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This relationship map is based on the Natural
Language Processing (NLP) of the data of
Research Book and it maps out the current
relationship among the research fields of the
work at the Research Center for Advanced
Science and Technology, the University of Tokyo
(RCAST). We have visualized the potential of
RCAST through new collaborations and the
creation of new research fields that are yet to
take shape.
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The Research Center for Advanced Science and Technology shall aim to contribute to
the development of science and technology by expeditiously taking on new challenges
arising from the advancement of science and changes in society thereby exploring
new areas of advanced science and technology for humankind and society.

Article 2,

Rules for the Research Center for Advanced Science and Technology,
The University of Tokyo
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Micro Device Engineering
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Iwamoto Lab. Matsuhisa Lab.
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Toward innovative device/system technologies enabled with advanced photonic nanostructures and nano-sized
electronic materials: from physics, materials to devices and systems
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IPhotonic nanostructures and topological
wave engineering

Photonic crystals are artificial optical materials possessing a
wavelength-scale periodic structure in refractive index. Novel optical
functionalities and unique optical phenomena can be realized using
photonic crystals. Our research focuses on the control of light and
light-matter interactions by using photonic nanostructures including
photonic crystals, especially, aiming at the development of novel
light-emitting devices and quantum optical devices. We are also
interested in the generation of unconventional optical beams,

such as optical vortexes and Poincare beams, utilizing photonic
nanostructures and in their applications. Moreover, we are exploring
topological wave engineering aiming at realizing novel control of
light, sound, and elastic waves using the concept of topology. We
expect the unique features will lead breakthroughs of the device
technologies in various fields.

linteractive electronic devices
by soft nanomaterials

Nano-sized electronic materials, such as metal nanowires,
conjugated polymers, and carbon nanotubes, have high flexibility
that traditional electronic materials like silicon do not have. These
soft nano-electronic materials enable electronic devices that

are highly compatible with soft human tissue, such as computer
interfaces that integrate with skin and healthcare sensors that

can accurately measure biological signals over a long time. We
develop novel soft materials, evaluate devices, and explore novel
applications, aiming to create interactive electronics that seamlessly
integrate into our daily lives.

(1] *#8@FETxbvIER
Semiconductor Photonic Crystals
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Satoshi IWAMOTO, Professor
BREH 8F /T bZOR,
NROYVAIVEE TS

Specialized field : Quantum
Nanophotonics, Topological Wave
Engineering

E-mail : iwamoto@iis.u-tokyo.ac.jp
http://www.iwamoto.iis.u-tokyo.ac.jp/

RO Y —DEERZE R W IR DI
Control of light and elastic wave based on the
concept of topology

FIRGBIRERRSIVEYY - T AFUAVRT I
Wireless soft sensor and display system

HEHER HZ masx
\ — R TIAN
*’L\i EE Prec?jgect Research Associate

Naoji MATSUHISA
Associate Professor

BMRH: (VIS TT 1 TBEFT/INAR
Specialized field : Interactive
electronic devices

E-mail : naoji@iis.u-tokyo.ac.jp
https://www.naojimatsuhisa.com/
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Exploring mechanisms of proteins based on theoretical molecular chemistry to present a new strategy

for molecular design and bioengineering
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Electron and proton transfers in the water-
oxidizing enzyme photosystem |l

65

Git R

Hiroshi ISHIKITA, Professor

BPI5% : £YYE. ERLE. E88.
KEm. BFEE). IO NEE
Specialized field : Biophysics, Theoretical
chemistry, Protein, Photosynthesis,
Electron transfer, Proton transfer

E-mail : hiro@appchem.t.u-tokyo.ac.jp

WRICFIBALTVWBR—/N—JvE1—%
Super computer in our laboratory.

lUnderstanding of the principles of protein
function on the basis of the molecular structure

Proteins consist of only 20 types of amino acids, while they show
large variety in their functions, e.g., redox activity, transporter,
sensor, and antibodies. To clarify a relationship between functions
and structures of proteins, we analyze molecular structures of
proteins at the atomic level and calculate physical or chemical
constants on the basis of theoretical chemistry.

Certainly, functions of proteins should be fully explained solely by the
molecular structure even if the functions are seemingly complicated.
“Just computing molecules” is not in our interest. Our mission is to
uncover new but simple principles essential to the protein science
through careful analysis of the target proteins. For example, we are
trying to clarify the reaction mechanisms of natural photosynthetic
proteins, e.g., O2- evolution, electron transfer, and proton transfer
reactions. We also develop new tools for analysis of protein function.

Our challenges include:

(1) Toward understanding of functional mechanisms of proteins
and macromolecules for molecular design
« Electron, proton, and energy transfer reactions in
photosynthesis
- Correlation between structure and functions of
photoreceptor and ion transporter
- Toward more active catalytic centers: elucidation of
minimum key components that contribute to enzymatic
reactions in enzymes
(2) Development of new chemical theories and computational
methods
» Quantum mechanics model for molecular dynamic
simulation
» Theoretical prediction of acid dissociation constants (pka)
by quantum chemical calculation

(3] B#I»FH
Exciting discussion.
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Keisuke SAITO, Associate Professor
BI9EH : £ - L2YE. KSR
BT - FObY - ETRILF—EE)
Specialized field : Bio-and chemical
physics, Photosynthesis, Electron/
proton /Excitation-energy transfer
E-mail : ksaito@appchem.t.u-tokyo.ac.jp
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Tomoyasu NOJI
Research Associate

B B stoess
Hiroyuki TAMURA
Project Associate Professor
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High Performance Materials
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Kondo Takashi Laboratory
http://www.castle.t.u-tokyo.ac.jp
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Photonic materials and perovskite solar cells/Soft matters and amorphous materials
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(1] BEmEmREGaAs/AlGaASERERT N A X
GaAs/AlGaAs wavelength conversion device
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Takashi KONDO, Professor

BRIGE : U7 bSO ML FEEET/NAR
Specialized field : Photonic materials and
semiconductor photonic devices

E-mail : tkondo@castle.t.u-tokyo.ac.jp

ROTZANA MEEEEGAT OBEDEETF < v 7
RSM of a perovskite heterostructure

IHigh-performance wavelength-conversion
devices using llI-V compound semiconductors

We have been working on wavelength-conversion devices utilizing
optical nonlinearities of 11I-V compound semiconductors. Superior
properties of these materials are expected to lead to higher
performances compared to conventional devices based on oxide
dielectrics. We are developing wavelength conversion devices using
a novel crystal growth technique, sublattice reversal epitaxy, we have
developed for fabricating nonlinear optical devices.

IMetal-halide perovskite-type semiconductors

Metal-halide perovskite-type materials are a new semiconductor
family. It has been revealed that these materials are promising
for solar-cell applications. However, fundamental properties of
these materials are not clearly understood. We are now studying
fundamental properties and novel crystal growth techniques of
metal-halide perovskite-type semiconductors in order to realize
innovative photonic devices.

