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Changing lives: Australia—Japan science links

Japanese science changing Australia

The impact of Japanese technological prowess
on Australian society is obvious for all to see.
How we listened to music was transformed

by audio recording technologies: from the
Walkman to the CD. Home entertainment was
changed by video tapes, DVDs, and game
consoles. We rely on Japanese innovation in
transport—reliable car engineering, the lean
manufacturing techniques that made them
affordable and, more recently, hybrid cars.

Fundamental science discoveries are bringing
a new era of transformation. Japanese
researchers were honoured last year with the
Nobel Prize for their invention of the blue LED.
They succeeded where for 30 years everyone
else had failed. Incandescent light bulbs it

the 20th century; the 21st century will be lit

by LED lamps—Tlasting a lifetime and using a
fraction of the energy.

In 2006 Shinya Yamanaka discovered

how intact mature cells in mice could be
reprogrammed to become immature stem
cells. By introducing only a few genes, he
could reprogram mature cells to become
pluripotent stem cells, that is, immature cells
that are able to develop into all types of cells
in the body. His work is transforming stem cell
medicine and many Australian researchers are
now using induced pluripotent stem cells to
develop stem cell medicines.

Australian science changing Japan

It's not a one way trade. Japanese lives are
being improved by Australian inventions such
as the bionic ear, gum that repairs tooth decay,
sleep disorder treatments, lithium to treat
bipolar disorder, aircraft black boxes, and anti-
flu drugs, which are all in daily use in Japan.

And when you connect to a fast and reliable
wi-fi network you can thank Australian
astronomers, who in the process of searching
for black holes, created tools for cleaning up
radio waves.

Collaborating for the future

Today there are hundreds of thriving Australia—
Japan research collaborations, many of which
will have a profound impact on our lives in the
years ahead.

In 2014 the Australian Research Council

(ARC) supported 254 research projects with
Japanese collaborators. Over the past five
years, Japan has consistently placed within the
10 countries that have the highest number of
collaborations with Australian researchers on
Australian Research Council-funded projects.

The ARC reports that the most popular
disciplines for collaboration with Japan are:
material engineering; biochemistry and cell
biology; atomic, molecular, nuclear, particle
and plasma physics; astronomical and space
sciences; and plant biology.

Research cooperation (as measured by
co-authored publications) has doubled over
the last decade. The quality and impact of
these publications is significantly higher than
the average for each country’s papers

and both countries receive a quality ™~ s
dividend from working together. :3;'-';,

There were about 6000 joint Australia-
Japan publications from 2009-2013 and
nearly 500 partnership agreements between
Australian and Japanese universities, and the
numbers are rising.

There are strong and enduring relationships
between science agencies in both countries.
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Collaboration highlights

Using synchrotron light and neutron beams
to investigate new materials for medicine,
electronics and industry

Developing lead-free solders for solar cells
and electric vehicles

Better diagnosis of foetal heart defects

Understanding earthquake history and
improving prediction

Saving coral from starfish plagues
Seeing every cell in a whole adult brain
Understanding how herbicide
resistance develops

Exploring the implications of phones that
always know where we are.

Read more about these and other
Australia—Japan collaborations online at
www.scienceinpublic.com.au/stories/japan
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Photos: CSIRO's John O’Sullivan and his colleagues made Wi-Fi fast and reliable, credit: Prime Minister’s Prizes for Science/WildBear.
Nobel Laureate Shinya Yamanaka changed stem cell science, credit: Gladstone Institutes/Chris Goodfellow.
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Preserving the foundations of Japanese culture

An Australian archaeologist is advising on the preservation
of sites of the unique prehistoric Jomon culture of Japan.

Hunter-gatherers are typically thought to

be wanderers who moved to harvest the
animals and plants on which they fed. Not so
the Jomon, one of the important founding
peoples of Japan.

By careful management of the resources
they found in many varied environments in
the north of Japan—fruit, nuts, fish, seafood,
birds—the Jomon lived in permanent
settlements for about ten thousand years
until three thousand years ago. They were
not farmers, but nonetheless lived in open,
undefended villages. They developed
sophisticated pottery, basketry and lacquered
wooden crafts, and constructed storage pits
and stone monuments.

