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Introduction

The ARC Centre of Excellence in Structural 
and Functional Microbial Genomics was 
officially launched on March 8, 2006.  
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 its high-throughput microbial 
pipeline, which utilises high throughput, 
roboticised protein production and analysis to 
identify and characterise lead candidates for 
novel vaccines or drug targets. 2006 has seen  
an extremely successful year, with the 
completion of pilot vaccine trials for swine 
dysentery, fowl cholera and leptospirosis,  
as well as the identification of new 
mycobacterial drug targets. 

The Centre’s vaccine development projects 
involves collaboration with industry partners, 
Pfizer Animal Health, Intervet International  
and the Australian Poultry CRC. In 2006, 
fundamental research within the Centre into 
microbial genomics and pathogenesis was 
published in prestigious scientific journals 
such as Genome Research, Nature, and 
Proceedings of the National Academy of 
Sciences USA.

The Centre brings together a team of 
internationally-renowned researchers  
with complementary expertise from  
the departments of Microbiology and 
Biochemistry and Molecular Biology. 

The Centre also works in collaboration  
with scientists at The University of Sydney, 
The University of Queensland, CSIRO 
Livestock Industries, Victorian Bioinformatics 
Consortium, Victorian Partnership for 
Advanced Computing (VPAC), The State of 
Victoria through the Department of Primary 
Industries, the Australian Genome Research 
Facility Ltd and Pfizer Australia Pty Limited.

Photograph courtesy of Scott Coutts 

Overview



� • www.microbialgenomics.net

Producing solutions for vaccine and drug development

Financial support

The Centre’s main sources of funding are the 
ARC Centre grant through the Centre of 
Excellence program, Monash University and 
the State Government of Victoria. The ARC  
is providing approximately $2 million per 
annum and the State Government 
Department of Innovation, Industry and 
Regional Development $2 million over three 
years from 2006. Monash University also 
contributes $700,000 per annum. 

In kind contributions from Monash University, 
Centre partners, associates and collaborators 
amounted to approximately $5 million for 
2006. Additionally, an ARC Linkage program 
for vaccine development in swine dysentery 
was initiated in 2004, with Intervet 
International as the industry partner, with  
a total income of $450,000 for the period 
2004-2006.

 A Poultry CRC grant of $480,000 was 
awarded for commencement in early 2006  
for a joint Centre-CSIRO project on vaccine 
development in avian campylobacteriosis and 
necrotic enteritis. An ARC Linkage program 
for vaccine development in leptospirosis  
was also initiated in 2005, with Pfizer Animal 
Health as the industry partner, with a  
total income of $850,000 for the period  
2006-2008. 

Australian
Research
Council,
$2,122,798

Victorian State
Government,

$1,255,000

Monash University,
$718,231

Linkage Grants,
$283,342

Industry,
$189,000

Poultry CRC,
$93,526
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Director’s foreward

It is a pleasure to introduce this report of  
the first full year’s activities of the Centre  
of Excellence in Structural and Functional 
Microbial Genomics, which was formally 
launched in March by Professor Erich Weigold 
on behalf of the ARC. 2006 saw two of the 
Centre Chief Investigators (CIs) recognised for 
their research achievements. Jamie Rossjohn 
was awarded a Federation Fellowship, while 
James Whisstock received the Science 
Minister’s Prize for Life Scientist of the Year. 
Congratulations to both! As detailed in  
this report, the year also saw Centre  
research published in highly acclaimed 
multidisciplinary journals as well as in the top 
ranked journals in microbiology, biochemistry, 
genomics and proteomics.

I would like to take this opportunity to thank 
my fellow Centre CIs for their diligence and 
commitment which have made 2006 such  
a successful first year. Your collegiality is 
much appreciated. The Centre’s research  
is enhanced greatly by the collaboration with 
our partner organisations and scientists. 

In particular, the veterinary expertise of Ian 
Wilkie, Richard Whittington, Darren Trott  
and Mark Ford is gratefully acknowledged,  
as is the bioinformatics expertise of Torsten 
Seemann and the extensive experience in 
protein production of Steve Bottomley. I am 
also grateful for the collaborative input of all 
our Centre Associates whose complementary 
skills add enormous value to our research 
program, both basic and applied.

To the Centre staff and students: without your 
fantastic dedication, often far beyond the call 
of duty, the Centre would not have been able 
to achieve the high levels which have marked 
our first year. The organisational contribution 
by the Centre Operations Manager, Marianne 
Johnston, as well as the administrative 
support from my Personal Assistant, Sheree 
Michael, has been invaluable. Thank you one 
and all!

Finally, I wish to express my thanks to 
Professor George Weinstock, Co-Director  
of the Human Genome Sequencing Centre, 
Houston, Texas who visited the Centre in 
August. George has particular interest and 
expertise in microbial genomics and his 
discussions with Centre CIs, staff and 
students were invaluable. In addition, his 
Centre-sponsored participation in National 
Science Week was the Centre’s first venture 
into Outreach activities and we plan to 
continue this effort into 2007. 

To all involved in the Centre’s excellent start, 
my sincerest thanks. With your endeavours  
I look forward to an exciting 2007. 

Professor Ben Adler 
Director
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Organisation and governance

Centre governance and management structure

In 2006 the Centre was formed as a partnership of the participating institutions (refer page 1) 
under a formal Centre agreement, with Monash University as the administering institution.

Organisational Chart

Director

Advisory Board

Operations Manager

PA to Director

Scientific Committee
(Director and Chief Investigators)

Protein
Analysis

sub-committee

Associates Research Fellows Students

Scientific Projects
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Advisory board

The Advisory Board provides advice on research programs of the Centre, entry and exit of 
partner organisations and matters of strategic direction in research and other areas as may be 
relevant. The Advisory Board meets twice a year. In 2006 members of the Advisory board  
also attended the Centre Scientific Meeting held on October 11 to 12, 2006. 

The Centre’s Advisory Board members are:

Centre Management and Administration

Centre Director

Professor Ben Adler, as Centre 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 whilst leading by example in the pursuit of scientific excellence. 

Professor A J Pittard FAA (Chair),  
University of Melbourne

Professor G Mitchell AO  
Director, Foursight Associates

Professor J R Egerton,  
University of Sydney

Dr A Duncan,  
Associate Director, Bio21 Institute

Dr N Samaras,  
CEO, Murigen

Professor B Adler,  
Centre Director (ex officio)

Operations Manager

Marianne Johnston provides support to the Centre Director via 
management of a wide range of Centre operational activities, particularly 
those associated with Centre funding bodies’ reporting requirements, 
marketing and communications initiatives, and Centre business 
development opportunities. 

Personal Assistant

Sheree Michael provides administrative and secretarial support to the 
Centre Director. She is the minutes secretary for the monthly Scientific 
Committee meetings and also the Microbiology department Finance 
Officer. 
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Scientific committee

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. 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 co-convener  
of the Monash Infection and Immunity Network. 

Deputy Director

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 adverse 
responses in host cells after infection with disease-causing bacteria. 

Professor Ross Coppel is a Professor of the department of 
Microbiology at Monash University. 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. 
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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. 

Professor Rod Devenish is Deputy Chairman Research Graduate 
School and Professor of 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 area of autophagy focussing on  
the turnover of organelles, particularly mitochondria, in yeast.  
In collaboration with Centre colleagues he is investigating the  
interaction of host cell autophagy with bacterial pathogens. 

Professor Julian Rood is a Professor of the Microbiology department 
at Monash University. He has an international reputation for his 
extensive research on the genetics, regulation and pathogenesis  
of anaerobic bacteria, especially Clostridium and Dichelobacter.  
His current Centre research is focussed on the pathogenesis of ovine 
footrot 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 including the basis of Major Histocompatibility 
Complex (MHC) restriction, T-cell immunodominance, T-cell 
allorecognition, T-cell signalling, and MHC polymorphism in the  
context of antigen presentation and viral evasion. 
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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. 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 a protein crystallographer and 
bioinformatician in the Department of Biochemistry and Molecular 
Biology at Monash University. He has particular expertise in proteases 
and their inhibitors and in the structural biology of bacterial virulence 
factors. In 2006, he was awarded the Science Minister’s prize for  
Life Scientist of the year. 
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Committee for the Automated, Multiplexed,  
High Resolution Protein Analysis Facility (AMHRPAF)

In 2006 a Centre sub-committee was  
formed to oversee the commissioning and 
general operations of the Centre’s new  
mass spectrometry facility. 

The Protein Analysis sub-committee consists 
of four Chief Investigators from the Centre 
(two from the Biochemistry Department and 
two from Microbiology), one member from  
an independent University faculty and a 
representative from the Monash Commercial 
office and several Centre Associates and/or 
Research Fellows. The sub-committee  
meets quarterly and operates under the 
umbrella governance of the Centre. It also 
serves as a sub-committee for the Protein 
Production Unit. 

The Centre’s sub-committee comprises:

Professor Ian Smith  
(Facility Director and sub-committee Chair)

Associate Professor Steve Bottomley  
(Protein Production Unit Head and  
sub-committee vice Chair)

Ms Marianne Johnston  
(Centre Operations Manager)

Professor Ben Adler  
(Centre Director)

Professor John Davies  
(Centre Chief Investigator)

Professor James Whisstock  
(Centre Chief Investigator)

Dr David Steer  
(Biomedical Proteomics Facility)

Dr Noelene Quinsey  
(Protein Production Unit)

Dr Tim Stinear  
(Department of Microbiology)

Dr Brian Cooke  
(Department of Microbiology)

Professor Mike Hubbard  
(The University of Melbourne)

Mr Michael Vovos  
(Monash University – Research 
Commercialisation Unit)
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Centre associates

Dr Ian Wilkie is a senior lecturer and avian 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 
cooperating with the Molecular Pathogenesis group at Monash 
University for several years, and is currently involved in a joint project to 
define virulence attributes of P. multocida type A for mice and chickens. 

Professor Richard Whittington is a veterinary pathologist at the 
University of Sydney, Camden, New South Wales. He leads research on 
the pathobiology of Mycobacterium avium subspecies Paratuberculosis, 
the causative agent of Johne’s disease in ruminants, ovine footrot and 
infectious diseases of fish and wildlife including the platypus. His major 
studies involve functional analysis and molecular studies of viruses and 
bacteria, immune responses and pathology in individual animals and 
animal populations. 

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. 

Dr Tim Stinear directs a research group in the Department of 
Microbiology at Monash University. He 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.

Associate 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 or PCU, which is 
an automated protein production facility that enables researchers to 
express and purify their proteins in a high throughput manner. 
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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 Monash Infection and Immunity Network. 

Professor Christina Mitchell is the Head of the School of Biomedical 
Sciences and the Department of Biochemistry and Molecular Biology  
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. 

Professor Bruce McClane is a Professor in the Molecular Genetics 
and Biochemistry 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. 

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. 
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Research Fellows
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Objectives

The aim of the Centre is to conduct integrated 
research that will elucidate key aspects of 
microbial pathogens and the hosts they infect. 
Focusing on diseases of importance to 
Australian primary industry, the Centre is 
developing new veterinary vaccines and 
identifying novel antimicrobial targets. 

The objectives of the Centre are:

• To develop vaccines against microbial 
pathogens of importance to Australian 
primary industry

• To identify and validate genes essential for 
microbial survival in order to 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

• To train a new generation of multi-skilled 
researchers based on the Centre’s broad 
range of advanced technologies

Image courtesy of Dane Parker PhD
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Infrastructure

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 ready access to state-of-the-art 
instrumentation, particularly the following 
facilities, housed in the Department of 
Biochemistry and Molecular Biology and the 
Department of Microbiology. 

