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Emblem Concept

The emblem of WPI adopts the motif of
a bird, symbolizing the program’s driving
concept of “upward flight.” Undaunted
by today's turbulent global climate of
twisting and turning winds, the bird flies
on steady, azure wings through the sky.
In its beak, it carries a seed of new innova-
tion. This radiant dot over the “i" also serves
to light the path ahead in pioneering the
frontiers of scientific discovery.

Human society has been experiencing significant transitions
amid the COVID-19 pandemic which started at the end of 2019. As
of August 1st, more than 571 million people around the world have
contracted the virus, among whom over 6.38 million have passed
away. Adding to the COVID-19 pandemic has been Russia's invasion
of Ukraine since the spring and prospects of a drawn-out war. The
pandemic and the war have caused ruptures in the supply chain
triggering a worldwide economic slump and food shortages along
with heightened anxiety about the future. We are all concerned
whether a way can be found for us to overcome these difficulties
and to rekindle hope for future society. If there is a way, it will only
be through advances in science, technology and innovation.

To accomplish this, it will first of all be necessary for us to raise
the level of Japan's research capacity. By advancement of basic
research that lead to elucidation of new phenomena and creation
of innovative technologies as world-leading research results, we
can contribute to the betterment of human society. For achieving
breakthroughs in science, technology and innovation, it is necessary
to establish research centers whose work transcends boundaries of
nations and disciplines by novel designs free from conventual ideas.

It goes without saying that revitalizing international brain
circulation that has been stalled by the effects of COVID-19 is a
pressing issue for Japan.

The World Premier International Research Center Initiative
(WPI Program) has had four missions since its launch in 2007,:
Advancing research at the highest world standard, creating scientific
breakthroughs through fusion of research disciplines, establishing
internationally open research environments, and reforming research
and administration systems in Japan. By the year 2018, thirteen WPI
centers had been established. The highly innovative and challenging
activities conducted by these centers have attracted to them
excellent researchers working at the world frontiers of research from
around the world. This success in building the centers has accrued to
making the WPI Program Japan's research flagship, evaluated highly
not only within Japan but also by countries throughout the world.

In December 2020, the WPI Program added a new mission titled
“Values for the Future,” while continuing to elevate its ongoing four
missions. The added new mission emphasizes that young researchers
are to be fostered by coupling the centers with higher education
initiatives and policies are to be put in place to ensure sustainance of
the centers after WPI funding ends. The first center established under
the new mission was selected in 2021, making the total of WPI centers
to fourteen. In 2022, three more new centers have been selected.

We believe that the WPI Program provides an opportunity
for revolutionalizing the way research is conducted in Japan.
Through this program, we expect that further structural changes
are introduced toward transforming Japan's research activities into
new shapes and capabilities in the approach to a post-COVID-19 era
including digital transformation (DX) of research environments.

While we strive to continue advancing WPI's critical role of
strengthening Japan's research capacities, it is with much appreciation
that we ask for your sustained understanding and cooperation.
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Toward Enhancing and Strengthening
"Highly Visible Research Centers"

An intensifying global demand for talented researchers is accelerating the need to circulate
good brains among the world. This trend has prompted Japan to establish new research

Background

centers that attract top-notch researchers from around the world so as to be a hub within
global brain circulation.

WPI provides concentrated support for projects to establish and operate research centers that
Program

have at their core a group of very high-level investigators. These centers are to create a research
Summary

environment of a sufficiently high standard to give them a highly visible presence within the

global scientific community—that is, to create a vibrant environment that will be of strong
incentive to frontline researchers around the world to want to come and work at these centers.

In December 2020, new missions were formulated with the addition of “ Values for the Future,”

Formulation of . . . . L
and the enhancement of the four conventional missions: Science, Fusion, Globalization, and

New Missions

Reform.

WPI centers

(total: 17 centers)

% 4 centers launched in and after 2021 were selected
under the new missions.

Tohoku University:
y Advanced Institute
oo/ for Materials Research (AIMR)

The University of Tokyo:
A W Lo Kavli Institute for the Physics
and Mathematics

of the Universe (Kavli IPMU
ICReDD——% ( )

Kyoto University:
Institute for Integrated
Cell-Material Sciences (iCeMS)

The WPI Academy was launched in FY 2017 for maximizing the effect of the
WPI Program by such means as: amplifying the experience and know-how
acquired by the WPI centers as they worked toward achieving “World Premier
Status” with regard to their research level; enhancing the profile and brand of
the overall WPI Program; promoting global brain circulation; and international-
izing and reforming the scientific environment by networking the activities
of WPI centers.
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New WPI Mission
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World-Leading Scientific Excellence and Recognition

« The Highest Level of Research Impact
+ Expanding Knowledge Frontiers through
Interdisciplinarity and Diversity

Global Research Environment and System Reform

» Harnessing Talent and Potential through
Global Brain Circulation

- Interdisciplinary and Inter-organizational
Capacity Building

- Effective, Proactive and Agile Management

Values for the Future of

« Societal Value of Basic Research
» Human Resource Building:
Higher Education and Career Development
- Self-sufficient and Sustainable Center Development

Three centers adopted in 2012

University of Tsukuba:
International Institute
for Integrative Sleep Medicine (IS)

g Tokyo Institute of Technology:
ELSN@% Earth-Life Science Institute (ELSI)

M Nagoya University:
“@Ile Institute of Transformative
Bio-Molecules (ITbM)

Centers Currently Receiving Funding

Two centers adopted in 2017

§ The University of Tokyo:
@Jl\CN International Research Center
for Neurointelligence (IRCN)

Kanazawa University:

P.26 OwNanoLSI Nano Life Science Institute (NanoLSI)

Two centers adopted in 2018

. Hokkaido University:
|d—\5eDD Institute for Chemical Reaction
Syttt Design and Discovery (ICReDD)

. Kyoto University:
BI Institute for the Advanced Study
of Human Biology (ASHBI)

);ﬂ'*As

Tor rtere

the WPI Program.

Leading-edge Fusion
research research

System Globalization
reform
Social value Nurturing
P e next generation

One center adopted in 2021

High Energy Accelerator Research

Organization (KEK):
QU}) International Center for Quantum-field

Measurement Systems for Studies of
the Universe and Particles (QUP)

Three centers adopted in 2022

*The names of the centers are as of September 2022.

®O0saka University:
Premium Research Institute for Human Metaverse Medicine

@Hiroshima University:
International Institute for Sustainability
with Knotted Chiral Meta Matter

®Keio University:
Human Biology-Microbiome-Quantum Research Center

Program Contents

Funding 10 years

period (up to 15 years for centers selected in or before FY 2012)
Project About ¥700 million per fiscal year for each center
funding (up to ¥1.4 billion per year for centers selected in FY 2007

and FY 2010)

Evaluation | Each year, athorough follow-up review is conducted of
the centers. A midterm evaluation is conducted in their
5th year and a final evaluation in their 10th year. These
reviews are conducted by the Program Committee,
comprising Nobel laureates and top-level researchers,
and program directors and program officers.

W
The Japan Society for the Promotion of Science assists in smoothly and effectively implementing E%
o

WPl Website—
=
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WPI has continuously produced the world's highest-level achievements in
WPI has tackled the challenge of creating an excellent world-class
WPI centers yield productive ripple effects that improve the operation

()
S C Z e ” c e (Implementing the world's highest level of research)

Since their establishment, the WPI centers
have steadily produced research papers
on a level commensurate with the world's
top-level research institutions.

Three WPI center researchers have
won Nobel Prizes. Others have gained
international recognition by winning such
prestigious awards as the Canada Gairdner
International Award. Still others have
received top domestic awards such as
Japan's Order of Culture.

Despite their focus on basic research, WPI
centers enjoy high appraisal by society
as seen in the large donations and
investments they receive from foundations,
corporations and other private entities.

Annual trend of research impact for the 5 WPI centers launched in FY 2007

1.8
(1 area of the circle: Proportional
16 341 to the average number of papers
349 published from 5 WPI centers)
317
- 1.4
o8 328 347
2 12 316
z ; 302
® \.\.
3 10—ttt TNy
@
o
QO
3 08
o
3 06
B
a the average of the 5 WPI centers Under
0.4 > subsidy
launched in FY 2007 support | out of
0.2 subsidy
12 support

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 (Year)

* Benchmark institutions: For each WPI center, five benchmark institutions at a top world level in a similar
research domain are set by each center's working group.

- This figure was created by MEXT and JSPS based on data from Clarivate Analytics (collected in May 2019).

- Research impact (RI): The sum of all the impact factors of the journals in which papers are published in
ayear, used as a proxy variable to show the international visibility and competitiveness of a center.

- Relative research impact: Ratio of the centers' average research impact to the average research impact
of their benchmark institutions.

- The vertical axis shows relative research impact while the radius of the circle and the blue numbers in
them indicate the average number of papers published from WPI centers in that year.

[
F ”S Z 0 ” (Generating fused research domains)

« Besides advancing research in each of their fields, WPI centers also contribute to pioneering various new interdisciplinary

domains.

- A cascade of fused research achievements is being generated. Examples include an elucidation of the structure of glass
by fusing mathematics and materials science and the discovery of a method for combating the parasitic plant Striga

made by fusing animal/plant biology and synthetic chemistry.

« A “flat” organization with no partitioning between research fields and an open building architecture with no walls

between labs spawn intellectual inspiration and a collaborative atmosphere of friendly rivalry among researchers.

0 U t VEeAC b (Disseminating information to society)

Steadfast results are being achieved as WPI carries out various joint outreach activities with an aim to broaden its visibility within society.

« WPI Science Symposiums

These symposiums are held to give participants a feeling of familiarity '3
for cutting-edge research by introducing them to WPI programs and their
research results. They are attended by students from junior high and high [=]5:

schools and members of the general public.

« “WPI Forum” website

Know-how accumulated by WPI on ways to attract overseas researchers is shared with
universities and research institutions seeking to internationalize their operations.

04
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"WPI Forum" website

fused research.

environment for advancing research.

of their host institutions.
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Gl 0 b d ll.Zd t Z. 0 ” (Creating international research environments)

English is the working language in WPI centers.
Overseas researchers make up approximately
40% of the center's research staff.

By recruiting internationally for postdoctoral
researchers and taking measures to
promote the employment of overseas
researchers, WPI centers are establishing
highly competitive, internationally attuned
research systems. By establishing systems
to support their life and work in Japan, the
centers are creating environments that
allow the researchers to both independently
and comfortably carry out their work.
Nearly 50% of the papers published by WPI
centers stem from international joint research,
attesting to the positioning of the centers
within international research networks.

Annual transition in the percentage and number of internationally
co-authored papers published by the 5 WPI centers selected in 2007

-
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T eeaaimeaeme e D o e o o o o o o - o o o ] - - o - - -
o
g 20% Japan Average (24.2%: 2007)
3
10%
g ’ Out of
subsidy support
0%

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 (Year)

- The WPI portion of the graph was created by MEXT and JSPS based on data from Clarivate
Analytics (collected in May 2019). The Japan average is extracted from NISTEP's “Japanese
Science and Technology Indicators 2018." (Reference Research Material-274, August 2018)

- The radius of the circles and blue numbers inside them show the number of internationally co-
authored papers.

quo r m (Innovating research organizations)

» WPI centers act as the nucleus for system innovation within their host universities and research institutions. The

reforms they achieve are shared and applied to their host institutions, elevating system-wide internationalization and

strengthening research capabilities. Some spinoffs of center reforms include:
- Groundbreaking introduction of cross-appointment systems and of merit-based pay systems for researchers

- Introduction of top-down management systems revolving around the center director

- Horizontal development of large-scale funding acquisition know-how

E d u C él t Z 0 n (Fostering next generation of researchers)

WPI is working to create a framework for human resource development aimed at fostering the next generation of

researc

- Double mentoring by instructors from diverse research fields whose
training enhances the ability of young researchers to do fused research

hers. It includes:

« Collaborative relationships with WISE Program

- Collaborative relationships with overseas graduate schools

Annual Meeting of Nagoya University
WISE Program (GTR)
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Tohoku University
Advanced Institute for Materials Research (AIMR)

: ;&IMR

TOHOKU UNIVERSITY

Bringing Advanced Materials Science to the
World through Cooperation with Mathematics

AIMR aims to contribute to society by further developing the collaboration between mathematics and materials
science and to contribute to society through materials discovery and development. Based on the results, AIMR will
form a research hub that brings advanced materials science to the world.

