
To begin, can you describe some of the work 
currently being conducted in your laboratory? 
What is the main focus of your research 
project?

When bacteria invade our tissues – our gut, 
our lungs, our blood – they secrete specifi c 
proteins to ‘renovate’ their environment. This 
helps them to avoid (or at least confuse) our 
immune systems, thereby providing a window 
of opportunity for them to establish large 
populations within our bodies. Our interests 
are in the very fi rst steps of this process; the 
secretion of proteins that give bacterial invaders 
the toe-hold from which they would go on to 
cause disease. The aim is to understand the 
mechanisms of protein secretion, and in many 
cases this means discovering the ‘molecular 
machines’ that drive the secretion process. 
In the style of Sun Tzu, we want to know our 
enemies well in order to defeat them.

What does your work on protein targeting 
entail?

Most of the members of my lab are molecular 
biologists, and their work is largely based in 

reconstituting core elements of the biological 
system, such as bacterial membranes, in a test 
tube so that specifi c questions can be addressed 
and answered. A number of experiments will 
see a particular molecule, or set of molecules, 
purifi ed and their structure determined using 
crystallography, spectroscopy or high-end 
microscopy. Other experiments aim to measure 
the activity of the system; for example, to rig 
an assay in which we directly measure the 
targeting and secretion of a model protein. 
Some members of my lab are microbiologists 
who directly interrogate bacteria: the usual 
approach being to delete the gene encoding a 
protein of interest from the bacterium, and then 
measure the ability of this mutant bacterium 
to secrete proteins, or indeed to survive. Lastly, 
some members of my laboratory are trained 
in bioinformatics and run computer-based 
experiments analysing the genome sequences 
of hundreds of bacterial species to look for 
commonalities that might represent new 
elements of protein secretion pathways.

How has 
your research 
progressed since 
you established 
a new Unit for 
Host-Pathogen 
Molecular Biology 
at Monash 
University?

The Unit for Host-
Pathogen Molecular 
Biology consists 
of six laboratories, 
each with its own 
research funding, 
personnel and 
research directions. 
Being co-located in 
the same laboratory 
space – and sharing 
offi ce areas and 

a tea-room – has brought vibrancy to the 
Science Technology Research and Innovation 
Precinct (STRIP) that we could not have 
generated as individual research teams. In 
my own laboratory, we benefi t hugely from 
the gene expression expertise in the Traven 
lab, the bacteriological expertise in the Kwok 
lab, the imaging expertise in the Naderer 
lab… I could go on. 

Because there is no segregation in the lab 
area, staff and students from my lab are 
intermingled with the staff and students 
from all of the other labs, and as such are 
working and talking shoulder-to-shoulder 
all through the day. It is inspirational, and 
this collaborative environment is delivering 
new ideas and new approaches for all of the 
laboratories involved.

As an outstanding research environment, 
what are some of the new advances 
in technology that are currently being 
accessed at the Monash STRIP, and how is 

Professor Trevor Lithgow, Fellow of the Australian Academy of Science, talks about his groundbreaking 

research into bacteria at Monash University. In a highly collaborative laboratory environment, his team 

has uncovered secrets about bacteria which could potentially transform modern medicine and antibiotics

The biology of bacteria
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this impacting on your research?

There are several platform technologies 
in the STRIP that have hugely impacted 
how well we can do this research. The 
Monash MicroImaging facility is the 
major one, through which we have access 
to live-cell imaging, correlative light-
electron microscopy and super-resolution 
microscopy. These various new technologies 
have been established by Professor Ian 
Harper and his team, and the research staff 
and students in my group are trained by Ian’s 
imaging experts. We can see bacterial cells 
in previously unimagined detail, and what 
we are fi nding is completely changing the 
way we think about them. No one had given 
bacteria due credit for the extraordinary 
degree of sophistication with which their 
cells are organised.

With the National Health and Medical 
Research Council (NHMRC) Program 
in Cellular Microbiology encompassing 
different nodes, how important is 
collaboration to your research?

