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The choice
to shape a
nation with
a strategy
for science

Universities have always been places of
discovery. From the emergence of the first
academies in the Middle Ages to the modern
institutions we celebrate today, universities have
been hotbeds for public debate and breeding
grounds for new ideas.
But while many of the traditions of academe
have remained constant over centuries, the
expectations and aspirations of universities have
evolved. Over recent decades in particular, the
focus on universities to advance discoveries
that translate more readily into innovation has
become more defined.
The image of the aloof scholar conducting
research and experiments in isolation from the
rest of the world has – if not vanished completely
– become greatly diminished. Universities
worldwide are now constantly challenged to
demonstrate benefits that extend beyond just the
research journal or the lecture theatre.
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Monash University is spearheading
this transformation, seeking out deeper
forms of collaboration and engagement
with our research partners to make
discoveries that better meet the great
challenges of our age; to question the
accepted answers and define new
paradigms for our understanding of
the world.
In an era of dwindling funding and
rising competition for research grants,
the achievements that characterise
the most successful universities will be
those that have the most impact.
The research outlined in this issue of
Monash magazine illustrates just some
of the achievements being realised
right across this University, and the
positive outcomes they offer to the
wider community.
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WHAT’S HAPPENING
AT MONASH

The case
of the cosmic clues
Periodically, the universe sends humans subtle hints about its origins.
Well, they’re subtle in the sense that they’re hard to decode. They’re less
subtle in the form they take – rocks that hurtle to Earth from the sky. It was
hints like these that helped a Monash University-led team discover that the
Earth’s upper atmosphere contained as much oxygen 2.7 billion years ago as
it does today. This is remarkable for three reasons. First, the accepted theory
was that the upper atmosphere at that time was chemically similar to the
lower atmosphere – that is, starved of oxygen. Second, until now, scientists
had no way to test that theory. And third, the discovery was made not by
looking heavenwards, but by digging deep into the ancient limestone of the
Pilbara region in Western Australia.
It was from there that Dr Andrew Tomkins and a team from the School of
Earth, Atmosphere and Environment at Monash extracted the oldest fossil
micrometeorites – or space dust – ever found on Earth.
Dr Tomkins and his team then worked with the Monash Centre for Electron
Microscopy and the Australian Synchrotron to examine the samples. And
researcher Dr Matthew Genge, an expert in modern cosmic dust at Imperial
College London, performed calculations that showed oxygen concentrations
in the upper atmosphere were close to modern-day levels. These remarkable
results were recently published in Nature.
“It is incredible to think that by studying fossilised particles of space dust
the width of a human hair, we can gain new insights into the chemical makeup of Earth’s upper atmosphere, billions of years ago,” Dr Tomkins said.
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Recruiting Indigenous
engineers

$10m

5

years

In 2014, only 53 Indigenous students in Australia
gained an engineering degree.
Engineering requires a high ATAR, with particularly
rigorous results in maths. Indigenous schoolchildren
already face many barriers to education. It’s not only an
equity issue, but a waste of potential talent.
To help remedy this, Monash, Melbourne, Swinburne
and RMIT universities, sponsored by Google, BP and
engineering firm Arup, created the inaugural Victorian
Indigenous Engineering Winter School, or VIEWS. In July,
a group of year 11 and 12 Indigenous students from
across Australia visited all four universities over five days.
The students learnt about different pathways into
engineering, talked to Indigenous engineers and
engineering students, and discovered what engineers
do and how they improve lives. For Monash, VIEWS
forms part of our Reconciliation Action Plan, which aims
to advance the education, research and employment
aspirations of Aboriginal and Torres Strait Islander people.
“The winter school program is important for Indigenous
students who don’t achieve a high enough ATAR, so they
understand there are other pathways into engineering,”
said Jordan Carter, a final-year chemical engineering
student at Monash, who entered via an alternative pathway.

LIFE THROUGH
A PRISM

You already track your steps, your
sleep and your calories. Now you
can track your mood. A team from
Monash, with funding from mental
health organisation beyondblue,
has created the smartphone app
MoodPrism.
Wellbeing and mindfulness apps
are common. The Monash-created
Smiling Mind, for example, received
international acclaim for bringing
mindfulness meditation to almost one
million mobile phones.
MoodPrism, though, has a simpler
interface. Each day, it prompts you to
answer a few questions about how
you’re feeling. If you’re low, MoodPrism
will suggest tools and websites that
may help, but fundamentally it’s a
tracker, capturing and colour-coding
your moods and empowering you to
look for patterns or triggers over time.
These ‘mood histories’ have other
uses for Monash researchers. While the
users remain anonymous, MoodPrism
collects the data.
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WHAT’S HAPPENING
AT MONASH
HELPING THE MEDICINE
GO DOWN
Both the University of
Melbourne and Monash
University rank in the top 50
universities worldwide for
medicine, pharmacy and
pharmacology*. If they combined
their exceptional biomedical
research strengths, they would
climb into the top 10.
So that’s what they’re doing.
Melbourne and Monash
have formed a joint-venture
catalyst enterprise to create
medicines. It will bring advanced
commercialisation skills and
funding to address what’s called
the “valley of death” – the period
between new drug discoveries
and clinical trials, which is often
plagued by inadequate funding
and means potentially life-saving
drugs don’t make it to market.
The enterprise will directly
address the problem by more
rapidly identifying the best drug
candidates and translating them
into new medicines. This could
have huge health benefits in both
the developed and developing
world.
Jointly owned but
independently governed, the
new $80 million enterprise is
expected to generate about
$360 million in activity, support
new companies, increase
investment and exports, and
create specialised jobs in
the sector.
“Convergence is the great
theme of our time, and this is
an enterprise that will bring
people together around shared
goals,” said University of
Melbourne Vice-Chancellor
Professor Glyn Davis. “And while
it will start at the universities,
it will move quickly to working
with our partners in hospitals,
medical research institutes
and commercial players, all of
whom will play a key part in its
success.”
* QS World University Rankings
2016.
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The evolution
of Antarctica

Photo Steven Chown

There are some fundamental questions that remain
unresolved in biology. How did life evolve and spread
around the Antarctic region? And how is it evolving now?
Monash Professor Steven Chown is leading an
international group of 24 scientists across the subAntarctic and Antarctica to find out. Professor Chown’s
endeavour, which focuses on terrestrial biodiversity, is
one of 22 projects within the Antarctic Circumnavigation
Expedition (ACE). The scope of ACE is deliberately vast –
it’s run by the Swiss Polar Institute, a platform for global
experts in polar research to combine their knowledge.

The expedition will last from 20 December to 18
March – a doddle for Professor Chown, who’s spent 25
years going back and forth to the Antarctic. The terrestrial
biodiversity team will use new genetic and computational
approaches in their work. Professor Chown expects to
uncover new species of animals and plants.
“Crucially, the findings will help us develop new ways
to help conserve biodiversity in the Antarctic region,”
says Professor Chown, “as well as providing innovative
tools to help managers reduce threats to ecosystems
from invasive species as a result of climate change.”

Keeping farmers
in the picture
In an isolated agricultural area five hours out of
Dhaka, where floods and poverty are commonplace,
Rimi is worried about her cow. The cow was a huge
investment, and Rimi has noticed several bloated ticks
attached to its neck. Help could come from a five-year
partnership between Monash University’s Faculty of
Information Technology, Oxfam, and local Bangladeshi
organisations. They aren’t vets. But they do know
systems and technology.
Many rural Bangladeshi women work as farmers,
minding crops and cattle on their own while their
husbands work in the city. What they lack is information.
The women want access to weather warnings, real-time
help during natural disasters, and family health advice.
Monash University’s Dr Larry Stillman recently returned
from a regular field visit to Bangladesh, where he met
some of the women involved in the project.
The team is working with the community to assess
its needs and develop a range of technologies and
systems, including information centres to which the
community can connect.
“We were speaking about the potential uses for
smartphones, when one of the women figured it out.

‘I could take a selfie of my cow!’ she said. If she sent
through the photo and talked to the information centre
we’re developing, the vet attached to the project could
potentially provide a diagnosis in voice, text and pictures.
It would be almost instantaneous and also shareable in
the future with hundreds of thousands of people,”
Dr Stillman said.

NEWS

ERADICATING HIV
IS ONE STEP CLOSER
New research could potentially result in a
lifelong cure for chronic infections such as human
immunodeficiency virus (HIV), as well as other
infections including the glandular fever virus, which
is associated with the development of lymphoma.
Here’s the science: some infections, such as HIV,
can’t be cured with antiviral therapy because the
virus effectively hides from the immune system in
B cell follicles. We all have a type of white blood cells
– killer T cells – that can find and destroy infected
B cell follicles, but we don’t have enough of them.
Having made this discovery, an international
team of scientists, led by Monash Biomedicine
Discovery Institute researcher Dr Di Yu, and Dr Axel
Kallies from the Walter and Eliza Hall Institute, are
now working on ways to boost killer T cells that can
destroy the virus completely.
Treatments for HIV with antiretroviral drugs are
highly effective, but treatment is lifelong and there
is no cure. Other infections such as Epstein-Barr
virus, which causes glandular fever, may also hide
and persist for years, but become active when the
immune system is compromised. The researchers
hope to start human trials within the next five years.

Sometimes
it really is lupus
Each week on the TV
show House, Hugh
Laurie’s eponymous
doctor encountered a
patient with a mysterious
illness. Each week, one
of Dr House’s lackeys
would suggest lupus. And,
each week, House would
grumble: “It’s never lupus.”
It’s not hard to see
why systemic lupus
erythematosus, or lupus,
was a good choice for a
gag about a difficult-toidentify disease. Lupus
is a chronic, complex
multi-organ autoimmune
disease with a broad
spectrum of symptoms.
There is no cure, no single
diagnostic test, and it can
vary in severity from mild
to life-threatening.

Monash University
researchers are leading
the world’s largest study
to describe the disease
characteristics, studying
1846 lupus patients
from nine countries in
the Asia-Pacific Lupus
Collaboration.
This will bring us closer
to treating lupus sufferers
with an approach called
treat-to-target, or T2T.
Lupus is notoriously hard
to measure and treat, and
initially, setting targets
seemed impossible.
But researchers have
defined and validated a
‘lupus low disease activity
state’. If this state can be
maintained, the patient has
good long-term outcomes.
Dr House would be proud.

The Plain of Jars
and ancient dentistry
The Plain of Jars in central
Laos has long been a megalithic
mystery. There are thousands
of jars scattered over 90 sites in
the central Lao province of Xieng
Khouang, and they’ve remained
largely unstudied due to the huge
quantity of unexploded bombs
that dot the area.
While it’s long been thought
the jars are burial sites, recent
excavations led by a team of
Australian and Lao researchers
confirmed it. The study has
revealed various burial methods,
including the interment of whole
bodies and bundled bones placed
inside ceramic vessels and
then buried.
Dr Louise Shewan, from the
Monash Warwick Alliance, is
analysing teeth found at the burial
ground to ascertain who these
people were and where they lived.
“Teeth mineralise at different ages,
so by analysing different teeth
we are able to ascertain where
an individual lived during their
childhood,” says Dr Shewan.
The results of the project
will be showcased in Monash’s
CAVE2 facility with support
from the Monash Immersive
Visualisation Platform.

Photo 123RF

Monash University SEPTEMBER 2016

5

DEVELOPMENTAL BIOLOGY

MEET DANIO
RERIO KEEPER
OF THE SECRET
TO

SELF-HEALIN

BY OBSERVING HOW AN EMBRYO FORMS A NEW BODY,
DEVELOPMENTAL BIOLOGISTS IN MELBOURNE ARE LAYING
THE FOUNDATION FOR A NEW BRANCH OF MEDICINE THAT
GIVES DAMAGED BODIES THE CAPACITY TO REGENERATE.
STORY BY GIO BRAIDOTTI
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Danio rerio, the zebrafish,
is a tropical freshwater
species native to the
streams of the south-east
Himalayan region. They
grow up to 6.4 centimetres
in length and have a lifespan
of about three years, with
a generation time of three
months. In addition, they
have an easy genome to
analyse and manipulate,
along with powerful
regenerative abilities.

