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researchers to become entrepreneurs; for start-ups to grow to scale; for universities to 

foster talent and ideas. The choice to create choices for business.

The leaders who made these choices may not have had the iPad 

in mind when they allocated resources to national missions. They 

did have in mind an idea of a better world, and they knew that 

markets alone would not create it.

Australia too has the choice to shape our nation with a 

strategy for our science. We have challenges that are unique – 

and we can position our science to meet them. We rely on the 

global science enterprise – and we can contribute to it to allow us 

to access the places where decisions are made. 

Science isn’t just something scientists do. It is something in 

which every single one of us has a stake. I hope the people and 

ideas presented in this publication will remind us of what we 

can build and the benefits it could offer us all. 

Professor Ian Chubb AC 
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There is a strong view in some quarters that Australians can’t be first at anything, so we 

should be “fast followers” instead. The notion that we’d willingly accept that we should 

never aim to be better than second is puzzling. Of course, we can’t lead in everything, 

and the bulk of research and innovation will be done outside our country. But there 

are areas where we have particular needs, strong capacities, excellent capabilities 

and comparative and competitive advantages. We need to support such areas to 

ensure that they flourish. We also have to identify them, and invest intelligently.

for too long, we have been encouraged not to focus and spend our 

rationed resources strategically. That’s “picking winners” – and unlike much of 

the rest of the world, that is something we tell ourselves we should never do, 

even if the alternative is picking randomly or not picking anything 

at all. We forget that the innovations hailed as evidence of 

markets at work – from touchscreens to smartphones 

to the internet – came about through the choices 

that nations made. 

The choice to invest in higher education. The 

choice to pursue ambitious research missions 

tied to aspirational national goals. The choice 

to couple these missions with incentives for 

PAge 24 Professor Andrew Peele, director of the 
Australian Synchrotron.

COVer PhOTO: eamon gallagher

PAge 4 In the aftermath of a coalmine fire that blanketed 
a town in smoke for six weeks, residents and researchers 
are teaming up for a health study of global significance.
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pAtHwAyS fOr SigHt 
regeNerAtiON
Injury to the brain’s visual cortex in adults can permanently 

damage their vision – but similarly affected children often 

regain normal sight. A new understanding of what makes 

the difference raises the possibility that techniques could 

be developed to prevent vision loss in adults.

It was thought that one specific pathway from the 

eye to the brain was responsible for vision: a person 

who lost that pathway would become blind. however, 

Associate Professor James Bourne from the Australian 

regenerative Medicine Institute at Monash university has 

shown the importance of a secondary pathway through 

an area of the brain called the pulvinar.

When infant brains are injured, they use this  

pathway to send visual information through the brain, 

bypassing the damaged area. “Our research proves a 

second pathway exists but, significantly, it also shows 

parties and were told that the statements – which 

were made up by the researchers – had been made by 

particular party leaders.

The behavioural results showed that people found 

the statements more inspiring when made by someone 

from their own party. The brain scans showed that some 

of the brain areas that became more active for these 

uplifting statements from their preferred party also lit up 

for the “uninspiring” messages thought to come from the 

opposing party.

“The fMrI scans showed that strong supporters of a 

political party focused on the negative aspects of what the 

opposing party said at the same time that they focused on 

the positive aspects of their own party messages,” says 

lead researcher Dr Pascal Molenberghs, from the School 

of Psychological Sciences at Monash university.

The research, the first to analyse the effect of 

motivational speeches on voters’ brains, involved 

Monash, the university of Queensland and the university 

of groningen in the netherlands. findings were published 

in the Journal of Management.

Post-tsunami transformation
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the brain is much more plastic than originally believed,” 

Associate Professor Bourne says.

The Monash-led study, published in Current Biology, 

has implications for regenerative medicine possibilities, 

especially for treating brain injuries caused by stroke and 

trauma. Monash PhD student Claire Warner, who took 

part in the study, says the research team will now focus 

on further refining their understanding of the complex 

circuitry of the visual brain.

pOliticS Of liSteNiNg
however carefully crafted political speeches might be, 

they are likely to fall on deaf ears unless presented by 

people who have already created a sense of community 

among voters. using functional magnetic resonance 

imaging (fMrI) scans, Australian and Dutch researchers 

have tracked how reading political statements affects 

people’s brain activation. Volunteers in their test all 

supported one of the two main Australian political  

A decade after the Indian Ocean tsunami, conditions in the heavily 
damaged Indonesian province of Aceh are generally better than they 
were before the disaster struck, says Monash University geographer 
Dr Craig Thorburn. Dr Thorburn was an adviser on an early 
Australian aid tsunami recovery project and continued to research 
the recovery process. He says the unprecedented international 
response led to substantial financial investment in the region – 
but this was not the only factor at play. In August 2005, a peace 
treaty ended the long-running armed conflict between Acehnese 
separatists and the Indonesian military, and the ensuing social and 
political changes contributed greatly to the province’s rehabilitation.

Nearly a quarter of a million people died in Aceh and 
500,000 were left homeless by the tsunami. Although 
people in some villages are still struggling to resume 
productive lives, most readily acknowledge that important 
facilities and services such as roads and electricity 
are better than they were before the tsunami. 

With fellow researcher Dr Bryan Rochelle, Dr Thorburn 
recently published The Acehnese Gampong ten years on: A post-
post tsunami assessment. The report was commissioned by 
the Disaster Response Unit of the Australian Embassy in 
Jakarta and is part of the larger Aftermath of Aid Project.
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Words  Brad Collis

I n early february 2014, Dr Matthew Carroll was on evacuation alert 
at his home in the hills above the township of Morwell, victoria, 
as multiple bushfires converged in the valley below. The hills were 
spared, but not the vast open-cut coalmine bordering the town. 

The fire took hold in the pit, an excavation so large that it 
would comfortably fit the uluru monolith from central australia. 
The Hazelwood coalmine fire took 45 days to suppress, during 
which time the township was blanketed in thick smoke. The state 
environmental Protection authority described it as the most severe 
“particulate matter pollution event” ever recorded in australia. 

Dr Carroll, a senior research fellow at Monash university’s school of rural Health, 
not only had a close-up view of the disaster as it unfolded, but is also on the 
frontline of the follow-up – a long-term study of the health effects of that smoke.

P
H

O
TO

: K
e

ITH
 Pa

K
e

n
H

a
M

Bushfires surround the hazelwood coalmine.
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in the aftermath of a coalmine fire 
that blanketed a town in smoke 

for six weeks, affected residents 
and researchers are teaming up 

for a long-term health study of 
global significance.

the science of  recovery
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One of Dr Carroll’s roles will be to monitor the psychological impact. “People 
here are quite used to bushfires, but they tend to be short, sharp events. This 
went on for a month and a half so there was an accumulated anxiety … although 
as it went on it also galvanised the community. The study is a consequence of the 
community’s request for long-term information; so what we are embarking on is 
very much community-driven.”

Head of the Monash school of rural Health and co-leader of the study 
Professor Judi walker, who is also based in the Latrobe valley, says that while 
people in the local community are worried about the health effects of the smoke, 
their support provides a rare opportunity to undertake a health study of a 
contained (valley) population.

“a longitudinal health study will provide data to inform health service planning 
well into the future,” she says. “and there is international interest because there 

The Hazelwood mine fire health study, commissioned by the victorian 
government, will be one of the most comprehensive epidemiological studies 
ever undertaken into the consequences of sustained exposure to smoke. It is 
expected to take 10 years, possibly 20, and involves a Monash-led consortium  
of specialists. 

significantly, it has also been established as a partnership with the Morwell 
and Latrobe valley community, which, by a fortuitous coincidence, is home 
to three Monash school of rural Health sites and the gippsland campus of 
federation university australia at Churchill.

The strong university presence in the Latrobe valley means researchers such 
as Dr Carroll are “locals” – imbuing the study with a community ethos – and this 
is expected to be central to the success of a research program that may need to 
work through a whole generation.

the science of  recovery

OCTOber 2015
Monash University
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on from the fire crisis. “It gives us the means to 
understand, validate and treat health problems, and 
provide baseline health data.”

Ms Lund says this will be of value to all 
communities around the world that are affected day 
to day by nearby mining.

she says the valley community’s expectation of 
researchers is the identification of health issues as 
the study progresses and “real, tangible, easy-to-
understand information”.

a study from all angles
In addition to the adult survey, the health of infants 
and babies born at the time of the fire will also 
be monitored. Dr Johnston says the child health 
research will be broader than the adult study. It will 
recruit all children born in the Latrobe valley between 
2012 and 2015, not just those born at Morwell in the 
fire’s immediate aftermath.

Dr Johnston says one of the reasons the study 
offers such an important research opportunity is that 
public-health emergencies, by their nature, cannot 
be planned in the same way as a controlled medical 
research project. “so there are knowledge gaps, 

especially for a fire event that was so extreme 
for so long. This will provide information of 
global interest to guide future public-health 
responses to such an event, and one area 
where there is a particularly large knowledge 
gap is the impact on child health,” she says. 

Program leader Professor abramson 
describes it as a “cohort study”, meaning 
researchers will be working with a group of 
people “marching forward in time”.

He says the study will not only determine 
whether the smoke has created health issues, 
but also try to ascertain whether it has worsened 
any pre-existing health conditions in adults. It will 
also investigate mental-health consequences.

“People who join the study will be asked to 
complete an ‘exposure diary’ to try to identify 
where they were, which will help us estimate 
their level of smoke exposure,” he adds.

The cohort will be linked to the victorian 
Hospital Dataset, which records the causes, 
effects and nature of illness, and the use of 
health services. “This may tell us, over time, 
if people who were more heavily exposed 
to smoke are more likely to have a heart 
attack than people living in the comparison 
community,” Professor abramson says.

a potentially more difficult question 
relates to subclinical conditions. Hospital 
admissions for asthma or respiratory disease 
are routinely recorded, but these are only the 
severe episodes. Of further interest to medical 
researchers are the more subtle unreported 
effects. “for example, diminished lung function 
can be a natural part of ageing, but a question to 

answer is whether or not there might be a similar, but 
premature, decline in people who have had prolonged 
exposure to smoke, and who might therefore have a 
higher risk of respiratory disease in the future.”

These are potentially sensitive issues and they 
reinforce the care with which researchers plan to 
work with the community.

associate Professor wood says the adult survey 
is being partly guided by initial federation university 
australia research. “Through this, the community 
has already informed us of people’s concerns about 
health issues and the fire’s impact on the community 
generally. so we are also going to run focus groups 
and interviews with people who were involved in 
recovery activities.”

she says this will allow the community’s 
experience, ideas and recovery initiatives – a measure 
of community resilience – to be compiled and 
researched, and given back in a form that will allow 
the information to be used in planning for the future.

“so it is clearly important that we as researchers 
work with the community in this way: to undertake 
research that is meaningful by making sure we are 
always talking to the community.” 

Latrobe Valley coal precinct
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“ There haven’t been many, 
if any, studies on the 
community impacts of 
such a large coal fire.” 

 – professor Judi Walker

haven’t been many, if any, studies on the 
community impacts of such a large coal fire.”

team of specialists
The study is bringing together a range of 
academic disciplines. Professor walker 
specialises in rural health and ageing research, 
and the Monash school of rural Health is 
australia’s largest rural and regional medical 
training faculty. The program leader, Professor 
Michael abramson, is deputy head of Monash 
university’s school of Public Health and 
Preventive Medicine.

Others on the initial team include: 
occupational physician and epidemiologist 
Professor Malcolm sim, who also has interests 
in cancer; expert in bushfire smoke exposure 
Dr Martine Dennekamp; mental health expert 
Professor Darryl Maybery, who will also be 
studying the impact of the fire on school-aged 
children; associate Professor Pamela wood 
from federation university australia, who is 
a specialist in community-engaged research; 
Dr fay Johnston, an international expert on 
the public health impact of severe smoke 
events from the Menzies Institute for Medical 
research at the university of Tasmania; 
and adelaide university’s Professor sandy 
Mcfarlane, an international authority on post-
traumatic stress disorder.

Professor walker said one of the first 
tasks was to determine a site against which 
the Morwell data could be compared. four 
major considerations guided the decision – a 
rural location, lower exposure to smoke from 
the mine fire, the need for a complementary socio-
demographic composition, and a suitable size 
population. scientists at the CsIrO Oceans and 
atmosphere flagship undertook initial modelling of 
smoke drift based on bureau of Meteorology and 
environmental Protection authority data, which 
influenced the identification of the central gippsland 
town of sale as the comparison community.

The research team is developing an adult survey 
to ascertain people’s health status at the time.  
“no impact assessment can be made without 
knowing people’s health and lifestyle status before 
the fire; for example, whether or not someone 
was a heavy smoker, or already had a respiratory 
condition,” Professor walker says.

“Once we have the survey completed we will 
invite people to take part in follow-up clinical activities, 
such as lung-function testing and blood tests.” 

Tracie Lund, coordinator of the Morwell 
neighbourhood House community group, which 
bolstered early community response to the disaster, 
says the lack of adequate health data has been the 
overriding concern for people. she says the study 
is an important step in helping the community move 

OCTOber 2015
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lessons of tHe 
Heart on film
ArtIfICIAl heArt PArts thAt Are 

fItted usIng keyhole surgery tAke 

lIfe extensIon to A neW level.

since mid-2011, his team has been leading the 
world’s first successful in-human trials of the boston 
scientific Lotus valve. This replacement aortic 
valve is saving the lives of older people too frail for 
conventional open-heart surgery. Inserted through a 
keyhole procedure via the groin, it opens like a flower 
once in position, eliminating the need for a more 
invasive and stressful operation.

To date, in three trial phases, more than 250 older 
people have been fitted with the Lotus valve, with 
an outstanding success rate. Of the first 11 patients 
fitted with the valve in australia in 2012, all survived 
and have thrived. “we call them our ‘golden girls’,” 
Professor Meredith says of the original trial participants, 
who were all women aged in their late 80s.

Professor Meredith won a highly competitive 
international quest to run the trials of the Lotus valve, 

Words  Melissa Marino

P rofessor Ian Meredith likens his work in 
clinical heart surgery trials to that of a piano 
mover installing the precious instrument 

into the second level of a narrow terrace house. 
“we have had to figure a way of getting it up there 
without breaking the bannisters, assembling it 
exactly where we want and then leaving without 
having chipped any paintwork,” he says.  

but in Professor Meredith’s case, his hardware 
is rather more delicate than a piano. and his house 
is a human body. Professor Meredith, director of 
MonashHeart and professor of cardiology at Monash 
university, specialises in implanting miniature medical 
prostheses in the heart. He has spent 20 years in 
new device research and novel therapy treatments.

which was developed by us start-up company 
sadra Medical and then acquired by multinational 
boston scientific. He has, he says, had great 
satisfaction with his team helping to optimise the 
valve’s design and perfecting the interventional 
procedure for its application.

a 1000-person randomised trial of the Lotus valve 
is underway in the us, preceding regulatory approval. 
The us trial may lead to hundreds of hospitals globally 
using the technology within two years.

