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Contributing to a sustainable society through
research oriented towards “problem-solving”
based on the concept of developing
manufacturing methods with reduced
environmental impact

Since its establishment in 2013, RIKEN Center for Sustainable Resource
Science (CSRS) is a leader in creating a sustainable society through
transdisciplinary integration of plant science, chemical biology, catalytic
chemistry, and biomass engineering.

Using the Sustainable Development Goals (SDGs) and the Paris
Agreement on achieving zero greenhouse gas emissions as guidelines, we
are promoting six flagship projects; “Innovative Plant Biotechnology”,
“Integrative  Symbiological Solutions”, “Metabolic Genome Engineering”,
“Innovative Catalysts”, “Leading-edge Polymers”, and “Advanced Research
and Technology Platforms”.

We aim to establish the new research field of “sustainable resource
science” that will contribute to solving environmental problems and
food-related issues. Our ultimate goal is to create a future world in which
people can continue to live healthy and prosperous lives by carrying out
“problem-solving” research and contributing to a sustainable society based
on the concept of developing manufacturing methods with reduced
environmental impact.

Kazuki SAITO
Director, CSRS

H R Contents

% CSRSMRER VOV SLTH—RYyZa—FILEBRIT, -
Round-table talk on the CSRS accelerated priority program
“Carbon Neutrality and the Beyond”

vy — :’ﬁﬁ R R R R
About CSRS

ol
Research Structure

7y Iyy77aYz o/

Flagship Projects / Division

BEITHIHEIIN AT v vvrrvrenneeneeennetnetinetineneenns

Innovative Plant Biotechnology

b 5 A ) e R By A R R R
Integrative Symbiological Solutions

IR Il N s iy ) B A R R R
Metabolic Genome Engineering

SRR HEAE T o 71 cee ettt
Innovative Catalysts

L o~ R

Leading-edge Polymers

BRI T T T N gL e e eeneoneoneneentoneiienicnncnnens
Advanced Research and Technology Platforms

%Uﬁ . E‘E}iﬂﬁ%ﬂ%i@%%ﬁ P eeeereritiiiiiiiiii it

Drug Discovery Platforms Cooperation Division

TIED « BRATSIEE cevverrcontontentencaesatsntsntsnceacancannns
Research Support

CSRS ZRINAHY — « SIS JL 2023 v ovvveneronneaneennnennnns
CSRS Advisory Council 2023

I PRSEHE / EIPISEEHE « oo v vv e e enmneeee e et e etiaaeeaans

International / Domestic Collaborations

E%;@%/Eﬁﬁﬁﬁmﬁ% ....................................

Industrial / RIKEN Internal Collaborations

SEHERZRR,/ CSRS AMEE e e e vr e,
Joint Graduate School Program / Unsung Heroes in RIKEN CSRS

TLRAN)—=ZINATAR cveeeeeeeeettetnettitenetntncnacncanenns
Press Release Highlights

A U ey R R R R R
Press Releases

B 2
Seminars
R R PR
Awards

e 2 N0y T
News & Events

CSRS JHEIMEN FHA v ovrerrrrennernneenietaieeteeenneennns
CSRS Unique Initiatives

WR=E

Laboratories

MEA G IET IR I — 7  wvevvneennennneensennsenneenneennns

Plant Immunity Research Group

RAAYROIIRIFI T IL—T ceeeeeeecenetnnttentenncnnnnns
Metabolomics Research Group

S MBS BRI IE 7 L — 7 e e e een e,

Advanced Catalysis Research Group

e o P

Catalysis and Integrated Research Group

FEIANT)ZTRTFE T I —T ceeeeeneenetnntinninncnnenns
Chemical Genomics Research Group

BT/ IR T I —T ceeeeeetenatnnetnitteatenncnnanns
Synthetic Genomics Research Group

