e1003888
MacRae JI, Sheiner L, Nahid A, Tonkin C, Striepen B, McConville MJ (2012) Mitochondrial metabolism of glucose and glutamine is required
for intracellular growth of Toxoplasma gondii. Cell Host & Microbe 12(5) 682-692.
Sernee, FM, Ralton, JE, Dinev, Z, Khairallah, GN, O’Hair, RA, Williams, SJ, McConville, MJ (2006) Leishmania b1-2mannan is assembled on
a novel mannose-cyclic phosphate primer. Proc. Natl . Acad. Sci. USA, 103(25):9458-63.
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Vaccine Biology
Dr Mintern is a Fellow in the Department of Biochemistry and Molecular Biology. Dr Mintern investigates
mechanisms of vaccine biology. Advancing vaccine design is important for the treatment and prevention of
infectious disease and cancer. Dr Mintern investigates the fundamental cell biology of how an immune
response begins. She designs and applies innovative bioengineered tools to probe mechanisms of vaccine
biology. Her projects utilize a wide range of experimental approaches including: innovative design and
application of novel fluorescent probes, immunofluorescence microscopy, flow cytometry and
experimental models of inflammation, infection and cancer.
Project. Exploiting nanoparticles as vaccines.
Dr Justine Mintern, Prof Jose Villadangos and Dr Angus Johnston

Figure 1. Antibodytargeted nanoparticle.

Incorporating drugs inside nanoparticles (NPs) (Fig. 1) is a promising
approach to treat a range of diseases, from HIV to cancer. Encapsulating a
drug inside a nanoparticle has a number of advantages over the
conventional delivery of naked therapeutics, particularly when delivering
delicate therapeutic cargos such as peptides or siRNA. 1) The NP can
protect the drug from degradation by the body, ensuring the therapeutic
is delivered in an active form. 2) By preventing premature release of the
drug, unintentional side effects can be limited. 3) Multiple drugs can be
delivered together (such as an antigen and an adjuvant), maximizing the
therapeutic response. 4) NPs functionalized with targeted molecules such
as antibodies (Abs) can target the specific cells that require the
therapeutic. Here, we will examine the potential of nanoparticles as
carriers that enable effective vaccination. We will investigate how
different nanoparticle formulations can be used to elicit immunity to
infection and tumours.

The aims of this project will be to:
(i)

Investigate the interaction between nanoparticles and dendritic cells.

(ii)

To investigate the immune responses elicited by nanoparticle vaccines.

(iii)

To investigate the efficiency of nanoparticle vaccines in tumour and infection models.
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Mechanisms of Viral Pathogenesis
Viruses such as rabies, Australian bat lyssavirus, Nipah and Hendra represent major health threats globally
and within Australia, causing diseases in humans with up to 100% case-fatality rates. Critical to the
pathogenicity of these viruses is their capacity to manipulate the infected host cell through specific
interfaces formed between viral proteins and host cell factors. Through these interactions, viruses are able
regulate critical processes including antiviral immune responses, stress responses and cell
survival/apoptosis.
Our major research focus is in delineating the molecular interfaces formed between viruses and host cells,
their functions in viral infection and modulation of host cell biology, and their significance in the onset and
outcomes of viral disease. The ultimate aim of this research is to develop new antivirals and vaccines
against currently incurable viral diseases. Current research focusses on interactions formed with mediators
of interferon (IFN)-dependent antiviral signaling, the cellular cytoskeleton (Figure), and the
nucleus/intranuclear compartments.
Importantly, our recent research has identified a number of novel interfaces that are critical in viral
infection and virulence in animals. Using reverse genetics, we have generated viruses defective in specific
interactions important to immune evasion, finding that this can cause profound attenuation in vivo to
render 100% lethal viral strains apathogenic. These insights are assisting in the development of new vaccine
strains and antiviral therapeutics to combat currently incurable viral diseases.
Figure. (A) 3D-MT association assay showing a cell viewed by confocal laser scanning microscopy (left) and
automated tracing (right) of viral protein-MT interactions in living cells. (B) Super-resolution (STORM)
microscopy reveals significant impact on microtubule structure in viral protein-expressing cells (right)
compared with control cells (left).

A

B

Currently available projects: Our laboratory has projects in a number of key aspects of the virus-host
interface formed by pathogens of humans and animals. Examples of projects include:
1. Investigation of viral targeting of STAT proteins in the subversion of host immunity: We have found
that pathogenic viruses can target multiple members of the STAT family of transcription factors, which
mediate intracellular signalling critical to innate immunity. Current projects use functional genomics,
structural biology, and viral reverse genetics/infection to identify new strategies to interfere with these
interactions, to generate new vaccines and antivirals.
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2. Virus-cytoskeleton interactions in pathogenic manipulation of the host cell: It is well known that many
viruses target the microtubule cytoskeleton for intracellular transport; however, using novel live-cell
imaging approaches and super-resolution microscopy, we recently found that viruses also express proteins
that interact with microtubules to specifically modulate their structure and dynamics, thereby regulating a
number of key cellular processes. Using reverse genetics, we further found that this is critical to viral
infection and disease. Projects aim to delineate the mechanisms and functions of virus-microtubule
interactions, and to exploit this knowledge to identify new targets for antivirals.
3. Characterisation of the immune evasion strategies of novel, emerging viruses: The emergence in
human populations of zoonotic (animal) viruses through cross-species “spill-over” events (e.g. SARS, Nipah,
lyssaviruses) is a major threat to world health. Our studies of a number of novel/previously uncharacterised
animal viruses have found that they use unique mechanisms to subvert immunity. Projects seek to
understand these mechanisms in detail, contributing to preparedness for new outbreaks of dangerous
viruses.
4. Elucidation of the intranuclear virus-host interface: Our previous studies have shown that cytoplasmic
viruses encode proteins that use intricate and highly regulated mechanisms to traffic between the nucleus
and cytoplasm, presumably enabling these viruses to interfere with intranuclear processes. Recently, we
have identified an array of novel intranuclear interactions formed by viral proteins, which enable specific
targeting of nuclear structures including nuclear bodies and nucleoli. Current projects seek to determine
the roles of these interactions in disease.
Our projects involve multiple interdisciplinary collaborations within Australia, including with CSIRO, and
with leading international labs. in Europe (including the Pasteur Institute and CNRS), Japan, and the US. The
main experimental approaches for these projects will include dynamic/live cell imaging (e.g. FRAP, RICS,
FRET/FLIM), super resolution microscopy (PALM/STORM), 3D in vivo microtubule (MT) cytoskeletonassociation assays (see Figure), immune signalling assays, systems biology approaches including genomics
(microarray/NGS, CHiP) and proteomics (MS, DIGE), viral reverse genetics, virus infection, and in vivo viral
disease models.
Selected publications
1.
2.
3.
4.
5.
6.
7.