“we have seen this through from benchtop 
models and it is great for us to translate an idea into 
real practice,” Professor Meredith says. “Part of that 
is the ability to define and refine a technique and 
then teach others.”

global know-how
Professor Meredith is instructing clinicians worldwide 
in how to perform the Lotus valve procedure, in 
person and through live webcasts and recorded 
procedures for thousands of cardiologists across the 
us, asia and europe. 

Professor Meredith and his team are old 
hands in front of the camera, broadcasting or 
recording operations for two decades, and building 
an international reputation for ushering new 
technologies into clinical use.

The unit has more than 20 researcher clinicians 
working on a range of new minimally invasive 
heart procedures and innovations. These include 
replacements for the heart’s mitral valve, blood-
pressure-lowering devices and stents that also release 
drugs to prevent further heart blockages. These too 
have undergone first-in-human trials at MonashHeart.  

“we have shown how clinical research can be 
embedded in a busy cardiovascular unit,” Professor 
Meredith says. “we are the largest and busiest 
clinical cardiology service in victoria but still have a 
very high research output.”

Professor Meredith says the unit’s work will be 
further enhanced through the new Heart Hospital  
for MonashHeart.

new heart hospital
This new hospital will facilitate cardiology researchers 
and students working with clinicians to translate 
research into practice as seamlessly as possible. 
along the way, clinicians become better researchers 
and researchers better clinicians – which is clearly 
better for patients and the community, Professor 
Meredith says. 

The new Heart Hospital, he says, will not only 
meet a need of an ageing and growing population 
but will also be a focal point for cardiovascular 
research, education and training as well as a medical 
technology site. 

“we want to help establish something of national 
significance that will compete internationally,” 
Professor Meredith says. “and you can only do that 
if you have effective outcomes – and those effective 
outcomes must be based on improved access and 
equity for all patients to timely and quality care and 
greater opportunities for education and training for a 
sustainable high-quality workforce.” 

A Monashheart 
clinician holds a lotus Valve,  

a prosthetic aortic valve  
being used in keyhole  

surgery to replace invasive 
open-heart operations, 
reducing patient stress. 

OCTOber 2015
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Medicine on the Move
Bench to Bedside
Clinical practice is being combined with excellence in education 
and research to achieve a paradigm shift in health care.

PHOTO: JaMes braunD
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Words  Melissa Marino

T
he common aspirin is on the verge of something enormous as 
research homes in on its purported, but not previously explored, 
role in extending good health in older people. This common drug, 
typically known for mild pain relief, is the subject of one of the 
most comprehensive longitudinal ageing studies ever conducted. 
The joint australia–us project will primarily determine whether 
taking daily low-dose aspirin helps prevent heart attack, stroke, 
dementia, depression and certain cancers – and, if so, whether 

those benefits are offset by potential side effects, such as increased bleeding.
“There has been debate among government agencies about guidelines for 

healthy older people taking aspirin as a preventive health measure, and we can 
answer this fundamental question,” says Professor John Mcneil, co-principal 

investigator on the project and head of the Monash university school of  
Public Health and Preventive Medicine, which is leading the trial in australia. In 
the us, the research is being conducted by the berman Center for Outcomes 
and Clinical research. 

The asPirin in reducing events in the elderly (asPree) project is also 
representative of something much bigger than its already considerable scope.

while in itself a major contribution to public health, the project also embodies 
a long-established culture and practice of partnering Monash medical researchers 
with clinicians: linking research directly to improved patient care.

Monash faculty of Medicine, nursing and Health sciences deputy dean 
(external relations) sarah newton says this “bench to bedside” approach is 
designed to marry excellence in education and research with clinical practice. 

In the asPree example, 2150 general practitioners (gPs) were recruited 
as co-researchers to help enlist most of the 16,700 australian trial participants. 

OCTOber 2015
Monash University

Professor John Mcneil with the ASPree BioBus – a mobile laboratory 
travelling to regional areas where samples from participants  

are collected and processed for the “Biobank” by staff including  
Shree rao (far left) and Jewhara Suleiman.
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Coordinated in australia by asPree executive 
officer associate Professor robyn woods, the gPs 
will help the asPree team administer the project 
over an average five years, as researchers collect 
participant health information for analysis.

Collaboration with local doctors is considered 
the key because it ensures a swift translation of the 
study results into the community. Professor Mcneil 
says the results, due in 2018, will inform health 
guidelines as governments around the world strive to 
keep older people healthier for longer. 

while the study, funded with a record  
us$50 million grant from the us national Institutes 
of Health, will initially determine whether daily aspirin 
prolongs disability-free life in older people, that is 
simply the start.

sub-studies investigating the effect of aspirin 
on diseases – including age-related macular 
degeneration, age-related hearing loss, cancer, 
depression, sleep apnoea and osteoarthritis – have 
been embedded into the asPree trial, partnered by 
a number of hospitals and universities. additionally, 
a CsIrO-funded “biobank” is storing thousands of 
blood and urine samples from the participants for 
future analysis of biological markers. The biobank’s 
home is The alfred hospital precinct in Melbourne. 
The alfred hospital is partnering with Monash in two 
asPree sub-studies, one of which involves analysing 
structural brain changes associated with ageing.  

questionnaires about mental health, undertaken 
in the principal asPree trial, are providing data for 
an accompanying study into depression. “we are in 
a new era of medicine,” Professor Mcneil says. “we 
are looking to provide advice to older people to keep 
them healthy and this project is going to be one of 
the most important sources of information for them.”

research on medicine’s frontline
a project as large-scale and wide-ranging as 
asPree has been made possible by the framework 

neuroscience and mental heath, women’s health, 
and cancer and blood disease. 

Ms newton, who is responsible for the strategic 
management of partner relationships, says the 
intention is to work with clinicians to translate basic 
science and research into improved hospital health 
care. she describes it as ensuring not just high-quality 
research because of the two-way flow of information 
between researchers and clinicians, but as research 
that subsequently makes a measurable difference.

The success of Monash Partners was 
recognised by the australian national Health 
and Medical research Council in its March 
announcement of australian health centres that are 
world leaders in medical research that results in 
improved treatments. The alfred Health and Monash 
Health and Partners “advanced Health research 
and Translation Centre” is one of four such centres 
in Melbourne, sydney and adelaide; the title aligns 
the australian centres with leading international 
organisations, fostering further translation and 
commercial opportunities. 

“This recognition shows that our model is 
working, and with our partners we can continue to 
make real impact in our community,” Ms newton 
says. “we are looking to continuously improve, 
learning from the best examples internationally.”

Bench to bedside
a significant investment in this determination to 
translate research into meaningful patient outcomes 
is evident in the scheduled 2015 completion of the  
$84 million Translational research facility – a 
building designed especially to bring together 
researchers and clinicians in the Monash Health 
Translation Precinct. 

“It is literally a concrete example of how 
organisations can work together to make a 
difference,” says Professor eric Morand, head of 
the Monash school of Clinical sciences at Monash 
Health – victoria’s largest health provider. 

Professor Morand says the building will change 
the way research is done. Laboratory and clinical 
researchers will work side by side, grouped in 
themes, allowing scientists and clinicians to share 
information and knowledge. “you have to build the 
environment to foster those connections,” he says.

In his own speciality, rheumatology, the new 
translational facility will bring together clinicians, 
trial nurses, clinical researchers and basic science 
researchers. at the moment they are spread over 
four locations. 

Like many of his Monash peers, Professor 
Morand, who is also the director of rheumatology 
at Monash Health, is a clinician and a researcher. 
In 2007 he founded the Monash Lupus Clinic to 
treat patients with this disease while simultaneously 
running a research laboratory. 

His dual role meant biological samples 
provided from consenting patients could be used 
in his laboratory to advance research. recently, in 
collaboration with an australian biotech company, 
patient cells were used to test a potential new 
drug. “In this way, patient engagement empowers 

PHOTO: JaMes braunD

MedicAl reSeArcH

that places Monash schools, such as Professor 
Mcneil’s, in hospital precincts – in this case the alfred 
Medical research and education Precinct (aMreP). 

This close link with The alfred hospital and its 
more than 350 staff with expertise in biostatistics, 
data management and clinical medicine gives the 
Monash school of Public Health and Preventive 
Medicine the clinical know-how and academic 
expertise to handle large datasets. “we can  
manage and analyse big studies on thousands 
of people statistically and with the inherent 
understanding of medicine and epidemiology,” 
Professor Mcneil says.  

The asPree project is just one of many 
collaborations hosted by the school, which 
specialises in women’s and men’s health, emergency 
care, intensive care and anaesthesia, as well as 
hosting registries on trauma, disease and illness in 
partnership with The alfred and other hospitals.

The partnerships it has fostered are replicated 
in the university’s other clinical schools based in 
hospital precincts around Melbourne, all built on the 
objective of constantly improving health outcomes 
through research. These schools include the Monash 
Central Clinical school also at aMreP, the school of 
Clinical sciences at Monash Health in the Monash 
Health Translation Precinct, and the eastern Health 
Clinical school.

Partnerships between the university and 
hospitals go back decades but were formalised only 
three years ago with the creation of the Monash 
Partners academic Health science Centre. This is a 
“virtual centre” to encompass the clinical schools. It 
is partnered by Monash, The alfred, Cabrini, epworth 
and Monash Health hospitals as well as research 
institutes baker IDI, burnet and the Hudson Institute 
of Medical research (formerly MIMr-PHI).

The centre assembles scientists and clinicians in 
seven themes: critical care, diabetes, cardiovascular 
disease, infectious and inflammatory disease, 
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Jewhara Suleiman sets up the Biobus in preparation for collecting and processing samples for the 
ASPree healthy Ageing Biobank, which stores thousands of blood and urine samples from ASPree 
participants for research into ageing.
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research,” he says. “Our centre is now involved in 
numerous clinical trials of novel therapies for lupus.”

This includes a way to deliver the effects of 
steroids – the main treatment for lupus – without the 
side effects. “we have published several papers on a 
molecule that appears to have those characteristics 
and we are now measuring that in patients,” he says. 

That testing is being done by a medical student 
undertaking an optional research year, the bMedsci, 
an example of the added education benefits of 
the clinician–scientist matrix, where future health 
professionals are connected with research that in 
turn links patients to the laboratory. The uptake of 
the bMedsci has more than quadrupled since 2007.
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laboratory and into patient outcomes. The school 
covers infectious diseases, haematology, psychiatry, 
allergy and respiratory medicine, gastroenterology 
and sexual health.

“The entire school is structured to be a 
collaborative partnership between the university and 
The alfred hospital – it’s in everything we do and it’s 
intrinsic to our whole model,” he says. 

among the school’s more than 400 staff are 
appointees of Monash and The alfred, as well as 
PhD candidates who spend part of their time treating 
patients and doing basic science. “because of their 
dual roles, they can clearly see pathways for how 
their scientific work can lead to changes in patient 
care,” Professor Jane says. 

This is evident through the creation of the 
academic departments within the school and 
the appointment of joint professor/directors. 
One of these, Professor Peter gibson, leads 
gastroenterology and his group has overseen 
significant improvement in prospects for people with 
irritable bowel syndrome through the development of 
the low-fODMaP diet. 

from undertaking the basic science examining 
sugars in food, to creating an app for people to use 
when shopping, the work has led to food companies 
internationally being interested in badging particular 
products “low-fODMaP” as a marketing tool.

“This work has made a huge difference to 
patients with symptoms in a disease that was 
previously regarded with some scepticism,” 
Professor Jane says. “This is a superb example 
where a basic science program has led to an 
enormous clinical outcome worldwide.”

new multi-task phd
To continue this “translational research” approach, 
Professor Jane has teamed with Professor Morand 
and eastern Health Clinical school head Professor 
Ian Davis to create a new PhD in translational 
research – the first of its kind in australia. 

Managed by Dr steven Petratos and in its first 
year in 2015, the program provides candidates with 
skills such as structuring a clinical trial and managing 
intellectual property. 

“The translational research PhD teaches research 
scientists about the clinical space … because this is 
how the future looks,” Professor Morand says. 

This commitment to training the next generation 
of translational scientists and medical doctors is also 
evident in a purpose-built research and education 
space at the new Monash Children’s Hospital in the 
Monash Health Translation Precinct.

The $6 million facility will support teaching and 
clinical research in paediatrics, with medical students 
and clinical staff able to access live webcasts from 
operating theatres as well as data relating to patient 
monitoring, anaesthesia and diagnostic imaging. 

Professor Jane says hospitals support these 
relationships because of the two-way benefits. 
“academic units that are continually asking 
questions and challenging paradigms lead to 
hospitals achieving better patient outcomes,”  
he says. 

PHOTO: JaMes braunD

scientist doctors
Professor Morand says his role reflects a key 
characteristic of the university’s relationship with 
its hospital partners: faculty research leaders are 
practising doctors. “as clinician–scientists we 
recognise that to glue together the clinical camp and 
the science camp you need leaders who have a foot 
in both camps,” he says. 

This is similarly evident at the Central Clinical 
school partnered by alfred Health at aMreP where 
head Professor stephen Jane has made a point of 
employing departmental heads who are clinicians as 
well as researchers. Professor Jane says the dual 
skills facilitate the translation of research from the 
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Professor eric Morand, head of the Monash School of Clinical Sciences and director of rheumatology at Monash health,  
with Dr Vera golder, an advanced trainee in rheumatology, at the new Translational research facility.
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Words  Catherine norwood

P icture plant-filled “green” walls and roofs 
on urban high-rises that have functions far 
beyond aesthetics. They insulate the building, 

purify and recycle the water used by occupants, and 
hold rainfall, which helps regulate stormwater flows 
in the streets below. The concept is to package all 
the benefits of a natural wetland and integrate this 
into the built environment to, in effect, incorporate 
wetland and biofiltration technology evolved by 
nature into advanced urban design.