4

22

33

A D Al I 1 3 ) N 58
Metabolic Systems Research Team
AGRO— I EERIFZE T — Ly s v v evvremeeoneennneennernieennees 60
Metabolome Informatics Research Team
By A (A iR ) A R R R R PP 62
Environmental Metabolic Analysis Research Team
N LI 3. oy N 64
Plant Genomic Network Research Team
MBI RERIZT T — Ly covvervecnneenneeenneenneenneenneennnes 66
Cell Function Research Team
DL = e o o S 68
Plant Symbiosis Research Team
R oy RN o = s L P R 70
Advanced Organic Synthesis Research Team
A 1 ¥ T N 72
Green Nanocatalysis Research Team
B Tl S R 74
Biofunctional Catalyst Research Team
T H Y RIEHIRIGT T — s v v v evvremeeoneennteenenieenaee. 76
Molecular Ligand Target Research Team
INAAEFETEIRIIZE T — L cvvvvevrrenreenneennecaiteanneenns 78
Bioproductivity Informatics Research Team
INAA TG FRFGTT-— Ly svvevreeneeonnennneenaeenitenneennns 80
Biomacromolecules Research Team
INAFTSRF Y FHFTTT—Ls  covvrevreenneennecaieanneenns 82
Bioplastic Research Team
HABTAEFERIZE - — [\ s vovvevveronteoneenntennteenncenncennees 84
Cell Factory Research Team
B e hr X i L Bl S N R R 86
Molecular Bioregulation Research Team
L R i N 88
Plant Lipid Research Team
LR (A=t =t v S N P 90
Plant Chemical Genetics Research Team
HIANNAAOS — « £ T —Ly cevcrevereeceencennns 92
Chemical Biology and Biosynthesis Research Team
B ey 5 1 Bt N R R 94
Natural Product Biosynthesis Research Unit
ISP Y IANIZZE - Tkl N 9%
Drug Discovery Chemical Bank Unit
BISRS — RILAWIRERE MBI SR reeerrrerrenneaneaneeanns 98
Drug Discovery Seed Compounds Exploratory Unit
o (=== Bl N 100
Drug Discovery Chemistry Platform Unit
DFREEBBIT LI W R ceeeereeneeetiiiiiiiiiiiienns 102
Molecular Structure Characterization Unit
e a4 Ml N 104
Biomolecular Characterization Unit
BEENN « FEBEEMBIT ISR ceveeereenreniiniiiiiiinne, 106
Mass Spectrometry and Microscopy Unit
A=y Iy 4o E Y 3 BVl NI 108
Chemical Resource Development Research Unit
D024 FEFE HEBGL « v v v vvrerrrrrnreenntetttiitiitiiiieiianns 110
FY2024 Organization
SDGs NDEBRICEIFIAFEENICE T REFMEICDNT  veveeeees (!

Philanthropy Program “RIKEN CSRS for SDGs”



CSRSINEEESE7ASLT Hh—Ry=a— L ZBZA T,

CSRS accelerated priority program “Carbon Neutrality and the Beyond”
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Round-table talk on the CSRS accelerated priority program
“Carbon Neutrality and the Beyond”

In FY2022, Makoto Gonokami took office as President of RIKEN and stated his vision of establishing
“Environmental Resource Science”. CSRS launched the Accelerated Priority Program “Carbon Neutrality and
the Beyond” as a new research direction. The program was launched as a strategy to tackle climate change
and aims to contribute to reducing the risk of global warming.

Researchers from the fields of plant science and chemistry discussed the mission, initiatives and future
action plans of the “Carbon Neutrality and the Beyond” program, focusing on efforts to reduce CO, emissions
and environmental impacts.

Plant scientists are working to contribute to carbon neutrality through molecular breeding of cassava,
increasing CO, absorption, improving drought and heat tolerance of plants through ethanol dosing, and
enhancing carbon sequestration by metabolic activity in plants and algae. Chemists are engaged in chemical
and catalytic chemistry research that contributes to carbon neutrality through the development of CO.-based
reactions and nitrogen-based ammonia synthesis technologies, the use of precious metal catalysts to utilize
water resources, e.g. the production of hydrogen and oxygen from water (water splitting), and
microwave-based catalysis research.

The ideas and key points for interdisciplinary collaboration at the roundtable discussion are as follows, which
are highlighted as essential for promoting sustainable research and technology development.

Collaboration between Plant Science and Chemistry:

There is a close relationship between plant science and chemistry. The development of
useful compounds and materials derived from plants requires knowledge from plant
science and skills in chemistry. For example, lipids obtained from plants could be
chemically processed for use in the production of bio-jet fuels.