[Purpose of the Research]

Reinforcing original scientific foundation based on mathematics-materials science collaboration

A wide array of materials including metals, semiconductors,
ceramics, and polymers contribute to modern technologies in every
field from energy to ICT, medicine, healthcare, and high-speed
transport, and many technological domains have been improved
together with materials discovery and development. Progress in
materials science as the scientific principle will continue to be essential
for the acceleration of materials discovery and development.

As well as further reinforcing its original scientific foundation based
on mathematics-materials science collaboration, by developing actual
technological fields in concert with cutting-edge analysis techniques,

AIMR will create materials that make a genuine contribution to society.

[Unique Features of WPI Center]

Advanced Target Projects & global brain circulation

Ay ! ¥ | “integrated control of bond variation and its time evolution,” and

One practical link that AIMR is forging between mathematics and
materials science is the establishment of three Advanced Target Projects
focusing on “control of local structure in topological functional materials,”

“improving self-organization technology and controlling biological
responses.” Through the promotion of these research projects and
expansion of its global network with three joint laboratories set up
in the UK, US, and China, AIMR intends to create materials based on
understanding and controlling atoms and molecules — the smallest units
for materials. AIMR is also actively pursuing global brain circulation by developing researchers who promote research initiatives
worldwide, through methods such as providing outstanding young researchers with their own laboratories.

[Message from OHNO Hideo, President of Tohoku University]

AIMR, leading the mathematics-materials science collaboration as a WPI Academy member

Tohoku University is continuing to provide AIMR with multifaceted support as a regular department. AIMR
has established the world's first material creation platform through mathematics-materials science collaboration.
The achievements are currently receiving international attention. In addition, the new framework of the institute
constructed by AIMR, which works as a hub for global brain circulation, is the model for the world-leading research

centers that we have established under our plan as a Designated National University. AIMR's activities greatly
contribute to the strengthening of research capabilities reinforcement and structural reforms of the university.

Message from ORIMO Shin-ichi, Director of AIMR

n October 2019, | was appointed as AIMR's Director. Working together under one roof, materials
scientists and a wide range of mathematicians spanning pure and applied mathematics have
achieved major successes and established AIMR's identity of the collaboration between mathematics
and materials science. As well as further reinforcing AIMR's unique academic foundations by
developing actual technological fields in concert with cutting-edge technologies in areas such as
measurement, we will create materials that make a genuine contribution to society. AIMR is striving to

bring advanced materials science to the world. | look forward to your continued support for us.

Profile | Afterreceiving his PhD from Hiroshima University, Prof. Orimo has held posts as JSPS Research Fellow and Guest Researcher at
the Max-Planck Institute for Metal Research, before becoming Professor at the Institute for Materials Research (IMR), Tohoku
University in 2009. He became Principal Investigator at AIMR in 2013 and was promoted to Deputy Directorin 2018 and to Director
in October 2019. Major awards include the Japan Institute of Metals and Materials Meritorious Award (2011), the Award for Science
and Technology (Research Category), the Commendation for Science and Technology by MEXT (2012), the Science of Hydrogen &

Energy Award (2015), and the 18th Honda Frontier Award (2021).

Archive of research results

“Hydride superionic conductor”
can accelerate development
of all-solid-state batteries

By designing the molecular structure of hydrogen
clusters (complex ions containing high density
hydrogen), a new hydride that exhibits lithium
superionic conductivity at room temperature was
developed. Using this hydride as a solid electrolyte,
AIMR has also succeeded in demonstrating a lithium
negative-electrode-type all-solid-state battery device
with the world's highest energy density. AIMR is
now conducting research aiming at elucidating the
mechanism of ionic conduction and further improving
superionic conductivity through mathematics and
materials science collaboration.

o Lithium Swperionic
4 -1‘.._ Conductivity

e .
e’ t‘; 2
<
2 Types of __:r_.gﬁ._ b, g
Hydrogen Clustors o i
B o

-

High-Stability wilh
Lithium Anodg

A schematicillustration showing the all-solid-state batteries
using hydride with lithium superionic conductivity including
hydrogen cluster

Director of AIMR / Device and System Group PI Shin-ichi Orimo et al.
(Nature Communications, 2019)

“Poor-man’s g-bit” based on
spintronics can solve quantum
problems at room temperature

Magnetic tunnel junction

MFAM pbit

+ Thesmmal W
Enegy Buctuation
manmar

The structure of a magnetic tunnel junction and the design
of the energy barrier for MRAM and p-bit applications. The
magnetic tunnel junction consists of ferromagnetic free and
fixed layers which sandwich a thin insulating tunnel barrier.

AIMR has developed a new-concept spintronics device
that utilizes thermal fluctuation and can operate at room
temperature. Using this device as a pseudo quantum
bit (probabilistic bit, or p-bit), AIMR has succeeded in
demonstrating factorization by applying a method
similar to quantum annealing. The results are promising
in terms of paving an unexplored pathway towards a
new computing paradigm that is particularly well-suited
for certain classes of problems like optimization.

Device and System Group PI Shunsuke Fukami (Nature, 2019)

P —— AIMResearch is an online and print publication that highlights the scientific achievements of AIMR.

AlMResearch selects the most important papers produced by AIMR scientists and distills the essence of the
achievements into timely, concise and accessible research highlights that are easy to digest but retain all the
impact and importance of the original research article. https://www.wpi-aimr.tohoku.ac.jp/en/aimresearch
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The University of Tokyo
Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU)

AN L

iU

Z

STITUTE FOR THE PHYSICS AND
ATHEMATICS OF THE UNIVERSE

e

Cross-Disciplinary Research Center
for Addressing the Origin and Evolution of the

Universe

Establishing a world-class research center for the most urgent issues in basic science such as dark energy,
dark matter, and unified theories, with close collaboration between mathematics, physics and astronomy.

[Purpose of the Research]

Uncover the origin and evolution of the Universe

Until recently, it had been believed that atoms were the only components of the
Universe. However, new advances in observational cosmology have shown that galaxies
contain invisible “dark matter,” which keeps the stars from dispersing, and that the
Universe is filled with mysterious “dark energy,” which is accelerating the Universe's
expansion. But the true identity of dark matter and dark energy has yet to be revealed.

"Unified theories," such as string theory and quantum gravity, are developing as physics
and mathematics enhance our understanding of the Big Bang and black holes. Recent

advances have led many researchers to speculate that many hidden dimensions exist Galaxies captured

by the Hyper Suprime-Cam
(Credit: Princeton University/
HSC Project)

beyond the third dimension, and that the origin and evolution of the Universe are closely
related to their geometries. Kavli IPMU delves into these deep mysteries of the Universe.

[Unique Features of WPI Center]

Cross-disciplinary research in mathematics, physics and astronomy

At the Kavli IPMU, more than 280 researchers™ in a variety of fields including
physics, mathematics, and astronomy are working together to solve fundamental
questions about the Universe. Every day at 3 pm, researchers gather in our
commons area for tea and cookies and share ideas. Such informal exchanges
across disciplines have resulted in world-leading discoveries**. In addition to
promoting research by integrating different fields, the institute has created
a truly international environment, with more than half of its membership
coming from overseas. The Kavli IPMU is increasing its efforts to improve its
Kavli IPMU teatime"™* diversity, and continuing to generate new ideas and insights through lively

engagement with diverse views, values, cultures, and disciplines.

Including affiliate members.
* Duetothe COVID-19 pandemic, a limited teatime is currently taking place under strict guidelines to ensure the health of our researchers.

[Message from FUJII Teruo, President of the University of Tokyo]

Driving reform at the University of Tokyo via a quest for global knowledge and cutting-edge initiatives

At the Kavli IPMU, leading researchers from around the world are engaged in exciting exploration of
knowledge that pushes the boundaries of fields such as mathematics and physics in order to unravel the
mysteries of the Universe. By gathering a diverse body of researchers and advancing cutting-edge initiatives
such as those on workplace reform, the Institute has helped to improve the overall competitiveness of the
University of Tokyo. | hope that the Kavli IPMU continues to produce high-level research results and to be a
trailblazer for reform in the University.

Message from OOGURI Hirosi, Director of Kavli IPMU

he Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU) was launched
Tas the Institute for the Physics and Mathematics of the Universe at the University of Tokyo
in 2007 and acquired the current name after the establishment of its endowment fund by the
Kavli Foundation in 2012. The mission of Kavli IPMU is to solve fundamental questions about the
Universe by joining the forces of physics and mathematics. The institute is leading the world in
research in mathematics, theoretical physics, and projects in astronomy and experimental physics,

with an impact factor competitive with those of other major institutes. Kavli IPMU is an international

institute with the majority of its on-site researchers coming from abroad. With a significant increase
of the endowment fund in 2020, the institute is aiming at even more ambitious research targets.

Profile | Afterreceiving his PhD from the University of Tokyo, Ooguri has held posts at the University of California, Berkeley, and Kyoto
University, before becoming Fred Kavli Professor of Theoretical Physics and Mathematics at the California Institute of Technology
in 2007. He is also Director of the Walter Burke Institute for Theoretical Physics, and became Director of Kavli IPMU in October 2018.
In 2019, he was awarded the Medal of Honor with Purple Ribbon by the Government of Japan.

Archive of research results

Ultra-wide-field multi-object
spectrograph PFS equipment arrives
in stages in Hawaii

The Prime Focus Spectrograph (PFS) project, which
is being developed by an international team led by the
Kavli IPMU, aims to start scientific observations in 2024.
Meanwhile, participating institutes continue to produce
its parts, which are transferred for onboard testing and
observation testing on the Subaru Telescope in Hawaii.
With PFS, about 2400 optical fibers can be used for
spectroscopic observations over a wide wavelength
range at once, allowing researchers to unravel the
mysteries of dark matter and dark energy, and reveal
the evolution history of the Universe.

I Subahy Tekscope NNy

Image: Schematic of the general appearance of PFS (Credit:
PFS Project / Kavli IPMU / NAO)J)

Members include Project Associate Professor Naoyuki Tamura, Project
Researcher Kiyoto Yabe, and Visiting Associate Scientist Yuki Moritani.

LiteBIRD satellite plans
take a step forward

A CAD model of LiteBIRD and the polarization modulator with the
breadboard model of the rotation mechanism and the broadband
anti-reflection sub-wavelength structure on sapphire.

(Credit : ISAS/JAXA, Y.Sakurai etal., T. Hasebe et al., R. Takaku et al.)

Plans are moving forward with the LiteBIRD satellite,
where Kavli IPMU is @ member. The project aims to
find a footprint of primordial gravitational waves left in
the cosmic microwave background to test the inflation
theory of the Universe. In 2019, LiteBIRD was selected
as a ISAS/JAXA strategic L-class mission. It was also
named an important large-scale research project in the
2020 Master Plan announced by the Science Council of
Japan. It is scheduled to launch in the late-2020s. Kavli
IPMU is responsible for the polarization modulator in
the low-frequency telescope and the data analysis.
The polarization modulator is crucial to achieving high-
sensitivity polarization measurement at a large angular
scale, where the inflationary B-mode polarization signal
becomes prominent. Researchers have been deriving
the key requirements of this instrument from the
science goal and demonstrated its feasibility.

This project involves members including Professor Nobuhiko
Katayama, Associate Professor Tomotake Matsumura and Project
Professor Masashi Hazumi.
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Kyoto University
Institute for Integrated Cell-Material Sciences (iCeMS)

iCeMS

KYOTO UNIVERSITY
WPI Research Center

Towards the Integration of Materials Science

and Cell Biology

iCeMS’ mission is to produce chemicals necessary for understanding and manipulating cellular functions, to use
these chemicals to explore the mysteries of life, and to create new functional materials inspired by cellular functions.

[Purpose of the Research]

Cells sustain life through self-organization and cooperative
interactions between a great number of chemical substances.
The behaviors of these chemicals are constantly in flux. To
understand this chemistry, we need to look at molecules working
in the mesoscopic region, rather than in the nanometer region.
To this end, iCeMS continues to develop a variety of imaging and
modeling techniques, as well as physical and chemical methods to
analyze the complex activities of cells. We expect that replication
of cellular functions with designed materials is possible with a deep understanding of cellular processes. We are advancing
research through understanding and creation.