Now, with the backing of their government,
Japanese archaeologists are working to
preserve and protect this legacy by means of
a serial nomination to UNESCO’s
List of World Heritage Sites. And
advising them on how best to
make their bid is lan Lilley of the
University of Queensland.

“Not only are the Jomon people
unique, interesting and seminal
to the development of Japanese
culture, but the successful
nomination of their sites would
help to balance UNESCO’s World Heritage
list. At present, Asia is under-represented and
archaeological sites generally are under-
represented, particularly of the era when
Jomon culture was at its height.”

Successful
nomination of

[the Jomon] sites
would help to
balance UNESCO'’s
World Heritage list

lan is a noted archaeologist who works with
the indigenous peoples of northern Australia
and the islands of the western Pacific. He is
also one of the few members of both the two
statutory UNESCO advisory bodies on cultural
and natural heritage, the International Council
on Monuments and Sites and the International
Union for the Conservation of Nature.

So lan was a natural choice to provide advice
on how to frame the technical aspects of
their bid to have the Jomon sites listed as
World Heritage Sites. In an extensive series
of meetings and field trips, he worked

with academics and regional and national
government officials.

Remnants of the Jomon’s unique culture are
found in 18 diverse archaeological sites in
northern Honshu and Hokkaido. They range
from a stone arrangement only tens of metres
across, overlooking a freeway, to
large historic tourist parks.

Other humanities collaborations

The 2013 Fukuoka Academic Prize was
awarded to Tessa Morris-Suzuki, a Professor

of Japanese History at the Australian National
University. She gave a talk for the Prize entitled
‘A journey across invisible bridges to Asia:
Reimagining East Asia from regional Japan.’

The University of Queensland’s Professor
Nanette Gottlieb is collaborating on research
into immigration, technology and language
policy in Japan.

An RMIT and Keio University team are
exploring the impact on life of phones that
always know where we are.

Photos: Reconstructed Jomon houses, credit: Qurren, Wikimedia — Creative Commons. Interior of reconstructed Jomon houses, credit: lan Lilley.

Remnants of the Jomon's unique culture are found in diverse archaeological sites in northern Honshu and Hokkaido, credit: lan Lilley.
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Sharing light and neutrons

Japanese researchers are coming to Australia for our neutron
beams. It's helping them continue their research following the
shutdown of all Japanese research reactors in the aftermath of
the Great East Japan Earthquake. And it cements a friendship
in beamline science that kickstarted Australian access to

synchrotron light.

“Japan’s leadership in electronics, advanced
manufacturing and computing complements
Australia’s leadership in agriculture, health and
minerals,” says the Australian Nuclear Science
and Technology Organisation’s (ANSTO)
Robert Robinson, who chaired an Australia
Japan Neutron Science Workshop in 2013.

The collaboration is contributing to research
into: hard magnets for electric cars; new high
density plastics; superconducting cables for
the ITER fusion reactor; and the structure of a
range of biological molecules.

Japan has a rich history in nuclear research and
has 14 research reactors, ranging from very
small teaching reactors to the 140MW JOYO
prototype fast breeder reactor. But following
the Great East Japan Earthquake, all Japanese
research reactors were shut down and are
awaiting regulatory and government approvals
before they can start up again.

Neutron beams were among the products

of the research reactors. Beams from the
reactors are diverted through a beamline
where they can perform a wide range of
useful tasks: testing turbines, train wheels

and tracks, and similar metal objects;
investigating the structure of starch and other
biological molecules; developing new battery
technologies; and many other material science
applications.

So ANSTO offered time on its neutron
beamlines at OPAL, Australia’s research
reactor, located on the southern edge of
Sydney. Now Japanese scientists are the
second largest international user community.

Australia is also contributing to training.

In 2011 the 4th Asia-Oceania Neutron
Scattering Association (AONSA) Neutron
School was relocated from Tokai to ANSTO
and the Australian Prime Minister’s Education
Assistance Program for Japan supported the
participation of four Japanese researchers.