“It goes well beyond ‘green’ walls as they 
currently exist,” says Professor Tony wong, chief 
executive officer of the Cooperative research Centre 
for water sensitive Cities (CrCwsC), an australian-
led collaboration of international researchers, 
governments, water utilities and industry partners.

vertical wall or rooftop plantings are already an 
increasingly popular feature in modern architecture, 
particularly as a cooling feature in summer. but they 

researchers already have a building under 
construction to test the concept. This project 
coincides with initial planning for australia’s largest 
urban redevelopment project, also in Melbourne, 
which provides a potential showcase for this and 
other new water-sensitive design technologies.  

In the bayside suburb of Port Melbourne, a 
250-hectare light-industrial precinct known as 
fishermans bend has been rezoned for high-density  
commercial and residential development. It is 
expected to house 80,000 people within 50 years, 
with a further 40,000 working in the area. 

water utilities anticipate investing about  
$500 million in new and retrofitted infrastructure, with 
more than $30 billion of investment from the private 
sector – all of which could be influenced by the latest 
CrCwsC research. Melbourne water is one of 
three water utilities involved, and company strategist 
Jamie ewert says the utility is already working with 
the centre to develop on-site innovations for water 
delivery and treatment, including stormwater. 

Wetlands are going vertical, thanks to new concepts and technologies that could 
incorporate them into urban developments, including high-rise complexes.

PHOTO: eaMOn gaLLagHer

high-rise Wetlands

are thirsty, and usually rely on treated drinking water, 
which is not considered sustainable in the long term.

“However, if you could incorporate plantings 
into the architecture of the building with a functional 
purpose, like that of a biofilter, to cleanse the water 
from handbasins or showers, it provides a constant 
source of water for the plants,” Professor wong 
says. “The excess water, filtered through the planting 
soil, can then be re-used within the building.”

He has been an enthusiastic advocate of 
biomimicry throughout his career – replicating 
natural processes in urban landscapes. He says 
combining the logic of science and the processes 
of engineering has a powerful potential to influence 
design and improve the sustainability and liveability 
of our cities.

on-site innovations
at Monash university in Melbourne, where a 
key node of the CrCwsC is based and where 
the vertical biofiltration research is undertaken, 
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high-rise Wetlands

Like Professor wong, he is excited about the 
creative potential of the fishermans bend project, 
although the scale of the redevelopment is daunting. 
“The change in the numbers we will have to cater 
for as a water utility is astronomical – from a 
comparatively small number of large factories with a 
few toilets each, to potentially 140,000 permanent 
and day residents, and visitors,” he explains.

“There could be huge infrastructure savings if we 
can harness the research and technology to create 
landscapes that incorporate local water treatment and 
storage options – and also stormwater management, 
because the area is subject to flooding.”

water cleansing through vegetation-covered 
walls is one of the concepts being investigated 
for fishermans bend. Others include reclaiming 
heat for hot water, and even eliminating the need 
for individual hot-water systems in apartments by 
using heat drawn off an on-site, gas-fired power-
generation plant.

The use of “green walls” for microclimate control 
is also being investigated. summer temperatures 
increase the urban “heat island” effect – localised 
high temperatures caused by heat stored in bricks, 
concrete and roads.

It makes buildings clad with vegetation an 
enticing, albeit challenging, prospect. “Plants can 
reduce temperatures by as much as five degrees 
Celsius,” Professor wong says. “but greening a city is 
a high-water-demand strategy, and we have just come 
out of extended drought. so we need to harness 
water sources such as wastewater and stormwater.”  

proof of concept
Importantly, the density of development at 
fishermans bend will provide the level of investment 
needed to support innovation. “what we are trying 
to do at the CrCwsC is to provide proof of concept 
for a range of water-sensitive interventions, so 
innovations can be embedded into planning and 
design,” Professor wong says.

He knows that the innovations will only be 
achievable with a combination of sound science, 
political support, commercial viability, and skilled 
design and construction. It is a process he is already 
familiar with, through the development of wetland 
technology, under the umbrella of the CrCwsC’s 
predecessor, the CrC for Catchment Hydrology 
(also based at Monash), with one of its programs 
focused on stormwater. 

This is where the potential for constructed urban 
wetlands and rain gardens as biofilters to capture 
and clean stormwater was developed, refined and 
adapted from catchment-scale projects to the 
smallest suburban garden.

The singapore government has made 
extensive use of this research in retrofitting the 
urban catchment that drains into the Marina 
reservoir constructed in 2008. The reservoir collects 
stormwater from one-sixth of the land area in 
singapore. wetlands and rain gardens are used to 
filter pollutants before stormwater enters the reservoir. 

In Melbourne, more than 50 new wetlands and 
10,000 rain gardens have been built using the same 

principles. This has been crucial in maintaining the 
health of Port Phillip bay, where most of the city’s 
stormwater is discharged. 

Professor wong spent several years as a private 
consultant, and quickly realised that a cohesive 
set of well-tested planning guidelines and training 
programs was needed to increase acceptance of 
biofilters by water utilities and government agencies 
and to accelerate adoption. This led him back to 
Monash to develop programs for urban development 
professionals, and to ensure that the concepts of 
biomimicry were incorporated into undergraduate 
courses. The training has been an important strategy 
in the success of urban wetland design. for  
Mr ewert, it has been crucial in ensuring that 
everyone from water utilities and councils to home 
owners are working from the same knowledge base.

The success of this program has already led to 
changes to victorian state planning policies. all new 
developments must now incorporate environmental 
protection, water security and flood resilience. 

a new perspective
The Millennium Drought in australia, which lasted 
from 1998 to 2007, brought a new perspective to 
urban water management, shifting the focus from 
the “pollution problem” of stormwater. The drought 
raised fears that Melbourne, a city of more than four 
million people, might run out of water. stormwater 
very quickly changed from a problem to a resource, 
with drinking water banned for use on gardens. 

In the wake of the drought, Cities as water 
supply Catchments became the theme of a new 
Monash collaboration. with 21 industry partners, 
the collaboration raised $20 million for a five-year 
research program. The aim was to establish a 
blueprint for water-sensitive cities. “Interest in, and 
industry support for, the program has kept growing,” 
Professor wong says. 

This led to the establishment of the new national 
CrCwsC, launched in 2012. The australian 
government contributed $30 million and 85 industry 
partners have contributed a further $90 million to 
fund research over nine years.

There are 13 research partners who bring 
expertise from around the world, along with national 
and state governments, water utilities, local councils, 
private corporations, community organisations, 
and small and medium-sized enterprises. The 
science itself needs to encompass a wide range of 
disciplines, from engineering to social sciences.

Consequently, this research collaboration has 
evolved into an exploration of many different types 
of water-related technologies, policies and urban 
water governance frameworks, and how they can be 
integrated into urban planning and design.  

“we have gone beyond our own expertise, and 
through the partnerships we can address more 
issues and deliver more advanced and integrated 
outcomes to our research investors,” Professor 
wong says. “we recognise the bigger picture: to 
create more liveable spaces while simultaneously 
protecting – even enhancing – the environment as  
a whole.” 

ASiA’S MOderN 
wAter OppOrtuNity
An international interdisciplinary research program  

is bringing together doctoral researchers from fields  

as diverse as religious studies and hydrology to  

advance sustainable water management for developing 

Asian cities.  

Professor rebekah Brown and Professor Ana Deletic 

are co-leading a Monash university graduate research 

Interdisciplinary Program (grIP) that involves a doctoral 

training partnership between the arts and engineering 

faculties, the Monash Sustainability Institute and the 

Cooperative research Centre for Water Sensitive Cities. 

The grIP was launched in february 2015 and 

comprises an international cohort of researchers from 

Australia, Bangladesh, Bolivia, Canada, Chile, China, 

Indonesia, Iran, Japan, Malaysia and the netherlands.

“given the researchers’ talent and drive, I am 

excited about their potential to make a real difference 

to the sustainability and liveability of communities and 

their environments in developing Asian cities,” Professor 

Brown says.

The aim of the grIP is to encourage cross-

disciplinary collaboration, and to create a new model 

for interdisciplinary research to achieve industry and 

community engagement and impact. Professor Brown, 

who leads the Monash Sustainability Institute, represents 

the arts and social sciences. Professor Deletic represents 

the engineering and physical science disciplines involved 

in the program. 

Professor Brown says the focus of the sustainable 

water management in Asia program is to help developing 

cities leapfrog conventional water infrastructure and 

social practices that have well-documented flaws. 

Instead there is the opportunity to introduce advanced, 

and locally appropriate, water technologies, management 

and water-use behaviour.

“So far, Indonesia and China have been identified 

as priorities for research, although individual projects 

and cities are still being finalised,” Professor Brown 

says. “Several of the students also speak multiple Asian 

languages, so they may look at comparative studies 

across different countries.” 

There will also be opportunities to align research with 

un-habitat, World Vision and the Australia–Indonesia 

Centre initiatives in developing countries. 

ILLusTraTIOn: CrCwsC
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F ive students had to be saved by a fast-
working rescue team inside flooded parking 
garages at the university of California, Los 

angeles, when a badly corroded 76-centimetre 
water main burst near the campus in 2014.

gushing at up to 132,000 litres per minute, a 
30-metre geyser gouged a 17-metre sinkhole in 
sunset boulevard. On campus, the water damaged 
about 300 cars and flooded a playing pavilion and 
sports fields. 

another incident in rio de Janeiro in 2013 
showed just how catastrophic a burst main can 

be, when an explosive jet of water killed 
a young girl, injured more than a 

dozen people, destroyed 17 houses, 
flooded a city block and left about 
140 people homeless.

These incidents are seen as 
pointers to a challenge facing many 

major cities serviced by an ageing, 
often decrepit, underground infrastructure 

of water mains, some with pipes laid between 80 
and 150 years ago. when these pipes fail, the results 
can be catastrophic and very costly. The catch 22 is 
that replacing this infrastructure could be even more 
costly – estimated at $5 to $10 million per kilometre 
– and that is without factoring in the disruption 
to surrounding communities and businesses. To 
address this and develop a strategic approach to 

replacing infrastructure, particularly water mains, a 
five-year international research project – the Critical 
Pipes Project – is researching ways to accurately 
predict how, when and where water mains in city 
networks are likely to fail. The aim is to target more 
precisely when pipes need to be replaced, so “high-
consequence” bursts can be prevented and millions 
of dollars saved on premature pipe replacements. 

research leader Professor Jayantha Kodikara, 
deputy head of the Monash Department of Civil 
engineering, says damage caused by critical pipe 
failures, such as one that led to two cars falling into a 
sinkhole in Port Melbourne in December 2014, costs 
about $600,000 per incident. even minor pipe bursts 
cost about $15,000 to repair.

already the findings of the critical pipes study 
have contributed to sydney water cutting capital 
costs by around $10 million a year – about 25 
per cent of what the utility previously spent on 
proactively replacing ageing mains pipes. 

Monash university is undertaking the Critical 
Pipes Project in partnership with two other australian 
universities, the university of Technology, sydney, 
and the university of newcastle, and major water 
utilities in sydney, Melbourne and elsewhere across 
australia. International partners include uK water 
Industry research (uKwIr) – which comprises 21 
water and sewerage operators – and the us-based 
water research foundation and water environment 
research foundation. 

Maximising the lifespan
Professor Kodikara, who specialises in 
geomechanics and geoinfrastructure, says the 
project is the most comprehensive long-term study 
into critical pipe failure in the world. The ultimate 
aim of the research is to allow utilities to get the 
maximum life from infrastructure: to “sweat valuable 
assets while preventing failure”, thereby saving 
capital expenditure.

In australia, utilities spend about $1 billion 
a year replacing and maintaining water pipes. 
Professor Kodikara says a 30 per cent improvement 
in predicting pipe failures could save the australian 
water industry alone more than $460 million over 20 
years, not to mention the wider benefits.
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water pressure. The two main types of problem were 
failures in the pipe barrels and fractures in the joints. 

sydney water manages about 21,000 kilometres 
of mains pipes, of which about 5000 kilometres are 
regarded as “critical mains”. These are pipes that 
supply hospitals, or run under bridges and railways 
and through the central business district. 

The challenge for sydney water and utilities 
internationally is to ensure that money invested in 
their buried assets is scientifically validated. Dammika 
vitanage, asset infrastructure research coordinator for 
sydney water, says already, as a result of the research 
and its own risk-management framework, sydney 
water has reduced the annual cost of replacing large 
pipes from about $40 million to $30 million. 

Mike shepherd, uKwIr’s project manager for 
the Critical Pipes Project, says his organisation 
joined the study because it addresses a key area 
of interest for uK water utilities. “The benefit to all 
utility members of the project will be a set of tools 
that will enable them to manage their critical water 
mains assets in a much more efficient and cost-
effective way by being able to pinpoint intervention 
and rehabilitation activities with resulting financial and 
social benefits to their customers.”

according to Dr Jian zhang, research manager 
at Denver’s water research foundation, the 
gap between the management needs of buried 
infrastructure and committed funding levels is one 
of the most critical issues facing the water sector. 
This partnership project can directly reduce this 
infrastructure funding gap by demonstrating how 
utilities can get the maximum life from their critical 
pipes. “The findings of this study could absolutely 
help prevent incidents like the water main break in 
La,” he says. “This study directly addresses why, 
when and where critical pipes may fail and how to 
manage infrastructure renewal/replacement plans.” 

“Through this study we can contribute to safety 
by renewing pipes in time and preventing their 
failure,” Professor Kodikara says. 

water pipes in australia’s largest cities are on 
average about 80 years old – young compared 
with pipes in the big cities of the uK and the us. 
Professor Kodikara says the old iron pipes laid down 
100 to 150 years ago were over-designed, larger 
and heavier than what was needed at the time, and 
this is why they have lasted so long. some might 
even last another 50 to 100 years, but many are 
approaching failure. Knowing which are approaching 
collapse is the critical question.

“It is scientifically very challenging to answer the 
question of how much life remains in these pipes,” 
he says.

seeking the cause
Previously researchers thought that external factors 
were the main cause of pipes failing – heavy 
traffic loads, and especially large trucks braking 
or cornering. working with sydney water, the 
researchers set up a test bed above a 1.5-kilometre 
section of an 85-year-old cast iron water pipe 
decommissioned by the utility because it was 
corroded and seen as a risk. Like many older sydney 
pipes, it was lined with cement in the 1960s. 

Professor Kodikara says tests included 
measuring the stress caused by traffic on a highway 
that crossed the old pipeline. although the buried 
pipe bowed slightly, the researchers concluded that 
the strain caused by the traffic was insignificant 
compared with water pressure. 