[Unique Features of WPI Center]

1) iCeMS is an environment that fosters active discussion and exchange across
disciplines through open offices, laboratories, and shared lab equipment that bring
together researchers from different fields. Face-to-face meetings help generate
ideas for collaborations. 2) The Overseas Researchers Support Office (ORSO)
assists foreign researchers, who make up about 20% of the total, so that they can
concentrate on research activities. ORSO provides support for obtaining a status

a‘-'ﬁr%ﬂua' 7

of residence in Japan, procedures for employment, and finding housing to help
overseas researchers and their families. 3) We hold many international symposia
and seminars in Japan and abroad, in order to grow international and interdisciplinary research collaboration. 4) The
Research Administration Division (RAD) reinforces the international research network and returns iCeMS' research
results to society. RAD works to obtain external funds and to accelerate human resource exchange through industry-
academia or academia-academia collaborations, and also holds outreach activities boosting brain circulation and
disseminating research results both domestically and internationally.

[Message from MINATO Nagahiro, President of Kyoto University]

bl 3 | The pursuit of a flexible and dynamic approach to knowledge creation is a key concept of Kyoto
i University's aims under the Japanese government's Designated National University program. iCeMS
contributes to that endeavor through its development of new academic fields integrating materials science
and cell biology. We also anticipate the international development of unique integrated fields through the
efforts of the university's locally-managed “On-site Laboratories,” which are established and operated in

collaboration with overseas partner institutions.

Message from KITAGAWA Susumu, Director of iCeMS

hallenge, Creativity, Core: We seek to reimagine the international research institution through
Ca unique environment and system of management. iCeMS could challenge the world, but only
by bringing everyone together into a single core will we have sufficient creativity.

iscovery, Wonder, Passion: It is in our power to unlock mysteries that inspire feelings of

wonder and passion. We must seek out these discoveries in order to turn conventional
wisdom on its head and create new science.

Profile | Obtained aPhDin 1979, from the Graduate School of Engineering, Kyoto University. After serving as an Assistant Professor at Kindai
University and a Professor at Tokyo Metropolitan University, he became a Professor at the Graduate School of Engineering, Kyoto
University in 1998. Then he became a Deputy Director and a Professor of iCeMS in 2007. He has been the Director of iCeMS since
2013, and also a Distinguished Professor of the institute since 2017. Major awards include the Thomson Reuters Citation Laureate
(2010), Medal with Purple Ribbon from the Japanese government (2011), Fellow of the Royal Society of Chemistry (2013), Basolo

Medal of the American Chemical Society (2016), and Grand Prix of the French House of Chemistry (2019).

Archive of research results

Hi-CO unravels the complex packing
of nucleosomes

A new technology combining high-resolution
genome structural analyses with large-scale simulations
developed by a group led by Yuichi Taniguchi resolves
the structure of the genome in three-dimensions at
the nucleosome level. DNA is packed into the nucleus
by wrapping around protein structures called histones
and then folding into a tightly packed space. These
wrapped structural units are called nucleosomes.
Gene expression depends not just on the sequence of
DNA, but also upon the way in which it is packaged.
“Being able to analyse this structure should help
clarify the origins and control principles of many
biological phenomena, including cell differentiation and
immunity,” says molecular biologist Masae Ohno, who
conducted the experiments and analyses.

The research group has developed a new technology to
analyze the 3D positions and orientations of nucleosomes
using a next-generation genome sequencer and a
supercomputer. (©Mindy Takamiya/Kyoto University iCeMS)

Professor/PI Yuichi Taniguchi (Nature Protocols, May 2021)

Nanodiamonds are key to efficient
hydrogen purification

A group led by Easan Sivaniah found that by
incorporating positively charged nanodiamonds
into graphene oxide sheets they were able to create
humidity-resistant membranes which could be used
to separate hydrogen gas during fuel production.
Graphene oxide membranes offer an economic option
touting high selectivity for gas separation, but quickly
degrade in practical conditions of hydrogen purification.
With an eye towards the future of green hydrogen
production, the nanodiamond incorporated sheets
were designed to retain durability and performance
in the high humidity environment of water splitting.
The sheets could also find application in micro
supercapacitors, fuel cells and sensors.
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The red circles in the top right corner represent the graphene
oxide / nanodiamond sheets created in this study compared
with existing inorganic and polymer filters. The GO/ND*
membranes showed both exceptional H, permeance
(>3,700GPU) and H,/CO selectivity (>200).

Professor/PI Easan Sivaniah (Nature Energy, December 2021)
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Osaka University
Immunology Frontier Research Center (IFReC)

@ WPI Osaka University
[

Comprehensive Understanding of Immune
Reactions and Contribution to the Society

IFReC's important mission is to construct a world-class immunology research center.
Furthermore, in addition to efforts in advanced research on basicimmunology, IFReC has been actively engaging in
serving society through the results of its research.

[Purpose of the Research]

Striving to lead the world in interdisciplinary and immunology research

Since its inception in 2007, IFReC has advanced Basic Research

Returning to Society

i
, Ta mmgees
_.,',-ﬂ.-.*-

interdisciplinary research through a team of outstanding
researchers in the fields of immunology, bioimaging, and
bioinformatics. Numerous articles have been published in
many top journals and with the increasing number of academic

awards, IFReC's reputation has spread far and wide among the

[J Human Immunology Lab

. . . . L. . at IFReC

world's immunologists. Since 2017, in addition to basic research, “Single Cell Analysis
-Multi-Parameters Analysis

-Bioinformatics

1 Graduate School of Medicine, Osaka University
(clinical data)

1 Pharmaceutical Companies (drug screening)

we have endeavored to create a methodology for developing

the results of our basic research into medical applications.

[Unique Features of WPI Center]

As a world-class resea center

To further develop as an international research center, IFReC has increased its
efforts in the study of human immunology, which is basic research using human
cells with the cooperation of the Osaka University Graduate School of Medicine.
Further, by incorporating the viewpoint of pharmaceutical companies, we are
accelerating the sharing of our basic research with society.

Nurturing the next generation of researchers is also an important responsibility
of IFReC. To recruit outstanding young researchers from all over the world, we

have created the “Advanced Postdoc System”, which offers a competitive salary

IFReC Advanced Postdoctoral fellows from

around the world (as of March, 2021) and generous research bUdget'

IFReC provides an enticing environment for the next generation of researchers
and aims to be an indispensable part of the career paths of talented international researchers.

[Message from NISHIO Shojiro, President of Osaka University]

IFReC leading the way at Osaka University

In April 2017, Osaka University established the International Advanced Research Institute (IARI) and
IFReC became its first affiliate. IFReC has thus become part of this new world-class research hub in the
university yet secured its independence in operation through comprehensive collaboration agreements
with pharmaceutical companies for industry-university co-creation, and established methods to translate
fundamental research results into applied research. IFReC significantly contributes to Osaka University not
only in spearheading co-creation between industry and academia but also as a leader in internationalization.

Message from TAKEDA Kiyoshi, Director of IFReC

will strive not only to deepen our basic research into immunology until now but also to make IFReC

a world-class research center with the aim of overcoming immunological disorders of the future.
IFReC has concluded comprehensive collaboration agreements with a number of pharmaceutical
companies, thereby creating an industry-academia collaboration system for advancing free basic
research, the first model of its kind in Japan. The future looks promising as IFReC accelerates world-
class basic immunology research and the sharing of its results with society.

Profile

Osaka University, Medical School, MD 1992/PhD 1998. 2003: Professor, Medical Institute of Bioregulation, Kyushu University.
2007-Present: Professor, IFReC/Graduate School of Medicine, Osaka University. July 2019-Present: Director of IFReC.

Japanese Society for Immunology Award (2004). JSPS Prize (2010). Osaka Science Prize (2016). Balz Prize (2016). Mochida Memorial
Academic Award (2019). Highly Cited Researchers (2014-2017). 2nd place in “World Immunologist Ranking by Citations 2014." (Dr.

Shizuo Akira, the former director of IFReC ranked first.)

Archive of research results

Mechanism for the establishment of
immunological memory

What are required for B cell differentiation into memory B
cell?

Memory B cells, which are generated during the
first infection, quickly differentiate into plasma cells
(antibody-secreting cells) and block or eliminate
antigens efficiently upon second infection. Vaccination
is a strategy to artificially induce the immunological
memory using this mechanism. A research group with
Takeshi Inoue and Tomohiro Kurosaki identified and
characterized a small GC population of precursors for
memory B cells. They found the GC B cells with lower
mTORCT activity and increased survival signal from
surface B cell receptors favor a memory B cell fate. This
achievement provides the underlying mechanism for
the establishment of immunological memory, which
will help to develop new vaccine strategies.

Inoue et al. ) Exp Med. 2021

Discovering antibodies that enhance
SARS-CoV-2 infection

Divalent
|_enhancing antibody

= ACEZ binding site == Enhancing Ab binding site

SARS-CoV-2 infectivity is enhanced upon antibody binding
to the N-terminal domain.

Antibodies against the receptor binding site of the
SARS-CoV-2 spike protein play an important function
as neutralizing antibodies that suppress SARS-CoV-2
infection by inhibiting its binding to the human
receptor, ACE2. A research group led by Hisashi Arase
(IFReC/RIMD/CIDER, Osaka University) discovered both
neutralizing antibodies that protect against infection
as well as infection-enhancing antibodies that increase
infectivity are produced after infection with SARS-
CoV-2 by analyzing antibodies derived from COVID-19
patients.

Liu et al. Cell 2021
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National Institute for Materials Science (NIMS)
International Center for Materials Nanoarchitectonics (MANA) Northe ratune”

"Materials Nanoarchitectonics" Message from TANIGUCHI Takashi, birector of MANA

- New Paradigm of Materials Development -

arious countermeasures are being taken from a global perspective to overcome the COVID-19
Vpandemic. In this effort, making contributions derived from cutting-edge scientific knowledge
and technological innovation is an important recognition for a materials science researcher to have.
Based on the concept of nanoarchitectonics, MANA is leading the development of new materials,
devices and systems through the integration of nanosystems by interface control. By developing

Nanotechnology is changing our lives.
MANA is pioneering a revolutionary technological system called "nanoarchitectonics” as a new paradigm
new materials that make full use of our nanotechnology, we aim to provide contributions to solve

for nanotechnology to create new materials and functions.
various problems that humankind is facing in recent years.

Profile | 1987: Doctor of Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology, Research associate,
Tokyo Institute of Technology; 1989: National Institute for Research in Inorganic Materials (NIRIM), Science and Technology
Agency; 2001: Principal Researcher of National Institute for Materials Science (NIMS); 2018: NIMS Fellow; 2019: Vice Chairman
of International Association for the Advancement of High Pressure Science and Technology (AIRAPT), Visiting Professor, The
University of Tokyo; 2021: Director of International Center for Materials Nanoarchitectonics (MANA).

