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NANO-ARCHITECT
A prolific chemicals engineer forges a 
path for Japanese scientists abroad. 

YUSUKE YAMAUCHI
The University of Queensland

Researchers outside the country can be just as 
pivotal to strengthening Japan’s international 
scientific collaboration as those working on 
home turf. Yet they are relatively rare. At The 
University of Queensland, a leading Austral-
ian university in the subtropical coastal city 
of Brisbane, for example, materials engineer 
Yusuke Yamauchi is one of fewer than a dozen 
Japanese-born academic staff among more 
than 6,000 in total.  

Yamauchi says it’s his research success that 
protects him from feeling isolated. Being on 
the Clarivate Analytics Highly Cited Research-
ers list in chemistry for three  consecutive years 

opens many doors. Yamauchi has published 
more than 600 papers since he was hired to 
start his own research group at Japan’s National 
Institute for Materials Science (NIMS) after 
earning his PhD in 2007. 

His is a ‘hot’ field. By combining metals 
with organic substances, he creates nanocrys-
tals and nanoporous materials with greatly 
enhanced reactive surface areas. Such materi-
als have numerous potential applications, from 
batteries and fuel cells, to photonic devices and 
chemical sensors. 

Yamauchi moved to Brisbane in 2017. His 
current research grants amount to Au$1.7 
million (US$1.2 million), mostly from the 
Australian Research Council, but also from 
the government of South Korea and an Aus-
tralia–Japan collaborative programme backed 
by the mining giant Rio Tinto. In that project, 
awarded in January 2019, Yamauchi’s group 
is working with chemical engineers Tatsuya 
Okubo and Toru Wakihara of The University 
of Tokyo (UTokyo) on porous nanomaterials 

to convert carbon dioxide and nitrous oxide 
into high-value hydrocarbons used in materi-
als manufacturing. 

Yamauchi has been instrumental in estab-
lishing collaboration agreements between The 
University of Queensland and both UTokyo 
and NIMS, where he remains an honorary 
group leader. He is also a visiting or honor-
ary professor at other universities in Australia, 
China, Saudi Arabia and Japan. Close links 
with these countries are reflected in his col-
laboration network.

Australia is attractive as a safe and peace-
ful country with a compatible time zone, yet 
the number of students from Japan is remark-
ably low in relation to other Asian countries, 
Yamauchi notes. In 2017, there were some 
2,000 students from Japan enrolled in Austral-
ian higher education, compared with more 
than 140,000 from China, 52,000 from India 
and some 30,000 each from Malaysia and Sin-
gapore. He believes great things can flow from 
partnering Japan’s hi-tech industrial prowess 

GLOBAL CONNECTORS 
These researchers stand out for the strength of their international collaboration networks. From 

engineering novel materials, to tackling the scourge of ticks in livestock, and capturing solar 
power from building surfaces, they are leading the way in creating human connections to enrich 
Japanese science: bringing global research to Japan, and taking Japanese research to the world. 

Yasuke Yamauchi’s materials engineering work has potential for use in batteries and chemical sensors.

PA
U

L 
JO

N
ES

/U
O

W

©
 
2019

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved. ©

 
2019

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved.



with Australia’s bountiful natural resources.
Another clear lure is the funding opportu-

nities in Australia, Yamauchi says. He wants 
young researchers who jump prematurely 
to industry due to the scarcity of academic 
research positions in Japan to look to Australia 
instead. But many are afraid to move overseas, 
partly due to inadequate English skills, he says. 

According to Yamauchi, international col-
laboration and the friendships that develop 
from living and working overseas are crucial 
to Japan’s scientific future and so, its prosperity. 
“We, as professors, should encourage and help 
them to go abroad.”  CATHERINE ARMITAGE

MATERIAL TRANSFORMER
A chemist flashes powerful laser beams  
on tiny molecules to study, and even modify,  
their structure.