Monash University SEPTEMBER 2016

7

DEVELOPMENTAL BIOLOGY
NEW BLOOD
Making self-renewing blood stem cells
in a dish could see leukemia patients
bypass the need for bone marrow
transplants following irradiation of
diseased cells. Instead of bone marrow,
the re-seeding could be achieved
using blood stem cells nursed into
being in a dish, using this discovery by
the Australian Regenerative Medicine
Institute and Professor Peter Currie.

W

ithin the penguin’s wobbly waddle or
the mesmerising elegance of slithering
snakes – locked within all of nature’s
galloping, burrowing, hop-skip-andjumping spectacle – are bodies with
remarkable abilities but distinctly different
forms, or ‘morphologies’.
It takes an almost naive intelligence to question the origin of body
forms, be they of a panda, shark or human. Professor Peter
Currie, winner of the 2015 Australian Museum Eureka Prize
for Scientific Research, is susceptible to this kind of curiosity.
His fascination for the form of animals has led to a series
of breakthroughs that are remarkable for their ability to advance
human medicine. Included in this is the case of Danio rerio,
the humble Himalayan zebrafish, which is able to regenerate a
severed spinal cord – and may hold the secret to enabling other
creatures, including humans, to do the same.
Animals such as Danio rerio have already allowed Professor
Currie to identify the underlying causes of degenerative muscle
diseases, to artificially make in a dish the blood stem cells
needed by hemophiliacs or leukemia patients in lieu of bone
marrow transplants, and to prevent the proliferation of these cells
as a way to treat blood cancers.
And more novel findings are brewing away in his laboratory –
especially about how muscles form, grow and regenerate.
The key to these breakthroughs is knowledge gained by
watching how a single cell – the fertilised egg – of different
animals across evolution creates a distinctly styled body.
“Given the right signals, embryonic stem cells undergo
distinctive patterns of growth that generate all the various tissues
and organs, while also providing the adult body with the stem
cells it needs for growth and regeneration,” he says.
The adult human body unfortunately retains little regenerative
ability, he adds. But it’s there, locked into the code that specified
the body in the first place. He wants to unlock the body’s
regenerative secrets and, for the first time in human history, apply
that knowledge to advance medical science.
Professor Currie explains that evolution worked out how to
make the essential features of an animal’s body one time. That’s
right – just the once. Evolution then proceeded to conserve this

ZEBRAFISH HAVE THE MOST
EXQUISITE EMBRYOLOGY. WE CAN
LITERALLY WATCH A NEW ZEBRAFISH
FORM UNDER THE MICROSCOPE
OVER 24 HOURS, WITH THE SAME
TRANSPARENCY AVAILABLE TO US
WHEN DEVELOPMENTAL PROCESSES
GO WRONG AND DISEASE ARISES.
8
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core set of instructions – the ‘body plan’ – but learnt to tweak
it to create myriad variations, much as the same instruments
in an orchestra can play different symphonies.

Applying the body plan
From Professor Currie’s perspective, that has three great
advantages. First, it means simple and well-characterised
species – typically fruit flies, zebrafish or mice – can be used to
do the grunt work of decoding the essential nature of the body
plan. The use of these ‘model’ species generates knowledge
that’s broadly applicable across evolution, including humans.
For example, a mutation in a fruit fly ‘body-plan gene’ that
causes malformed eyes was found to have a counterpart in the
mouse and human genome that causes congenital blindness.
That discovery was crucial to convincing an initially sceptical
scientific community in the 1990s that the same body-plan
genes are conserved in species that look radically different.
This highlights the second advantage: the ability to use
body-plan science to model human diseases. In Professor
Currie’s case, he has a particular focus on the muscular
dystrophies that weaken skeletal muscle.
Third, the animal world presents Professor Currie with
a kaleidoscope of tweaked diversity in how the body plan is
expressed. He uses the contrast provided by different species —
especially at critical moments in evolution, such as the transition
from fins to limbs – to gain insights into the essential nuances
that determine the ultimate form and function of tissues.
Professor Currie’s particular talent relates to bringing together
these strands of developmental biology, disease modelling
and evolutionary developmental biology. As such, he uses the
well-characterised laboratory species, but adds the occasional
‘non-model’ species, such as the strikingly beautiful epaulette
shark (Hemiscyllium ocellatum), to maintain momentum in his
discoveries. “I must admit I’m a bit of magpie,” he says. “I’m
interested in a lot of things. Pounding away at one question
or one gene is not enough for me. I prefer to ask interesting
questions and follow wherever my investigations lead.”

The body project
Professor Currie’s marriage of morphological studies
and medicine takes place at the A$153 million Australian
Regenerative Medicine Institute (ARMI), the research centre he
heads at Monash University in the Melbourne suburb of Clayton,
the site of an extensive science and technology precinct. Central
to the work undertaken by ARMI scientists is a basement
housing a near-industrial-scale cluster of aquariums, for it’s the
zebrafish and other species that drive the biological discoveries
fuelling ARMI’s medical breakthroughs.

DEVELOPMENTAL BIOLOGY
Left A fascination with animal
forms has prompted Professor
Peter Currie’s breakthroughs on
stem cells, blood cancers and
degenerative muscle diseases.
Photo Eamon Gallagher

Zebrafish are able to regenerate a severed spinal cord in six
weeks. This ability gave Professor Currie’s laboratory the contrast
needed to identify why the human spinal cord fails to regenerate
following injury. Included in these discoveries are differences in the
way scar tissue forms, and the need for regeneration-inducing
molecules that are now finding clinical applications.
“It may seem strange, but zebrafish are a really good human
disease model,” Professor Currie says. “For muscular dystrophies,
a zebrafish becomes ill in the same way as a human. The same
cells are affected and the same breakdown of the muscle occurs.”
However, the feature that gets developmental biologists
especially excited is that once fertilised, the zebrafish egg
becomes almost completely transparent.
“If you’ve ever looked down a microscope at a zebrafish
embryo you’d understand why we work on them,” Professor
Currie says. “They just have the most exquisite embryology. We
can literally watch a new zebrafish form under the microscope
over 24 hours, with the same transparency available to us when
developmental processes go wrong and disease arises.”

Stem cells are us
The marriage of developmental, evolutionary and regenerative
science is especially present in Professor Currie’s research on
skeletal muscle. While his laboratory does ask the fundamental
developmental question – how different muscle types are formed
and patterned in the embryo – his curiosity doesn’t stop there.
His colony of epaulette sharks, for example, allows him to
compare muscle development across evolution. The contrast they
provide helps him understand nuances of muscle development
that can alter form and function, thereby revealing the key cellular
and molecular pathways that regulate development.
Ultimately, he’s seeking the deep principles that regulate
skeletal muscle formation and function. This requires investigations
into an area rarely visited by developmental biology: the muscle’s
ability to grow once formed and to regenerate following injury.
“This is important, because eventually the ability to grow new
muscle stops in humans, causing sarcopenia, the debilitating
muscle wasting responsible for the frailty, weakness and loss
of quality of life in the elderly,” he explains.

See the digital version at monash.edu/monashmag

In recent discoveries, he’s identified that muscle growth and
regeneration involve stem cells with entirely different embryonic
origins. He’s made important headway understanding the stem
cells responsible for growth. Included is the realisation that stem
cells for muscle growth operate through ‘clonal drift’, which means
just one or two stem cells in a bundle of muscle drift through the
tissue, producing the cells needed to form new layers of muscle.
He traced the origin of these muscle-growth stem cells to their
source in the embryo and made a surprising discovery that the
director of the Walter and Eliza Hall Institute, Professor Douglas
Hilton, says is a major stride for stem cell research globally.
“By combining genetics, lineage tracing and live imaging,
Peter and his team discovered a novel population of cells [the
endotome] within a compartment of the embryo called the
somites, and a new gene called meox1 that acts like a molecular
switch in the induction of blood versus muscle stem cells,”
Professor Hilton says.
Blood stem cells are monumentally important to medicine, as
they resupply the body with both oxygen-carrying red blood cells
and the white blood cells of the immune system. They’re among
the most studied of all stem cells, but no-one has been able to
make true self-renewing blood stem cells in a dish, until Professor
Currie identified the new cell type and its ability to ‘nurse’ blood
stem cell creation.
“This is scientific research at the highest level. It shows
originality, creativity in the conceptual approach, and insightful
deductions that will lead the way solving yet unidentified stem cell
formation pathways in other tissues,” Professor Hilton says.
This is the work that won Professor Currie, his PhD student,
Phong Nguyen, and Dr Georgina Hollway of the Garvan Institute
the Eureka Prize for Scientific Research, and it has many
important medical implications.
“You have no control over what questions you end up asking
and therefore the kind of technology you need to answer those
questions,” Professor Currie says of his approach to research.
“Because of that, we work collaboratively with researchers with
complementary expertise. For us, the collective intellect of our
collaborators is an important attribute to solving our questions.
In return, we help them.” For the blood discoveries, for instance,
he worked with five ARMI teams. International partnerships are
also important, with ARMI maintaining formal links with US and
UK institutes, but also hosting the only node of the prestigious
European Molecular Biology Laboratory (EMBL) located outside
of Europe.
“The whole concept of the EMBL Australia initiative is to nurture
young scientists,” he says. “We provide resources, mentorship and
money for the brightest young talent to come and work here, start
independent laboratories in a mentored environment, and become
the next generation of professors.”
Ultimately it will take all the different ingredients – the zebrafish,
the collaborators, the non-model species, and a new generation of
scientists – to realise the dream of learning to tap evolution’s own
medicine cabinet. “We call it the ‘fish tank to bedside approach’,”
he quips. “After all, from evolution’s perspective, we’re just
modified fish.” M
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MAGNETISM
PROVES A
BRAIN WAVE
A world authority on brain stimulation as a
treatment for mental illness tells of his journey
from sceptic to champion, and bringing a novel
therapy into mainstream medicine.
Story Melissa Marino

P

rofessor Paul Fitzgerald
was hardly alone in his
scepticism about using, in
effect, a magnet to realign
the brain’s biochemistry
to treat depression.
Conventional treatments at
the time – the 1990s – were based firmly
on psychotherapy and drugs.
But while completing a fellowship in
psychiatry research at the University of
Toronto, he saw the use of transcranial
magnetic stimulation (TMS) as a
potentially useful research tool.
Professor Fitzgerald’s interest in TMS
in research stemmed partly from his
indecision as a young graduate about
whether to pursue a career in research
or clinical practice.
As it has turned out, his research into
TMS has led to its growing acceptance
as a mainstream therapy, particularly
for people resistant to depression
medication. It uses a hand-held coil
generating a magnetic field placed close
to the scalp to stimulate electrical activity
in specific regions of the brain.
On his return to Australia, Professor
Fitzgerald spent two years working as
a clinician and raising funds for a TMS
machine, though initially this was still with
a research objective: “I was focused on

10
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using TMS to study brain function more
than as a therapy,” he says. “But we
received funding for a machine on the
basis of investigating therapy … so we
felt obliged to trial it.”
So began a research program in
which Professor Fitzgerald thought he’d
use the TMS for therapy “on the side”,
but ended with him being so encouraged
by its therapeutic effect that a course
was set for a career in brain stimulation
– and through this, a heightened interest
and acceptance of the therapy globally.
“So many people did so well in that
first study that I had to pursue it,” he
says. “And many of these were patients
who had been very depressed for a long
period of time, for whom medication
or therapy had failed, and for them the
treatment was life-changing.”

Domino effect
The success of that first trial bolstered
interest in TMS, beginning a research
domino effect that would see Professor
Fitzgerald lead more than 15 clinical
trials and build one of the world’s most
comprehensive bodies of knowledge
about the treatment.
Keen to translate his findings into
the community, he also established a
hospital-based private practice more

than a decade ago. He has now trained
clinicians from many more services to
provide treatment at hospitals in his home
country of Australia and worldwide.
Now, he’s an international authority
on TMS and no longer uncertain of
its value as a treatment, or his role as
researcher or clinician. “I don’t want to
be one or the other. I am both,” he says.
Professor Fitzgerald achieves this
by splitting his time between his private
practice and the Monash Alfred Psychiatric
research centre (MAPrc), which he has
run with its director, Professor Jayashri
Kulkarni, and Anthony de Castella since
the trio established it in 1994.
This busy clinic and research hub,
partnered by Monash University and
the Alfred Hospital, combines research
laboratories with consulting rooms,
allowing lessons learnt from innovative
studies into psychiatric illnesses to be
translated quickly into practice, and
insights gleaned from practice to be
fed back into research.
“The sooner we can get better
options to people the better – and that’s
very much driven our motivation to do
decent research, but at the same time
ensure the research gets translated and
people are getting access to treatment,”
he says.