Biomedical Proteomics Facility

This recently established 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, an 
award to the Centre in early 2006 of a Science 
and Technology Infrastructure (STI) grant from 
the Victorian State Government Department 
of Innovation, Industry and Regional 
Development (DIIRD) allowed the purchase of 
some new and cutting edge mass 
spectrometry equipment which forms the 
Centre’s Automated, Multiplexed, High 
Resolution Protein Analysis Facility 
(AMHRPAF). Specifically, the Centre 
purchased an ion trap mass spectrometer 
with electron transfer dissociation (ETD) 
capabilities. ETD is a new method of peptide 
and protein sequencing which allows 
mapping of the precise sites where proteins 
are phosphorylated. Information generated 
using this technology will provide enormous 
insights for those working in the areas of cell 
signalling and protein-protein interactions.  
The second instrument the Centre purchased 
is a quadrapole time of mass spectrometer 
(Q-ToF). This instrument allows both sensitive 
de novo sequencing of proteins and peptides 
as well as the very accurate determination of 
protein (rather than peptides) masses. Finally, 
the Centre has also purchased a nano LC 
system which allows the very sensitive 
separation of tiny (sub picomole) amounts  
of proteins and peptides prior to mass 
spectrometry analysis. Taken together, with 
the existing proteomics facility, the AMHRPAF 
has the capabilities to meet all current 

proteomic requirements of the Centre 
researchers as well as providing the state  
of Victoria with the qualified personnel 
necessary to support its growing 
biotechnology industry, especially in  
the area of proteomics. 

This facility is presently operated by two staff, 
Dr David Steer and Ms Shane Reeve, under 
the directorship of Professor Ian Smith.

Protein Production Unit

The Protein Production Unit which operates 
as a Monash University practice (formerly 
under the name of ‘ProteinExpress’) was 
originally 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. 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. 

Multidimensional Nano LC

ÄKTAxpress™

Bruker HTD Ultra Trap

Bruker Micro Q ToF
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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. 

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

Protein Crystallography Unit

The Protein Crystallography Unit was 
established at Monash University in 2002. 
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 houses purpose built laboratories 
which contain a temperature-controlled 
crystallization laboratory and an X-ray 
diffraction laboratory. The temperature-
controlled crystallization room contains three 
Leica stereomicroscopes, a PC-controlled 
digital camera and a Cartesian crystallization 
robot. In-house X-ray measurements are 
made using a Rikagu RU-3HBR rotating 
anode generator with OSMIC focussing 
mirrors as an X-ray source. Data are collected 

using an R-AXIS IV++ detector from flash 
frozen crystals. Purified proteins from the 
Protein Production Unit are crystallized and 
their structure determined in the Protein 
Crystallography Unit. It is a central component 
to the Centre’s high through put microbial 
pipeline. 

The Protein Crystallography Unit comprises 
four independent groups, namely, those led 
by Jamie Rossjohn, James Whisstock, 
Matthew Wilce and Jackie Wilce, and is 
directed by Professor Jamie Rossjohn. 

Cartesian crystallization robot
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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 offers high quality, capillary-
based DNA sequencing technology using  
an applied Biosystems 3730S capillary 
sequencer that incorporates a 50 cm array 
capable of routinely generating read lengths  
in excess of 1000 bases. Sequencing is 
supported by a small-scale Oligonucleotide 
Synthesis service and a Microarray  
facility specialising in whole genome  
microbial arrays. 

Micromon currently employs four  
permanent staff and is managed  
by Mr Mark Cauchi. 

GENOMICS, BIOTECHNOLOGY AND DIAGNOSTICS

Biosystems 3730S capillary sequencer

Micromon
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The Centre’s specialised infrastructure and 
expertise can be leveraged to increase 
scientific knowledge in biological processes 
and applied to the treatment of disease.  
Using a high throughput screening approach, 

potential antigens or new candidate 
therapeutics can be assessed based  
upon structural and functional analysis.  
This integrated approach can be used to 
produce vaccine or drug target candidates. 

Genome
sequence

Gene
expression

Proteomics

Bioinformatics OutcomesGene & 
protein ID

Protein 
production

& purification

Structural
analysis

The Centre’s generic high throughput microbial pipeline

Key Features – Specialised Capability

• Propriety 
sequence 
information

• ID of novel 
genes and 
gene 
products

• Specialised infrastructure

• Access to public and proprietary databases

• High 
throughput  
and output

• A variety of 
expression 
systems

• Rapid

• Synchrotron

• X ray 
crystallography

• Mass 
Spectrometry

• Vaccines 

• Drug targets

• Diagnostics

• Knowledge
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Research projects

Significant achievements and outcomes  
in 2006 included:

• Crystallisation and structural determination 
of two candidate drug target proteins of 
Mycobacterium spp., Rv1208 and Rv2971, 
and the identification of the protein Rv2971 
as a target of the anti-TB drug isoniazid.

• The demonstration that the epsilon toxin 
plasmids from Clostridium perfringens  
are conjugative.

• The completion of the genome sequence 
of Dichelobacter nodosus and its use in 
microarray analysis.

• The discovery of the differential effects of 
the PilT and PitU proteins on protease 
secretion in Dichelobacter nodosus.

• The demonstration that the a-toxin from 
Clostridium perfringens is not essential  
for necrotic enteritis in chickens.

• Identification of the subset of proteins 
recognised during infection in fowl cholera 
and ovine footrot.

• The unique finding of two glycoforms  
of LPS in Pasteurella multocida and 
elucidation of their roles in the 
pathogenesis of fowl cholera.

• Finding that the cholera toxin-like toxin of 
Campylobacter jejuni is in fact the major 
outer membrane protein PorA, thereby 
solving a 25 year controversy.

• Solving the structure of AB5 toxin from 
pathogenic Escherichia coli.

• Determination of the crystal structure of all 
of the major proteases involved in virulence 
in Dichelobacter nodosus. 

• The development of an encapsulated 
genome algorithm for efficient comparison 
of whole genomes.

• Solving the structure of PlyB, a novel 
enzyobiotic active against Bacillus 
anthracis.

• Purification of more than 270 recombinant 
proteins for Centre projects.
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Centre research projects

Vaccine development in fowl cholera and 
ovine footrot . (Prof Ben Adler, Dr John 
Boyce, Dr Keith AL-Hasani, Prof Julian Rood, 
Dr Dane Parker, Assoc Prof Steve Bottomley, 
Dr Noelene Quinsey, Mr Nik Sotirellis, Mr Ian 
McPherson).

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 Pm70 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. These bioinformatics 
analyses identified a combined list of 129 
proteins from P. multocida and 99 proteins 
from D. nodosus. The large number of 
candidate genes necessitated the adoption  
of a high-throughput cloning strategy, which 
utilised the Gateway™ cloning and expression 
system to clone PCR-amplified ORFs. 
Because of the large inventory of proteins  
that were required to be expressed and 
purified in a time and cost effective way, 
protein expression was analysed using a novel 
inclusion body assay developed on a TECAN 
liquid handling robot utilising expression 
vectors pBAD-DEST49™, pDEST-17™ and  
a Gateway-adapted expression vector 
containing a NusA solubility tag, pLIC-Nus. 

To evaluate the range of P. multocida proteins 
recognised by the chicken antibody response, 
serum samples from chickens that had been 
repeatedly infected with P. multocida and then 
treated with antibiotics were tested for 
reactivity against 105 recombinant proteins  
by Western blot. Pooled serum samples from 
P. multocida infected chickens were reacted 
in immunoblot assays with comparable 
amounts (3 μg/lane) of recombinant proteins. 

The immune chicken sera generated during 
infection recognised a total of 12 recombinant 
proteins. Six of these antigens have not been 
previously identified as capable of eliciting 
immune responses from chickens, 
demonstrating the utility of this approach for 
the identification of novel immunoreactive 
bacterial antigens. The first batch of 70 
recombinant proteins was tested for their 
ability to protect against fowl cholera. 
Chickens at 12 and 14 weeks of age were 
vaccinated subcutaneously with 50 μg 
purified recombinant proteins in Alhydro-gel™ 
adjuvant. At 16 weeks of age all birds were 
challenged by intramuscular injection with 103 
cfu. of P. multocida X-73. No protection was 
observed with any of the 70 antigens; the 
remainder will be tested in 2007.

In D. nodosus, 87 recombinant proteins were 
screened against pooled immune and 
preimmune sheep sera using Western 
blotting, leading to the identification of eight 
proteins that reacted with the immune, but not 
preimmune, sera (Fig. 1). These proteins are 
included in a first batch run to be tested for 
protective efficacy in 2007.

Fig. 1 Western immunoblot showing recognition of recombinant D. nodosus antigens  
by infected sheep serum.
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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, 
Ms Leyla Zaker-Tabrizi, Ms Georgina 
Sallmann, Ms Zara Marland, Mr David Lea-
Smith, 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 aim to 
identify, clone and characterise essential 

mycobacterial enzymes as potential targets 
for the design of specific antimicrobial 

drugs. Due to difficulties associated 
with insolubility of mycobacterial 

proteins, we modified our cloning 
and expression strategy by 

selecting candidate genes 
for cloning into a 

Gateway™-based 
system. 

To further improve our chances of obtaining 
soluble and crystallisable proteins, we have 
cloned homologs of target genes from three 
different mycobacterial species and other 
related bacteria. Each entry clone has been 
sequenced, then recombined with 4 different 
destination vectors, each carrying a different 
solubility tag. Using this approach, two of the 
initial proteins from the screen (Rv1208 and 
Rv2971) were soluble and they been screened 
for crystallization. The M. avium homologue of 
Rv1208, MAP2569C, was crystallised and its 
structure was solved (Fig. 2) using MAD 
method. This protein is a glycosyltransferase 
belonging to the GT-A fold family. Using a 
crystallographic approach it was shown that 
Rv1208/ MAP2569C specifically binds UDP-
glucose as a donor sugar. The other protein 
Rv2971 structure was solved using molecular 
replacement. Rv2917 has structural homology 
to the aldo-keto reductase family. This family 
of proteins uses NADPH to reduce aldehydes 
and ketones. Recently, Rv2971 has been 
shown to bind to anti-tuberculosis drug 
isoniazid. Work is currently underway to co-
crystallize Rv2971 in the presence of NADPH 
and isoniazid. 

Other studies have been directed at essential 
enzymes of particular interest. Rv2188c and 
Rv0225, putative glycosyltransferases, and 
Rv2509, a putative reductase, have been 
disrupted in the related species 
Corynebacterium glutamicum, despite being 
important for survival in mycobacteria. To 
investigate gene function, the cell walls of the 
resultant mutants were analysed to reveal 
Rv2509 as a mycolic acid biosynthesis 
enzyme and Rv2188c as a LAM biosynthesis 
enzyme. All mutants were successfully 
complemented and will undergo rigorous 
analysis to determine the precise functions of 
the disrupted enzymes.

Fig. 2 Crystal structure of MAP2569C from Mycobacterium avium paratuberculosis  
in complex with the potential donor substrate, UDP-glucose (UDP-Glc). MAP2569C  
is a close homolog of the essential putative glycosyl transferase from M. tuberculosis, 
Rv1208.
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Structural biology and drug target 
characterisation . (Prof Jamie Rossjohn,  
Dr Travis Beddoe, Dr Emma Byres). 

We initiated a collaboration with Dr Adrienne 
and Prof James Paton (University of Adelaide) 
to undertake structural studies on an AB5 
toxin from pathogenic Escherichia coli. This 
toxin was shown to be unique in its mode of 
action, in that it inactivated an essential ER-
resident chaperone, termed BiP. The 
inactivation was via the catalytic A subunit, 
which was shown to be a protease. The 
structure of this A subunit (Fig. 3) provided a 
basis for understanding its unique substrate 
specificity. We have also begun studies on 
virulence-associated proteins from Legionella 
(CD39) and outer membrane lipoproteins 
(LipL32, LigA, LigB) from Leptospira.

