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Overview
The ARC Centre of Excellence in Structural and 
Functional Microbial Genomics brings together 
a team of internationally-renowned researchers 
with complementary expertise from the School 
of Biomedical Sciences at Monash University. 
The Centre conducts integrated research that 
elucidates key aspects of microbial pathogens 
and the hosts they infect, focussing on diseases 
of importance to Australian primary industry. 
At the core of the Centre’s applied research 
program is a genomics-based development 
process, which utilises high throughput,  
robotics-facilitated protein production and 
analysis to identify and characterise lead 
candidates for novel vaccines or drug targets. 
Major projects include the development of 
vaccines against leptospirosis, fowl cholera, 
ovine footrot and avian necrotic enteritis, in 
collaboration with industry partners, Australian 
Wool Innovation, Pfizer Animal Health and the 
Australian Poultry CRC. 

Introduction

In 2009, fundamental research within the  
Centre into microbial genomics, pathogenesis 
and immunity was published in high quality 
scientific journals such as Nature, Immunity, 
and PLoS Pathogens among others.

The Centre also works in partnership  
with scientists at The University of Sydney,  
The University of Queensland, CSIRO  
Livestock Industries, and the Victorian 
Bioinformatics Consortium, as well as  
with numerous collaborators in Europe,  
Asia and North America.

Image courtesy of Dr Terry Kwok
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The Centre’s main sources of funding 
are the ARC Centre grant through the 
Centre of Excellence program and Monash 
University. The ARC provides approximately 
$2 million per annum with Monash 
University contributing $699,000 per 
annum. In-kind contributions from Monash 
University, Centre partners, associates and 
collaborators amounted to approximately 
$9 million in 2009. Additionally, the Centre 
obtained funding from industry partners. 
The Australian Poultry CRC provided 
$112,000 for the Necrotic Enteritis Vaccine 
Development program and the Footrot 
Vaccine development program that the 
Centre runs in collaboration with the 
University of Sydney was supported by the 
Australian Wool Innovation, with a total of 
$530,847 from 2008 to 2009. 

Financial support

Australian Poultry CRC

$112,355 Australian Wool Innovation

$346,122

Monash University

$699,000

Australian Research Council 

$2,155,392
Income sources for 2009
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It is a pleasure to introduce the 2009 Annual 
Report for the ARC Centre of Excellence in 
Structural and Functional Microbial Genomics. 
The international profile of the Centre  
continued to expand in 2009, building upon 
numerous research collaborations abroad.  
It is noteworthy that in the period 2006 to 2009 
Centre publications involved collaborations with 
scientists from 39 institutions in 14 countries.

It was a delight in 2009 to welcome to the 
Centre’s Advisory Board two International  
Adjunct Members, Professor John Prescott, 
Canada, and Professor Joachim Frey, 
Switzerland. Both have already made  
significant contributions to the Centre’s  
research program. In particular, I was pleased 
that both were able to attend the Centre’s 
very successful Annual Scientific Meeting in 
November, where their interaction with our 
younger researchers provided a highlight of  
the meeting. Details on Professors Prescott  
and Frey and on the Annual Scientific Meeting 
are provided elsewhere in this report.

In April, the Centre supported an international 
conference on “Complement, perforins and 
bacterial CDCs” held at the Monash University 
Centre in Prato, Italy. Following on the success of 
this meeting, the Centre will host an international 
conference in 2010 on bacterial infections of 
animals at Monash University’s Prato Centre. 
Details may be found later in this report.

Director’s foreword

Once again, I express my gratitude to the 
many people within the Centre for their 
ongoing enormous efforts in ensuring the 
continued success of the Centre’s research, 
educational and promotional activities. 
Members of the Monash University Media 
Unit are gratefully acknowledged for their 
expertise in the production of the Centre 
DVD which accompanies this report. I wish 
to thank sincerely the multitude of people 
who have made this year such a successful 
one. All Centre CIs, students, and scientific 
and administrative staff have contributed with 
enthusiasm to this success. I am grateful to 
members of the Scientific Advisory Board, 
who continued to give so generously of their 
time and immense experience and expertise. 
Their wisdom and advice are always 
appropriate and greatly appreciated. I note 
with regret the departure at the end of 2009 
of Professor Graham Mitchell from the Board, 
due to time commitments. 

Thank you so much for your fantastic 
contribution over the last four years. Our 
Associates and Collaborating Partners, 
especially at the University of Sydney, 
University of Queensland, CSIRO Livestock 
Industries and the Australian Poultry CRC, 
have again played major roles in many of the 
Centre’s applied outcomes and I thank them 
for their commitment and enthusiasm. 
 

 
Professor Ben Adler

Director
ARC Centre of Excellence in Structural and 
Functional Microbial Genomics
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Centre Governance and Management Structure
The Centre was formed in 2006 as a partnership of the participating institutions under a formal  
Centre agreement, with Monash University as the administering institution.

 
Organisational chart

Organisation and governance

Advisory Board

Director

Scientific Committee
(Director and Chief Investigators)

Scientific Projects

PA to Director Chief Operations Officer

Research FellowsAssociates Students
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Professor Jim Pittard AM FAA (Chair) is a microbial geneticist with a 
major interest in the regulation of gene expression, transport of small 
molecules across membranes and the molecular genetics of plasmids 
and their role in evolution. He is currently an Emeritus Professor at the 
University of Melbourne where for a number of years he alternated with 
Professor David White as Head of the Department of Microbiology (now 
Microbiology and Immunology).

 
Professor John Egerton is an Emeritus Professor of Animal Health 
at the University of Sydney, New South Wales. His research interests 
include lameness in sheep goats and cattle, treatment and vaccination 
against footrot in sheep, role of conventional and rDNA vaccines in 
eradication of footrot, and heritability of resistance to footrot in  
Merinos. His other research interests include anthrax in pigs, and 
necrotic enteritis (Clostridium perfringens Type C infection) in New 
Guinea highlanders. 

 
 
Professor Graham Mitchell AO is a principal of Foursight Associates. 
He is veterinary graduate and University gold medallist of the University 
of Sydney and is recognised as one of Australia’s leading biological 
scientists. His expertise extends over a wide range of science and 
technology and he has particular knowledge of the academia-
industry interface. He is also an advisor on innovation to the Victorian 
Government. In 1993 he was appointed an Officer of the Order of 
Australia for services to science.

 

Dr Nick Samaras is CEO of MuriGen Therapeutics. Nick has over 
20 years’ experience in the global life sciences industry and holds 
a PhD from the Walter & Eliza Hall Institute of Medical Research, 
University of Melbourne. He is also Chairman of Replikun Biotech  
Ltd., Teeleostin Ltd and Q-Gen Pty Ltd. and a member of the  
NHMRC Research Committee.

Scientific Advisory Board
The Scientific Advisory Board provides advice on research programs of the Centre, commercialisation 
opportunities and matters of strategic direction in research and other areas as may be relevant. 

The Board meets twice a year or more frequently if necessary. 

The Centre’s Board members are:
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Dr Emanuela Handman is a parasitologist with an interest in 
intracellular pathogens and their interaction with the host at the 
molecular, cellular and organismal levels. Over a career spanning 
30 years as Head of the Leishmania Laboratory at the Walter 
and Eliza Hall Institute of Medical Research she has focused on 
two main themes. On the parasite side, the elucidation of the 
structure, function and biochemistry of surface molecules involved 
in invasion of host cells and establishment of intracellular infection. 
On the host side, understanding the genetics of host responses 
to infection and their role in susceptibility or resistance to disease. 
More recently, using Leishmania functional genomics her group 
has made significant progress in the identification of novel targets 
for anti parasite drugs. She is a Fellow of the Australian Society 
for Parasitology and an Honorary Associate Professor in the 
Department of Microbiology at Monash University.
 
 
Professor Ben Adler, Centre Research Director (ex officio)

Professor Joachim Frey is the Director of the Institute of Veterinary 
Bacteriology at the University of Bern, Switzerland since 2000.  
His research interests are the molecular mechanisms of pathogenic 
Mycoplasma species. He is member of the IOM since 1992 and 
is member of the international committee on systematics  
of prokaryotes, subcommittee on the taxonomy of Mollicutes.

 

Professor John F  Prescott is based in the Department of 
Pathobiology, Ontario Veterinary College, University of Guelph, 
Ontario, Canada. He is best known for work in the area of 
Rhodococcus equi pneumonia in foals, an area on which he has 
organized four international Workshops. He has been Co-Editor-in-
Chief of Veterinary Microbiology (Elsevier Science), a member of the 
Canadian Veterinary Medical Association Council, and a Director  
of the Canadian Committee on Antibiotic Resistance. His current 
active research interests are in immunity and virulence in clostridial 
infections in animals.

Two additional members joined the Board in 2009 as International Adjunct Board Members to  
further enhance the Centre’s international profile and also to act as contact points in Europe  
and North America.
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Director
Professor Ben Adler, as Centre Research Director, is responsible for decisions affecting Centre 
financial, human and infrastructure resources. In addition, his role oversees the overall direction 
of the Centre Scientific projects. He also manages his own research group, numbering more 
than 20 staff and students in 2009. 
 
 
 

Chief Operations Officer
Desmond Gul provides support to the Centre Director and Scientific Committee, by 
management of a wide range of Centre operational activities, particularly those associated  
with Centre funding bodies’ reporting requirements, marketing and communications initiatives, 
and the identification of Centre business development opportunities. 

 
 
Personal Assistant
Sherrie Barker provides administrative and secretarial support to the Centre Director. 
She is the minutes secretary for the Scientific Committee and Advisory Board meetings.  
Sherrie is also PA to Professor John Davies (Head of Department, Microbiology), and  
assists with postgraduate and undergraduate student administration matters for  
Microbiology department students. 
 
 
 
 

Senior Business Development Manager
Dr John Morrison’s key role is to assist the Centre Director in the translation of research arising 
from the Centre’s program into applied outcomes. He facilitates interaction with new Centre 
partners and acts as liaison for the Centre and Monash University’s Industry Engagement and 
Commercialisation group on all Centre Intellectual Property and commercialisation matters.

 
 

Centre management and administration
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The Scientific Committee, which comprises the Centre Director and Chief Investigators, is responsible 
for the overall scientific direction of the Centre’s fundamental and applied research programs.  
The Scientific Committee meets monthly. 

The Centre’s Scientific Committee members are:

 
 
 
Centre Director
Professor Ben Adler is a Professor of the Department of Microbiology at Monash University. 
In additional to his managerial role as Centre Director he is recognised internationally for his work  
on bacterial pathogens, especially Leptospira and other spirochaetes, Pasteurella and Shigella. 
His area of scientific expertise is in the application of genomics to elucidate molecular mechanisms  
of bacterial pathogenesis and in immunity to bacterial infection and vaccine development. He is, since 
1986, a member of the Subcommittee on the Taxonomy of Leptospira of the International Union 
of Microbiological Societies and an executive member of the International Leptospirosis Society.  
He is also a member of the Executive of the Victorian Infection and Immunity Network.

 

Deputy Director

Professor Rod Devenish is Deputy Director of the Research Graduate School and Professor in the 
Department of Biochemistry and Molecular Biology at Monash University. He has an international 
reputation in yeast (Saccharomyces cerevisiae) molecular cell biology with research that has focused 
principally on aspects of mitochondrial biogenesis, in particular the structure and function of ATP 
synthase. More recently he has developed a new research interest in the area of autophagy.  
In collaboration with Centre colleagues he is investigating the interaction of bacterial pathogens  
with mammalian host cell autophagy. Other aspects of his work on autophagy concern the  
turnover of organelles, particularly mitochondria and the nucleus, in yeast.

 
 
Professor Phillip Nagley is a Professor of the Department of Biochemistry and Molecular Biology at 
Monash University. His research field is biochemistry and molecular biology, and his interests extend 
to cell biology, genetics, infectious disease and neuroscience. The broad goal of his research is to 
understand the response of cells to stresses that may lead to death. The focus of his research in the 
Centre deals with the basic mechanisms of mammalian cell death and the responses in host cells  
after infection with disease-causing bacteria. 

Professor Ross Coppel is a Professor of the Department of Microbiology at Monash University 
and a former Howard Hughes Medical Institute Infectious Diseases Fellow. He is an internationally 
recognised authority in molecular biology and genetic engineering as applied to infectious diseases 
and primary biliary cirrhosis. His work in bioinformatics led to the establishment of the Victorian 
Bioinformatics Consortium (VBC). Professor Coppel is also the VBC Director. 

Scientific committee
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Professor John Davies is Head of the Department of Microbiology and Deputy Head of 
the School of Biomedical Sciences at Monash University. He is internationally recognised for 
his work on a variety of bacterial pathogens, especially Neisseria species. He has extensive 
experience in bacterial genomics and regulation of gene expression.

 
 
 
Professor Julian Rood has an international reputation for his extensive research on the 
genetics, regulation and pathogenesis of anaerobic bacteria, especially Clostridium and 
Dichelobacter species. His current Centre research, in the Department of Microbiology at 
Monash University is focused on the pathogenesis of ovine footrot and necrotic enteritis  
and understanding how bacteria transfer their virulence and antibiotic resistance genes.

 
 
 
 
 
 
Professor Jamie Rossjohn is an ARC Federation Fellow and a Professor of the 
Department of Biochemistry and Molecular Biology at Monash University. He is head of  
Monash University’s Protein Crystallography Unit and investigates the structural basis for 
defined events central to infection and cellular immunity. Specifically he has provided an 
understanding of receptor-recognition events at the immunological synapse as well as an 
understanding of processes central to bacterial physiology and host-pathogen interactions.  

 
 
 
 
Professor Ian Smith is a protein biochemist and Professorial Fellow of the Department 
of Biochemistry and Molecular Biology at Monash University. He is also the Director of the 
Monash University’s Biomedical Proteomics Facility and Deputy Dean (Research) for the Faculty 
of Medicine Nursing and Health Sciences. Professor Smith brings to the Centre internationally 
recognised expertise in protein purification and high throughput, high sensitivity proteomic 
analysis of complex protein mixtures.