They measured the metal thickness and 
corrosion and sent a Canadian robot – like a “sea 
snake with instruments attached to it” – to swim 
through the pipe and inspect its condition. They 
also dug up and tested small sections. at 11 burst 
water main sites in sydney, the engineers analysed 
damaged pipes and surrounding soil samples. 

The unpredictability underlying the whole issue 
was clearly illustrated. results showed that some 
parts of the old test-bed pipeline could have lasted 
another 50 to 100 years, Professor Kodikara says. 
The engineers found that failures in large-diameter 
pipes were largely caused by corrosion and high 
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SMArt tOOlS fOr 
wAter MANAgeMeNt
By creating a “more intelligent” water-management 

system, Melbourne’s four water utilities aim to defer 

future capital expenditure on the pipe network that 

serves the city’s 4.4 million inhabitants. 

Working in partnership with Monash university, 

Melbourne Water and the city’s three retail water utilities 

are developing algorithms for an integrated pipe failure 

and asset management system. 

It will enable them to maintain more cost-effectively 

the network of large and small water pipes and  

get maximum life out of it, while keeping failures to  

a minimum. 

Thomas Kuen, manager of asset management 

research for Melbourne Water, says the tools that are 

being developed will help to estimate the remaining 

useful life of the pipes and are the most detailed ever 

applied to the city’s water infrastructure.

funded by Victoria’s Smart Water fund, the 

research will draw on the findings of the Critical Pipes 

Project. The dynamic tools are likely to be adapted as 

models by utilities in other cities, according to Professor 

Jayantha Kodikara, professor of geomechanics and 

geoinfrastructure at Monash. 

new data, such as information on the material from 

which pipes are manufactured and soil reactivity, will  

be added to the existing geographical information  

system framework showing the layers of Melbourne’s 

water pipe network. 

Mr Kuen says: “You can make an analogy with 

managing people’s health. It’s like postponing a hip 

replacement or surgery until it is essential. You are trying 

to get a better handle on the remaining useful life of what 

is good in the pipe network.” 

“through this study we can contribute  
 to safety by renewing pipes in time and 
preventing their failure.”

 – Professor Jayantha Kodikara

A burst main in Sunset Boulevard, los Angeles, in 2014. The aim of the Critical Pipes Project is to target 
more precisely when pipes need to be replaced, so “high-consequence” bursts can be prevented.
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“our work with 3d printing is based very much on our materials science – 
an area of research in which we have a long history and understanding.”

 – Professor Xinhua Wu

PHOTO: eaMOn gaLLagHer
Words  Brad Collis

P rofessor xinhua wu is on a mission: to tease 
mechanical imaginations; to banish the tyranny of 
straight lines that have dictated manufacturing since 

the steam age. extraordinary possibilities arise when, for 
example, machinery does not have to be designed to facilitate 
linear linkages or flat-surface joins, when engine components 
no longer have to be cast with bulky flanges that exist solely to 
accommodate bolts and brackets.

Professor wu, an international authority on additive 
manufacturing, or 3D printing as it is known, is well on the way to 
achieving this ambition. Her research has already made significant 
inroads into the aero-engineering industry, but “knowing” what is 
possible is not the same as “showing” what is possible.

This is the real challenge she has set for her research 
team at the Monash Centre for additive Manufacturing and its 
industry partners in europe and australia.

she has been demonstrating additive manufacturing’s 
application in jet engine components – an exacting field of 
engineering and design – to signal that this manufacturing 
revolution is off and running and that it is time for more 
industries to get on board.

“Most manufacturers know about 3D printing,” Professor 
wu says. “but they don’t have enough information about 
its performance. They have a lot of data for processes such 
as casting, forging and machining. but fusing powdered 
metals into a one-piece 3D object direct from a computer 
raises questions in their minds about qualities such as tensile 
strength, fatigue and repeatability.

“This is why materials science to support additive 
manufacturing is so crucial.”

Professor wu says science must be able to demonstrate 
that melted metal powders (typically titanium, aluminium and 
nickel) will perform as well as, or better than, metals that are 
conventionally cast or forged. In other words, performance 
needs to be assured, and accepted by industry, before 
designers’ imaginations can really be let loose.

“so our work with 3D printing is based very much on our 
materials science – an area of research in which we have a 
long history and understanding.”

Professor wu is recognised internationally as a leader in 
advanced light metals research: so much so that when she 
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Manufacturing in 3d
Marrying advanced metals research with additive 
manufacturing is opening global opportunities 
for aerospace and biomedicine.
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agreed to head the australian research Council (arC) Centre of excellence 
for Design in Light Metals, her industry partners – notably european aerospace 
companies such as bombardier, airbus, the european space agency and 
safran-Microturbo – moved with her from the uK to Melbourne.

hub of innovation
Head of research at safran-Microturbo s.a.s. Jean-françois rideau says 
Professor wu and her team have demonstrated mastery of additive manufacturing 
in metal: “Our partnership is a success story that was recognised last year when 
safran gave the team its Innovation for Product and Technology prize for the work 
done with Microturbo and the uK’s university of birmingham,” he says.

He says the company is working closely with the team in developing new 
technologies for future engines.

To keep this momentum going, Professor wu now heads a network called the 
arC Hub for Transforming australia’s Manufacturing Industry through High value 
additive Manufacturing. The hub has a $9 million research budget – $4 million 

from the arC and the rest from industry and university partners. Industrial partners 
include safran-Microturbo in france and australian companies establishing a 
presence in this field, such as Metallica Minerals, amaero engineering (a Monash 
university spin-off company) and International seal Company australia (IsCa). 
academic partners include Deakin university, the university of queensland and 
the australian nuclear science and Technology Organisation.

The hub provides a development stream that links materials science directly 
to the manufacture of end products. Professor wu says the hub will concentrate 
on 3D printing of metallic components for aerospace applications but will also 
explore applications for biomedicine, specifically orthopaedic implants and 
surgical instruments.

“The attraction for companies that partner with us is that we provide the 
materials research that can feed directly into component manufacturing,” she says.

Three new partnerships underway to develop specific end products involve 
numerous engine components and a biomedical r&D initiative. The engines 
include an aero-engine for safran-Microturbo and an electricity generator based 

on a stirling (closed-cycle) engine, with IsCa. This will be a 
small, inexpensive, portable engine able to generate power in 
isolated locations.

The biomedical developments will cover surgical 
instruments and patient-specific implants (rather than the 
current off-the-shelf options). This is a new partnership 
between Monash, two large hospitals in China and amaero 
engineering as the manufacturer in Melbourne.

research maximised
The decision to enter the biomedical field stems from 
Professor wu’s determination to maximise the impact of her 
team’s metals research capability.

“while we have made important inroads into aerospace, I 
am conscious that it is not an industry in which australia has a 
major presence, unlike biomaterials,” she explains, pointing to 
the global leadership position established by companies such 
as Cochlear.

“so we will look at products such as customised implants 
and surgical instruments, which, like aerospace components, 
have very strict performance requirements.”

The crucial advantage of additive printing is its cost. 
It does not require large production volumes to recoup 
extensive up-front investments such as moulds and casts, 
machining and assembly-line infrastructure, which also often 
follow a lengthy design and testing period. 

In 3D printing there is minimal cost difference between 
printing a single unit and printing thousands of units, making it 
ideal for customised needs such as orthopaedic implants.

“additive manufacturing is also a comparatively fast 
process: print from the design, test the product, and if 
something needs changing, go back to the computer, make 
the change and print another unit,” Professor wu says.

as with the developments already undertaken in the 
aerospace sector, Professor wu says the success of any 
biomedical ventures will come down to the quality of the 
science–manufacturing nexus.

“This is our strength. The metals science and the 
manufacturing are directly connected; they feed into each other.”

for Professor wu, the additive manufacturing revolution is 
no longer a question of when, but how quickly it will become 
the default process. “There are no design limitations any 
more. as more and more companies realise this, the world of 
manufacturing will change forever.” 
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fast acting reduces 
stroke risk
Better and faster treatment methods make it less likely that 
someone who has a transient ischaemic attack (TIA, or mini-
stroke) will go on to experience a full stroke. Together, TIA 
and stroke represent a major public health problem that is 
hugely expensive in terms of lost productivity and wages.

In a world-first study, researchers at Monash University 
found that over the past decade in Victoria, increased use of 
brain imaging and better organisation of rapid treatment of 
TIA has meant more use of antiplatelet therapy and carotid 
artery investigation, with subsequent benefits for those 
affected. The research, led by Associate Professor Velandai 
Srikanth, director of the Stroke and Ageing Centre at the 
Monash School of Clinical Sciences, was published in Stroke. 
It included the first data to demonstrate a yearly decline over 
the past decade in the risk of stroke in the first 90 days after 
experiencing TIA.  

While acknowledging the contribution of other factors, 
such as lifestyle programs to reduce smoking and obesity, 
Associate Professor Srikanth says rapid treatment pathways, 
usually instituted in hospitals with organised stroke units, 
have been particularly important in generating lower rates 
of stroke after TIA.  Monash Health has led the way in 
establishing such pathways in Australia, he says. 
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Joining forces 
againsT 
auToimmune 
disease
Potential for new and 

improved treatments for 

autoimmune diseases 

and disorders has been 

boosted by a new 

research collaboration 

between Monash 

university and Janssen-

Cilag, one of the 

Janssen Pharmaceutical 

companies of Johnson & 

Johnson.

The collaboration, 

facilitated by Johnson 

& Johnson Innovation, 

Asia Pacific, will focus 

on research at Monash 

to develop medicines for 

autoimmune diseases 

such as rheumatoid 

arthritis and psoriasis, 

which affect millions of 

people worldwide. 

Although some 

medications are already 

available, there is still 

substantial need for the 

development of new and 

improved treatments for 

such disorders.

funding from 

Janssen will enable 

Monash and Janssen 

immunology scientists to 

collaboratively research 

the mechanisms that 

underlie autoimmune 

disorders. Monash 

university’s Professor 

Jamie rossjohn (above), 

from the Department 

of Biochemistry and 

Molecular Biology, will 

lead the team on the 

three-year research 

program.

“By understanding 

the molecular basis 

for the trigger that 

causes autoimmune 

diseases we can uncover 

opportunities for novel 

immunotherapeutics,” 

Professor rossjohn says.
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SurpriSe rOle fOr SNAil tOxiN 
In humans, insulin regulates energy metabolism – but venomous marine cone 
snails have found an entirely different purpose for it. The toxic cocktail that 
cone snails use to target fish contains a specialised form of the hormone. It 
puts the fish into a coma, allowing the snails to close in on their subdued prey.

Professor ray norton, from the Monash Institute of Pharmaceutical 
sciences, says: “Cone snails are very slow-moving predators, but they’ve 
made up for this by producing a vast array of fast-acting toxins that target the 
nervous systems of their prey.”

There is more than curiosity value in this: there is also the potential 
for useful therapeutics. Professor norton was involved in the collaborative 
study by Monash university, the university of utah, new york university and 
the Copenhagen biocenter. findings were published in Proceedings of the 
National Academy of Sciences of the United States of America.

Professor norton says the snail’s unique form of insulin is unlikely to be 
used by the cone snail for any other purpose than as a weapon. However, 
it should prove useful for probing the systems used by the human body to 
control blood sugar and energy metabolism.

animal venoms are already used in several human medicines and 
Professor norton expects ongoing exploration to produce even more.

There are about 600 different species of cone snails, all 
of which are venomous. Cone snails administer stings by 

extending a long flexible tube called a proboscis and then 
firing a venom-laden, harpoon-like tooth (radula).
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Why kidney size matters 
Babies born with smaller kidneys have a higher than normal 
risk of developing cardiovascular disease as adults – and 
researchers are closer to understanding why. About one in 
500 babies are born with renal disorders. 

Although many go on to live healthy lives, between 20 
and 40 per cent develop chronic kidney disease and high 
blood pressure. As yet, it is not possible to tell which children 
will be affected.  To understand more about the development 
of renal failure, researchers from Monash University and the 
University of Queensland examined how reduced fetal renal 
mass affected the mechanisms regulating kidney and blood-
vessel function.

In findings published in Circulation, an increased response 
to nerve activity as well as an inability to respond to nitric 
oxide – which is important for blood-vessel health – were 
identified as likely causes of kidney injury. Lead authors 
Professor Kate Denton and Dr Marianne Tare, from the 
Monash School of Biomedical Sciences, say the functional 
units of smaller kidneys need to grow more, increasing their 
workload and making them more vulnerable to damage. The 
research team, in collaboration with clinical colleagues in 
the Netherlands, now intends to identify early-life clinical 
markers of future renal and cardiovascular health.

shop lifT 
brings sales 
boosT
A shop renovation can 

reward retailers with a 

sales boost of nearly 50 

per cent, not only drawing 

new customers but also 

encouraging existing 

patrons to spend more. 

The considerable 

expense involved could 

take some years to 

recoup, but the returns 

are such that managers 

should view remodelling 

as a strategic investment, 

say researchers from 

Monash university’s 

Department of Marketing.

The department’s 

Professor Tracey Danaher 

says remodelled shops 

attract new customers  

who return often and 

spend more. 

research published in 

the Journal of Marketing 

showed that sales to new 

customers increased 

by 43 to 44 per cent 

after remodelling, and 

even those to existing 

customers went up seven 

to 10 per cent.

Professor Danaher 

says store remodelling is a 

powerful tool that should 

be considered alongside 

mainstream advertising as 

a way to attract and retain 

customers, as well as 

influence their perceptions 

and how much they buy.

tOucH Of Spice bOOStS MeMOry
a widely used spice may have a role beyond its traditional one of providing colour 
and flavour: it could improve memory.

If a gram of turmeric is consumed with breakfast, it appears to boost 
memory in people who are in the early stages of diabetes and at risk of 
cognitive impairment. such problems are on the rise because the world’s ageing 
population means more people are predisposed to diabetes, which is in turn 
connected to dementia.

Turmeric’s characteristic yellow colour is due to curcumin, which accounts for 
three to six per cent of turmeric and has been shown by experimental studies to 
reduce the risk of dementia. 

a Taiwanese study, led by emeritus Professor Mark wahlqvist from Monash 
asia Institute at Monash university, tested people aged 60 years or older who 
had recently been diagnosed with untreated pre-diabetes. 

The simple addition of turmeric to breakfast was shown to improve their 
working memory over six hours. working memory is critical for planning, 
problem-solving and reasoning, and is one of the most important mental faculties.