Comparative and structural genomics . 
(Prof James Whisstock, Dr Maria Garcia  
de la Banda, Mr Noel Faux, 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, Mr Arun 
Konagurthu)

Work describing the genetic basis of single 
amino acid repeat-containing proteins (RCPs) 
is complete and will be published shortly. 
Good progress was made in using the 

multiple structural alignment package 
MUSTANG to construct unbiased molecular 
replacement (MR) models. A massively 
parallel GRID computing approach will be 
used to dramatically enhance our ability to 
select the optimal MR model. 

Recently, we have developed a new 
approach, the encapsulated genome 
algorithm (EGA), to align whole genomes. 
Briefly, EGA uses gene order to reduce 
genome complexity, combined with an in-
house alignment package that permits raid 
and sensitive pairwise alignment of genomic 
data. This approach will improve our ability to 
predict the function of uncharacterised genes, 
will permit a better understanding of genome 
evolution, and will also allow us to address the 
problem of multiple genome alignments. 

Fig. 3 Surface representation of the A subunit  
of the AB5 toxin from pathogenic E. coli.  

Fig. 4 SSchematic representation of the 1.6 Å crystal structure of the catalytic domain of 
PlyB (PlyBcat) showing the a-helices in red, loops in grey and B-strands in green. The 
strands and helices are numbered sequentially. (A) Top view of PlyBcat showing the C-
terminal face of the B-Barrel. (B) Side view of PlyBcat, rotated by 90° with respect to (A).
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A key focus of this group of researchers is 
structural and functional biology of novel 
bacterial virulence factors and novel lysins 
that are able to disrupt the bacterial cell wall. 
We have recently determined the structure of 
PlyB, a novel lysin that specifically targets and 
lyses the pathogenic organism Bacillus 
anthracis (Fig. 4). Several other 
bacteriophage-derived lysins are in the 
pipeline and their structures been determined 
or crystallised. In addition, we have 
determined the structure of a novel cell wall 
binding domain of a lysin that targets the 
pathogenic bacteria Streptococcus spp. 
Studies on novel virulence factors have 
progressed well. For example, we have 
successfully solved the structure and 
biochemically characterised a transthyretin-
like virulence factor from Salmonella Dublin. 
This protein plays an important role in purine 
metabolism in a number of pathogenic 
bacteria. In collaboration with Chief 
Investigator Prof Julian Rood  we have 
determined the crystal structures of all  
of the major proteases involved in virulence  
in Dichelobacter nodosus, the cause of  
ovine footrot.

Functional genomics of large clostridial 
plasmids . (Prof Julian Rood, Dr Trudi 
Bannam, Prof Rod Devenish, Ms Sarah Teng, 
Ms Jennifer Parsons, Prof James Whisstock, 
Dr Meredith Hughes, Ms Rachael Poon,  
Ms Radhika Bantwal)

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 

conjugation locus from the paradigm 
conjugative tetracycline resistance plasmid, 
pCW3. The integral membrane protein TcpH 
protein has been shown to interact with both 
the TcpC and TcpG proteins, and, together 
with TcpF, to be localised to the poles of the 
donor cell (Fig. 5), implying that conjugation 
occurs at the cell poles. Functional analysis of 
TcpA, the putative coupling protein, has 
identified motifs that are required for its 
activity and showed that it also interacts with 
TcpC, TcpG and TcpH. Finally, we have shown 
that the epsilon toxin plasmid from a type D 
strain of C. perfringens is conjugative and that 
its transfer to a type A strain converts the 
resultant transconjugant to type D. These 
studies are enhanced by additional funding 
from the National Institutes of Health, USA.

Pathogen effector protein screening in 
yeast (PEPSY) . (Prof Rod Devenish, Dr Mark 
Prescott, Prof Ben Adler, Dr John Boyce,  
Dr Meabh Cullinane, Ms Natalie Lazar-Adler, 
Ms Tanya D’Cruze, Mr Michael Stanley)

This project was a new initiative for 2006. The 
PEPSY assay can be used to screen 
pathogen genomic libraries expressed in 
yeast for proteins that perturb the targeting of 
vesicles to the vacuole. Such proteins are 
potential virulence determinants for the 
pathogen. In the first instance we have used a 
colony colour assay based on invertase 
secretion to screen for pathogen effector 
proteins from Burkholderia pseudomallei, the 
causative agent of melioidosis in animals and 
humans. Construction of a “first generation” 
B. pseudomallei genomic DNA in a suitable 
yeast expression vector was performed “in 
house” since no company could be found to 
undertake the task. A single round of 
screening produced some positives most of 
which were not confirmed in a subsequent 
repeat test. Some putative positives remain to 
be tested further. 

Fig. 5 Localisation of the TcpH conjugation protein at the poles of Clostridium perfringens 
cells by immunofluorescence microscopy.
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Molecular characterisation of cytotoxins of 
Campylobacter jejuni . (Prof Ian Smith, Dr 
David Steer, Prof Ben Adler, Prof John Albert).

Campylobacter jejuni is a commensal of 
chickens but a major cause of foodborne 
gastroenteritis in humans; it is a major food 
safety issue. The production of an enterotoxin 
resembling cholera toxin (CTLT, for cholera 
toxin- like toxin) by C. jejuni has been 
controversial. We tested seven reference 
strains reported to produce CTLT and 80 
clinical strains for CTLT by Chinese hamster 
ovary (CHO) cell elongation assay and 
reactivity with CT antibody in a GM1 
ganglioside ELISA. Filtrates of cultures grown 
in Casamino Acids Yeast Extract medium 
supplemented with ferric chloride (CAYEF 
medium) were negative in CHO cell assay, but 
those from three reference strains and 16 
clinical strains were positive by GM1 ELISA. 
Twelve cultures, including two rat ileal loop 
passaged strains inducing fluid accumulation 
in the loop model, were investigated for CTLT 
in three other media reported to promote 
enterotoxin production by C. jejuni. Filtrates of 
all cultures from these media were negative 
for enterotoxin in CHO cell assay. All strains 
tested, including the fully sequenced strain of 
C. jejuni, NCTC 11168, which does not contain 
a CT gene homologue, possessed a specific 
53 kDa band reactive with CT antibody by 
Western blot. This band was identified as the 
major outer membrane, PorA, of C. jejuni.  
CT antibody reacted by Western blot with 
recombinant PorA fused to glutathione S 
transferase (GST), but antibody to GST-PorA 
fusion failed to react with CT. These data 
suggested that C. jejuni does not produce a 
functional enterotoxin resembling CT, but its 
major OMP, PorA reacts with CT antibody. 
The latter is responsible for the erroneous 
conclusion that C. jejuni produces an 
enterotoxin cross-reacting with CT antibody, 
the so called CTLT. 

Mechanisms of pathogenesis of 
pasteurellosis . (Prof Ben Adler, Dr John 
Boyce, Dr Marina Harper, Dr Ian Wilkie, Ms 
Marietta John, Mr Jason Steen, Mr Tamas 
Hatfaludi)

Characterisation of genes involved in LPS 
biosynthesis and their involvement in 
virulence . 

Pasteurella multocida is classified into 16 
serotypes (Heddleston strains 1-16) based on 
lipopolysaccharide (LPS), that we have shown 
to be essential for P. multocida strain VP161 
virulence in chickens. Both the LPS expressed 
by the P. multocida strains VP161 (Heddleston 
1) and Pm70 (Heddleston 3) have a highly 
conserved inner core but the length and 
composition of the outer core is different (Fig. 
6). Unusually, in each strain two inner core 
structures are expressed; one containing a 
single phosphorylated Kdo residue and one 
containing two Kdo residues (glycoform A and 
B respectively, Fig. 6). 

To identify the genes required for the 
assembly of the two different inner core 
structures and to determine whether both 
glycoforms were required for disease, we 
constructed a set of mutants that 
independently inactivated the genes predicted 
to encode each of the heptosyl-I-transferases 
(HptA and HptB) and the Kdo kinase KdkA 

Fig . 6 LPS structures expressed by P. multocida strains VP161 and Pm70. Both strains 
express two inner core glycoforms (A) but different outer core (R) extensions are present 
in strain Pm70 (B) and VP161 (C). Kdo=keto-deoxy-octonate; Hep=heptose; 
Glc=Glucose; Gal=galactose; Gal=N-acetylgalactosamine; Pcho=phosphocholine;  
Petn=phosphoethanolamine. The transferase enzymes involved in each step are shown. 
The PEtn residues marked with an asterisk in panel A are present only in Pm70 LPS.
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(Fig. 6). Structural analysis of the LPS 
expressed by these mutants proved that HptA 
and HptB exclusively recognise the different 
inner core acceptor molecules (A and B 
respectively; Fig. 6). Therefore, both the hptA 
and hptB mutants express full length LPS of 
one glycoform and truncated LPS of the 
second glycoform. However, the kdkA mutant 
expressed only full length glycoform B LPS. 
Challenge experiments showed that the kdkA 
and hptB mutants caused disease in 
chickens, showing for the first time that 
expression of a single LPS form is sufficient 
for P. multocida virulence. 

Antimicrobial peptides are a key component 
of the eukaryotic innate immune system and 
are known to interact with LPS. We 
synthesised and tested the activity of the 
chicken antimicrobial peptide fowlicidin-1 
against the P. multocida LPS mutants and 
showed that the hptA and hptB mutants were 
significantly more susceptible to the 
antimicrobial action of fowlicidin-1 than the 
kdkA mutant. However, the hptC mutant was 
more susceptible to fowlicidin-1 than either 
the hptA or hptB mutants.

P. multocida LPS is decorated with 
phosphoethanolamine (PEtn), a residue which 
in other bacteria has been shown to be 
important for resistance to the host innate 
immune system. We identified and inactivated 
three genes, dcaA, pm1042 and pm1683, 
which we predict encode PEtn transferases. 
Structural analysis of LPS from these mutants 
showed that Pm1683 is a Kdo-P specific PEtn 
transferase while DcaA is a heptose II specific 
PEtn transferase. To date, no functional role 
for pm1042 has been determined. 

We have determined the LPS structures of P. 
multocida strains from six further serotypes 
(Heddleston 2, 5, 7, 10, 14 and 15) and the 
genetic analysis of key LPS biosynthesis 
genes has been completed for Heddleston 7, 
10 and 14. While the genes predicted to be 
involved in biosynthesis of the inner core LPS 
are highly conserved between these strains, 
there is considerable variation in the genes 
encoding the transferases associated with the 
LPS outer core. 

Functional characterisation of P . multocida 
outer membrane proteins

We have selected a number of P. multocida 
outer membrane proteins for detailed 
characterisation. The gene pm0527 encodes 
a protein with similarity to TolC family of outer 
membrane efflux proteins, involved in multi-
drug resistance and may contribute to 
bacterial pathogenicity. A P. multocida 
pm0527 mutant was 2-128 fold more sensitive 
to a number of different chemicals including 
ethidium bromide, novobiocin, rifampicin, 
mercury chloride and crystal violet. However, 
in competitive growth assays in chickens, the 
pm0527 mutant was able to compete equally 
with wild type P. multocida. 

The gene pm1730 encodes a protein with 
similarity to D-methionine binding proteins in 
other species. A P. multocida pm1730 mutant 
was unable to cause disease in chickens; 
complementation with an intact copy restored 
virulence. Interestingly, neither the mutant nor 
wild-type can grow with D-methionine as the 
sole sulphur source, although other P. 
multocida strains can utilize D-methionine. 
Furthermore, these studies showed that there 
is no difference in growth between the wild 
type and the mutant with L-methionine. 