 
 
 

Professor James Whisstock is an ARC Federation Fellow in the Department of Biochemistry 
and Molecular Biology at Monash University. He has particular expertise in structural biology 
and bioinformatics. His research focus includes proteases and their inhibitors as well as 
bacterial virulence factors. He was the recipient of the 2006 Science Minister’s prize for Life 
Scientist of the year and the 2008 Commonwealth Health Minister’s Award for Excellence in 
Health and Medical Research. In 2008 he was awarded an ARC Federation Fellowship.
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Dr Travis Beddoe is a National Health and Medical Research Council (NHMRC) Career 
Development fellow in the Department of Biochemistry and Molecular Biology at Monash 
University. He works on various proteins from a number of bacterial pathogens using X-ray 
crystallography and biophysical methods to determine their function.

 
 
 
Professor Stephen Bottomley is a National Health and Medical Research Council Senior 
Research Fellow in the Department of Biochemistry and Molecular Biology at Monash 
University. He is internationally recognised for his work on understanding protein misfolding 
and its links with disease. In collaboration with the ARC Centre he has established the 
Protein Production Unit (PPU), which is an automated protein production facility that enables 
researchers to express and purify their proteins in a high throughput manner.

 
 
 
 
Dr John Boyce has extensive experience in the identification and characterisation of virulence 
factors of bacterial pathogens, especially Pasteurella multocida. His work has focused on 
using whole-genome approaches such as DNA microarrays, signature-tagged mutagenesis, 
in vivo expression technology and proteomics to identify factors critical for the bacteria during 
the infectious process. This work has identified capsule and LPS as critical P. multocida 
virulence factors. He has recently used new generation sequencing technologies for the 
analysis of bacterial genomes and for the identification of the regulator of capsule expression. 
Dr Boyce also has extensive experience in targeted mutagenesis procedures in P. multocida. 
As a former senior Centre Research Fellow he is project manager for the Centre vaccine 
pipeline projects.

Associate Professor Brian Cooke is a National Health and Medical Research Council Senior 
Research Fellow in the Department of Microbiology at Monash University. Over the last 20 
years, Brian’s work has focussed on understanding the cellular and molecular basis by which 
parasites of red blood cells (particularly malaria and Babesia) cause disease and death in 
humans and animals. His research group is internationally recognized as playing a vital role in 
a worldwide consortium toward the functional analysis of novel genes identified in the recently 
sequenced genomes of malaria and Babesia parasites. Brian is an elected member 
of the International Advisory Editorial Boards for Trends in Parasitology and Blood. 

 
Dr Stuart Cordwell is a graduate of the University of Sydney and was awarded his PhD in 
1997. He was an author on the original manuscript that defined the term ‘proteome’ in 1995 
and has been involved in proteomics research throughout his career. He was Senior Research 
Fellow at the Australian Proteome Analysis Facility from 1999-2003, and Director of Research 
and Development from 2003-2004. He returned to the University of Sydney in 2004 as Sesqui 
Senior Lecturer in Proteomics in the School of Molecular and Microbial Biosciences and 
the Department of Pathology. He is a member of the Bosch Institute and a Director of the 
University of Sydney Proteome Research Unit. He was awarded the Selby Research Award  
in 2006 and is a member of the Editorial Boards for the field-leading journals Proteomics 
and Proteomics (Clinical Applications). His biological research interests lie in two major 
areas – bacterial pathogens and myocardial ischemia/reperfusion injury. 

Centre Associates
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Professor Paul Hertzog is the Director of the Centre for Functional Genomics and Human Disease 
at the Monash Institute of Medical Research (MIMR), Clayton, an Associate Director of the MIMR, 
and a Principal Research Fellow of the National Health and Medical Research Council of Australia. 
Professor Hertzog is also a member of the Council of the International Society for Interferon and 
Cytokine Research and the Co-convenor of the Victorian Infection and Immunity Network. 

 
 
 
Professor Bruce McClane is a Professor in the Microbiology and Molecular Genetics Department 
of the University of Pittsburgh, Pennsylvania, USA. He is internationally known for his work on 
Clostridium perfringens, particularly the toxins and toxin-encoding plasmids of this bacterium.

 
 
 
 
 
 
Dr Ashley Mansell is a NHMRC R. D. Wright Fellow at the Monash Institute of Medical Research 
(MIMR), Monash Medical Centre. He is internationally recognized for his work in Toll-like receptor 
(TLR) signal transduction and negative regulation of these pathways. He initiated the formation and 
heads the Australian TLR research network and chairs the Australasian Society of Immunology 
Infection and Immunity special interest group. 

 
 
 
Professor Els Meeusen heads the Biotechnology Research Laboratories (BRL) within the School 
of Biomedical Sciences at Monash University. The BRL has active research programs in parasite 
biology and vaccine development, innate immunity and vaccine adjuvants, allergy and asthma.  
The lab specialises in large animal immunology (mainly sheep) and aims to translate basic  
research findings into practical applications for animal and human health.

 
 
 
 
Professor Christina Mitchell is the Head of the School of Biomedical Sciences of the 
Faculty of Medicine, Nursing and Health Sciences at Monash University. Professor Mitchell  
trained as a physician scientist and specialised in clinical haematology. She is recognised  
for her work in cellular signalling and is focussing on the signalling mechanisms in cancers  
cells and macrophages, and understanding how abnormal signalling can lead to immune  
diseases. In 2008 she was appointed Sir John Monash distinguished Professor at Monash 
University. In 2008 she was appointed the ‘Sir John Monash’ distinguished Professor  
at Monash University.
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Dr Rob Moore is the leader of the Gene Technologies group at the CSIRO Livestock 
Industries’ Australian Animal Health Laboratories in Geelong, Victoria. He works on a  
number of bacterial pathogens including Clostridium perfringens, Campylobacter jejuni, 
and Corynebacterium pseudotuberculosis, and also studies the host response 
to pathogens. He has co-supervised several PhD students with Centre CIs.

 
 
 
 
 
 
 
Dr Tim Stinear studies a devastating human skin disease called Buruli ulcer, a major public 
health issue in Africa, caused by Mycobacterium ulcerans. Dr Stinear is an expert in the 
genomics of mycobacteria and his research has led to new diagnostics that have dramatically 
improved Buruli ulcer patient care, as well as, showing how bacteria produce chemicals that 
suppress the human immune system. His research is helping combat Buruli ulcer and other 
important mycobacterial diseases such as tuberculosis and leprosy. Tim is now based at the 
University of Melbourne.

 
 
 
 
Dr Ian Wilkie is a senior lecturer and pathologist at the School of Veterinary Science at 
The University of Queensland. His current area of research is in the pathogenesis of diseases 
caused by Pasteurella, especially avian cholera and haemorrhagic septicaemia. He has been 
collaborating with the Bacterial Pathogenesis group at Monash University for several years, and 
is currently involved in a Centre project to define virulence attributes of P. multocida type A for 
mice and chickens. 

 
 
Professor Richard Whittington is a veterinary pathobiologist at the University of Sydney, 
Camden, New South Wales. He leads research on Mycobacterium avium subspecies 
Paratuberculosis, the causative agent of Johne’s disease in ruminants, ovine footrot and 
infectious diseases of fish and wildlife. His major studies involve functional analysis and 
molecular studies of viruses and bacteria, immune responses, pathology and epidemiology  
in individual animals and animal populations.
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Research fellows
Dr Keith Al-Hasani (Jan – Jun)

Dr Trudi Bannam

Dr Jobichen Chacko

Dr Paul Crellin

Dr Xenia Gatsos (Mar – Dec)

Dr Honghua Ge (Jan – Jul)

Dr Lan Gong

Dr Xiaoyan Han

Dr Marina Harper

Dr Kristy Horan (Jan – Feb)

Dr Ruth Kennan

Dr Jerome Le Nours

Dr Xuelei Li

Dr Noelene Quinsey

Dr Parvin Rahman (Mar – Dec)

Dr Versha Rai (Jan – Apr)

Dr Laila Roisman (Jun – Dec)

Dr David Steer

Dr Kelly-Anne Twist (Oct – Dec)

Research assistants
Rajini Brammananth

Mark Edmunds (Jul – Dec)

Marietta John

Wan-Ting Kan

Josie Lawrence

Carlos Rosado

Cyril Reboul

Nik Sotirellis

Christina Wang

 

Students
PhD

Radhika Bantwal

Tanya D’Cruze

Sadia Deen

Deanna Deveson

Tamas Hatfaludi

Jing Khoo

Ruide Koh

Khalid Mahmood

Arek Rainczuk

Dr Megan Rees

Dr David Sheffield

Jason Steen

Puthayalai Treerat

Kristina Turcic

Ben Wade

Jessica Wisniewski

Tim Witchell

Wilson Wong

Kwok Wun

Xu-xia Yan

Kunkun Zhang

Honours

Priyangi Alwis

Rhys Dunstan

Marietta John

Amy King

Dhanishya Paramanathan

Adam Shahine
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Collaborators
Academic Staff

Prof John Albert 
University of Kuwait

Assoc Prof Laurent Gapin 
University of Colorado at Denver, USA

Prof Dale Godfrey 
University of Melbourne

Prof Filip Van Immerseel 
University of Ghent, Belgium

Dr Dena Lyras 
Monash University

Prof James McCluskey 
University of Melbourne

Prof James Paton 
University of Adelaide

Dr Mark Prescott 
Monash University

Assoc Prof Martin Scanlon,  
Monash University

Prof Helen Saibil 
Birbeck College London, UK

Prof Peter Stuckey 
University of Melbourne

Prof Joe Trapani 
Peter MacCallum Cancer Centre

Prof Rod Tweten 
University of Oklahoma, USA

Prof Franscisco Uzal 
University of California – Davis, USA
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Genome map of Dichelobacter nodosus

Image courtesy of Dr Dane Parker

To conduct integrated research that will elucidate 
key aspects of microbial pathogens and the 
hosts they infect. The research will encompass 
genomic analyses, development of modern 
veterinary vaccines, identification of antimicrobial 
targets and development of antimicrobial agents.

Mission

Objectives
• To develop vaccines against microbial 

pathogens of importance to Australian 
primary Industry;

• To identify and validate genes essential for 
microbial survival and thus facilitate the 
development of novel antimicrobial agents;

• To characterise key host-pathogen 
interactions at the molecular and cellular 
levels in order to elucidate or control the 
processes whereby microbes evolve and 
cause disease; and

• To train a new generation of multi-skilled 
researchers based on the Centre’s broad 
range of advanced technologies.
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The Centre host institution, Monash University 
provides access to research infrastructure and 
laboratory and office space through the School 
of Biomedical Sciences, Faculty of Medicine, 
Nursing and Health Sciences. Monash University 
also provides the Centre with priority access 
to state-of-the-art instrumentation, particularly 
the following facilities, housed in the School of 
Biomedical Sciences.

Biomedical Proteomics Facility
The Monash Biomedical Proteomics Facility 
contains state of the art proteomics equipment, 
namely, nano-HPLC, MALDI target plate spotter, 
MALDI ToF ToF, ESI Q-Trap and ESI Q-ToF mass 
spectrometry, N-terminal sequencing and 1 
and 2D gel analysis. In addition the facility ion 
trap mass spectrometer is equipped with ETD 
(electron transfer dissociation) capabilities. ETD 
is a method of peptide and protein sequencing, 
which allows mapping of the precise sites where 
proteins are phosphorylated. 

The facility thus has the capabilities to meet 
all current proteomic requirements of the ARC 
Centre researchers and Monash researchers as 
well as providing the state of Victoria and beyond 
with the qualified personnel necessary to support 
its growing biotechnology industry, especially in 
the area of proteomics. 

Infrastructure

Services provided by BPF include:

• Protein characterisation, identification and 
quantification;

• De novo and confirmatory protein 
sequencing; and

• Characterisation of post-translational 
modifications.

 
Under the successful awarding of the National 
Collaborative Infrastructure Scheme (NCRIS) 
funding in 2008, the BPF is now a member of 
Proteomics Australia, acting as the Victorian 
Node to offer a broad range of proteomic 
services to our collaborators and the wider 
scientific community at highly competitive service 
fees. This allows for more efficient and cost 
effective research and collaborations.

The ARC Centre supports Dr David Steer (facility 
manager) under the directorship of Professor Ian 
Smith. David, with help from other staff in the 
facility, provides proteomics support for the ARC 
Centre researchers.

For more information see www.med.monash.
edu.au/biochem/facilities/proteomics and/or 
contact Dr David Steer  
Tel:  +61 3 9902 9323 or  
Email:  david.steer@med.monash.edu.au

Dr David Steer, BPF facility managerMALDI mass spectrometer
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Protein Production Unit
The Protein Production Unit which operates as 
a Monash University practice was established 
in 2005. With support from the Centre it 
has developed into a dedicated service to 
commercial and academic research facilities to 
alleviate the often time consuming task of protein 
production. In 2009, the Protein production 
unit moved into a custom built facility that has 
allowed the expansion of the services that this 
unit is able to offer. Housing a Tecan Freedom 
EVO liquid handling robot and ÄKTAxpress,™  
the unit is able to offer an array of services 
including protein expression, screening of 
expression conditions, small scale and large 
scale protein purification, quality assurance 
and collaborative research. ÄKTAxpress™ is 
a dedicated high throughput chromatography 
system for a multi-dimensional purification of 
His- and GST-tagged proteins. The unit has 
developed a number of different purification 
strategies that have been implemented with 
the high through-put pipeline of various Centre 
projects and is a fundamental part of the 
Centre’s vaccine development and drug target 
identification processes. 

In addition, much of the protein production 
pipeline has required the development of novel 
informatic approaches to track and manage 
targets – these have continued development 
through 2009. One of the other major functions 
of the unit has been to use of the liquid handling 
robots to explore the expression space for a 
variety of different recombinant constructs. 
Protocols are currently being developed to 
analyse the effect of additives on the stability on 
numerous proteins in a high throughput manner. 
This will allow proteins to be concentrated or 
stored in various buffers that either increases the 
solubility or stability of the resulting proteins.