The study, which involved several research institutes in Taiwan, was published 
in the Asia Pacific Journal of Clinical Nutrition. 

s n a p s h o t s
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Turmeric is a rhizomatous herbaceous perennial plant of the ginger family 
(Zingiberaceae). It is native in south-west India, and needs temperatures 
between 20°C and 30°C and a considerable amount of annual rainfall to thrive.
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“ it’S tHe Ability tO iNtegrAte  
SkillS witHiN NetwOrkS tHAt  
prOvideS A MecHANiSM tO SOlve  
reAl-wOrld prObleMS.”

                                                          – professor susan charman



The medicines on which the modern world relies for 
health and longevity may be performing at only a fraction 
of their potential – a costly shortcoming that creative 
research–industry collaborations are rectifying.

Words  dr gio Braidotti

m IPs is a research institute quite 
unlike any other. It is where a new 
prescription is being written to improve 
the design, manufacture and efficacy 
of therapeutic drugs. It is a crucible 

in which some of the world’s leading researchers and 
pharmaceutical companies are combining their talents 
and technologies to transform medicine.

MIPs stands for Monash Institute of 
Pharmaceutical sciences, and developments already 
emerging from this innovative collaboration could 
impact one-third of all existing medicines and open 
the way to new and better drugs. 

a case in point is Monash university nHMrC 
principal research fellow Professor arthur 
Christopoulos, whose research has revolutionised 
our understanding of the targets of the largest 
class of drugs on the market. These drugs work by 
targeting a family of human proteins called g protein-
coupled receptors (gPCrs).

“Many of the traditional ‘blockbuster drugs’ in 
terms of antipsychotic, cardiovascular, obesity and 
diabetes medications all work on gPCrs,” Professor 
Christopoulos says.

However, efforts to further exploit gPCrs have 
experienced massive problems and only 10 per cent 
of all gPCrs in our bodies are currently conduits for 
better health. 

“affected were important diseases that 
pharmaceutical companies had tried to target 
for drug discovery but had to abandon due to 
then-inexplicable complications,” says Professor 
Christopoulos, who is now in a position to understand 
some of the complications and to reverse them.

starting in 2000, Professor Christopoulos has 
revolutionised our understanding of how gPCrs 
work.The receptors sit on the surface of every cell 
in the body. Their role is to receive external signals. 
These take many forms and include hormones, 
neurotransmitters, bile acids in the digestive tract or 
even light as it hits our retinas. 

anxiety, physiological and metabolic diseases such 
as heart disease and diabetes, and diseases of the 
sense organs such as retinitis pigmentosa, a form of 
progressive blindness.

There are also opportunities to tackle diseases 
never previously treated through gPCrs, most 
notably cancer and diseases of the immune system. 

since allosteric sites vary much more between 
gPCrs than the primary binding site for signals, the 
next generation of drugs can aim to solve one of the 
biggest challenges of gPCr biology – the selectivity 
of drug action. That could mean drugs with fewer 
side effects. 

accompanying MIPs on that journey is french 
pharmaceutical company servier Laboratories.

“we are working with servier on three different 
targets, across three different therapeutic areas,” 
Professor Christopoulos says. “Patients are the 
focus, always, as we attempt to develop candidate 
molecules we can take forward as potential drugs.”

Currently that involves neuropsychiatric, 
metabolic (diabetes/obesity) and inflammatory 
diseases. In the most advanced project, compounds 
have been screened in france using a method 
developed at MIPs, and promising compounds are 
heading into product development.

The relationship amounts to a collaborative drug-
discovery program that extends across MIPs and 
servier, in a partnership deal that is financially the 
biggest of its kind in australia. 

an appetite for drug development
when it comes to diseases with few treatment 
options, one area of the body stands out – the 
gastrointestinal tract and, with it, the bane of millions 
of people: pain and inflammation. 

with more neurons than the spinal cord, the gut 
also forms the largest endocrine (hormone secreting) 
and immune system in the body. 

“The gut is an enormously fascinating organ 
system and it is affected by many diseases, some of 
which are poorly understood,” says MIPs Professor 
nigel bunnett, who has also made extraordinary 
discoveries about gPCrs. 

“People think of gPCrs as residing exclusively 
at the surface of a cell,” he says. “but they can 
rapidly move to the cell’s interior where they continue 
to signal and generate disease-relevant outcomes, 
particularly relating to visceral pain and discomfort.”

Once internalised, the receptor is unreachable to 
current drugs – something Professor bunnett wants 
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The receptors interact with a signal and convert 
it into biochemical activity that changes the way the 
associated cell functions. for the retina, that means 
initiating the perception of light. Taste and smell, too, 
are gPCr-mediated. for the adrenaline receptors 
it means initiating the fight-or-flight response. as 
such, gPCrs link up the cells in our bodies into 
an integrated network that can feel, perceive and 
respond to the environment.

Industry typically viewed gPCrs as simple on/
off switches controlled by an incoming signal and 
sought drugs that would interfere with that signalling.

Professor Christopoulos demonstrated – in what 
is emerging as a pioneering advance with enormous 
ramifications – that all gPCrs contain alternative, 
so-called “allosteric” binding sites. These too can 
interact with signals and radically transform the 
receptor’s signalling capabilities.

“The allosteric site tunes the receptor into a 
broader, more complex mix of signals and modulates 
the receptor’s response to the primary signal [or to 
a drug] up and down in the manner of a dimmer 
switch,” Professor Christopoulos explains.

for example, there are several gPCr subtypes 
that bind adrenaline. variation at the allosteric sites 
means these receptors can activate or inhibit pathways 
differently. all sorts of combinations are possible. 

“but if a drug-discovery program only tests one 
pathway, it is blind to the compound’s full biological 
impacts,” Professor Christopoulos says. “That’s what 
happened to the pharmaceutical industry when it 
traditionally relied on the easiest pathway to screen 
compound libraries. Then when the compounds 
were taken into the clinic they failed or produced 
unexpected results.”

Back to the future
MIPs is now revisiting diseases once shelved for 
drug development.

“This family of receptors are of interest to an 
incredibly broad range of diseases,” Professor 
Christopoulos says. He lists neuropsychiatric 
disorders such as psychosis, depression and 

TranslaTional research applies findings from basic science to improve human health and wellbeing. It is a 

recognised approach in the health, behavioural and social sciences. In medicine, for example, translational research aims 

to move “from bench to bedside” – guiding laboratory experiments from clinical trials to patient care. Applying knowledge 

from basic science can otherwise be frustrated by the compartmentalisation that occurs between different research 

disciplines. Translational research seeks to overcome these divisions and speed up the delivery of practical applications.
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Monash university nhMrC principal research fellow Professor Arthur Christopoulos (left) and  
Associate Professor David Morton from the Monash Institute of Pharmaceutical Sciences.
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to rectify. It is an interest shared by the world’s  
10th-largest pharmaceutical company, Takeda. 

Together, MIPs and Takeda have four projects 
underway, each dealing with signal-relaying 
receptors and their role in mediating ailments 
such as irritable bowel syndrome, visceral pain, 
constipation and the maddening itch of pruritus.

all of these projects hinge on discoveries 
made by Professor bunnett over a 25-year career 
investigating the gastrointestinal tract. The projects 
fall into two broad types. One is about targeting 
drugs to receptors implicated in common gut 
ailments; the other is about engineering nanoparticles 
to deliver drugs to the inside of a cell, with expertise 
provided by the MIPs nanomedicine centre. 

“These are quite ambitious projects,” Professor 
bunnett says. “They allow me to take my research 
findings further than I could with traditional funding 
routes – right through to developing drugs.”

helping the medicine go down
given past indicators, the drugs sought by Professor 
Christopoulos and Professor bunnett may possess 
an undesirable common feature. They are unlikely to 
dissolve easily in water, meaning they can fail to be 
absorbed properly when taken orally by patients. 

MIPs researchers Professor Chris Porter, 
Professor Colin Pouton and MIPs director Professor 
bill Charman recognised the solubility problem years 
ago and assembled one of the largest collaborative 
teams in academia to develop strategies and 
technologies to address it.

Capsugel, the world’s largest manufacturer of 
capsules and a leader in drug-delivery technologies, 
has partnered with MIPs in the initiative for the  
past decade.

“Low solubility affects at least 50 per cent of 
drugs on the market and 70 per cent of all drugs 
under development,” Professor Porter says. “That 
means a drug travels through the intestines as lumps 
of powder and cannot be absorbed. I’ve heard 
industry scientists often refer to these powders as 
‘brick dust’ – they are that insoluble.”

Professor Pouton says the same features that 
permit a drug to bind tightly to protein targets – such 
as a gPCr – also make it dislike water. “and with 
the improved selectivity of new drugs coming to 
market, the problem is getting worse.”

The pharmaceutical industry had addressed the 
problem by dissolving drugs in small amounts of 
lipid – a fatty substance that protein-targeting drugs 
prefer to water. 

“The lipids stimulate the gastrointestinal tract so it 
secretes digestive enzymes and bile,” Professor Porter 
says. “These assist the drug’s absorption – something 
that we want to promote in drug formulations.”

The MIPs team has systematically studied lipids, 
and even standardised the tests used to evaluate 
lipids through the Lipid formulation Classification 
system Consortium, an international collaboration 
including eight companies.

Professor Porter, alongside Professor Peter 
scammells who heads the MIPs medicinal chemistry 

manufacturing base of glaxosmithKline (gsK), 
which has a longstanding partnership with MIPs 
specialising in dry-powder inhalers and products 
containing sterile liquids. 

Joint ventures include taking apart inhaler 
products for people with asthma and learning to 
make them at lower cost while maintaining quality.

Then there is the inhaled form of oxytocin under 
development with gsK that makes it possible to 
save the lives of the 100,000 women dying each 
year from blood loss in childbirth in developing 
countries. That project was awarded the australian 
Innovation of the year award.

“gsK genuinely puts the patient first and is trying 
to develop medicines affordable to the developing 
world,” says Philip Leslie, site technical lead at gsK’s 
Melbourne manufacturing plant. 

associate Professor Morton’s flair for innovation, 
however, defies categories or research silos. 
He is simply too good at joining the dots across 
disciplines, sectors and industries. The inhaler 
design work, for instance, owes much to the last 
place on earth you would associate with innovation 
in pharmaceutical science – Chernobyl. 

while working for the uK atomic energy 
authority, associate Professor Morton took methods 
that described the dispersal of material from the 
failed nuclear reactor and converted them into 
industry best-practice technology for making and 
dispersing fine powders in products ranging from fire 
extinguishers to inhalers.

To more systematically continue to innovate 
the drug delivery, he focuses his attention on the 
Monash–gsK australian Centre for Innovation  
and Industrialisation.

The partnership is fluid and expansive. It allows 
gsK to solve problems at its plant in four hours rather 

theme, has also developed a new technology to 
formulate low-solubility drugs as ionic liquids. Ionic 
liquids are salt-like substances that occur as a liquid 
(rather than a crystal) at room temperature. They 
can be readily combined with lipids and surfactants 
(soap-like substances) to generate liquid drug-delivery 
systems that combine easily with intestinal fluids.

“The main limitation that ionic liquids address is 
the ability to dissolve enough drug into a small quantity 
of lipid so it fits into a capsule,” Professor Porter says.

Capsugel has decided to co-develop the 
ionic liquid technology because many of its clients 
worldwide are experiencing issues with drug solubility.

“Part of the reason we, as academics, enter into 
these partnerships with commercial partners is to 
ensure we are solving problems in the real world,” 
Professor Porter says.

It is an ethos ingrained into MIPs by  
associate Professor David Morton, a maverick of 
whole-system thinking. 

an integrated progression
“If people are not thinking about cost, formulation, 
delivery and manufacturing then you reach a point 
where research into new drugs is compromised,”  
associate Professor Morton says. “you see this 
already across industry where fantastic medicines 
are being developed but are not affordable.”

He points to the estimated 80 per cent of the 
world’s people with asthma who cannot afford 
any current asthma medication. “This means in 
pharmaceutical science the fate of these asthmatics 
gains a lower profile than curing cancer,” he says. 
“That is where MIPs can challenge conventions in 
drug development.”

His respect for real-world problem-solving 
is especially appreciated by the australian 
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organisations such as the international Drugs for 
neglected Diseases initiative and the Medicine for 
Malaria venture (MMv). These organisations have no 
in-house research or manufacturing capability, but 
form product-development partnerships by tapping 
into the best of existing expertise.

a favourite port of call for these ventures is the 
MIPs Centre for Drug Candidate Optimisation (CDCO), 
headed by Professor susan Charman, where each 
year hundreds of compounds in early drug discovery 
are pre-emptively scrutinised to solve problems that 
might compromise future development, including poor 
solubility or high rates of metabolism that can influence 
the time course of drug concentrations in the body. 
This is the field of pharmacokinetics.

at any one time, about 40 per cent of 
compounds processed by the CDCO are for 
non-profit drug-discovery ventures. Many of the 
compounds being developed by MMv have passed 
through the CDCO during the discovery process.

“not-for-profit partnerships fill a critical gap by 
discovering and developing drugs that may not be 
commercially profitable,” Professor Charman says. 

“Judging by the number of drugs in clinical trials for 
malaria, for instance, these partnerships work.”

The CDCO is particularly well suited to 
collaborative ventures. both MIPs and Monash 
recognised that some capabilities, such as electron 
microscopy, are fundamental to research more 
broadly. These have been structured into Monash 
technology research platforms and are designed with 
a dual purpose – to be accessed for collaborative 
research and to advance the platforms’ capabilities.

The CDCO functions as one such platform. In 
this guise, for example, it works with the Cancer 
Therapeutics CrC that is looking for new ways to 
treat metastatic cancer. as a master of collaborative 
product development and winner of multiple MMv 
Project of the year awards, Professor Charman 
says these ventures need well-developed plans, 
along with the right mix of people and processes, to 
ensure the timely sharing of high-quality data.

“ultimately, it’s the ability to integrate skills 
within networks that provides a mechanism to solve 
real-world problems,” she says. “That is a lesson 
applicable across the drug-development arena.” 

than a week, thanks to a rapid-analysis technique 
developed by a MIPs project. It also extends to 
training, with students and gsK employees sharing 
experiences and resources both in the classroom and 
the plant, including Pharmatopia – a training tool for 
solving pharmaceutical manufacturing problems in a 
software virtual world – which has now been adopted 
by gsK more broadly in its worldwide enterprises.

In november 2013, the centre was presented 
with australia’s business/Higher education round 
Table award for both the best r&D collaboration and 
for outstanding collaboration.