IChallenge from mechanical self-organization
to elucidate the physical properties of non-
equilibrium soft matter/amorphous material

(Tanaka group)

Materials without a periodic structure, such as soft matter and
amorphous materials, have unique mechanical and thermal
properties that differ significantly from crystals and contribute to
humankind in various fields. Until now, research on disordered
systems has been based on the center-of-mass structure of
particles, but the physical characteristics of these systems remain
elusive. To overcome this situation, in addition to the conventional
thermodynamic viewpoint, we are challenging to elucidate the
structural features of non-equilibrium solid-state materials, such as
glasses and gels, as well as the physical mechanisms behind universal
and unigue mechanical and thermal properties of these materials,
from a new kinetic viewpoint of “mechanical self-organization”.

HSZADFENR Y ST —T ERRE(LBS DI FEED
Mechanical network of a glass and particle
motion during destabilization

AHE B8 mes
Satoshi UCHIDA
Project Professor

Hd 8 2-77F075L7RN\15—
Hajime TANAKA
Senior Program Advisor

BH BE  wEmm SEEF Eiff mayx
Youhei NUMATA Michio TATENO

Project Lecturer

BAZ BEA
Masato SOUTOME
Research Associate

Project Research Associate
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Unveil the dynamics of stock and flow of substances and energy
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RSB R(CEF LCAFEDRIR

B, ®EEHE. BEEH). SOV I MMIBWVT, LCA (54
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(1] BERCHITBHWIR b v I BOHE
Time-series change of steel stock in Japan

HEHIR

Eeft] ThEA

Ichiro DAIGO, Associate Professor

BPI9H : EXIOIO0Y—, 54 7Y J)UaH.
YMETO—nHT

Specialized field : Industrial Ecology, Life
Cycle Assessment, Material Flow Analysis
E-mail : daigo@material.t.u-tokyo.ac.jp

I A 7L DIHDWETO—EFIL
Material flow model for a steel recycling chain

IModelling dynamic materials stock and flow

The consideration of material use is essential on the pathway to a
sustainable society and net-zero emissions. Material production, use,
and waste management encupsulate mining of exhaustible resources;
energy consumption originated from fossil fuels; and material
dissipation at the end-of-life, which is not a sustainable material use.
Therefore, in our laboratory, we aim to develop dynamic stock and
flow models for environmental sustainability analyses of materials
and resources. Specific research topics are clarifying the dynamics of
stock and flow of substances required for the models, development
of sustainability indicators for optimization, impurity accumulation
during recycling, and their influence on material properties.

IDevelop a LCA methodology
for a zero-carbon future

Recently, in many cases of product production, project
implementation, and other business activities, it is required to
quantify greenhouse gas emissions by LCA (Life Cycle Assessment).
However, traditional LCA methods are static assessments, and do
not fully consider the consequential impact on society ; hence do
not meet current needs. Therefore, in our laboratory, we develop a
dynamic LCA method that considers the above-mentioned stock and
flow systems of materials in society as a whole.

FERICHBIF DT U BIOMBIEEICH S BEDRA
AR AT

Estimated GHG emission factors associated
with materials production according to future
scenarios
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Computational Materials Science

BH - HAHRE
Arita - Nomoto Laboratory
http://arita-lab.t.u-tokyo.ac.jp/index.html

EERMEETO D DIFERNETEFEORAEL A

Development and application of nonempirical computational methods for materials design
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Crystal structure prediction for superconducting

hydrides under high pressure structure
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Magnetic structure prediction for a given crystal

IDevelopment of ab initio
Materials Design Methods

The application of pressure, electric or magnetic fields, or changes
in temperature or chemical composition causes various changes in
materials, such as distortion of the crystal structure, realization of
topologically non-trivial electronic states, emergence of complex
magnetic structures, and superconducting transitions. We are
developing ab initio methods to calculate such changes accurately
and efficiently in crystal, electronic, and magnetic structures. By
establishing a computational method that predicts the properties of
matter in a completely non-empirical manner without referring to
experiments, we aim to elucidate the guiding principles behind these
predictions and explore a new frontier of condensed matter physics.

IExploration and Design of Functional Materials

We are working on the search and design of various functional
materials based on first-principles calculation. For superconductors,
following the recent discovery of high-temperature superconductivity
in hydrides under high pressure, we are challenging to search for
and design materials with a higher superconducting transition
temperature at lower pressure. For magnetic materials, we are
constructing a framework to accurately predict the magnetic
structure from a given crystal structure. We are also searching for
antiferromagnets that exhibit anomalous Hall effect and anomalous
Nernst effect as large as ferromagnets and can be used for
spintronics and other applications. For topological materials, we are
designing new materials such as magnetic electrides in combination
with large-scale crystal structure prediction calculations. We are also
studying efficient hydrogen evolution reactions using the electronic
state of topological surfaces.
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Theoretical materials design of magnetic
electrides
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Ultraprecision Manufacturing Science
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Ultraprecision manufacturing for supporting advanced science
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Precise mirror for focusing soft x-rays Soft X-ray microscope
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Mimura Laboratory contributes to a wide range of cutting-edge
science such as astronomy and cell biology through its unique
precision manufacturing. We have developed unique and original
processing, measurement, replication methods, and conduct various
research on ultra-precision machining. We have also developed X-ray
microscopes using ultra-precise mirrors at the synchrotron radiation
facility (SPring-8) and the X-ray free electron laser facility (SACLA),
and are developing X-ray telescope mirrors for solar observation. On
the other hand, we have been analyzing various kinds of machining
phenomena such as cutting, grinding, electrical discharge machining,
and laser machining by high-speed imaging using synchrotron
radiation X-rays.

Development of ultraprecision machining methods

We are developing ultraprecise figuring and planarization methods
using physicochemical phenomena that have atom by atom removal
mechanism.

Development of X-ray microscopes and X-ray telescopes

We are developing soft X-ray microscopic imaging systems at
SPring-8 and X-ray free electron laser.

Then, X-ray telescope is also one of applications of precise x-ray
mirrors.

Analysis of processing phenomena using X-rays

Using powerful synchrotron radiation X-rays of SPring-8, we observe
and analyze various processing phenomena such as cutting, grinding,
electrical discharge machining, laser machining.
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High-speed X-ray imaging of drilling
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Innovative R&D on next-generation high-efficiency solar cells and low-cost production technologies
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Quantum dot intermediate band solar cell
ELO technique
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Thin-film solar cells by developed with

IHigh-efficiency beyond the present
silicon solar cell technology

New semiconductor materials and new quantum nanostructures
are exploited in order to achieve high-efficiency photovoltaic solar
energy conversion reaching 50% under concentrated sunlight and
innovation on alternative energy technologies.

Research target includes:

(1) Intermediate band solar cells with photocurrent enhancement
by two-step infrared photon absorption using quantum dot
arrays or highly mismatched semiconductor alloys.

(2) Multi-junction solar cells with improved spectral matching for
sunlight by stacked semiconductor junctions.

(3) Hot carrier solar cells with high output voltage by hot carrier
extraction.