Interaction of Rabies Virus P-Protein with STAT Proteins is Critical to Lethal Rabies Disease. L. Wiltzer, K. Okada, S.
Yamaoka, F. Larrous, H. V. Kuusisto, D. Blondel, H. Bourhy, D. A. Jans, N. Ito and G. W. Moseley. The Journal of Infectious
Diseases. 2014. 209(11):1744-53.*
The rabies virus interferon antagonist P-protein interacts with activated STAT3 and inhibits Gp130 receptor signaling. K. G.
Lieu, A. Brice, L. Wiltzer, B. Hirst, D. A. Jans, D. Blondel, G. W. Moseley. Journal of Virology. 2013 87(14):8621-5.*
Viral interactions with microtubules: orchestrators of host cell biology? A. Brice and G. W. Moseley. Future Virology, 2013
8(3):229-243.*
Conservation of a unique mechanism of immune evasion across the lyssavirus genus. L. Wiltzer, F. Larrous, S. Oksayan, N.
Ito, G.A. Marsh, L. Wang, D. Blondel, H. Bourhy, D.A. Jans, and G.W. Moseley. Journal of Virology. 2012 86(18):10194-9 *
A novel nuclear trafficking module regulates the nucleocytoplasmic localization of the rabies virus interferon antagonist, P
protein. Oksayan S, Wiltzer L, Rowe CL, Blondel D, Jans DA, and Moseley GW. The Journal of Biological Chemistry. 2012
287(33):28112-21.*
The Role of Interferon-Antagonist Activity of Rabies Virus Phosphoprotein in Viral Pathogenicity. Ito N†, Moseley GW†,
Blondel D, Shimizu K, Rowe CL, Ito Y, Masatani T, Nakagawa K, Jans DA, Sugiyama M. The Journal of Virology 2010 84(13):
6699-6710.
Dual modes of rabies P-protein association with microtubules: A novel strategy to suppress the antiviral response.
Moseley GW, Lahaye X, Roth DM, Oksayan S, Filmer R, Rowe CL, Blondel D, Jans DA. The Journal of Cell Science. 2009 122:
3652-3662.*
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Drug targets in the malaria parasite, Plasmodium falciparum
Our laboratory is interested in parasitic diseases, with a primary focus on the causative agent of severe
malaria, Plasmodium falciparum. We use modern molecular biology, cell biology and bioinformatic
techniques to investigate strategies for treating and preventing malaria. The burden of disease‐causing
parasites is particularly high in developing countries, and inadequate resources are directed towards the
development of much‐needed treatments. Complete genome sequences are available for many of these
parasites, so a wealth of information is available from which to search for potential targets for
chemotherapeutic interventions. We are interested in identifying and characterising promising drug targets
from P. falciparum and
False‐coloured transmission electron micrograph of a
other parasites, as well
P. falciparum parasite, cause of the most severe form of
as studying the modes
malaria. Malaria parasites (blue and purple) live inside these
of action and
parasites contributes to parasite immune evasion, and
mechanisms of
compartmentalization of silencing factors and chromatin
resistance for existing
states in the nucleus play important roles in regulating
drugs.
antigenic variation. In this image, the infected erythrocyte is
shown in red, and the parasite is shown in purple. The dark

We use various
blue highlights the condensed material at the nuclear
bioinformatic methods
to screen for promising drug targets, and molecular biological, and cell biological methods (confocal and
electron microscopy with transgenic parasites), as well as in vitro parasite culture to characterise and test
potential parasite drug targets. In collaboration with Professor Malcolm McConville, we are subjecting
malaria parasites to metabolomic analyses to help understand the modes of action of existing and novel
anti‐malarial drugs.

1. Aminoacyl‐tRNA synthetases enzymes as drug targets:
Projects on offer are aimed at characterizing aminoacyl‐tRNA synthetase
(aaRS) enzymes as drug targets in Plasmodium. These enzymes catalyse the
attachment of amino acids to their relevant tRNA molecules and are
essential for protein synthesis. They have recently been recognized as
promising drug targets across a broad range of microbes, and we have
recently identified Plasmodium aaRSs that are potential targets for new
drugs to treat malaria1. Plasmodium aaRS enzymes differ from those of
humans, so we hope to develop drugs specific for Plasmodium. We are using
in silico screening methods to identify likely inhibitors of Plasmodium tRNA
synthetases and developing assays to measure specific inhibition of
Plasmodium aaRS enzymes. We will also test inhibitors for their ability to kill
Plasmodium grown in culture.
1. A dual-targeted aminoacyl-tRNA synthetase in Plasmodium falciparum charges cytosolic
and apicoplast tRNACys. Pham JS, Sakaguchi R, Yeoh LM, De Silva NS, McFadden GI, Hou
YM, Ralph SA. Biochem J. 2014 Mar 15;458(3
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A structural model of a
P. falciparum aminoacyl‐
tRNA synthetase. The aaRS
enzymes have several deep
substrate‐binding pockets
that appear to be suitable for
targeting with small molecule
inhibitors. Such inhibition has
already been demonstrated

2. The metabolic response of Plasmodium parasites to antimalarial drugs
Prof. Malcolm McConville has developed methods to analyse the metabolome of P. falciparum using
chromatographic separation of small molecule metabolites and mass spectrometry. This methodology will
allow us to sample much of the parasite’s metabolome before and after treatment with antimalarial drugs.
We will explore the mode of action of some well‐known antimalarials, as well as potential targets for
promising but uncharacterized novel antimalarials.

3. Bioinformatic methods to predict protein localisation and to prioritise drug targets
Because Plasmodium parasites are very distantly related to the model organisms that have been the
subject of intense cell biological investigations, relatively few proteins have been assigned to specific subcellular locations. We have built a database to catalogue protein localisations and are now using this to
develop methods to predict Plasmodium protein localisation based on systems biology inputs. We will use
machine-learning algorithms to mine data from systems biology experiments to predict protein localisation.
Using parasite transfection strategies we will validate new bioinformatic predictors by tagging proteins with
fluorescent protein tags and visualising in live cells. We are also extending similar databases to predict
attractive drug targets for infectious diseases2.
2.

Identification of attractive drug targets in neglected-disease pathogens using an in silico approach. Crowther GJ et al PLoS Negl
Trop Dis. 2010 Aug 24;4(8):e804

4. P. falciparum‐specific virulence factors
The availability of genome sequences for P. falciparum and P. vivax, another malaria‐causing species, allows
us to hunt for the molecules underlying the differences in virulence and pathogenesis between these
organisms. We have identified a falciparum‐specific gene; a nucleoside triphosphate diphosphohydrolase
(NTPDase) that we hypothesize encodes a parasite virulence factor that modulates host inflammation and
immune responses. In collaboration with Dr Elizabeth Hartland (Dept of Microbiology, University of
Melbourne) we will characterize the P. falciparum NTPDase by studying its localisation, activity and
susceptibility to inhibitors.

5. Correlative light - electron microscopy to investigate P. falciparum invasion of red blood cells
Together with collaborators at WEHI and the Burnett Institute, we
have developed methods to image the entry of merozoites into
erythrocytes (left). We have used electron microscopy to produce
tomograms of invading parasites to reveal new features of invasion
biology3. We will now investigate this process using correlative lightelectron microscopy (CLEM), tagging parasites with fluorescent tags
and looking at the behaviour of key invasion proteins during parasite
invasion. This project also involves the use of transfection techniques
to produce fluorescent protein fusions that will be used as markers in
CLEM experiments.
A Plasmodium parasite (shaded
yellow) captured in the process of
invading a human red blood cell
(shaded red).