To December 2009, over 480 proteins were 
purified using the unit’s novel purification 
strategies, – the majority of these proteins had 
not been expressed or purified before – (Table 1).

This facility is presently operated by two Centre 
staff, Dr Noelene Quinsey and Mr Nik Sotirellis, 
under the direction of Centre Associate, 
Professor Steve Bottomley. 

For more information see  
http://proteinproductionunit.med.monash.edu.
au and/or contact Dr Noelene Quinsey 
Tel:  +61 3 9902 0020 or  
Email:  noelene.quinsey@med.monash.edu.au
 

Project
Number  
of proteins 
purified

Fowl cholera vaccine 20

Footrot vaccine 60

Leptospirosis vaccine 350

Swine dysentery vaccine 20

Necrotic enteritis vaccine 45

Crystallisation projects 95

Other projects 45

Purification of proteins  
by the Protein Production Unit

PPU staff member with the ÄKTAxpress™ equipment
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Protein Crystallography Unit
Protein Crystallography is the major tool for 
solving the 3-D structure of proteins and as 
such provides detailed information on the 
structure and function of proteins, as well as a 
platform for rationally designing therapeutics. 
The Unit has recently relocated its laboratories 
to the STRIP2/3 buildings and has significantly 
upgraded the crystallization and crystallographic 
equipment. The X-ray crystallography 
laboratories include two Rigaku MicroMax-007 
HF microfocus rotating anode generators and 
R-AXIS IV++ detectors. For more intense and 
wavelength-tuneable X-ray sources, there is 
ready access to the Australian Synchrotron. 
During 2008/2009, Prof Jamie Rossjohn led the 
design and establishment of Australia’s largest 
fully-automated crystallization facility within 
purpose built laboratories. The fully automated 
crystallization system (“CrystalMation”) that 
includes liquid handling robots for screen 
preparation (Alchemist II) and crystal screen 
setup (Phoenix HT), imaging facility and storage 
systems (Minstrel HT and Gallery 700), are all 
inter-connected.

The Protein Crystallography Unit includes 
ten groups, led by Jamie Rossjohn, James 
Whisstock, Ashley Buckle, Craig Clements, 
Matthew Wilce, Jackie Wilce, Natalie Borg, 
Michelle Dunstone, Travis Beddoe and  
Fasseli Coulibaly.  

For more information contact Prof Matthew 
Wilce, Unit Head.  
Tel:  +61 3 9902 9244 or  
Email:  matthew.wilce@med.monash.edu.au

Micromon
The Centre also has priority access to the 
Monash University Micromon DNA Sequencing 
Facility located in the Science and Technology 
Research Infrastructure Precinct (STRIP). 

Micromon is the commercial services unit 
of the Department of Microbiology and was 
established in the mid 1980s as the Microbial 
Biotechnology and Diagnostic Unit to utilise the 
department’s academic and technical expertise 
in a commercial service venture. The unit now 
specialises in high quality DNA technologies 
where long-read DNA sequencing is the core 
facility of the unit. Sequencing is supported by  
a small-scale oligonucleotide synthesis service,  
a microarray facility specialising in microbial 
arrays and quantitative PCR instrumentation.

High quality, capillary-based DNA sequencing 
technology is carried out using an applied 
Biosystems 3730S capillary sequencer 
that incorporates a 50 cm array capable of 
routinely generating read lengths in excess of 
1000 bases. The unit in 2008 established a 
Genomic Sequencing facility using an Illumina 
Genomic DNA Analysis platform and also offers 
Bioinformatics support as a commercial service.

Micromon employs seven staff and is managed 
by Mr Mark Cauchi.

For more information, see http://www.micromon.
monash.org/ and/or contact Mr Mark Cauchi.
Tel:  +61 3 9905 4830 or  
Email:  mark.cauchi@med.monash.edu.au

Fully automated crystallization system “CrystalMation”

Staff of Micromon
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Leveraged as an entire system, the previously 
described infrastructure forms the Centre’s  
High-throughput Microbial Pipeline. 

The High-throughput Microbial Pipeline allows 
the Centre to adopt the reverse vaccinology or 
genomic approach to vaccine development and 
a rational drug design approach to antimicrobial 
drug target identification. 

Independently each component can add value to 
specific projects as stand alone capability. 

The High-throughput Microbial Pipeline
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Research Project Achievements

Significant achievements and outcomes 
in 2009 included:

• Identification of four amino acids critical for 
function of Kdo kinase, a key enzyme in the 
synthesis of the essential virulence 
component LPS in P. multocida. 

• Demonstration that a single amino acid 
substitution, A162T, in the GatB transferase 
of P. multocida changes its donor molecule 
specificity from a galactose to a glucose 
residue. 

• The use of comparative whole genome 
sequencing to identify significant differences 
in the proteins encoded by the P. multocida 
serotypes A and B, including the absence  
of siderophore transport proteins, the known 
virulence factor, PfhB1, and the protective 
antigen, PlpE.

• Recognition of Mul1 as a previously 
unidentified de-ubiquitinase that negatively 
regulates innate immune antiviral signalling.

• Demonstration that plant-expressed 
P. multocida PlpE could elicit the production 
of protective antibodies in mice.

• Identification of leading vaccine candidates 
for the control of ovine footrot.

• Demonstration that NetB toxin production  
is regulated by the VirSR system.

• Determination that IntP is critical for efficient 
conjugative plasmid transfer in C. perfringens 
and the development of a model that 
describes the conjugation process in 
C. perfringens. 

• Elucidation of the mechanism of perforin 
oligomerisation.

• Discovery that in the D. nodosus protease 
AprV2 an unusual extended disulphide-
tethered loop functions as an exosite that 
governs the ability of AprV2 to degrade 
insoluble extracellular matrix components.

• Determination of the basis of the T-cell 
receptor in natural killer T-cells. 

• Determination of the structure of the 
periplasmic DsbA enzyme.

• Crystallisation of the cholesterol-dependent 
cytolysin Listerolysin O of Listeria spp, 
a major zoonotic pathogen.

• Determination of the structures of two 
important malarial virulence factors (in 
complex with lead compounds).

• Development of new approaches  
for predicting residue depth from  
sequence data. 

• Development of new approaches for 
predicting protease cleavage sites in  
whole proteomes. 

• Refinement and improvement of current 
Standard Operating Procedures (SOPs) for:

 è Membrane protein quantitation using 
isobaric tagging methods as well as  
label free quantitation techniques.

 è Establishment of quantitative  
proteomic analysis of proteins  
(triple quad based MRM)
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The identification, characterisation and 
structure determination of drug targets in 
Mycobacterium spp  

(Prof Ross Coppel, Prof Jamie Rossjohn, Dr Paul 
Crellin, Dr Travis Beddoe, Dr Emma Byres, Dr 
Judith Scoble, Dr Julian Vivian, Dr Zara Fulton, 
Ms Rajini Brammananth, Mr Arek Rainczuk)

Mycobacterium spp. are the causative agents 
of serious diseases in animals and humans.  
To address the problem of resistance to existing 
antimicrobial agents, we are identifying and 
characterising essential mycobacterial enzymes 
involved in cell wall synthesis as potential targets 
for the design of specific antimicrobial drugs. 

We completed structure/function studies on 
MSMEG_2407, the M. smegmatis homolog 
of the putative aldo-keto reductase (AKR) 
Rv2971 from M. tuberculosis. AKRs are a large 
superfamily of NAD(P)H-dependent enzymes that 
catalyze the reduction of aldehydes, aldoses, 
dicarbonyls, steroids and monosaccharides. 
Whilst their precise physiological role is generally 
unknown, AKRs are involved in the detoxification 
of a broad range of toxic metabolites. 
M. tuberculosis contains two potential, 
uncharacterized AKRs with one (Rv2971) being 
essential to the bacterium. We solved the 1.9 Å 
and 1.6 Å resolution structures of the apoenzyme 
and NAD(P)H-bound forms, respectively, of 
MSMEG_2407 which adopted the triose-
phosphate isomerase (α/β)8-barrel fold exhibited 
by other AKRs. MSMEG_2407 bound NAD(P)H 
via an induced-fit mechanism in which the  
NADP was bound in an extended fashion.  
The polar-mediated interactions dominated the 
interactions with the cofactor, which is somewhat 
atypical of the mode of NAD(P)H binding within 
the AKR family. Moreover, the nicotinamide ring  
of NAD(P)H was observed to be disordered,  
and this was attributable to the lack of an  
“AKR-conserved” bulky residue within the 
nicotinamide-binding cavity of MSMEG_2407.  
 

Enzymatic characterisation of MSMEG_2407 
and Rv2971 identified dicarbonyls as a preferred 
substrate family for hydrolysis and the  
front-line anti-mycobacterial drug isoniazid 
(INH) was shown to inhibit enzyme activity of 
both recombinant MSMEG_2407 and Rv2971. 
However, despite the high sequence identity 
between MSMEG_2407 and Rv2971,  
the affinity for dicarbonyls and INH is different. 
The structures of MSMEG_2407 provide  
insight into enzyme activity of AKRs from 
mycobacteria; however, the subtle differences 
in the NAD(P)H and substrate binding sites of 
Rv2971 and MSMEG_2407 have implications  
for the rational design of urgently needed  
anti-mycobacterial drugs. 

Structural, functional and inhibition studies 
were also completed on Rv3802c, an essential 
phospholipase/thioesterase encoded within a 
genetic cluster dedicated to the synthesis of key 
core structures of the mycobacterial cell wall, 
including mycolic acids and arabinogalactan. 
Using in vitro assays with purified recombinant 
proteins, we have shown that Rv3802c itself and 
homologs from related species M. smegmatis 
and Corynebacterium glutamicum all have 
significant lipase activities which are inhibited by 
tetrahydrolipstatin (THL, orlistat), an anti-obesity 
drug that coincidently inhibits mycobacterial 
cell wall biosynthesis. We also completed the 
3D structure of the M. smegmatis ortholog, 
MSMEG_6394, solved to 2.9Å resolution, 
which reveals an a/b hydrolase fold and an 
appropriately positioned catalytic triad.  
Finally, we obtained direct evidence of gene 
essentiality in M. smegmatis and showed 
the structural consequences of loss of 
MSMEG_6394 function on the cellular integrity 
of the organism. These findings, combined 
with the predicted essentiality of Rv3802c in 
M. tuberculosis, indicate that these enzymes 
perform a fundamental and indispensable 
reaction in mycobacteria, making them excellent 
targets for new generations of drugs targeting a 
range of mycobacterial infections.

Centre Research Projects

Identification and characterisation of antimicrobial drug targets
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Functional studies have focussed on three 
new essential enzymes. We have continued 
to exploit C. glutamicum as a model for the 
essential steps of mycobacterial cell wall 
biosynthesis, following our identification of CmrA 
as the reductase responsible for the final step 
of mycolic acid biosynthesis and PimB as the 
mannosyltransferase responsible for addition of 
the second mannose residue during biosynthesis 
of phosphatidylinositol mannosides (PIM) and 
lipoarabinomannan (LAM). We have characterised 
mutants with deletions in three more genetically 
linked genes: Rv0224 (methyltransferase), 
Rv0225 (glycosyltransferase) and Rv0228 
(polytopic membrane acyltransferase). 
Remarkably, despite having disparate functions, 
the three mutants have very similar, complex 
phenotypes centred around a reduced flux 
of intermediates through the late steps of the 
mycolic acid biosynthesis pathway. Thus our 
continuing studies have started to uncover levels 
of regulation of cell wall biosynthesis that have 
never been studied before.

Structure of the essential mycobacterial thioesterase MSMEG_6394.

Alongside these fundamental advances, we 
have also collaborated with colleagues from 
the Faculty of Pharmacy and Pharmaceutical 
Sciences to develop first generation inhibitors 
against such mycobacterial targets. Screening 
of fragment libraries has revealed a set 
of small molecules targeting the essential 
mannosyltransferase PimA from M. smegmatis. 
We have focussed our attention on obtaining the 
M. tuberculosis form of PimA in a soluble form 
and have achieved this using new expression 
constructs and induction protocols. This enzyme 
is now available for rescreening our libraries and 
crystallisation screens.
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Mechanisms of pathogenesis in  
fowl cholera 

(Prof Ben Adler, Dr John Boyce, Dr Marina 
Harper, Dr Ian Wilkie, Dr Andrew Cox,  
Dr Xenia Gatsos, Ms Marietta John)

Characterisation of genes involved in the 
biosynthesis of lipopolysaccharide 
(LPS), an important antigen and 
virulence factor of Pasteurella multocida.

In collaboration with Dr Andrew Cox (Institute for 
Biological Sciences, National Research Council, 
Canada) we have previously determined the LPS 
structure and sequenced the LPS assembly 
loci in the P. multocida strains representing all 
16 serotypes. Using this information we have 
identified all of the transferases required for the 
assembly of serotype 1, 2 and 5 LPS structures. 
Strains belonging to these serotypes are 
responsible for avian fowl cholera (serotype 1) 
and bovine haemorrhagic septicaemia (serotypes 
2 and 5), both of which are a significant 
economic burden on the livestock industry.

We are now in the process of characterizing 
the LPS transferases required for the assembly 
of the remaining 13 LPS structures to unravel 
the genetics and assembly mechanism of this 
key virulence factor and protective antigen. 
Moreover, information on the action of the novel 
glycosyltransferases identified in this study will 
help in our overall understanding of glycobiology. 
These novel transferases could be used for the 
enzymatic synthesis of glycans which cannot be 
synthesized chemically.