ILight-weight and Low-cost thin-film solar cells

Epitaxial lift-off (ELO) technique is developed in order to peel-off Ill-V
compound semiconductor thin-film solar cell from the substrate.
This allows to reuse the expensive substrate for many times, which
can lead to a drastic reduction of the production cost. Thin-film solar
cells are light-weight and flexible and a wide commercial application
(such as solar-powered EVs) becomes possible, which will contribute
to future low-carbon and sustainable society.

IHKbrid concentrator
photovoltaic/thermal module

Hybrid concentrator photovoltaic and thermal module, so-called
CPV-T, is developed. High efficiency energy usage can be realized by
co-generation of electricity via photovoltaics and thermal energy
through collection via hot water.

NATUw RCPV-TEY 2—)b
Hybrid CPV-T module
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Understanding formation and variability of the climate system and extreme weather through big data analysis and

diversified numerical simulations
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IDeciphering Earth's climate system from
a viewpoint of ocean-atmosphere interactions

Earth's atmosphere and ocean interact mutually to form the

climate system, which varies internally owing to its chaotic nature.
Superimposed on the ongoing anthropogenic warming, the internal
variability acts to enhance the likelihood of extreme weather events
and associated natural disasters. Our research aims at deepening our
understanding of the climate variability and predictability of those
events, by utilizing huge “reanalysis climate data”, into which past
observational data have been assimilated through a modern forecast
system to reproduce the history of the evolving climatic state four-
dimensionally. Numerical simulations with ocean/atmosphere
models, especially with many ensemble members integrated from
slightly modified initial conditions, are utilized for clarifying mixed
causality behind the variability and extreme events and assessing
their predictability.

IProducing regional atmospheric reanalysis data
over Japan for broad business applications

Despite the continuous production of the global atmospheric
reanalysis data by the Japan Meteorological Agency (JMA), no
regional atmospheric reanalysis data are thus far available for Japan.
Under the funding by the Japan Agency for Science and Technology
(JST) and close collaboration with JMA, we initiated a 10-year project
“ClimCORE” in late 2020 to produce high-resolution atmospheric
reanalysis data over Japan and its surrounding maritime domain for
broad business and community applications.
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Wavy pressure anomalies caused Stream
a heat wave to Japan in August 2010
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Active air-sea interaction along Kuroshio and Gulf

Arctic sea ice reduction cools Asia in winter
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Renewable energy system by interdisciplinary approach between electronics and chemistry
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IHigh-efficiency photovoltaics for green
hydrogen production

To achieve carbon neutrality, CO2-free hydrogen is indispensable.
Disruptive installation of photovoltaic is expected as a power source
to produce green hydrogen in the regions with high irradiance.

For this purpose, there is a growing expectation for high efficiency
solar cells, far superior to conventional silicon solar cells. The key

to achieving high efficiency lies in semiconductor nanocrystal
technology. We are conducting research and development rooted
in material chemistry and physics, from crystal growth to system
evaluation of solar cells.

IPhysics of fphotocatalysts for producing
hydrogen from sunlight and water

Photocatalysis is expected to be the ultimate technology for low-
cost solar hydrogen production. In order to improve the efficiency
of photocatalysts, it is essential to investigate the band structure
of the interface between the semiconductor, which is responsible
for the generation of photovoltaic power, and water, and to design
a structure that can learn from high-efficiency solar cells. We are
simultaneously developing new analytical methods and exploring
highly efficient photocatalysts.

A system to produce green chemicals from CO;
In order to supply fuels that cannot be covered by CO:-free
hydrogen, it is expected to realize a system to produce green
chemicals by reducing the recovered CO: with renewable energy.
We are developing systems that take advantage of the benefits of
electrochemistry, such as the development of a reaction field that
can efficiently produce the desired hydrocarbons from CO, utilizing
our knowledge of fuel cells and water electrolyzers.

Photocatalysts for Hz2 production with high-
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High-efficiency solar cells with nano-epitaxial fRiR

An electrochemical system for producing green
chemicals from CO:

efficiency PV structure

e
A
W IEF
Masakazu SUGIYAMA, Professor
BR9H 1 ABEHh. IRILF—I T A,
A—IRVUSA T
Specialized field : Photovoltaic technology.
energy system, carbon recycling
E-mail : sugiyama@enesys.rcast.u-tokyo.ac.jp

%R X %

Meita ASAMI
Research Associate

S smess
Tsutomu MINEGISHI
Project Associate Professor

B0 GRARER mmazuz

Kentaroh WATANABE
Project Associate Professor

VI—N2N NyHRY N BEw%
Hassanet SODABANLU
Project Research Associate



J0-NIVdgEh® 5%

Global Climate Dynamics
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Exploring mechanisms of global linkages in climate variability to identify a key for climate prediction
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ITeleconnections link remote climate variations
over the Earth

Regional disturbances in the atmosphere are transmitted to remote
regions through changes in atmospheric circulation, a phenomenon
called “teleconnection”. It forms through feedback processes that
often involve ocean-atmosphere interactions, and induces further
feedback in remote regions, sometimes leading to extreme weather.
Ocean variability evolves slowly compared to the atmosphere and
influences climate worldwide for seasons, even to decades. This
process also provides a key for seasonal climate predictions.
Such natural climate variability interferes with human-induced
climate change. On one hand, this can make heat wave even
severer. On the other hand, it sometimes leads to regional cooling
despite the ongoing global warming. Attribution of observed climate
variability to human influence, which provides important implications
for energy and climate policymaking, requires a deep understanding
of natural variability and various numerical simulations of climate
change.
We pursue understanding of global covariability of the climate
system and identification of a key to climate predictability through
analyzing observational and climate simulation data sets and
designing and performing climate model simulations. Major research
topics include

(1) Mechanisms and predictability of extreme weather in East Asia

arising from global-scale atmospheric circulation variability
(2) Mechanisms of ocean-atmospheric variability in the Indo-
Pacific Oceans and its global influence
(3) Attribution of various climate change signals

(1] FFIT7EZREIREA Y RFEEOEREE
An East Asia-Indian Ocean remote climate
linkage in summer
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Reproducing past surface global temperature
with a climate model
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Pacific variability counteracted surface global
warming for 15 years
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Initiatives for Global Security and Energy Transition
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Research and development of next-generation photovoltaic devices
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IResearch and development of high-efficiency
solar cells working under various light conditions

Solar energy is one of the most representative renewable energy
sources. Therefore efficient utilization of solar energy plays an
important role in considering global energy and environmental
issues. Under these circumstances, there have been growing
requirements for development of high-efficiency and highly
functional solar cells to generate electricity in a cost-effective way.

Toward the realization of low-cost solar cells, our research focus is
directed to 1) syntheses of photovoltaic materials based on organic
chemistry, and 2) development of solution processed-solar cells.
Development of solar cells structures to utilize solar energy spanning
in a wider solar spectral range and ultra-high efficiency solar cells
based on colloidal quantum dots are another important aspects of
our research activities.

Understanding of photovoltaic properties is also deepened with the
aid of computational chemistry using super-computers.

There are a variety of light energy sources except sunlight.
Utilization of light energy sources available in our daily life then

has been becoming increasingly important from the viewpoints of
energy savings and so on. Research on self-driven energy harvesting
devices including solar cells is also carried out by focusing organic
solar cells because the solar cells can yield relatively high power
conversion efficiency.