[Purpose of the Research]

Pioneering a new nanotechnology system to create next generation materials

MANA is focusing on a new technology system for materials development
named "nanoarchitectonics.” Various nano-scale structural units are created

Archive of research results

and arranged in a designed configuration and interactions occur among them. Nono-Materials Mano-Systems
Synthesis, fabrication and resulting functionalities are analyzed and predicted Field Field

both theoretically and experimentally. This challenge is tackled by researchers . S 0
y P / 9 y Invention of ionic decision-maker

capable of self-learning

Power generation from heat

distributed over three research fields: Nano-Materials, Nano-Systems and . q
accelerated by magnetic interaction

Nano-Theory. Nanoarchitectonics opens a new paradigm of materials

development that can contribute to society in forms such as environment & A\ TIARE resesveln e hes Tvanias) s e deves,
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energy sustainability, next-generation computation & communication, and termed an ionic decision-maker, capable of quickly e ]
health & security. making its own decisions based on previous experience = A
MANA's three research fields using changes in ionic/molecular concentrations. E
The group then succeeded in demonstrating its H 0
[Unique Features of WPI Center] operation. This device is capable of making decisions é
! ) ! while efficiently adapting to changing situations by a E i ¢
International nanotechnology research center driven by challenges and field fusion means unrelated to the storage of past experiences in
computer memory or to the performance of decision- o ! : .
In order to create a world premier research center with global visibility, making computations. This invention may lead to the o 100 200 00 450

MANA strongly promotes the following management.
Melting pot environment

MANA provides a “melting pot” environment for gathering researchers of

development of novel artificial intelligence (Al) systems
able to process analog information using hardware in
a completely different manner from conventional Al

Temperabure (K]

Thermopower of an Fe-doped Fe2V(Al,Si) sample as a function
of temperature. This compound becomes ferromagnetic below
Te= 285 K. Thermopower exhibits remarkable enhancement

systems that process digital information using software. around Tc by up to 50%. This phenomenon is understood by
the effect of spin-fluctuation, which absorbs thermal energy

and transfers it to electrons effectively.

different fields, cultures and nationalities in one place. MANA is regarded as one
of the most internationalized research organizations in Japan. MANA promotes

fusion research between various fields for “Nano Revolution for the Future.” Thermoelectric generation is expected to provide

N i 8
MANA administrative office welcomes foreign
researchers

electric power to loT devices from ubiquitous heat.
Improving the power factor of thermoelectric materials
is essential in this regard. We have found that the power
factor is significantly enhanced near room temperature
[Message from HONO Kazuhiro, NIMS President]

Pioneering Japan's world-leading science and technology

The National Institute for Materials Science (NIMS) supports the International Center for Materials

for a class of materials called weak ferromagnets.
We observed a rapid increase in the Seebeck

coefficient for ferromagnetic metals around Tc, where
ferromagnetism sets in. The phenomenon is explained

by the increase of the energy-transfer efficiency

A decision-making ionic device capable of learning using
electrochemical phenomena induced by the movement of
hydrogen ions.

Nanoarchitectonics (MANA), one of the first five WPI research centers established in 2007. from heat to electrons via the spin-fluctuation, which
becomes significant near Tc. This finding will help to

develop high performance thermoelectric materials

MANA is promoting "Nanoarchitectonics (building nanoscale blocks)," a unique technology for creating

nanomaterials.

Principal Researcher Takashi Tsuchiya, working near room temperature.
Chief Researcher Tohru Tsuruoka,

MANA Principal Investigator Kazuya Terabe

(Science Advances, 2018)

The purpose is to discover new substances, new materials and new functions, and to produce research

results with the aim of creating seeds that will lead to innovation in various fields. Principal Researcher Naohito Tsuji,

MANA Principal Investigator Takao Mori (Science Advances, 2019)

I am convinced that the further development of WPI will be more and more important to enhance the
presence of Japan's outstanding science and technology.




Kyushu University
International Institute for Carbon-Neutral Energy Research (I?*CNER)

Grand Highway for a Carbon-Neutral Energy
Fueled World

I2CNER's mission is to contribute to the creation of a sustainable and environmentally-friendly society by advancing
low-carbon emission and cost-effective energy systems, and improvement of energy efficiency. Through its
mission-driven basic research, I2CNER has defined and produced the development of the science to dramatically
reduce Japan's CO, emissions.

[Purpose of the Research]

Creation of basic science for realization of a low-carbon society

The Institute aims at understanding and advancing the science of hydrogen production using artificial photosynthesis;
hydrogen tolerant materials; next-generation fuel cells; catalysis and “greening” of chemical reactions; CO, capture and
utilization; CO, geological sequestration; and energy analysis. This broad-based agenda cuts across the boundaries of chemistry,
physics, materials science, mechanics, geoscience, biomimetics, economics, and policy-making. The research in I?CNER bridges
multi-dimensional spatial and temporal scales for various phenomena.

[Unique Features of WPI Center]

Collaboration with UIUC and generating fused disciplines

This is a unique collaborative project between Kyushu University and the
satellite institute at the University of lllinois at Urbana-Champaign (UIUC).
I2CNER's strength is its young faculty members who have been encouraged
to develop independent research programs, and who have been intensively
working with our international collaborators. The issue of transitioning into a
carbon-neutral energy society is global and requires leveraging resources from
the international community.

[2CNER provides unique opportunities for bottom-up research, giving
researchers opportunities to create and establish new research directions. In
order to foster interdisciplinary research, applied math and economics are
integrated into I2CNER's research portfolio. “Applied math and economics
for energy” is now a new interdisciplinary research direction, and will be an
important component of I2CNER.

A state-of-the-art research environment

[Message from ISHIBASHI Tatsuro, President of Kyushu University]

Toward the realization of a Carbon-Neutral Energy Fueled World

Green innovation that utilizes CO, emission-free renewable energy sources is essential to ensure a
sustainable supply of environmentally friendly energy for future generations.

Kyushu University is committed to producing outstanding research accomplishments on energy science
and foster world top-level researchers with I2CNER as a leader in achieving a carbon-neutral energy society.

We highly appreciate your continued support and cooperation.

Message from Petros SOfI’OI‘IiS, Director of I’°CNER

2CNER's projects are beginning to achieve technology transfer. We have new efforts that fuse

applied math and energy engineering, including modeling the smart electric grid based upon
understanding of how energy generation, demand, and storage interact; and using persistent
homology to characterize the properties of porous materials. We are integrating computational
scientists by leveraging synergism between computation and experiments, which may provide an
accelerated and targeted approach to scientific discovery. We are trying to enhance our impact by
considering the well-to-wheel implementation of carbon-neutral technologies.

Profile | Professor, Department of Mechanical Science and Engineering, University of lllinois at Urbana-Champaign. Professor Sofronis
studies solid mechanics, micromechanics and fracture mechanics. He is currently developing a mechanistic understanding of
hydrogen embrittlementin pipeline steels to determine whether hydrogen fuel can be safely transported at enormous pressures
through existing pipelines. Professor Sofronis has received numerous awards from the US National Science Foundation and the US
Department of Energy. Since December 2010, he has served as the Director of I2CNER.

Archive of research results

Creation of ultra-fast CO, separation
nanomembranes and direct air
capture

Novel electrocatalyst design based
on polymer-wrapping of carbon
supports

Prof. Fujigaya et al. developed a novel electrocatalyst Efficient CO, capture technologies are indispensable

structure for polymer electrolyte fuel cells (PEFC), in
which the carbon supports are wrapped with polymers
prior to the catalyst loading. One of the powerful
advantages of this strategy is that carbon materials with
high crystallinity can be used for catalyst loading, and
thus, high durability of PEFC was realized (Advantage
1). The team also successfully increased the utilization
efficiency of platinum and realized high activity of PEFC
(Advantage 2).

Promising for future
Advantage 1 high temperature operation
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Tsuyohiko Fujigaya et al. (Scientific Reports, 2015)
Tsuyohiko Fujigaya et al. (Electrochimica Acta, 2019)

and urgently needed for carbon-neutral energy
systems. Prof. Fujikawa and his group succeeded to
develop well-defined, free-standing nanomembranes
of 34 nm thickness, which is the highest level of CO,
permeance in the world. This finding expands the
relevance of I°CNER research goals beyond capturing
CO, from fire-powered plants to the entirely new area
of CO, capture directly from the atmosphere.
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CO, separation nanomembrane and its gas separation
performance: (a) a free-standing and 150-nm thick
nanomembrane (orange O-ring is a frame); (b) gas permeance
of CO, (blue squares), N, (green triangles), and CO,/N, selectivity
(red crosses) as a function of thickness.

Shigenori Fujikawa et al. (Chemistry Letters, 2019)
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University of Tsukuba
International Institute for Integrative Sleep Medicine (llIS)

EI11IS

INTERNATIONAL INSTITUTE FOR INTEGRATIVE
SLEEP MEDICINE

Message from YANAGISAWA Masashi, Director of IlIS

Solving the Mysteries of Sleep

Our discovery of the neuropeptide orexin and its prominent role in sleep/wake regulation
has generated a highly active research field in the neurobiology of sleep. However, the

Sleep is one of the biggest black boxes of today's neuroscience. ) o ) )
fundamental governing principle for the regulation of sleep pressure remains a mystery. Based on

Researchers at 1lIS cooperate with each other aiming to elucidate the fundamental principles of sleep/wake my own experience as a Pl in the US, and by learning from the merits of US academia while retaining

the merits of Japanese traditions, llIS provides a scientific culture and environment that strongly
encourage all members to initiate and continue truly groundbreaking studies.

regulation and develop new strategies to assess and treat sleep disorders.

Profile | ReceivedaPhD from the Faculty of Medicine, University of Tsukuba. Served as a Professor at the University of Texas and a
Researcher atthe Howard Hughes Medical Research Institute for 24 years from 1991 to 2010. In 2010, his research project was
adopted underthe FIRST Program. In 2012, appointed Director and Professor of WPI-IIIS. In 2021, he was selected as a Project
Manager of the AMED Moonshot R&D Program. Received numerous awards and distinctions, including the Medal with Purple
Ribbon (2016), the Keio Medical Science Prize (2018), the Person of Cultural Merit (2019), the Ibaraki Prefecture Honor Award (2019),

[Purpose of the Research]

Aiming to realize a society where people can sleep soundly

zeqmins] Jo AJSIaAIUN

We spend nearly 1/3 of our lives asleep. The importance of sleep is clear because Howrnscimae
the loss of sound sleep lowers daytime performance and physical and mental health.
However, the regulation and function of sleep remain unclear. @3
IIIS sets 3 missions to uncover the mystery of sleep and to solve sleep-related i @'
social problems: « ;
1. To elucidate the functions of sleep and the fundamental mechanisms of sleep/ Eonabiid
wake regulation oy g Wy Setvins gl

2. To elucidate molecular pathogenesis of sleep disorders and related diseases E &
3. To develop preventive measures, diagnostic methods, and treatments for C’
sleep disorders

[Unique Features of WPI Center]

Open and flat organization to maximize all members’ capacity

Under the leadership of Prof. Yanagisawa, the researchers at IlIS collaborate with each
other to drive forward innovative sleep research. Based on Prof. Yanagisawa's 20-plus-
year experience as a Pl at the University of Texas Southwestern Medical Center, IlIS has
been established as a unique institute and the best sleep research center in Japan, by
learning from the merits of the US-style academic “department”. llIS has created a free and
vigorous atmosphere emphasizing: (i) flexible and timely appointments of independent
Pls regardless of their age and career stage, with a necessary start-up package (e.g.,
funding, personnel and space); (ii) a flexible and dynamic allocation of floor space for
each laboratory to facilitate free and open communications; and (iii) sharing of major
facilities and capital equipment among laboratories. IS manages the organization so that

all researchers and students can vigorously communicate and maximize their potential.
Shared laboratory

[Message from NAGATA Kyosuke, President of University of Tsukuba)

World-class sleep research from Tsukuba, to protect our health and well-being!

With 20% of Japanese suffering from sleep-related problems, Japan is listed as one of the worst countries
regarding the total sleep hours compared with the rest of the world. Such a “sleep underdeveloped
country” needs a world-class research institute for sleep medicine. The International Institute for Integrative
Sleep Medicine (llIS) of University of Tsukuba serves that role. Embodying the principles of the Designated

National University even before they existed, llIS has developed as a world-leading institute and will
continuously solve the mysteries of sleep for contributing to next-generation medical care systems.

and the Tokizane Award (2022).

Archive of research results

A novel neuronal pathway
that induces hibernation-like
hypometabolic states

Hibernating mammals lower their body temperature
and reduce energy expenditure, although the
regulating mechanism of hibernation is still not well
known.

I1IS has found a population of hypothalamic neurons
that induces a long-lasting hypothermic/hypometabolic
state similar to hibernation (Q neurons). No obvious
tissue/organ damage nor abnormalities in behavior
have been observed after recovery.

This finding opens the door to the development
of the induction of a hibernation-like state on non-
hibernating mammalian species, including humans.