3. Hanssen E, Dekiwadia C, Riglar DT, Rug M, Lemgruber L, Cowman AF, Cyrklaff M,
Kudryashev M, Frischknecht F, Baum J, Ralph SA. Electron tomography of Plasmodium
falciparum merozoites reveals core cellular events that underpin erythrocyte invasion.
Cell Microbiol. 2013 Mar 5.
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Proteomics and Lipidomics
Our research focuses on the development and application of quantitative proteome and lipidome analysis
strategies to identify and characterize functional biomarkers of disease, and for mass spectrometry based
clinical diagnostics. A broad variety of novel analytical biochemistry techniques are employed, including
extraction, chemical derivatization, gas-phase separation and ultra-high resolution tandem mass
spectrometry (MS/MS), to comprehensively identify and quantify changes in protein expression and post
translational modifications, or complex lipid abundances, that are associated with the dysregulation of
normal cellular function. Ultimately, the results obtained from these studies can provide critical insights
toward improving our understanding of the onset and progression of disease pathogenesis, including in
cancer, diabetes and diabetic complications, and may enable the identification of candidate biomarkers for
improved disease diagnostic or prognostic monitoring, or novel targets for therapeutic intervention.
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Fig. 1. Ultra-high resolution mass spectra of crude lipid extracts from primary human colon carcinoma cell line SW480, and its
lymph node metastatic derivative SW620. From these spectra, >1000 lipids can be identified, and relative quantification
performed between the cell lines, with significant changes in both plamanyl- and plasmenyl-ether lipid abundances. siRNA
knockdown of the rate limiting peroxisomal enzyme for ether lipid biosynthesis, alkylglyceronephosphate synthase (AGPS), within
the SW620 cells followed by comprehensive lipidome profiling and PCR array analysis, results in the attenuation of multiple genes
known to be associated with molecular and phenotypic characteristics of cancer malignancy and metastasis.

Projects:
1. Comprehensive Lipidome Profiling to Identify Functional Biomarkers of Colorectal Cancer Malignancy
and Metastatic Progression.
The onset and progression of various diseases, including cancer, are known to be associated with the
disruption of lipid metabolism or signalling pathways. To date, however, systematic identification and
quantification of the diverse range of individual molecular lipid species that may be present within
cancerous cells or tissues, and exploration of their functional roles in malignancy and metastatic
progression, has not been broadly explored. In this project, we will apply a high-resolution ‘shotgun’ mass
spectrometry based lipidome analysis strategy to systematically characterize and quantify >1000 individual
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lipids from a series of established cell culture models of primary and metastatic colorectal
adenocarcinoma, and their secreted exosomes. From this study, we will define, for the first time, a core
group of molecular lipid species (i.e., the ‘cancer lipidome’), whose changes in abundance are highly
correlated with colorectal cancer molecular phenotype and tumorigenic potential. Then, we will perform a
series of targeted gene silencing experiments on specific enzymes involved in key lipid metabolism
pathways, followed by molecular characterization at the proteome, lipidome and metabolome levels (i.e.,
‘multi-omics’), as well as functional proliferation, invasion, migration assays, to elucidate the as yet
unknown functional role of colon cancer cell and exosome derived lipids in malignant transformation,
metastatic progression and exosome mediated cancer signalling.
2. Development of a Mass Spectrometry Based Assay for the Quantitative Analysis of Plasmodium
falciparum Histidine-Rich Protein 2 and its Variants.
Significant variation has been reported in the field performance of rapid diagnostic tests (RDTs) to
accurately diagnose malaria infections via the detection of Plasmodium falciparum histidine-rich protein 2
(PfHRP2). An important variable that may influence test performance is the presence of significant
sequence polymorphism in PfHRP2 sequences from geographically distinct P. falciparum isolates, resulting
in variable recognition from the monoclonal antibodies (MABs) used in the RDTs. Such limitations (i.e.,
variable reactivity, cross-recognition e.g., monoclonal antibodies against PfHRP2 cross-reacting with
PfHRP3, and non-specific binding) are well recognized fundamental challenges to the utility of conventional
competitive or sandwich immunoassay based detection strategies. Here, a quantitative mass spectrometry
based assay that couples targeted protein capture with stable isotope labelled peptide internal standards,
protein digestion, high-performance liquid chromatography and tandem mass spectrometry (LC-MS/MS)
detection, will be developed and utilized to identify and quantify peptides specific to PfHRP2 and its
individual sequence variants for in vitro clinical diagnostic analysis in human plasma samples infected with
P. falciparum. This research is being performed as part of a new collaboration with Professor James
McCarthy at the Queensland Institute of Medical Research.
3. Lipidome Profiling to Identify Inflammatory Biomarkers for Early Detection of ß cell Autoimmunity in
Type 1 diabetes.
Type 1 diabetes (T1D) is an autoimmune disease that is characterized by progressive immune cellmediated destruction of insulin-producing pancreatic ß cells. Detection of early stages of ß cell
autoimmunity prior to the fully developed pathology would markedly improve the success of therapeutic
strategies designed to prevent T1D. It has recently become evident that in addition to cytokine and proinflammatory protein pathways, bioactive lipid mediated signaling also plays an important role in tissue
inflammation and immune cell signaling. Here, in a project funded by the Juvenile Diabetes Research
Foundation and in an ongoing collaboration with researchers at Michigan State University, we will develop
mass spectrometry lipidomic approaches to identify complex lipids and bioactive lipid mediators in ß cells
and blood serum that can serve as biomarkers for the development of ß cell autoimmunity and
destruction, and progression to T1D.
Recent publications
1.
2.
3.
4.
5.

Lydic, T.A., Townsend, S., Adda, C.G, Collins, C., Mathivanan, S. and Reid, G.E. (2015) Rapid and Comprehensive ‘Shotgun’ Lipidome
Profiling of Colorectal Cancer Cell Derived Exosomes. Methods. In Press. doi: 10.1016/j.ymeth.2015.04.014
Zhou, X., Mester, C., Stemmer, P.M. and Reid, G.E. (2014) Oxidation Induced Conformational Changes in Calcineurin Determined by
Covalent Labelling and Tandem Mass Spectrometry. Biochemistry. 53, 6754-6765. PMID: 25286016
Lydic, T.A., Busik, J.V. and Reid, G.E. (2014) A Monophasic Extraction Strategy for the Simultaneous Lipidome Analysis of Polar and
Nonpolar Retina Lipids. J Lipid Res. 55, 1797-1809. PMID: 24879804
Tan, Y-J., Wang, W-H., Zheng, Y., Dong, J., Stefano, G., Brandizzi, F., Garavito, R.M., Reid, G.E. and Bruening, M.L. (2012) Limited
Proteolysis via msec-Digestions in Protease-Modified Membranes. Anal. Chem. 84: 8357−8363.
Fhaner, C.J., Liu, S., Ji, H., Simpson, R.J. and Reid, G.E. (2012) Comprehensive Lipidome Profiling of Primary and Metastatic Colon
Adenocarcinoma Cell Lines. Anal. Chem. 84, 8917-8926.
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Mitochondrial Protein Biogenesis and Disease
Mitochondrial function extends far beyond ATP production as mitochondria serve as sensors for multiple
metabolic functions and are key players in health and disease. Mitochondrial function is dependent on the
proteins that reside within the organelle. Therefore, it is critical to ensure that the mitochondrial protein
complement is adjusted depending on cellular requirements. This is achieved through: (i) protein
biogenesis, which includes protein synthesis, trafficking, import and folding; and (ii) quality control for the
turn-over of old or damaged proteins. Protein biogenesis and quality control events maintain the correct
amount, distribution and structures of proteins and in doing so maintain protein homeostasis.