Collaboration between industry and academia is crucial to promote
practical applications of our research results. Establishing good
partnership between industry and academia is one of the important
aspects of our research activities.

(1] LEHEcOXBZ@ENTEEGIOA REF Ry AR
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Colloidal quantum dot solar cells
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Material research using ultra-fast laser pulses

Optical properties of wide bandgap
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The research of innovative renewable energy system

With the aim of coexistence with nature, learn from nature, to convert energy from the wind and the wave
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Computational flow simulation around the wind

turbine generation system
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Natural symbiotic blow-hole wave power

ISustainable renewable energy systems
development

Renewable energy system is a sustainable energy system, which is
operated under the natural environment. In considering the future
of the energy system of our country, it is important to develop

a renewable energy system that uses the natural energy that
circulates. However, there are many issue to optimal energy system
development in the natural environment, it is important to operation
in the natural environment, to understand the nature of complexity,
the uncertainty and diversity, and to reflect to the design of systems.

Especially, natural wind that is a source of energy of wind power
system is affected by the atmosphere of the state and terrain
properties such as low pressure and typhoons. This influence
produces a flow phenomenon with a complex spectrum and causes
some issues such as a failure trouble to the renewable energy
systems. In addition, an introduced in recent years in wind power
generation system, the social acceptance issues such as noise
problems and bird strike issues have abound. In our laboratory, along
with the physical phenomenon elucidated by large-scale numerical
simulation technology as computational fluid dynamics (CFD), to
solve a variety of problems, practical wind power generation system,
with the aim of optimization of wave power generation system, and
we are conducting research and development, such as the following.
(1) The optimum wind power generation system development
by using computational fluid dynamics
(2) The wind turbine control technology developed by a
non-contact laser wind measurement
(3) The social-acceptable wind power generation system
technology research and development
(4) Wind power SMART MAINTENANCE technology research
and development
(5) Small wind turbine technology development
(6) Natural symbiotic blow-hole wave power generation system
development

ENFBAT — b AV T I REAMTHRREIR
Wind power SMART MAINTENANCE technology
research and development
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Geochemistry and Environmental Chemistry

BHHRE
Sumino Laboratory
https://www.igcl.c.u-tokyo.ac.jp/
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Deciphering the past, present, and future of the Earth and environment from isotopes
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Magnetic sector mass spectrometer for noble gas
isotope analysis
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Primordial meteorite preserving information on
the early solar system

lisotope geochemistry and environmental
chemistry of volatile elements

In order to understand the formation and evolutionary process

of the Earth resulting in the present global environment, we are
conducting isotope geochemistry and environmental chemistry
research by determining the concentrations and isotope ratios of
noble gases and other highly volatile elements in meteorites, rocks
and minerals derived from deep interior of the Earth. In particular,
we aim to reveal the origin and cycling of water, which makes the
Earth a habitable planet.

Noble gas isotopes (He, Ne, Ar, Kr, and Xe) are useful tracers for
clarifying the origin and history of natural samples because they
have diverse origins. However, most of them are extremely scarce
and require special analytical techniques. We have developed state-
of-the-art mass spectrometers for ultra-sensitive analysis of noble
gas isotopes in various types of samples, solid, liquid, and gas.

IContributing to disaster prevention and
resource assessment by isotope analysis

Helium isotope ratios in fumaroles and hot springs in volcanoes can
be used as an indicator of the activity of magma that causes eruption
disasters. The eruption history of a volcano can also be revealed
from the He and Ar isotopes in the rocks due to the radioactive
decay of other elements and cosmic ray irradiation at the surface.
We are developing a method to evaluate the degree of eruption
imminence and to predict the post-eruption processes based on the
noble gas isotope ratios of various volcanic products.

Where the groundwater came from and how long it has been flowing
underground are important in assessing the quantity and safety of
groundwater as a water resource. Analysis of tritium, a radioactive
isotope of hydrogen, and *He, an isotope of He, provides information
on the residence time of groundwater.

We contribute to disaster prevention and resource assessment using
noble gas isotope analysis and promote the understanding of global
environmental change in the past, present, and future.

BN SDNIAZHARHRR DR
Collecting volcanic gas samples from a fumarole
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Hydrogen Energy

HAERRE

Kono Laboratory

https://www.rcast.u-tokyo.ac.jp/ja/research/people/staff-kono_tatuoki.html
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Research on hydrogen energy to achieve carbon neutrality
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Carbon neutral system by using hydrogen energy
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IHydrogen energy system using renewable
energy

To achieve a carbon neutral society until 2050, it is essential to
introduce a large amount of renewable energy, but problems of

grid stabilization and unused electricity from renewable energy will
dramatically increase. Early commercialization of hydrogen energy

is required as a disruptive technology for solving these problems
and from the viewpoint of energy security. Our laboratory has been
proceeding a research and development of hydrogen energy systems
that use renewable energy to produce hydrogen which is stored

and used. In addition, in order to construct a regionally distributed
energy system for the future, we are focusing on a combined energy
system using renewable energy + hydrogen energy + batteries, and
are developing an integrated energy management system that also
utilizes Al prediction technology.

IHigh-capacity hydrogen storage materials and
new hydrogen battery

Hydrogen storage alloys are a safe and stable material to store

and transport hydrogen for long periods of time. These alloys can
absorb and release hydrogen easily. They can safely store hydrogen
at a higher density than liquid hydrogen and are already used

as stationary tanks. Nickel-metal hydride batteries using these
hydrogen storage alloys are used in hybrid cars and other vehicles
because of their safety and high energy density. At present, the
negative electrode material with the highest performance is the La-
Mg-Ni super-lattice alloy that has been developed, but research on
ternary hydrogen storage alloys and the development of a new type
of hydrogen storage battery are underway to achieve even higher
performance.

La-Mg-NiZRiBHEF X RINE S
La-Mg-Ni super lattice alloy for hydrogen storage
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Shingi YAMAGUCHI
Research Associate

Hydrogen storage material, Fuel cell, Hydrogen energy system

2) Battery/Nickel-Hydride battery, Lithium lon Battery
E-mail : tatsuoki@g.ecc.u-tokyo.ac.jp
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Biodiversity and Ecosystem Services

HARE
Mori Laboratory
http://akkym.net/
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Basic and applied research to identify the mechanisms of maintenance of biodiversity and its benefits to people
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A primary forest in Shiretoko National Park
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Fieldwork in an alpine tundra

We focus on both fundamental and applied ecology to explore the
causes and consequences of biodiversity. Our research activities
are based on a variety of approaches, including field observations,
manipulative experiments, statistical models, mathematical
calculations, and social surveys.

In particular, we are conducting basic research on the biota of
vascular plants, arthropods, and fungi in terrestrial ecosystems to
identify the primary factors that determine local species assemblages
by focusing on the roles of stochastic and deterministic processes
of biodiversity organization. At the same time, we are conducting
applied research to advance our theoretical understanding of

the mechanisms of how ecosystem services can be supported by
biodiversity.