MENTAL HEALTH

Lifting the grey blanket

Expanding applications

In the case of depression, TMS activates the brain’s frontal nerve
cells, making them repeatedly fire, strengthening the neural
pathways responsible for regulating mood.
Those frontal cells are also responsible for cognition, and
Professor Fitzgerald says patients often report feeling more
aware and better able to concentrate early in the course of
treatment. Over a period of four to six weeks, they become
more engaged and interested in life, sleeping and eating better,
and able to enjoy themselves.
“They’ll say, ‘It’s like the grey blanket lifts gradually away’,”
he says. Encouragingly, TMS works for some people when
nothing else does; people for whom anti-depressants are
ineffective, or who can’t tolerate the side effects that can range
from weight gain to sexual dysfunction, nausea, headaches,
agitation, insomnia and drowsiness.
Sydney psychiatrist Dr Ted Cassidy says the absence
of side effects is a key benefit of TMS. “You might fix someone’s
depression with medication, but because of the side effects,
their actual function continues to be impaired,” he says.
“And I believe treatment has to be aimed at a functional
recovery.”
Confident that TMS delivers such outcomes, Dr Cassidy has
established TMS Clinics Australia and partnered with Professor
Fitzgerald to provide treatment for outpatients.
His conviction is founded on first-hand experience using
TMS after attending Professor Fitzgerald’s training course three
years ago. Of the more than 50 patients he has treated, all had
failed to respond to psychotherapy and medication – but for
80 per cent of them, TMS had a positive effect. And one-third
of those became symptom-free after the treatment course.
“I was shocked at first, because it’s one thing to read about
something in papers, but when you actually have your own
patients whom you’ve treated, in some cases for years with
variable responses, and then see them back to normal, it’s
amazing,” he says.
In recently published data, the largest study of its kind found
that of 1130 people who had taken part in Professor Fitzgerald’s
TMS trials over the past decade, 67 per cent had benefited
from the treatment – and for 47 per cent that benefit was
overtly life-changing. It was unsuccessful for about one-third of
patients. Like anything, TMS won’t work for everyone, Professor
Fitzgerald says. “But when it works, it works so well.”

At MAPrc, Professor Fitzgerald is
continuing trials on TMS to further refine
its use and improve outcomes, as well as
investigating other novel brain stimulation
techniques. These include transcranial
direct current stimulation (tDCS), magnetic
seizure therapy as a replacement for
electroconvulsive therapy, and deep brain
stimulation, where electrodes are implanted
into the brain to stimulate activity.
The clinical applications for TMS and
other brain stimulation techniques are
“relatively endless”, he says. Along with
depression, studies at MAPrc include
TMS for schizophrenia, bipolar disorder,
autism, fibromyalgia (chronic pain), posttraumatic stress disorder, obsessive
compulsive disorder and Alzheimer’s
disease, as well as for cognitive
enhancement and substance addiction.
While research in these areas is not
as advanced as in depression, for many
mental illnesses there’s promising data
and evidence of patients getting better
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OVER A PERIOD OF FOUR
TO SIX WEEKS, PATIENTS
BECOME MORE ENGAGED AND
INTERESTED IN LIFE, SLEEPING
AND EATING BETTER, AND
ABLE TO ENJOY THEMSELVES.
‘IT’S LIKE THE GREY BLANKET
GRADUALLY LIFTS AWAY.’
Monash University SEPTEMBER 2016
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and staying well, he says.
For patients with schizophrenia,
for example, there are instances of
dramatic improvement. “I recently saw
a patient who had heard persistent
voices over a decade and had tried
every drug under the sun – and within
a week of starting TMS, her voices had
gone away,” he says.
In the meantime, Professor
Fitzgerald is working to refine TMS
application, with research focused
on two particular areas: one, to
develop measures such as brain
scans or genetic profiling to predict in
advance who’s going to respond to
treatment; and two, developing ways
of administering TMS to make it work
more rapidly – perhaps in just one
week rather than four to six.
The design of the hardware could
play a key role in delivering such
advances. Work has begun with
commercial and university partners
on developing devices with integrated
recording capacity that could, for
example, measure brain activity and
administer TMS to tailor treatment to
an individual’s needs.
Work is also underway to
miniaturise the devices for both
tDCS and TMS to make them more
portable for possible future use at
home, in aged care facilities or
remote centres.
‘Hardware developer’ is another
string Professor Fitzgerald could
soon be adding to a crowded career
bow, which, along with clinician and
researcher, also includes trainer and
mentor to the many graduate students
he supervises. But although he never

IN
INTHE
THEMIX
MIX
Along with
with more
more than
than 100
100 staff
staff and
and graduate
graduate students
students from
from
Along
fields including
including psychiatry,
psychiatry, medicine,
medicine, engineering
engineering and
and physics,
physics,
fields
MAPrc is
is home
home to
to an
an international
international training
training program
program for
for
MAPrc
clinicians establishing
establishing their
their own
own TMS
TMS programs.
programs.
clinicians

Right
RightProfessor
ProfessorPaul
Paul
Fitzgerald
Fitzgeraldsays
saysthe
the
clinical
clinicalapplications
applicationsfor
for
TMS
TMSand
andother
otherbrain
brain
stimulation
stimulationtechniques
techniques
are
are“relatively
“relativelyendless”.
endless”.

imagined TMS would branch so far
when he first encountered it, he has
a simple explanation for his burgeoning
job description. “I have a short
attention span,” he says wryly.
“So, yes, there’s a fair bit going on at
the moment, but that’s a good thing …
I wouldn’t want it any other way.” M
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CASE STUDIES
TWO OF THE BEST
“One woman, six weeks
after her treatment finished,
told me that, ‘in my entire
life I had one single day
where I felt as good as I do
now, and that was the first
day of my honeymoon’. She
was in her fifties and before
this treatment had basically
been depressed all her life.”
– Professor Paul Fitzgerald
“I have had one patient
who since 2010 was
on WorkCover [state
compensation], was often
very dishevelled and hadn’t
had a job for five years.
After 30 TMS treatments
she improved dramatically
and is now undertaking a
return-to-work program.
It was a real ‘seeing is
believing’ moment.”
– Dr Ted Cassidy

DIABETES O
IN THE NANE
FIRING LIN

‘SMART INSULIN’ RELEASED WITHIN
THE BODY VIA MICROSCOPIC DRUG
COURIERS COULD SPELL THE END
FOR DIABETES INJECTIONS.
Story Kathy Marks
Illustration Justin Garnsworthy

T

he potential for nanoparticles – chemical
structures smaller than breadcrumbs – to deliver
drugs to specific cells or organs is opening lines of
treatment for the debilitating disease diabetes.
Research led by Dr Christoph Hagemeyer is
developing ‘smart insulin’ – nanoparticles carrying
glucose-lowering insulin to the liver and pancreas
that would activate as blood sugar levels rise. This would eliminate
‘guesswork’ and the multiple daily injections required by diabetics
in their ongoing effort to maintain safe glucose levels.
“With type 1 diabetes, the disease is always at the back of
your mind. It’s embedded in your life,” says Monash University’s
Dr Hagemeyer. “If your glucose was being regulated automatically,
you could almost forget about your diabetes. It would be
life-changing.”
Diabetes is not only a disease but a way of life, requiring close
monitoring of blood sugar levels and insulin injections half a dozen

See the digital version at monash.edu/monashmag

Dr Christoph Hagemeyer
and his co-investigators –
University of Melbourne chemical
engineer Professor Frank
Caruso and Baker IDI Heart
and Diabetes Institute clinicians
Associate Professor Jonathan
Shaw, Professor Mark Cooper
and diabetes scientist Associate
Professor Terri Allen – have been
awarded a three-year,
A$1.9 million (US$1.37 million)
grant by the world’s largest
diabetes charity, New York-based
Juvenile Diabetes Research
Foundation (JDRF), and Sanofi,
a leading insulin manufacturer.

NANO BIOTECHNOLOGY

times a day. Meals, exercise, illness and
stress can trigger dangerous highs and
lows. Only a third of people with type 1
diabetes control blood sugar effectively.
That figure could rise substantially
thanks to the smart insulin project
led by Dr Hagemeyer, who runs the
NanoBiotechnology Laboratory at the
Australian Centre for Blood Diseases.
Dr Hagemeyer’s expertise includes
engineering antibodies to create
targeted drug-delivery systems. His
aim is to formulate a glucose-sensing
substance that could be packaged with
pharmaceutical insulin.
People with type 1 diabetes live
with the fear of hypoglycemia (low blood
sugar), which can be life-threatening, or
hyperglycemia (high blood sugar), which
can cause kidney disease, eye disease
and strokes. Smart insulin, which would
minimise those risks, could also be used
in the advanced stage of type 2 diabetes.
The research could also produce
a blueprint for other smart drugs that
respond to biological signals. No such
drug yet exists for any disease, says Dr
Sanjoy Dutta, Assistant Vice-President of
International Partnerships at New York’s
Juvenile Diabetes Research Foundation.
The spark for the project was
a presentation on nanoparticles
delivered by Professor Frank Caruso
to Melbourne’s Baker IDI Heart and
Diabetes Institute, where German-born
and trained Dr Hagemeyer formerly
worked. For him, diabetes is a new but
immensely rewarding research field.
“Unless they have severe
hypoglycemia, people don’t die from
diabetes itself but from its consequences
– heart attacks and strokes,” he says. “If
you can control the diabetes, those risks
go down dramatically.”
At a JDRF workshop, he was struck
by the stories of two patient advocates,
one of whom noted that potentially
lethal insulin was the only drug requiring
patients to “make dosing decisions every
day, 24/7”. Glucose-responsive insulin
would remove that need, and require only
one or two injections a day.
Smart insulin is the ‘Holy Grail’, Dr
Dutta says. “While there are challenges
ahead, we look forward to realising the
dream of a glucose-responsive insulin
that could potentially mimic naturally
secreted insulin.” M
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A TICKLISH
QUESTION OF SELF
IT’S UNUSUAL FOR A UNIVERSITY PHILOSOPHY
DEPARTMENT TO HAVE A LABORATORY,
ESPECIALLY ONE WITH ARTIFICIAL LIMBS,
BUT THE UNCONVENTIONAL WORKPLACE OF
PROFESSOR JAKOB HOHWY IS HELPING HIM
CROSS FRONTIERS IN UNDERSTANDING
MIND/BRAIN FUNCTION
Story and photo
Brad Collis
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I

t takes two to tickle.
We learn at an early age that you can’t
tickle yourself, and usually put it aside
as one of life’s little curiosities. But if
you suffer a mental illness such as
schizophrenia, you sometimes can
tickle yourself.
Pose the question ‘why’, and you
enter the world of Professor Jakob Hohwy,
a philosopher working at the juncture of
philosophy, psychology and neuroscience.
His work has captured the attention of
researchers studying consciousness
and cognition.
Professor Hohwy is considered a
leading thinker on the nature of perception.
His work on the ‘hypothesis-testing brain’
is opening avenues of study into how
we perceive reality, how we interpret and
respond to sensory inputs, and possible
links to the causes of mental illness or
conditions such as autism when this
process goes awry – when perception
disconnects a person from aspects of
reality. The essence of the ‘hypothesistesting brain’ theory is that the brain is
constantly forming hypotheses about
what the external world is like, then
checking them against the reality provided
by our senses.
“It’s a constant, ceaseless function
– predictions being tested against
what actually happens, and then

error-corrected,” says Professor Hohwy.
“It may explain the basis of perception,
learning and action, from birth onwards.”
Professor Hohwy says the brain
needs to learn, but can do so only through
sensory inputs – sight, hearing, smell,
touch, taste. “So the brain has to first
form internal hypotheses that are tested
and corrected as actual sensory input
is measured.” Through this constant
process the difference between the brain’s
prediction of reality, and actual reality,
diminishes to the point where we become
confident in our personal sense of reality.
Being unable to tickle yourself is, in
effect, a form of reassurance that the brain
knows the difference between self and
non-self. Conversely, a person suffering
schizophrenia is more readily able to tickle
himself or herself.
This suggests a hypothesis-testing
fault where the brain is surprised by the
otherwise very predictable consequences
of its own actions.
In a mind-bending experiment, Professor
Hohwy and colleagues demonstrated the
self-tickling effect further by first creating
the illusion that a person in the experiment
had swapped bodies with someone else,
and consequently was tickling themself
with that other body. Another experiment
involves a person sitting in front of a
rubber hand with their own hand hidden

PHILOSOPHY

Left
The ‘hypothesistesting brain’ theory
of Professor Jakob
Hohwy could shed
light on mental and
neurological conditions.

from view. Both hands are touched
simultaneously, but because the subject
can see only the rubber hand, the mind
becomes convinced it’s their real hand. If a
researcher threatens the rubber hand with
a sharp object, some subjects react in
fright, convinced they’ll be hurt.
Professor Hohwy is associate dean
of research in Monash University’s Faculty
of Arts, and deputy editor of the journal
Neuroscience of Consciousness. His
‘hypothesis-testing brain’ theory has
generated international excitement since
it was published in a much-debated
monograph, The Predictive Mind,
in 2013.