It is essential. In order to do any sort of 
Big Science, the ability to collaborate 
effectively is crucial. The NHMRC Program 
in Cellular Microbiology links my lab at 
Monash University with the research 
teams of Professors Dick Strugnell and Liz 
Hartland at The University of Melbourne 
and Professor Jenny Stow and Dr Rohan 
Teasdale at The University of Queensland. 
The fi ve research teams have very different 
expertise, approach projects with a different 
way of thinking and have access to distinct 
technology platforms. However, the quality 
of our collaboration means that all of these 
differences lead to high complementarity 
and a huge collaborative gain in what we 
achieve together.

What will be the impact of the discovery 
of the protein complex Translocation 
and Assembly Module (TAM)? What are 
some of the potential applications of this 
protein?

The TAM provides an excellent example of 
where what we thought we knew turned 
out to be completely wrong, with bacteria 
proving to us, yet again, that they are much 
more sophisticated than we give them 
credit for. A vast set of key virulence factors, 
found on the outer surface of all sorts of 
disease-causing bacteria, were thought for 

the longest time to spontaneously insert 
into the bacterial surface through a process 
of ‘autotransport’. Our discovery of the 
TAM, and work on another molecular 
machine called the β-barrel assembly 
machinery (BAM) complex, demonstrates 
that hugely complicated machinery is 
needed to assemble these various virulence 
factors. But this is where ‘complicated’ 
means ‘exciting’, because anything that 
could knock out the TAM or the BAM would 
disable all of these virulence factors in one 
fell swoop.

When do you foresee new treatments 
that combat the growing problem of 
antibiotic resistance by disarming rather 
than killing bacteria becoming available 
to the public?

The answer is not good news. The level 
of investment in this terrifying, and 
worsening, problem of antibiotic resistance 
is not suffi ciently high for us to expect 
new therapies coming to the public soon. 
There are suitably talented and inspired 
researchers in the pharmaceutical industry 
and universities, but with industry focused 
on drug development in areas other than 
antibiotics, and the level of public funding 
for research in universities far too low. 
Moreover, the timeline for developing new 
therapies and bringing them to the public 
is unfortunately very long. 

What are your plans in terms of future 
research projects?

A new technology that we will implement 
now and use in future projects involves 
spiking proteins made by bacteria with 
a specifi c chemical group that can be 
activated with a fl ash of ultraviolet light, 
and which will then lock into the closest 
neighbouring molecule. It gives us an 
atomic resolution probe to identify who 
sits next to whom during the process of 
protein secretion. Dr Takuya Shiota is an 
expert with this technology, having trained 
with Professor Toshiya Endo at Nagoya 
University in Japan. This very powerful and 
highly adaptable experimental system 
was invented by Professor Peter Schultz 
at the Scripps Research Institute, and 
provides an excellent example of how one 
person’s research can impact on research 
teams around the world, spreading like 
an intellectual wildfi re to inspire new 
experiments and promote new discoveries.

WWW.RESEARCHMEDIA.EU 101

PROFESSOR TREVOR LITHGOW



102 INTERNATIONAL INNOVATION

PROFESSOR TREVOR LITHGOW

Molecular machines

ANTIBIOTIC RESISTANCE IS becoming a 
major health concern globally. The growth of 
strains of bacteria in the human body developing 
resistance to antibiotics has been amplifi ed by 
their improper use and abuse; with antibiotics 
regularly being prescribed to fi ght coughs and 
colds, which are often not bacterial, but rather 
viral infections. A greater understanding of the 
interaction between the different pathogens and 
the human body is needed to compensate for the 
increasing ineffectiveness of antibiotics. 

The groundbreaking Unit for Host-Pathogen 
Molecular Biology was founded by Professor 
Trevor Lithgow in 2009 after he was awarded 
an Australian Research Council (ARC) Federation 
Fellowship. In a relatively short timeframe, 
the Unit’s teams have opened up avenues for 
investigation into the development of new 
medicines. Six research teams working together 
in adjoining laboratories focus on a different area 
of host-pathogen molecular biology with the 
goal of combining their fi ndings to paint a more 
detailed picture of the molecular interactions 
that occur between bacterial pathogens and 
human bodies. 