The benefits of nature to people are known as ecosystem services.
It is not enough to just have nature, but it is known that various
ecosystem services are enhanced in systems with high biodiversity.
For example, we have quantitatively shown that forests rich in
tree species can increase carbon sequestration through primary
production by trees, which in turn leads to climate change
mitigation. We are conducting research to unravel the mechanisms
behind such phenomena of biodiversity-ecosystem services
linkages. By implementing our findings in the real world, we aim
to demonstrate the value of biodiversity in solving many social and
environmental problems, including climate change.

BREIMBEILAZI7ETORET v
A view from a camp in the high arctic tundra,
Ellesmere island
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Planning for Disaster Risk Reduction

http://www.u-hiroi.net/

@) 275l - {TAFRIC K BiRKEE D V) EEPhETE

OEBHKIRIZEDME ) A7 2ERT S

- Risk assessment and behavior simulation for disaster risk reduction

« Surveillance of microbial risk in urban water environment
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1.We are conducting a wide variety of research centering on the
theme of "urban disaster risk reduction."

What is the goal of the city's "safety" function, and who evaluates
it? And how do we balance that with other urban features such

as convenience and comfortability? Our laboratory is researching
the system design and planning that provide clues to these issues
from the perspective of urban and community planning. We use a
variety of research methodologies, including field surveys in disaster
impacted areas, questionnaire surveys, disaggregate models, OR,
Bayesian statistics, machine learning, simulations, and developing
workshop tools. Our goal is not only for developing models and
visualization of risks, but also implementation in society through the
research process such as collecting original data, constructing our
own theories, and disseminating research outputs.

2.The health risk posed by antimicrobial-resistant bacteria (ARB),
which is regarded as a silent pandemic, is a global concern. To
control ARB, the perspective of One Health that integrates health

of humans, domestic animals, and the environment is important.
However, the surveillance of the environmental health has not been
established yet. In urban area in developing countries, untreated
sewage is discharged into the environment, leading to the spread of
ARB. We analyze diverse ARB in water environment and sewage by
comprehensive and high-throughput molecular methods to monitor
urban public health status and to study the mitigation of ARB risk.

(1] WROBED : REBHHERIOREAM NRFLICBF 2 TKPOERMIEEETF DX T/
Research Interest: Formation of Safer Urban LA
Space Metagenomic analysis of antibiotic resistance

genes in wastewater in Vietnam
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Artificial Intelligence
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Yairi Laboratory
https://sites.google.com/g.ecc.u-tokyo.ac.jp/ailab/
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Artificial intelligence for revealing data generating mechanisms and monitoring health status of systems

IS LEE ~F—IDERICHIBEERFDI~
BRTTNDERRT —IDPICENTVND T SRYI —EELER
TTOABNRBRBAEZBZHER I 2L ZBNE T 22X LFER
BICRBVELDER >THARZT>TLET.,. BRTT—IDIHE
b, EB%A. BEBORNY NBCB - RERREDLENSG Y
F9,
B0y 257 L8 ~ERPEICEDZYRT LRAE~
AL - BRICERS T, HLDFDOWICHIFLLUL EREEELTE
BDENY AT ADSHIFELE T, FCBER>ZTDRIBENT AT A
DHFETIVERVCHEENICABREZHETE LY., 8AT—9D
SETFIVBRZEFBIDZFEAZMRLTCVET. InAflE LT, BE
RS LT/ NREBHRFIN SINERE D3R TTIR & RE DN
B - BB ZREFETTT SRMNZEFONF T,

15— 9EBRERRA ~ [AHHENLL] EROFZ~

FEOHKENR UEBVENY AT AFBERERBZEYT—FT—IIC
BATBIECKY . ATHEVPEETSY MMIRERSNDERIGA
TYRATLARERICRE L TWS N E SN =R T B Zi%t LU T
WEd,

(1] FEFERTTHIEIC & 2 EThIE - RISt EREHET
Simultaneous localization and mapping by non-
linear dimensionality reduction
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Estimation of asteroid shape model and

While deep learning is attracting much attention these days, we
are especially interested in unsupervised learning, which is one of
main topics in machine learning research. An important purpose of
unsupervised learning is to reveal latent structures or patterns such
as clusters and low-dimensional intrinsic subspace behind the big
data.

We are also studying on algorithms of learning dynamical systems
(LDS), which aims at identifying mathematical models of natural
and artificial dynamical systems from observation data. Obtained
models can be utilized for control and prediction of those systems.
Furthermore, we are applying these techniques to health monitoring
and anomaly detection of large-scale artificial systems such as
artificial satellite. The goal of our study is to make the world safer
and more secure, with artificial intelligence.

BABGSH S DNREIRTIAR S REFABIIEZR e UFEICLDANTHET VXA MU DEBRA

Anomaly detection for artificial satellite telemetry
by unsupervised learning

spacecraft poses from image sequence
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Information Somatics
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Inami - Monnai Laboratory
https://star.rcast.u-tokyo.ac.jp/
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Understanding and designing the body schema based on human factors and physiology
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Metalimbs: a Jizai Technology for Acquiring a
Body Schema
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Non-contact stethoscope that monitors human

In the Information Somatics Lab, our work is built upon a foundation
of psychology, cognitive science, and physics to understand the
mechanisms of the human body from a systems perspective and to
use the insighte we gain to augment its innate sensory, physical, and
intellectual capabilities.

IHuman Augmentation Engineering

Employing VR, XR, robotic, wearable, terahertz, machine learning,
and telexistence technologies, we augment human abilities

to achieve novel forms of embodiment (e.g., superhuman,
disembodied, transformed, cloned, fused) to address social issues
such as hyperaging.

IExperience Transferral

We aim to provide experiential "supplements" which improve
the quality of everyday life. These supplements are formed and
administered by systems capable of recording, replaying, and
transferring first-person audio-visual-haptic bodily and spatial
experiences. We are working towards applying our work in the
areas of entertainment computing, superhuman sports, and skill
transferral.

BExperience Design

Building on a foundation of psychology and physiology, we design
methods that make use of information technologies to enable the
composition of arbitrary perceptual and emotional experiences by
transforming a user's self perception as well as their perception of
others.

IWireless interaction

We are working on wireless technology in a broad sense to control
waves and fluids. By expanding non-contact transmission of
information, energy, and matter based on the concept of distributed
parameter systems, we aim to establish novel technology that assists
and enhances human capabilities.

(3] sHEENEIRT 2 BB AR

Motor interventions to enhance users' physical
ability

heartbeat through the clothes using terahertz

waves.
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Advanced Data Science

LHRRZE
Ueda Laboratory
http://www.biods.rcast.u-tokyo.ac.jp/
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Biological Big Data to Knowledge, using Data Science
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IBiological Data Science

With the advancement of sequencing technologies, it has become a
challenging task to process large volumes of data with conventional
methods. In order to extract knowledge from biological big data,
(ex. Multi-omics data) it is necessary to incorporate the latest Data
Science technology, such as cloud computing and machine learning.
We are developing cloud based Single Cell NGS analysis pipeline
using Hadoop/Spark, (cloud computing framework) and developing
the method to identify RNA modifications using deep learning
method.