P. multocida produces two LPS glycoforms 
simultaneously that differ only in the structure of 
the LPS inner core region. Glycoform A contains 
a lipid A-Kdo-P core structure whereas glycoform 
B contains a lipid A-Kdo-Kdo structure.  
The Kdo kinase, KdkA, phosphorylates the 
first Kdo residue and is required only for the 
production of glycoform A. P. multocida strains 
which express truncated glycoform A LPS are 
highly attenuated for virulence, but strains which 
express no glycoform A (and only full length 
glycoform B) retain virulence. While testing the 
virulence of mutants that expressed truncated 
glycoform A LPS, we recovered a number of 
P. multocida strains with spontaneous mutations 
in the Kdo kinase gene that resulted in the 
inactivation of the kinase activity. Analysis of 
these in vivo-derived spontaneous mutants 
identified four amino acids critical for the kinase 
function of KdkA. To date, no members of the 
bacterial Kdo kinases have been characterized. 
We have over-expressed the KdkA protein 
from P. multocida and the human pathogen 

Haemophilus influenzae and future work will be 
aimed at solving the structure of the functional 
KdkA enzymes. 

In similar work, we are defining the residues 
critical for substrate specificity and dual activity 
in the closely related glycosyltransferases GatB 
and GctC. The primary amino acid sequences 
of these two transferases are highly conserved, 
but GatB adds a single galactose while GctC 
adds two glucose residues to an identical 
acceptor molecule. Previously some site-directed 
mutants in GatB were constructed, but these 
point mutations did not alter the sugar substrate 
specificity of the transferase. However, we 
recently identified another glycosyltransferase, 
GctD, encoded by the Heddleston 12 type strain, 
which differs from GatB by only a single amino 
acid substitution, A162T. Importantly, GctD 
adds a single glucose residue instead of a single 
galactose residue to the LPS molecule. Thus, the 
single amino acid substitution A162T dictates the 
addition of either glucose or galactose by GctD 
or GatB respectively. To identify the sections of 
the glucosyltransferase, GctC, which determines 
dual transferase function we exchanged gene 
segments between the gatB and gctC using 
splice-overlap extension. One hybrid protein 
consisting of residues 1-92 GatB and 93-222 
GctC was able to transfer two sugars onto  
the LPS acceptor molecule, indicating that 
the dual transferase function resides between 
residues 93 and 222 of the GctC transferase. 
Future experiments will refine the region of  
the GctC protein that mediates the dual 
transferase function.

Rapid multiplex PCR assay for 
identifying P. multocida serovars

P. multocida strains are currently typed 
serologically into 16 Heddleston serovars (or 
serotypes) using antisera specific for expressed 
LPS antigens. Heddleston serotyping is used 
by the poultry industry to determine if currently 
available vaccines will have efficacy against 
newly identified outbreak strains. However, 
typing laboratories throughout the world have no 
confidence in the method and believe it  
to be unreliable. 

We have developed a multiplex PCR alternative 
to serological typing, which identifies isolates 
based on unique genes involved in LPS 
biosynthesis. This PCR assay was developed 
using the 16 Heddleston type strains and 
validated using a small set of outbreak strains. 
Our initial data indicate that numerous isolates 
have been misidentified using the current 
serotyping method.

Pathogenesis of bacterial infection
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Future work will further validate the multiplex 
PCR on a wider range of P. multocida outbreak 
strains. We will compare the results of our 
multiplex PCR with conventional serotyping and 
use LPS structural analysis to determine which 
method is the most accurate. Furthermore, 
we will determine whether strain typing using 
our multiplex PCR assay is predictive of the 
protective efficacy of killed bacterin vaccines, 
showing for the first time how exact LPS 
structure is related to host immunity in chickens.                                                                                                                                      

 
 
Comparative genomics of P. multocida 
serotype A, D and B strains

P. multocida is a unique bacterium as it is able 
to cause a range of diseases in many animal 
species and there is a correlation between 
the capsular type expressed on the surface 
of P. multocida and disease/host specificity. 
P. multocida strains belonging to serogroup A 
are primarily responsible for fowl cholera in birds, 
serogroup B and E strains are causative agents 
of bovine haemorrhagic septicaemia in cattle and 
serotype D strains are the causative agents of 
atrophic rhinitis in pigs. To investigate the host/
disease specificity between the P. multocida 
serogroups we have sequenced the genomes of 
strains belonging to serogroup A and B and we 
are currently sequencing the genome of a strain 
belonging to serotype D. In collaboration with 
Dr Torsten Seemann and Dr Paul Harrison in the 
Victorian Bioinformatics Consortium, we have 

undertaken initial comparisons of the genomes 
of the serotype A and B strains, which indicated 
that both the capsule loci and LPS assembly 
loci are significantly different. In addition, a 
number of proteins are absent in serotype B. 
These include siderophore transport proteins 
and the outer membrane proteins PfhB1 (a 
known virulence factor) and PlpE (a protective 
antigen), suggesting a correlation between outer 
membrane protein expression, capsule  
type and disease.

Fis, a global regulator of virulence in 
P. multocida

The Fis protein was previously identified by us as 
a transcriptional factor involved in the regulation 
of over 30 genes, including numerous virulence 
genes such as the capsule locus genes, a 
putative filamentous haemaglutinin and a hemin 
binding receptor. A position-specific weight 
matrix designed from the E. coli Fis binding sites 
was used to search for Fis DNA binding sites 
in the P. multocida genome, but the algorithm 
was unable to identify significant binding sites, 
indicating that either, A) binding sites between 
E. coli and P. multocida are different or, B) Fis 
regulates via an indirect mechanism. The role 
of Fis in the transcriptional regulation of the 
P. multocida virulence genes was therefore 
investigated. Two genes involved in capsule 
synthesis, phyA and hyaE, were used to identify 
DNA elements important for Fis regulation. A 
DNA segment between 70 and 90 bp upstr 
eam of the transcriptional start of hyaE was 
identified as essential for transcription in the 
presence of Fis. The corresponding phyA 
region is still under investigation. Deleting DNA 
sequences downstream of the translational start 
site of both hyaE and phyA resulted in loss of 
transcription in the presence of Fis. This novel 
downstream positive regulation is currently  
under further investigation.

Heddleston type strain

Locus       1  2     3    3   2   4    4   7   5   6   6   6     7   1   6   8   

H1   H2     H3    H4    H5     H6   H7    H8     H9   H10  H11  H12  H13  H14  H15  H16  

L5
L1

L7
L2
L6
L4

L3

L8

Multiplex PCR for Rapid Identification of  
Pasteurella multocida isolates
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Pathogenesis and virulence determinants 
of the ovine footrot pathogen, Dichelobacter 
nodosus

(Prof Julian Rood, Dr Ruth Kennan, Dr Xiaoyan 
Han, Prof James Whisstock, Mr Wilson Wong, 
Dr Corrine Porter, Prof Richard Whittington,  
Dr Om Dhungyel).

The aim of this project is to develop a detailed 
understanding of how Dichelobacter nodosus 
is able to infect the sheep hoof and cause 
clinical footrot. We have shown that the AprV2 
extracellular protease of D. nodosus is required 
for virulence and have focussed on structural 
analysis, which has led to the elucidation of the 
crystal structures of several of these proteases 
including AprV2, AprB2, BprV and BprB. 
Studies on the processing of these proteases 
has provided evidence that AprV5 is required 
for the processing of the AprV2 precursor. 
Mutagenesis studies coupled with functional 
analysis of the resultant purified proteins revealed 
that an unusual extended disulphide-tethered 
loop functions as an exosite that governs the 
ability of AprV2 to degrade insoluble extracellular 
matrix components. The disulphide bond and 
Tyr92, located at the exposed end of the loop, 
are functionally important. Bioinformatics analysis 
suggests that other pathogens utilize a similar 
mechanism, providing a new paradigm for 
understanding the role of proteases in disease.

Representative confocal micrograph of RAW264.7 
cells expressing GFP-LC3 infected with Burkholderia 
pseudomallei strain K96243 expressing mCherry at 2 
h post infection. Nucleus was stained with DAPI (blue).
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Effect of autophagic induction on  
host-pathogen interactions 

(Prof Rod Devenish, Dr Lan Gong, Dr Xuelei Li, 
Dr Mark Prescott, Ms Tanya D’Cruze, Mr Rhys 
Dunstan, Prof Ben Adler, Dr John Boyce,  
Dr Meabh Cullinane, Dr Elizabeth Allwood,  
Ms June Treerat, Ms Priya Alwis).

We have continued our investigation of the  
role played by autophagy in response to 
Burkholderia pseudomallei infection, focussing 
on understanding which bacterial proteins are 
critical for evasion of autophagy. 

Taking a targeted approach, we have 
investigated, by means of the bacterial 2-hybrid 
assay, the possible interaction of two proteins 
BopA, secreted by the Type Three Secretion 
System (TTSS) and BimA, which is involved 
in actin-based motility. Contrary to earlier 
investigations, our current data do not support 
the conclusion that these two proteins directly 
interact with each other. The characterization 
of mutants in other potential pathogen effector 
proteins was commenced in relation to infectivity 
and response to host autophagy. To date only 
for a bipD mutant is there evidence of increased 
susceptibility to autophagy.

The use of siRNA to knockdown key host 
cell genes was previously established in our 
group. In order to overcome the lack of gene 
knock-out autophagy defective RAW264.7 
cell lines, we have used siRNA to establish the 
reproducible knockdown of Beclin-1 expression 
by 70-90%. Preliminary results indicate that 
Beclin-1 knockdown affects starvation-induced 
autophagy, but not rapamycin-induced 
autophagy.

We have established the capability to label B. 
pseudomallei with fluorescent marker proteins, 
thereby facilitating their imaging under various 
conditions. Tn5-GFP and Tn5-mCherry strains 
were constructed and their fluorescence, in vitro 
growth and virulence in RAW264.7 cells tested.

Pathogen effector protein screening  
in yeast (PEPSY)

(Prof Rod Devenish, Dr Mark Prescott, Ms Tanya 
D’Cruze, Prof Ben Adler and Dr John Boyce).

We have continued the characterisation of the 
expression of seven candidate B. pseudomallei 
pathogen effector proteins, previously 
characterised by expression in yeast, in terms 

of their effect on vacuolar morphology and 
autophagic processes. In order to determine the 
influence of the relevant B. pseudomallei genes in 
infectivity and pathogenicity, we have continued 
attempts at mutagenesis on the B. pseudomallei 
genome to inactivate expression of individual 
candidate effector proteins. Mutants have been 
generated for genes BPSS1532, BPSS1394 
and BPSL0670. Survival and invasion assays 
have been carried out and show that there is a 
decrease in survival following infection of RAW 
macrophage cells by mutants of BPSS1394 
and BPSL0670. Preliminary animal competition 
experiments suggest only the mutant BPSS1394 
to be attenuated in BALB/c mice. For a fourth 
gene, BPSS1539, we have generated a single 
cross over mutant, but as yet have been  
unable to generate the desired double cross  
over mutant.

Mechanisms of autophagy: how cells turn 
over their organelles 

(Prof Rod Devenish, Dr Mark Prescott,  
Ms Kristina Turcic (on leave until July 2009  
and returned as part-time PhD student)).

We have continued our characterisation of the 
single gene deletion (YMR010W null mutant) 
yeast strain in which vacuolar uptake of 
mitochondria is delayed/decreased compared 
with wildtype cells. We have found that the 
YMR010W ORF is co-transcribed with the ADI1 
gene (from a divergent promoter). The ADI1 gene 
encodes an acireductone dioxygenease involved 
in the methionine salvage pathway. We have 
established that the deletion of YMR010W does 
not affect methionine metabolism resulting from 
an indirect effect on ADI1 gene expression. 
The phenotype of YMR010W null mutant, 
therefore, results solely from the deletion of the 
YMR010W ORF. 

Specific interactions between proteins acting 
as autophagic receptors and the Atg8-family 
proteins occur through WXXL-like sequences, 
termed the Atg8-family interacting motif (AIM). 
We have identified candidate AIMs in YMR010W 
and conducted site-directed mutagenesis to 
‘knock-out’ these motifs individually. Preliminary 
evidence indicates that one AIM may contribute 
to the function of YMR010W as an autophagic 
receptor in mitophagy since there is a 50 per 
cent decrease in the number of cells undergoing 
mitophagy in motif knock-out mutant cells 
compared to cells expressing native YMR010W.

The cellular and molecular basis of host pathogen interactions
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Interaction of bacterial pathogens with the 
host innate immune system 

(Prof John Davies, Prof Phillip Nagley,  
Prof Paul Hertzog, Dr Ashley Mansell,  
Ms Heling Ng, Mr Tim Tra, Ms Jing-Jing Khoo).

This project is part of a collaborative initiative 
that brings together expertise within and 
outside the Centre to investigate key aspects 
of how bacterial pathogens interact with host 
innate immunity. An extensive series of reporter 
constructs and assays has been successfully 
developed that allows the monitoring of various 
signal transduction pathways and the levels of 
pro-inflammatory transcription factors  
and cytokines. 

We continued our work to investigate innate 
immune signalling in response to virus infection  
of mammalian cells, as a model for 
understanding cellular response to infectious 
agents. We have been working further on the 
recently identified mitochondrially localised 
protein Mul1, which we showed to interact 
closely with the mitochondrial antiviral signalling 
(MAVS) complex. Specifically, RIG-I-like helicases 
(RLH) initiate antiviral signalling by interaction with 
the mitochondrially localized adapter MAVS.  
We have characterised Mul1 as a negative 
regulator of RLH signalling. Depletion of Mul1 
by RNA interference potentiated RLH-mediated 
signalling and increased inflammatory cytokine 
expression following viral challenge. The 
mechanism of Mul1 negative regulation of the 
pathway is through de-ubiquitination of RIG-I and 
MDA5, which require ubiquitination for activity. 
Mul1 requires mitochondrial localization and a 
catalytic cysteine for de-ubiquitinase activity. 
Mul1 is therefore a previously unidentified  
de-ubiquitinase that negatively regulates  
innate immune antiviral signalling.

In order to investigate the specific topology of 
Mul1 with respect to the outer mitochondrial 
membrane we have been working in association 
with Dr Kip Gabriel of the Department of 
Biochemistry and Molecular Biology at Monash 
University, to design novel protein constructs 
that will test our key propositions relating to the 
orientation of the N-terminal and C-terminal 
putative membrane-spanning domains of Mul1, 
from which we will be able to deduce where 
and how the centrally located domains in Mul1 
interact with target proteins such as RIG-1 and 
Mda5, but also with MAVS to effect binding and 
regulatory activities.