This cooperation is over two decades long.
From 1992 to 2008 thousands of Australian
scientists ventured north to Japan’s Photon
Factory in Tsukuba, north-east of Tokyo,
where the Australian government established
the Australian National Beamline Facility.
The facility was used for a vast range of
applications, from developing anti-flu drugs
to creating new wool fibres and assessing

jet engine wear.

“It trained a whole generation of Australian
scientists and laid the groundwork for the
construction of Australia’s own synchrotron,”
says ANSTO's Richard Garrett.

“Australian science owes an enormous debt
of gratitude to Japan and the Photon Factory
for their generous support over all these
years,” he says.

ANSTO

ANSTO is Australia’s national nuclear
science and technology organisation
and collaborates with many Japanese
organisations including:

High Energy Accelerator Research
Organisation (KEK)

Institute of Materials Structure Science
Institute of Solid State Physics (ISSP)
Japan Atomic Energy Agency (JAEA)

Japan Proton Accelerator Research Centre
(J-PARC)

National Institute for Materials Science
(NIMS)

Tsukuba University
University of Tokyo

Photos: Australian researchers owe a debt of gratitude to Japan’s Photon Factory for many years of access to synchrotron light (image shows the linear accelerator at the Australian Synchrotron),
credit: ANSTO. ANSTO's neutron beamlines are supporting Japanese research, credit: ANSTO. A hand guard from a Japanese sword imaged with neutron beams, credit: Floriana Salvemini, ANSTO.
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Finding new drugs for malaria

Australian Government

New drugs may be on the way for malaria, a disease that helps push millions of people into extreme
poverty, thanks to an Australian team working with a remarkable new Japanese organisation.

The Global Health Innovative Technology
Fund (GHIT) is investing over one hundred
million dollars (US) in creating new products to
improve global health. High on their priorities
is malaria, and they've turned to a team at
Queensland’s Griffith University to help them
find new drugs to fight it.

Established in 2012, the GHIT Fund is a public
health partnership that brings Japanese know-
how and investment to the global fight against
infectious diseases. Its partners include the
Japanese government, the Gates Foundation,
and six Japanese pharma companies. And for
malaria, those partners have sought help from
Australia.

Vicky Avery and her Griffith University
colleagues have been working since 2007 with
the Medicines for Malaria Venture and Drugs
for Neglected Diseases initiative.

In 2013, with the support of the GHIT Fund,
Vicky's team screened 50,000 compounds
from Japanese pharma company Daiichi
Sankyo. The project identified several ‘hit’
series able to inhibit the malaria parasite
growth.

So in May 2015, GHIT announced further
support that will allow her team to work with
the Japanese, developing their promising hits
into lead compounds that might disrupt the
malaria parasite’s life cycle, eventually leading
to testing in humans as potential drugs.

“Most of the current drugs affect the malaria
parasite during the asexual stages when it's
growing rapidly in blood cells and causing the
clinical symptoms,” says Vicky. “Our objective
was to see if we could also break the life cycle
by finding compounds which could prevent
male and female gametocyte development.
These are required for transmisson to a
mosquito when it bites you. If we are ever
going to totally eradicate malaria we'll need
to break this transmission cycle.”

Malaria continues to be a global health
challenge according to the World Health
Organisation, with about 219 million people
being infected and about 660,000 people
dying from malaria each year.

We learn so much from our partnerships with
Japanese companies. It challenges our thinking.
There are cultural differences, various
managerial styles, and alternative

approaches to drug discovery.

Professor Vicky M Avery, Griffith University

Japan's leadership in technological innovation,
drug development, and overseas aid makes the
country’s post-war daily battle against

disease epidemics, malnutrition, and

poverty feel like very long ago.