Our research include following:
(1) Epitranscriptome (RNA modifications) analysis using nanopore
sequencer
(2) Cancer genomics
(3) Proteomics and post translational modification
(4) Single Cell genomics

Also, from this fiscal year, the RCAST Cross-disciplinary Data/Al
initiative to utilize data from each field of RCAST using cloud/Al
technology to be launched, and we will be taking the main role in
implementing that project.

(1] F/ K7 Y=o 25 =ALERNAEERDREAT

RNA modification analysis using nanopore sequencer WIUXLDRIFE

Development of RNA modification analysis
algorithm using 1D-CNN and one-class
classification method

rEEEm

tH BE

Hiroki UEDA, Project Lecturer

BRIRE | BRESEE. AT /TR BHFE
Specialized field : Computational Biology.
Cancer Genomics, Machine Learning

E-mail : ueda@biods.rcast.u-tokyo.ac.jp

1D-CNN&E—2 5 2558547 U RN AISERRRAT 7 HadoopZFLVERNAY —5 Y RB& VRS / LY —

TUR BITIRR
RNA Sequencing and Whole genome sequencing
using Hadoop
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Networked Biophotonics and Microfluidics
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Ota Laboratory
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Explore life science beyond human limit by networking optics, microfluidics, genomics & information technologies
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Machine Learning-driven imaging cell sorter
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Single objective light sheet p-scopy by APOM

IMachines that think

We ultimately aim at creating a machine that thinks by itself to
discover something crazy with biology, physics and medicine
outlooks. To this goal, we invent new physical tools to probe
biological structures and develop ways of networking biological
measurements using the world’s best technologies. Our applications
of interest span basic science and healthcare-industrial domains.

IBridge biological measurements

With expertise in optics, microfluidics, electronics, chemistry,
genomics, and engineering, we develop integrative systems that
network the biological measurements, leading to interrogation
of complex life systems by exploiting the power of data science
including machine learning.

IBridge biological and physical sciences

Biological systems are often too complex to describe with physics
languages. For example, it has been a challenge to study the effect
of non-molecular causes to biological outcomes. By transforming
the engineering of quantitative biology, we are finding approaches
to this problem and trying to explore the potential of such studies in
healthcare.

IDevelop biophotonics, micro/nanofluidics, and
information technologies

Toward the grand challenges mentioned above and independently,
we actively work on development of novel optical imaging,
functional micro/nanofluidics, and information techniques, and their
integrated modalities.

Along such scientific exploration, new technologies continually
emerge and may spin out to create industrial activities with further
excitement.

(3] A OOFREUR—Y —LATHER)ER
Microfluidic liposome formation method
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Project Research Associate
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Machine Intelligence
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Harada Laboratory
https://www.mi.t.u-tokyo.ac.jp/
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Advanced Intelligent System for Recognition in Real-world, Contents Generation and Knowledge Discovery
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Integration of computer vision, computer
graphics, and machine learning
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Specialized field : Visual Recognition,
Machine Learning, Intelligent Robot

E-mail : harada@mi.t.u-tokyo.ac.jp
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Automatic realistic image generation of unseen

Our goal is to invent advanced intelligent systems for real-world
recognition, contents generation and knowledge discovery by
combining useful but infinite information in the physical space
with a massive amount of data and powerful computational
resources in cyberspace. To tackle this challenging problem, we
utilize all resources in the area of computer science, including the
mathematical basis and robotics.

I1. Mathematical Basis

Information theory, machine learning, deep learning, data mining,
pattern recognition, stochastic/statistical theory, time series analysis,
causality analysis, learning theory, feature extraction

2. Recognition, Understanding, and Thinking

Big data, computer vision, image recognition and retrieval, 3D

vision, behavior recognition, multimodal recognition, emotion

understanding, natural language processing, speech and music
information processing, medical information processing

3. Contents Generation

Sentence generation and summarization of image and video,
image generation from sentences, dialog system, automatic article
generation system

4. Intelligent Robot

Reinforcement learning, trajectory optimization, motion planning,
task planning, imitation learning, meta learning, continuous
learning, Sim to Real, fast inference, SLAM, 3D reconstruction, edge
computing, human machine interaction

HHEB 7 ERUICE8HE Y AT L
Recognition system via knowledge transfer
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Project Lecturer
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Specialized field : Visual Recognition,
Machine Learning, Feature Extraction

E-mail : mukuta@mi.t.u-tokyo.ac.jp
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Advanced Art Design
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Advanced Art Design Laboratory
https://www.aad.rcast.u-tokyo.ac.jp/
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Exploring the Nature-Centered creativity toward an inclusive and sustainable society
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As advocated in the SDGs of the 2030 Agenda, creating and designing
an inclusive society has become extremely important. These
intricate challenges cannot simply be addressed with an optimal and
standardized solution derived from objective analysis; they require
comprehensive reassessment of the relationship between humans,
nature, and science and technology. In this new Laboratory, we

aim to build an interdisciplinary research group comprising world-
leading firms, RCAST researchers, and art design experts active in the
front lines and speedily implement ideas created by the group from
multiple perspectives into society as well as fostering future talents
capable of tackling these social challenges that are becoming more
complex with a sense of balance.

Science and technology have advanced based on the Western
ideology of seeking human-centric solutions through differentiation,
while at the same time bringing about distortions in our social and
natural environments, such as mental and physical stresses and
environmental disruption. At the onset of the new era, Reiwa, we are
expected to explore science and technology based on the oriental
philosophy of respecting the universe, particularly the way of life in
symbiosis with nature and the spirit of harmony perceiving things

in a comprehensive manner that have been cultivated in Japan.

It is important to resolve today’s issues with a sense of balance
between nature and society by newly adopting a “nature-centered”
perspective and drawing on the creativity built on the harmony of
integrated thoughts and ideas from a variety of research fields.

MFET — 7 UY—F 7 1 O0— /FPEREHELR TBRERERE  PRSERDERE SARRBTERE (BELEDS)
Leading art and design practitioners. From left, Ryohei KANZAKI, Setsu ITO, Kaoru KONDO, Shinobu ITO and Hideki YOSHIMOTO

BHE RIS
L
= =

Hideki YOSHIMOTO

{Pi% Bl e

Setsu ITO
Project Professor

Hig FF v=rus—Foro—

Ryohei KANZAKI
Senior Research Fellow

Project Associate Professor

BR9H : S VIVIZTUYT,

J5Th x FTo7./09—

Specialized field : Design Engineering,
Craft x Technology

E-mail : yoshimoto@aad.rcast.u-tokyo.ac.jp

ik E e

Kaoru KONDO
Project Professor

PR E(E soenE

Shinobu ITO
Project Associate Professor

27



28

REBFA AT HH

Photonic Imaging
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Ozeki Laboratory
https://sites.google.com/site/ozekibp/
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Advanced vibrational imaging with stimulated Raman scattering and its applications
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IDevelopment and application of stimulated
Raman scattering (SRS) microscopy

We proposed and demonstrated SRS microscopy that detects the
molecular vibration of biological samples with high sensitivity using
two-color laser pulses. Furthermore, to enhance the molecular
specificity of SRS microscopy, we developed an SRS imaging system
that uses a proprietary high-speed wavelength-tunable laser to
obtain SRS images at various molecular vibration frequencies,

and are conducting various biological imaging experiments. We

are also working on analyzing the complex structure, dynamics,
and interactions inside biological samples using Raman probes for
metabolic imaging and super-multiplex imaging (Figure 1).