Pathogenesis, regulation and genomics of 
the ovine footrot pathogen, Dichelobacter 
nodosus . (Prof Julian Rood, Dr Ruth Kennan, 
Dr Dane Parker, Ms Xiaoyan Han, Prof John 
Davies, Prof James Whisstock, Mr Wilson 
Wong, Prof Richard Whittington, Dr Cynthia 
Whitchurch, Mr Ryan Prendergast)

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. Analysis of the proteases of D. 
nodosus has led to the complementation of 
the aprV2, aprV5 and bprV protease mutants 
and the demonstration that AprV2 is the D. 
nodosus elastase and is the more heat-stable 
protease that is associated with virulence. 
Analysis of both pilU and pilT mutants has 
shown that the PilT protein is essential for 
virulence in the natural sheep host, twitching 
motility, natural transformation, cell adhesion 
and protease secretion whereas the closely 



Producing solutions for vaccine and drug development

www.microbialgenomics.net • ��

related PilU ATPase, although required for 
virulence and twitching motility is not essential 
for any of the other phenotypes. Based on 
these studies and the analysis of other 
mutants it is proposed that the type IV fimbrial 
biogenesis system acts as the only type II 
protein secretion system in D. nodosus.  
In collaboration with colleagues in the USA, 
we have completed the annotation of the 
complete genome sequence of D. nodosus 
and have carried out genomic and 
transcriptomic microarray studies (Fig. 7).  
The results have shown that at a compact 
1.3Mb D. nodosus has the smallest known 
genome of an anaerobic bacterium. 

It differs markedly from small genomes of 
intracellular bacteria, retaining greater 
biosynthetic capabilities and lacking any 
evidence of extensive ongoing genome 
reduction. Despite its small size, comparative 
genomic microarray studies and bioinformatic 
analysis suggests that almost 20% of the 
genome is derived from lateral gene transfer, 
most of these regions appear to be 
associated with virulence.

Fig . 7 Circular representation of the D. nodosus VCS1703A genome. Data are from outermost circle to 
innermost. Circles 1 and 2: tick marks represent predicted coding sequences on the plus strand (circle 1) 
and minus strand (circle 2) coloured by cellular role. Circle 3: Coding sequences of interest: bacteriophage 
genes, magenta; IS elements, black; rRNA, blue; tRNA, light blue; OMP genes, orange; protease genes, light 
green; fimbrial structural genes, red; fimbrial regulatory genes, brown. Circles 4 to 11: Genomic microarray 
data for individual D. nodosus strains. Circle 12: X2 of trinucleotide composition. Light blue overlays, labelled 
A-V (clockwise), represent regions of interest identified through bioinformatic analysis.
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Elucidation of mechanisms in host-
pathogen interactions involving 
macrophages and mycobacteria . (Prof 
Ross Coppel, Prof Phillip Nagley, Dr Assunta 
Pelosi, Dr Danielle Smith, Mr Giacinto 
Gaetano, Ms Heling Ng, Ms Sue Ekkel)

Macrophages are central to innate host 
defence where their primary role is to 
recognise, ingest and destroy foreign 
microorganisms including mycobacteria, the 
causative agents of numerous serious 
diseases affecting humans and animals 
worldwide. Mycobacterial pathogens as one 
example of the general class of intracellular 
pathogens, have developed numerous 
strategies to evade the antimicrobial activities 
of the macrophage host cell to overcome 
innate defence mechanisms, replicate and 
cause disease. We are interested in defining 
both pathogen and host genes that modulate 
this process. Centre projects during 2006 
have identified four bacterial genes that 
modulate this process. Inactivation of three of 
these genes leads to defective survival inside 
macrophages, whereas inactivation of the 
fourth gene leads to enhanced survival. 

For example, we have shown that M. 
smegmatis mutant MSMEG5782 (formerly 
referred to as MYCO132) has reduced 
intracellular survival in the murine 
macrophage-like cell line J774.1A compared 
to wildtype. In vitro growth studies suggest 
that this difference is specific to the 
phagosomal environment but is not attributed 
to an increased sensitivity to acid pH or to 
H2O2. Complementing the mutant with the 
wildtype gene (as yet not defined by function, 
but see below) restored intracellular survival to 
wildtype levels. A comparison of the wildtype 
and mutant transcriptomes using DNA 
microarray analysis has been undertaken to 
identify mycobacterial genes involved in 
modulating or evading macrophage defence 
mechanisms to promote intracellular 
mycobacterial survival, and to gain insight into 
the possible function of the MSMEG5782 
gene during infection.

Sequence searches suggested that 
MSMEG5782 may encode AGT (alanine: 
glyoxylate aminotransferase), an enzyme 

involved in glyoxyate metabolism. However, 
enzymatic studies failed to demonstrate any 
differences in transferase activities between 
WT and knockout strains, so the function of 
this gene remains to be identified. We have 
also put to use the methods and procedures 
developed in earlier years for investigating cell 
death events in host macrophages after 
infection with fluorescently-labelled 
Mycobacterium spp. (Fig. 8). These 
techniques allowed investigation of cell death 
during mycobacterial infections at the single 
cell level where previously data in this area 
had been population-based, and thus 
incomplete. We carried out detailed studies 
on uninfected and infected macrophage cell 
subpopulations in relation to the cell death 
dependent upon exposure to pathogenic M. 
avium, as opposed to the non-pathogenic M. 
smegmatis.

In fundamental studies on proteins relevant to 
the innate immune system, work began on 
Protein 20 that was reported as being an 
activator of NF-kB, an important protein in 
cellular immunology. This protein was found to 
have a mitochondrial location and to be 
released from mitochondria during apoptotic 
signalling. To further research into Protein 20, 
antibodies have been generated by a 
synthetic peptide approach, antiserum for 
which has just become available for 
characterisation.

Fig . 8 Mouse macrophage J774 cells which have 
taken up by phagocytosis M. smegmatis bacilli 
expressing green fluorescent protein.
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As part of a research program on basic 
apoptotic mechanisms underlying the 
responses of macrophage cells to infection by 
mycobacteria, studies on the participation of 
mitochondria in cell death signalling has been 
further advanced through the development of 
advanced flow cytometry methods for 
monitoring cells for the intracellular location of 
cytochrome c and Smac-DIABLO, two death-
inducing proteins redistributed from 
mitochondria to cytosol during apoptotic 
signalling. Combined with the conventional 
but more laborious immunocytochemical 
approach also applied in our laboratory, 
significant insights into the patterns of release 
of these two important death proteins from 
mitochondria have emerged concerning 
various mammalian cell types, including 
macrophages. A general picture on the 
factors affecting release of proteins from 
mitochondria during death-signaling is now 
being built up.

Mechanisms of autophagy; how cells turn 
over their organelles . (Prof Rod Devenish,  
Dr Mark Prescott, Mr Dalibor Mijaljica, Ms 
Kristina Turcic)

In the single gene deletion (YMR010W null 
mutant) yeast strain vacuolar uptake of 
mitochondria is greatly reduced suggesting 
that the gene encodes a protein important for 
mitochondrial autophagy. This conclusion is 
supported by our observations that vacuolar 
uptake of other cellular organelles, such as 
the ER or the nucleus, is not affected by the 
deletion of YMR010W. Preliminary evidence 
suggests the encoded protein may be 
associated with both mitochondria and the 
vacuole. 

We have collaborated with Karin Nowikovsky, 
University of Vienna on a project looking at 
the trigger of mitochondrial autophagy. Loss 
of the YOL027 gene product in yeast 
mitochondria results in a variety of phenotypic 
effects. These include altered mitochondrial 
morphology and loss of mitochondrial K+/H+ 
exchange activity resulting in osmotic 
swelling. By use of doxycycline-regulated 
shut-off of YOL027 gene expression we have 

shown that loss of K+/H+ exchange activity 
and mitochondrial swelling are early events, 
associated with a reduction in membrane 
potential and fragmentation of the 
mitochondrial reticulum. The use of a 
fluorescent biosensor (developed in-house) 
directed to the mitochondrial matrix revealed 
that the loss of K+/H+ exchange activity was 
followed by vacuolar uptake of mitochondria. 
Nigericin, a K+/H+ ionophore, fully prevented 
these effects of Yol027p depletion. We have 
concluded that osmotic swelling of 
mitochondria triggers selective mitochondrial 
autophagy, or mitophagy.

The survey we are conducting on the 
requirement for the characterised ATG 
(autophagy) genes in organelle turnover  
in yeast has produced another new and 
unexpected observation; this is that in null 
mutants for ATG3 or ATG4 nuclear turnover is 
not observed. The phenotype can be rescued 
by expression of the missing protein from 
plasmid. Further investigation may shed new 
light on the somewhat enigmatic process 
involved in nuclear turnover.

Effect of autophagic induction on host-
pathogen interactions . (Prof Rod Devenish, 
Dr Lan Gong, Prof Ben Adler, Dr John Boyce, 
Dr Meabh Cullinane, Ms Natalie Lazar-Adler)

This was a new initiative commenced in 2006 
focussing on how induction of autophagy 
modulates the interaction between the 
intracellular pathogen Burkholderia 
pseudomallei, the cause of melioidosis in 
animals and humans, and mammalian cells.

B. pseudomallei has evolved mechanisms to 
invade epithelial cells, survive and proliferate 
inside phagocytes, escape from endocytic 
vesicles, form actin-based membrane 
protrusions and induce host cell fusion. 
Indeed, its ability to directly move from cell to 
cell via the formation of these giant multi-
nucleated cells may aid this bacterium evade 
the host immune system. We are investigating 
the intracellular lifecycle of B. pseudomallei.  
In particular we aim to address the role played 
by the cellular process of autophagy in 
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response to bacterial infection and investigate 
various B. pseudomallei proteins capable of 
inducing alterations in host cell signalling 
events. 

Primarily, we have been investigating the 
interactions of B. pseudomallei with MEF 
(mouse embryonic fibroblast) cells focusing 
on specific co-localisation of the bacterium 
with autophagosome vesicles. We have 
shown that, at least in this cell line, B. 
pseudomallei can be found within autophagic 
vesicles (Fig. 9). Further, we have seen that 
inducing or blocking autophagy in MEF cells 
can increase or reduce the degree of co-
localisation respectively. This result is also 
seen using cells in which the ATG5 gene, 
encoding a key protein required for 
autophagy, has been inactivated. Interestingly, 
intracellular survival of B. pseudomallei is 
unaffected under these conditions, 
suggesting that this bacterium possesses 
mechanisms to actively subvert killing via 
autophagy. 

One gene product with a potential role in the 
subversion of autophagy is the BopA protein, 
which is secreted by a Type Three Secretion 
system. BopA shows 25% identity to the  
IcsB protein from Shigella flexneri, which  
plays a role in preventing the degradation 

of S. flexneri via autophagy. We have 
constructed a B. pseudomallei bopA polar 
mutant and began analyzing co-localisation of 
this mutant with autophagosomes in MEF cell 
lines. Preliminary evidence suggests that 
mutant bacterial cells have altered infectivity 
for MEF cells.

Host-pathogen interactions and vaccine 
development in necrotic enteritis in 
chickens . (Dr Robert Moore, Prof Julian 
Rood, Dr Scott Sheedy, Mr Anthony Keyburn, 
Ms Milena Awad, Dr John Boyce, Dr Trudi 
Bannam, Prof Ben Adler, Dr Noelene Quinsey, 
Ms Paola Vaz)

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. To determine the role of the C. 
perfringens a-toxin in the disease process,  
an a-toxin knockout mutant was constructed 
in a chicken isolate. Analysis of the virulence 
of this isolate in a chicken disease model 
showed that this toxin is not essential for 
virulence. Subsequent studies have involved 
the determination of the genome sequence of 
an Australian chicken isolate of C. perfringens 
and the identification of a novel toxin that is 
produced by that isolate. Based on this 
sequence, over 100 potential vaccine 
candidate proteins have been identified. 
Research carried out to date has focussed on 
cloning and gene expression studies on the 
first group of antigens. These studies are 
made possible by funding from the Australian 
Poultry CRC.

Interaction of bacterial pathogens with the 
host innate immune system . (Prof John 
Davies, Prof Phillip Nagley, Prof Paul Hertzog, 
Dr Ashley Mansell, Dr Danielle Smith, Dr Grant 
Jenkin, Dr Tim Stinear, Dr Ben Howden, Ms 
Pin Wang).