THE ORIGINS OF DISEASE

Lithgow’s laboratory within the Unit is named 
the Protein Targeting and Molecular Machines 
Laboratory. In contrast to previous research into 
pathogens, which concentrated largely on the 
effects of diseases and infections on our immune 
systems, Lithgow and his group are focusing 
on the very mechanics of the development 
of infection. Funding for their work has been 
attracted from a number of sources including the 
ARC, a National Health and Medical Research 
Council (NHMRC) Program Grant and fellowship 
support for the fi ve Research Fellows who work 
alongside him. 

The researchers are exploring the protein 
transport machines which are found on the 
surface of bacteria. It is these transporters which 
release proteins from the bacteria into the host, 
triggering the process of infection. Lithgow 
explains the advantage of exploring these initial 

stages of infection: “By working out precisely 
which proteins are secreted, how they are 
secreted and why they are secreted, our aim is to 
gain insight into new approaches of stopping the 
bacteria before they can establish a full-blown 
infection”. 

ADDICTED TO DISCOVERY

Each member of Lithgow’s group is carrying out 
their own part of the investigation into these 
protein transport machines. Dr Chaille Webb 
is exploring exactly how they are built, with 
the hope that better understanding of their 
construction will reveal weaknesses that can be 
exploited to stop their creation. To the same end 
of discovering weak points in these transporters, 
Dr Matt Belousoff is carrying out structural 
analysis on them. Working from a different 
direction, Dr Hsin-Hui Shen is building protein 
transport machines from their individual parts 
in order to better understand their composition. 
Dr Denisse Leyton is concentrating on auto-
transporters: a specifi c molecular machine 
which holds promising potential in terms of 
biotechnology. And fi nally, Dr Takuyu Shiota is 
using a new ultraviolet sensitive probe in vivo to 

closely examine the relationship between their 
different components.

It is clear from this array of research is that the 
team will leave no stone unturned in their quest 
to discover all there is to know about bacterial 
protein transporters. From their construction, 
to their composition and function, a detailed 
understanding will open up new avenues for the 
development of treatment and prevention of 
infections. However, it is not only these practical 
concerns that motivate Lithgow’s team, but also 
their irresistible scientifi c curiosity: “Exactly how 
proteins are assembled into the bacterial outer 
membrane is a hugely challenging concept and 
trying to solve this conceptual problem is highly 
motivating: discovery is an addiction, and my 
researchers are addicts”.

A NEW BATTLE PLAN

This determination to understand protein 
transporters is already paying off. Lithgow’s 
group has learnt a great deal since beginning their 
investigations. For example, the discovery of the 
Translocation and Assembly Module (TAM) protein 
complex has brought the vision of overcoming 
antibiotic resistance tantalisingly close to reality. 
The TAM is crucial to the process of transporting 
proteins from inside to outside the bacteria. 
Composed of two proteins – TamA and TamB – 
this miniscule molecular machine acts like a pump 
to expel proteins created inside the bacteria that 
instigate the infection of host bodies.

Work carried out by PhD student Joel Selkrig on 
characterising the TamA protein revealed the 
importance of TAM. When comparing bacteria 
which had been modifi ed to have no TAM with 
normal strains, it was found that those without 
the TAM lacked the surface proteins which allow 
bacteria to cause diseases, but otherwise they 
seemed to function as normal. This fact is at the 
heart of making antibiotic resistance a thing of 
the past. 

Bacteria become resistant to antibiotics through 
the process of natural selection, which is triggered 
when they are attacked. The new knowledge about 

Antibiotic resistance in pathogenic microbes is one of the greatest challenges facing molecular biologists 
today. Research underway at the Unit for Host-Pathogen Molecular Biology at Monash University is gaining 
ground in the battle to understand more about pathogens and the mechanics of infection development

FIGURE 1. Super-resolution microscopy is used to map the 

position of molecular machines in the outer (green) and 

inner (red) membrane of a single bacterial cell.