IDevelopment and application of large-scale
SRS imaging

We have developed an ultra-high-speed wavelength-switchable light
source to realize SRS measurements of a large number of cells, and
demonstrated multi-color SRS imaging of cells in high-speed flow
(Figure 2). This technology makes it possible to visualize biological
molecules contained in each of the more than 10,000 cells. We
demonstrated the imaging of the nutrients contained in microscopic
algae as well as blood cells and cancer cells.

IQuantum-enhanced SRS microscopy

We are introducing quantum optics to enhance the sensitivity of SRS
microscopy (Figure 3). The signal-to-noise ratio of conventional SRS
microscopy is limited by the quantum fluctuations of light. To reduce
this fluctuation, we utilize squeezed light to increase the signal-to-
noise ratio of the SRS signal.
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Eight-color imaging of cells with four-color Raman
probes and four-color fluorescent probes
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Schematic of quantum-enhanced SRS microscopy

SRS imaging flow cytometry for large-scale Raman
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Exploring Aerospace Mobility in the World as a Laboratory
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BAir Transportation and
Air Traffic Management System

Air Traffic Management (ATM) System is one of the essentials and
important academic research areas. It is a large-scale and complex
socio-technical system, which consists of hardware, software, and
human society including many players, e.g. airlines, industries,
governments, many operators, and so on. Our studies design the
ATM systems, which introduce automation supports for human
operators and realize even better safety and efficiency in the
operation, and sustainable flights in the world based on a systematic
approach combining data science, mathematical modeling,

and simulation experiments. Collaborating with global aviation
communities including airline companies, airport companies, air
navigation service providers, industries, and academic and research
organizations, we engage in research and development on the
moderation of air traffic congestion at and around large airports,
ecologically and economically friendly flights, and designing resilient
airspace and air traffic operation in Asia-pacific reasons.

IExpanding Mobility Systems into Space and
Human Society

ATM system is expanding its target into the space, and also into

the human society. Future increase of air transportation demands
consist networks of passenger and cargo traffics centered in airports
as nodes, and create new demands of the next generation mobility
systems. It also activates utilization of very-high altitude airspace and
satellite systems. With the backgrounds, our laboratory contributes
to developing the field of Airspace Mobility.

(1] ®REE (PH) ZBICHET BMEERDIH
Arrival Air Traffic Congestion at Tokyo
International (Haneda) Airport
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Aircraft Traffic Congestion at Haneda Airport
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Interacting Multi-scale Complex Networks and
Dynamic Flow Controls: Expanding Mobility
Systems into the Space and Human Society
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Animal Linguistics
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Animal linguistics: Integrating animal behavior, linguistics, and cognitive science
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A Japanese tit looking up to the sky for ‘hawk’
warning calls
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A Japanese tit looking down on the ground for
‘snake” warning calls

IToward a future where humans can understand
animal language

Our laboratory is the world’s first laboratory specializing in the

field of animal linguistics. Our research integrates animal behavior,
linguistics, and cognitive science to explore questions such as: (1)
what do animal signals (e.g., vocalizations or gestures) mean, (2) how
do they function in survival and reproduction, and (3) what cognitive
capabilities are necessary for a communication system to evolve? We
use a variety of methods, including behavioral observations of wild
animals, audio recording and analysis, psychological experiments in
the field, and semi-natural experiments under captive conditions. We
focus primarily on social animals that regularly use communication
in social contexts, such as birds and mammals.

BUnraveling the universal principles of language
evolution

Our research aims to unravel the origins and evolution of human
language by studying animal communication. It has long been
assumed that language has evolved all at once in humans; however,
recent studies have shown that elements of language have also
evolved in non-human animals. For example, the Japanese tit,

a passerine species, can use different calls to convey different
meanings and combine them to create complex messages. By
focusing on cognitive capabilities constructing language and
comparing them between different species, we are exploring the
universal principles of language evolution.

ICo-creative science open to society

We are conducting research with an eye toward connections to the
fields of environmental education, conservation, animal welfare, and
artificial intelligence. We are also actively engaged in outreach and
dissemination of research to society.

BEMICHIT 2 BEOTEERR
Observation of bird behavior in the field
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Osawa Laborator
Integrative Nutriomics and Oncology y

https://www.onc.rcast.u-tokyo.ac.jp
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Understanding cancer biology by comprehensive nutriomics approach to establish novel anti-cancer strategies
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lintegration of “nutriomics” and oncology
for the treatment of cancer

Based on the conventional nutritional notion, carbohydrates, lipids
and amino acids were independently considered in cancer. However,
recent researches in cancer metabolism have been dramatically
improved our metabolic knowledge of these disorders due to latest
understanding of cancer metabolism. Indeed, carbohydrates, lipids
and amino acids are inter-connected in the metabolic pathways,
through the several key metabolic molecules such as acetyl-CoA
and ketone body intermediates partly under epigenetic regulation.
Our group reported that hypoxia, nutrient starvation, acidic pH may
induce tumor aggressiveness by epigenetic regulation in cancer
cells. We found that epigenetic and metabolic changes influence
cancer progression in cell-cell interaction, single cell, organelle

level that can be utilizes for the development of novel therapies by
integration of genome, epigenome, transcriptome, proteome,
metabolome analysis.

Our research objectives:

(1) To understand the mechanism of cancer adaptation in
carbohydrate/lipids/amino acids deficiency and apply it to
therapy.

(2) Latest understanding of “nutriomics” and nuclear receptor
medicine for treatment of cancer and metabolic diseases.

(3) Drug discovery based on physics and computational science.