QlH : Q neuron-Induced
Hypothermia/Hypometabolism

P nerans iy § ety T ""_._'...._,l.i‘:
CTODCRARETNE | o e ) ¢ iy _-._—-.::ru

Erain [ a1 | awtmy
QIH“ ity

mouss "-l'!iI: "li 1 o ‘|'
{ron-hibermart animal) e

Onty mammalian hilenation satisfies

QIH = hypometabolic condition like hibornation

Takahashi, Sunagawa, Sakurai et al. (Nature, 2020)

Sparse activity of hippocampal adult-
born neurons during REM sleep is
necessary for memory consolidation
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The presence of dreaming during rapid-eye-
movement (REM) sleep indicates that memory
formation may occur during this sleep stage. But now,
researchers have found that activity in a specific group
of neurons is necessary for memory consolidation
during REM sleep. The researchers of 1lIS have revealed
that adult-born neurons (ABNs) in the hippocampus,
which is a brain region associated with memory, are
responsible for memory consolidation during REM
sleep.

More detailed clarification of the memory consolidation
mechanism could facilitate the development of new
treatments for memory disorders.

Kumar, Sakaguchi et al. (Neuron, 2020)
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Tokyo Institute of Technology
Earth-Life Science Institute (ELSI)

eLS

EARTH-LIFE SCIENCE INSTITUTE

TOKYO INSTITUTE OF TECHNOLOGY

World-class Interdisciplinary Research Hub
Exploring the Origins of Earth and Life

ELSI's Earth/planetary and life scientists study the origins of Earth and life, and possible life forms on solar-
system and extra-solar planets by testing what is unique and universal to Earth's life.

[Purpose of the Research]

How did the Earth form, and how did life begin and evolve?

ELSI specifically investigates how the Earth formed, the

. Diversification
Diversification ! Filter

Filter . Filter if
Selection Selection Selection Filter Selection

A

emergence of life in the early environment, co-evolution
of the Earth-life system, and the emergence/occurrence of
life elsewhere in the universe. These domains are achieved

i

Formation

by using the ELSI model as a theoretical framework and

Initial Conditions (dilute gas)
Stellar System

>\
a roadmap for origins of life research. The ELSI model | [
4

ELSI model of the origins of life

captures the idea that the events from the Big Bang to life
were a series of diversifications followed by selections.

[Unique Features of WPI Center]

An open and inclusive interdisciplinary research environment

ELSI remains a world-leading research and education hub through reform:

Research environment: - Open and flat research environment for inclusiveness
- Annual evaluation of researchers
- Young researcher start-up funds to kickstart their career
- Ample external funding, including Astrobiology Program
established by private company donation

Education pathways: - 5-year graduate program in English
- Up to 10 fully-funded student scholarships each year, on
a competitive basis
- Includes courses on ‘Collaboration with Industry” and ‘Global
Science Communication’

Outreach and science - Practice evidence-based outreach for efficient engagement
communication: - Conduct science communication training and workshops
- Produce content with international standards in English

Active collaboration between young and
senior researchers

[Message from MASU Kazuya, President of Tokyo Institute of Technology]

Unravelling the wonders of the Earth and life

We, at Tokyo Tech, are proud of the accomplishments of ELSI, which include a highly successful recruiting

strategy, the establishment of a global collaborative network of world-leading scholars, and a genuinely
international environment that welcomes researchers from all over the world. ELSI is intended to be a role
model for the university and forms a key part of my vision for Tokyo Tech to become one of the top-level
research universities. ELSI and Tokyo Tech will continue to rise together.

Message from SEKINE Yasuhito, Director of ELSI

n the first ten years, ELSI provided the view of the sequence of diversifications and selection
mechanisms that gave rise to the current Earth-Life system. While keeping the existing approaches
at ELSI to understand key transitions toward the emergence of our Earth-Life system, we will explore
new approaches to understanding and predicting the possibilities of alternative planet-life systems
which may exist anywhere in the Universe. We will work in close cooperation with space exploration
missions by extending the research scope from the Origins and Evolution of the Earth and Life to

include searching for evidence of extra-terrestrial life.

Profile | Atop-level expertin the origins and evolution of both planetary atmospheres and oceans and habitability in the Solar System.
He revealed the presence of ongoing hydrothermal systems in Saturn's moon, Enceladus, in 2015. His research aims to address
questions such as "what makes Earth a habitable planet?" and "is there life beyond Earth in the solar system?" by understanding
environmental factors and the chemistry among them that give rise to and support life on planets.

Archive of research results

Domains of ancient rocks
preserved in the Earth’s mantle

Mantle convection removes heat from our planet's

interior and drives plate tectonics. Geochemical data
suggests ancient domains are preserved >4.4 billion
years in the mantle despite persistent convection and
mixing. To explain this, ELSI established a new model
of mantle material transport. In its simulations, high-
viscosity mantle rock can stabilise unmixed mantle
domains despite whole-mantle flow circulating within
them. Preservation of ancient SiO.-rich domains may
also explain SiO. depletion in the circulating mantle,
relative to the solar system's average composition.

Ballmer M., Houser C., Hernlund ., Wentzcovitch R., Hirose K.
Persistence of strong silica-enriched domains in the Earth's lower
mantle. (Nature Geoscience, 2017)

Geoelectrochemistry
- a new field of study within OoL
research

ELSI has demonstrated abiogenic electrochemical
reduction of CO, to CO under geochemically plausible
conditions. The significance of this result is that abiogenic
CO has long been proposed as a feedstock for complex
organic synthesis; the efficient reduction shows that the
potentials obtained at hydrothermal vents are sufficient to
drive carbon fixation.

seyrdentharmal
Flusit

Chumney Visl Cramray Vsl
Kitadai N., Nakamura R., Takai K., Li Y., Gilbert A., Ueno Y., Yoshida N.,
Oono Y. Geoelectrochemical CO production: Implications for

the autotrophic origin of life. (Science Advances, 2018)
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Nagoya University
Institute of Transformative Bio-Molecules (ITbM)

231TeM

Nagoya University

Change the World with Molecules:
Where Chemistry, Biology and 'Theory Meet

ITbM's dream is to develop “transformative bio-molecules” that can change the way we live.
By merging synthetic/catalytic chemistry, animal/plant biology, and theoretical science, ITbM will take up the
challenges of solving global issues with molecules.

[Purpose of the Research]

Interdisciplinary research producing transformative bio-molecules

ITbM continues its research into creating innovative bio-functional

ThM 2.0

molecules that will fundamentally transform life science research -
"transformative bio-molecules." Through the dynamic cooperation of

synthetic chemists, plant/animal biologists and theoreticians and the ;
Chemistry-gnifbled

creation of a new field of research merging biology and chemistry, ITbM r .
Chemistry-endbled

Bicimagi
develops transformative bio-molecules that will have a great and positive g“‘? Finlﬂ'udﬂpmriﬂn
impact on society. In 2020, ITbM will prioritize new areas of research as =) Ir i
"ITbM 2.0," using molecules to tackle worldwide issues such as climate ' Nanocarbon g

change, food supply and medical technologies. [hemi;j(_';.' F'__FI H_i_{-'_‘!'}!i'r' Clock Diseases

ITbM's flagship research areas

[Unique Features of WPI Center]

Diverse and interdisciplinary research born from mixed spaces

At ITbM, top level experts in a variety of
fields from both Japan and abroad occupy
the positions of Principal Investigators (Pls).
ITbM's younger specialists take on the role of
Co-Pls, cooperating with Pls to drive forward
their research effectively and learn important

. , research and laboratory management skills.
Researchers and students from different Poster session by students of the Graduate

fields work alongside one anotherin ITbM's  Program of Transformative Chem-Bio
Mix Lab and Mix Office Research (GTR)

With most of the post-doctoral researchers
coming from overseas, and 30% of researchers
being women, ITbM is a highly diverse research environment. ITbM incorporates research spaces and researchers from different
fields into cooperative "Mix Labs" and "Mix Offices" where researchers can conduct experiments and talk side by side, and
promotes collaborative and inter-disciplinary research within its research groups.

[Message from MATSUO Seiichi, Chancellor of Tokai National Higher Education and Research System]

ITbM is a treasure of Nagoya University and a global center for chemistry-biology fusion research

Sharing the thoughts of ITbM's director, young researchers gathered under one roof, produced many
wonderful research results in a short time, and have taken on the challenge of creating new value. An outstanding
graduate program by ITbM has also started, and the "ITbM spirit" of taking on challenging research while being
excited beyond the boundaries of the field is spreading inside and outside the university. [TbM is an irreplaceable

treasure for Nagoya University, and the whole university is very proud to support its activities.

Message from YOSHIMURA Takashi, pirector of ITbM

ur dream is to change the world through molecules. By fusing state of the art synthetic chemistry,
Obiology and theoretical science, ITbM has developed a range of promising bio-functional
molecules during its first ten years, "ITbM1.0." Our earth faces a number of critical issues that are vital to
the sustainable future of humankind, such as achieving food security, combating climate change, and
ensuring healthy lives. In ITbM's second chapter, "ITbM2.0," we will further accelerate and expand our
research to solve these important social issues with the power of molecules.

Profile | Received his PhD from Nagoya University in 1999. Serving as a Professor at Nagoya University from 2008. Also served as Visiting
Professorat the National Institute for Basic Biology from 2013 to 2019. ITbM Director in 2022. Received many awards and
distinctions including Hoffenberg International Medal from the Society for Endocrinology (2010), Fellow of the Royal Society
for Biology (2011), Van Meter Awards from the American Thyroid Association (2015), Aschoff and Honma Prize for Biological
Rhythm Research (2020), and Kihara Memorial Foundation Academic Award (2021).

Archive of research results

Molecules to treat diseases in
mammals and improve food production
by modifying the circadian rhythm

Exterminating the parasitic menace
Striga in Africa

SPL7 is a ground-breaking molecule developed to
exterminate the parasitic plant Striga, which has dealt ITbM has discovered GO829, which slows or lengthens
the circadian rhythm in cultured human cells, DHEA,
which treats jet-lag in mice by accelerating the circadian
rhythm, AMI-331, which slows or lengthens the rhythm

in plants and Celastrol, which rescues winter depression-

a heavy blow to African cereal production. SPL7 has
very little impact on the biological environment of
cereals and soil bacteria, and promotes the suicidal
germination of Striga at concentrations of as little
as 1/10""®mol/L. SPL7 boasts a potency equivalent
to natural germination stimulant strigolactone, the
most potent germination stimulant to Striga among
all commercially available compounds. Currently,

like behavior in medaka fish. The circadian clock controls
the rhythm of the day such as sleeping and waking, and,
when disrupted, is known to cause a variety of health
problems. Through the elucidation of the molecular
ITbM is conducting field testing of SPL7 in Kenya and mechanism of the circadian clock in a wide variety of
continuing its development towards practical use. This organisms from mammals to plants, it is expected that
research project was introduced at the official side
event STI for SDGs, hosted by MEXT at the 7th Tokyo
International Conference on African Development

(TICAD?).

improvements will be made in the treatment of related
diseases such as sleep disorders, depression, obesity and
cancer, and that food production will be increased.

B Modification of the circadian rhythm to treat diseases in

R . L mammals and to improve food production
W Extermination of Striga seeds by suicide germination

ITbM's research is expected to improve the treatment of diseases
SL-like molecules work as inducers of suicidal germination to such as sleep disorders, depression, obesity and cancer.

purge the soil of viable Strigaseeds before planting the crop seed.

Tsuyoshi Hirota et al. (Science Advances, 2019)
Takashi Yoshimura et al. (EMBO Molecular Medicine, 2018, PNAS, 2020)
Norihito Nakamichi et al. (PNAS, Plant Direct, 2019)

Yuichiro Tsuchiya, Daisuke Uraguchi, Takashi Ooi et al.
(Science, 2018)
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The University of Tokyo

International Research Center for Neurointelligence (IRCN)

HIRCN

International Research Center for Neurointelligence

Tackling the Ultimate Question —
“How Does Human Intelligence Arise?”

IRCN combines life sciences and information sciences to establish a new field, "neurointelligence."

By clarifying the essence of human intelligence, overcoming neural disorders, and developing new A.l.,

it will contribute to a better future society.