Mind matters
For Professor Hohwy there’s always been
a mystery about how people make sense
of the world through sensory data.
“This has been a key philosophical
question for me, and one that also needs
neuroscience, which is why my research
is multidisciplinary.
“Combining the philosophical with
mainstream neuroscience opens the
way to expanding our knowledge of the
workings of the mind and brain, and from
this the potential for clinical applications,”
he says.
Discussing philosophical ideas about
‘self’ and ‘other’ in the context of the

hypothesis-testing brain could throw new
light on mental and neurological conditions,
he says. “Could diminished or different
capabilities in brain hypothesis testing and
error correction be the origin of clinical
psychiatric disorders?” he asks. “We could
have an explanation for conditions that
have elements of delusion, hallucination
and other disconnections with reality.”
Professor Hohwy has set up an
experimental lab in the philosophy
department at Monash, where he tests
these theories in collaboration with
neuroscientists and psychiatrists. His
team has helped throw light on how
hypothesis testing differs in people with
autism when they’re confronted with
multiple conflicting sensory inputs.
He explains how a better
understanding of the hypothesis-testing
brain becomes particularly relevant if
some psychiatric conditions are a
consequence of the brain’s learning
process malfunctioning: “Could there,
for example, be therapies with which
to ‘unlearn’ the false interpretations …
notwithstanding the genetic influences
that we also know have a strong bearing
on mental illness?” The overarching hope
is that with this theory, neuroscience
will be able to create more effective
treatments to restore a more accurate
interpretation of sensory signals. M
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THINKING MACHINES
Professor Hohwy’s theory and
other suppositions about the role
of the brain’s hypothesis testing, or
‘expectation’, are at the forefront of
current mind/brain function debate,
and are also crossing into the issue
of whether or not we’re building
computers that can think. His theory
allows the brain to be considered
a mathematical machine, forming
statistical models and testing them
against sensory evidence. This
immediately leads to comparisons
with ‘deep learning’ computers that
are taking ‘machine learning’ to a
new and already controversial level.
The question being asked is: If
powerful computers can interpret
and process statistical pattern
recognition, undertake probabilistic
planning and respond with adaptive
systems – are they learning to think?
Will they challenge the whole notion
of consciousness?
“There is a new frontier opening
up about consciousness and sensory
awareness … a lot of competing
views, scepticism, and also support
for theories like mine,” Professor
Hohwy says. “It could lead to a
paradigm shift in our ‘sense of self’
as humans.”

WE COULD HAVE AN
EXPLANATION FOR THOSE
CONDITIONS THAT HAVE
ELEMENTS OF DELUSION,
HALLUCINATION AND OTHER
DISCONNECTIONS WITH
REALITY.
PROFESSOR JAKOB HOHWY
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PAYING ATTENTION
IN THE WONDERFUL
WORLD OF TALI

Photo 123rf
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An animated computer ‘game’ – backed
by hard science – is helping children with
learning difficulties to better concentrate
in class, improving academic performance
and life prospects.
Story Melissa Marino

I

n the world of TALI there are
adventures, challenges and player
avatars, like any other computer
game – but with an important,
life-changing difference. TALI,
the Training Attention and Learning
Initiative, is serious science.
And it’s teaching children with learning
difficulties characterised by an inability
to concentrate to train their brains to pay
attention. In the classroom this is the
gateway to education, to an equal start
in life that otherwise eludes children with
developmental disorders.
TALI is an interactive program cofounded by Professor Kim Cornish and
Dr Hannah Kirk, whose PhD was based
on its development. It’s the only one if
its kind based on clinical research, and
took a multidisciplinary team of specialists
three years to build.
Professor Cornish says children
with developmental disorders, from
autism to Down syndrome, share a
common challenge – they all have
difficulty concentrating for longer than a
few moments. “Behaviourally they look
like they have ADHD [attention deficit
hyperactivity disorder],” says Professor
Cornish, director of the Monash Institute
of Cognitive and Clinical Neurosciences.
“In the classroom they’re restless,
they shuffle their chairs, are always
looking around, and often distracting
their classmates.”
This inability to stay focused holds
them back academically, says Professor
Cornish, who’s been researching children
with attention deficits for more than
20 years. “Attention is the absolute
fundamental building block for learning.
If your attention is impaired, the other
building blocks such as working memory,
numeracy and literacy are unable
to develop. That’s when children fall

behind.” And it’s not just children with
diagnosed developmental ‘disorders’
who are affected. One in 10 children who
enter school have difficulty maintaining
attention, Professor Cornish notes.
Left untreated, inattentive behaviour
can spiral into lifelong problems, from
delinquency in the school years to anxiety
and depression as adults.
Now Professor Cornish, who also
heads the Cornish Developmental
Laboratory at Monash University, has
high hopes that the new game-based
early-intervention tool will be the long
sought-after change agent.
Aimed at children aged three to six
and easily downloadable onto everyday
tablet devices, TALI has animal avatars
that lead children through a series of
‘adventures’ – or tasks – where they have
to catch fish of a particular colour and
size, or find hidden treasure on a ship.
Transforming Professor Cornish and
Dr Kirk’s hard psychological data into the
TALI interactive program has involved
practical know-how and animation design
from Torus Games, and sophisticated
engineering and analytics from
commercialisation technology company
Grey Innovation.
Behind the pretty pictures, TALI
exercises some serious brain training
that continually adapts to each child’s
performance, targeting specific
concentration skills across multiple levels.
The initiative is achieving some
spectacular results. A randomised
controlled trial involving 75 children with
developmental delays showed that
after using the program for 20 minutes,
five times a week for five weeks, their
concentration and selective attention
significantly improved. Skills such as
numeracy also improved. And these results
were sustained, the improvements

7.8% 9.5% 11%
2003 2007 2011

10%

of children
in Australia
(about 400,000)
have critical
attention
deficits.

11%

of children
worldwide (6.4
million) have
diagnosed
clinical attention
deficits (2011).
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Below left
Professor Kim Cornish
works with TALI.
Photo Eamon Gallagher

still evident three months after the children
completed the five-week program.
This indicates, says Dr Kirk, that
the activities are effectively ‘rewiring’
neural networks, strengthening children’s
capacity to pay attention. “The brain
has great plasticity and is most flexible
to change in early childhood,” she says.
“Implementing this type of intervention
early in development is likely to promote
larger, more sustainable changes.”
Using this window of opportunity to
increase children’s capacity to focus, and
to facilitate learning and engagement
within the classroom, is incredibly
rewarding, says Dr Kirk. “Working in this
field, it’s vital that there’s impact in the
community, and I love that collectively
we’ve been able to produce something
that has the potential to help a significant
number of children.”
The TALI project manager for
Grey Innovation, Grace Lethlean, says
academic improvements suggest children
who’ve been part of the trial are paying
more attention at school. “It’s translating
into actual classroom outcomes, which
is really exciting.”
And it’s not only the children benefiting
from the TALI technology, she says. The
app generates reports based on the
child’s performance, which give clinicians,
teachers and parents an insight into the
child’s progress. Data-analysis software
underpinning the game not only measures
results, but also considers factors such as
the time it takes a child to complete a task.
Ms Lethlean says work is underway
to develop TALI as a diagnostic tool
for clinicians and teachers. Chaired

Every facet of TALI – every colour,
character, shape and sound, every
time lapse between activities –
has a neuroscientifc reason for
being there, designed to train
specific networks of the brain
responsible for attentiveness.
The concentration skills particular
games are targeting are:

 elective attention –
S
ability to select a target from
distractors by catching a fish
of a particular colour and size.

Sustained attention –
ability to keep focus by
touching the coin only
when it begins to fall.

 ttentional control –
A
ability to inhibit impulsive
responding by pressing on
a group of elephants when
their trunks are all facing the
same direction.
Source: Academic research papers

BY TAKING THIS RESEARCH INTO THE COMMUNITY,
CHILDREN CAN HAVE BETTER ATTENTION SKILLS
THAT MAKE THEM BETTER LEARNERS, MAKE THEM
BETTER-EQUIPPED TO MAKE FRIENDS, AND HELP
THEM HAVE A BETTER LIFE OUTSIDE SCHOOL WHEN
THEY GROW UP. PROFESSOR KIM CORNISH
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by Professor Cornish, an international
scientific advisory board with researchers
from the University of Oxford, the
University of South Carolina, Monash and
the Murdoch Children’s Research Institute
is being assembled to guide future
technology refinement so a program may
target children with specific disorders and
needs through particular activities. “It’s all
about personalised treatment depending
on the disability,” Professor Cornish says.
While clinicians will find obvious value
in the technology, its beauty is that it can
be played anywhere – at home, in the car,
or at the park – and by any child having
difficulty focusing, she says. “By taking
this research into the community, children
can have better attention skills that make
them better learners, make them betterequipped to make friends and help them
have a better life outside school when
they grow up,” she says.
Commercialisation, led by Grey
Innovation, is in full swing, with the
program due for release in 2017. The IP
generated by Monash, Grey Innovation
and Torus Games was licensed to Tali
Health, which has been acquired by
medical technology company Avexa.
Avexa now employs Dr Kirk as chief
research officer continuing to optimise the
TALI system.
Ms Lethlean says the commercial
structure will secure the future of TALI.
“Monash now has royalties flowing
from a listed company because of this
collaboration, and that will allow us to
access global markets and to make money
through the stock market,” she says.
It’s a result made possible, says
Professor Cornish, by the diverse mix
of experience brought together through
an Australian Research Council Linkage
grant she instigated in 2012. That funding
allowed neuroscientists, computer
engineers and games developers to
come together to produce this world-first
technology, and carry out trials to prove
its effectiveness and take it to the market.
“This was an amazing opportunity
– and I knew, because of all the
years I had spent looking at different
types of attention deficits in children
and developing activities to improve
concentration, that if we could capture
their attention using computerised
games we could make a real difference,”
Professor Cornish says. M
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WEIGHT OVER
FOR ALLOYS
OF THE FUTURE

A CHANCE DISCOVERY HAS LED
TO A STRONG, LIGHT ALLOY THAT
COULD REVOLUTIONISE THE USE
OF METALS IN MANUFACTURING
Story Kathy Marks