We challenge to develop therapeutics for metastasis and recurrent
advanced cancer through the viewpoint of integrative “multiomics”
approach.
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Integrative Nutriomics approach to overcome Cell-Cell interaction-Single cell-Organella analysis Dynamics of nuclear receptor on DNA
cancer
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Structural Biology
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Understanding of the Structure and Function of Diverse Proteins and Nucleic Acids,

and Development of New Technologies

I159VNT8 - BESTFERTERLHNET S
IYNTEPEE (DNA - RNA) BEEKICOICDERRERICES
LTWVWET, BEDYVNTBREDESIC [REET DLSIC
BEUERT2DICHL. H28DY > /VIEIFRNAEEGHZELM
U. RNADRIERDBEDRBRMEZEROTVE T, ItERE R
EYDCRISPR-CasEB Ry 2T LAIBI5T 25Casoy v /NI &G
A RRNAELEESHZEER L. 4 RRNAEBHNG2AREDNAZY]
WigdEWVWSAIZ—IREEZDBE T, Licht>T. Casolds’/
LREZFUHETDE RIS BREFEIMIINHASNTEX Lz, D
feUleBld, Cas9wCas12, Cas7-11ZFUhHETHHRLRI /Y
JE-RBEGHDIAESEEREL. TNON RS D FHEEE
IALTER LI, SHIC, WEBREDEICY V/IVTEPRNAZ
BETB LR, FILWS LREY —IVOBEFICEMIILTE
FUlc. DlcUleBld, EEZHET. XIRIGEBEWT. 75144
BFEMIREN. — D FREREOMAFEZHHIGHED T LICK
. ZIRRY VINTBOREN SO UK HEESHIC L, EomlR
RERENSEFEL, ZUT, HFLLT T/ OYV—DREREICDRIFT
WEZBZTVEFET, EBIC, FREBINTICE> TLIDFTHERD
BRRICOHE L. TORBEEHREDERZEEL TLE T,

[1] CRISPR-CasonfE&EtsiE
Crystal structure of CRISPR-Cas9
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(2] CRISPR-Cas7-11DT 54 F BFBHEFHSE
Cryo-EM structure of CRISPR-Cas7-11

IStructural and functional elucidation of proteins
and nucleic acids

Proteins and nucleic acids (DNA and RNA) are involved in a wide
variety of biological processes. While ordinary proteins act like

“lock and key” on specific substrates, some proteins associate with
RNAs, which determine the specificity for its target nucleic acids. For
example, the Cas9 protein from the prokaryotic CRISPR-Cas adaptive
immune system associates with a guide RNA and cleaves a double-
stranded DNA that is complementary to the RNA guide. Thus, Cas9
has been applied to various new technologies, including genome
editing. We have determined the structures of protein-nucleic acid
complexes, such as Cas9, Cas12 and Cas7-11, and have elucidated
their action mechanisms. In addition, we performed structure-
based molecular engineering to develop new genome-editing
technologies. Using multiple techniques, such as biochemistry, X-ray
crystallography, cryo-electron microscopy, and single-molecule
observation, we elucidate the action mechanisms of diverse proteins
and nucleic acids, understand biological processes at atomic levels,
and develop new useful technologies. Furthermore, we aim to
explore novel enzymes that have not yet been discovered, and to
elucidate their structure and function.
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Genome Science & Medicine

https://www.genome.rcast.u-tokyo.ac.jp/
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Dissect biomedical phenomena with advanced genomic technologies
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Clonal evolution in glioma progression
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We are working with systems biology and medicine to understand
complex biological systems through a functional genomics approach.
High throughput technology and novel algorithms are required for
collecting, integrating, and visualizing the enormous amount of data
on gene expression, protein expression, and protein interactions
arising in the wake of the Human Genome Project. Alliance with
external academics and industry will be crucial to the success of the
new “systems biology”, that is, understanding biological systems as
more than the sum of their parts.

IPersonal cancer genome

The variety of genetic and epigenetic alterations that accumulate
in cancer genomes cause activation of oncogenes and inactivation
of tumor suppressor genes, leading to cellular transformation.
Next generation sequencing technology has enabled us to

obtain individual genomic information within feasible cost and
time constraints. Since 2008 my group has participated in the
International Cancer Genome Consortium and is studying the
genomic alterations in liver and gastric cancers.

IChromatin regulation

Epigenetic processes are essential for the packaging and
interpretation of the genome, fundamental to normal development
and cell differentiation, and increasingly recognized as being
involved in human disease. Epigenetic mechanisms, which include
histone modification, positioning of histone variants, nucleosome
remodeling, DNA methylation, and non-coding RNAs, are considered
as “cellular memory”. We have applied genomic technologies,

such as ChIP-sequencing and chromatin interaction, to map these
epigenetic marks and high-order structure throughout the genome
and to elucidate how these marks are written and read.

ITranslational research

Functional genomic approaches are applied to identify novel
biomarkers for disease diagnostics and therapeutics.

(2] MBEALICBI IS/ N
Epigenome dynamics in cellular differentiation
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Intercellular Communication & Medical Science
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Exosome in Disease Etiology and Detection
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Exosome in disease etiology and detection
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Inter-organ communication of exosomes

Exosomes are 30-150 nm sized particles produced by all cells and
were originally thought to be as a mechanism to dispose unwanted
cellular material. In recent years, however, it has become clear that
exosomes can be taken up from one cell to another, and they are
reconsidered as a new tool for intercellular communication. It has
been reported that exosomes contain various substances derived
from the original cells, such as mRNAs, miRNAs, proteins, lipids, and
even double-stranded DNAs. It has also been shown that specific
disease-related exosomes, such as cancer-derived exosomes, are
taken up by normal cells and influence cellular phenotype and
change the microenvironment within the organ for promoting
disease progression. In the Hoshino laboratory, we are focusing on
exosomes to elucidate their possible role in the pathogenesis of
various diseases.

IExosome in disease etiology and detection

We are investigating how exosomes are involved in the pathogenesis
and progression of various diseases such as cancer, preeclampsia,
autism spectrum disorder, schizophrenia, and Alzheimer's disease.
From the analysis and data obtained by elucidating the relationship
between exosomes and various diseases, we also aim to clarify the
role of exosomes under normal conditions.

IDeciphering exosome heterogeneity

Exosomes have been found to have a highly diverse population, due
to the molecules contained, size, membrane charge, etc. We aim to
decode these differences by examining single exosomes as well as
understanding the biogenesis of exosomes.
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Interdisciplinary Barrier-Free Study
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We are researchers with disabilities who conduct studies aiming to make people and society more accessible
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In the Interdisciplinary Barrier-Free Study, Project Professor Dr.
Satoshi Fukushima,

the world's first deafblind university Professor, and mainly other
researchers who themselves have disabilities conduct studies aiming
to make people and society more accessible.

Based on his own experiences as the deafblind, Project Professor

Dr. Fukushima carries out various research in pursuit of not only the
essence of human communication and the meaning of disability
experiences, but also the ideal support system for disabled people.

Project Researcher Naoyuki Okochi, who is totally blind, has done a
wide variety of research concerning accessibility from the standpoint
of a disabled person, including topics such as assistive technologies
for the deafblind and the blind, barrier-free movie and theater.
Project Researcher Dr. Toshiyuki Uwano, who is physically disabled,
specializes in Area Studies, especially Barrier-Free studies in Asia
region.

Project Researcher Dr. Mami Kodama has conducted practical
research on special education for totally or partially deaf children.
And now, she studies how to support deaf children with other severe
disabilities, and how to support their parents.

Additionally, in collaboration with the Tojisha-Kenkyu Laboratory
headed by Associate Professor Dr. Shin-ichiro Kumagaya (physically
disabled), we are cultivating our partnership with Tojisha-Kenkyusha
specializing in neurodevelopmental disorders and hearing difficulties.
Fukushima laboratory and Kumagaya laboratory are now developing
a globally unparalleled center for disability studies led by researchers
with disabilities.

ERTIRRER (T2 BBRAERE WIREICT0)
Prof. Fukushima communicates us