HIRONOBU FUKUZAWA
Institute of Multidisciplinary Research for 
Advanced Materials, Tohoku University 
 
Hironobu Fukuzawa 
spends his work-
ing life studying the 
interactions between 
photons, atoms and 
molecules. Due to 
the development 
of powerful X-ray 
machines that 
shine a light on the 
detailed structure 
of matter, scientists 
have begun to accurately measure the behav-
iour of materials at the atomic level. Free-
electron lasers (XFELs) create short, intense 
X-ray bursts, taking snapshots, for example, 
of the moment chemical bonds are formed, 
in time measured in femtoseconds — a mil-
lionth of a billionth of a second. “We can look 
at any kind of particle,” says Fukuzawa, from 
the protein molecules in the human body to 
the chemical composition of new materials. 

XFEL pulses are so powerful that they typi-
cally destroy the molecular assemblies they 
illuminate. Fukuzawa’s recent results, however, 
demonstrate that they can also be used to mod-
ify and transform molecular structures. The 
research opens up almost limitless possibilities, 
from the development of medical treatments 
and devices, to materials that haven’t been 
thought of yet. “It’s exciting work,” he says. 

Such insights don’t come cheap, so col-
laboration is imperative. The European X-ray 
Free Electron Laser, built by a consortium of 
11 nations and unveiled in Hamburg, Ger-
many, in 2017, cost more than a billion euros. 
There are still just a handful of free-electron 
lasers on the planet: Japan’s RIKEN network 
of premier research institutes began operating 
the SACLA free-electron laser (pronounced 
sakura after the beloved, but ephemeral 
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TOP COLLABORATORS FOR YUSUKE YAMAUCHI (MATERIALS ENGINEERING)
1	 Kevin Wu, National Taiwan University
2	 Victor Malgras, National Institute for 

Materials Science
3	 Jung Ho Kim, University of Wollongong
4	 Norihiro Suzuki, Tokyo University of 

Science
5	 Cuiling Li, Beijing Institute of Technology

6	 Katsuhiko Ariga, National Institute for 
Materials Science & The University of Tokyo

7	 Jing Tang, The University of Queensland
8	 Bishnu Prasad Bastakoti, Harvard University
9	 Saad Alshehri, King Saud University

10	 Masataka Imura, National Institute for 
Materials Science

TOP COLLABORATORS FOR HIRONOBU FUKUZAWA (PHYSICS)
1	 Kiyoshi Ueda, Tohoku University
2	 Kiyonobu Nagaya, Kyoto University
3	 Norio Saito, National Institute of 

Advanced Industrial Science and 
Technology

4	 Koji Motomura, Tohoku University
5	 Makoto Yao, Kyoto University
6	 Xiao-Jing Liu, Beihang University

7	 Makina Yabashi, RIKEN SPring-8 Center 
& Japan Synchrotron Radiation Research 
Institute

8	 Yusuke Tamenori, Japan Synchrotron 
Radiation Research Institute

9	 Georg Pruemper, Tohoku University
10	 Hiroshi Iwayama, Institute for Molecular 

Science

Hironobu Fukuzawa

RESEARCH LINKS
Yusuke Yamauchi is among the most collaborative of Japanese researchers in the field of materials 
engineering. This graph shows Yamauchi’s top ten research collaborators, ranked by the number 
of papers they have co-authored, and his collaborators’ top ten co-authors. In this series of graphs, 
each node represents a researcher, with line widths sized by the strength of the collaboration. 
Purple lines connect the profiled researcher (square) to his co-authors (numbered nodes). Not all 
collaborators mentioned in the text will be reflected in these networks, depending on the number 
of resulting papers to date.

More co-authored papers
Fewer co-authored papers

Researcher based in Japan
Researcher based outside Japan
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cherry blossom) in 2011. Researchers work 
globally and share hardware. Fukuzawa 
must go “all over the world,” wherever a laser 
exists, he says.

For nearly a decade, Fukuzawa has been co-
authoring papers with an international group 
of experimental researchers and theoreticians. 

Most recently, he and his colleagues used 
X-ray lasers to observe, for the first time, the 
creation of nanoplasma, a gas of ions that 
occurs at the nanoscale. 