Disturbances in mitochondrial protein homeostasis compromise organelle function and
mitochondrial dysfunction is associated with numerous disease states, including, cancer,
Alzheimer’s and Parkinson’s disease.

Our labs mission is to obtain a comprehensive
picture of the events that govern
mitochondrial biogenesis. We aim to
contribute new knowledge at a molecular
level to mitochondrial function in healthy cells
and mitochondrial dysfunction in disease.

We integrate both yeast and mammalian cell models in our research in order to obtain a comprehensive
overview of the events that contribute to mitochondrial biogenesis. Due to the relative ease of performing
genetic manipulations the yeast model provides a powerful basis to elucidate detailed molecular
mechanisms, while mammalian cell models allow us to investigate the greater implications of these
mechanisms and their impact on mammalian cell physiology and disease.

Please contact Diana to discuss the details of the projects on offer in the lab in 2016.
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1: Mitochondrial protein import in mammalian cells
The majority of proteins that reside within mitochondria, approximately 1500 in mammalian cells, are
encoded in the nuclear genome. Following synthesis on cytosolic ribosomes these proteins need to be
imported into the mitochondria. How the cell coordinates the import of these precursor proteins is a truly
fascinating process. The mitochondrion has sophisticated translocation systems to orchestrate protein
import to the correct sub-compartment, the outer membrane, intermembrane space, inner membrane and
matrix.
Our understanding of mitochondrial protein import in higher eukaryotes remains poor in comparison to
fungal systems. However, analysis in mammalian cells can often exposes fundamental principles not
apparent in lower organisms and therefore there is an urgency to characterise these pathways in higher
organisms. We have numerous projects focusing on different mammalian mitochondrial translocation
machines. We want to elucidate the molecular architecture of these machines and unravel the mechanisms
that govern protein import in mammalian cells. This work addresses fundamental questions in the area of
protein transport that will advance understanding of cellular protein trafficking significantly.
2: The role of mitochondria in Coxiella burnetii infection
In collaboration with Dr. Hayley Newton (Department of Microbiology, The University of Melbourne)
Some pathogenic bacteria replicate to large numbers inside human cells. This strategy requires that the
bacteria manipulate the eukaryotic cell biology to create a replicative niche and evade killing. To achieve
this, intracellular bacterial pathogens transport virulence proteins, termed effectors, into the host cytosol.
The intracellular bacterial pathogen Coxiella burnetii, the causative agent of Q-fever, delivers a unique
cohort of effectors into the host cell.
Interestingly, a number of the C. burnetii effector proteins are targeted to mitochondria. We are interested
in using molecular and cell biology techniques to characterise how these effector proteins are delivered to
the mitochondrion and study how they interact with mitochondrial proteins to allow C. burnetii to replicate
within a eukaryotic cell.
Students involved in these projects will receive training in the following techniques:
Molecular biology including PCR and gene cloning; cell culture and transfection; confocal microscopy;
immunofluorescence, immunoprecipitation; protein purification; Blue-native gel electrophoresis; SDSPAGE; western-blotting.

Stojanovski Lab – 2015 (Lara, David, Diana, Yi Lin, Laura)
Please visit http://www.ncbi.nlm.nih.gov/pubmed/?term=stojanovski+d for a list of relevant publications.
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Mechanisms of Action of and Resistance to Artemisinin
Artemisinin derivatives are recommended, in combination regimens, as
first line antimalarials in most countries where malaria is endemic. Thus,
reports that resistance to artemisinins (ARTs) has emerged, and that its
prevalence is increasing, are alarming. This project aims to understand
the molecular basis of drug resistance and to help develop new
antimalarials that will be cheap and effective, and active against ARTresistant parasite strains (1-3). This project will use flow cytometry,
biochemical studies and molecular biology to probe the role of the
parasite’s stress response in resistance. It will use a mathematical model
to simulate in vivo parasite clearance profiles from in vitro assessments of
ART sensitivity (2, 3). This work will provide insights into mechanisms of
drug action and help design drug interactions in multidrug chemotherapy.
Co-supervisors: Dr Stanley Xie, Dr Susann Herrmann, Biochemistry and
Molecular Biology, Bio21 Institute, University of Melbourne

Gametocytogenesis: the Sexy Side of Malaria
The malaria parasite P. falciparum undergoes
remarkable transformations that allow asexual stage
multiplication in a human host and sexual reproduction
in a mosquito vector. Gametocyte maturation
represents a “bottle neck” in the parasite’s
development; inhibition of this process would ablate
disease transmission (4). Despite the importance of this
parasite stage, little is known of the molecular basis for
commitment, the mechanisms controlling its shape,
form, and function, or of the mechanisms by which
gametocytes adhere within the vasculature and then re-enter the circulation. To study the commitment
signal, and the protein trafficking and cellular remodeling events involved in gametocytogenesis we use
genetic transformation, and biochemical and metabolomics approaches (5, 6). This project combines
molecular, biochemical and cell biology techniques in conjunction with microscopy techniques such as longterm live cell imaging, confocal and super-resolution light microscopy, to investigate P. falciparum
gametocytes. An understanding of the shape-shifting properties of gametocytes is fundamental to the
development of effective means of combating this debilitating disease.
Co-supervisor: Dr Matt Dixon, Biochemistry and Molecular Biology, Bio21 Institute.
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Trafficking of the Major Virulence Protein in Malaria Parasite-infected Erythrocytes
The parasite modifies its host erythrocyte to
promote its own growth and survival. To do so, it
export proteins beyond the boundaries of its own
plasma membrane. To study protein trafficking we

use transgenic parasites expressing fluorescently
tagged proteins (6, 7). This project combines
molecular and cell biology techniques in
conjunction with microscopy techniques such as
long-term live cell imaging, confocal and super-resolution light microscopy, and electron microscopy to
decipher the trafficking machinery controlling the export of the major virulence protein to the host
erythrocyte membrane. Combined with immunolabeling methods (to find the locations of particular
proteins) these are very powerful techniques to work out how the parasite gets virulence proteins to its
surface and to try to find ways to interfere with this process (8, 9).
Co-supervisors: Dr Matt Dixon, Biochemistry and Molecular Biology, Bio21 Institute, Dr Eric Hanssen, Bio21
Institute.
References:
1.
2.
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4.
5.
6.
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8.
9.

N. Klonis et al., Artemisinin activity against Plasmodium falciparum requires hemoglobin uptake and digestion. Proc Natl Acad Sci U S A
108, 11405-11410 (2011).
N. Klonis et al., Altered temporal response of malaria parasites determines differential sensitivity to artemisinin. Proc Natl Acad Sci U S
A 110, 5157-5162 (2013).
C. Dogovski et al., Targeting the cell stress response of Plasmodium falciparum to overcome artemisinin resistance. PLoS Biol 13,
e1002132 (2015).
M. W. Dixon, M. K. Dearnley, E. Hanssen, T. Gilberger, L. Tilley, Shape-shifting gametocytes: how and why does P. falciparum go
banana-shaped? Trends Parasitol, (2012).
P. J. McMillan et al., Spatial and temporal mapping of the PfEMP1 export pathway in Plasmodium falciparum. Cell Microbiol 15, 14011418 (2013).
M. W. Dixon et al., Genetic ablation of a Maurer's cleft protein prevents assembly of the Plasmodium falciparum virulence complex.
Mol Microbiol 81, 982-993 (2011).
E. Pachlatko et al., MAHRP2, an exported protein of Plasmodium falciparum, is an essential component of Maurer's cleft tethers. Mol
Microbiol in press, (2010).
E. Hanssen et al., Whole cell imaging reveals novel modular features of the exomembrane system of the malaria parasite, Plasmodium
falciparum. Int J Parasitol 40, 123-134 (2010).
E. Hanssen et al., Electron tomography of the Maurer’s cleft organelles of Plasmodium falciparum-infected erythrocytes reveals novel
structural features. Mol Microbiol 67, 703-718 (2008).