A third aspect of our work on Mul1 is to 
understand the possible role that Mul1 plays in 
eliciting cell death when expressed in certain 
mammalian cultured cells but not in others.  
Thus Mul1 expression in HEK293 cells can lead 
to early lethality of cells, while in other cells (e.g. 
HeLa or 143B TK- cells), while the mitochondria 
may undergo considerable deformation in 
structure due to over-expression of Mul1,  
cells do not undergo apoptosis of other  
forms of cell death.

Composite death outcomes in mammalian cells.  
The death outcomes may show a range of properties 
in terms of both biochemical mechanisms and cellular 
morphologies, as may be induced after infection of 
some types of cells with micro-organisms.

Apoptosis

Programmed

   Necrosis

Autophagy

Mechanisms of innate immunity
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Structural aspects of Innate Immunity 

(Prof Jamie Rossjohn, Mr Kwok Wun, Mr Ruide 
Koh, Dr Siew Siew Pang, Dr Jobichen Chacko).

In collaboration with Prof James McCluskey,  
Prof Dale Godfrey and Dr. Andrew Brooks  
(The University of Melbourne), we have focussed 
on the CD1 family, which present lipids for 
recognition by the immune system. One such 
“immune sentinel” is the invariant NKT cell 
receptor that specifically recognises the CD1d 
family member. In 2009, we explored how 
differential V usage by the NKT TCR modulates 
the interaction with CD1d. These findings were 
made in collaboration with Assoc Prof Laurent 
Gapin (University of Colorado at Denver, USA). 

The role of phosphoinositide metabolism in 
the host-pathogen interaction

(Prof Christina Mitchell, Prof Ross Coppel,  
Dr David Sheffield, Dr Parvin Rahman).

Macrophages are important cells in the  
co-ordination of both the innate and adaptive 
immune responses to invading pathogens. 
Phosphoinositides are signalling lipids that play 
key roles in multiple cellular processes, including 
the phagocytosis of invading pathogens and 
destruction of pathogens in the phagolysosome. 
The identity of individual phosphoinositides 
is conferred by their phosphorylation state, 
and this in turn is controlled by a balance 
between specific kinases and phosphatases. 
Phosphoinositide identity coordinates the 
interaction between varieties of proteins to  
effect subsequent cellular processes which  
can thus be tightly controlled.

To avoid detection and destruction by the 
immune system, many pathogens have evolved 
strategies to evade killing during phagosome 
maturation in macrophages. These include 
pathogenic Mycobacterium species, such as 
M. tuberculosis and M. marinum. These 
pathogens disrupt both phagosome maturation 
and autophagy in part by interference in the 
control of phosphoinositide regulation.

Work in this project has concentrated on the role 
of a phosphoinositide phosphatase in cellular 
function. It has been demonstrated that this 
phosphatase acts as a negative regulator of 
phagocytosis, during the engulfment of IgG- or 
complement-coated particles. The molecular 
mechanisms of the signalling processes 
and phosphoinositide species which are 
suppressed by the action of this phosphatase 
are currently being dissected. In addition it 
has been demonstrated that this phosphatase 
acts to prevent the maturation of phagosomes. 
M. marinum infection of macrophages similarly 
results in altered phagosomal maturation with 
prevention of maturation. This pathogenic effect 
of M. marinum has been overcome with alteration 
in endogenous host cellular phosphatase levels 
using targeted transient RNAi transfection, with 
accelerated trafficking of the mycobacteria 
into a degradative organelle. This suggests 
that inhibition of phosphatase function and 
therefore alteration in targeted phosphoinositides 
can potentially override the mycobacterial 
strategies which result in evasion of macrophage 
killing mechanisms. To analyse the effects on 
phagosomal maturation, the temporal and spatial 
levels of phosphoinositides on phagosomes 
have been studied using live cell fluorescent 
microscopy, and quantified under conditions  
of different phosphatase expression.

The NKT T cell receptor – Cd1d interaction

Macrophage engulfing yeast particle
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Protemics analysis of bacterial pathogens
Purification and characterization of 
cytotoxin from Campylobacter jejuni

(Prof Ian Smith, Dr David Steer, Prof John Albert, 
Prof Ben Adler, Dr Xenia Gatsos).

This project is aimed at: (1) purifying and 
characterising the protein possessing cytotoxic 
activity for Chinese hamster ovary (CHO) cells 
from a cytotoxic C. jejuni strain by biochemical 
techniques; and (2) determining the identity 
of this protein by mass spectrometry. We are 
currently working on a parallel approach of 
chromatographic and electrophoretic means to 
functionally characterise the purified protein in 
suitable in vitro tissue culture models for toxicity 
and an in vivo animal model for diarrhoeagenic 
activity as well as to characterise the toxin for its 
stability to heat, proteolytic enzymes, freezing 
and lyophilisation.

Proteomics studies of Mycobacterium spp.

(Prof Ross Coppel, Prof Ian Smith,  
Dr Megan Rees).

This project is aimed at applying advanced 
proteomics techniques to the elucidation of 
protein function in mycobacteria during growth 
and intracellular invasion of the macrophage. 
Initial studies were aimed at applying proteomics 
techniques to the unusually structured 
mycobacteria and show that such approaches 
are feasible in this organism and sensitive enough 
to detect proteins. Membrane-shaving protocols 
were used to identify proteins exposed on the 
mycobacterial surface that may be involved in 
interaction with the external environment and 
the host cell. Bacteria were exposed to varying 
concentrations of trypsin for varying times 
and the peptides released from mycobacteria 
analysed by mass spectroscopy. Sixty-three 
proteins were identified and the repertoire was 
compared with that released from protease-
treated Staphylococcus. Experiments are now 
aimed at refining the digestion treatment and 
handling methods to minimize detection of 
internal proteins. 

We have extended this approach to include  
well-characterised cell wall mutants of 
C. glutamicum. The first has a mutated cmrA 
gene, which encodes the reductase responsible 
for the final step of mycolic acid biosynthesis. 
The cell wall of this strain contains unreduced 
forms of trehalose mycolates and, most 
importantly, lacks AG-linked mycolic acids.  
The second strain has a deletion in its pimB 
gene, which we have shown to encode 
the second mannosyltransferase of PIM/
LAM biosynthesis. This mutant lacks LAM, a 
proportion of its LM species, and accumulates 
AcPIM1 in place of AcPIM2, the most abundant 
PIM in wild-type C. glutamicum. Analysis of 
the ∆cmrA mutant revealed 62 proteins, with 
35 also detected in the wild-type and 8 unique 
to the mutant. Similar analysis of the ∆pimB 
mutant revealed 54 proteins, 24 of which were 
also detected in wild-type and 11 unique to the 
mutant. Twenty-one proteins were detected in all 
strains. Of particular interest are 19 proteins that 
were detected in both mutants but not wild-type: 
these are likely to be deeply embedded in the 
cell wall, only becoming trypsin sensitive when 
mycolic acids or LAM are absent. These are our 
prime candidates for further study, although the 
21 proteins revealed in all three strains are also 
likely to be of interest.

Proteomic Analysis of Host Pathogen 
proteins 

(Prof Ian Smith, Dr David Steer).

During 2009 we have applied protein shaving 
technology to identify outer membrane proteins 
expressed on a number of different pathogens. 
We have applied both N-terminal sequencing and 
classic mass spectrometric based proteomics 
to fully characterise a number of critical outer 
membrane pathogen surface proteins prior to a 
full structural analysis. We have applied a number 
of proteomic technologies of both gel based 
and liquid chromatography mass spectrometry 
(LCMS) based approaches to identify both 
cytosolic and membrane proteins. We have 
also used LCMS technologies to identify and 
characterise post translational modifications such 
as phosphorylation in these pathogen proteins.
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Structural biology and drug target 
characterisation 

(Prof Jamie Rossjohn, Dr Travis Beddoe,  
Dr Jerome Le Nours). 

We have continued collaboration with Dr 
Adrienne Paton and Prof James Paton (University 
of Adelaide) to undertake structural studies 
on an AB5 toxin from pathogenic Escherichia 
coli. Previously we had shown that the catalytic 
A-subunit specifically inactivated an essential 
ER-resident chaperone, termed BiP and how 
the B-subunit enters the cell by binding a sugar, 
Neu5Gc, not synthesised in humans. We have 
now crystallized and determined the structure of 
the intact AB5 toxin and are addressing the basis 
of toxin assembly.

We have also have an on-going collaboration 
with Dr Martin Scanlon, working on essential 
enzymes from Neisseria, providing insight into 
the specificity and mode of action of DsbAs.

Structural and functional biology
Structural biology and bioinformatics 

(Prof James Whisstock, Mr Carlos Rosado, 
Mr Gordon Lloyd, Prof Geoff Webb, Dr Ashley 
Buckle, Dr Corrine Porter, Mr Wilson Wong,  
Mr Khalid Mahmood, Dr Sheena McGowan,  
Ms Wan Ting Kan, Dr Ruby Law, Prof Julian 
Rood, Assoc Prof Peter Stuckey).

In 2009 we further built upon our discovery 
that Membrane Attack Complex / Perforin like 
(MACPF) proteins are distantly related to bacterial 
cholesterol dependent cytolysins (CDCs). MACPF 
proteins play an important role in the innate 
immune response, for example, in complement-
mediated lysis of Gram negative bacteria 
and in the elimination of virally infected or 
transformed cells. In particular, using site directed 
mutagenesis and biochemical approaches we 
have shown how an important mammalian 
MACPF protein, perforin, oligomerises during 
pore formation. Together, these data give 
important new insights into pore formation by 
both MACPF proteins and CDCs.

Related to the above, we have begun to  
work on a number of important bacterial pore 
forming proteins that are essential for virulence. 
We have recently crystallised Listerolysin O,  
a major virulence factor produced by Listeria spp. 
Furthermore, we have determined the structure 
of NetB, a haemolysin-like toxin important for 
avian necrotic enteritis.

We have made good progress on structurally 
characterising the machinery associated 
with bacterial conjugation, and determined 
the structure of TcpC. The eventual goal of 
this project is to structurally characterise the 
complete conjugation complex. 

We have also determined the X-ray crystal 
structure of two important proteases that  
are essential virulence factors in malaria  
(M1 and M17). 
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Functional genomics of large  
clostridial plasmids

(Prof Julian Rood, Dr Trudi Bannam, Prof James 
Whisstock, Dr Corrine Porter, Ms Radhika 
Bantwal, Ms Jessica Wisniewski, Prof Bruce 
McClane, Dr Francisco Uzal).

The overall objectives of this project are to 
understand how large clostridial plasmids 
are able to be transferred between strains of 
C. perfringens. Research has focussed on 
the tcp conjugation locus from the paradigm 
conjugative tetracycline resistance plasmid, 
pCW3. The crystal structure of TcpC, without 
the transmembrane N-terminal domain has 
been determined and site-directed mutagenesis 
has identified functional residues. We have now 
mutated all of the genes in the tcp locus, shown 
that eight of these eleven genes are required for 
efficient conjugative transfer and developed a 
model that describes the conjugation process. 
In particular, we have shown that IntP, which 
is a site-specific recombinase homologue, is 
an important conjugation protein. Studies on 
C. perfringens strains that carry large toxin 
plasmids have led to the development of new 
mouse models that can be used to study 
C. perfringens type C mediated enterotoxaemia. 

Model of the transmembrane component of the pCW3 
conjugation system. Tcp proteins are indicated by the 
letter code. 
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Vaccine development in fowl cholera and 
ovine footrot 

(Prof Ben Adler, Dr John Boyce,  
Dr Keith Al-Hasani, Mr Mark Edmunds,  
Prof Julian Rood, Dr Marina Harper,  
Mr Tamas Hatfaludi, Prof Richard Whittington,  
Dr Om Dungyel, Prof Steve Bottomley,  
Dr Noelene Quinsey, Dr Amanda Walmsley,  
Mr Nik Sotirellis, Ms Sadia Deen).

Pasteurella multocida and Dichelobacter 
nodosus are the causative agents of fowl cholera 
and ovine footrot respectively. We utilised a range 
of bioinformatics analyses of the annotated P. 
multocida and D. nodosus genome sequences 
and previously published experimental data to 
select genes encoding proteins likely to have 
vaccine potential. The central premise of this 
work was that protective antigens are likely  
to be surface exposed or secreted by the  
bacteria and therefore accessible to the 
host immune response.

There is a need to identify suitable antigens which 
can form the basis of vaccines against ovine 
footrot. The ability of 65 recombinant antigens 
to protect against ovine footrot has now been 
examined in five separate pen-based virulence 
trials. In these trials sheep were immunized 
with selected recombinant proteins and then 
challenged with a highly virulent D. nodosus 
infection. Analysis of quantitative data obtained 
from these trails has led to the identification of 
several potential vaccine candidates that require 
further testing. 

We identified previously an outer membrane 
lipoprotein (PlpE) which stimulated protective 
immunity against fowl cholera infection in both 
chickens and mice and in collaboration with 
Dr Amanda Walmsley, Plant Biotechnology 
Group, School of Biological Sciences, Monash 
University, the plpE gene was subsequently 
cloned into plant expression vectors for 
expression in Nicotiana benthamiana both as 
stably transfected plant lines and for transient 
expression in leaves. Several stable lines were 
produced, but the level of PlpE expression was 
too low for vaccination experiments. As proof of 
principle, leaves transiently expressing PlpE were 
used to vaccinate mice by injection or by feeding. 
Injected mice produced circulating antibodies 
against PlpE and were protected from infection.