[Purpose of the Research]

Understanding the brain is a highly ambitious endeavor, challenging a
fundamental scientific frontier on par with seeking the origins of the universe.
IRCN aims to (1) discover fundamental principles of human intelligence, (2)
understand the emergence of psychiatric disorders underlying impaired

intelligence, and (3) use these principles to shape the development of next- e

establishing the new interdisciplinary field of “neurointelligence.”

generation artificial intelligence (A.l.). Through these approaches, IRCN is r I : I \ .
CERrJE]

[Unique Features of WPI Center]

Researchers from around the world at
Imaging Core

IRCN Neuro-Inspired Computation Course

=

IRCN is organized into four Research Units (Development, Human/Clinical,
Computation, Technology), whose collective goal is creation of the research field of
neurointelligence. Each unit is asked to produce new synergistic research outcomes
through collaborative research. IRCN also aims to build the world's highest-level research
organization by offering cutting-edge technology and an international environment.

Leading Global Network

Functioning as a research hub in collaboration with 20 key overseas institutions such
as Boston Children's Hospital

Core Facilities for Interdisciplinary Research

Maintaining facilities which provide a platform for enabling researchers to seamlessly
integrate hypothesis and verification cycles for efficient research

Nurturing Young Researchers

Encouraging trainees to exchange views and ideas through Science Salon, Retreat,
and Neuro-Inspired Computation Course, which lead IRCN to new integrated research

[Message from FUJII Teruo, President of the University of Tokyo]

As the second WPI institute at our University, IRCN is aiming to develop a new academic field called
"Neurointelligence" by bringing different knowledge on and off campus together ranging from life-science,
medicine, linguistics, mathematical science and informatics. Through pursuing fundamental questions on
“"How does human intelligence emerge?”, | hope that IRCN delivers world-class research results globally
and proactively disseminate the related knowledge throughout our society.

nternational Research Center for Neurointelligence was established in 2017 with a 10-year mission:

to create a new discipline at the interface of human and artificial intelligence from the view of
neurodevelopment and its disorders. We seek answers in the underlying principles of neural circuit
development and how it goes awry in psychiatric disorders. This promises new insights for neuro-
inspired A.l. and innovative, computational approaches to understanding the human condition.
Come share our quest, key collaborations, state-of-the-art core facilities and unique culture!

Profile | Afterreceiving his PhD from UCSF (1996), Hensch helped to launch the RIKEN BSI before returning to Harvard in 2006. Currently,
he is Joint Professor of Neurology (HMS) and Molecular Cellular Biology (FAS), Director of the NIMH Silvio Conte Center for Mental
Health Research, Director of IRCN, and Co-Director of the CIFAR Child Brain Development network.
He has received several honorsincluding the Young Investigator Award in both Japan (Tsukahara Prize, 2001) and the US (2005), the
NIH Director's Pioneer Award (2007), and the Mortimer D. Sackler Prize (2016), and serves as Chief Editor of Frontiers in Neural Circuits.

Archive of research results

Mechanical transmission underpins Neurofeedback control of brain
novel synaptic intelligence state dynamics underlying visual
consciousness

Communication between the brain's myriad
synapses powers intelligence, including learning and

memory. For half a century, this synaptic discourse i . g
_ S Y | 8 A/ e fol o8
was believed to occur only via chemical and electrical ﬁ%_: . ‘A . N
signaling. In 2021, IRCN researchers discovered a third FC i
. . . . o 5
major form of communication called mechanical iﬁ.‘,;-‘__ \ o W " ] .
transmission. Occurring between presynaptic boutons Fi . -
and postsynaptic spines, they found that expansion 145, 5 _ ] _ 3
: : &k.b W 20 3 a
of spines could push on boutons with a force equal Sione BN E
to smooth muscle contraction inducing PREssure S .
. M e
Sensation and Transduction (PREST) and resulting in '-% l"‘ﬂ%ft. ifﬁ el

higher levels of evoked transmitter release. This novel
form of synaptic communication may regulate learning
and memory and explain previously unknown aspects Brain state dynamics are the patterns of brain-wide
of cognition in the realm of neurointelligence. neuronal activity that emerge like travels between islands
in a turbulent sea. These island travels are believed to
Mechanical synaptic fransmission underpin the remarkable powers of human cognition
and to go awry in brain disorders. An understanding

Boulon PREST
¥ of brain state dynamics would unlock the mysteries of
—" intelligence and the potential for therapeutic control.
Force An IRCN team developed a neural stimulation device
Spine 0.5 kg/em? driven by particular brain state patterns for a behavior

called "perceptual flexibility" where a person sees the
Principal Investigator/Professor Haruo Kasai perceptual flipping of a bistable visual illusion. They
Ucar, H. et al. (2021) Nature, DOI: 10.1038/541586-021-04125-7 monitored whole brain neural dynamics until the
expected patterns triggered an external stimulation to
alter the percept. The study opens a window to the fine
control of human consciousness and treating psychiatric

conditions like autism (ASD) and ADHD.

Principal Investigator/Associate Professor Takamitsu Watanabe
(2021) eLife, DOI: 10.7554/eLife.69079

=
e

(=577

25

(NDYI) @2uabij21u104N3a 104 191U Ydieasay |euolieulalu|

:0A30] 10 ANSIDAIUN BYL



26

Kanazawa University
Nano Life Science Institute (NanoLSI)

®Nanol S|

WPl KANAZAWA UNIVERSITY'

Nanoprobe Life Science:
Exploring "Uncharted Nano World"

of Life Sciences

Scientists at the Nano Life Science Institute are making nanoscale observations of "life-phenomena” using unique
scanning probe microscopes to demystify this "uncharted nano-world of life science" for the advancement of science.

[Purpose of the Research]

Nanoscale insights into dynamic mechanisms in life sciences

Countless molecules and cells that make up the body play critical roles in
sustaining human life. However, humans are unable to directly observe the
nanoscale dynamics and interactions of these molecules. This is the "uncharted
nano-world" of life science.

NanoLSl is an interdisciplinary research institute where experts in nanometrology,
life science, supramolecular chemistry, and mathematics are using cutting-edge
scanning probe microscope technology to explore "unseen nano-cellular worlds."

NanoLSI scientists directly observe complex mechanisms of "nanoscale life-

An experiment using scanning probe
microscope technology

phenomena" through world-class research and have created the new academic
field of "nanoprobe life science” to advance knowledge in the life sciences.

[Unique Features of WPI Center]

Comprehensive programs for enhancing creativity and innovation

NanoLSI organizes regular meetings for ideas to create new interdisciplinary

fields: Pl-centric NanoLSI Colloquia; T-Meetings, for "one-to-one inter-lab"
interaction; and informal "plate-in-hand" NanoLSI Luncheons. Outstanding ideas
from these meetings receive “Transdisciplinary Research Promotion Grant”
funding for "start-up projects."

Other activities include the Bio-SPM Summer School; Bio-SPM Collaborative
Research; NanoLSI Visiting Fellows Program; and international symposia held at
Group photo att,;e 8th Bio-SPM Summer School satellite hubs in the UK and Canada, with results fed back to young researchers
at the Department of Nano Life Sciences.

These various activities are still being impacted by the global novel coronavirus pandemic but should continue in
appropriate forms. The training of young researchers at the Graduate School of Frontier Science Initiative, Division of Nano
Life Science, is progressing steadily, and our endeavor to be a hub in the field of bioimaging is expanding more and more.

[Message from WADA Takashi, President of Kanazawa University]

A virtuous cycle of people, knowledge, and society for advancing multidisciplinary research

Kanazawa University is establishing a global research hub based on its excellence in nurturing cutting-edge
world-class research. Internationally renowned researchers and highly motivated students form the basis of a
diverse group of scientists and engineers interacting to explore the infinite possibilities of creating new value for the
benefit of society. As a center of knowledge that creates such a virtuous cycle of people, knowledge, and society,

we are confident that the NanoLSI will contribute to global advances encompassing a wide range of disciplines.

Message from FUKUMA TGkEShi, Director of NanoLSI

he origins of all the physical properties and phenomena can be explained by structures and
Tdynamics of nanoscale (roughly 1/1,000,000,000 of a meter) species, such as atoms and
molecules. We aim to develop new nanoprobe technologies that allow us to directly visualize
nanodynamics in the uncharted nano-realms at the surface and interior of live cells. This will hereby
contribute to dramatic progress in the life science field, and lead to the formation of a new academic
discipline, "nanoprobe life science."

Profile | Prof. Takeshi Fukuma received a PhD in Engineering from Kyoto University in 2003. Since then, he has worked at Kyoto University,
Trinity College Dublin, and Kanazawa University. Since 2017, he has been the director of NanoLSI. He developed the world's first in-
liquid frequency modulation atomic force microscopy (FM-AFM) that allows observation at atomic scale. He received the Young
Scientists’ Prize from the Ministry of Education, Culture, Sports, Science and Technology (MEXT, 2011) and Japan Society for the

Promotion of Science Prize (2018).

Archive of research results

Endoscopy of a living cell on the
nanoscale

In order to advance our understanding of how biological
cells function, visualizing the dynamics of intra-cellular
components on the nanoscale is of key importance. Current
technigues for imaging such dynamics are not optimal —
for example, fluorescence microscopy can visualize ‘labeled’
molecules but not the target components themselves.
A label-free, non-destructive method has now been
developed by Takeshi Fukuma from Kanazawa University
and colleagues: nanoendoscopy-AFM, a version of atomic-
force microscopy that can be deployed within a living cell.

The principle of AFM is to have a very small tip move
over the surface of a sample. During this ‘xy’ scanning
motion, the tip, attached to a small cantilever, will follow the
sample's height ('z") profile, producing a measurable force
on the cantilever. The magnitude of the force can be back-
converted into a height value; the resulting height map
provides structural information about the sample's surface.

The researchers designed a novel AFM setup where
the needle-like tip is brought in and out of the interior
of a cell. The process is reminiscent of an endoscopy —
the procedure of looking at an organ from the inside, by
inserting a small camera attached to a thin tube into the
body — which is why Fukuma and colleagues call their

Tkl masmemea Mo T

technigue nanoendoscopy-AFM. Letting the nanoneedle
travel an 'xyz' trajectory going in and out of the cell results
in a 3D map of its structure. They tested the technique on
a cell from the so-called Hela cell line commonly used in
medical research. In a scanned volume of 10 x 10 x 6 um?,
internal granular structures could be clearly identified.

During a scan, the nanoneedle penetrates the cell
membrane (and the nuclear membrane) many times.
The scientists checked whether this repeated penetration
does not cause damage to the cell. They performed a
viability test on Hela cells by using two fluorescent marker
molecules. One molecule emits green fluorescence from
a living cell, the other red fluorescence from (the nucleus
of) a dead cell. The researchers found that when using
nanoprobes smaller than 200 nm, nanoendoscopy-AFM
does not lead to severe damage to cells.

The method is also particularly useful for probing
surfaces within the cell, for example the inner side of the
cell membrane or the surface of the cell nucleus. Fukuma
and colleagues call this application 2D nanoendoscopy-
AFM, and point out that it could be combined with
high-speed AFM resulting in a powerful technique for
studying the nanodynamics of the interior of living cells in
physiological environments.

The scientists stress that AFM is the only method that
allows label-free imaging of biomolecular systems, and
conclude that their technique will enable the “direct
observation, analysis and manipulation of
intracellular and cell surface dynamics to
gain insights about the inner cell biological
processes — increasing the ability to
understand biological phenomena.”

Marcos Penedo, Keisuke Miyazawa, Naoko Okano,
Hirotoshi Furusho, Takehiko Ichikawa, Mohammad

Principle and example of intra-cellular 3D imaging by nanoendoscopy AFM. (a) Principle. Shahidul Alam, Kazuki Miyata, Chikashi Nakamura,

(b) 3D-AFM image of the live HeLa cell. (c) 3D-AFM image of the actin filaments in the live

fibroblast cell.

Takeshi Fukuma. SCIENCE ADVANCES 7, eabj4990
(2021) 22 December 2021.
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Hokkaido University
Institute for Chemical Reaction Design and Discovery (ICReDD)

CRDD

e Chasrical Baaciion Dasgn ond Do

HOKKAIDO UNIVE

In-depth Understanding and Efficient
Development of Chemical Reactions

ICReDD aims to establish the scientific field of "chemical reaction design and discovery" through a combination of
computational, information, and experimental sciences to efficiently develop new chemical reactions.