This project is part of a new collaborative 
initiative started in 2006 that brings together 
expertise within and outside the Centre to 
investigate key aspects of how bacterial 
pathogens interact with host innate immunity. 
A series of reporter constructs and assays 
has been successfully developed that allow 

Fig . 9 Co-localisation of B. pseudomallei and 
autophagosomal marker LC3 in mouse embryonic 
fibroblasts. The co-localisation of red and green 
fluorescence, seen as yellow,  indicates bacteria 
taken up into autophagosomes.



Producing solutions for vaccine and drug development

www.microbialgenomics.net • ��

the monitoring of various signal transduction 
pathways and the levels of pro-inflammatory 
transcription factors and cytokines. 

Structural aspects of Innate immunity .  
(Prof Jamie Rossjohn, Mr Kwok Wun,  
Dr Natalie Borg)

The innate immunity project, an emerging 
interest of the Centre, was initiated in 2006. 
We have initially focussed on the CD1 family 
of MHC-like proteins, which present lipids  
(eg mycobacterial lipids) for recognition by  
the immune system. One such “immune 
sentinel” is the invariant NKT cell receptor  
that specifically recognises the CD1d family 
member. We determined the structure of this 
NKT cell receptor, providing insight into why  
a semi-invariant NKT cell receptor is selected 
against hCD1d. We have also turned our 
attention to other NK receptors that are  
innate sensing ligands against MHC Class  
1b molecules.

This work is in collaboration with Prof James 
McCluskey, A/Prof. Dale Godfrey & Dr Andrew 
Brooks at the University of Melbourne. 

Vacuole membranes and vacuolar fusion 
defects in host pathogen interactions .  
(Dr Fenny Wiradjaja, Prof Rod Devenish and 
Prof Christina Mitchell)

The process of formation of vacuoles is 
central to the process of phagocytosis, one  
of the key early effector mechanisms against 
bacterial infection. Studies on fundamental 
processes in vacuole formation will inform the 
study of bacterial-macrophage interactions 
and how bacteria subvert this process to 
allow infection. Yeast provide a useful model 
of macrophage membranes because of their 
ease of genetic manipulation and the vast 
array of available reagents and cellular 
systems. However much of the machinery of 
vacuolar formation is conserved making them 
an informative model for macrophages. Small 
lipid molecules called phosphoinositides 
direct membrane trafficking, facilitating the 
recruitment of effectors to specific 
membranes. In yeast a particular form of 
these compounds called PtdIns(4,5)P2 is 
proposed to regulate vacuolar fusion, 
however, in intact cells this phosphoinositide 

can only be detected at the plasma 
membrane. In yeast there appears to be an 
interconversion of phosphoinositide forms 
mediated by specific membrane-located 
enzymes known as phosphatases. We 
investigated the role these lipid phosphatases 
co-ordinately play in regulating PtdIns(4,5)P2 
subcellular distribution. These studies take 
advantage of a number of yeast mutant 
strains and showed that vacuolar 
PtdIns(4,5)P2 derives from a particular source 
of PtdIns(4,5)P2 at the plasma membrane and 
that loss of phosphatase activity may result  
in PtdIns(4,5)P2 accumulation on vacuole 
membranes leading to vacuolar 
fragmentation/fusion defects.

The role of inositol polyphosphate  
5-phosphatases in macrophage 
phagocytosis . (Dr Kristy Horan, Prof Ross 
Coppel and Prof Christina Mitchell).

Macrophages phagocytose particles to 
resolve infections by destruction of bacterial 
invaders. Lipid-based molecules called 
phosphoinositides are generated by kinases 
and destroyed by phosphatases. We show 
that a particular form of these 
phosphatidylinositol-3,4,5-trisphosphate 
(PtdIns(3,4,5)P3) is restricted to the 
phagocytic cup where it promotes 
phagocytosis. Two phosphatases destroy 
PtdIns(3,4,5)P3 inhibiting phagocytosis  
(Fig. 10). Studies within the Centre have 
demonstrated that one phosphatase type  
is recruited to the phagocytic cup, inhibiting 
phagocytosis based on antibody binding but 
not complement-mediated phagocytosis.  
It also affects the ability of the phagosome  
to extend its membrane or close the 
phagosome. 

PtdIns(4.5)P2 PtdIns(3.4)P2

PtdIns(3,4,5)P3

Macrophage

Phagosytic cup

PI 3-kinase 72 kDa
5-ptase

Fig . 10 . Inhibition of macrophage phagocytosis by the  
72 kDa inositol polyphosphate 5-phosphatase.
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The Protein Production Unit (Assoc Prof 
Steven Bottomley, Prof James Whisstock,  
Dr Noelene Quinsey, Mr Nik Sotirellis)

The Protein Production Unit commenced 
operation late in 2005. The unit has 
established the use of the automated 
purification instruments to shorten the time 
taken to purify recombinant proteins. The unit 
has established on-column cleavage methods 
to remove solubility tags from the target 
proteins; this shortens the time taken for 
purification of soluble cleavage fusion 
proteins. 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 2006 and will 
be deployed in the Centre in mid 2007. 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.

The unit has developed a number of different 
purification strategies that have been 
implemented for various Centre projects, such 
as the production of over 80 proteins for fowl 
cholera vaccine trials: the majority of these 
proteins had not been expressed or purified 
before. A number of proteins has been 
purified for the Leptospira vaccine project for 
preliminary vaccine trials, as well as for other 
Centre projects (Table 1).

Project Number of 
proteins 
purified

Fowl cholera vaccine 120

Footrot vaccine  
(pilot batch)

16

Leptospirosis vaccine 60

Swine dysentery vaccine 20

Necrotic enteritis 
vaccine (pilot batch)

10

Crystallisation projects 50

Table 1 Purification of proteins by the Protein 
Production Unit.
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Centre-associated linkage projects

Two Centre-associated linkage projects 
involve the development of veterinary 
vaccines against swine dysentery and 
leptospirosis. The approach to these vaccines 
utilises the Centre’s high throughput microbial 
pipeline and specifically the Centre’s vaccine 
development process and Protein Production 
Unit. Bioinformatics analyses of the annotated 
genome sequences of the respective 
causative agents, and previously published 
experimental data, were used to select genes 
encoding proteins likely to have vaccine 
potential. The central premise of this work is 
that protective antigens are likely to be 
surface exposed or secreted by the bacteria 
and therefore accessible to the host immune 
response. The selected proteins are then 
subjected to a range of in vitro analyses and 
used in animal trials to test their ability to elicit 
a protective immune response. 

Vaccine development in swine dysentery 
(Prof Ben Adler, Dr Darren Trott, Dr Dieter 
Bulach, Mr Scott Coutts, Mr Tim Witchell,  
Mr Gabrielle Milinovich)

Brachyspira hydodysenteriae is the causative 
agent of swine dysentery. Utilising the 
Centre’s vaccine development process 
approximately 120 genes encoding proteins 
with vaccine potential were identified. 

The genes were originally cloned into the 
lipoprotein expression vector, pCATCH. 
Although this vector directed the expression 
of most of the cloned genes, the yield was 
insufficient for the purification of enough 
antigen for vaccination studies. This 
necessitated the cloning of the genes into an 
alternative vector, pET-28b. The yield of 
protein from this vector was sufficient.

The proteins were expressed and purified on 
a scale sufficient for use as antigens in a 
vaccine trial. The antigens were randomly 
grouped into sets of four and the mixture was 
emulsified in an oil-based adjuvant provided 
by the commercial partner, Intervet, to 
prepare four different vaccines. A vaccine trial 
was conducted in pigs to investigate the 
protective capacity of the antigens. Four 
groups of animals were injected with the 

vaccines via intramuscular delivery and 
another group with saline as a vaccination 
control. The animals were challenged over 
several days. Serum samples were collected 
before and after vaccination and at the 
conclusion of the trial. Faecal samples were 
collected throughout the trial both before and 
after challenge to determine the presence or 
absence of both occult blood and B. 
hydodysenteriae. Analysis of the collected 
samples is currently underway. 

Vaccine development in leptospirosis  
(Prof Ben Adler, Dr Dieter Bulach, Dr Miranda 
Lo, Ms Chen Ai Khoo, Ms Deanna Deveson, 
Dr Noelene Quinsey, Mr Nik Sotirellis)

Leptospira is the causative agent of 
leptospirosis in cattle. Again, utilising the 
Centre’s vaccine development process genes 
from Leptospira borgpetersenii serovar 
Hardjobovis encoding proteins likely to have 
vaccine potential were identified. 

260 genes were selected and primers for the 
amplification of each of the genes by PCR 
were designed. The primers were designed  
to enable cloning of amplicons using the 
Gateway™ system. The 20 genes selected for 
the pilot project were amplified and cloned 
into pDEST17 and PDEST41BA. Expression  
of the recombinant proteins was confirmed 
and purified on a scale sufficient for use in the 
subsequent antigen evaluation screening. A 
set of ten antigens was selected for evaluation 
in the hamster model. Hamsters were 
vaccinated and boosted with preparations on 
individual recombinant proteins in adjuvant 
using standard protocols. Protection was 
evaluated by challenge with live Leptospira. 

Shadowed electron micrograph of Leptospira.
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Materials for the BOVIGAM™ assay, to 
measure the release of IFN-g by peripheral 
blood monocytes, are in place and testing of 
the 20 pilot antigens will commence in early 
2007. Western blot analysis using 
convalescent bovine sera against the pilot 
recombinant proteins has commenced. 
Approximately 80/260 from the main group  
of genes have been cloned into pET151. 
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Key performance indicators 

The Centre is pleased to report that it is meeting its Key Performance Indicators and exceeding 
targets in some areas. Refer plot below. 

Results of Key Performance indicators for 2006 expressed as a ratio of achievement to target. 
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Research findings

Quality of publications

Centre researchers continue to perform well 
in peer-reviewed publications. In 2006 we 
published a total of 75 papers in scholarly 
refereed journals. Of 26 core Centre papers, 
19 (73%) appeared in journals with 2006 
impact factor (IF) of ≥ 4.0 and 5 (19%) with ≥ 
3.0. 

The journals included the prestigious Genome 
Research, Nature, and Proceedings of the 
National Academy of Sciences USA. 

For details refer to Appendix 1: Publications. 

Patents

The following provisional patents were filed:

• AU 200690724: Identification of candidate 
vaccine antigens from Dichelobacter 
nodosus, Monash University, Rood, Al-
Hasani, Boyce, Parker. Filed: 2006-12-21

• AU 200657487: Surface proteins of 
Pasteurella multocida, Monash University,  
Al-Hasani, Boyce, Adler. Filed: 2006-07-13

Invitations to address and participate  
in international conferences

Chief Investigators

Professor Ben Adler

• Indian Leptospirosis Society Scientific 
Meeting, Hyderabad, India

• Seventh Gordon Research Conference on 
the Biology of Spirochetes, Il Ciocco, Italy

• Leptospirosis 2006, Third International 
Workshop and Scientific Meeting, Havana, 
Cuba

Professor Rod Devenish

• 31st Annual Lorne Conference on Protein 
structure and function, Lorne, Australia

Professor Julian Rood

• International Symposium on Plasmid 
Biology, Lake Tahoe, CA, USA

Professor John Davies 

• 15th International Pathogenic Neisseria 
Conference, Cairns, Australia.