Chair of GHIT, Kiyoshi Kurokawa, MD

Other medical research collaborations
between Australia and Japan include

BETTER DIAGNOSIS OF FOETAL HEART DEFECTS
One in one hundred babies is born with

a heart defect. University of Melbourne
researchers are working with Tohoku University
and Atom Medlical Co Tokyo on a non-invasive
way to recognise problems earlier. And a
University of Tasmania researcher is working

to improve the use of echocardiography in
partnership with Gunma University in Japan.

SEEING EVERY CELL IN A WHOLE ADULT BRAIN
Scientists from RIKEN, the University of Tokyo,
Japan Science and Technology Agency, and
the Queensland University of Technology have
developed CUBIC—a technique for rapidly
imaging the brain. They believe it will be
scalable to whole bodies.

BIOMEDICAL APPLICATIONS FOR ‘MAGIC CRYSTALS'
CSIRO and Osaka Prefecture University are
developing biomedical applications for the
massively absorbent metal-organic framework
crystals developed by CSIRO.

Further reading

https://app.griffith.edu.au/news/2015/05/01/
funding-boost-for-eskitis-malaria-research

http://www.griffith.edu.au/science-aviation/eskitis-institute

https://www.ghitfund.org/about/mediacenter/
pressdetail/detail/125

Photos: Vicky Avery and her team have screened millions of compounds for use against malaria, credit: Luis Harwood.
Vicky Avery says if we are ever going to eradicate malaria we'll need to break the transmission cycle, credit: John Holleran.
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Internationalising science together

IVF, heart research, and coral research
gain from working together

Australian and Japanese science

leaders understand the importance of
internationalising their research—creating
international science networks that are

more than the sum of their parts. And the
complementary strengths of the two countries
result in greatly enhanced research when

they work together.

Science is becoming increasingly
multidisciplinary, and the collaborations

between Japan and Australia reflect this trend.

One rapidly growing network is being driven
by the Systems Biology Institute of Japan,
together with Monash University and the
Australian affiliate of the European Molecular
Biology Laboratory (EMBL). The natural
partners joined forces in 2013 to create

SBI Australia, the Japanese Institute’s first
international affiliate. It was joined by

SBI Singapore in 2014.

Giving birth to better IVF decisions

Australia has some of the best IVF success
rates in the world but there’s still room for
improvement. Success rates fall steeply in

a woman’s late thirties yet this is now the
average age for couples seeking help. Female
age in particular affects the number and
quality of eggs and embryos. SBI Australia is

working with Monash IVF to improve the odds.

The team is examining the many factors
which affect the growth of embryos and
implantation. They're using non-invasive
microscopy developed at Monash, together
with image analysis software invented by
SBI, to watch the development of early living
embryos. They hope that the project will lead

to improvements in IVF processes as well
as identifying the embryos most likely
to succeed.

SBI Australia is also contributing to work on:

Understanding the different populations of
cells that make the human heart, especially
cells other than muscle cells, to improve
understanding of the normal and ageing
adult heart

Investigating coral communities to see how
they will respond to warming oceans and
bleaching—a critical issue for Australia’s
Great Barrier Reef.

SBI Japan's other projects include:

Modelling cancer to explore the effects

of using multi-component drugs, and
designing new drugs that could control and
eventually kill cancer

Creating a precise model of a yeast cell as
a first step in learning how we can model all
cells using a systems approach

Creating internationally agreed languages
and tools for systems biology modelling.

Modelling life's complexity

The systems biology collaboration grew
from Professor Hiroakai Kitano's fascination
with complex systems.

Modern biology has revealed the deep
complexity of life. Nothing is simple ~how an
individual cell works, how a heart beats, how
an organ works, let alone the complexity of a
whole animal or of a brain. Looking at these
parts in isolation, as modern biology does,
can hinder our understanding of biological
systems. That's the challenge that led to the
creation of the Systems Biology Institute.

Professor Kitano already had an international
reputation in robotics and artificial intelligence,
including the development of the ‘robotic
dog’ AIBO, and the international RoboCup
robot soccer competition.