Collaboration between Biology and Catalytic Chemistry:

There are interconnections between biology and catalytic chemistry. The elucidation of
special reaction mechanisms and metabolic pathways in living organisms and their
application to industrial synthetic processes may lead to the development of new
technologies that reduce environmental impact.

Utilization of Biomass:

Biomass is a renewable resource that could be exploited in chemistry and catalysis
chemistry. The development of useful compounds and materials derived from biomass
can increase the supply of sustainable energy sources and chemical products.

Cooperation with the Humanities and Social Sciences:

Perspectives from the humanities and social sciences are also important to consider
social impacts, such as environmental impact and economic potential. When research
results are put to practical use and introduced to society and industry, they need to be
evaluated in terms of carbon emissions and economic efficiency.

CSRS encourages the next generation of researchers to utilize these ideas and promote further
interdisciplinary collaboration.
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From basic research to application and innovation:
Six flagship projects, using information science,
providing solutions to global issues

In 2015, the United Nations General Assembly adopted a set of 17 SDGs to be achieved by 2030. The power of science
and innovation is essential when addressing these global issues. CSRS leverages its strength in research and promote six
flagship projects focusing on seven goals. In addition to interdisciplinary research in plant science, chemical biology,
catalytic chemistry, and biomass engineering, CSRS adopts latest technology in data science, artificial intelligence (Al), and
genome analysis to produce innovative results.
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Contributing to sustainable
production of foods
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Leading-edge
Polymers

Developing new polymers and
biopolymers with beneficial
functions

Contributing to sustainable
environmental protection by
symbiotic interactions
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Advanced Researchand
Technology Platforms

Building and using research and
technology platforms for
development of
new resources
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Metabolic Genome Innovative

Engineering Catalysts

Developing high-performance
catalysts for efficient utilization
of natural resources

Expanding production and use of
bioproducts from plants and
microorganisms
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Innovative
Plant Biotechnology

Integrative Symbiological
Solutions

Metabolic Genome
Engineering

Flagship
Projects

G Innovative Catalysts
G Leading-edge Polymers

Advanced Research and
Technology Platforms

Division Drug Discovery Platforms
Cooperation Division

Blue letter: Project Leader / Division Director

Synthetic Genomics Research Group
Plant Immunity Research Group

Plant Genomic Network Research Team
Cell Function Research Team

Plant Symbiosis Research Team
Bioproductivity Informatics Research Team
Molecular Bioregulation Research Team

Plant Chemical Genetics Research Team

Plant Immunity Research Group

Plant Symbiosis Research Team

Environmental Metabolic Analysis Research Team
Natural Product Biosynthesis Research Unit

Metabolomics Research Group

Metabolic Systems Research Team

Cell Factory Research Team

Plant Lipid Research Team

Chemical Biology and Biosynthesis Research Team
Natural Product Biosynthesis Research Unit

Advanced Catalysis Research Group
Catalysis and Integrated Research Group
Advanced Organic Synthesis Research Team
Green Nanocatalysis Research Team
Biofunctional Catalyst Research Team

Bioplastic Research Team
Biomacromolecules Research Team

Advanced Catalysis Research Group

Metabolomics Research Group

Chemical Genomics Research Group

Metabolic Systems Research Team

Metabolome Informatics Research Team
Environmental Metabolic Analysis Research Team
Molecular Ligand Target Research Team
Molecular Bioregulation Research Team
Chemical Biology and Biosynthesis Research Team
Molecular Structure Characterization Unit
Biomolecular Characterization Unit

Mass Spectrometry and Microscopy Unit
Chemical Resource Development Research Unit

Drug Discovery Chemical Bank Unit
Drug Discovery Seed Compounds Exploratory Unit
Drug Discovery Chemistry Platform Unit
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Makoto HAYASHI
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Shinya HAGIHARA
Masanori OKAMOTO

Ken SHIRASU
Makoto HAYASHI
Jun KIKUCHI
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Takayoshi AWAKAWA
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Masami HIRAI
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Takayoshi AWAKAWA
Hiroyuki KOSHINO
Naoshi DOHMAE
Masami HIRAI
Hiroyuki OSADA