One key framework is a consortium of six 
collaborating universities in Japan and Ger-
many, including Heidelberg University and the 
Karlsruhe Institute of Technology. The partici-
pating institutions swap researchers and jointly 
use the SACLA and other facilities. 

This network is a vital and growing part 
of Fukuzawa’s work but money is often tight. 
Fukuzawa thinks there should be a system 
to allow scientists to regularly travel back 
and forth between universities instead of the 
piecemeal funding that exists now. “We should 
go abroad in larger numbers,” he says, “and 
bring more researchers to Japan.” He says the 
travel allows him to compare how things are 
done elsewhere, and see the relative freedom 
enjoyed by younger academics. 

Increasingly, foreign academics are coming 
to his institute in Sendai, a 90-minute ride on 
the Shinkansen train from Tokyo. But col-
laboration can be tricky, he admits. Language 
is a constant headache. “In Japan, technicians 
cannot speak English so I have to translate. 
I’m not fast enough and I make mistakes, so it 
slows the research down.” A new synchrotron 
radiation facility on the Tohoku University 
campus due for completion in 2023 will give 
Fukuzawa’s work a shot in the arm. DAVID McNEILL

CUTTING OFF THE POWER
A Brazilian biochemist returns to his ancestral 
home to tackle parasitic diseases. 

DANIEL KEN INAOKA
School of Tropical Medicine and  
Global Health, Nagasaki University

Daniel Ken Inaoka grew up in Brazilian port 
cities, where parasitic infections were com-
mon. He remembers losing childhood friends 
to malaria, and contracting an intestinal 
roundworm. 

Parasites preoccupy the biochemist. In 2000, 
Inaoka moved to his parents’ home country of 
Japan to complete his graduate degrees at The 
University of Tokyo (UTokyo), where he stud-
ied the protozoa that causes Chagas disease. 
Now at Nagasaki University, Inaoka is finding 
ways of evicting the body’s dangerous tenants. 

He and his collaborators have recently 
identified potential drug targets for the 
deadly malaria-causing species Plasmodium 
falciparum. Their investigations of parasites 
have even uncovered new leads for supressing 

tumours. Inaoka goes straight to the cell’s 
power source: the mitochondria. In humans, 
these tiny energy generators are fuelled by 
oxygen. But many parasites live in oxygen-free 
environments, which means that they rely on 
an entirely different cascade of chemical inter-
actions to produce energy. One enzyme essen-
tial to the survival of P. falciparum, but not 
found in humans, is quinone oxidoreductase.

Inaoka and his team genetically modified 
Escherichia coli to mass-produce this enzyme. 
They then worked with Endah Dwi Hartuti, 
at the Biotech Center of the Agency for the 
Assessment and Application of Technology, 
in Jakarta, scouring their library of soil micro-
organisms, collected from Indonesia’s many 
islands, for those that could block the enzyme’s 
activity. The country’s biodiversity makes 
it rich in valuable compounds, says Inaoka.  
The search revealed a compound called feru-
lenol — isolated from the giant fennel plant — 
which inhibits the malaria parasite’s growth.

Several factors contributed to the success of 
the cross-national collaboration, says Inaoka, 

including a joint grant and regular communi-
cation. “A good collaborator is someone who 
shares your vision,” says Inaoka. But to sustain 
the partnership, he says, both sides need to 
benefit equally. 

His team has learned the hard way, having 
provided technologies to partnering labs with 
no reciprocation. They now ask all potential 
collaborators to sign material transfer and 
non-disclosure agreements, or research col-
laboration agreements, prior to engagement. 
“It isn’t pleasant,” he says, but “it is important 
to know who will do what from the beginning.”

Inaoka favours partners whose work  com-
plements his. Plant physiologist, Anthony 
Moore at the University of Sussex in the United 
Kingdom is a long-standing collaborator, and 
Inaoka’s top eleventh co-author on papers. 
Their partnership goes back to Inaoka’s time 
at UTokyo, where he still maintains a guest 
researcher position. 