I

n 1912, a Sheffield metallurgist named Harry Brearley
threw away an uninteresting piece of steel, only to come
across it weeks later, shiny and rust-free. And so, as industrial
legend has it, stainless steel was born.
A century on, a similar serendipitous discovery has led
Monash University scientist Professor Nick Birbilis to develop
an ultra-light magnesium alloy that could reduce the weight
of cars, trucks and planes by up to 40 per cent, improving fuel
efficiency and slashing the greenhouse gases produced by the
transport sector, which generates a quarter of global emissions.
Professor Birbilis, who heads Monash University’s Materials
Science and Engineering Department, left a piece of magnesiumlithium alloy in a beaker of saltwater and forgot it. Weeks later he
noticed that – far from having corroded as he’d have expected –
it was pristine. The discovery – a corrosion-resistant magnesiumlithium alloy 30 per cent lighter than already very lightweight
magnesium – is possibly the world’s lightest, and strongest for its
weight, and offers promise for a wide range of applications.
It is also extremely pliable, says Professor Birbilis, who’s
collaborating with Professor Michael Ferry and Dr Wanqiang Xu at
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“IT WILL HAVE
PROSPECTS IN
ANYTHING THAT
IS LIFTED OR
REQUIRES ENERGY
TO MOVE.”
PROFESSOR NICK BIRBILIS

the University of New South Wales, and
could considerably reduce the weight of
products such as laptops and phones,
or form armour plating for military vehicles
and aircraft.
“It’s tremendously exciting,” says
Professor Birbilis. “It will have prospects
in anything that’s lifted or requires energy
to move. I expect it to be used to make
laptop chassis this year for sure, if it’s not
already happening.”
Most magnesium alloys corrode very
quickly – some even as fast as aspirin
dissolves in water. But this alloy, when
immersed in water, releases lithium that
reacts with the atmosphere to form
a surface layer of rock-like, insoluble
carbonate, and re-forms a protective layer
when scratched.
It’s also extremely strong relative to
its weight, thanks to an atypical atomic
structure – the atoms are in a cubic
arrangement rather than hexagonal – in
addition to forming very unusual, pillar-like
nanostructures when heat-treated.
A corrosion expert who likens the job
of making alloys to “cooking a lasagne”,
Professor Birbilis has devoted his career to
creating rust-proof versions of lightweight
metals. “We’re working on really exciting
stuff, and that’s what drives me,” he says.
The new alloy has created considerable
interest in industry and defence circles.
Professor Birbilis was invited to deliver a
plenary address on magnesium alloys to an
aerospace materials conference in Seattle,
the home of Boeing, earlier this year.
There’s talk of using the alloy in car bodies
and wheels.
Consumers, meanwhile, are so hungry
for lighter, stronger products that materials
engineers are “playing catch-up”, according
to Professor Birbilis. “Everyone wants their
next phone or laptop to be lighter, and if
they drop it, they don’t want it to break.
People’s expectations are outstripping what
technology can deliver, so the market is
driving materials design for the first time.”
Initially partnering with a Chinese
aluminium company, Chalco, the team is
now using an Australian Research Council
Discovery Project grant to investigate how
the properties of the magnesium-lithium
alloy could be optimised.
That chance discovery in the
laboratory has “opened up a box of cool
research that we can do in the future”,
says Professor Birbilis. M
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SWITCHED-ON
GRAPHENE
Graphene’s potential to transform the way we make
and use energy is moving a step closer to reality.
Story Catherine Norwood
Photo Eamon Gallagher

F

rom filtration systems
capable of purifying the world’s
polluted water supplies, to
new ultralight, super-tough
materials for advanced space
travel, and instantaneous highcapacity solar energy storage
systems, the plans for the world’s newest
‘miracle’ material, graphene, certainly do
not lack for grand vision.
And little more than a decade after its
discovery, the applications for this unique
two-dimensional molecule are beginning to
emerge from laboratory trials into the first
stages of commercial use.
Graphene’s electrically conductive
lattice-like layer is just one carbon
atom thick. It’s lightweight, flexible and
transparent, but also 200 times stronger
than steel, and impermeable to gases
and liquids.
The global race to bring graphene to
market is hotly contested, with more than
25,000 patents for related processes and
materials registered worldwide between
2005 and 2014.
Professor Dan Li at Monash University
is a party to several of those patents,
building on his early groundbreaking
research that developed a scalable
process to make water-soluble graphene
from natural graphite.

GUIDED BONE
REGENERATION
In a collaborative project with China’s Shanghai Jiao Tong University, a graphene
membrane developed at Monash University has been used in a bone regeneration
trial, placed between damaged bone and surrounding tissue as a scaffold to stimulate
bone growth. This also prevents soft tissue from growing into the bone space. The
graphene membrane provided better density of bone regrowth compared with
conventional titanium foil treatment. The graphene membrane is more flexible than
titanium, is highly biocompatible and, because it is porous, may better allow nutrients
to pass into the regenerating bone.
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He’s pioneered graphene gel
technologies, which now underpin
an expanding range of potential uses,
from energy storage systems to
wearable electronics.
Late in 2015, Monash University
took a major step towards commercialising
this research with the launch of a joint
venture, SupraG Energy, to develop
pilot-scale production of graphene gel
membranes with applications in energy
storage devices.
Professor Li says that while some
researchers have focused on the properties
of graphene itself, his approach is based
on using graphene’s interactions with
other molecules to create functions that
graphene sheets alone can’t offer.
“The properties of graphene are
exciting, but what’s more exciting is how
we can design the architecture of graphene
materials to deliver those properties in real
products,” he says.
The development of an ultra-strong and
electro-conductive hydrogel membrane is
based on Professor Li’s earliest work with
graphene, dating to 2006. He found that by
dissolving the atom-thin graphene sheets
in water
and then re-forming them, in a process
similar to the traditional technique of papermaking from cellulose fibres, some water
remains between the sheets as
they restack.
The resulting hydrogel membrane offers
superior energy storage capabilities, and,
by controlling the way the layers restack,
improves the transfer of ions between the
layers for capture and discharge of energy.
Professor Li says this offers real potential
to address one of the major barriers to
more widespread use of renewable energy
and electrical vehicles: the ability to store

MATERIALS ENGINEERING
Below Professor Dan Li
is researching graphene’s
interactions with other
molecules in order to create
new functions that graphene
sheets alone can’t offer.

SMART MEMBRANES

that energy. The production process that
SupraG Energy is scaling up will bring this
potential one step closer to reality.
Proof-of-concept trials at Monash have
developed a graphene supercapacitor
that can store almost 10 times the energy
of a traditional activated carbon-based
supercapacitor of similar size. In renewable
energy and electrical vehicle applications,
this means more energy can be captured
for use from sources such as home-based
solar cells or the kinetic energy of motor
vehicles braking.
Professor Li says that once the
SupraG production process is developed,
it should be possible to generate graphene
gel materials with diverse functions, scaling
up proof-of-concept research to the level
needed to attract further investment and
broader industry partnerships.

To market, to market
Changing the liquid in which the graphene
sheets are dissolved, changing the space
between the layers, or even coating the
graphene sheets with other polymers
changes the combined properties of
the new materials. Research at Monash
has already identified several other
configurations of the graphene gel
materials and their potential uses (see
breakouts).
Professor Li says it’s hard to know
when these advanced materials will
make it to market. But the process could
take many years, with research and
commercialisation costs of up to US$500
million. This makes collaborations with
researchers, government and industry
all the more crucial in order to translate
research into real innovation.
To that end the Monash Centre for
Atomically Thin Materials was launched
in 2015, with Professor Li and Professor
Michael Fuhrer as directors. The
centre brings together the expertise of
researchers within Monash’s science
and engineering faculties to establish

Monash research has shown how coating
graphene sheets with polymers can change
the size and chemistry of the pores between
the layers to create more selective and
effective filtration membranes. Stimuliresponsive polymers also provide the
potential to create smart membranes, which
change their properties when triggered by
temperature, light or chemistry. Polymer
testing at Monash indicates this approach
could be used to create a wide range of
separation applications, from water filtration
to pharmaceutical manufacturing. This
could include the release of drugs from an
implanted membrane on demand, triggered
by a small electrical potential.

cross-disciplinary networks and enhance
Australia’s nanotechnology capacity,
with a specific focus on graphene and
other atomically thin materials.
“New materials are the foundation of
technological innovation, and innovation
is what we need to really boost the
economy, not just manufacturing new
products,” Professor Li says.
Graphene has yet to achieve
the major breakthrough that many
researchers believe will make it a
‘disruptive’ technology, one that
fundamentally changes society, but
Professor Li believes the growing
expertise and diversity of local research in
the field puts Australia in a prime position
to take advantage when
it does happen. M

See the digital version at monash.edu/monashmag

ULTRASENSITIVE PRESSURE SENSORS
Using ice crystals to force graphene sheets into new
patterns has produced an ultralight cork-like aerogel
dubbed the G-elastomer by Monash University
researchers. It’s pressure-sensitive, and provides a
virtually instantaneous resistance response when
compressed. The G-elastomer is much more responsive
to pressure and vibrations than human skin, suggesting
possible uses in wearable electronic monitoring devices,
biomedical electronics and bionic limbs.

NEW MATERIALS ARE THE
FOUNDATION OF TECHNOLOGICAL
INNOVATION, AND INNOVATION
IS WHAT WE NEED TO REALLY
BOOST THE ECONOMY, NOT JUST
MANUFACTURING NEW PRODUCTS.
PROFESSOR DAN LI
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HISTORY

HOW A PUNISHMENT
OF CONVENIENCE
BECAME MODERN-DAY
POLICY
Story Brad Collis

GOVERNMENT STATUTES
THAT ALLOW DETENTION
CENTRES CAN BE TRACED
BACK TO A CURIOUS
NOTION OF HUMANITARIAN
PROTECTION.

O

ver the past century, millions of people
have found themselves forcibly corralled
behind barbed wire for the crime of being
in the wrong place at the wrong time – for
being in someone’s way.
This near-ubiquitous containment policy
has come in various guises – protection
zones, concentration camps, detention centres. They continue to
exist today as policies of government, legitimised in many people’s
minds because they’re created and run even by democracies such
as the US and Australia.
The question being probed by historian Professor Christina
Twomey is just from where this legitimacy came, especially given
that concentration camps were some of the 20th century’s
grimmest symbols of totalitarianism and human rights abuses.
Her research focuses on the origins of concentration camps,
which have a surprisingly recent history – colonial wars of the late
19th century. Professor Twomey’s early findings are that, despite
their brutal legacy, such places of confinement may have had their
genesis in the humanitarian ideal of protection. Although they often
morphed into a system of state-sanctioned abuse, the notion of
protecting people can still be seen in official language used to
justify civilian incarceration, such as various governments’ refugee
and asylum-seeker policies.
Dr Iain R. Smith, Emeritus Reader in History from the University
of Warwick, in the UK, says Guantanamo Bay and the internment
of refugees, asylum seekers and other migrants are features of
our contemporary world that have both domestic and colonial
precedents.
“So what were those initial protective interventions, and did
they deliver a legacy neither intended nor anticipated?” Professor
Twomey is asking.
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“We’re trying to unravel the evolution
of detention as a policy … and we’re not
talking here about the genocidal camps of
the Holocaust or prisoner-of-war camps,
but the concentration and confinement
of civilians as a policy of political or
administrative convenience.”
Professor Twomey’s research,
supported by an Australian Research
Council Future Fellowship grant and the
Monash University School of Philosophical,
Historical and International Studies, has
narrowed the origins of the policy to the
late 1890s, when three colonial powers
were fighting insurrections: the Spanish in
Cuba, the British in South Africa and the
Americans in the Philippines.
It offers the intriguing premise that this
approach to managing civilian populations
during a conflict originates from attempts
to manage indigenous peoples in settler
societies such as Australia and the US.
The US Army, for instance, was used
to enforce the relocation of Native
Americans onto reservations from the
1860s. An officer with the 7th Cavalry,
James Franklin Bell, was later the general
in charge of the American forces in the

Philippine–American War of 1899–1902
– and it was he who created “zones of
protection” in which to confine
indigenous Filipinos.
“In trying to identify the early decisionmakers behind the conception of
concentration camps, Major General
James Franklin Bell is a definite ‘person of
interest’,” says Professor Twomey.
There was also Spain’s General
Valeriano Weyler, who conceived his
“policy of reconcentration” to manage
civilians during the Cuban uprising – this
is the origin of the term “concentration
camp”. General Weyler’s strategy is said to
have been influenced by his admiration for
Major General William Sherman, a US
Civil War general who also employed
scorched earth tactics and the removal of
civilian populations.
In hindsight, it’s not surprising that the
British military similarly seized on this new
strategy for managing civilians when the
Second Boer War (1899–1902) broke
out. The British government claimed that
it created concentration camps in South
Africa for the ‘protection’ of Boer women
and children.