Professor Ross Coppel

• 11th International Conference on 
Parasitology, (ICOPA XI), Glasgow, 
Scotland

Professor Ian Smith

• 9th Chinese International Peptide 
Symposium, Shanghai, China 

• Human Proteomics Organisation (HUPO) 
5th Annual World Congress, Long, Beach 
California, USA

• 43rd Japanese Peptide Symposium, 
Yokohama, Japan

• The 5h Discovery Science and 
Biotechnology, Meeting, Melbourne

• 11th Annual Lorne Proteomics Symposium, 
Lorne, Australia

Professor James Whisstock

• 5th International Conference on Cysteine 
Proteases and their Inhibitors, Portoroz, 
Slovenia

• Gordon Research Conference on 
Proteolytic Enzymes and their Inhibitors, 
New London, New Hampshire, USA

• 31st Lorne Conference on Protein 
Structure and Function, Lorne, Victoria, 
Australia

Professor Jamie Rossjohn

• 38th International School of 
Crystallography on the Structure and 
Function of Large Molecular Assemblies, 
Erice, Italy

Research Fellows

Dr Mark Prescott

• 31st Annual Lorne Conference on Protein 
Structure and Function, Lorne, Victoria, 
Australia
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Invitations to visit leading  
international laboratories

Professor Ben Adler

• Institute Pedro Kouri, Havana, Cuba.

• Department of Microbiology, University of 
Hyderabad, India.

• National Institute of Nutrition, Hyderabad, 
India.

• The Institute of Biomembranes, University 
of Utrecht, The Netherlands.

• Department of Biochemistry, Khon Kaen 
University, Thailand.

Professor Julian Rood

• Visiting speaker, Alberta Heritage 
Foundation, Department of Microbiology, 
University of Alberta, Edmonton, Alberta, 
Canada.

Professor Ross Coppel

• Division of Rheumatology, Immunology and 
Allergy, University of California, Davis, 
California, USA

• New York Blood Centre, Manhattan, NY, 
USA 

• Institute Pedro Kouri, Havana, Cuba.

• Division of Biological Sciences, Nanyang 
Technical University, Singapore

Professor Ian Smith

• Institute for Neurosciences, Newcastle 
University, UK

• Shanghai Institute for Biosciences, 
Shanghai, China

Commentaries about the  
Centre’s achievements

A number of media commentaries about the 
Centre, and its Chief Investigator 
achievements and activities, were published in 
2006 including the following;

Publications

Nagley, P. & Smith, I 2006, ‘ARC Centre of 
Excellence in Structural and Functional 
Microbial Genomics’, Australian Biochemist, 
Great Expectations, v37, No.3, December.

‘Teaching excellence rewarded’, Monash 
Memo, 29 November, 2006. 

Nagley, P. & Smith, I 2006, ‘ARC Centre of 
Excellence in Structural and Functional 
Microbial Genomics’, Microbiology Australia, 
News, v27, No.4, November.

‘Protein research leads to Life Scientist of the 
Year award’, Monash Memo, 17 October, 
2006.

‘Federation Fellowships for Monash in IT and 
Medicine’, Monash Memo, 17 May, 2006.

Media Releases

‘Scientists discover toxin that causes gastro 
disease’, Monash News, October 10,  
2006.

‘Genes reveal deadly bacterium is losing its 
strength’, Monash News, September 14, 
2006.

‘Key developments in the fight against 
necrotic enteritis’, Australian Poultry CRC  
e-Chook newsletter, August 2006. 

‘The science of genomics 
explained’, Monash News, 
July 31, 2006

‘New Centre sheds light on 
fighting disease’, Monash 
News, March 8, 2006

The ARC Centre of 
Excellence in Structural 
and Functional Microbial 
Genomics National 
Science Week event was 
also publicised in the 
official Victorian National 
Science Week events 
brochure. 

National Science Week is a partnership programme between the Department of
Education, Science and Training, and the ABC, ASF Limited, ASTA and CSIRO

Day / Date Event Location Audience

Monday 7 August, 7.00pm Fresh Science Redback Hotel General public

12-20 August SCINEMA Festival of Science Film Throughout Victoria Secondary & tertiary students, general public

12-20 August Eratosthenes Project - Australia Throughout Victoria Upper secondary students

12-20 August Defence Science and Technology Organisation open days  TBA Secondary students & general public

12-20 August Science Lounge Melbourne Museum Schools & General public

12-20 August Crystal Growing Competition Throughout Victoria Upper primary & secondary students

Weekends

12,13, 19 & 20 August 1.30pm Stop Poverty with Technology CERES Brunswick General public Weekends

12,13, 19 & 20 August 10.00am-4.00pm Bring in a … Melbourne Museum General public

Weekends

12,13, 19 & 20 August 10.00am-4.00pm Australian Skeptics Scienceworks General public

Saturday 12 August, 4.00pm Hot Topics in Cool Waters Melbourne Museum General public

Sunday 13 August, 3.00pm Bird Flu: What everyone should know Melbourne Museum General public

Sunday 13 August, 11.00am-1.00pm Maths Comedy and More! RMIT, City Secondary & tertiary students, general public

Monday 14 - Friday 18 August, 10.00am & 2.00pm SwinScientistsSwinburne, Hawthorn  Secondary students

Tuesday 15 August, 10.00am & 12.00pm Marine Science in Action Queenscliff Upper secondary students

Tuesday 15 & Thursday 17 August, 11.00am Fresh Science BMW Edge Theatre, Federation Square Upper primary & secondary students

Wednesday 16 August, 7.00pm Science of Extremes: From Smallest to Biggest. TBA General public

Wednesday August 16, 6.30pm Demystifying Genomics Monash University Secondary & tertiary students, general public

Thursday 17 August, 7.30pm Great Big Science Gig 3 BMW Edge Theatre, Federation Square General public

Thursday 17 August, 7.30pm Water from Where? Shepparton Mechanics Institute General public

Friday 18 - Sunday 20 August Mathemagical Mystery Tour Castlemaine and Bendigo Secondary & tertiary students, general public

Weekend 19 & 20 August BASF Kids Lab Scienceworks Families

Saturday 19 August, 3.00pm ANZAAS Kids Ask Scientists Questions Melbourne Museum Families

Sunday 20 August, 3.00pm Jason Edwards: Natural History Photography RMIT City General public

TBA Science Comedy Melbourne Museum General public

TBA The Science of Security, RMIT BMW Edge Theatre, Federation Square, City  Students, general public
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Research training and professional education

Centre post graduate course 
completions

Kristy Horan (PhD)

Regulation of phagocytosis and phagosome 
maturation by the 72 kDa 5-Phosphatase (72-
5ptase). 

Xiaoyan Han (PhD)

Fimbrial biogenesis in Dichelobactor 
Nodosus. 

Arun Konagurthu (PhD)

The relationship between sequence, structure 
and function. 

David Lea-Smith (PhD)

Drug targets in mycobacteria. 

Scott Sheedy (PhD)

Development of a live bacterial vector to 
deliver prophylactic proteins to chickens.

Giacinto Gaetano (MBiomedSci)

Characterisation of novel mitochondrial 
proteins: a combination of in vivo and 
bioinformatics analysis.

Michael Stanley (Hons)

Elucidation of new pathogen effector proteins 
of Burkholderia pseudomallei using a yeast 
model.

Paola Vaz (Hons)

Membrane proteins in the pathogenesis  
of fowl cholera. 

Ryan Prendergast (Hons)

Examination of the ChpA chemosensory 
system of D. nodosus.

Centre post graduate enrolments 

Wilson Wong (PhD)

Structural studies on Dichelobactor nodosus 
proteases.

Khalid Mahmood (PhD)

The encapsulated genome algorithm – a new 
approach for genome comparison.

Tanya D’Cruze (PhD)

Autophagy and host-pathogen interactions.

Tamas Hatfaludi (PhD)

Membrane proteins of Pasteurella multocida: 
roles in immunity and disease.

Zara Marland (PhD)

Structural characteristics of mycobacterial  
cell wall biosynthesis. 

Radhika Bantwal (PhD)

Functional analysis of tcpC, tcpG and tcpI  
of the conjugative plasmid pCW3. 

Sarah Teng (PhD)

Conjugation mechanisms of Clostridium 
perfringens. 

Jennifer Parsons (PhD)

The role of the TcpA and TcpB proteins in 
conjugation in Clostridium perfringens. 

Jason Steen (PhD)

Virulence genes of Pasteurella multocida. 

Timothy Witchell (PhD)

Pathogenesis of swine dysentery. 

Arek Rainczuk (PhD)

Identification and characterisation of genes 
involved in biosynthesis of the 
corynebacterium bacterial cell wall. 

Centre associated post graduate 
enrolments 

Anthony Keyburn (PhD)

Host pathogen interactions in necrotic 
enteritis. 

Natalie Lazar-Adler (PhD)

The molecular basis of pathogenesis  
of melioidosis. 

Dalibor Mijaljica (PhD)

Turnover of cellular organelles by autophagy  
in the yeast, Saccharomyces cerevisiae. 
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Heling Ng (PhD)

Release of mitochondrial proteins during 
apoptosis. 

Kristina Turcic (PhD)

Selective turnover of organelles by autophagy 
in yeast. 

Noel Faux (PhD)

Searching for novel domains: a bioinformatics 
analysis of whole proteomes. 

Undergraduate teaching

In 2006 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 Julian Rood

MIC3011 – Molecular Microbiology

MIC3032 – Pathogenesis of Bacterial 
Infectious Diseases

MIC3990 – Action in Microbiology Research 
Project

MIC4100 – Microbiology Research Project 
(co-ordinator)

MIC4200 – Advanced Studies in Microbiology 
(co-ordinator)

BMS1062 – Molecular Biology

MED2031 – Medicine 3

Professor Rod Devenish

MED1011 – Medicine 1

BCH3031 – Advanced Molecular Biology: 
Modern concepts and applications

BMS3021 – Molecular Medicine and 
Biotechnology 

Professor Ben Adler

MIC 3041 – Medical Microbiology

MIC 3990 – Action in Microbiology Research 
Project

MIC 4100 – Microbiology Research Project

MIC 4200 – Advanced studies in Microbiology

Professor Ross Coppel

MED1011 –Medicine 1

MED2031 – Medicine 3

MIC3041 – Medical Microbiology

Professor John Davies

MIC3011 – Molecular Microbiology (convenor) 

MOL2022 – Molecular Biology

Professor Phillip Nagley

BMS3021 – Molecular Medicine and 
Biotechnology (convenor)

BCH3021 – Cellular Organisation: Organelle 
Structure and Function in Health and Disease

Professor James Whisstock

BMS3021 – Molecular medicine and 
biotechnology

BCH3031 – Advanced Molecular Biology: 
Modern concepts and applications

BCH4200 – Advanced studies in biochemistry 
and molecular biology
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Other research training and professional education

Annual Micromon Recombinant  
DNA Techniques Short Course 
(November 2006) . 

Centre staff participation in the Annual 
Micromon Recombinant DNA Techniques 
Short Course was the professional 
development training event for the Centre  
in 2006. Indeed each year, Professors Adler, 
Davies and Rood and Centre senior  
Research Fellow Dr Boyce deliver expert 
lectures in the course. 

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. 
Micromon is the commercial services unit  
of the Monash University Department of 
Microbiology. 

Practical
Cleavage and Ligation of Plasmid DNA
Transformation of Bacterial Cells
Preparation and Purification of Plasmid DNA
Restriction Enzyme Mapping
Agarose Gel Electrophoresis
Recovery of DNA from Agarose Gels
Preparation of Probes
DIG-based Southern Blotting and Hybridisation
DIG-based Colony Hybridisation
Induction of Fusion Protein Production
Polyacrylamide Gel Electrophoresis and Western Blotting
Nucleic Acid Extraction
Reverse Transcription and PCR
DNA Sequencing and Computer-aided Analysis

Demonstrations (Micromon Operations)

DNA Sequencing 
Oligonucleotide Synthesis 
Microarray Technology
Real-time PCR

The all-inclusive fee is $1,600 and as part of the package
we provide delicious gourmet lunches, refreshments, drinks
and snacks each evening and a social course dinner on the
Thursday. There is also an extensive range of demonstration
equipment for use and relevant product information available
from our scientific sponsors. A course certificate will be
awarded on completion. Suitable, university-based or
private accommodation, for a very reasonable tariff
can be arranged on your request.

*Please note that this course is GST exempt.