The Japanese team had identified a naturally 
occurring fungal compound that inhibits the 
activity of a crucial mitochondrial enzyme in 
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Daniel Ken Inaoka’s team is identifying drug targets for parasitic diseases. 
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Trypanosoma brucei, the parasite that causes 
sleeping sickness. Moore was familiar with 
the enzyme, which is common in plants. As 
it happens, the same enzyme is also present in 
cancer cells that live in the oxygen-deprived 
environments of solid tumours. Working 
together, the teams recently found that the 
fungal compound can kill solid tumour cells.  
SMRITI MALLAPATY

SLEEP SCIENTIST
A neuroscientist searches for the answer  
to a good night’s slumber.  

YOAN CHERASSE
International Institute for Integrative  
Sleep Medicine, University of Tsukuba

Lack of sleep in Japan 
costs the country 
almost 3% of its 
annual GDP. The 
problem, however, is 
global, says neurosci-
entist, Yoan Cherasse. 
He is among a group 
of scientists at the 
International Insti-
tute for Integrative 
Sleep Medicine try-
ing to explain why we need sleep, and what 
happens to our brains when we do. 

By identifying the precise mechanism 
that regulates sleep and wakefulness, 
researchers hope to find treatments, and 
even cures, for disorders such as insom-
nia. “The science behind that is very 
complicated,” says Cherasse. “If you ask 
experts why do you need to sleep, none 
of them will give you the same answer.”

In 2015, Cherasse identified a connection 
between zinc and sleep-regulation. Mouse 
models administered zinc at night slept for 
longer periods. The findings built on studies 
by other groups looking at the effect of zinc 
supplements on human sleep. “If you give zinc 
to a mouse you will increase the amount of 
sleep, and in humans you increase the quality 
of sleep,” he explains. 

Cherasse is using the zinc link to identify the 
specific neurons involved in promoting sleep. 
He and his colleagues have located one brain 
region packed with GABA-generating neurons 
(gamma aminobutyric acid — the neurotrans-
mitters that inhibit other cells) that respond to 
the element. “Just a small number of neurons 
are reacting,” he says. 

Japan has poured money into sleep research. 
The Tsukuba institute has been designated a 
World Premier International Research Center 
by the Ministry of Education, Culture, Sports, 
Science and Technology. That means addi-
tional funding for salaries and collaborations 
with scientists abroad: roughly 700 million yen 
(US$6.4 million) a year. The money helps pay 
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TOP COLLABORATORS FOR DANIEL KEN INAOKA (BIOCHEMISTRY)
1	 Kiyoshi Kita, Nagasaki University
2	 Shigeharu Harada, Kyoto Institute of 

Technology
3	 Tomoo Shiba, Kyoto Institute of Technology
4	 Emmanuel Oluwadare Balogun,  

Ahmadu Bello University

5	 Takeshi Nara, Iwaki Meisei University
6	 Masayuki Inoue, University of Tokyo
7	 Takashi Aoki, Juntendo University
8	 Teruki Honma, RIKEN
9	 Akiko Tanaka, RIKEN

10	 Yasutoshi Kido, Osaka City University

TOP COLLABORATORS FOR YOAN CHERASSE (NEUROSCIENCE)
1	 Michael Lazarus, University of Tsukuba
2	 Yoshihiro Urade, The University of Tokyo 

Hospital
3	 Alain Bruhat, French National  

Institute for Agricultural Research  
(INRA)

4	 Pierre Fafournoux, INRA

5	 Anne-Catherine Maurin, INRA
6	 Céline Jousse, INRA
7	 Laurent Parry, INRA
8	 Zhi-Li Huang, Fudan University
9	 Wei-Min Qu, Fudan University

10	 Cédric Chaveroux, Cancer Research Center 
of Lyon
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for Cherasse’s position. In return, the institute 
must be international. Everything is done in 
English, says Cherasse, who is French. “English 
allows you to make connections with the top 
sleep research institutions around the world, 
exchanging data and methods.” 