Development of veterinary vaccines

Virulent footrot in sheep

Footrot vaccine trials in sheep. 
Sheep were vaccinated with antigens A to M and  
then challenged with virulent Dichelobacter nodosus. 
Positive and negative controls are shown. The footrot 
severity observed in each sheep is shown by the red 
dots. These data provide evidence that antigen K has 
vaccine potential.
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Host‑pathogen interactions and vaccine 
development in necrotic enteritis in chickens

(Dr Robert Moore, Prof Julian Rood,  
Dr Anthony Keyburn, Dr John Boyce, Dr Trudi 
Bannam, Dr Jackie Cheung, Prof Ben Adler,  
Dr Noelene Quinsey, Ms Xu-Xia Yan,  
Prof Filip Van Immerseel). 

The overall objective of this project is to develop 
new methods for the control of necrotic enteritis 
in chickens, which is caused by specific avian 
strains of Clostridium perfringens. Vaccine 
studies using recombinant antigens, especially 
the NetB toxin, are on-going, and are supported 
by funding from the Australian Poultry CRC.  
We have screened a range of C. perfringens 
strains from geographically diverse locations 
for both the presence and expression of the 
netB gene. The majority of strains isolated 
from necrotic enteritis-affected birds were netB 
positive and there was an absolute correlation 
between the presence of netB and in vitro 
expression of the NetB toxin. Sequencing of the 
netB gene from 23 positive isolates showed that 
NetB is highly conserved, with only one predicted 
amino acid (A168T) difference compared to the 
published sequence, in only six of these isolates. 
This change did not alter the in vitro activity of 
the NetB toxin. Genetic studies have shown that 
the netB gene is encoded on a large conjugative 
plasmid, which has significant implications for  
the epidemiology of this important disease. 
Strains carrying the NetB plasmid also carry  
other closely related conjugative plasmids, 
making the analysis of the genes carried by  
this plasmid extremely complex. Finally, we  
have shown that the production of NetB is 
regulated by the VirSR two-component signal 
transduction system and is presumably  
mediated by quorum sensing.
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Key performance indicators

Research findings
Quality of publications

Centre researchers continue to perform well in 
peer-reviewed publications, with a total of 32 
papers published in scholarly refereed journals in 
2009. Of these papers, 69% appeared in journals 
with impact factor (IF) of ≥ 4.0. 
Details of publications are shown in  
Appendix 1: Publications. 

Patents

The following patents were filed: 

McGowan S, Porter C, Whisstock JC, Lowther 
J, Stack C, Donnelly SM and Dalton J. (2009) 
Crystal structure of the malarial aminoepeptidase 
or MI malaria proteins. PCT/AU2009/000161 
Filed on 12 Feb 2009.

McGowan S, Whisstock JC, Buckle A and 
Dalton J (2009) Crystal structure of PfA-M17 and 
methods for its use as a structural model. PCT/
AU2009/2009904919 Filed on 7 Oct 2009.
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Lysins 2009 Conference, Prato, Italy

The Centre hosted its first meeting on MACPF 
and perforin proteins from 15–18 April 2009 
at the Monash University Centre, Prato, Italy. 
The meeting was focussed on ‘Complement, 
perforins and bacterial CDCs: the hole family’ 
and included major presentations from 10 
international invited speakers. Exciting and 
mostly unpublished data on a variety of pore 
forming toxins from mammals and microbes were 
presented. The meeting was a great success, 
and was attended by 60 delegates from 12 
different countries. The decision was made 
to broaden the context of the meeting and (in 
2012) hold the ‘Second Prato meeting on pore 
forming proteins’. In addition, to the Centre will 
expand the context of the Prato meeting series 
and hold small focused meetings on a variety of 
topics. Accordingly, the Prato Conference on the 
Pathogenesis of Bacterial Diseases of Animals 
will be held in October, 2010.

Centre hosted conferences and scientific meetings

Annual Scientific Meeting, Yarra Valley, 
Victoria

For 2009, the Centre held its Annual Scientific 
Meeting from 15–17 November at the Yarra Valley 
Conference Centre. About 60 Centre students 
and staff, including Board members, attended 
the meeting. The Centre’s two international 
adjunct members of the Scientific Advisory 
Board, Profs John Prescott and Joachim Frey, 
also made their first appearance with the Centre. 
The opening plenary presentation was delivered 
by Prof John Prescott who gave his talk on 
‘Adventures of bacterial diseases: Is the  
future now?’

The rest of the diverse program was centred 
around six central themes:

• Immunity;

• Emerging new diseases;

• Mechanisms of pathogenesis;

• Applications of high throughput sequencing;

• Structural function of virulence factors; and

• Translational outcomes of research.

Presentations in the above themes were 
contributed not only by Centre staff and students 
but also invited external speakers Prof Rob 
Pike, Head of Department of Biochemistry and 
Molecular Biology at Monash University and 
Assoc Prof Liz Hartland from University  
of Melbourne.

The meeting also included a competition for 
Centre PhD students to present their work in 3 
minutes and using only 1 slide. It was a challenge 
for them to try and convey the significance 
of their work and their findings within these 
constraints, but a task that they all completed 
with skill and perspicacity. At the end, Wilson 
Wong was chosen by the judges as the winner  
of $100 book prize sponsored by the Centre.Chief Investigator Professor Ian Smith presenting 

at the ASM.
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Professor Ben Adler

• LeptoCon 2009, Sixth Scientific Meeting  
of the International Leptospirosis Society, 
Kochin, India. 

Professor Julian Rood

• Complement, perforins and bacterial CDC’s: 
The hole family, Prato, Italy. 

Professor Jamie Rossjohn

• Fifth International NKT Meeting,  
Kamakura, Japan. 

Professor Ian Smith

• World Health Summit (M8), Berlin, Germany.

• Third International Brain Research 
Organisation (IBRO) Symposium,  
Penang, Malaysia.

• Second Australia-China Biomedical 
Research Conference, Tianjin, China.

Professor James Whisstock

• Third IBRO Meeting on Structural and 
Functional Studies on Glutamic Acid 
Decarboxylase, Penang, Malaysia.

• Chair, Sixth General Meeting of the 
International Proteolysis Society.

• Chair, Complement, perforins and bacterial 
CDC’s: the hole family, Prato, Italy.

• Program Chair, Lorne Conference on Protein 
Structure and Function. 

Professor Rod Devenish 

• The 4th Australasian Conference on Yeast:
 Products and Discovery, Adelaide, 2009.

Invitations to address and participate  
in international conferences
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Professor Ben Adler

• Department of Microbiology, Immunology 
and Cell Biology, West Virginia University, 
Morgantown, USA.

Professor Phillip Nagley

• Weizmann Institute, Rehovot, Israel.

Professor Julian Rood

• Institute of Veterinary Bacteriology,  
University of Bern, Switzerland. 

Professor Jamie Rossjohn

• Department of Immunology,  
Cardiff University, UK.

• Division of Structural Biology, Wellcome  
Trust Centre for Human Genetics,  
Oxford University, UK.

Invitations to visit leading international laboratories

Professor Ian Smith

• Faculties of Science, Engineering and 
Medicine, Warwick University, UK.

• Karolinska Institute, Stockholm, Sweden.

• Faculty of Medicine, University of Cork, 
Ireland.

• Institute of Neurosciences, University  
of Newcastle, UK. 

Professor Ross Coppel 

• Laboratory of Mycobacterial Diseases, 
Colorado State University, Fort Collins, USA.
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Publications

‘Monash research breakthrough to treat malaria’, 
Monash Newsline, 3 February 2009

‘Breaking new ground in the battle against 
necrotic enteritis’, Poultry CRC EChook News, 
30 October 2009

‘Know your enemy’, Stories of Australian 
Science 2010, 26 November 2009

Commentaries about the  
Centre’s achievements
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Post graduate student education continued to 
be a critical component of the Centre’s activities 
in 2009. A primary focus is the training of 
students in advanced technologies. In 2009, 
the Centre recruited 2 new PhD students under 
full scholarship as well as supporting its existing 
18 PhD students. In addition to project-based 
training, Centre HDR students have access 
to professional development provided by the 
Monash Research Graduate School (MRGS),  
the Monash Postgraduate Association (MPA) and 
the School of Biomedical Sciences Graduate 
School (SOBSGS). Students are encouraged 
to engage in teaching activity (demonstrating 
to undergraduate classes) for which training 
is provided by SOBSGS and their home 
departments. In particular, Centre PhD students 
participate in an annual young investigator 
symposium as part of the Victorian Infection and 
Immunity Network. Financial support was also 
provided for students to attend national and 
international research conferences as well as  
to visit overseas laboratories. 

Professional development
VIIN Student Symposium

On October 1, the Victorian Infection and 
Immunity Network (VIIN) hosted a Student 
Symposium. The Symposium talks included 
presenters from the Monash University, the 
Monash Institute for Medical Research (MIMR), 
the Burnet Institute, Murdoch Childrens Research 
Institute, Walter and Eliza Hall Institute of Medical 
Research, CSIRO Australian Animal Health 
Laboratory and the Centre. One of our Centre 
students, Wilson Wong, won second prize for his 
oral presentation at this Symposium.

The Centre also sponsors the Best Poster Prize. 

Centre Director Professor Ben Adler and  
Centre Associate, Professor Paul Hertzog are 
members of the VIIN executive committee,  
with Professor Paul Herzog taking the role as  
co-convenor of VIIN. 

Centre post graduate 
recruitments
Puthayalai Treerat (PhD)

Type III secretion system and pathogenicity  
of Burkholderia pseudomallei

Jessica Wisniewski (PhD)

Conjugation proteins of Clostridium perfringens

Centre post graduate course 
completions
Natalie Lazar Adler (PhD)

Molecular basis of pathogenesis of melioidosis

Tamas Hatfaludi (PhD)

Membrane proteins of Pasteurella multocida: 
roles in immunity and disease

Benjamin Howden (PhD)

Vancomycin resistance in Staphylococcus aureus

Carlos Rosado (PhD)

Rosella – A fluorescent reporter of  
autophagic processes

Jennifer Steen (nee Parsons) (PhD)

TcpA is an essential component of the 
Clostridium perfringens conjugative 
transfer apparatus 

Honours students
Priyangi Alwis

Construction of fluorescent  
Burkholderia pseudomallei

Rhys Dunstan

Beclin-1 expression in response to Burkholderia 
pseudomallei infection of RAW 264.7 cells

Marietta John
Development of a PCR assay for typing of 
Pasteurella multocida

Amy King

Protein interactions in Leptospira

Dhanishya Paramanathan (Master of 
Biomedical Science, part 1)

Fluorescent Burkholderia pseudomallei

Adam Shahine

Structural studies on mycobacterial proteins

Research training and professional education
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In 2009 Centre Chief Investigators delivered undergraduate lectures at first to fourth year levels in 
microbiology, biochemistry, bioinformatics, molecular biology, proteomics, pathogenesis, and structural 
biology at Monash University. 

Professor Ben Adler 

MIC 3990 – Microbiology in action research project (convenor)

Professor Ross Coppel 

MED2031 – Medical Studies in Microbiology and Infectious Diseases

MED2042 – Medical Studies in Microbiology and Infectious Diseases

MIC3041 – Medical Microbiology

Professor John Davies 

MIC3011 – Molecular Microbiology 

Professor Rod Devenish 

BCH3031 – Advanced Molecular Biology: Modern concepts and applications (convenor)

MED1011 – Medicine 1

MIC 3032 - Pathogenesis of bacterial infectious diseases

Professor Phillip Nagley

BMS3021 – Molecular Medicine and Biotechnology (Convenor)

BMS2021 – Biochemistry in human function

Professor Julian Rood 

BMS1062 – Molecular Biology

MED2031 – Medicine 3

GMA1011 – Medicine 1

MIC3032 – Pathogenesis of Bacterial Infectious Diseases

MIC4100 – Microbiology research project (Honours – convenor)

MIC4200 – Advanced Studies in Microbiology (Honours – convenor)

Professor James Whisstock 

BMS2062 – Introduction to bioinformatics

Undergraduate teaching
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Annual Micromon Recombinant DNA 
Techniques Short Course (November 2009)

Centre staff again participated in the Annual 
Micromon Recombinant DNA Techniques Short 
Course in 2009. Centre Associate Dr John Boyce 
was part of the teaching team that delivered 
expert lectures in the course. In addition, Centre 
PhD students were involved in the laboratory 
tuition. The Recombinant DNA Techniques 
course is an intensive, short course designed 
to teach essential skills to participants from all 
scientific disciplines that have had little or no 
experience in molecular biology. The course, 
which usually enrols 40 participants, comprises 
10 hours of theory and 30 hours of experimental 
laboratory work and tutorials ranging from 
topics on basic cloning requirements to 
reverse transcription and polymerase chain 
reaction (PCR). It is also an ideal workshop for 
those who wish to consolidate their current 
and basic-intermediate skill level and attracts 
participants from diverse backgrounds in private, 
government, scientific, clinical, educational and 
commercial organisations. 

Other research training and  
professional education

Participants in the 2009 Micromon Recombinant DNA Techniques Short Course.
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International visitors to the Centre

Professor Tamotsu Yoshimori, Research Institute 
for Microbial Diseases, Japan.

Professor John Albert, University of Kuwait, 
Kuwait.

Associate Professor Kanitha Patarakul, 
Chulalongkorn University, Thailand.

Dr Amporn Srikram, Khon Kaen University, 
Thailand.

Dr Hannah Jorgensen, Norwegian Veterinary 
Research Institute, Norway.

Professor Garry Taylor, University of St Andrews, 
Scotland.

Professor Laura Frost, University of Alberta, 
Canada.

International, national and regional links  
and networks

Two special seminars were also presented by our 
international visitors when they were in Australia.

Prof Tamotsu Yoshimori gave a seminar on 
‘Autophagy: molecular machinery, regulation and 
roles in diseases’ on 9 September.

Prof Laura Frost gave presented her work on 
‘Regulation of F plasmid transfer: a complex 
solution to a simple problem’ in the regular 
seminar series. In her capacity as the Aigner 
Rollet Visiting Professor in Women’s and Gender 
Studies at the University of Graz, Austria, she 
also gave a special seminar on 1 December 
entitled ‘The turning point: Must women choose 
between science and family?’