Technical information
Mr Mark Cauchi Tel. (03) 9905 4830
Dr Kylie Wilson Tel. (03) 9905 4844

Registration information
Ms Lesley Gladman Tel. (03) 9905 4817

Location
The Microbiology Department is located in building 53 of
the Monash University, Clayton campus. This is situated
16 kms South East of the Melbourne CBD and is well served
by public transport bus services, including an airport bus.
Contact us for details, if required.

Address
Micromon
Department of Microbiology
Monash University, VIC 3800

Fax: (03) 9905 4811
email: mark.cauchi@med.monash.edu.au
www.micromon.monash.org

Recombinant DNA
Techniques Course

Department of Microbiology

www.micromon.monash.org

Sunday 19 November to 
Friday 24 November, 2006

Department of Microbiology
School of Biomedical Sciences

Monash University
Clayton, Victoria

Principal
sponsor
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Awards and recognition

Professor James Whisstock was awarded 
the 2006 Science Ministers Prize for Life 
Scientist of the Year. 

Professor Jamie Rossjohn was awarded an 
Australian Research Council Professorial and 
Federation Fellowship in the 2006 round.

Professor Rod Devenish received a special 
commendation in 2006 Vice-Chancellor’s 
awards for Postgraduate Supervision, Monash 
University. 

Professor Julian Rood was President of the 
Australian Society for Microbiology until July 
2006 and is presently a member of the 
National Committee on Biomedical Sciences, 
Australian Academy of Science.

Professor Ian Smith 

• President of the Australian Peptide 
Association

• Member of the Organising Committee for 
the annual Lorne Conference on Protein 
Structure and Function

• Founding and continuing member of the 
neurogenomics and neuroproteomics 
technology platform for Neuroscience 
Victoria

• Founding and continuing member of the 
Victorian Proteomic Consortium (VPC)

• Member of the International Peptide 
Liaison Committee, 2000

• Past member of the Program Committee, 
Discovery Science and Biotechnology, 
Melbourne 2006

• Past member of the Program committee 
for the 2nd International  Asia Pacific 
Peptide symposium, Yokohama, Japan, 
November 2006

In 2006 Professor Smith was also both a 
member of the Victorian State Government 
Advisory committee for the National 
Collaborative Research Infrastructure Strategy 
capability 5.1 (Bioplatforms) and also a 
member of the national reference committee 
for the DEST National Facilitator for NCRIS 
capability 5.1. 

Professor Phillip Nagley is President of  
the Australian Society for Biochemistry and 
Molecular Biology and is a member of the 
National Committee on Biomedical Sciences, 
Australian Academy of Science. He is also 
member of the (IUBMB) Nominations 
Committee.

In 2006 Professor Nagley led a successful  
bid to hold the 12th IUBMB Conference  
in association with the 21st FAOBMB 
Conference in Melbourne Australia in 2010. 
He is Co-President of the 12th IUBMB 
Conference, ‘The molecules of life: from 
discovery to biotechnology’, Melbourne,  
26 September to 1 October, 2010.

Zara Marland was a recipient of an 
International Structural Genomics 
Organisation (ISGO) and National Institute of 
Health (NIH) Young Scientist Travel Fellowship 
to the 4th International Conference on 
Structural Genomics, Beijing, China. 
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International, national and regional links and networks

International Visitors to the Centre

• Professor George Weinstock, Baylor College of Medicine, USA

• Professor Reggie Lo, University of Guelph, Canada

• Dr Loek van Alphen, National Institute of Public Health & Environment, The Netherlands

• Professor John Albert, Department of Microbiology, Kuwait University, Kuwait

• Dr Stuart Chalmers, Intervet International, Milton Keanes, England

• Dr Cathy Knupp, R & D Manager, Pfizer Animal Health, USA

• Dr Katy Forest, University of Wisconsin, Madison, WI, USA

• Dr Andrew Cox, National Research Council, Canada

Professor Reggie Lo and Professor Adler, January 2006 Dr Loek van Alphen March 2006
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End-user links

Commercialisation activities

The Centre is involved with several 
commercial partners, through Monash 
University, in the following ways:

• Strategic alliance with Perkin Elmer (PE): 
supply of unique proteomic reagents

• Collaborative research initiative with Pfizer 
Animal Health: protein profiling for vaccine 
scale up

• ARC Linkage grant with Pfizer Animal 
Health: vaccine development in 
leptospirosis

• ARC Linkage grant with the University  
of Queensland and Intervet International  
as the commercial partner: vaccine 
development in swine dysentery

The Centre is also part of a collaborative 
project with the Australian Poultry CRC  
and CSIRO Livestock Industries for vaccine 
studies in necrotic enteritis and 
Campylobacter infections in poultry.  
For further details please refer to  
Research Projects, p.40. 

Government, industry and business 
briefings

Professor Ian Smith

• NHMRC NSW sponsored forum for 
complimentary medicine

Professor Julian Rood

• Australian Wool Innovation Ltd

• Victorian Farmers Federation

Dr John Boyce

• Australian Wool Innovation Ltd

Professor Ben Adler

• Victorian State Government Department  
of Primary Industries

Professor John Davies

• Victorian State Government Department  
of Primary Industries

The Centre was also an exhibitor at the 6th 
Agricultural Biotechnology International 
Conference (ABIC), Melbourne, 2006. 

Public Awareness activities

Mid-way through August 2006 the Centre was 
privileged to have the company of Professor 
George Weinstock from the Baylor College of 
Medicine, Houston, Texas, USA. In between 
various meetings with Centre Chief 
Investigators, Research staff and students 
Professor Weinstock also delivered a public 
lecture on the topic of Genomics as a Centre 
initiative for National Science Week 2006. 
This lecture, titled ‘Demystifying Genomics’, 
was an exposé on the relevance of genomics 
research to the wider 
community and particularly 
highlighted some of the most 
recent advances in DNA 
sequencing technology.  
A reception after the lecture 
was held at the Monash 
Science Centre, located  
at the Clayton campus of 
Monash University, as well as 
a special evening viewing of 
the Science Centre’s highly 
successful exhibition “63% 
H2O – The Body in 
Question”. The exhibition 
explored the human body  
by looking first at general 
body systems and the cell, 
and then explored areas 
such as stem cells, 
nanotechnology, medical 
imaging, genetics and drug 
development and delivery. 

Whilst visiting the Centre Professor Weinstock 
also completed an informal evaluation of the 
Centre and summed up his tour by saying,  
“I enjoyed my visit very much and feel quite 
positive about the future of the Centre and the 
quality of the research team that it comprises. 
My congratulations to everyone for making 
such a good start”. 
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Other Chief investigator professional activities

Professor Ben Adler

• Editorial Board: Veterinary Microbiology

• Editorial Board: Veterinary Sciences 
Tomorrow

• Chair: NHMRC Grant Review Panel 
(Microbiology)

Professor Jamie Rossjohn

• Deputy Chair: NHMRC Grant Review  
Panel (Biochemistry)

Professor Rod Devenish

• OZReader: ARC 

• Convenor: Scientific program committee, 
XXIIIrd International Conference on Yeast 
Genetics and Molecular Biology, 
Melbourne, July 07

Professor Julian Rood

• Editor: Plasmid

• Editorial Board: BMC Microbiology

• Editorial Board: Anaerobe

• Deputy Chair: NHMRC Grant Review Panel 
(Microbiology)

Professor John Davies

• Member: NHMRC Grant Review Panel 
(Microbiology)

• Member: Management Committee, 
Victorian Bioinformatics Consortium 

• Member: Scientific Advisory Committee, 
AGRF

Professor Ross Coppel

• Editorial Board: Molecular and Biochemical 
Parasitology

• Director: Victorian Bioinformatics 
Consortium 

Professor James Whisstock

• Member: Scientific Advisory Committee for 
the Victorian Centre for Plant Functional 
Genomics

• Chair: NHMRC Training Awards 
Assessment Committee 

Professor Ian Smith

• Handling Editor: Journal of Neurochemistry

• Editorial Board: Journal of Molecular and 
Cellular Proteomics

• Editorial Board: International Journal of 
Peptide Research & Therapeutics

• Editorial Board: Protein & Peptide Letters

• Chair: NHMRC Grant Review Panel 
(Biochemistry)

• Member: NHMRC Project Grants 
Committee

Professor Phillip Nagley

• Editorial Board: Mitochondrion

• Member: NHMRC Grant Review Panel 
(Molecular Neuroscience)

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

 



Producing solutions for vaccine and drug development

www.microbialgenomics.net • 43

Appendix 1: Publications

Journal Articles

This list includes all papers published  
in 2006 by ARC affiliated researchers .  
These publications have varying levels  
of input from the Centre facilities . 

Adams V, Lucet IS, Tynan FE, Chiarezza M, 
Howarth PM, Kim J, Rossjohn J, Lyras D and 
Rood JI. (2006). Two distinct regions of the 
large serine recombinase TnpX are required 
for DNA binding and biological function. 
Journal of Molecular Microbiology, 60, 591-
601. 

Amin AA, Faux NG, Fenalti G, Williams G, 
Bernadou A, Daglish K, Keefe K, Middleton S, 
Rae J, Tetis K, Law RH, Fulton KF, Rossjohn 
J, Whisstock JC and Buckle AM. (2006). 
Managing and mining protein crystallization 
data. Proteins, 62, 4-7. 

Archbold JK, Macdonald WA, Miles JJ, 
Brennan RM, Kjer-Nielsen L, McCluskey J, 
Burrows SR, Rossjohn J. (2006). Alloreactivity 
between disparate cognate and allogeneic 
pMHC-I complexes is resultant of highly 
focused, peptide-dependent structural 
mimicry. Journal of Biological Chemistry, 281, 
34324-34332. 

Autelitano DJ, Rajic A, Smith AI, Berndt MC, 
Ilag IL, Vadas M. (2006). The Cryptome: a 
subset of the proteome comprised of cryptic 
peptides with distinct bioactivities. Drug 
Discovery Today, 11, 306-314.

Atkin JD, Farg A, Nagley P, Beart PM, 
Cheema SS MA, Turner BJ, Tomas D, Lysaght 
JA, Nunan J, Rembach and Horne MK. 
(2006). Induction of the unfolded protein 
response in familial amyotrophic lateral 
sclerosis and association of protein disulfide 
isomerase with superoxide dismutase 1. 
Journal of Biological Chemistry, 281, 30152-
30165. 

Bannam TL, Teng WL, D. Bulach, D. Lyras D, 
and Rood JI. (2006). Functional identification 
of conjugation and replication regions of the 
tetracycline resistance plasmid pCW3 from 
Clostridium perfringens. Journal of 
Bacteriology, 188, 4942-4951.

Boyce JD, Adler B. (2006) How does 
Pasteurella multocida respond to the host 
environment? Current Opinion in 
Microbiology, 9, 117-122.

Boyce J, Cullen P, Nguyen V, Wilkie I, Adler B. 
(2006) Analysis of the Pasteurella multocida 
outer membrane sub-proteome and its 
response to the in vivo environment of the 
natural host. Proteomics, 6, 870-880.

Bulach DM, Zuerner RL, Wilson P, Seemann 
T, McGrath A, Cullen PA, Davis J, Johnson M, 
Kuczek E, Alt DP, Peterson-Burch B. Coppel 
RL, Rood JI, Davies JK, Adler B. (2006). 
Genomic reduction in Leptospira 
borgpetersenii reflects limited transmission 
potential. Proceedings of the National 
Academy of Sciences of the United States of 
America, 103, 14560-14565.

Bushell SR, Bottomley S, Rossjohn J and 
Beddoe T. (2006). Tracking the unfolding 
pathway of a multi-repeat protein via 
tryptophan scanning: Evidence of localised 
instability in the mitochondrial import receptor 
TOM70. Journal of Biological Chemistry, 281, 
24345-24350. 