[Purpose of the Research]

The current trial-and-error approach to the development Ciarvick Bah nt BF -
of new chemical reactions is time-consuming and """_ = rmcom

Praducts

inefficient. ICReDD uses state-of-the-art reaction path P

& Labonus and s
RITE-OONSITEngG
frisi-and-amor approach

Greath

search methods based on quantum chemical calculations {
accele

and applies concepts of information science in order to
extract meaningful information for experiments, thus
narrowing down optimal experimental conditions. This
approach considerably shortens the time required to
develop chemical reactions and creates a feedback loop

in which data obtained through experiments is circulated

The strategy of CReDD

back to computations through information science.

[Unique Features of WPI Center]

MANABIYA is a system to foster a new generation of researchers proficient in the
three fields of computational, information and experimental sciences and to develop
the new interdisciplinary academic field of "chemical reaction design and discovery”
(CReDD) worldwide. Within this system, ICReDD conducts joint research and education,
trains individuals, and discovers new research ideas. Thus, ICReDD aims to form
an academic network, becoming an internationally recognized research institution. In

Interdisciplinary discussion among young the academic branch, young researchers and graduate-level students from domestic

fesearchers and overseas institutions are invited to stay at ICReDD for 2 weeks to 3 months to

acquire techniques for developing new chemical reactions. In the industry branch of the program, ICReDD promotes collaborations

between faculty and corporate researchers in the form of consulting, research collaborations, and consortia.

[Message from HOUKIN Kiyohiro, President of Hokkaido University]

As a flagship institute to help realize Hokkaido University's vision, “Shining a Light from Hokkaido Upon
the World," ICReDD endeavors to develop new chemical reactions by fusing computational science,
information science and experimental science to “shine the light of knowledge” from Hokkaido to the world.
The university is providing full support for the further development of ICReDD, including the construction of
a new building as well as personnel and financial resources. Please look forward to the future of ICReDD.

Message from MAEDA Satoshi, Director of ICReDD

eaction development that relies solely on the trial-and-error approach is too time-consuming
Rto solve urgent global problems that include pollution as well as the scarcity of energy and
resources. CReDD will revolutionize the traditional approach to developing reactions by fusing
computational, information, and experimental sciences. We strive to spread the benefits of this
approach by establishing a global research center, integrating multiple disciplines. Our sincere hope is
that ICReDD may contribute to a brighter and more prosperous future for all of humanity.

Profile | After his PhD from Tohoku University, he served as a Postdoc at Emory University and Kyoto University. At 37, full Professor at
Hokkaido University; at 39, youngest Director of a WPI center. Recipient of numerous awards, among them the JSPS Prize “to
recognize and support young researchers with rich creativity and superlative research ability” and the WATOC Dirac Medal for an
“outstanding theoretical and computational chemist under the age of 40.”

Developed the "artificial force induced reaction” (AFIR) method to calculate chemical reaction-path networks and predict unknown

reactions.

Archive of research results

Confinement-controlled, either syn- or anti-
selective catalytic asymmetric Mukaiyama
aldolizations of propionaldehyde enolsilanes

Nobuya Tsuji, Assistant Professor and Co-PI for the
List group at ICReDD, collaborated with members
of Professor List's group at the Max-Planck-Institut
flr Kohlenforschung to develop an organocatalyst
that enables confinement-controlled syn/anti
selective asymmetric Mukaiyama aldolizations of
propionaldehyde enolsilanes. The researchers found
modifying a single atom of the inner core of a large
catalyst resulted in a change in the size of the catalyst's
reactive “pocket.” This change in size caused the
molecules in the reaction to approach the pocket
from different angles, which resulted in obtaining
both syn/anti selectivity and high enantioselectivity.
The mechanism of this selectivity was clarified using
quantum chemical calculations with the GRRM method.

Computed transition state structure for the major enantiomer
of the anti-selective Mukaiyama aldolization.

Tynchtyk Amatov, Nobuya Tsuji, Benjamin List et al. (Journal of the
American Chemical Society, 2021. DOI: 10.1021/jacs.1c07447)

In silico reaction screening with
difluorocarbene for N-difluoroalkylative
dearomatization of pyridines

Quantum chemical calculations are most often used to
understand the mechanism of a reaction that has already
been discovered. However, researchers at ICReDD were
able to use the Artificial Force Induced Reaction technique to
produce the general idea for an entirely unimagined reaction.
Using the design principle suggested by computational
results, the team successfully developed a suite of 48
reactions of unexplored three-component dearomative
cycloadditions, utilizing difluorocarbene and two molecules
bearing unsaturated bonds to produce a variety of molecular
motifs, including difluorinated N-heterocycles, which are
potentially useful for novel drug development.

In Bhtw Bt Besarisg
g |

[rrrm—

= '-"I"
|
e et B
> B
s o
N
b ——
4 il [yl

o, |
x__f.,__f;-,.. ;‘4:,__;.7 n
-~ "
LW o '.--"'.. .
L >!|,_ LA
. Al sspmgeen

Workflow of reaction discovery viain silico screening

Hiroki Hayashi, Hitomi Katsuyama, Hideaki Takano, Yu Harabuchi,
Satoshi Maeda, Tsuyoshi Mita. (Nature Synthesis, 2022. DOI: 10.1038/
544160-022-00128-y)
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Kyoto University
Institute for the Advanced Study of Human Biology (ASHBI)

ASHBI

WPI Kyoto University

What Key Biological Traits Make Us "Human,"
and How Can Knowing these Lead Us to

Better Cures for Disease?

ASHBI investigates the core concepts of human biology with a particular focus on genome regulation and disease
modeling, creating a foundation of knowledge for developing innovative and unique human-centric therapies.

[Purpose of the Research]

Creating an advanced study of human biology

ASHBI's goals: ASHBI:
. . ) Creating an advanced study of human biology
1) Promote the study of human biology, with a sharp focus on genome regulation

Intansive research

2) Clarify the principles defining the species differences and human traits B Ay o
3) Generate primate models for intractable human diseases :'m“' e
4) Reconstitute key human cell lineages or tissues in vitro i
5) Contribute to formalizing an international ethics standard for research on human ot o o —
. e ——— Pesstan dhroslogrme=t
biology iy coll eepaga B Tassas
Prirecipie fon
ASHBi's strategies and aims = ﬂ """""'“"""'“__,.)

[Unique Features of WPI Center]

Initiating fusion research through mutual understanding

To create advanced studies of human biology, ASHBIi strongly pursues
the development of novel principles through fusion of new ideas in biology,
mathematics and ethics provoked by deep understanding of different disciplines.

@ Biology/Mathematics: Mutual learning process of mathematicians catching up
on the latest advancement in genome science and biologists absorbing the latest
mathematical approaches actively takes place to create essential ideas provoked
through interaction.

@ Biology/Ethics: Discussion on new ethical issues arising from scientific
advancement in research, and philosophical meaning of human and life
continuously takes place to set ethical frameworks.

@ Fusion Research Grant: Supporting new collaboration among ASHBi groups

tackling to elucidate new scientific principles based on fused disciplines.
Interdisciplinary discussion is held actively

[Message from MINATO Nagahiro, President of Kyoto University]

Shining light on ourselves, for the new era of human biology

ASHBI, established in 2018, seeks to elucidate the fundamentals of human development and
pathogenesis. They integrate inquiry into the life sciences, mathematics, and humanities, contributing to
the flexible and dynamic creation of knowledge as envisioned by KyotoU's status as a Designated National
University. As part of the university's further global expansion of its research, we expect ASHBIi to pioneer

the field of human biology.

Message from SAITOU Mitinori, Director of ASHBi

nderstanding the basic biology of human beings is a fundamental challenge in life sciences. The
knowledge gleaned from model organisms has often been difficult/impossible to translate to
humans due to species differences in the regulations of key basic pathways. Accordingly, ASHBi will
target humans and non-human primates as major research subjects in an effort to uncover the key
principles of human traits and disease states, through a multi-disciplinary science approach. This takes
place in our open and flexible international research environment, with full support for motivated,

early-c

Profile

areer investigators.

Prof. Saitou has spent decades extensively investigating the genetic and epigenetic mechanisms that determine the development
of germ cells, the cells fundamental to all life. Using iPS cells, he has recently succeeded in generating human primordial germ

cell-like cells (PGCLCs), which are responsible for producing sperm and oocytes. He is the recipient of numerous prestigious

awards including the Imperial Prize, the Japan Academy Prize, the Asahi Prize and the International Society for Stem Cell Research

Momentum Award.

Archive of research results

Gene regulation from the X
chromosome during monkey
development

As an embryo grows into a whole human being, a
number of key genetic events must occur. One of the
two X chromosomes in the cells of females becomes
inactive during early embryonic development. Because
the study of human embryo development is heavily
restricted for ethical reasons, scientists have turned
to observing other primate mammals in order to
understand this critical phenomenon in humans. A new
study led by ASHBI Director Mitinori Saitou provides a
detailed description of the dynamics of X-chromosome
dosage compensation in monkeys, providing the most
accurate understanding of X chromosome dosage
compensation dynamics in humans to date.

Three-dimensional structured illumination microscopy
(3D-SIM) images of XIST RNA (green) and X-linked genes (red)
in a trophectoderm of female E8 embryos (left), E57 female
germ cells (right).

ASHBI Director Mitinori Saitou and Lecturer Ikuhiro Okamoto,
Science, 2021. DOI: 10.1126/science.abd8887

A new drug target for kidney disease

Scientists have searched for unexplored molecular
signaling pathways that make promising drug targets
for acute kidney injury. ASHBi Professor Motoko
Yanagita found two specific cell types, senescence-
associated T (SAT) cells and age-associated B cells (ABCs),
continuously accumulated with the formation of tertiary
lymphoid tissues in aged mice with injured kidney, and
SAT cells and ABCs were linked by CD153 and CD30.
Further, gene knockout of CD153 and CD30 reduced the
number of SAT cells and ABCs in mice. More importantly,
the knockouts also resulted in fewer tertiary lymphoid
tissues and less kidney damage. An examination of
human kidney samples also found that the expression of
CD153 and CD30 was higher in immune cells located in
tertiary lymphoid tissues. Noting that tertiary lymphoid
tissues are commonly seen with acute kidney injury in
mice and humans, Yanagita believes that the findings
should be considered for drug discovery.

e

o a1 ke o S i

ol vy T

The suppression of two molecules, CD153 and CD30, expressed
onimmune cells mitigates the progression of kidney disease.

ASHBi PI/Professor Motoko Yanagita, 2021. Journal of Clinical
Investigation, DOI:10.1172/)C1146071
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International Center for
Quantum-field Measurement Systems for
U Studies of the Universe and Particles

WPI research center at KEK

High Energy Accelerator Research Organization (KEK)
International Center for Quantum-field Measurement Systems for Studies of the Universe and Particles (QUP)

Message from HAZUMI Masashi, Director of QUP
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Bringing New Eyes to Humanity to See

this Beautiful World

The "quantum field" is the origin of everything.

QUP will invent and develop new systems for measuring quantum fields.

With these new systems, we will bring innovation to human society,

while working on basic research on the space-time and matter of the universe.

[Purpose of the Research]

Inventing and developing new quantum-field measurement systems

Quantum fields are space-time with particles and
quasiparticles created and annihilated, and associated
physical quantities.

QUP aims to invent and develop new systems for
measuring quantum fields by integrating particle
physics, astrophysics, condensed matter physics,
measurement science, and systems science. The new
systems must bring innovation to measurements in
cosmological observations and particle experiments,
and elucidate the true nature of space-time and matter.

Furthermore, the new measurement systems create

Integrating various fields

Condensed Establishing a new
matter measurement science,
physics quantum field

s N
Elucidating the true nature

of space-time and matter

!
.

i Astro- measurement systemology
s )
Measurement

Inventing and developing

Creating a new level of
interdisciplinary research

o8 o
do By B

new quantum-field measurement systems

@@—)@

New eyes to see the origin of everything

Creating new social values

Des

new social values through application to other fields and social implementation.

[Unique Features of WPI Center]

Conducting interdisciplinary research on “means” or “methodologies”

AL A
bed- o

Lab to develop a vehicle
that can fly anywhere

systems to realize these principles, and the execution of projects.

[Message from YAMAUCHI Masanori, Director General of KEK]

Quantum-field measurement opens the door to future research

the outcome of QUP accelerates the other researchers at KEK.