While working on AIBO he started to think
about the complexity of life. He realised that
modern computing offered the opportunity
to pull back from the singular focus of many
life scientists and to start to model and
simulate whole systems. It was the 1990s and
the beginning of the genomics revolution.
“We could now connect mathematical
systems directly into molecular biology and
biochemistry, and | saw the opportunity
there.” His early work led to a Nature paper
on the fundamental mechanisms of ageing.
And systems biology—the science of looking
at a whole system—uwas born.

The Systems Biology Institute started in Japan.
But we would like access to resources and
expertise we don’t have in Japan. If we were
studying a cell or a cancer, we would be just fine
in Japan. But [in Australia] we have resources like
the Australian Institute of Marine Sciences and
coral and the Great Barrier Reef. And we have
the tradition of Monash IVF. Access to IVF clinics
is something people want, and Monash IVF

is keen to collaborate with us. So

Australia is a natural place to establish

our first international associate.

Hiroakai Kitano speaking at the launch of SBI Australia

Photos: SBI Australia is working with Monash IVF to improve the success rate of IVF, credit: Monash IVF.
President of The Systems Biology Institute Hiroakai Kitano with CEO of Monash IVF James Thiedeman (left), credit: EMBL Australia.
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Exploring the mystery of the oceans

Australia and Japan are both island nations with vast maritime
reserves and responsibilities. Together we're developing the
science needed to understand, use, enjoy and protect our unique
marine ecosystems. And we're collaborating to solve some of the
mysteries of the ocean systems that drive the world’s climate.

Attack of the giant starfish

The waters off Japan's tropical Okinawa
Islands are home to hundreds of species of
coral. The reefs attract a rich diversity of life:
fish, turtles, whale sharks, and...the crown-
of-thorns starfish.

Five thousand kilometres to the south is

the Great Barrier Reef—the world's largest
reef system and one of the richest and most
diverse natural ecosystems on Earth. The
Australian Government is committed to
protecting the Reef and has developed a plan
to 2050 to ensure the sustainability of the
Reef. But the Reef has lost half its coral cover
in the past 30 years and periodic plagues of
crown-of-thorns are responsible for more than
forty per cent of the coral loss.

Crown-of-thorns starfish are natural predators
on coral reefs around the Pacific. But currently
there are estimated to be about five million
of these starfish on the Great Barrier Reef.

So the challenge is to determine what causes
the periodic plagues, and what we can do
about them.

Researchers from the Okinawa Institute of
Science and Technology are working with their
colleagues at the Australian Institute of Marine
Science in Townsville to better understand

the starfish. They're working at every level
from the underlying genetics of the starfish,
the ecology and behaviour of its larval stages,

which is likely to be the key that triggers
periodic plagues, through to understanding its
predators and developing active control options.

Exploring the ocean depths

In the deep oceans north and south of
Australia is unseen life—animals never seen
by human eyes. In 2010 an autonomous
visual plankton recorder was lowered into

the freezing waters of the Southern Ocean.

It travelled 1 km down taking photos of the
living plankton of the deep ocean. The survey
machine was developed by the Japan Agency
for Marine-Earth Science and Technology
(JAMSTEC). In 2012 it ventured into the
warmer waters of the Coral Sea snapping
photos of plankton 600 metres deep.

JAMSTEC also manages Japan's contribution
to the International Ocean Discovery
Program—uwith over twenty nations working
together to explore Earth’s last frontiers.
Australia and New Zealand are members of
the IODP via the Australian and New Zealand
International Ocean Discovery Program
Consortium, giving them access to the cruises
of the Chikyu, a remarkable ship owned by
JAMSTEC that can drill deeper than any other
marine science drilling vessel to date.

With their partners at JAMSTEC, Australian
scientists are now working to set a new
agenda for cooperation in marine research
for the future.

Photos: The Great Barrier Reef is one of the richest and most diverse natural ecosystems on Earth, credit Shutterstock.
Japanese and Australian researchers are working together to better understand the crown-of-thorns starfish, credit: iStock/Hagamera.

Elephant seals helped solve an ocean mystery, credit: Chris Qosthuizen.

Elephant seals discover bottom water

Japanese and Australian researchers
deployed elephant seals to solve a
Southern Ocean mystery in 2013.