To associate Professor Morton, the centre 
highlights the benefit of manufacturing close to an 
r&D skill base that can solve problems as they arise 
on the plant floor. “Companies are beginning to 
appreciate that manufacturing drugs where labour is 
cheapest can become a false economy,” he says. 

a helping hand
Issues of drug affordability and drug development 
neglect in poor countries are also being solved 
at MIPs through partnerships with non-profit 

tHe Art Of cOllAbOrAtiON
The Monash Institute of Pharmaceutical Sciences (MIPS) is led by Professor Bill 

Charman, the 2014 recipient of the lifetime Achievement Award in Pharmaceutical 

Sciences. This award is bestowed every two years by the International Pharmaceutical 

federation, which has more than three million members. Central to the way the institute 

works is its abolition of discipline-based departments and research silos in favour of 

free-flowing collaboration across a wide range of research disciplines.

“As a pharmacist and a pharmaceutical scientist, the opportunity to integrate the 

learnings and knowledge from interdependent fields inspires me to strive for real-world 

impact in medicine design and patient care,” Professor Charman says. 

Collaborations and partnerships make it possible to draw on all kinds of specialist 

expertise needed to transform drug-discovery outcomes, wherever it is found – within 

MIPS, academia, hospitals, government, for-profit companies, non-profit organisations 

and the philanthropic sector. 

“The idea is to nurture creativity and facilitate interdisciplinary thinking to address 

transformational science projects,” Professor Charman says.

Collaborators include scientists such as 2012 nobel laureate and biochemist 

Professor Brian Kobilka, pharmaceutical companies such as Servier laboratories 

(france), glaxoSmithKline (uK and Australia), Takeda (Japan) and Capsugel (uS) and 

numerous non-profit organisations, such as the Medicines for Malaria Venture and Drugs 

for neglected Diseases initiative, which are based in Switzerland.

The institute has quickly racked up an impressive record. In 2014 it ranked top in 

pharmacy and pharmacology in the Asia–Pacific region and in the top 10 in the world 

according to the QS World university rankings. 

Past achievements include working collaboratively to design one of the earliest 

antiviral drugs (influenza treatment relenza®), and repurposing colistin for treating drug-

resistant bacterial infections. 

falling under the MIPS remit are research activities along the entire drug-discovery 

and development pipeline, from the basic biology of drug targets to the science of 

formulating and delivering drugs more effectively. 

Working within this translational research space requires collaboration to become 

almost an art form driven by its own moral and practical imperatives. The model only 

thrives with the right management culture and with the careful nurturing of its scientists.
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Words  dr gio Braidotti

S hining light through crystals has a certain new age 
connotation – but when that crystal is formed by purifying 
and condensing living molecules and the light source is 

millions of times brighter than the sun, the very secrets of life are 
revealed. These crystals play a critical role in science’s ability to 
interrogate life’s inner molecular secrets because they hold the key to 
how biological systems work. accessing this, however, requires light 
– but not ordinary visible light. It needs to be extremely sharp and 
powerful so that each time crystal meets light, a molecule gives up 
the secret of its three-dimensional structure.

This was the science that in the 1950s allowed the Dna 
molecule to be analysed, revolutionising our understanding of  
genetic inheritance. 

revealing such molecular structures and how they work is 
called the structure–function paradigm. It remains the gateway to 
better understanding of our biology, even beyond the extraordinary 
discoveries made since the Dna-genetics revolution. but the task 
is getting more difficult, requiring biologists to work with physicists 
at the cutting edge of light science. This is because the remaining 
molecules with structures yet to be solved either do not readily form 
the necessary high-quality crystals, or they need to be imaged within 
a more complex context, such as a living cell.

so biology has turned to physics and its development of ever-
brighter light sources at ever-larger “big-science” facilities around the 
world. These have mostly been third-generation synchrotrons where 
hangar-sized accelerators produce light millions of times brighter 
than the sun. but the first fourth-generation facilities, called “x-ray-
free electron lasers”, with light millions of times brighter again, are 
also up and running. 

The research at these large-scale facilities embodies a new fusion 
between biology and the so-called big-science physics created by 
the structure–function paradigm. This represents the need and ability 
to reach deeper into the mechanics of how living organisms function. 
for most biologists involved in this research, it means carrying very 
fragile crystals on long-haul flights to access these facilities for a few 
precious days.

However, Monash university biologists have embarked upon 
another option: a partnership that adds nuclear science to the 
biology–physics pairing.

at the heart of this novel collaboration is the australian 
synchrotron, a third-generation facility now operated by the 
australian nuclear science and Technology Organisation (ansTO). 
recognising the increasing importance of structural biology, the 

australian synchrotron and ansTO have entered into a long-term 
partnership with Monash. The group is capitalising on the partners’ 
complementary resources to extend collaborations with other 
international facilities to solve with increasingly finer imaging the 
three-dimensional structures of the more challenging biomolecules.

the medicines of tomorrow
In australia, the partnership embraces two Centres of excellence 
funded by the australian research Council (arC). These are the 
arC Centre of excellence in advanced Molecular Imaging, which 
is exploring the molecules of the human immune system, and the 
arC Centre of excellence in Convergent bio-nano science and 
Technology, which is pursuing pharmaceutical advances for the next 
generation of medicines.

The director of the australian synchrotron, Professor andrew 
Peele, says the three partners’ expertise and resources allow 
biologists – now among the facility’s biggest users – to tap into 
advances in imaging technology. 

for example, ansTO’s nuclear science uses neutron facilities 
to understand materials, including biological samples. This makes it 
highly complementary with the australian synchrotron’s x-rays. “Put 
the two together and a whole new view of the physical structure of 
materials emerges.”

Professor Peele is a partner investigator within the Centre of 
excellence in advanced Molecular Imaging. working with researchers 
from La Trobe university, he is using x-rays to develop new ways of 
imaging biological structures, including materials within living cells, at 
higher levels of resolution. 

“Innovation in imaging technology is an underlying driver of 
advances in molecular and structural biology,” he says. “That’s 
particularly relevant at the moment as fourth-generation ‘x-ray-free 
electron lasers’ look set to exceed past imaging limits.

“More powerful light sources allow us to develop techniques to 
solve structures even when crystals are difficult to make.

“There is an evolution in this technology and in the questions 
we can answer. biologists have a fundamental need to understand 
structure–function. Improved imaging accelerates their r&D, and 
through the partnership with ansTO and Monash we get to push the 
technology and to apply it.”

Professor Ian smith, Monash vice-provost (research and research 
infrastructure), says the ansTO/australian synchrotron partnership 
brings to the table technologies, techniques and resources not 
normally found at a university. “but good collaborations are not just 
about linking together skill sets; they are about chemistry between 
like-minded people and culture. and that’s what we have.”  

Using the most powerful light sources yet 
developed, biologists and physicists can see deep 
into the structure of living organisms.
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“iNNOvAtiON iN iMAgiNg 
tecHNOlOgy iS AN uNderlyiNg 

driver Of AdvANceS iN MOleculAr 
ANd StructurAl biOlOgy.”

      – professor andrew peele



Dr Kate Tregloan (left) and libby Callaway.

homes ofrecovery
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Words  liz Porter

T
he 30-something woman is smiling 
as she wheels herself into the kitchen 
of her new inner-city apartment and 
fetches food from the fridge. getting 
her own lunch is one of many acts of 
independence now possible in her new 

home – a purpose-built flat that is owned by the 
state of victoria’s Transport accident Commission 
(TaC) property trust and located on the ground floor 
of a larger conventional residential development.

In a wheelchair since a road accident in her early 
20s left her with a traumatic brain injury, she moved 
in after a decade of living in her parents’ outer-
suburban house. Her new apartment has provided 
her with a happy return to the neighbourhood 
where she lived as a young adult, and the recovery 
of some independence. Its integrated smart-home 
technology allows her to use an iPad to contact staff 
in a small on-site office, as well as to control blinds, 
lighting and doors.

Her support worker is a regular visitor, to help 
with showering and toileting. and on this day there 
are two Monash university researchers in her kitchen: 
architect Dr Kate Tregloan and occupational therapist 
Libby Callaway. The two university lecturers are, 
with her permission, videoing as she manoeuvres 
between bench and stove, noting areas she can and 
cannot reach or use in the way she would like.

Over time they will be interviewing her in further 
detail about her life, her apartment, and any aids or 
barriers to her autonomy posed by the apartment’s 
design or its furniture. 

This information is just one of many components 
in a joint Monash school of Primary Health Care/
Monash art, Design & architecture (MaDa) research 
project assessing the design of new accommodation 
models for people with a disability. Its aim is to 
provide hard data that will help designers, funders 
and users of future accessible housing.

It is also one of more than 100 projects already 
completed by Monash researchers in collaboration 
with the Institute for safety, Compensation and 
research recovery (IsCrr). IsCrr is a practical 
research partnership between Monash and two 
organisations, the TaC and worksafe victoria – which 
provide compensation for victorians injured at work or 
on the roads to improve their ability to return to work.

IsCrr’s brief is to translate research into accident 
compensation and recovery into tangible, positive 
outcomes for patients along with knowledge that can 
be used to prevent injury, especially in the workplace.

driving practice change
International studies show that only eight to 15 per 
cent of research ever gets translated into actual 
changes in policy or practice.

IsCrr, established six years ago, is tasked 
with defying this poor record with research that 
can drive direct improvements in the prevention of 

physical and psychological problems, as well as in 
rehabilitation and compensation.

IsCrr has 20 staff who work in conjunction with 
40 to 50 Monash researchers as well as research 
translation staff in the TaC and worksafe victoria. 
The institute is supported by a $12 million to $13 
million annual budget. In 2009 it opened with one 
staff member – current CeO Professor alex Collie – 
and a pool of $25 million from worksafe victoria and 
TaC funds that the victorian government decided to 
put into research to improve rehabilitation after, and 
prevention of, injury and illness.

by early 2015, IsCrr had more than 30 
neurotrauma projects underway. These include 
studies of new drugs to improve bowel control in 
people with spinal cord injury, policy interventions to 
improve return-to-work processes for people injured 
at work, and rehabilitation interventions for people 
who experience behavioural difficulties following 
traumatic brain injury.

from the beginning, IsCrr has jointly set 
research policies with the TaC, worksafe victoria 
and Monash researchers. It also includes an industry 
voice, with a current study on workplace health 
and safety arising from some of australia’s largest 
employers wanting a measurement tool to tell them – 
in advance – how safe, or otherwise, their worksites 
are. Trade unions are also participating.

“This is academic research fully exposed to 
public policy and all of its stakeholders,” Professor 
Collie says. 

The $112,000 Monash school of Primary Health 
Care/MaDa disability accommodation project is 
an example of the IsCrr collaborative research 
approach. In this case, Professor Collie explains, 
residential Independence Pty Ltd (rIPL) – the body 
applying the research results – was also involved in 
identifying the study’s focus and personnel. 

rIPL is a TaC property trust set up to design 
and build accessible housing. 

team action
IsCrr’s role was to bring this to fruition through 
research, and establish and maintain links between 
the partnering bodies. “It’s a different way of getting 
research done,” Professor Collie says.

“In the past if we had put out a call for 
applications on disability accommodation, we  
might have received 10, 20 or 30 applications and 
we would have had to choose one. but this time  
we knew there were expert researchers in our 
network at Monash. we were able to facilitate MaDa 
and the Monash school of Primary Health Care 
working together; and with the TaC, we put that 
program together.”

since then, a follow-up assessment of the new 
accommodation models has helped the funders of 
future rIPL projects, as well as their designers, and 
residents and their families. 

gPs mapping of the residents’ movements 
outside the apartments confirmed, for example, 
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that this inner-city development’s location – close to 
public transport, shops and community services – 
encouraged residents to travel and join community 
activities. Meanwhile the researchers’ videos of 
residents’ movements were used to develop a plan 
showing degrees of physical access. Colour-coded 
mapping marked, for example, areas that could not 

be reached, and illustrated the effect of furniture 
layout on residents’ use of space. Deep couches 
can look comfortable, but also take a lot of floor 
space and may be an obstacle. 

Mapping flagged an important question:  
“Do you tailor an environment to a particular 
individual, or do you make a spatial design more 
generic and then pay a support worker to help?” 
similarly, the survey of residents’ use of iPad 
functions such as curtain-opening highlighted the 
question: “Do you fully install all these automated 
functions, or just install the wiring and wait to see  
if a particular resident will actually need all the 
automatic functions?”

“It highlighted the need for a much more 
nuanced understanding of what ‘home’ might 
mean,” Dr Tregloan says. “for a person with a 
disability, a great home should look good but 
furnished spaces and supports should also be 
refined for particular needs.”

The researchers also created panoramic virtual 
apartment tours for potential residents and their families 
to navigate on screen, with pulsing dots and circles 
indicating hot spots where particular problems might 
be, such as homelike but possibly impractical couches. 

The researchers found several opportunities 
for specialist accommodation designers to rethink 
traditional approaches. Concepts of public and 
private spaces can be different, as residents may no 
longer use their bathrooms alone, and instead have 
most time to themselves in the lounge area, more 
usually planned as a public space. so an apartment 
with the bathroom entrance close to the front door 
might mean support staff do not have to pass 
through other spaces to reach it.

Mindset rethink
IsCrr also monitors world research trends. 
accordingly, a uK push to recognise the health 
benefits of getting people back to work after an 
injury was a key influence, along with a position 
statement from the royal australasian College of 
Physicians, on IsCrr’s  fIT to work project: a 
$600,000 series of studies aimed at changing the 

PHOTO: eaMOn gaLLagHer

teStiNg HOw 
wOrkplAceS 
MeASure up
A leading Indicators of Workplace health and Safety 

project has been set up in Victoria to identify factors that 

might reduce the rate of injury and illness in workplaces.

A research team led by Professor helen De Cieri 

of Monash university’s Department of Management 

has been adapting and validating a Canadian eight-

question measurement tool known as the Organisational 

Performance Metric (OPM) – a questionnaire used to 

assess an organisation’s occupational health and safety 

performance before injuries or illnesses occur.

“Management commitment to health and safety is 

critical,” Professor De Cieri says. “Does it encourage you 

to work safely? Are you given the equipment you need? Do 

you have the opportunity to say ‘stop work – it’s not safe’?”

Professor De Cieri’s five-person team tested the 

OPM on 3600 managers, supervisors and employees 

in 66 different workplaces run by six large Australian 

companies and then asked the respondents about their 

own experience of injury and illness at work. 

After matching the results at each workplace with the 

number of workplace incidents, the researchers found a 

direct correlation between a high positive score on the 

test and a lower rate of workplace incidents.