The head of the centre, Masashi Yanagisawa, 
spent the bulk of his career at the University 
of Texas Southwestern Medical Center before 
being persuaded to return to Japan. Associate 
professor, Michael Lazarus, was at Harvard 
Medical School. The network built by the insti-
tute includes neuroscientists at Fudan University 
in China and elsewhere. It’s not a big academic 
world, says Cherasse. “We all know each other.” 

Cherasse did a postdoc in Osaka before 
moving to Tsukuba. Japan, he says, is looking 
outward again after the Fukushima nuclear 
disaster, which had a negative impact on its 
connection to the rest of the world. Living in 
Japan has brought its share of culture shock, 
however. Academics don’t sleep enough, he 
says, laughing. “They spend way too much 
time working and not enough time at home.” 
DAVID McNEILL

IMMUNE-CELL STIMULATOR
A veterinary scientist uses immunotherapy to 
fight intractable cancers and viral infections.

SATORU KONNAI
Hokkaido University
 
Satoru Konnai grew 
up on Hokkaido, 
Japan’s  northern 
island. Hokkaido 
accounts for a quarter 
of Japan’s cultivated 
land, producing a 
large share of the 
countr y’s  adzuki 
beans, buckwheat, and potatoes, half of its 
milk, and all of its sugar beets. 

Now a veterinary scientist at Hokkaido 
University, Konnai wants his home to remain 
farming country. And he is doing his part by 
developing treatments and vaccines for stub-
born pests and diseases that afflict livestock. 

Konnai’s work has taken him to the Phil-
ippines and Brazil. Most recently, he and a 
team of researchers in Brazil determined the 
sequence of an important receptor involved in 
tick reproduction, using ticks isolated in Kenya 
and fed on rabbits in the lab at Hokkaido, and 
another strain raised on calves in Brazil. The 
ticks are found globally and feed on a range 
of hosts.

The receptor offers a potential target for 
controlling the spread of ticks, which trans-
mit parasites that result in millions of dollars’ 
worth of livestock losses.

Konnai’s latest preoccupation has been 
immune therapy. In this, his work targets PD-1, 
a protein on the surface of T cells that restricts 
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TOP COLLABORATORS FOR SATORU KONNAI (GENETICS)
1	 Kazuhiko Ohashi, Hokkaido University
2	 Misao Onuma, Hokkaido University
3	 Shiro Murata, Hokkaido University
4	 Tomohiro Okagawa, Hokkaido University
5	 Ryoyo Ikebuchi, Hokkaido University
6	 Shinji Yamada, Tohoku University

7	 Saiki Imamura, Ministry of Agriculture, 
Forestry and Fisheries

8	 Claro Mingala, Philippine Carabao Center
9	 Naftaly Wang’ombe Githaka,  

International Livestock Research Institute
10	 Asami Nishimori, Hokkaido University

TOP COLLABORATORS FOR TAISUKE MATSUI (CORPORATE SCIENTIST)
1	 Michael Grätzel, Swiss Federal Institute of 

Technology in Lausanne
2	 Michael Saliba, Adolphe Merkle Institute, 

University of Fribourg
3	 Antonio Abate, Helmholtz-Zentrum Berlin 

for Materials and Energy
4	 Juan Pablo Correa Baena,  

Georgia Institute of Technology
5	 Anders Hagfeldt, Swiss Federal Institute of 

Technology in Lausanne

6	 Konrad Domanski, Swiss Federal Institute 
of Technology in Lausanne

7	 Wolfgang Tress, Swiss Federal Institute of 
Technology in Lausanne

8	 Mohammad Khaja Nazeeruddin, Swiss 
Federal Institute of Technology in Lausanne

9	 Shaik M. Zakeeruddin, Swiss Federal 
Institute of Technology in Lausanne

10	 Fabrizio Giordano, Swiss Federal Institute 
of Technology in Lausanne
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the immune cells’ activity. By inhibiting PD-1’s 
activity, he has cleared T cells to go on their 
patrol. The approach has shown promise in the 
treatment of bacterial and viral infections in 
cows, and malignant cancers in dogs. 