Southern elephant seals fitted with satellite
tags foraged on the continental shelf down
to 1,800 metres and revealed a layer of
dense cold water—so called Antarctic bottom
water—flowing out into the deep ocean.

“These seals are fantastic oceanographers,”
says Tim Moltmann, Director of Australia’s
Integrated Marine Observing System.
“They dive and explore under the Antarctic
ice sheets reaching places that we just

can't get to.”

The discovery filled an important gap in
our understanding of how the Southern
Ocean affects global climate.

The project was led by researchers from
Hokkaido University with collaborators
from the University of Tasmania and
other Japanese, Australian and European
organisations.
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Reducing the impact of earthquakes

Working together, researchers in Japan and Australia are getting better at predicting the areas
most at risk from earthquakes. They are also working together on ways to determine, within

seconds of a warning, the scale and likely impact of an earthquake.

Rapid detection and warning systems
combined with smart engineering saved many
lives in the Great Japanese Earthquake of
2011. But the earthquake and the resulting
tsunami were much bigger than geological
modelling suggested. The reasons for that
might be found in deep history.

Mapping the hazard

Big earthquakes may be separated by
centuries or millennia. But earthquake hazard
maps are based on information gathered since
1900 when modern seismographs came in to
use. It's difficult to model events happening
over millennia when you have not got deep
historical information.

University of Sydney researchers led by
Professor Dietmar Muller believe they

can push beyond that limitation. Large
earthquakes are generally associated with
subduction zones—where tectonic plates
collide and one pushes under the other.
The Sydney team has shown that areas
where subduction zones intersect with
oceanic fracture zones are particularly
dangerous and they have created a global
hazard map for giant subduction earthquakes.

The map helps explain why the Great East
Japan Earthquake happened and identifies
other high risk areas.

Professor Brian Kennett at the Australian
National University has worked with multiple
images from “seismic tomography” which
produces 3-D models of the Earth and has
shown that the zone of initiation of the 2011
event has unusual properties, based on
observations of earthquakes from around the
globe. Similar results have been obtained
independently by researchers at Tohoku
University and Kennett has also collaborated
with researchers at Kyoto University on a
review of the properties of the 2011 event.
Professor Kennett has also worked with the
University of Tokyo's Earthquake Research
Institute for over 20 years to improve
earthquake simulations using supercomputing.

Looking back in time

The landscape of the Sendai region of Japan
retains evidence of past tsunamis. Professor
James Goff and Dr. Catherine Chagué-Goff,
with colleagues from the University of New
South Wales, ANSTO, and Tohoku University
have been reading the evidence left by the
2011 tsunami.

Layers of sand in sediment can indicate

past tsunamis. But for nearly half of the

5.6 kilometres of the tsunami’s sweep over
the Sendai Plain, it left no sand debris. Up to
4.6 kilometres inland it left finer sediments
behind. But it kept going, damaging crops
and leaving salty soil for a further kilometre.
That has led the team to reinterpret the
strength of past tsunamis on the Sendai plain,
which occurred in 869, and earlier around
2,000 and 2,700 years ago.

A more accurate reading of the geochemical
history of these past tsunamis will also help
them interpret evidence of past tsunamis
across the Pacific and contribute to a better
measure of the risk of future tsunamis.

The team has created databases of past
Australian and New Zealand tsunamis.

Now they're working with Tohoku University,
Hokkaido University and the Japanese
Nuclear Regulation Agency to create a similar
database for Japan. And with their Tohoku
colleagues they're looking at less developed
coastlines in the Pacific—on Hawaii and
Chatham Island—for more evidence of the
impact of earlier tsunamis. All this work will
contribute to a better understanding of the
risks across the Pacific Ocean nations.
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Photos: Dr. Catherine Chagué-Goff studying the devastating 2011 tsunami at Arahama on the Sendai Plain, credit: Witold Szczucinski. Tsunami damage on the Sendai Plain, credit: James Goff.
University of Sydney researchers have created a global hazard map for giant subduction earthquakes, credit: Dietmar Muller.
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