In another stage of the research, surveys were 

conducted with more than 9500 union members: “It 

shows the high level of research rigour behind a simple, 

practical tool that can flag safety issues in a workplace.”

role of general practitioners (gPs) in encouraging 
patients back to work.

“The default setting in australia has been the 
sick note, which emphasises what an injured worker 
can’t do,” Professor Collie says. “The push in other 
countries has been to change that to a ‘fit note’, with 
the emphasis on what people can do.”

a four-member team led by Professor Danielle 
Mazza, head of the Monash Department of general 
Practice, examined 125,000 workers’ claims 
involving 10,000 gPs and found that 70 per cent of 
the doctors’ certificates found patients unfit for work.

“If there was a mental health issue, 94 per cent of 
people were recommended unfit for work,” says team 
member and senior research fellow Dr bianca brijnath.

“we know there is a strong link between having no 
work and having poor health. To keep certifying people 
as unfit for work may not be best for the patient.”

The team discovered that the design of the 
typical medical form, especially when filled out 
quickly, was implicated in the high number of 
certificates indicating people were unfit for work. 
In victoria the certificate has been redesigned to 
focus questions on tasks a patient might be fit for, as 
opposed to what they cannot do.

a $500,000 project to develop, implement 
and assess an online training package for 
physiotherapists is a companion piece to fIT to 
work because many people see a physiotherapist to 
renew their initial gP-issued unfit for work certificate. 

a team led by Monash Department of 
Physiotherapy’s Professor Jenny Keating created a 
two-hour interactive online program in which users 
are “virtual” observers of four client–physiotherapist 
sessions. users assume the physiotherapist’s role, 
intermittently answering questions to measure their 
reasoning in recommending, or otherwise, a person’s 
return to work in some capacity. 

Professor Keating says this education of health 
professionals reminds them of the importance of 
returning people to work in some capacity as soon 
as possible. 

Practical research of this nature has enormous 
potential to shorten the road to recovery.  

“ In the past if we had put out a call for 
applications on disability accommodation, we 
might have received 10, 20 or 30 applications 
and we would have had to choose one. 
But this time we knew there were expert 
researchers in our network at Monash.” 
 – professor alex collie
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CHemiCal attraCtion

Procter & gamble, 3M, agilent Technologies, 
nufarm, PPg, Perkinelmer, Dulux, axieo and  
KPMg. The program also involves victoria’s 
environment Protection authority and CsIrO. It 
links to Monash university’s green Chemical futures 
initiative, which has already attracted more than 
$100 million in investment. 

The researchers coming out of the program 
will have a firm understanding of industry needs, 
says PaCIa chief executive (and Monash alumna) 
samantha read.

“we have seen a tremendous response from 
industry to this initiative,” she says. “This is recognition 
of the vital importance of strong collaboration between 
academia, the research community and industry in 
helping to drive innovation. The role of innovation 
in helping to create competitive advantage for the 
australian chemistry industry cannot be overstated.” 

industrial experience
Professor Karen Hapgood, a chemical engineer, and 
associate Professor Tony Patti, a chemist, oversee 
the grIP program, working with a team of academics 
from the science and engineering faculties who 
supervise the students in collaborative partnerships.

students will gain industrial experience through 
mentorship by an industry r&D expert, and by 
working as interns. 

“The PhD projects will be industry focused, and 
the industry partners will be looking to commercialise 
the research outputs,” says Joseph Lawrence, 
director of industry partnerships at Monash.

Mr Lawrence says students will gain from the 
joint influence of research scientists and industry 
engineers. The program also gives industry a role in 
fostering the next generation of chemical scientists 
and engineers, and the opportunity to develop 
relationships with Monash and its extensive research 
capabilities. Many of the participating companies 
intend to build a deeper partnership with the 
university; Perkinelmer, for example, has set up an 
industrial flagship facility at Monash in the new green 
Chemical futures building. 

another grIP that focuses on sustainable water 
management in developing asian cities is also under 
way at Monash (see page 13), and other programs 
are being developed.

Professor skrbis says the grIP model was 
inspired by the Centres for Doctoral Training in the 
uK and other international best-practice models in 
graduate research education.

“These allow universities to productively engage 
with industry partners – but those partnerships also 
serve as embedding mechanisms for PhD students 
who are future captains of industry and future 
research leaders.” 

Words  Bianca nogrady

H ow can green chemistry reduce 
environmental impact caused by industrial 
and domestic waste? what is the potential 

for helping society through developing self-healing 
polymers? The answers to these challenges may be 
found by students who are working towards their 
PhD as part of grIP, an innovative program that links 
academia with industry and government.

grIP – Monash university’s graduate research 
Interdisciplinary Program – is an incubator of 
industry-relevant research, explains the vice-provost 
(graduate education), Professor zlatko skrbis. He 
sees it as creating a catalyst for innovation that 
benefits students and industry.

“we are bringing together the interests of 
academic and industry leaders to identify  
challenges, topics and ideas that need to be 
addressed,” he says.

This year, Monash has launched a grIP 
underpinned by the australian chemistry industry. In 
partnership with the Plastics and Chemicals Industry 
association (PaCIa) and the victorian government’s 
Department of economic Development, Jobs, 
Transport and resources, the grIP puts PhD 
students together with more than 20 participating 
companies and organisations including basf, 

PHOTO: sTeve DIffey

“the role of innovation in helping to create competitive advantage 
for the australian chemistry industry cannot be overstated.”

– Samantha read
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BehaviourWorks australia  if you want to 
change people’s behaviour, it helps to have a clear 
understanding of why they do what they do.

Words  rebecca jennings

W
hat does an eagle have to do with organisational behaviour change? 
a lot, according to associate Professor Liam smith, who has led 
the applied research centre behaviourworks australia since its 
inception in 2011. His interest in why people behave the way they 

do – and the tie-in with eagles – stems from PhD and postdoctoral research in 
which he explored whether the emotions people feel while visiting a zoo influence 
behaviour change, in particular a stronger preparedness to support conservation.

The assumption was that people observing, close up, beautiful or fascinating 
animals from the wild would be more compelled to protect them. He found this 
was not necessarily the case.

Instead, the “wow factor” experienced by first-time zoo-goers actually distracted 
people from conservation messages. In the context of a free-flight bird show featuring 

eagles, the best way to hold people’s attention when the handler spoke about 
conservation was to remove the birds from the arena. Leaving aside the psychology, 
it impressed on associate Professor smith how relatively simple adjustments can 
change how people behave. This principle underpins behaviourworks.

“we seek to understand behaviour to see opportunities for influence,” he says.
behaviourworks operates as an agent of change, by facilitating a more 

holistic approach to multidisciplinary collaboration.
“behaviourworks brings together interdisciplinary researchers at Monash 

university with leading practitioners in government and business to provide a 
broad approach to behaviour-change research that leads to practical outcomes,” 
associate Professor smith says. “This helps to identify effective behaviour change 
interventions for each situation.”

strong partnerships
The catalyst for behaviourworks was the frustration from academics when 
research is not applied, and from industry when research takes too long or is not 
relevant to the real world. 

“so behaviourworks aims to break down the barriers that traditionally 
prevented research from becoming practice,” associate Professor smith says.  
“In doing so, we also ensure that research appeals to a larger audience.”
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ClimateWorks australia  a research-to-
action initiative is helping businesses and 
governments prosper in a low-carbon economy.

Words  rebecca jennings

c
limate change. It is a sector crowded with scientists and sceptics, but 
which needs action from business and government. navigating through 
the confusion and political brinkmanship can be more than a challenge 
for some businesses – it can be a barrier to profit and market share. 

enter Climateworks australia, a research-to-action initiative that brings together 
specialists in economics, policy and business who understand the drivers and 
barriers facing industry and government in the move to a low-carbon world.

australia’s per capita greenhouse gas emissions are among the highest 
in the world. renewable energy sources, carbon forestry, carbon capture 
and storage can all play a part in bringing down that rate, and anna skarbek 
believes the essential ingredient is informed investment in technology.

The former banker heads up Climateworks australia, which sits under the 
auspices of the Monash sustainability Institute and is charged with facilitating 
reductions in australia’s greenhouse gas emissions.

Ms skarbek says an economic perspective is fundamental to managing 
a transition to efficient, sustainable energy choices so australia can meet its 
international climate obligations. Limiting temperature rise to two degrees 
Celsius has been agreed to by 194 countries, including australia, since  
2009, and will be the focal point of the international climate negotiations in Paris 
this December.

“Carbon-reduction solutions are technology based, and introducing these 
technologies into the market needs investment, so the market needs expertise 
to guide investment,” she says. 

Climateworks australia was established in 2009, when philanthropic 
organisation The Myer foundation partnered with Monash university to create a 
bridge between climate change research and climate change action. It acts as a 
fact-based broker with links to the us-based Climateworks foundation.

“we help decision-makers in business and government sift through vast 
amounts of information to identify cost-effective opportunities to reduce 
emissions, overcome barriers to implementation, and assess whether a policy 
intervention or new financial product is justified,” Ms skarbek says. “we help 
them frame solutions so the economy grows and prospers.”

The private and public organisations that come to Climateworks for solutions 
have different motivations. some want a sustainable way to reduce emissions 
in response to market pressures. some need to meet regulations or futureproof 
their business against potential government regulations on emissions. Others 
want to invest in energy-efficient technologies to hedge against future energy 
price rises.

This is where Climateworks’ economic, political and legal brains trust helps 
overcome economic and organisational barriers to technology adoption.

It has, for example, helped property developers and home owners connect 
clean energy to the national energy grid. People wanting to incorporate small-
scale clean energy or savings measures such as solar or co-generation had 
previously faced a complex process. but in 2011, in a project with the Property 
Council of australia and seed advisory, Climateworks australia recommended 
changes to the national electricity Market to overcome these regulatory barriers. 
These included introducing a standardised connection process with common 
contract terms to replace the case-by-case approach. 

In 2014, the australian energy Market Commission adopted the 
recommendations, making it easier to install and operate clean energy systems in 
new and existing buildings. 

advice can also be operational, informing people on how to compare energy 
performance, prioritise capital and operational budgets, or plan for energy 
asset renewal. It was this that attracted home-hardware chain bunnings to 
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behaviourworks has been backed from the start by the Monash sustainability 
Institute, the environment Protection authority (ePa) victoria and sustainability 
victoria, as well as private behaviour-change business The shannon Company. 
This has expanded to include the new south wales Office of environment and 
Heritage, worksafe victoria and vicroads.

behaviourworks researchers embed themselves in these organisations to 
develop a deep understanding of their needs. 

as well as researcher-in-residence programs, and driven by the need to 
make research relevant and accessible, their approach includes literature reviews, 
workshops, masterclasses and presentations from visiting behaviour specialists 
from around the world. 

One of these visiting specialists, Professor susan Michie, from university 
College London, has mapped 93 different interventions to change behaviour. she 
has guided behaviourworks’ partners through choosing an appropriate approach 
for each situation, based on careful understanding of the behaviour and audience 
they wanted to influence.

behaviourworks generally operates on a project basis. Organisations from 
sectors as diverse as water, energy, sustainability, charity, recycling, wildlife 
conservation, health and education use the institute to find the behavioural 
solutions to their challenges. 

understanding how and why people make decisions when building a new 
home is one such challenge. behaviourworks worked with electricity provider 
ergon energy and the Monash Department of Marketing to develop tools to 
encourage people to make energy-efficient decisions when buying and designing 
a house.

another challenge involves public perception. a partner project with the ePa 
demonstrated that giving a business advanced warning of an inspection led to 
more positive relationships with industry.

The organisation has changed behaviour such as illegal dumping at charity 
stores. In a project with ePa and sustainability victoria, behaviourworks 
demonstrated that fencing around charity stores would pay itself off in 17 months 
in savings from reduced waste disposal. 

behaviourworks can even help boost market share. Partner organisation The 
shannon Company drew on the institute to develop more effective advertising 
campaigns for its clients – who have seen sales increase as a result.

Michael Daddo, managing director of The shannon Company, says the 
partnership with behaviourworks helped them design marketing strategies for 
behaviour change based on an understanding that behaviour is the product of 
attitudes, norms, habits and control. “It’s helped us become better at getting to 
better solutions faster for our clients,” Mr Daddo says. 
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invite Climateworks to assess and critique its current agenda regarding energy-
reduction initiatives. 

Climateworks’ head of implementation scott ferraro says this process included 
engaging with bunnings team members across the organisation and drawing on 
Climateworks’ leading research into best-practice energy management.

“The approach helped to identify some additional opportunities within 
bunnings’ existing energy-efficiency work, including enhancements to the oldest 
building stock,” he says. “This has the potential to result in further cost savings 
for the business and significant energy reductions.”

Other projects take a strategic view of economic opportunities from energy-
saving technologies. Climateworks drew on industry support when it was 
appointed by the united nations’ sustainable Development solutions network in 
2014 to lead a project with the australian national university, exploring how the 
world can limit global warming to two degrees Celsius by 2050.

pathway to change
Climateworks received part-funding support for its Pathways to Deep 
Decarbonisation in 2050 project from Transgrid, a transmission network 
operator that provided 62 terawatt hours of electricity to more than three million 
households and businesses in new south wales during 2013–14.

Transgrid’s executive general manager of people, strategy and stakeholders, 
greg garvin, says Transgrid will incorporate Climateworks’ research as it 
prepares for future energy scenarios.

“Climateworks provided us with a refreshing perspective on how the world 
could – and should – develop under a low-carbon economy,” Mr garvin says. “It 
is critical to our business to have a perspective on the future, and Climateworks 
helps push our thinking on how to adapt our infrastructure and business plans to 
meet consumer demands for clean, affordable energy.

“To have an organisation that is respected, technically credible and speaks 
the language of industry allows us to trust and incorporate their research  
more readily.”

Ms skarbek says Climateworks’ research through the united nations 
project showed australia already has the technology to achieve the goal of zero 
net emissions by mid-century – using renewable energy, introducing carbon 
capture and storage, and substituting low-carbon electricity for fuels in vehicles, 
buildings and industrial processes.

“but there is much to be done,” she says. “In the next 35 years, we need 
substantial increases in energy efficiency, a shift towards low-carbon energy 
sources and a reduction in agricultural and industrial emissions in order to 
achieve a low-carbon economy.”

Putting on her banker hat, Ms skarbek adds that the benefits of a low-
carbon economy are not just social and environmental. The pathway to 2050 
mapped out in the Climateworks research could deliver a 71 per cent reduction 
in carbon dioxide emissions from alternative energy sources, while expanding 
the economy by almost 150 per cent.