Page 35

IAN VAN DRIEL
Professor
Room 302
Bio21 Molecular Science and Biotechnology Institute
30 Flemington Road
Tel +61 3 8344 2317
i.vandriel@unimelb.edu.au
http://www.biochemistry.unimelb.edu.au/research/res_van_driel.html

Immune responses to pathogenic bacteria
The WHO estimates that bacterial infectious diseases account for ∼10 x 106 deaths annually. This area of
our research is directed toward maximizing the chances of developing more effective vaccines and
antimicrobial drugs through a better understanding of how the immune system combats bacterial
infections.
a. The role of dendritic cells and memory T cells in initiating innate immune responses in tissues

Innate immune responses in infected peripheral tissues are essential for controlling invading pathogens in
the early phases of infection preventing the rapid replication and widespread dissemination of pathogens.
Despite having a vital role, the main cells and factors that control innate immune responses in tissues are
poorly defined compared to our knowledge of events in lymphoid organs. Components involved in innate
immune responses to pathogens have mostly been studied in isolation and there are few examples where
the interplay between distinct innate components that mediate pathogen clearance in vivo is well
understood.
To gain an integrated understanding of the in vivo innate immune network in lung tissue, we are
investigating the immune response to the intracellular lung bacterial pathogen Legionella pneumophila.
This important opportunistic pathogen causes Legionnaires’ disease, a vastly under diagnosed infection
estimated to cause around 10% of community acquired and nosocomial pneumonia and a disease that is
associated with high rates of morbidity and mortality.
Our recent data suggests that memory T cells play a surprisingly key role in the early stages o the immune
response. We have found that the production of the crucial effector cytokine interferon γ (IFNγ) in the
innate response to L. pneumophila is triggered L. pneumophila being taken up by monocyte-derived DC
(moDC) and conventional DC (cDC) early in the infection. IL12 and IL23 play significant roles in L.
pneumophila clearance and DC produce IL12 and IL23. Memory T cells (Tmem) are then induced to produce
IFNγ in the innate response, by IL12, and possibly IL23. The local IFNγ production by Tmem cells in the
innate response does not require cognate antigen recognition. In addition, our data suggests that other
major IFNγ producing cells including NK cells are recruited to the lung by Tmem cells, a highly novel finding
that leads us to hypothesise that Tmem cells play a crucial role in initiating immune responses rather than
just acting in the later adaptive response.
This work has the potential to significantly alter the paradigm for understanding immunity to pathogenic
bacteria. Our findings will greatly enhance the understanding of how T cells, which are traditionally
regarded as adaptive immune cells only, contribute to innate production of effector cytokines in the lung.
This likely represents a critical but underappreciated component of innate immune responses.

Figure 1. Proposed innate immune network in lung tissue following
bacterial infection.
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Specific projects:
1. To characterise how T cells are stimulated to produce IFNγ in L. pneumophila-infected mice.
So far we have found that IL12 but not antigen are required for the innate production of IFNγ by Tmem
cells after L. pneumophila infection. Previous work, has suggested that other cytokines such as IL18 may
also be involved and will be further investigated here.
2. To determine if T resident memory (Trm) cells are important in the innate response to bacterial lung
pathogens.
Trm cells have only recently been discovered and have proven to be superior to circulating memory T cells
in mediating local clearance of viral pathogens. The capacity of Trm to contribute to pathogen clearance in
the innate phase of the response has not previously been investigated, so here we will directly ascertain if
Trm are capable of producing IFNγ, or other effector molecules, in an innate response independently of
antigenic stimulation thus contributing to bacterial clearance.
3. Determine how IL23 contributes to clearance of the clearance of bacterial lung pathogens.
We have shown that IL23, a cytokine normally associated with a type 17 response to extracellular bacteria,
plays an important role in innate immunity to L. pneumophila that does not appear to involve IL17. This
project may discover unappreciated pathways for IL23 action.
Recent publications
1.
2.
3.
4.
5.

Hertzog, P, Mansell, A, van Driel, IR and Hartland, EL (2011) Sculpting the immune response to infection. Nat Immunol.
12(7), 579-82.
Schuelein R, Ang DK, van Driel IR, Hartland EL. (2011) Immune control of Legionella infection: an in vivo perspective. Front
Microbiol. 2, 126.
Tu E, Ang DK, Bellingham SA, Hogan TV, Teng MW, Smyth MJ, Hill AF, van Driel IR. (2012) Both IFN-γ
and IL-17 are required for the development of severe autoimmune gastritis. Eur J Immnuol 42(10):2574-83).
Tu E, Bourges D, Gleeson, PA, Ang DK and van Driel IR. (2013) Pathogenic T cells persist after reversal of autoimmune
disease by immunosuppression with regulatory T cells, Eur J Immunol. 43(5):1286-96.
Brown AS, van Driel IR, Hartland EL. (2013) Mouse models of Legionnaires' disease. Curr Top Microbiol Immunol.
2013;376:271-91. doi: 10.1007/82_2013_349.
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Nyström, SN Bourges D, Garry S, Ross RM, van Driel IR, Gleeson PA (2014) Transient Treg-cell depletion in adult mice
results in persistent self-reactive CD4(+) T-cell responses. Eur J Immunol 44:12, 3621-31.
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Brown AS, Bourges D, Ang DK, Hartland EL, van Driel IR. (2013) CD8 subunit expression by plasmacytoid dendritic cells is
variable, and does not define stable subsets. Mucosal Immunol. 7:200-1.
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Ross EM, Bourges D, Hogan TV, Gleeson PA, van Driel IR. (2014) Helios defines T cells being driven to tolerance in the
periphery and thymus. Eur J Immunol. 44:7, 2048-58.
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Bourges D, Ross EM, Allen S, Read S, Houghton FJ, Bedoui S, Boon L, Gleeson PA, van Driel IR. (2014) Transient systemic
inflammation does not alter the induction of tolerance to gastric autoantigens by migratory dendritic cells. J
Immunol.;192(11):5023-30.
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Zebrafish - a versatile model system for researching fundamental
cellular processes and modelling human disease
As they are small and easy to manipulate, zebrafish have become a
favoured model organism for any research question that requires
the context of a multicellular animal. As they are vertebrates,
zebrafish have a high level of homology in basic cellular processes
such as cell signalling, protein trafficking, cellular architecture, cell
migration and developmental processes. Zebrafish embryos are
small and transparent, and when combined with transgenes
encoding fluorescent markers that label specific tissues, cells or
proteins, it is possible to obtain high-resolution images of subcellular detail in living embryos. Finally, zebrafish are amenable to
relatively straightforward genetic and epigenetic modifications,
including CRISPR/Cas9 technology, which can be used to
recapitulate many human diseases, including cancer.