Professor Laura Frost and Centre  
CI Professor Julian Rood.
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This list includes all active grants received 
by Centre Investigators in 2009. Monetary 
figures denote the amount allocated for 2009 
and principal collaborators are indicated in 
parenthesis. 

Professor Ben Adler

NHRMC Project Grant – Analysis and regulation 
of leptospiral virulence factors. $153,000.

NHMRC Project Grant – A functional and 
structural approach to understanding leptospiral 
host pathogen interactions. $170,000 (Beddoe).

Professor Phllip Nagley

NHMRC Project Grant – Mitochondria: 
molecular and cellular insights into their diverse 
contributions to neuronal injury. $177,750 (Beart).

NHMRC Project Grant – Secretion of alpha-
synuclein: a diagnostic marker for Parkinson’s 
Disease and a clue to its (patho)physiology. 
$192,000 (Horne).

Professor Ross Coppel

NHMRC Program Grant – Malaria: from target 
identification to therapeutics. $992,000 (Cooke, 
Plebanski, von Itzstein).

NHMRC Project Grant – Functional and  
structural studies of a glycosyltransferase 
essential for complex glycolipid biosynthesis  
in Mycobacteria. $162,750 (Crellin).

ARC/NHRMC Research Network for 
Parasitology. $150,000.

National Institutes of Health (NIH), USA – 
Adherence of malaria-infected red cells. 
US$116,000 (Cowman, Cooke).

National Institutes of Health (NIH), USA – Malaria 
and the red blood cell. US$130,000 (Mohandas).

Professor Julian Rood

NHMRC Project Grant – Functional biology of 
large serine recombinases from mobile antibiotic 
resistance elements. $139,900 (Wilce, Lyras).

NIH/NIAID – Clostridium difficile toxin gene 
regulation. US$63,000, Rood lab allocation only 
(Sonenshein, Dupuy).

Australian Poultry CRC – A new virulence 
factor in Clostridium perfringens causing 
necrotic enteritis in chickens: a route to vaccine 
development. $112,355 (Keyburn).

Australian Wool Innovation – Vaccine potential 
of surface antigens of Dichelobacter nodosus 
$346,122 (Boyce, Whittington).

NHMRC Equipment Grant – Strategic 
Development of BioTEM and Immuno-EM for the 
Monash Research Precincts. $244,000 (Ramm, 
Mitchell, Lithgow, Whisstock, Lackmann, Mak, 
Lyras, Watt, Smyth, Febbraio).

NHMRC Project Grant – Virulence mechanisms 
in hypervirulent epidemic strains of Clostridium 
difficile. $110,000 (Lyras, Johnson, Gerding).

NHMRC Project Grant – Regulation of toxin 
production in Clostridium difficile. $151,333 
(D. Lyras).

NHMRC Project Grant – Role of regulatory genes 
in the control of toxin production in Clostridium 
perfringens. $177,000.

Professor Jamie Rossjohn

ARC Discovery Grant – A structural investigation 
into the Peptide-loading complex molecular 
machine. $240,000.

NHMRC Project Grant – An X-ray crystallographic 
investigation into the adaptive immune response 
to Epstein-Barr Virus. $150,000 (Purcell)

NHMRC Program Grant – Antigen presentation, 
recognition and the immune response. $510,000 
(McCluskey, Carbone, Heath, Brooks, Shortman)

ARC Federation Fellowship – An investigation 
into infection, immunity and rational drug design. 
$330,000.

ARC Discovery Grant – A structural investigation 
into events within the immunological synapse. 
$190,000 (McCluskey).

Income derived from other sources
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Professor Ian Smith

NHRMC Program Grant – Control of proteases 
in infectious, degenerative and cardiovascular 
disease Program. $2,200,000.

NCRIS – Proteomics Australia (BPA). $750,000.

NHMRC Enabling Grant – (606959) Imaging and 
Therapeutic Medical Beamline for the Australian 
Synchrotron. $13.2million.

NHMRC Project Grant – Melanocortin regulation 
of reproduction. $210,000.

Professor James Whisstock

ARC Federation Fellowship – Structural and 
functional studies on Membrane Attack Complex 
/ Perforin-like proteins. $400,000.

ARC Discovery Grant – Membrane Attack 
Complex / Perforin-like proteins. $310,000 
(Dunstone).

NHMRC Project Grant – Structural 
and Functional Studies on Glutamate  
Decarboxylase. $160,000 (Rowley).

NHMRC Program Grant – Control of proteases 
in infectious, degenerative and cardiovascular 
diseases. $2 million (Bird, Bottomley, Buckle, 
Pike, Smith).

Professor John Davies 

NHMRC Project Grant – Regulation of pilus 
biogenesis in Neisseria. $89,750.

NHMRC Project Grant – Characterisation of 
antigenic variation of Neisserial cell surface 
adhesins and their role in infection. $136,000 
(Kahler).

Professor Rod Devenish 

ARC Discovery Grant – Autophagy and the 
nucleus. $110,000.

NHMRC Project Grant – How Burkholderia 
evades autophagy. $144,000 (Boyce, Prescott).



Producing solutions for vaccine and drug development

www.microbialgenomics.net • 45

Awards and recognition

Professor James Whisstock

• Australian Academy of Science Gottschalk 
Medal for 2010

Dr Travis Beddoe

• Pfizer Fellowship commencing in 2010
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Government, industry and business 
briefings

Centre Director Prof Ben Adler, Chief Investigator 
Prof Julian Rood, Research Fellows Drs Marina 
Harper and Trudi Bannam and Associate Dr Rob 
Moore participated in the Poultry Cooperative 
Research Centres (CRC) workshop on ‘Exchange 
of Ideas’ to plan strategies for the CRC’s 
research program over the next seven years.  
This was an opportunity for the Centre to 
enhance its strong linkages with the poultry 
industry. The team presented Centre research  
of key relevance to the Australian poultry industry.

End–user links

Public Awareness activities

The Centre’s Protein Production Unit was opened 
to the public during Monash University Research 
Matters month in August.

Prof Jamie Rossjohn gave a public talk on 21 
October on ‘Proteins, fats and sugars:  
pathogen attach and immune defense’ at 
the University of Melbourne as part of the 
Australian and New Zealand Association for the 
Advancement of Science (ANZAAS) Melbourne 
science talks series. The talk highlighted some 
of the recent advances made in his lab such 
as pathogens’ mechanisms of recognition of 
key proteins and unusual sugars, and immune 
surveillance of components of bacteria and 
viruses and examples of when our immune 
system gets it “wrong”, thereby triggering 
autoimmune reactions.
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Professor B Adler

• Editorial Board, Veterinary Microbiology.

• Editorial Board, Veterinary Sciences 
Tomorrow.

• NHMRC Grant Review Panel.

• Scientific Advisory Board, LeptoCon 2009, 
Kochin, India.

Professor Rod Devenish

• Editorial Board, Autophagy.

• OzReader, ARC.

Professor Phillip Nagley

• Chair, School of Biomedical Science 
Education Committee, Monash University.

• Co-Chair of OzBio2010 - 12th IUBMB – 21st 
FAOBMB-ComBio2010 Conference, “The 
molecules of life: from discovery to 
biotechnology”, Melbourne, 2010.

• Chief Organiser of Young Scientist Forum at 
OzBio2010, September 2010.

• Member of Organising Committee of 
ComBio2009 Conference, Christchurch, 
New Zealand, December 2009.

Professor Julian Rood

• Editor, Plasmid.

• Editorial Board, BMC Microbiology, 
Anaerobe.

• Chair: NHMRC Grant Review Panel .

• Chair, Prato Conference on the Pathogenesis 
of Bacterial Diseases of Animals, Prato, Italy.

• Ambassador for Australia, New Zealand and 
Oceania, American Society for Microbiology.

• Member, Australian Academy of Science 
National Committee for the Biomedical 
Sciences.

Professor Jamie Rossjohn

• Editorial Board, Protein and Peptide Letters. 

• Editorial Board, Essays in Biochemistry.

• Reviewer for Nature, Science and Cell.

• Oz Reader, ARC.

Other chief investigator professional activities

Professor Ian Smith

• Handling Editor, Journal of Neurochemistry. 

• Editorial board member, Journal of Molecular 
and Cellular Proteomics.

• Editorial Board Member, Protein and Peptide 
Letters.

• Editorial Board Member, International Journal 
of Peptide Research and Therapeutics.

• Editorial Board Member, Current Proteomics.

• Editorial Board Member, The Open 
Proteomics Journal.

• Editorial Board Member, Clinical Proteomics. 

• Deputy chairman Victorian Government 
Biotechnology Development Strategic 
Planning (BDSP) group. 

• Appointed board member NCRIS funded 
National Imaging Facility (NIF).

• Appointed board member VLSCI (Victorian 
Life Science Computing Facility).

• Board member Monash Centre for 
Synchrotron Science.

• Director, Victorian node Proteomics Australia.

• Organising Committee PACIFICHEM 2010 
‘Frontiers in Peptide and Protein Chemistry’ 
- Honolulu, Hawaii, December, 2010.

• Scientific Advisory Committee 2nd Australia 
– China Biomedical Research Conference 
‘From Molecules & Cells to Diseases’ Tianjin, 
China April 2009.

• Organising and Program Committee for the 
5th International Peptide Symposium, Kyoto 
on December 4-9, 2010.

• Convener and Co-chair organising 
committee for the International HUPO 
(Human Proteome Organisation) meeting, 
Sydney September 2010.
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Professor James Whisstock

• Co-Chair, 2010 Lorne Protein Conference 
Program Committee.

• Chair, Prato Meeting on Pore Forming Toxin.

• Chair, 6th General Meeting of the 
International Proteolysis Society Meeting, 
Gold Coast, October 2009.

• Chair, NHMRC Program Grant Committee 
(Biomedical).

• Panel member, NHMRC Grant Review Panel 
(GRP1B).

• Selection Advisory Committee (SAC) 
member, ARC Future Fellowships.

• Reviewer for Nature, Genome Research, 
EMBO Journal and Journal of Biological 
Chemistry. 

Professor Ross Coppel 

• Member of the NHMRC Academy.

• Editorial Board, Molecular and Biochemical 
Parasitology.

• Member, Expert Panel, Wellcome Trust 
Technology Transfer Division.

• Visiting Analyst, Foursight Pty Ltd
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Journal articles
This list includes all publications published in 
2009 by Centre affiliated researchers. These 
publications have varying levels of input from 
Centre staff and students. Centre by-line 
publications are indicated with an asterisk. 

* Al‑Hasani, K , F. Navarro-Garcia, J. Huerta, H. Sakellaris, 
and B  Adler. (2009) The immunogenic SigA enterotoxin of 
Shigella flexneri 2a binds to HEp-2 cells and induces fodrin 
redistribution in intoxicated epithelial cells. PLoS One, 4(12): 
e8223

Arafat, Y., G. Fenalti, J C  Whisstock, I.R. Mackay, M. Garcia 
de la Banda, M.J. Rowley, and A.M. Buckle. (2009) Structural 
determinants of GAD antigenicity. Molecular Immunology, 
47(2-3): 493-505

Archbold, J.K., W.A. Macdonald, S. Gras, L.K. Ely, J.J. 
Miles, M.J. Bell, R.M. Brennan, T  Beddoe, M.C. Wilce, C.S. 
Clements, A.W. Purcell, J. McCluskey, S.R. Burrows, and 
J  Rossjohn. (2009) Natural micropolymorphism in human 
leukocyte antigens provides a basis for genetic control of 
antigen recognition. Journal of Experimental Medicine, 206(1): 
209-19

* Baran, K., M. Dunstone, J. Chia, A. Ciccone, K.A. Browne, 
C.J. Clarke, N. Lukoyanova, H. Saibil, J C  Whisstock, I. 
Voskoboinik, and J.A. Trapani. (2009) The molecular basis for 
perforin oligomerization and transmembrane pore assembly. 
Immunity, 30(5): 684-695

Beckham, S.A., S.E. Boyd, S. Reynolds, C. Willis, M. 
Johnstone, A. Mika, P. Simerska, L.C. Wijeyewickrema, 
A I  Smith, D.J. Kemp, R.N. Pike, and K. Fischer. (2009) 
Characterisation of a serine protease homologous to house 
dust mite group 3 allergens from the scabies mite sarcoptes 
scabiei. Journal of Biological Chemistry, 284(49): 34413-34422

Beddoe, T , Z. Chen, C.S. Clements, L.K. Ely, S.R. Bushell, 
J.P. Vivian, L. Kjer-Nielsen, S.S. Pang, M.A. Dunstone, Y.C. 
Liu, W.A. Macdonald, M.A. Perugini, M.C. Wilce, S.R. Burrows, 
A.W. Purcell, T. Tiganis, S P  Bottomley, J. McCluskey, and J  
Rossjohn. (2009) Antigen Ligation Triggers a Conformational 
Change within the Constant Domain of the alphabeta T Cell 
Receptor. Immunity, 30(6): 777-788

Bell, M.J., J.M. Burrows, R. Brennan, J.J. Miles, J. Tellam, J. 
McCluskey, J  Rossjohn, R. Khanna, and S.R. Burrows. (2009) 
The peptide length specificity of some HLA class I alleles is very 
broad and includes peptides of up to 25 amino acids in length. 
Molecular Immunology, 46(8-9): 1911-1917

* Boyce, J D , M  Harper, F. St Michael, M  John, A. Aubry, 
H. Parnas, S.M. Logan, I W  Wilkie, M. Ford, A.D. Cox, and 
B  Adler. (2009) Identification of novel glycosyltransferases 
required for assembly of the Pasteurella multocida A:1 
lipopolysaccharide and their involvement in virulence. Infection 
and Immunity, 77(4): 1532-1542

Bracho, G., C. Zayas, L. Wang, R  Coppel, O. Perez, and 
N. Petrovsky. (2009) AFCo1, a meningococcal B-derived 
cochleate adjuvant, strongly enhances antibody and T-cell 
immunity against Plasmodium falciparum merozoite surface 
protein 4 and 5. Malaria Journal, 8: 35