Minoru YOSHIDA
Hiroyuki OSADA
Minoru YOSHIDA
Hiroo KOYAMA
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Extension of genome-editing technology for Euglena algae using Cas12a
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Development of novel chemical that enhances plant seedling growth

Contributing to sustainable food and biomass production
through development of plant trait improvement technologies

With global warming, climate change, and population increase,
sustainable food supply and procurement is now a global issue.
CSRS has been working on model plants to explore and elucidate
the functions of beneficial genes and promoting research for
translating the results in actual crops. Based on these research
results, the Innovative Plant Biotechnology project aims to develop
plants with high qualitative and quantitative value added with
resistance to environmental stress and diseases.

In addition, the project will use omics analysis to explore peptides
and other regulators and employ chemical biology approaches to
elucidate main factors leading to improvement of productivity and
functionality of foods and biomass. To ensure transfer of the results
in the field to the actual farmland under varying conditions, the
project will also use information science to store and analyze data
from multiple angles for trait improvement.
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‘search Results

o We extended genome-editing technology for Euglena algae using
Cas12a.

o We revealed that ethanol treatment alleviates heat-damaged
growth by accumulation of sugars in tomato.

o We discovered the functional coordination of transcription factors
and epigenetic modifiers observed during somatic embryo
induction and elucidated its molecular mechanism.

o We revealed that wheat abscisic acid receptors are involved in
disease response.

o We developed a novel chemical that enhances plant seedling
hypocotyl elongation through ethylene signal activation.

o We found that abscisic acid signaling is a key to improving cesium
tolerance of plants.
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Ethanol mitigates heat stress-induced damage in tomato.

'ﬁture Vision

o Exploration of novel factors including transcription factors, small
functional molecules and peptides involved in environmental stress
responses and biomass production

e Data collection of interaction between living organism and
environment by analyses of the factors above

o Development of quantitative phenotyping technologies to analyze
plant’s environmental stress response, biomass production and
growth

e Promotion of research to create functionally improved plants by the
technologies such as genome editing and chemical biology

o Contribution to sustainable food and biomass production to meet
global warming by selection of genetic variants and optimization of
environmental and cultivation conditions
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SEFFFRE / Participating Labs

BT/ I7AME T IL—T" / Synthetic Genomics RG
EYEZEHFTIL—7"/ Plant Immunity RG

Y/ LFIRI R F — L/ Plant Genomic Network RT
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TEY L EFTF —L / Plant Symbiosis RT
INAFHEEIFHRFRF — L / Bioproductivity Informatics RT
D FEDHEAFEF —L / Molecular Bioregulation RT
EY b 2B EFEM R F —L / Plant Chemical Genetics RT
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Production of kinanthraquinone C and D
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A model of the domains of cell-surface receptors undergoing modular evolution

Developing scientific technologies based on symbiotic interactions

for solving global environmental problems

To solve environmental problems such as pollution and climate
change, we will elucidate symbiotic relationships in the soil and
hydrosphere. By utilizing symbiotic microbial functions, we will
develop sustainable and environmentally friendly agricultural and
environmental technologies that do not rely heavily on chemical
fertilizers and pesticides. We will also develop technologies to
monitor symbiotic dynamics in order to quickly recognize and
predict environmental changes. In addition, we aim to identify
symbiotic microorganisms that have the ability to produce unknown
useful substances, and to elucidate their biosynthetic mechanisms
and create useful compounds using genome mining, omics,
biochemistry, structural biology, and computational chemistry
approaches.

@search Results

o We produced kinanthraquinone D with anti-malarial activity by
heterologous gene expression in Streptomyces lividans TK23.

o Microbial niche partitioning of symbiotic degradation processes
upon different biopolymers.

o We found that the LRR-RLPs type of immune receptor group was
derived from a common ancestor with a group of receptors
responsible for the regulation of development and growth.

o We identified a cell type specific to infection of rhizobia by
SnATAC-seq.

e Biogeochemical profiling of microbial community assembly through
Tsurumi-river basin.
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Microbial niche partitioning of symbiotic degradation processes upon different
biopolymers