Techniques that can be applied in these research projects:
•
•
•
•
•
•
•
•

Zebrafish breeding techniques
Molecular cloning techniques
RT-PCR analysis and western blot analysis of expression
Confocal analysis of protein expression and localisation
Confocal immunofluorescence analysis of cellular architecture
CRISPR/Cas9 disruption of genes
Injection of mRNA into 1 cell stage zebrafish embryos for overexpression experiments
Injection of DNA into 1 cell stage zebrafish embryos to generate transgenic animals

Useful references:
1.
2.
3.
4.

http://theconversation.com/animals-in-research-zebrafish-13804
White R, Rose K, Zon L. (2013) Zebrafish cancer: the state of the art and the path forward. Nature Reviews Cancer 13:9
624-636
Weber T, Köster R. (2013) Genetic tools for multicolor imaging in zebrafish larvae. Methods 62, 279–291
Phillips JB and Westerfield M. (2014) Zebrafish models in translational research: tipping the scales toward advancements
in human health. Dis. Model. Mech. 7:7, 739-743
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Investigating intestinal cell death mutants in the zebrafish - in collaboration with A/Prof Joan Heath, Walter and
Eliza Hall Institute

Many of the genes that control embryonic development are found to be aberrantly expressed or disrupted
in cancer. Joan Heath’s laboratory aims to identify genes that may represent novel targets for cancer
therapy. To do this they have chosen the rapid developing zebrafish intestinal epithelium as a surrogate
tissue for bowel cancer growth. Using forward genetics approaches (ENU mutagenesis) they have been
able to identify several mutants harbouring disrupted genes that cause defects in intestinal cell growth and
proliferation. In three of their mutants, known as flotte lotte, trinculo and perdita, the cells of the intestinal
epithelium undergo programmed cell death. To understand the mechanisms driving this behaviour, RNAseq analysis of mutant embryos has been carried out. The aim of this project is to analyse the pathways
that are disrupted in one of these intestinal mutants, with a view to understanding why this gene is so
critical for intestinal epithelial (and potentially cancer) cell survival.

(A)

Transverse section of the wild type (wt) zebrafish intestine at 96 hours post-fertilization (hpf). The
cells are columnar in shape with basally positioned nuclei (blue). The cells are proliferating rapidly
resulting in folding of the epithelium. Rhodamine phalloidin (red) stains actin, highlighting the apical
border of cells. Arrow points to an enteroendocrine cell expressing green fluorescent protein (GFP).
Transverse section of the zebrafish intestine in flotte lotte (flo), a “cell death” mutant, at 96 hours
post-fertilization (hpf). The cells are smaller and cuboidal in shape. The diameter and surface area of
the intestinal epithelium is reduced due to much less cell production as a result of programmed cell
death. Dead cells/debris can be seen in the intestinal lumen.

(B)

Reference:
1.

Kose S, Furuta M, Imamoto N. (2012) Hikeshi, a nuclear import carrier for Hsp70s, protects cells from heat shock-induced
nuclear damage. Cell 149:3 578-89

Page 39

JOSE VILLADANGOS
Professor
Department of Biochemistry and Molecular Biology
Bio21 Institute
30 Flemington Road
Tel + 61 3 9035 7684
Department of Microbiology and Immunology:
The Doherty Institute of Infection and Immunity
Tel +61 3 9035 7684
j.villadangos@unimelb.edu.au

http://microbiol.unimelb.edu.au/research/immunology/villadangos_laboratory
http://www.biochemistry.unimelb.edu.au/research/res_villadangos.html

Biochemistry and Cell Biology in Immunity to Infection and Cancer
Prof. Villadangos holds a dual appointment in the Department of Biochemistry and Molecular Biology, and
the Department of Microbiology and Immunology. Research in this laboratory focuses on identifying
molecular factors that regulate immunity against viruses, malaria and cancer. In defining these pathways,
this information can be used to develop novel vaccines and immunotherapeutic agents. All our projects will
utilize a wide range of experimental approaches including: isolation of cells from lymphoid organs,
immunofluorescent and electron microscopy, proteomics, manipulation of gene expression, immunological
assays and experimental models of inflammation, viral infection, malaria and cancer.
The following projects are offered in the Villadangos Laboratory through the Department of Biochemistry
and Molecular Biology or through the Department of Microbiology and Immunology. Additional projects
are offered through the latter. Please visit the Honours Projects webpage of the Department of
Microbiology and Immunology for more information: http://microbiol.unimelb.edu.au/students/honours

a. Control of plasma membrane proteostasis by ubiquitination: role of the MARCHs
Prof J. Villadangos

The maintenance of protein localisation and abundance are controlled in eukaryotic cells by a complex
network of regulatory pathways which remain poorly understood. These pathways control the distribution
of proteins within the cell (proteostasis) and are responsible for changes in protein expression and cell
function in response to environmental cues such as the presence of pathogens. Addition of the small
protein ubiquitin (Ub) to membrane proteins by Ub-ligases is a major mechanism of control of plasma
membrane proteostasis.
Figure 3. The MARCHs recognize their substrates via transmembrane
region interactions (left); the RING-CH domain of the MARCH binds an E2
ligase, which then transfers ubiquitin (Ub) to receptor sites in the
cytoplasmic tail of the target (centre), leaving a ubiquitinated substrate
(right).

Therefore this project will (i) contribute to understand the role of ubiquitination in regulation of membrane
proteostasis, an issue of fundamental importance in cell biology, and (ii) identify novel target proteins of
MARCH ligases in cells of the immune system. These target proteins may be involved in immunoregulation,
as other known substrates of the MARCHs. The result of this project will help develop novel therapeutic
approaches to fight infection based on manipulation of membrane protein ubiquitination.
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b. The amyloidogenic protease inhibitor Cystatin C in health and disease - Prof J. Villadangos
Cystatin C (Cst C) is a secreted protease inhibitor. Its clinical importance as a regulator of
extracellular proteolysis in the vascular system is demonstrated by the association between low
serum Cst C levels and formation of atherosclerotic plaques, due in part to uncontrolled proteolytic
degradation of arterial elastin. A different property of Cst C that makes this protein clinically relevant
is that it can form amyloid fibrils, which are found in the cerebral vasculature of patients with
neurodegenerative diseases. Such fibrils are believed to originate by a phenomenon known as
“domain swapping”, whereby two Cst C monomers associate by “exchanging” subdomains to
generate homodimers. These dimers can then be extended by additional rounds of domain
swapping and thus form amyloid fibrils. The cells responsible for Cst C production in vascular disease
are unknown. Identification of these cells, and characterisation of the mechanisms that control the
synthesis and dimerisation of Cst C will lead to the development of therapeutic strategies for the
treatment of diseases associated with Cst C.

d. The role of of O-GlcNAc glycosylation in regulation of immunity -Prof J. Villadangos
OGlcNAc glycosylation involves addition of a single sugar, β-N-acetylglucosamine, to serine or
threonine residues of proteins. It is a unique type of glycosylation found on nuclear and cytoplasmic
proteins. The addition and removal of OGlcNAc is catalysed by OGlcNAc transferase (OGT) and
OGlcNAse (OGA) respectively. It is a rapidly reversibly modification akin to phosphorylation. Indeed,
OGlcNAc glycosylation occurs in dynamic interplay with phosphorylation, either on the same or
adjacent residues. The cross-talk between these two modifications in turn regulates various cellular
processes. We are characterising the function of OGlcNAc glycosylation in immune cells by
identifying changes in patterns of glycosylation upon encounter of pathogens, and the effect of
genetically altering OGT or OGA expression. The function of glycosylated proteins will be further
studied to understand the relevance of their OGlcNAc status in various immune cell activities.
Additional projects are offered in the Villadangos Laboratory through the Department of
Microbiology and Immunology. Please visit the laboratory webpage for more information.
Recent publications
1.