Cheung, J.K., M.M. Awad, S. McGowan, and J I  Rood. (2009) 
Functional analysis of the VirSR phosphorelay from Clostridium 
perfringens. PLoS ONE, 4(6): e5849

* Chia, J., K.P. Yeo, J C  Whisstock, M.A. Dunstone, J.A. 
Trapani, and I. Voskoboinik. (2009) Temperature sensitivity of 
human perforin mutants unmasks subtotal loss of cytotoxicity, 
delayed FHL, and a predisposition to cancer. Proceedings 
of the National Academy of Sciences of the United States of 
America, 106(24): 9809-9814

Appendix 1: Publications

* Chiarezza, M., D. Lyras, S.J. Pidot, M. Flores-Diaz, M.M. 
Awad, C.L. Kennedy, L.M. Cordner, T. Phumoonna, R  Poon, 
M.L. Hughes, J.J. Emmins, A. Alape-Giron, and J I  Rood. 
(2009) The NanI and NanJ sialidases of Clostridium perfringens 
are not essential for virulence. Infection and Immunity, 77(10): 
4421-4428

Coppel, R L  (2009) Vaccinating with the genome: a Sisyphean 
task? Trends in Parasitology, 25(5): 205-212

Diwakarla, S., L.D. Mercer, L. Kardashsyan, P.W. Chu, Y.S. 
Shin, C.L. Lau, M.L. Hughes, P  Nagley, and P.M. Beart. (2009) 
GABAergic striatal neurons exhibit caspase-independent, 
mitochondrially mediated programmed cell death. Journal of 
Neurochemistry, 109(Suppl 1): 198-206

Diwakarla, S., P  Nagley, M.L.R. Hughes, B. Chen, and P.M. 
Beart. (2009) Differential insult-dependent recruitment of the 
intrinsic mitochondrial pathway during neuronal programmed 
cell death. Cellular and Molecular Life Sciences, 66(1): 156-172

Ebert, L.M., Y.C. Liu, C.S. Clements, N.C. Robson, H.M. 
Jackson, J.L. Markby, N. Dimopoulos, B.S. Tan, I.F. Luescher, 
I.D. Davis, J  Rossjohn, J. Cebon, A.W. Purcell, and W. Chen. 
(2009) A long, naturally presented immunodominant epitope 
from NY-ESO-1 tumor antigen: Implications for cancer vaccine 
design. Cancer Research, 69(3): 1046-1054

* Fischer, K., C.G. Langendorf, J.A. Irving, S. Reynolds, C. 
Willis, S. Beckham, R.H. Law, S. Yang, T.A. Bashtannyk-
Puhalovich, S. McGowan, J C  Whisstock, R.N. Pike, D.J. 
Kemp, and A.M. Buckle. (2009) Structural mechanisms of 
inactivation in scabies mite serine protease paralogues. Journal 
of Molecular Biology, 390(4): 635-645

Florence, W.C., C. Xia, L.E. Gordy, W. Chen, Y. Zhang, J. Scott-
Browne, Y. Kinjo, K.O. Yu, S. Keshipeddy, D.G. Pellicci, O. 
Patel, L. Kjer-Nielsen, J. McCluskey, D.I. Godfrey, J  Rossjohn, 
S.K. Richardson, S.A. Porcelli, A.R. Howell, K. Hayakawa, 
L. Gapin, D.M. Zajonc, P.G. Wang, and S. Joyce. (2009) 
Adaptability of the semi-invariant natural killer T-cell receptor 
towards structurally diverse CD1d-restricted ligands. EMBO 
Journal, 28(22): 3579-3590

Glenister, F.K., K.M. Fernandez, L.M. Kats, E. Hanssen, N. 
Mohandas, R.L. Coppel, and B M  Cooke. (2009) Functional 
alteration of red blood cells by a Mega-Dalton protein of 
Plasmodium falciparum. Blood, 113(4): 919-928

Gras, S., S.R. Burrows, L. Kjer-Nielsen, C.S. Clements, Y.C. 
Liu, L.C. Sullivan, M.J. Bell, A.G. Brooks, A.W. Purcell, J. 
McCluskey, and J  Rossjohn. (2009) The Shaping of T Cell 
Receptor Recognition by Self-Tolerance. Immunity, 30(2): 
193-203

Higgins, G.C., P.M. Beart, and P  Nagley. (2009) Oxidative 
stress triggers neuronal caspase-independent death: 
endonuclease G involvement in programmed cell death-type III. 
Cellular and Molecular Life Sciences, 66(16): 2773-2787

Hill, S.A., and J K  Davies. (2009) Pilin gene variation in 
Neisseria gonorrhoeae: reassessing the old paradigms. FEMS 
Microbiology Review, 33(3): 521-530

Hsu, W., W. Zhang, K. Tsuneyama, Y. Moritoki, W.M. Ridgway, 
A.A. Ansari, R L  Coppel, Z.X. Lian, I. Mackay, and M.E. 
Gershwin. (2009) Differential mechanisms in the pathogenesis 
of autoimmune cholangitis versus inflammatory bowel disease 
in interleukin-2Ralpha(-/-) mice. Hepatology, 49: 133-140

Jiang, W., M. Prescott, R J  Devenish, L. Spiccia, and M.T. 
Hearn. (2009) Separation of hexahistidine fusion proteins with 
immobilized metal ion affinity chromatographic (IMAC) sorbents 
derived from M(N+)-tacn and its derivatives. Biotechnology & 
Bioengineering, 103(4): 747-756
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* Kaiserman, D., A.M. Buckle, P. Van Damme, J.A. Irving, 
R.H. Law, A.Y. Matthews, T.A. Bashtannyk-Puhalovich, C. 
Langendorf, P. Thompson, J. Van de Kerckhove, K. Gevaert, 
J C  Whisstock, and P.I. Bird. (2009) Structure of granzyme 
C reveals an unusual mechanism of protease autoinhibition. 
Proceedings of the National Academy of Sciences of the United 
States of America, 106(14): 5587-5592

Kennedy, C.L., D. Lyras, J.K. Cheung, T.J. Hiscox, J.J. 
Emmins, and J I  Rood. (2009) Cross-complementation 
of Clostridium perfringens PLC and Clostridium septicum 
alpha-toxin mutants reveals PLC is sufficient to mediate gas 
gangrene. Microbes Infection, 11(3): 413-418

Kennedy, C.L., D. Lyras, L.M. Cordner, J. Melton-Witt, J.J. 
Emmins, R.K. Tweten, and J I  Rood. (2009) Pore forming 
activity of alpha-toxin is essential for Clostridium septicum-
mediated myonecrosis. Infection and Immunity, 77(3): 943-951

* Kennedy, C.L., D J  Smith, D. Lyras, A. Chakravorty, and 
J I  Rood. (2009) Programmed cellular necrosis mediated by 
the pore-forming alpha-toxin from Clostridium septicum. PLoS 
Pathogens, 5(7): e1000516

Lai, Z.W., D L  Steer, and A I  Smith. (2009) Membrane 
proteomics: The development of diagnostics based on protein 
shedding. Current Opinions in Molecular Therapeutics, 11: 
623-631

Lai, Z.W., R.A. Lew, M.A. Yarski, F.T. Mu, R.K. Andrews, and 
A I  Smith. (2009) The Identification of a Calmodulin-Binding 
Domain within the Cytoplasmic Tail of Angiotensin-Converting 
Enzyme-2. Endocrinology, 150(5): 2376-2381

Lan, R. Y., T. L. Salunga, K. Tsuneyama, Z. X. Lian, G. X. 
Yang, W. Hsu, Y. Moritoki, A. A. Ansari, C. Kemper, J. Price, 
J. Atkinson, R L  Coppel, and M.E. Gershwin. (2009) Hepatic 
IL-17 responses in human and murine primary biliary cirrhosis. 
Journal of Autoimmunity, 32(1): 43-51

* Lazar Adler, N R , B. Govan, M  Cullinane, M  Harper, B  
Adler, and J D  Boyce. (2009) The molecular and cellular 
basis of pathogenesis in melioidosis: How does Burkholderia 
pseudomallei cause disease? FEMS Microbiology Reviews, 
33(6): 1079-1099

Liu, S., M.K. Danquah, J. Ho, C. Ma, L. Wang, R L  Coppel, 
and G.M. Forde. (2009) Preparation and characterization of 
poly(lactic-co-glycolic acid) microparticles containing DNA 
molecules encoding a malaria vaccine candidate. Journal of 
Chemical Technology & Biotechnology, 84(5): 782-788

Lleo, A., C. Selmi, P. Invernizzi, M. Podda, R L  Coppel, I.R. 
Mackay, G.J. Gores, A.A. Ansari, J. Van de Water, and M.E. 
Gershwin. (2009) Apotopes and the biliary specificity of primary 
biliary cirrhosis. Hepatology, 49(3): 871-879

* Lo, M., S J  Cordwell, D.M. Bulach, and B  Adler. (2009) 
Comparative transcriptional and translational analysis of 
leptospiral outer membrane protein expression in response to 
temperature. PLoS Neglected Tropical Diseases, 3(12): e560

Logan, G.J., L. Wang, M. Zheng, S.L. Ginn, R L  Coppel, and 
I.E. Alexander. (2009) Antigen-specific humoral tolerance or 
immune augmentation induced by intramuscular delivery of 
adeno-associated viruses encoding CTLA4-Ig-antigen fusion 
molecules. Gene Therapy, 16(2): 200-210
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Financial statement for year ended 31 December 2009  

Income $

ARC 

CoE Program 2,209,242

Collaborating Institution

Poultry CRC 112,355

Industry/Private Funds

Aust. Wool Innovation 346,122

Pfizer 16,011

Host Institution Support 699,000

Carried forward from 2008

ARC funds 156,560

Host Institution 1,553,147

Total Income 5,092,437

Expenditure $

Salaries 2,283,629

Scholarships and Prizes 71,895

Equipment 0

Maintenance/Consumables 389,124

Travel and Related Expenses 11,208

Other Expenditure

AWI footrot project 346,122

Poultry CRC project 112,355

Total expenditure 3,214,333

Appendix 2: Financial statement
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Key Result Area Performance Measure Target Outcome

Research 
findings 

Quality of publications
At least 75% on journals 
with an impact factor (IF) 
of ≥4.0

69% of papers were published in 
journals with IF ≥ 4.0

Number of publications

20 refereed publications 
in international journals.  
2 invited book chapters 
or reviews

32 refereed publications,  
including 2 invited reviews 

Number of patents 1 per year 2

Invitations to address and 
participate in international 
conferences

6 per year 9

Invitations to visit leading 
international laboratories

4 per year 10

Number and nature of 
commentaries about the 
Centre’s achievements

2 per year 3

Research 
training and 
professional 
education

Number of postgraduates 
recruited

4 per year 3

Number of postgraduate 
completions

2 per year 6

Number of Honours 
students

6 per year 5

Participation in 
professional courses

1 per year

Centre Associate and Centre PhD 
students taught in Recombinant 
DNA Techniques Short Course at 
Monash University, Nov 2009

Number and level of 
undergraduate and high 
school courses in the 
priority area(s)

2 at 3rd year level 

BCH3031 – Advanced Molecular 
Biology

BMS2062 – Introduction to 
Bioinformatics

BMS3021 – Molecular Medicine 
and Biotechnology

MIC3011 – Molecular Microbiology

MIC3032 – Pathogenesis of 
Bacterial Infectious Diseases

MIC3041 – Medical Microbiology

MIC3990 – Action in Microbiology

MOL2022 – Molecular Biology

Appendix 3: Key result areas and  
performance measures table 2009
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Key Result Area Performance Measure Target Outcome

International, 
national and 
regional links 
and networks

Number of international 
visitors

2 per year 7

Number of national and 
international workshops

5 (if a network application 
is successful)

Nil. Network application not funded

Number of visits to 
overseas laboratories

4 per year 10

End‑user links
Nature and number of 
commercialisation 
activities

3 partnerships involving 
cash

Australian Wool Innovation
Australian Poultry CRC
Pfizer Animal Health

Number of government, 
industry and business 
briefings

1 per year 1

Number of Centre 
associates trained/ing in 
technology transfer and 
commercialisation

1 per year 1

Number and nature of 
public awareness 
campaigns

1 per year 1

Organisational 
support

Annual in-kind 
contributions from 
Collaborating Institutions

$350,000 per year ~$744,600

Number of new 
organisations recruited to 
or involved in the Centre

1 per year

National Veterinary Institute, 
Norway 
University of Ghent, Belgium 
University of Pittsburgh, USA

Level and quality of 
infrastructure provided to 
the Centre

$730,000 per year  
in equipment, $400,000 
per year in personnel, 
and $330,000 per  
year cash 

$699,000 cash contribution from 
Monash University. ~$2.4M in 
equipment infrastructure and 
~$2.1M in Chief Investigator and 
other staff salaries.

Governance
Breadth and experience  
of members of Advisory 
Board

6 Members specified

Existing board of 5 members and  
2 international Adjunct Board 
Members recruited – Prof John 
Prescott and Prof Joachim Frey

Frequency and 
effectiveness of Advisory 
Board meetings

Twice per year
Met twice in 2009 on March 12 and 
November 18

Quality of Centre  
Strategic Plan

As outlined in submitted 
research plan

Changes outlined in Review 
submission
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Key Result Area Performance Measure Target Outcome

Effectiveness of 
arrangements to manage 
Centre nodes

Publication of cross-node 
papers

Centre is single node 

Adequacy of Centre Key 
Performance Indicators

Review by external 
assessor

ARC Review in November 

National benefit
Measure of expansion of 
Australia’s capability in the 
priority area(s)

Substantial increase in 
knowledge base. 
Progress in vaccine 
development and drug 
target identification

See list of publications. Vaccine 
development and drug target 
pipeline projects progressed 
satisfactorily in 2009. See progress 
reports in Annual Report.

Case studies of economic, 
social, cultural or 
environmental benefits

N/A N/A
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