“In the past decade, the climate conversation has focused on the why –  
but we have moved past that now and must look at the how and when,”  
Ms skarbek says. “The solutions to a low-carbon economy exist, and the way 
forward is through supporting businesses and government to invest in those 
technologies at scale.” 
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Associate Professor liam Smith and Anna Skarbek. 
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the 3d printing revolution is moving into 
body parts, creating the potential to replace 
damaged or diseased organs with new 
tissue built up from human stem cells.

CSIrO Manufacturing flagship director Professor Keith Mclean (left)  
and Monash Biomedical Imaging director Professor gary egan.

Body 
parts 

printed to order
PHOTO: JaMes braunD
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In its initial application, the PeT/MrI imaging equipment will be used largely  
to analyse the effectiveness of new tissue or devices in the body. The 
simultaneous capability of the scanner will greatly enhance the progress of 
scientific trials, says Monash biomedical Imaging (MbI) director Professor gary 
egan, who will oversee the technology.

“Imaging is the endgame for the product development,” Professor egan 
says. “by combining PeT and MrI into the one scan we can get answers to our 
questions simultaneously and make comparisons between metabolism, function 
and structure.” 

This is because the dual-mode technology reveals the organ or tissue 
metabolism through the PeT scan while pinpointing exactly where in the body 
this is taking place and the functional integration through MrI. without an MrI, 
which creates a detailed image of the body, researchers cannot as easily detect 
the exact location of “hotspots” revealed by the PeT scan that might indicate 
tumours or inflammation.

Previously, researchers may have had to use surgery or remove tissue from 
the body to acquire this information. The new technology means ongoing non-
invasive monitoring, providing consistent information over time. It will also save 
time in human clinical trials where previously two separate images had to be 
taken individually and compared side by side. 

“we can track, for example, the proliferation of stem cells aggregating at an 
injury site to see if an implant is working,” Professor egan says. 

Professor egan is planning to use the dual scanner in several projects 
including one with Professor John Mcneil, head of the Monash school of Public 
Health and Preventive Medicine, looking at amyloid deposition in the brain and its 
relationship to the onset of dementia. 

Professor egan says the technology platforms across the entire new 
biomedical engineering precinct are designed to attract partners – particularly 
biotech companies – who may wish to tap these resources to advance their own 
technologies and treatments. 

“There is, for example, CsIrO with the laboratories and the materials-
science expertise, the bioprinting facilities at the translation precinct where the 
Hudson Institute researchers and others work with stem cells and therapeutic 
interventions, and here at MbI we have the imaging facilities to track these things 
dynamically,” he says. 

“we have about 20 companies who have indicated serious interest in utilising 
some or all of the components of this pipeline – for taking a discovery from a basic 
science concept to an animal model and to an image that shows functional uptake.”

CsIrO Manufacturing flagship director Professor Keith McLean says several 
companies have committed to developing materials and coatings for use as 
implantable biomaterials, along with tissue scaffolds and medical devices through 
the organisation’s clean room facility.

the next generation
Professor Ian smith, Monash vice-provost (research and research infrastructure), 
who co-led the science and Industry endowment fund grant application, says 
the new bMTf meets a need for the development of the next generation of 
medicine. This is because biotech companies can partner with researchers such 
as those at Monash and CsIrO who have the intellectual and material capability 
to make new products and devices.  

“big questions in science need big answers, and big answers very often 
require cross-institution and multidisciplinary approaches,” he says. 

The bMTf augments a partnership between Monash and CsIrO that has 
been strengthening over recent years and is encapsulated by the new Horizons 
building, opened in 2014. This provides a shared space for Monash and CsIrO 
staff to work together. 

Professor McLean describes the bMTf as the embodiment of 
multidisciplinary science: drawing on the expertise of clinicians, engineers, 
material scientists and biologists working with commercial partners. “It is an 
essential component of doing modern science,” he says, particularly in the 
“medtech” area and particularly if those advances are to make their way to the 
clinic and into the community “where the potential to make a real impact on 
improved health outcomes is considerable”.  

Words  Melissa Marino

B espoke human body parts “printed” with biological tissue are fast 
approaching clinical reality. The key technologies – bioprinting, special 
sterilised laboratories or clean rooms, and advanced imaging – have 

been brought together in a new collaboration, with the technology set for use as 
early as 2016.

This brave new world of biomedicine uses bioprinters, which can produce 
replacement tissue for damaged organs, new discs for spinal injuries or multi-
layered skin for burns victims. new body parts for cancer patients or accident 
victims are also on the drawing board.

a partnership between one of australia’s leading medical research bodies 
– Monash university – and australia’s peak scientific organisation – CsIrO 
– will help operate the new $30 million biomedical Materials Translational 
facility (bMTf), established with funding from australia’s science and Industry 
endowment fund.

The facility has a clear pathways-to-market objective. It will host a 
“technology triumvirate” covering a pipeline of biomedical development from start 
to finish. along with the bioprinter, the facility comprises clean rooms that are 
purpose-built for biomaterial development and state-of-the-art simultaneous  
PeT/MrI imaging equipment to analyse the performance of new tissue and 
devices in the body and provide real-time diagnostic imaging.

The bMTf will operate across three sites at the university, CsIrO and the 
Monash Health Translation Precinct’s new Translational research facility. The 
Translational research facility is a joint initiative between Monash, the Monash 
Medical Centre and the Hudson Institute of Medical research (formerly MIMr-
PHI). Collaboration with biotechnology companies will ensure the technology 
achieves clinical application locally and globally. 

Professor graham Jenkin, deputy director of the ritchie Centre at the 
Hudson Institute of Medical research, says the technology has the capacity to 
develop new body tissue, built up from stem cells, and biomedical materials. 
There is also a clear commercial objective.

Professor Jenkin says the three technology platforms complement each 
other, beginning with development of biological material in the clean rooms, 
producing and replicating it through the printer using blueprints derived from the 
imaging technology, and then monitoring its effectiveness and safe performance 
in the body with the imaging technology. “These facilities will enable us to rapidly 
translate our discoveries into clinical trials,” he says.

individualised tissue replacement
The technology, worldwide, offers extraordinary advances in human medicine 
with Professor Jenkin confident that the production of tissue to repair damaged 
organs or printed body parts is not far off.

He explains that the next generation of 3D-printing technology works similarly 
to an ink-jet printer, but instead of printing different layers of colour, it prints 
different matrices combined with different types of stem cells to produce types 
of tissue fitting a particular set of specifications. The specifications required, for 
example, to customise tissue for an individual patient, would be provided through 
the imaging technology.  

“Take, for example, someone who has cancer of the nose,” he says.  
“you can take an image of a specific segment of tissue, make a blueprint  
through a 3D computer-aided design drawing, and reproduce it on the bioprinter 
with the matrix and stem cells. surgeons would then use this to replace the 
damaged tissue.” 
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PeT/Mri  Positron emission tomography (PeT) scans and magnetic resonance imaging 

(MrI) scans are body-imaging tests. A PeT scan reveals the metabolic state of the 

body’s organs and tissue performance. An MrI scan shows the size, appearance and 

function of organs and muscles in the body. The ability to combine the two scans into a 

single procedure is only a recent development.
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The IITb-Monash research academy was 
founded in 2007 and was led by Professor 
Krishnamoorthy until June 2015 when Professor Murali 
sastry took over as CeO. To date, 12 PhD students 
have graduated from the academy with another 18 
graduations imminent at time of going to press. 

significantly, a large number of the PhD projects 
run under the auspices of the academy have been 
put forward by industry partners, which include 
national and international companies such as Orica 
Limited, bHP billiton, global materials manufacturer 
sabIC and Indian companies Infosys (business 
systems), reliance (materials, petrochemicals and 
energy) and Jsw (minerals and energy).
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Hands 
aCross 
tHe 
Water

Words  Bianca nogrady

I n an era when research collaboration is 
greatly prized yet challenging to achieve, two 
institutions have managed to overcome barriers 

of distance, language and scientific disciplines to 
establish a unique multidisciplinary, international, 
cross-cultural collaboration that is tackling some of 
the biggest scientific challenges of our time.

The IITb–Monash research academy is a joint 
effort of the Indian Institute of Technology bombay 
and Monash university. The partnership has set 
out to provide industry-focused, applied research 
projects for PhD students in India.

The academy’s inaugural chief executive, 
Professor Mohan Krishnamoorthy from the Monash 
faculty of engineering, says the strength of the 
collaboration is its multidisciplinary nature.

“we have projects where we have a mathematician 
working with a metallurgist, a biochemist working with 
a hydrologist, or a chemical engineer working with a 
biologist,” says Professor Krishnamoorthy, now Pro 
vice-Chancellor (industry partnerships) at Monash.

The project concept is central to each collaboration, 
and is what attracts the primary investigators, industry 
partners and students. Professor Krishnamoorthy 
says this project-centred approach makes it easier for 
multidisciplinary collaboration to occur.

overCoMIng ChAllenges of dIstAnCe, lAnguAge And 

dIsCIPlIne delIvers A unIque AustrAlIAn–IndIAn CollABorAtIon 

thAt BenefIts students And Industry AlIke. 

Professor Mohan Krishnamoorthy
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The projects are loosely grouped 
into six research themes: clean energy; 
nanotechnology; water; advanced 
computational engineering, simulation and 
manufacture; infrastructure engineering; and 
biotechnology and stem cell research. Many 
projects cut across several of these themes.

One project, which spans the clean 
energy and nanotechnology research themes, 
is investigating the use of ink-jet printing 
to produce semiconductors and organic 
electronic devices such as solar cells and thin-
film transistors. The challenges of this project 
are understanding the ink-jet process using 
nanoparticle inks, and applying this to develop 
new methods of clean energy generation.

another green energy project, supported 
by Orica Limited, is exploring ways to 
improve the efficiency of carbon capture and 
sequestration as well as looking at how to 
reduce the fossil-fuel consumption involved in 
producing ammonia – a major industry in India.

In the biotechnology arena, another 
student is researching a type of protein found 
in the toxin of marine cone snails, with the aim 
of synthesising new drugs to treat a chronic, 
nerve-related pain that affects up to one-sixth 
of the world’s population.

two-way benefits
Professor Krishnamoorthy says the academy 
allows students to get the best supervision 
available in two countries and to undertake 
industry-focused applied research.

“students are attracted by the projects 
that are made available and by the researchers 
who are collaborating on those projects, and 
they want to work on good projects that have 
concrete deliverables,” he says. 

The partnerships with industry can also 
give academy students a career head start. 
almost 75 per cent of placements have been 
in industry r&D laboratories and students who 
have completed their PhDs have a very high 
success rate in finding placements in industry 
or academia. 

from industry’s perspective, the 
collaboration not only gives practical benefits 
but also enables companies to tap into the 
considerable talent available in India. 

“India is the only country in the world 
where more than 50 per cent of the 
population is under 25 years old,” Professor 
Krishnamoorthy says.

“ultimately, companies come to us for 
outcomes and for talent, and at the end of 
three to four years of the investment in a PhD 
program, they see students coming out who 
they can employ.”

The academy today has nearly 170 
students working towards their joint IITb–
Monash PhDs and is well on its way to a target 
of 40 to 60 students graduating a year, with a 
long list of projects awaiting candidates. 
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dANciNg iN My dreAMS: 
cONfrONtiNg tHe  
Spectre Of pOliO

kerry highley

This first history of polio in Australia 

arrives in an environment of increased 

suspicion towards vaccination and the 

return of polio to parts of the world 

from where it was thought to have 

been eradicated. The work is notable 

for its cognisance of the international 

dimensions to the Australian fight and 

for its inclusion of the voices of polio 

sufferers, now at risk of being forgotten. 

As Kerry highley relates, during 

the 20th century, the question of how 

to treat polio survivors generated a 

rift between the medical community 

and its recommendations on one 

hand, and the approaches of those 

advocating alternative therapies for 

the paralysed body on the other. In 

pre-World War II Australia, two women 

symbolised this split. In her clinics 

in Australia, england, the united 

States and Canada, Sister elizabeth 

Kenny championed and practised a 

treatment diametrically opposed to 

the widely used “orthodox” approach 

of Victorian Dr Jean Macnamara. In 

Australia, the public’s reverence for 

the medical profession entrenched 

Dr Macnamara’s approach until well 

after most Western countries had 

abandoned it.

Dancing in My Dreams also 

details the scientific endeavour that 

led to the discovery of the polio 

virus, and the studies in virology and 

immunology that culminated in the 

production of a vaccine. 

New trickS: reflectiONS 
ON A life iN MediciNe ANd 
tertiAry educAtiON

richard larkins

“What is the essence of leadership?” 

this book’s blurb asks. 

richard larkins, who emerges 

from these memoirs as a modest 

man, does not like to be overly 

prescriptive on such matters. for him, 

professional life has been a matter of 

making a considered decision as to 

how to deal with new circumstances 

and opportunities as they arise, 

rather than laying out a clear path 

years in advance and then working 

unrelentingly towards desired goals. 

“In any event,” he says, “using 

financial reward as the sole criterion 

to drive choice” is, just like “drifting 

along aimlessly”, an avenue to “an 

unfulfilled life”. 

New Tricks, by this former dean 

of the faculty of Medicine, Dentistry 

and health Sciences at the university 

of Melbourne, president of the royal 

Australasian College of Physicians, 

chair of universities Australia and 

Vice-Chancellor of Monash university, 

is a kind of rejoinder to the many 

books on leadership and “how to 

succeed” in business or life that are 

narrowly focused on personal and 

financial measures of success. 

tHe HANged MAN ANd tHe 
bOdy tHief: fiNdiNg liveS 
iN A MuSeuM MyStery

Alexandra roginski

In 1860 an Aboriginal labourer named 

Jim Crow was led to the scaffold of the 

Maitland gaol in colonial new South 

Wales. The Scotsman A.S. hamilton, 

lecturer in phrenology, watched on 

that day and later took steps to attain 

Crow’s skull. for hamilton, Crow was 

an important prize.

A century and a half later, 

researchers at Museum Victoria want 

to repatriate Jim Crow and other 

Aboriginal people from hamilton’s 

collection of human remains to their 

respective communities. But their only 

clues are damaged labels and skulls. 

With each new find, more questions 

emerge. Who was Jim Crow? Why was 

he executed? And how did he end up 

so far south in Melbourne?

Alexandra roginski leads the 

reader through her extensive research 

aimed at finding the person within 

the museum piece. reconstructing 

the narrative of a life and a theft, she 

crafts a case study that navigates 

between legal and Aboriginal history, 

heritage studies and biography.
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