2.

3.
4.

5.
6.
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Y. Xu, P. Lindemann, J. Vega-Ramos, J. G. Zhang, J. A. Villadangos. 2014. Developmental Regulation of Synthesis
and Dimerization of the Amyloidogenic Protease Inhibitor Cystatin C in the Hematopoietic System. J. Biol. Chem.
289: 2730-2740.
Y. Xu, P. Schnorrer, A. Proietto, G. Kowalski, M. A Febbraio, H. Acha-Orbea, R. A. Dickins, and J. A. Villadangos.
2011. Interleukin-10 controls Cystatin C synthesis and blood concentration in response to inflammation through
regulation of IRF-8 expression. J. Immunol. 186: 3666-3673.
J. M. Moffat, J. D. Mintern and J. A. Villadangos. 2013. Control of MHC II antigen presentation by ubiquitination.
Curr. Opin. Immunol. 25: 109-114.
E. Segura, E. Kapp, N. Gupta, J. Wong, J. Lim, H. Ji, W. R. Heath, R. Simpson, and J. A. Villadangos. 2010.
“Differential expression of pathogen-recognition molecules between dendritic cell subsets revealed by plasma
membrane proteomic analysis”. Mol Immunol. 47: 1765-1773. IF = 3.555.
P. I. Bird, J. A. Trapani and J. A. Villadangos. 2009. “Endolysosomal proteases and their inhibitors in immunity”.
Nat. Rev. Immunol. 9: 871-882.
L. J. Young, N. S. Wilson, P. Schnorrer, P. Proietto, T. Ten Broeke, Y. Matsuki, A. M. Mount, G. T. Belz, M. O’Keeffe,
M. Ohmura-Hoshino, S. Ishido, W. Stoorvogel, W. R. Heath, K. Shortman and J. A. Villadangos. 2008. “Differential
MHC class II synthesis and ubiquitination confers distinct antigen-presenting properties on conventional and
plasmacytoid dendritic cells”. Nat. Immunol. 9: 1244-1252.
J. A. Villadangos and P. Schnorrer. 2007. “Intrinsic and cooperative antigen presenting functions of dendritic-cell
subsets in vivo” Nat. Rev. Immunol. 7: 543-555.
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Studies on novel G-protein coupled receptors
The largest single class of drug targets is the G Protein-Coupled Receptor (GPCR) family, which were targets
for 13 of the top 50 prescription drugs sold in the USA in 2010 (26%). Modern GPCR drug development is
encumbered by a lack of information about the molecular structure underlying GPCR function and the
reliance on cell-based assays that are prone to false positives in drug screening. The fundamental
importance of GPCRs is highlighted by the 2012 Nobel Prize in Chemistry awarded to Kobilka and Lefkowitz
for their research into the molecular mechanisms of GPCR function. Our group uses a multidisciplinary
approach to study GPCR function and is targeting numerous important GPCRs for drug development.
Relaxin Family Peptide Receptors, novel drug targets
One receptor class we are studying is the relaxin family peptide receptors RXFP1-4. The ligands for these
GPCRs are the peptides relaxin (RXFP1), insulin-like peptide 3 (INSL3) (RXFP2), relaxin-3 (RXFP3), and INSL5
(RXFP4). Relaxin is a hormone and growth factor that regulates collagen turnover, stimulates tissue growth
and angiogenesis and induces blood vessel dilatation. It recently passed a successful Phase III clinical trial
for acute heart failure being performed by Novartis (Switzerland). INSL3 is involves in testis and ovarian
function and drugs targeting its receptor RXFP2 have potential as fertility regulators. INSL5 is a gut
hormone with roles in appetite regulation and we are working with Takeda Cambridge to target its receptor
RXFP4 for treating feeding disorders. Relaxin-3 is a
neuropeptide and has potential roles in anxiety, depression,
sleep disorders, and memory deficits. Hence drugs targeting
RXFP3 may be potential therapeutics for mental illnesses. We
are working with pharmaceutical industry partners (eg. Takeda
and Novartis) to determine the biological roles of the peptides
and to develop drugs targeting their receptors.
We are using various molecular and pharmacological
techniques to map the native ligand binding sites of these
receptors and determine the mechanisms of receptor
activation as well their cell signaling characteristics. A complete understanding of the mechanism of ligand
binding and activation is required to design drugs targeting these receptors. Furthermore we are utilizing
novel techniques to study the receptor structures (see below) and are also studying ligand interactions with
receptor domains using soluble receptor domains and Nuclear magnetic resonance (NMR).
Recent Publications:
1.

Diepenhorst NA, Petrie EJ, Chen CZ, Wong A, Hossain MA, Bathgate RAD*, Gooley PR* (2015) Investigation of interactions
at the extracellular loops of the relaxin family peptide receptor 1 (RXFP1). Journal of Biological Chemistry, 289: 3493834952

2.

Kong RCK, Petrie EJ, Mohanty B, Ling J, Lee JCY, Gooley PR and Bathgate RAD (2013) RXFP1 utilises hydrophobic moieties on
a signalling surface of the LDLa module to mediate receptor activation. Journal of Biological Chemistry 288: 28138-28151

3.

Bathgate RAD, Oh MHY, Ling WJJ, Kaas Q, Hossain MA, Gooley PR and Rosengren KJ (2013) Elucidation of relaxin-3 binding
interactions in the extracellular loops of RXFP3. Frontiers in Endocrinology. 4: Article 13

4.

Bathgate RAD, Halls ML, Van der Westhuizen ET, Callander GE, Kocan M and Summers RJ (2012) Relaxin Family Peptides
and Their Receptors. Physiological Reviews. 93: 405–480

5.