HISTORY

VICIOUS
CIRCLE
Australia, South Africa, the UK
and the US will be at the centre
of Professor Christina Twomey’s
project, which will investigate
how ideas about civilian
concentration circulated between
powers in different colonial
arenas. She hopes that a clearer
understanding of how protection
and concentration overlapped
in the first place may provide
insights into the policy formulas
still being used to manage
population movement.

Left
Historian Professor
Christina Twomey
Photo Eamon Gallagher

A lineage of incarceration
So the circumstantial evidence points to today’s detention centres
having a policy lineage that traces back to the idea of protecting
people by putting them out of harm’s way. Similar language was
used to justify the confinement of indigenous people on reservations
and settlements, in places such as the US and Australia.
That this confinement policy took root in the world’s largest
democracy may also help answer Professor Twomey’s underlying
question of how modern bureaucracies can still justify a
seemingly pre-programmed response to confine civilians who
have committed no crimes other than being where no one wants
them to be.
“Because even though camps and concentration policies have
been surrounded by controversy from the beginning (a trigger
for early human rights movements), they continue to be seen as
acceptable government practice,” she says.
“We still have politicians who say of people in detention centres
that it’s for their own good – echoes of that initial protectionist
ethos, which clearly also has community traction, otherwise there
would be a much stronger public pushback.”
Professor Twomey is in the final year of a four-year project
that examines the rationale of the ‘protection’ of vulnerable
groups that was a feature of civil debate as colonialism drew to a
close. “Her research project is a fresh and ambitious exercise in
transnational, comparative history into a subject that has hitherto
been largely confined to national case studies,” says Dr Smith.
“It’s a substantial contribution to ongoing research into the diverse
phenomenon of forced civilian concentration.” M

See the digital version at monash.edu/monashmag

WE STILL HAVE POLITICIANS WHO
SAY OF PEOPLE IN DETENTION
CENTRES THAT IT’S FOR THEIR OWN
GOOD – ECHOES OF THAT INITIAL
PROTECTIONIST ETHOS, WHICH
CLEARLY ALSO HAS COMMUNITY
TRACTION, OTHERWISE THERE
WOULD BE A MUCH STRONGER
PUBLIC PUSHBACK.
PROFESSOR CHRISTINA TWOMEY
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HEADLESS FLIES
A BRAIN-TEASER
Hole-punching proteins and headless
fruit flies could help decipher the
development of the human brain.
Story Tom Bicknell

T

here’s an old saying that when all you have
is a hammer, every problem looks like a nail.
Sometimes, all you have is a hole-punch, and
when you get down to the molecular level, a lot
of problems appear to benefit from a little
judicious perforation.
The membrane attack complex/perforin (MAPCF)
family of pore-forming proteins are that cellular equivalent of a holepunch, and in humans they play a key role in the immune system
by driving holes through the cell membranes of pathogens to kill
them.
These ‘membrane attack’ proteins appear to address a
number of neurological and immunological problems, and have
also been associated with embryonic development.
Until recently, the mechanism for that involvement had not
been well understood. Findings from a collaboration of Monash
University researchers is shedding light on how these holepunches serve to both destroy and, in the case of embryonic
development, create. Consequently, they could have significant
implications for research into neurological diseases and cancer.
The research was a collaborative effort between Associate
Professor Coral Warr in Monash University’s School of Biological
Sciences, Professor James Whisstock in the Department
of Biochemistry and Molecular Biology, Australian Research
Council DECRA Fellow Dr Travis Johnson, and PhD student and
now postdoctoral researcher Dr Michelle Henstridge.
Fruit flies are favoured in research because they’re an easy
species with which to link individual genes to particular biological
characteristics. One member of the MACPF protein family exists
in fruit flies – the so-called ‘Torso-like’ protein.
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Related to perforin in humans,
‘Torso-like’ got its name for a very
simple reason – female fruit flies without
this protein produce embryos that
are just a torso, lacking a head or tail.
So, clearly the protein plays a role in
the normal embryonic development in
fruit flies. But what wasn’t previously
understood was how.
“James came to us and said he had
a member of this hole-punching protein
family, but in a fruit fly, and he wanted
to understand whether mechanistically
it works the same as in humans,” says
Professor Warr. “He had the protein
background, and we had the flies and
genetics background, and the ability
to study gene function at a really
sophisticated level, which is what the
fruit flies enable.”
The collaborative team dived
into the problem, and over the course
of six years determined that the
Torso-like protein was controlling the
release of a specific growth factor that
instructed embryonic cells to form a
head and tail.
“It sounds strange that a type of
protein that is most often used to kill
something is also actually used to make
a developmental process happen. It’s
not trying to kill the embryo, obviously,
so what is it doing there? That was the
main question,” Dr Johnson says.

“We’re still working on the details, but
what we’ve discovered is that it’s needed
for this growth factor to actually be
released from cells. When you take this
protein away, the growth factor is stuck
inside the cells, and you don’t get normal
development happening.”
It’s a key finding – a previously
undiscovered mechanism for controlling
growth factors.

Brain development
The discovery also has significance for
human biology. Other hole-punching
relatives of the Torso-like protein that
exist in humans are known to be
associated with development of the brain.
Understanding whether they regulate
growth factors in humans in a similar way
to fruit flies could inform new research

BIOLOGICAL SCIENCE

FRUITFUL FLIES
It may be only 2.5 millimetres long,
but Drosophila melanogaster can
tell us a lot about how the human
body works. The common fruit fly,
or vinegar fly, shares about 75 per
cent of our genes, and has served
as a test-bed for genetic analysis
for more than 100 years.
“A lot of really important
discoveries in genetics and
biomedical science are made
using these flies, because a lot of
their genes work exactly the same
way as ours,” explains Associate
Professor Coral Warr.

into neurological disorders such as
autism, schizophrenia and attention
deficit hyperactivity disorder. Because of
the relationship between malfunctioning
growth factors and cancer, a broader
understanding of growth-factor regulation
could also have implications for research
into that disease.
As for the next stage, there’s more
to learn about how the Torso-like protein
works, Dr Johnson says. “There’s still a
lot for us to understand with this protein
in fruit flies,” he explains. “It seems like
this type of protein is really useful for
the fly, they’re using it in a number of
different places.”
The next step is to dig deeper into
how the Torso-like protein causes the
release of the growth factor. The team
is exploring whether the protein uses its
hole-punching capability to open cells
to release the growth factor contained
within, but in a manner that doesn’t kill
the cell. To do this requires innovative
microscopy and imaging approaches,
which are being enabled with equipment
and capability provided by the Australian
Research Council Centre for Advanced
Molecular Imaging, of which Professor
Whisstock is director.
With a greater understanding, future
studies are likely to move to vertebrate
trials – a step closer to learning how
these multi-purpose proteins work
in humans, and what problems they
may solve. M

“I’ve studied various aspects of
Drosophila my whole career. You
get very addicted to the power
of what you can do, particularly
studying things at a cellular level.”

Above The Coral Warr
Research Group’s Associate
Professor Coral Warr,
Dr Travis Johnson and
Dr Michelle Henstridge.
Photo Eamon Gallagher
Photo of fly at top right
Monash University

IT SOUNDS STRANGE THAT
A TYPE OF PROTEIN THAT
IS MOST OFTEN USED TO
KILL SOMETHING IS ALSO
ACTUALLY USED TO MAKE A
DEVELOPMENTAL PROCESS.
DR TRAVIS JOHNSON

See the digital version at monash.edu/monashmag

Professor Warr was attracted to
fruit fly research because of its
biomedical relevance – its ability
to contribute to human health
outcomes. That factor has been
a drawcard, and the Coral Warr
Research Group now operates out
of the Monash School of Biological
Sciences with 13 researchers
and students specialising in fruit
fly research. Five other research
groups in the school also use fruit
flies to study aspects of genetics,
evolution and developmental
biology, making it one of the world’s
largest hubs for fruit fly research.
Because of the flies’ fast life cycle,
small space requirements and low
cost, the research is often at the
forefront of genetic analysis.
“You find out things in the fly,
because it’s easier, and then you
go back to a mammal, a vertebrate,
and you ask if these genes work
in the same way in the mammal,”
says Professor Warr. “But those
are longer, more expensive
experiments, so you can use your
fly experiments to inform those.”
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SUPERBUG
SUPERWARRIOR
Professor Jian Li is on a mission:
to stop the “carnage” caused by
bacterial superbugs.
Story Linda Vergnani
Illustration Justin Garnsworthy

MASTER MIND
A prolific researcher, Professor
Jian Li has been recognised
internationally for his work on
how bacteria develop resistance
to the class of antibiotics known
as polymyxins. He’s a Thomson
Reuters 2015 Highly Cited
Researcher and is listed in its
2015 World’s Most Influential
Scientific Minds. Li and his team
are making polymyxins more
effective using modern dosing
science. They’re also researching
how to best use polymyxins
in combination with other
antibiotics to combat superbugs.
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I

n the war that Professor Jian Li is fighting,
the enemies are tiny, smart creatures that kill about 700,000
people around the world each year. They’re among the socalled ‘superbugs’ – bacteria that have become increasingly
resistant to antibiotics.
By 2050, drug-resistant infections could kill an additional 10
million people a year, according to the recent Review
on Antimicrobial Resistance commissioned by former British
prime minister David Cameron.
Professor Li and his team are working to optimise the
use of existing antibiotics and develop new drugs to deal
with this urgent global medical challenge. Professor Li, head
of the Laboratory of Antimicrobial Systems Pharmacology
at the Monash Biomedicine Discovery Institute (BDI) and
Monash Institute of Pharmaceutical Sciences (MIPS), says
antibiotic resistance is causing “global carnage”. Many victims
die of common and once readily treatable diseases, such as
pneumonia, blood or urinary tract infections. “You can’t do
major surgery or chemotherapy without antibiotics, because
the patient basically dies afterwards with infections.”
His particular target is Gram-negative superbugs,
and his weapon of choice is the class of antibiotics known
as polymyxins. He says polymyxins were almost abandoned
in the 1980s because they’re potentially toxic to kidneys
(nephrotoxic) and the nervous system. Now, two types of
polymyxin, colistin and polymyxin B, are used as a last line
of defence against Gram-negative pathogens that are resistant
to all other antibiotics.
Professor Li explains that Gram-negative bacteria are
generally harder to kill than Gram-positive bacteria because
they’re protected by ‘double’ membranes. However, polymyxins
can penetrate this barrier and destroy the bacteria.
Working in collaboration with clinicians and pharmacologists
in Brazil and the US, his team developed the first scientifically

based dosing recommendation for
polymyxin B, making it safer to use.
He’s also a key member of the team that
developed dosing recommendations for
colistin (polymyxin E).
He says many hospitals around the
world use the results. “Our research has
changed clinical practice worldwide.”
He’s often asked for help by doctors
who are desperate to find the right dose
or combination of antibiotics to treat
particular patients. “We are not a
service lab, but we always endeavour
to help clinicians.”
What motivates him is the scope
and reach of his work. “My research
can potentially save millions of people’s
lives, and clinicians badly need the
pharmacological information for
their patients.”
Funded by the National Institutes of
Health (NIH) in the US, his team is also
developing polymyxins that are much less
nephrotoxic and more effective against
Gram-negative superbugs.
Because pharmaceutical companies
spent less than 5 per cent of venture
capital on new antibiotic research
between 2003 and 2013, the Review
on Antimicrobial Resistance
recommended ‘market entry awards’
of around US$1 billion each as an
incentive for successful developers
of new antibiotics.

ANTIBIOTIC RESISTANCE

MY RESEARCH CAN POTENTIALLY
SAVE MILLIONS OF PEOPLE’S LIVES,
AND CLINICIANS BADLY NEED THE
PHARMACOLOGICAL INFORMATION FOR
THEIR PATIENTS.
PROFESSOR JIAN LI

See the digital version at monash.edu/monashmag
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As Professor Li says: “Almost all big pharma have left
antibiotic discovery because the development of new antibiotics
doesn’t give them a good return on investment. Even before
new antibiotics become available in the clinic, resistance may
have already happened.”