( ) QUP will conduct interdisciplinary research on "means" or "methodologies." We
Image of QUP
& q) are the only center in the world that integrates the invention of new measurement
s Societ L . . .
m Science N principles for experimental cosmology and particle physics, the development of

Our unigue approach will establish a new measurement science, quantum field
measurement systemology, as a science of means through the above practices and
create a new level of fusion of various research areas beyond physics and new social
values through application to other fields and social implementation.

QUP's goal to develop and invent the quantum-field measurement system is important for the High
Energy Accelerator Research Organization (KEK), as its various research platforms for vast fields of
research including particle physics, material science, biology, and archeology are always requiring better
measurements. We will strongly support QUP's missions, including social implementation, and expect that

arcel Proust said, “The only real voyage of discovery consists not in seeking new landscapes,

but in having new eyes.”

The quote precisely conveys our spirit, and QUP brings new eyes to humanity to see this beautiful
world (the true nature of space-time and matter). | would like to make QUP a place where
researchers from different fields can meet, ideas can spark, and dreams can come true. And | dream
that QUP will become a cornerstone of human happiness in this way.

Profile

Afterreceiving his Ph.D. from the University of Tokyo, Hazumi served as an assistant professor at Osaka University and an Associate
Professor atthe High Energy Accelerator Research Organization (KEK) before becoming a Professor at KEKin 2007. He is also a
project professor at the Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU), the University of Tokyo, since
2014, and a Specially-Appointed Professor at the Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency
(ISAS/JAXA), since 2020. His research focuses on particle physics and experimental cosmology. He received the 4th JSPS Prize in
2007 for discovering CP violation in B-meson decays. He proposed the LiteBIRD satellite projectin 2008 and currently serves as its

global principal investigator.

Archive of research results

Development of the new
superconducting sensor for
implementation in the LiteBIRD satellite

LiteBIRD is a JAXA-led satellite project targeting a
launch in 2028 to observe the universe before the hot
Big Bang. The QUP director is the founder of the mission
and the Pl. QUP will develop the superconducting
sensor, which will be the "eye" of LiteBIRD. Space
offers an ideal observation environment that cannot
be obtained on the ground. To take advantage of this,
the noise of the sensor must be sufficiently small. QUP
has already succeeded in the initial development of a
sensor that meets LiteBIRD's requirements.

A conceptual drawing of the LiteBIRD satellite, the
superconducting sensor array, an optical lenslet, and a
superconducting sensor.

“CIGS semiconductor detector” has a
recovery mechanism from radiation
damage

The Cu(In,Ga)Se, (CIGS) semiconductor, initially
developed for solar cells, is expected to have high
radiation tolerance with a recovery from radiation
damage with compensation for the defects by ions and
would shed new light on the use of a particle detector
and camera under a high radiation environment.

The world's first CIGS detector successfully detected a
single Xe ion (400 MeV/u, **Xe**") with a fast response.
With 10°/mm? Xe ion irradiation, the CIGS output
degraded to 66% after irradiation but recovered to 86 %
after heat treatment under 130°C for 5 hours.

Upper) A CIGS detector. Lower) Relative output from the CIGS
detector as a function of the number of Xe ion irradiation and
its recovery with heat treatment.
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KX DMEEETFEHDOHKRITHS!

RAERNFZOREEFRETCHIBEIXILF— BEYE.
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RILF—) EFENZARBEGIXILF—THETVWT, FHOFREZMES

TWBRZEERH O TVET, LH L. INSDERICDVWTIIEZZCED N>
TWETA, BRERPETEHGE 'REBEH EFENIEROREL.
EvIN T Ty oR—ILOMBZSIUHZOBCEBELZERNHZE
EZL5NTVET, Kavli IPMUIECO LSRR FEHDM(CBYET,

Hyper Suprime-Cam TR# S NIZFHICIEH B R
(Credit: Princeton University/HSC Project)
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WE B XXOSHEEZRSRHRLR

B MBY, AXFEETHRLBNFO2802%BABMARE (EHEH
REZD) D NHOEREZBI THERREZITE>TVET, BHTFH3E
CET1—51LDfThN. ZDHBTORFEMNS A FEA>ER T L
NI ORBRENIRLERESINTEELRL" . EHHAEOBMATEE
HCLBMBFHOREZTTHL AEARRE DR AKHOILTEICLY
BREDOF DL ESIEARREEVSFRECERNTAERNERELR
Ulzo FAN=2TA—OBUBHCEHEANTEY, RG2EZAVEML.
RIGBZX(E. REBBZNBFEOERLGRRICEIZHLVWTATATORRESH
TAEHFHZSIELTWVET,

Kavli IPMU D7« =% A L3

SHFRIOF VAIIRADFECLVREFRRE Rz MU LTOREEL. RZER>TVET,

(RRAFRE B WEHEOXy£—)
HFNMORREAENRVEHI TRREREDRER)—FTS

Kavli IPMU TIIFHD#MZHIET 37, MRPNSESTE—ROMBRENHZ OYERAQRENTFORZ B
A DESEREDBMDORAZEDTVEYT, CCCESHREDZHRERFIRENBEINESETHY. EAH
EWREFOLENCERVESNRRT B ETEFZRERDHREENB LICERDN >TVET,

Kavli IPMU A5 #EEVIARRREEHHL. AZOREZ)—RIBFETHIFRITEIEERARLET.

g KO WE»roorye—y

7 EETFEHA RS 2007 F CHEEFTHRAMBLLUTRRAZ(CRIIN, 2012
jj F(CHTVHEDSDOFNEERIICHWVIREORICRVELE.

HREYEZONERHELTTFHORRGHEZMBI D L2BNEL. RXPERYEZOTOY 1Y
NCRREZETZDEEE(CHAPERYMEBZOMATEMRZ)—RLTVET, FERRENI0020D
BEHHONNEFREEOVSERNLGHRKE T RXBEIRRICLBERTHZ /NI - T705—TE
RO MERBICALTVET, 2020F ([CEESORBRIBENDY . S5ICEF LN

HBEATVET,

7O074-)L RBAFRLRELRIERER . RRAZEZREF. A THIITREN-T L —RFE KL HIERITA RO BIRERETH ) 7 7
VIV IRKFEHREGY, 2007 FLURAKZONRT Ly N - AT VHERBE, RAZEVAILY—  N—JERYEZMARFAER, 2018
F10AL&W Kavli IPMU #fE&. 2016 ~ 2019 F 7 ARVYIEBEMEFAFIR. TA)VABZRTAEVN\Yy RELCRERERERESH.
BRIERAP THEAMBZHREZE, 2019 FRCRUFYEBZMRIEICLVEREERE,
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BILREFSX DK
PFS DEEHLHRLENTTICEIE

Kavli IPMU ZFdy& UTeEBRF — AL KW EED
EHSNTWVDIBILRITFL XA K PFS (Prime
Focus Spectrograph) 7O z/ hTl3. 20244
g HARBEEELC SETRELCEREE.R
BLENTADT [FZLREBEAEV, BESABPTR
NET-THY. BEEMNSBIABHNLTHRENE
BB LELI, 82,400KDOHK 7 7A(/\—C—E(C1E
EVWEEHETON BN RET, - 75—
F—=Y TR F—DO3OBEAEPIRA A DEE (28
25L& LTVET,

| &5 mE

.PFS 24K 0ERK, (Credit: PFS Project/Kavli IPMU/
NAOJ)
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(Credit : ISAS/JAXA, Y.Sakurai et al., T. Hasebe et al., R. Takaku et al.)
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EFRRIDDF RN SR IRE

iCeMSTI3. ORNFICLBMEMRIELZ. DHFOEREZBRIERILHE
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[(REXERE & REHEDXyE—)
94 3RS MIICEBH L WEiisais 0 E R RFEZ S

RERFLBERABRDEEAL/N—THBICeMSIF. MRBZEEMBLOME CLBHL VMR DA
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h)) OERGEEZBL. REORMESHNFOERERZEDSNZZLZAVCH/FLTVET,
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* I, ERADEFLGHAEENICeMSEWVWSTT(CEFY (Core). BIENEBREEEL
(Creativity), tEANRODMBATE 2D OB ZKEFFT (Challenge). Wbl iCeMSD3C
T, Ffz. DWPEARYICLIZWEEZTVWET, EEF (Wonder) & &E) (Passion) 2ETLDGHRE
(Discovery)Dfz DRI EHRKZ R (T, AAEEHER. FITBRZORIHICDRTFET,

7O074-JL 1979 F [CRBAFAFARTAMAMELREZET. EREAFETAMBHIR,. RRELAFEARHIRGEZFE T 1998 FH LR
MALRLRT2MAREKIE, 2007 F(C RBAF iCeMS BIHLRE - IR, 2013 F (KRR, 20177 FH S ERAML[IFHIBIE. T2
FEHZICMAY > O/9-FIAREH 20105) £KREE Q01F) BEXIML¥2710-28((2013F) KXELFR/N\VOE(2016

F). 7TVRERI YT Q019E) BENBB.
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FLCRVIL-T . BEFRESLLCXILFY—LA
DEFIEEN R > TVWBIEEFKRKRALE Lz, KE
PAMEBEDERDEGRFOHEEREN TOEEZE(C
FIHINTVBZEZRBTBEDTHY . #R4EE
MmO ZDRKEREZHSCHDEERE BTN
LT HARMNCKREFBTNTVET,

RRIN—T . KRS/ L= T oY —E2—/N—aVE21—%
ZRAVWTRI LAY —LD3RTNRBABE LA B ZBESNCT BHM
ZHELELE (OBEIV T/ REBAFETIELR)

AO#—HR/ EEHRRE
(2021 £ 58 Nature Protocols IZ T2 F)

HARSOKRDHIEEZRTS
BT 57 1V E=RH

KREFRRFBHEOERRICETHEROIRIL
F—EUTHFINTVEITA. AREDKEHIGEE
AIBE(CT BTed(c. KWMEMDKERDORE A EDHE
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RIIN—FF. BEICTHVCOHKRDDBECHELTL
BWEEZSNTWEEIEY 571> (GO) BEIC. 1E
BREHUTST/F1YEVR (ND)EEHFADIET,
RADFECH o LMEMZELL A LESIERZ LI
MIMLEL, AR CTHRFELIENDESTCOKERR
B KRRET O ROMMEACMA. KERE
BFCRETZ _BIERFDSMELNCEDENS
AlREEZE € Dcsh. ZB{LRFRETE (CCS)»EREA
(CCUINDLATERINET,

& EUR =] GOl
& ERGEE
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o EHFHER e,
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g

100 1000 5000
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AMETHHELRE ND 28T GO KRPMBEEBREKRIHED
H, BBEE H,/CO, NBERE (BLICWKEFETBWERERZEDZ LR
Y. FAOTOHFEND " ODEEEETRT.)

A=Y - SNZTHIR/ EERRE
(2021412 B Nature Energy [C TR 2EH)
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MREOEREEEMFTHEEOEREHECHELTVTET, HRNT LA OREEOETH
REZOHBETZMRIET B IFReClcINHSETFEL I,

ZO074=) RERAPEF AL, E¥BL, ARAEMEMRMERER T 2004 F AMNKPERBBEZHARABUL. 20074F RRAFEAZER

E¥RIARRA, IFReC HAHKIE. 2019 F 7 ALY IFReC RE.

BAREZRY (2004). BAZMIRERHE (2010). KBRRBZHE (2016). NILYHE (2016). FHHEELEFME (2019). Highly Cited
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# #1) Exp Med. 2021
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L
V] 100 200 300 400

Temperature (K)

Fe K—7 Fe2V(AlSi) DREKFHER. COWMER Tc=285K
LT T THY THET50% DHEREEBNIHOND.
ZhiF. RRUEENSEFAOIRILF—RENEN. REVES
FLLURESNBHIEEEZSNS,

HELMIANCENEZNIHT IENTES
b, 1oTT A ZADBFBRELTHFINTVET,
ZOESH. BEMRIDNT T 7052 RELTBZ
ENEETY, MANAR, FUVREAKREITFIEINS
TRBICHEVT, BREMEBEETHATRAERELR
BICBRIBZEeZHRLELE, TORKRE. B
SBEBANDIRILF—FIA, AEVESEF(CLST
FUMRLLTONBLHEEZIONE T, Sk’ =
BATEFI 2EMEOABMRERNMRT D
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