INTELLIGENCE

HEALTHCARE: PROTEIN SECRETION BY 
DISEASE-CAUSING BACTERIA

OBJECTIVES

• To provide a full understanding of how 
molecular machines are assembled in the 
outer surface of bacteria

• To understand the mechanisms by which 
molecular machines export protein cargoes

• To develop and apply new technologies for 
visualising bacterial cells and the component 
parts of their outer surfaces

KEY COLLABORATORS

Internal: 

Dr Ana Traven • Dr Kip Gabriel • Dr Georg 
Ramm • Dr Thomas Naderer • Dr Terry Kwok

International: 

Professor Susan Buchanan, National 
Institutes of Health, Bethesda, USA • 
Professor Christine Jacobs-Wagner, Yale 
University, USA • Professor André Schneider, 
University of Bern, Switzerland

In the past 10 years, additional collaborative 
ventures have been undertaken with 
researchers at: University of Birmingham, UK; 
University of Kentucky, USA; IMBB-FORTH, 
Greece; University of British Columbia, 
Canada; University of Bari, Italy; Charles 
University, Czech Republic; and Nagoya 
University, Japan

FUNDING

Australian Research Council (ARC)

National Health and Medical Research Council 
of Australia

CONTACT

Professor Trevor Lithgow
ARC Federation Fellow

Faculty of Medicine, Nursing and Health 
Sciences
Monash University
Victoria 3800
Australia

E trevor.lithgow@monash.edu 

PROFESSOR TREVOR LITHGOW graduated 
with a PhD from La Trobe University in 
1992 and was awarded a Human Frontiers 
in Science Program (HFSP) Postdoctoral 
Fellowship to work as a research fellow at 
the University of Basel, in the laboratory of 
Professor Gottfried Schatz. After returning to 
Australia and building a lab focused on the 
discovery and analysis of molecular machines 
at The University of Melbourne, Lithgow was 
awarded an ARC Federation Fellowship to 
move to Monash University and establish the 
Unit for Host-Pathogen Molecular Biology. In 
2010, Lithgow was elected as a Fellow of the 
Australian Academy of Science.
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the TAM has opened up the possibility of creating 
drugs which do not kill bacteria, but instead disable 
the disease-causing protein secretion process. The 
next challenge is to explore in greater depth the 
protein substrates which need the TAM to cross 
the bacterial membrane and begin to design 
drugs capable of disabling this function. 

AN OUTSTANDING 
INTELLECTUAL ENVIRONMENT

The signifi cant progress and ambitious plans 
for future research made by Lithgow and his 
collaborators are facilitated by a remarkable 
academic environment and dynamic 
collaboration not only within the Unit for 
Host-Pathogen Molecular Biology at Monash 
University, but beyond. The NHMRC Program 
Grant is a collaborative one which links the Unit 
at Monash University to an interdisciplinary 
group of teams to create the NHMRC Program 
in Cellular Microbiology. Four other teams from 
The University of Queensland and The University 
of Melbourne are part of the collaboration 
which aims to answer challenging questions 
about bacterial pathogens and how they cause 
diseases in humans.

Lithgow is well aware of the importance of 
partnership in all forms, and this shows in the 
setup of the Unit at Monash University which 
is considered a leading institution in cellular 
microbiology. The Science Technology Research 
and Innovation Precinct (STRIP) at the University 
accommodates an open-plan set of laboratories 
funded by the ARC Federation Fellowship, as 
well as other molecular cell biology laboratories 
and bioinformaticians working with the ARC 
Centre of Excellence in Structural and Functional 
Microbial Genomics. 

Such an impressive concentration of 
knowledge and technology has created a 
hothouse of collaboration and innovation 
which Lithgow is clearly thrilled to be part of. 
Not only has it produced encouraging results 
in terms of scientifi c progress and vital new 

knowledge, but it is also producing many 
promising scientists. Lithgow is proud that 
his work has inspired and enabled others to 
fulfi l their own interests: “Each of my PhD 
students has gone on to take the job that they 
most wanted after leaving my lab, and all of 
my research staff have successfully translated 
their experiences with me on into their own 
research careers”.

The STRIP specialises in generating new 
technologies and research there has been 
transformed by the fi ndings of the Unit. 
Collaboration between the two is leading 
to new microbe-retardant materials for use 
in biomedicine; yet another example of the 
potential for a new era in disease treatment. 
With more exciting papers promised from its 
researchers soon, the Unit for Host-Pathogen 
Molecular Biology is clearly one to watch.

The discovery of the Translocation 

and Assembly Module protein 

complex has brought the vision of 

overcoming antibiotic resistance 

tantalisingly close to reality

PROFESSOR TREVOR LITHGOW AND HIS TEAM
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