Making the leap
Stepping into the gap, Professor Li’s 25-member group recently
made a breakthrough in new polymyxins. This research is
funded by a five-year biodefence grant from the NIH. Under the
grant, Monash University has subcontracted a US company,
Rempex Pharmaceuticals, to test the new drugs in animals.
This reverses the usual arrangement where pharmaceutical
companies lead drug development and contract work out to
academic groups.
Professor Li is proud of the discovery, saying it’s arguably
one of the best examples of an academic group using basic
research and applying it to develop a drug.
The funding is among seven grants totalling about
US$24.4 million that his team has received from the NIH
over the past 10 years. Two of his NIH-funded projects were
highlighted as an example of US–Australia innovation and
science cooperation by President Barack Obama’s office
in 2014. Professor Li has also received grants of about
A$8.6 million from Australia’s National Health and Medical
Research Council (NHMRC) and other funding bodies.
Professor Robert Bonomo, an expert on antibiotic resistance
and professor of pharmacology at Case Western University in
Ohio, says Professor Li has led the way in the understanding of
the pharmacology and effectiveness of polymyxins: “His work
not only provided invaluable insights into the mechanism of
action and resistance, but how to administer these antibiotics to
save lives.
“His most recent efforts here have shed very important light
on how to use these drugs in combination to avoid resistance.
The impact of these findings cannot be underestimated as
clinicians struggle to wage war against these superbugs.”

discovery by Sir Howard Florey, Sir Ernst
Boris Chain and Sir Alexander Fleming.
After being awarded a scholarship
to carry out PhD research at the
University of South Australia in 1999, he
focused on polymyxins, developing
analytical methods to measure
concentrations in the body. At
the time, little was known
about the pharmacology
of these “fascinating”
antibiotics. He thought:
“If we still don’t know
how to use them, we’ll
lose this important
class of antibiotics
as resistance can
develop. With my
polymyxin research,
we can potentially save
millions of lives.”
Professor Li and his team
are racing against time due to
the alarming increase in Gramnegative superbugs globally. “We
need to modify the polymyxin molecules
to make them safer and more active
against drug-resistant pathogens.” But
this, he warns, is a “very tough job”. M

Keeping a tradition alive
It was partly Professor Li’s experience of a painful gum infection
while doing his postdoctoral research that kindled his interest
in the power of antibiotics. “After I went to the doctor and took
the right antibiotic, it cured the infection within hours.” He was
amazed at the speed with which the right antibiotic worked.
Born into a family of scientists in China’s Shandong
province, his interest in microbiology was sparked by an uncle
who was a microbiologist, and through the story of penicillin’s

ALMOST ALL BIG PHARMA HAVE
LEFT ANTIBIOTIC DISCOVERY BECAUSE
THE DEVELOPMENT OF NEW ANTIBIOTICS
DOESN’T GIVE THEM A GOOD RETURN
ON INVESTMENT. PROFESSOR JIAN LI
28
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ELIMINATE THE NEGATIVE
Bacteria is categorised as
either Gram-negative or positive
depending on whether it retains
dye through a ‘Gram staining’
procedure – a technique
developed by Hans Christian
Gram in 1884. Gram-negative
bacteria lose the colour of
the stain and have an outer
membrane absent in Grampositive bacteria, are more
resistant to antibiotics,
and include many diseasecausing species.

Above left Professor
Jian Li.
Photo Paul Philipson,
Monash University
Above top Bacterium
Gram staining.
Photo Chirawan Somsanuk

CLIMATE SCIENCE

CLIMATE CHANGE
BROUGHT HOME
What have been the key advances
in climate science and climate
modelling in recent years?

THE PLANET IS WARMING,
BUT HOW WILL THIS
AFFECT LOCAL WEATHER?
CHRISTIAN JAKOB,
PROFESSOR OF CLIMATE
MODELLING AT MONASH
UNIVERSITY, IS WORKING
ON THE ANSWERS.
Story Bianca Nogrady

What’s your research group doing
to improve rainfall predictions?

What’s the key driver behind
your research?

We compare actual observations
with what we can learn from
process models, which
explicitly represent the
individual processes involved
in weather events, such as
the physics of thunderstorms.
These process models are more
sophisticated than current weather and
climate models, but due to computational
constraints we can run them over small
areas only. By analysing both observations
and process models, we identify where
the biggest contributions to error in our
prediction models are coming from,
which may be, for example, how we
represent thunderstorms in the model.
Once we know the source of the errors,
we can make targeted improvements. For
example, in one project we’re improving
regional predictions of rainfall over
Australia by addressing a modelling error
that overestimates rainfall over the tropical
Indian Ocean.

The international community, under the
Paris Agreement, is trying to hold global
warming to within 2ºC. But that’s a
global mean temperature. People want
to know what’s going to happen to their
local weather – in Melbourne, in London,
wherever they live.

What’s the biggest challenge in
assessing climate change impacts
on weather locally?
Predicting rainfall. Everybody’s interested
in rainfall, but it’s hard to predict.
When you’re talking about climate
in a location or small area, everything
depends on the atmospheric and oceanic
circulation, and the questions of how
the circulation is going to change and
how this will affect local weather is a
hard one to answer with our models.
Even weather forecasting is pretty bad at
predicting rainfall.

See the digital version at monash.edu/monashmag

Over the past three decades
we’ve improved our ability to predict
weather by about one day per decade
– a three-day forecast today is as reliable
as a one-day forecast 20 years ago. In
climate modelling our focus has been on
increasing the complexity of the models
so they can do more. For instance,
we’ve been able to add the interaction
of vegetation with the atmosphere.
We’ve also added additional processes
such as atmospheric chemistry and
biogeochemistry of the ocean, so we
can model the carbon exchange with
the ocean. We’ve also increased
the resolution of climate models,
which increases their level of detail
and their accuracy.

What impact do you hope your
research will have on communities’
ability to adapt to a changing climate?
Rain is essential for agriculture, it’s
essential for food security, and it’s
essential for water security, so predicting
changes in rainfall – whether that’s next
winter or next summer or over the next
50 years – is really important. And we’re
not just interested in ‘average’ rainfall
changes, but how it falls. Will we have
more big rain events causing floods, or
will it be a more gradual increase?
I’m working with a group of farmers
in Australia called the Managing Climate
Variability Program on research to
improve regional rainfall predictions.
People are interested in rainfall, even if
it’s just because a barbecue is
being planned.
Almost every decision we make
that’s weather or climate-related is
now based on a prediction, and every
prediction we make is based on models.
So if we want to make better decisions,
we need to make better predictions,
and to make better predictions we need
better models. M
Monash University SEPTEMBER 2016
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CHILDHOOD
CLUES TO
CAREER ESTEEM

Photo 123rf

Much of the world moves forward on the so-called STEM subjects
– science, technology, engineering and mathematics – so why do
brilliant young women shy away from STEM careers?
Story Rebecca Jennings
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C

elia Vandestadt isn’t your stereotypical
research scientist. She’s young. Female.
Wears a bright-red lab coat.
The 28-year-old PhD student is passionate about
her research career in the Australian Regenerative
Medicine Institute at Monash University, but it
wasn’t the path she mapped out at school.
When selecting her senior subjects, Ms Vandestadt was faced with
self-doubt. Maths and science – stress-free choices in her younger
years – suddenly seemed daunting.
“I was scared of not doing well, as the subjects got harder,”
she recalls. “I was afraid of failing.”
So she chose biology, a prerequisite for her preferred
undergraduate degree, but opted out of advanced mathematics.
It’s a challenge Professor Helen Watt, Faculty of Education at
Monash University, has seen young women face throughout her

two decades of researching why students
do or don’t study science, technology,
engineering and maths (STEM) subjects.
She’s analysing the data from a
study (2012-16) involving 1172 students
from nine Catholic, independent and
government-run, co-educational and
single-sex schools in Melbourne
and Sydney.
These studies paint a picture of what
students think and feel as they make
educational and career decisions to follow
the STEM pipeline.
It turns out that students’ interests
and perception of their own ability are
the biggest drivers when deciding whether

EDUCATION
Below Professor Helen Watt
(right), founder and coordinator
of the international network
Gender and STEM, with PhD
student Celia Vandestadt.
See www.genderandSTEM.com
Photo Eamon Gallagher

CULTURAL INFLUENCES

to opt in or out of STEM disciplines,
and there also seems to be a glass ceiling
above STEM careers.
Professor Watt’s studies show that girls
consider maths to be more difficult than
boys do, and believe they’re less capable,
despite there being no gender difference
in actual ability. Australian Council for
Educational Research figures show that
girls are more likely instead to opt for
senior subjects in arts or humanities.
Boys, however, don’t lack this selfconfidence. They’re drawn to advanced
mathematics and physical sciences
– especially if they have higher socioeconomic status – or technical and
computer sciences.
“This trend translates to university and
career,” Professor Watt says. “Boys follow
pathways to higher-paying, higher-prestige
jobs in mathematics and science, while
girls choose careers they believe will make
a social contribution.”
Ms Vandestadt can relate – she chose
myotherapy (a health discipline focused
on relieving musculoskeletal pain) as her
undergraduate degree as a fast-track to
helping people.
But does it really matter how gender
and STEM interact? Professor Watt
doesn’t hesitate to answer that it does:
“From a social perspective, it is wasted
talent. Women are just as capable in STEM
as males, and they certainly don’t prefer
lower-salary or lower-status careers. They
choose lower STEM careers because
they believe they’re not capable, are less
interested, or because they perceive STEM
workplaces as not being family-friendly.”
This brain drain translates to a
shortage of teachers coming through
the STEM education pipeline, with
40 to 45 per cent of Year 7 to 10 maths
and science teachers in Australia teaching
outside their field.

Career of choice
Could the solution be to make maths and
science compulsory throughout school?
Professor Watt doesn’t believe so. “In
the US, senior high school mathematics
is compulsory for university attendance
regardless of discipline. However, forcing
students to study these subjects at school
isn’t translating into more STEM degrees
or careers.”

The gender imbalance in STEM careers is a global phenomenon with distinct
cultural delineations. Every few years The Organisation for Economic Co-operation
and Development (OECD) tests students in 65 developed countries, and in a
representative sample of 15-year-olds, girls generally outperform boys in science.
This doesn’t translate to career choices in Western societies such as the US, UK
and Canada, but it does in regions such as Russia, Asia and the Middle East, where
more women than men take up science and maths careers. US researchers believe
the ‘stereotype threat’ in terms of gender roles in occupations originates in early
childhood, suggesting clear cultural influences.