Burrows SR, Rossjohn J, McCluskey J. 
(2006). Have we cut ourselves too short in 
mapping CTL epitopes? Trends in 
Immunology, 27, 11-16. 

Chow MK, Amin AA, Fulton KF, Whisstock JC, 
Buckle AM and Bottomley SP. (2006). The 
REFOLD database: a tool for the optimization 
of protein expression and refolding. Nucleic 
Acids Research. 34 (Database issue) D207-
212. 

Chow MK, Amin AA, Fulton KF, Whisstock JC, 
Buckle AM, and Bottomley SP. (2006). 
REFOLD: An analytical database of protein 
refolding methods. Protein Expression and 
Purification 46, 166-171. 

Chuang YH, Lian ZX, Tsuneyama K, Chiang 
BL, Ansari AA, Coppel RL, Gershwin ME. 
(2006). Increased killing activity and 
decreased cytokine production in NK cells in 
patients with primary biliary cirrhosis. Journal 
of Autoimmunity, 26, 232-240. 
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Clarke C, Kuruppu S, Reeve S, Smith AI and 
Hodgson WC. (2006). Oxylepitoxin-1, a 
reversible neurotoxin from the venom of the 
inland taipan (Oxyuranus microlepidotus). 
Peptides, 27, 2655-2660. 

Clements CS, Dunstone MA, MacDonald WA, 
McCluskey J, Rossjohn, J. (2006). Specificity 
on a knife-edge: the alphabeta T cell receptor. 
Current Opinion in Structural Biology, 16, 787-
795. 

Clements CS, Kjer-Nielsen L, Kostenko L, 
McCluskey J and Rossjohn J. (2006). The 
production, purification and crystallization of a 
soluble form of the nonclassical MHC HLA-G: 
the essential role of cobalt. Acta 
crystallographica. Section F, Structural 
biology and crystallization communications, 
62, 70-73. 

Cooke BM, Buckingham DW, Glenister FK, 
Fernandez Km, Bannister LH, Marti M, 
Mohandas N, Coppel RL. (2006). A Maurer’s 
cleft-associated protein is essential for 
expression of the major malaria virulence 
antigen on the surface of infected red blood 
cells. Journal of Cell Biology, 172, 899-908.

Davies JK, Rood JI. (2006). (invited Review). 
Bacterial gene regulation: an overview. 
Microbiology Australia, 27, 99-100. 

Davies JK. (2006). (Invited Review). Control  
of transcription by nucleoid proteins. 
Microbiology Australia, 27, 112-114. 

Ely LK, Beddoe T, Clements CS, Matthews 
JM, Purcell AW, Kjer-Nielsen L, McCluskey J 
and Rossjohn J. (2006). Disparate 
thermodynamics governing TcR – pMHC-I 
interactions implicate extrinsic factors in 
guiding MHC-restriction. Proceedings of the 
National Academy of Sciences of the United 
States of America, 103, 6641-6646. 

Fisher DJ, Fernandez Miyakawa ME, Sayeed 
S, Poon R, Adams V, Rood JI, Uzal FA and 
McClane BA. (2006). Dissecting the 
contributions of Clostridium perfringens type 
C toxins to lethality in the mouse intravenous 
injection model. Infection and Immunity, 74, 
5200-5210.

Gunesekere I C, Kahler CM, Ryan CS, Snyder 
LAS, Saunders NJ, Rood JI and Davies JK. 
(2006). Ecf, an alternative sigma factor from 
Neisseria gonorrhoeae, controls expression of 
msrAB, which encodes methionine sulfoxide 
reductase. Journal of Bacteriology, 188, 
3463-3469. 

Gunesekere IC, Kahler CM, Powell DR, 
Snyder LAS, Saunders NJ, Rood JI, and 
Davies JK. (2006). Comparison of the RpoH-
dependent regulon and general stress 
response in Neisseria gonorrhoeae. Journal of 
Bacteriology, 188, 4769-4776. 

Hansen TM, Smith DJ and Nagley P. (2006). 
Smac-DIABLO is not released from 
mitochondria during apoptotic signalling in 
cells deficient in cytochrome c. Cell Death and 
Differentiation, 13, 1181-1190. 

Hampson DJ, La T, Adler B, Trott DJ. (2006). 
Proposed revisions to the nomenclature for 
Brachyspira membrane proteins and 
lipoproteins. Microbiology, 152, 1-2.

Harper M, Boyce JD, Adler B. (2006) (Invited 
Review) Pasteurella multocida pathogenesis: 
125 years after Pasteur. FEMS Microbiology 
Letters, 265, 1-10.

He XS, Ansari AA, Ridgway WM, Coppel RL, 
Gershwin ME. (2006). New insights to the 
immunopathology and autoimmune 
responses in primary biliary cirrhosis. Cellular 
Immunology, 239, 1-13. 

Hennebry SC, Law RHP, Richardson SJ, 
Buckle AM and Whisstock JC. (2006). The 
crystal structure of the transthyretin-like 
protein from Salmonella Dublin, a prokaryote 
5-hydroxyisourate hydrolase. Journal of 
Molecular Biology, 359, 1389-1399. 

Hoare HL, Sullivan LC, Pietra G, Clements 
CS, Lee EJ, Ely LK, Beddoe T, Falco M, Kjer-
Nielsen L, Reid HH, McCluskey J, Moretta L, 
Rossjohn J and Brooks AG. (2006). Structural 
basis for a major histocompatibility complex 
class Ib-restricted T cell response, Nature 
Immunology, 7, 256-264. 
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Howden BP, Johnson PD, Ward PB, Stinear 
TP, and Davies JK. (2006). Isolates with low-
level vancomycin resistance associated with 
persistent methicillin-resistant Staphylococcus 
aureus bacteraemia. Antimicrobial Agents and 
Chemotherapy, 50, 3039-3047. 

Huntington ND, Tomioka R, Clavarino C, 
Chow C, Linares AM, Mana DP, Rossjohn J, 
Cachero TG, Qian F, Kalled SL, Bernard CC, 
Reid HH. (2006). A BAFF antagonist 
suppresses experimental autoimmune 
encephalomyelitis by targeting cell-mediated 
and humoral immune responses. International 
Immunology, 18, 1473-1485. 

Kaiserman D, Bird CH, Sun J, Matthews A, 
Ung K, Whisstock JC, Thompson PE, Trapani 
JA and Bird PI. (2006). The major human and 
mouse granzymes are structurally and 
functionally divergent. Journal of Cell Biology, 
175, 619-630. 

Kaiserman D, Whisstock JC and Bird PI. 
(2006). Mechanisms of serpin dysfunction in 
disease. Expert Reviews in Molecular 
Medicine, 8, 1-19. 

Kats LM, Black CG, Proellocks NI, Coppel RL. 
(2006). Plasmodium rhoptries: how things 
went pear-shaped. Trends in Parasitology, 22, 
269-276. 

Keyburn AL, Sheedy SA, Ford ME, Williamson 
MM, Awad MM, Rood JI & Moore RJ. (2006). 
The alpha-toxin of Clostridium perfringens is 
not an essential virulence factor in necrotic 
enteritis in chickens. Infection and Immunity, 
74, 6496-6500.

Kjer-Nielsen L, Borg NA, Pellicci DG, Beddoe 
T, Kostenko L, Clements CS, Williamson NA, 
Smyth MJ, Besra GS, Reid HH, Bharadwaj M, 
Godfrey DI, Rossjohn J and McCluskey J. 
(2006). A structural basis for selection and 
cross-species reactivity of the semi-invariant 
NKT cell receptor in CD1d/glycolipid 
recognition. Journal of Experimental Medicine, 
203, 661-673. 

Konagurthu AS, Whisstock JC, Stuckey PJ 
and Lesk AM. (2006). MUSTANG: A Multiple 
Structural Alignment Algorithm. Proteins, 64, 
559-574. 

Kovacevic S, Anderson D, Morita YS, 
Patterson J, Haites R, McMillan BN, Coppel 
RL, McConville MJ, Billman-Jacobe H. (2006) 
Identification of a novel protein with a role in 
lipoarabinomannan biosynthesis in 
mycobacteria, Journal of Biological Chemistry, 
281, 9011-9017.

Lan RY, Cheng C, Lian ZX, Tsuneyama K, 
Yang GX, Moritoki Y, Chuang YH, Nakamura 
T, Saito S, Shimoda S, Tanaks A, Bowlus CL, 
Takano Y, Ansari AA, Coppel RL, Gershwin 
ME. (2006). Liver-targeted and peripheral 
blood alterations of regulatory T cells in 
primary biliary cirrhosis. Hepatology, 43, 729-
737. 

Law RH, Zhang Q, McGowan S, Buckle AM, 
Silverman GA, Pike RN, Bottomley SP, Bird PI 
and Whisstock JC. (2006). An Overview of the 
Serpin Superfamily. Genome Biology, 7, 216. 

Lew RA, Warner FJ, Hanchapola I, Smith AI. 
(2006). Characterization of angiotensin 
converting enzyme-2 (ACE2) in human urine. 
International Journal of Peptide Research and 
Therapeutics, 12, 283-289.

Lim MLR, Chen B, Beart PM and Nagley P. 
(2006). Relative timing of redistribution of 
cytochrome c and Smac/DIABLO from 
mitochondria during apoptosis assessed by 
double immunocytochemistry on mammalian 
cells. Experimental Cell Research, 312, 1174-
1184. 

Lo M, Bulach DM, Powell DR, Haake DA, 
Matsunaga J, Paustian ML, Zuerner RL, Adler 
B. (2006). Effects of temperature on gene 
expression patterns in Leptospira interrogans 
serovar Lai as assessed by whole genome 
microarrays. Infection and Immunity, 74, 
5848-5859.

Marland Z, Beddoe T, Zaker-Tabrizi L, Lucet 
IS, Brammananth R, Whisstock JC, Wilce 
MCJ, Coppel RL, Crellin PK and Rossjohn J. 
(2006). Hijacking of a substrate-binding 
protein scaffold for us in mycobacterial cell 
wall biosynthesis. Journal of Molecular 
Biology, 359, 983-997. 
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McGowan S, Buckle AM, Irving JA, Ong PC, 
Bashtannyk-Puhalovich TA, Kan WT, 
Henderson KN, Bulynko YA, Popova EY, 
Smith AI, Bottomley SP, Rossjohn J, 
Grigoryev SA, Pike RN and Whisstock JC. 
(2006). X-ray crystal structure of MENT: 
evidence for functional loop-sheet polymers in 
chromatin condensation. EMBO Journal, 25, 
3144-3155.

Mijaljica D, Prescott M, Devenish RJ. (2006). 
Endoplasmic reticulum and Golgi complex: 
contributions to, and turnover by, autophagy. 
Traffic, 7, 1590-1595.

Miles JJ, Borg NA, Brennan RM, Tynan FE, 
Kjer-Nielsen L, Silins SL, Bell MJ, Burrows 
JM, McCluskey J, Rossjohn J, Burrows SR. 
(2006). TCRa Genes Direct MHC-restriction in 
the Potent Human T cell Response to a Class-
I-bound Viral Epitope. Journal of Immunology, 
177, 6804-6814. 

Myers GSA, Rasko DA, Cheung JK, Ravel J, 
Seshadri R, DeBoy R, Varga J, Awad MM, 
Brinkac L, Daugherty S, Dodson B, Madupu 
R, Nelson W, Rosovitz MJ, Sullivan S, Khouri 
H, Dimitrov G, Watkins K, Mulligan S, Benton 
J, Hiscox TJ, Jost H, Billington S, Songer JG, 
McClane BA, Titball R, Rood JI, Melville S. 
and Paulsen IT. (2006) Skewed genomic 
variability between strains of the toxigenic 
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 Monash University 718,231
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9.00am – 9.20am Lan Gong Burkholderia and autophagy 

9.20am – 9.40am Tanya D’Cruze PEPSY to identify Burkholderia proteins affecting 
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