More than a third of Japan’s cattle are 
infected with bovine leukaemia virus, a ret-
rovirus that can reduce milk production and 
prevent animal sales to foreign markets. The 
virus is prevalent across the Americas and 
Asia. Konnai has found that animals infected 
with the virus express high levels of the protein 
that binds to PD-1, known as PD-L1. 

Konnai teamed up with Yasuhiko Suzuki, 
who specializes in the large-scale production 
of drug candidates, and is also based at Hok-
kaido, to create monoclonal antibodies that 
can target this pairing. They found that block-
ing the interaction rejuvenated the immune 
response in diseased cattle cells in the lab, and 
rapidly increased the number of virus-target-
ing T cells in a sick calf.     

Konnai chooses his research collaborators 
carefully, favouring those who can take his 
fundamental work to the clinic. “Basic science 
is important,” he says. “But clinical research is 
more important for patients.” 

His research into canine cancer is prob-
ably the most clinically promising of Konnai’s 
endeavours.

In mid-2017, Konnai and Suzuki published 
the results of experiments into the use of a 
monoclonal antibody to block PD-L1 in dogs 
with oral cancer, a rare but vicious type of 
malignancy. A dose of the antibodies admin-
istered every two weeks reduced tumour size 
in two of the nine dogs studied. SMRITI MALLAPATY

POWER STABILIZER
A solar cell scientist brings consistency to 
perovskite photovoltaics research.

TAISUKE MATSUI
Technology Innovation Division, Panasonic
 
Taisuke Matsui sees opportunity in the glare of 
high-rise windows and the glint of car bonnets. 
These surfaces are valuable real estate for cap-
turing the power of the Sun. And Matsui, a 
solar cell scientist at Panasonic, believes he has 
the technology to do it.    

Matsui’s research focusses on a class of mate-
rials called perovskites, which are character-
ized by a distinct crystal structure. Solar cells 
made from perovskites can be spray-coated, 
painted, or printed into rolls, and are half the 
price of the silicon used in most of today’s pho-
tovoltaic devices.  

The solar industry has been primed for a 
perovskite takeover for several years. In the lab, 
researchers have achieved power conversion 
efficiencies above 20% — on par with commer-
cial silicon cells — but performance has been 
unreliable and short-lived. 

In 2016, Matsui, with researchers at the 
Swiss Federal Institute of Technology in Laus-
anne (EPFL), published a paper describing a 
way to produce perovskite cells that are both 
highly efficient and stable. Their technique is 
now being used by researchers all over world. 

It took a bold move from Matsui to initiate 
the transnational link. In 2014, he travelled 
from Japan to Switzerland to work at the EPFL 

for two years. He had just shifted his attention 
away from organic light-emitting diodes. “I 
was very nervous at first, because I am not 
good at speaking English and did not know 
much about solar cells,” says Matsui. 

“Japanese people tend to hesitate to go 
abroad because of the language barrier, but 
international collaborations are very benefi-
cial and efficient,” he says. “I would encourage 
more researchers to be proactive.” 

At the time, researchers at EPFL were using 
a less-well-known perovskite composition that 
exhibited record power-conversion efficien-
cies. Making the move was the only way Matsui 
could study the material. 

Working closely with EPFL researchers, 
Michael Graetzel and Michael Saliba, Mat-
sui soon came up with a way to improve the 
material’s stability. He introduced the relatively 
small alkali metals, rubidium and caesium, to 
the mix, which produced solar cells that main-
tain performance at high temperatures for 
almost 21 consecutive days. And they repeat-
edly achieved comparable results, overcoming 
the reproducibility problem that has dogged 
perovskite solar cell science.

Matsui has since returned to Panasonic’s 
headquarters in Osaka where he benefits from 
the expertise of domestic partners, including 
optical measurement techniques from Osaka 
University, and calculation methods from 
Tokyo Institute of Technology. 

The declining number of basic scientists 
in industry, Matsui says, has forced Japanese 
companies to rely more on academic collabo-
rations to fill the knowledge gap. “We can’t do 
it all ourselves.” SMRITI MALLAPATY ■

Taisuke Matsui and 
Swiss colleagues have 
improved the stability 
of perovskites.
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