She says the real question should
be how to demonstrate that maths and
science can be useful in the careers
to which girls are attracted.
One catalyst for change could be as
simple as tweaking school timetables:
“Schools tend to partition disciplines,
and often maths and science clash with
humanities on school timetables, which
essentially forces students to choose
one distinct path. Faced with this, girls
can turn away from maths
and sciences.”
Pop culture could even play a role.
Professor Watt would love to see a
STEM version of the legal TV dramas
credited for a surge in law careers.
She says it’s also important to
engage students from a young age,
as self-concepts about ability are
formed from as early as Year 2, and to
create ‘mastery’ learning environments
that focus on supporting students, as
opposed to competitive, performancebased environments.
While Ms Vandestadt’s love of
learning eventually drew her to research
as the ultimate quest for knowledge,
she has some stern words for her
high-school self: “‘Don’t be afraid to
be challenged, and study maths’ – it
would have come in handy for all the
programming and statistics involved
in my research now.”
Ms Vandestadt is now working on
an initiative with other PhD students,
drawing on support from Westpac
and guidance from Professor Watt,
to improve STEM awareness and
education among young children
and their parents. M

FIGURES FROM THE US SHOW
THAT THE FIVE PER CENT OF
THE WORKFORCE WHO
WORK IN STEM CONTRIBUTE
50 PER CENT OF SUSTAINABLE
ECONOMIC GROWTH.
STEM FUELS THE CRITICAL
ENGINES OF INNOVATION AND
GROWTH. JUST 0.5 PER CENT
OF AUSTRALIAN UNIVERSITY
GRADUATES ARE IN
MATHEMATICS AND SCIENCE
– HALF THE OECD AVERAGE.
PROFESSOR HELEN WATT
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ASTROPHYSICS

A DISCOVERY OF THE
UTMOST GRAVITY
FOLLOWING LAST YEAR’S DETECTION OF GRAVITATIONAL
WAVES, A MONASH TEAM IS READYING ITSELF FOR
ENTIRELY NEW AREAS OF RESEARCH.
Story Tom Bicknell

I

t was a big day for physics: 14 September 2015. Scientists
made the first confirmed detection of a gravitational wave –
a ripple in space-time theorised by Albert Einstein a century
ago, but until that moment unproven.
Simultaneously, they made the first observation of the
collision and merger of a pair of black holes, regions in
space with gravitational forces so strong not even light can
escape. It was this collision that caused the gravity wave.
The blip of data lasting just a tenth of a second verified the
last prediction of Einstein’s theory of general relativity. It creates
the ability to use gravity to look further back in time than any
current technology allows, opening a new field of science –
gravitational astronomy. It offers the same potential for discovery
as did optical and radio astronomy.
The detection came from the first observing run of the
Advanced Laser Interferometer Gravitational-Wave Observatory
– Advanced LIGO, for short – a pair of highly specialised
observatories in Livingston, Louisiana, and Hanford, Washington,
in the US. The observatories bounce laser beams from mirrors at
the end of two intersecting, four-kilometre-long vacuum tunnels.
Perceived changes occur in the length of the tunnel cavities
when gravity waves disturb the lasers.
Advanced LIGO is now being upgraded to increase its
sensitivity. Earlier this year, the team confirmed it had detected a
second wave, on December 26 2015.
Dr Eric Thrane and the Monash University team are part
of the LIGO Scientific Collaboration (LSC), an international
collaboration of more than 900 scientists. Dr Thrane co-chairs
one of the four LSC teams that analyse data produced by
Advanced LIGO for gravitational wave signals.
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How long have you been studying
gravitational waves, and what led you
to this field of study?
Since 2008. It was a bit of luck and love
that led me into gravitational waves.
I had done my PhD at the University
of Washington in Seattle in particle
astrophysics. My wife was starting her
PhD at the University of Minnesota, and
when I visited there I met Vuk Mandic,
who had just been brought on to build a
gravitational wave group. He convinced me
to join his group.

The LSC involves more than 900
scientists. What’s been the professional
and scientific impact of working with
such a large collaboration?
Because there are so many people
involved in the LSC and they’re spread all
over the world, it affords you opportunities
to work with brilliant people with all kinds
of expertise.

ASTROPHYSICS

Can you explain the ‘false data’ insertion
you worked on in the detection of the
gravitational waves, and the critical role
this played?
One of the ways we can be confident in
the detections is that my team at Monash
injects fake gravitational wave signals into
our detectors, and picks them up as if
they were real. Then we compare what we
measured with what we put in, and check
if the two match.
So when you’ve been working on this
for so many years and seen nothing but
noise, and all of a sudden you see this
beautiful, obvious binary black hole signal,
you think it has to be a false injection.
This placed Monash at the centre of
some of the first communications on this
event, because we had to step up and say,
“No, this was not us, this was not a test”.

The next step for Advanced LIGO is
increasing its sensitivity. How will
Monash researchers be involved?
We’re sending one of our best honours
students, Chris Whittle, to the LIGO
Hanford observatory. Chris will be
embedded with the commissioning team,
which is the group of scientists and
engineers who are trying to make the
detector more sensitive.

Monash is also working on the
detector – improving sensitivity, trying to
make the instruments give us even more
astrophysics and more science during
the second observing run.
As the detector improves, we expect
that eventually we may be looking at
hundreds of gravity wave detections
every year. I think that will happen in
2019 or 2020.

significant stretching of space-time
that lingers after the gravitational
wave passes.
And actually seeing real
gravitational wave events is very
different to the hypotheticals that
science had to work with prior to
September 2015. It generates new
and real ideas for astrophysics. It really
is inspiring.

What knowledge pathways might
last September’s detection open for
future research and understanding of
universal laws?

What excites you most about
your research?

So many. Before, there were a lot of
things you could work on in gravitational
wave astronomy, but they were all
conjectural. A lot of people thought
binary neutron stars would be LIGO’s
first detection, but instead we saw
these black holes. So my research and
the research of our team at Monash
has shifted to think more about big
black holes.
One of our projects is looking
at the effect of gravitational wave
memory. When really big black holes
emit gravitational waves, they create a

See the digital version at monash.edu/monashmag

THE DETECTION
The gravity wave
detected in
September 2015
was generated by the
collision and merger
of two black holes.
Frequency of signal:
35–250Hz, an audible
sound rising from
lowest A up to
middle C
Duration of signal:
0.2 seconds
Distance from Earth:
1.3 billion light years
Mass of colliding
black holes:
29 and 36 times
that of our sun

I’m confident we will now detect
many more gravitational wave events.
With the accumulation of many more
events, we can really start to do some
interesting science on black holes.
The most exciting thing, of course,
would be if we detect something that
no-one is even expecting, that
no-one has even predicted. I think
there is reason to be optimistic that
when we look at the sky with a new
form of radiation – gravitational waves
– we will see something that no-one
has even anticipated. This is the most
exciting possibility of gravitational
wave astronomy. M
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SLEEP DISORDERS

THE TOLL
OF THE BODY
CLOCK
Story Clarisa Collis

I

t’s often said that life is too short,
yet it’s the longest experience we’ll
ever know. Keeping track of every
second, including an average of 25
years spent sleeping, are the age-old
hands of time that have their axis in
the brain.
There, set in a dense cluster of cells in
the brain’s hypothalamus, is a master body
clock that has evolved to keep time with
the 24-hour solar cycle.
Taking cues from changes in light and
dark information in the world around us,
this master clock is synchronised to the
day/night cycle and coordinates time in
other peripheral body clocks inside organs
throughout the body.
Monash University’s Professor Shantha
Rajaratnam says this complex network
of internal clocks measures time to
regulate the sleep-wake cycle needed
to optimise the body’s physiological
environment and, ultimately, its health
and functionality.
Our master body clock controls the
release of the hormone melatonin at night,
promoting night-time sleep in humans.
Interfering with this innate, natural
rhythm in modern times, however, is the
omnipresent potency of artificial light
that’s associated with a constellation of
damaging sleep disorders.
Professor Rajaratnam, program leader
in the Cooperative Research Centre for
Alertness, Safety and Productivity – a
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consortium comprising 29 organisations
To overcome the dilemma of inaccurate
Above
Sleep and circadian
spanning universities, research institutes,
diagnosis, the trial at three sites – Monash,
medicine expert Professor
industry, policy, regulatory agencies and
the University of Sydney and Flinders
Shantha Rajaratnam.
insurers – is focused on one particular
University – suggests biological testing be
Photo Eamon Gallagher
sleep disorder.
used for DSPD.
A sleep and circadian medicine
This test, which shows potential for
expert, he says delayed sleep phase
widespread clinical application, measures
disorder (DSPD) epitomises the health
concentrations of melatonin in saliva,
risk that stems from internal body
helping to separate the influence of body
clock disturbance.
clock malfunction from other factors
This is because DSPD, characterised
contributing to delayed sleep.
by an inability to fall asleep and wake up
“In a healthy adult, melatonin levels
at socially acceptable times, is linked to a
typically start to increase at about 9pm,
range of unhealthy side effects.
“The abnormally late body clock
that delays sleep timing and results
in inadequate sleep over time causes
SLEEP DISORDERS
significant health impacts,” says
are characterised by abnormal sleep patterns
Professor Rajaratnam.
that interfere with physical, mental and emotional
Research funded through the National
functioning.
Health and Medical Research Council
found that patients with DSPD who have a
Insomniac is the clinical term for those who have trouble
delayed body clock were four times more
falling asleep, difficulty staying asleep, who wake too
likely to have depressive symptoms than
early in the morning or wake feeling unrefreshed. Other
patients without a delayed body clock.
common sleep disorders include sleep apnoea (loud
This research project led by Professor
snoring caused by an obstructed airway), sleepwalking
Rajaratnam further highlighted the
and narcolepsy (falling asleep spontaneously). Restless
importance of an objective diagnostic test
leg syndrome and bruxism (grinding of the teeth
for the disorder.
while sleeping) are conditions that may also contribute
Of 182 people with delayed sleep habits
to sleep disorders. In addition to anxiety and mood
in a randomised controlled trial,
disorders, those with sleep disorders are at risk of heart
43 per cent of participants diagnosed with
disease, heart failure, irregular heartbeat, heart attack,
the disorder by a clinician did not have
high blood pressure, stroke, diabetes and obesity.
abnormal body clock timing relative to their
Anxiety and Depression Association of America
required sleep time.

NEW IN PRINT

NEW IN PRINT

or about two hours before sleep –
whereas in a person with DSPD,
the rise in melatonin occurs
much later, for example at
midnight or later,” says Professor
Rajaratnam.
A follow-up Monash study has
also shown that administering
melatonin is an effective treatment
for the disorder.
Now driving the ongoing
DSPD research is the finding that
there are two distinct phenotypes
of the disorder: circadian and
non-circadian.
Professor Rajaratnam
says possible causes of
non-circadian DSPD include
insomnia, light exposure, poor
sleep habits and psychological
or psychiatric conditions, such
as anxiety disorders.
Monash University’s Dr
Sean Cain is exploring how the
circadian system’s sensitivity to
light may predispose individuals
to DSPD, and the genetic basis
for individual differences in
light sensitivity.
“The virtually ubiquitous use of
light-emitting electronic devices
may be wreaking havoc with our
circadian systems, especially in
people who are more sensitive to
light,” says Dr Cain. M

THE CONSCRIPTION CONFLICT AND
THE GREAT WAR

ANTIPODES: IN SEARCH OF THE
SOUTHERN CONTINENT

RESEARCH IN THE ARCHIVAL
MULTIVERSE

Robin Archer, Joy Damousi,
Murray Goot, Sean Scalmer, eds
In Australia, centennial
commemorations of the Great War
have focused on the sacrifice and
heroism of the nation’s soldiers.
Somewhat forgotten within these
commemorations has been the
campaigns for and against military
conscription. In Australia, uniquely,
these campaigns resulted in two
national popular referendums, held
amid great social unrest and the fall
of a government.
In The Conscription Conflict and
the Great War, distinguished scholars
consider the origins, unfolding, and
consequences of the conscription
campaigns, comparing local events
with experiences in Britain, the
US and other countries. In part a
corrective to the ‘militarisation’ of
Australian history, this is also a major
new exploration of a defining episode
in Australia’s past.
Out in October, rrp A$34.95

Avan Judd Stallard
For centuries Europeans believed in
the existence of a massive continent
in the world’s south.
Where did this belief come from?
What was its nature? And how did
it persist in the face of increasing
evidence that it was without
foundation.
Beautifully illustrated, Antipodes
charts the voyages – both through
the imagination and across the high
seas – in pursuit of a dreamed-for
land of untold riches.
Although in reality Terra Australis
did not exist, this didn’t stop
explorers pursuing the continent
to its Antarctic obsolescence. In
the process, Stallard shows, the
imagined southern continent became
one of the shaping forces of early
modern history.
Out in November, rrp A$39.95

Sue McKemmish, Anne Gilliland
and Andrew Lau, eds
Global in scope, Research in
the Archival Multiverse seeks to
capture the great energy and
innovation of archival studies in
the digital world that is widely
acknowledged to have come into
being over the past 15 years.
McKemmish, Gilliland and Lau,
and their fellow experts, provide
current and future archival scholars
with an exhaustive array of possible
methods and frameworks for future
archival scholarship. More than this,
they demonstrate the value of a
new, reflexive research practice,
one that reveals the context
of study, as well as chains of
situations, choices and decisions,
that might influence the trajectories
of developing archival studies.
Out in November, rrp A$99.95

For more titles see
publishing.monash.edu/books
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