Scott DJ, Rosengren KJ and Bathgate RAD (2012) Determining the factors that govern INSL3 binding specificity to RXFP2.
Molecular Endocrinology. 26: 1896-1906
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GPCR stabilisation for drug discovery - Collaboration with Dr Daniel Scott (Florey) and A/Prof Paul Gooley (Bio21)
GPCRs are integral membrane proteins that need to be purified from cell membranes to be structurally
investigated. GPCRs however, are unstable when removed from membranes using detergents, which is the main
hurdle for GPCR structural biology and drug discovery. Dr Daniel Scott uses state-of-the-art techniques to
engineer GPCR variants with dramatically increased stability. These stabilised GPCRs can be extracted from cell
membranes and biochemically interrogated in ways that have previously been impossible. They are stable for
days when purified in harsh detergents, do not require fusion proteins or bound ligands for stability and
crystallise readily for crystallisation trials. The ability to engineer stabilised GPCRs allows the application of
structural, biochemical and biophysical methods that were previously inaccessible to GPCR researchers. Such
experiments will not only provide us with fundamental insights into the molecular mechanisms underlying the
function of these important receptors, but will ultimately facilitate the discovery of the next generation of GPCR
targeting pharmaceuticals.
Project Overview
We are searching for novel receptor interacting molecules (Hits) using Nuclear Magnetic Resonance spectroscopy
(NMR) based fragment screening. In 2015, Honours and Masters Projects are being offered that are focused on
aspects of this exciting field of research that is only made
possible with our engineered GPCRs.
Recent Publications:
1. Scott DJ, Kummer L, Egloff P, Bathgate RAD, Plückthun A. Biochim
Biophys Acta (BBA)- Biomembranes, 2014, 1838: 2817-24
2. Egloff et al, PNAS, 2014, 111:E655-662.
2. Scott DJ, Plückthun A: J. Mol. Biol. 2013, 425:662-667.
3. Scott DJ, Kummer L, Tremmel D, Pluckthun A: Curr. Opin. Chem. Biol.
2013, 17:427-435.

Adeno-associated virus mediated modulation of neuropeptide GPCR function in brain - Collaboration with

A/Prof Andrew Gundlach, Florey Institute of Neuroscience and Mental Health

Mental illness is a large and increasing health and economic burden in Australia and worldwide and more
research is urgently required to identify new and innovative therapies. In this regard, GPCR neuropeptide
receptors may be better therapeutic targets than receptors for the ‘primary’ transmitters (amino acids and
monoamines), as they offer reduced side-effects, due to their modulatory actions. Studies by our group have
shown that relaxin-3 has potential roles in regulating behaviours which are perturbed in mental illnesses
including anxiety, depression, sleep disorders and memory deficits. We utilize viral gene transfer to transduce
specific neuronal populations allowing the chronic modulation of neuropeptide or neuropeptide GPCR function
by either gene silencing or by overexpression of peptide agonists or antagonists in adult animals thus avoiding
potential compensation that can occur in knockout animals.
We have successfully employed adeno-associated viral (AAV) driven gene silencing to ablate the expression of
the neuropeptide relaxin-3 at its site of production, the nucleus incertus (1). Additionally, we have utilized AAV
and lentiviral particles overexpressing a relaxin-3 agonist to modulate feeding and arousal in rat models (2). We
are also utilizing viruses to expresses excitatory and inhibitory ‘designer receptors exclusively activated by
designer drugs’ (DREADDs), GPCRs activated only by an artificial ligand which allows a pharmacogenetics
approach to selectively and reversibly activate or inhibit neurons and assess effects on physiology and behaviour
in freely-moving animals. This research will determine if targeting the RXFP3 receptor will be effective for the
treatment of mental illnesses such as anxiety, depression, sleep disorders, and memory deficits. We have
intellectual property (IP) and commercial links in the area that will facilitate therapeutic opportunities.
Recent Publications:

1.

Callander GE, Ganella DE, Ma S, Wimmer V, Gundlach AL, Thomas WG, Bathgate RAD (2012) Silencing Relaxin-3 in Nucleus Incertus of
Adult Rodents: a Viral Vector-based Approach to Investigate Neuropeptide Function. Plos One. 7 (8): e42300

2.

Ganella DE, Callander GE, Ma S, Gundlach AL, Bathgate RAD (2013) Modulation of feeding by chronic rAAV expression of a relaxin-3
peptide agonist in rat hypothalamus. Gene Therapy. 20, 703-71

Projects overview
Honours, Masters and PhD projects are available on all these topics. Candidates will undergo training in various
techniques including molecular cloning, site-directed mutagenesis, cell biology, cell signaling, drug screening
techniques, protein expression and purification, protein engineering with directed evolution, robotic assays,
saturation transfer difference NMR, fluorescence activated cell sorting (FACS), confocal microscopy, viral
expression and animal behavioural phenotyping.
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Structure-based drug discovery
The focus of our research is to visualise the three-dimensional structures of medically important proteins
using X-ray crystallography. Our primary focus is proteins that play a role in infection (bacterial, parasitic or
viral), cancer (particularly leukaemia, breast and prostate) and neurological diseases (e.g. Alzheimer's
disease, epilepsy). The structures provide a detailed understanding of how each protein works and how it
contributes to disease. Most importantly, the structures can be used to discover drugs using computational
and biophysical approaches. Our work is supported by labs that specialise in protein expression,
purification and electrophysiology. The Unit includes the ACRF Rational Drug Discovery Centre funded by a
$2M grant from the Australian Cancer Research Foundation for equipment that enables production of large
amounts of proteins and biophysical tools for measuring protein - small molecule interactions. Projects in
each of the disease areas are given below to illustrate current areas of study, however there are more
projects available so please enquire.
Projects:
Overcoming cancer drug resistance

Conventional cancer chemotherapy kills rapidly growing cells indiscriminately, causing significant sideeffects and can lead to disease re-occurrence and resistance to the drugs. One of our interests is the
Glutathione S-Transferase (GST) family of proteins that function by recognising foreign small molecule
toxins in the body, causing them to be eliminated from the cell. Unfortunately, commonly used anti-cancer
drugs are also recognised as toxic by GST, which is often overexpressed in cancer tissues and is associated
with transformation to malignancy and the adaptive resistance to anti-cancer drugs. There is thus an urgent
need for the design of new anti-cancer drugs that circumvent the development of GST-mediated resistance
to treatment. Recently, there has been an increasing interest in the development of metal-based drugs as
effective and potent protein targeted chemotherapies. We are investigating, though structural and
biochemical means, how a range of ruthenium, arsenic and osmium-based drugs and drug-like compounds
interact with GSTs. Students will investigate how these compounds work, as well as any drug-like molecules
we develop, using X-ray crystallography and a range of biophysical techniques.
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Improving current approaches to Alzheimer’s disease
Alzheimer's disease (AD) is the fourth
biggest killer in developed countries.
Amyloid precursor protein (APP) plays a
central role in the development of AD,
through generation of the toxic Abeta
peptide by proteolytic breakdown of APP.
Here we will use X-ray crystallography at
the Australian Synchrotron to determine
the 3D atomic structures of Abeta bound
to therapeutic antibodies currently in
clinical trials in order to understand how
these molecules recognise Abeta. We use this information to engineer more potent antibodies as
treatments for AD. We also have structure-based drug discovery projects on APP itself and other proteins
involved in the production and clearance of the Abeta peptide from the brain.
Understanding how bacterial pore-forming toxins to punch holes in membranes

The βeta-barrel pore-forming toxins constitute the largest group of functionally related toxins/proteins and
are expressed in many species in the prokaryotic and eukaryotic kingdoms and also include the membrane
attack complex/perforin (MACPF) family of mammalian immune defence proteins. Despite their
widespread occurrence and role in bacterial pathogenesis and immune defence, the detailed mechanism by
which they form pores remains an enigma. The overall aim here is to visualise the 3D structures of family
members as a basis for functional studies to reveal the molecular details of how these toxins insert into
membranes to form βeta-barrel pores and how the process is regulated. The structures will shed light on
one of the most fundamental biological events (namely, protein insertion into cell membranes) and also
provide the basis for the design of novel tools with various biotechnology applications and the design of
novel antibiotics.
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