Gture Vision

o Identification and characterization of secondary metabolite gene
clusters in symbiotic microbes

o Characterization of hydrosphere microbiome dynamics
e Molecular characterization of plant-microbe communications
e Understanding and application of nitrogen fixation

e Development and application of a comprehensive analytical
platform of environmental molecules
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Bioconversion of 1,3-butadiene from muconic acid with two kinds of artificial enzymes
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Functional analysis of candidate genes for acteoside
biosynthesis obtained by transcriptome analysis of
methyl jasmonate-treated sesame cultured cells

Maximizing capacities of plants and microorganisms for chemical synthesis
in expanding the production and use of bioproducts

Departure from our dependence on fossil resources requires
creation of bioproducts essential to our lives through innovative
methods. Using genomic analysis data that are increasing
exponentially as well as synthetic biology, genome engineering,
and data science, the Metabolic Genome Engineering project will
artificially maximize capacities of plants and microorganisms for
chemical synthesis in developing and configuring sustainable
production systems.

The project will promote the synthesis of useful substances from
plants and microorganisms by taking on the challenge of
developing smart organisms through designing metabolic pathways
from the interactions of multiple cells, creating advanced forms of
breeding of plants and microorganisms that make up the production
systems, and synthesizing compounds that had been difficult to
develop using existing chemical synthesis. There are many
potential targets, including raw materials for the chemical industry,
functional foods, drugs, and raw materials for cosmetics.
Development of the technology base and partnership with the
industry is expected to bring about further advances in this field.

18

\search Results

o We found that alanyl-tRNA synthetase-like enzymes catalyzed
aminoacylation in ascamycin biosynthesis.

o We showed that serine synthesized from the phosphorylated
pathway is essential for sexual reproduction in Marchantia
polymorpha.

o We identified enzyme genes involved in glucosylation and acylation
in acteoside biosynthesis by transcriptome analysis of methyl
jasmonate-treated sesame cultured cells.

o We constructed a Bacillus subtilis efficiently producing hyaluronic
acid from glycerol by a practical metabolic design using a
genome-scale model.

o We succeeded in bioproduction of butadiene with a high yield by
developing an artificial enzyme with use of enzyme engineering
technology.
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Aminoacylation of the nucleoside antibiotic ascamycin by AcmD and AcmF

'ﬁture Vision

o |dentification of plant genes and networks involved in biosynthesis
of useful specialized (secondary) metabolites, and applying them to
genome engineering and synthetic biology

e Search for plant bio-resources utilizable for useful compound
production

o Development of high functional enzymes catalyzing target
metabolic reactions, and building cell factories for production of
valuable chemicals

e Construction of microbial biosynthetic platform by metabolic
engineering and producing useful compounds by utilization of
genetic resources

o Methodological advances for better bio-production based on
black-box optimization by machine-learning
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SpiroBpy ligand accelerates the reaction of arenes through noncovalent interactions

SpiroBpy
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A photo of gamma manganese oxide on top of the
PEM reactor

Developing new catalysts for highly efficient use of natural resources

Transformation of our lifestyle to one without dependence on
fossil fuel is an important theme for bringing about a sustainable
society. Even though natural resources are finite, new beneficial
resources can be produced from natural resources through the
actions of highly functional catalysts. The Innovative Catalysts
project will develop advanced catalysts that enable efficient use of
the atmosphere, water, and earth crust resources of the global
environment to contribute to stable supply and recycling of
environmental resources.

Some of the focal points will be development of new catalyst
technology for synthesizing ammonia from nitrogen and hydrogen
under mild conditions and development of catalysts for synthesis of
carboxylic acids using carbon dioxide, which is considered as the
major cause of global warming, as raw material. In addition, the
project will develop catalysts for producing hydrogen and other
useful products through water splitting, biofunctional catalysts that
function in water, and catalysts that are based on cheap,
earth-abundant elements and that take the advantage of the
features of all available metals for chemical synthesis. Through
such innovation, the project will change the notion that “Japan is a
country poor in resources”.
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esearch Results

e We achieved the activation and addition of N, to a,B-unsaturated
carbonyl compounds in a dititanium dihydride framework leading to
the selective formation of the corresponding hydrazine derivatives.

o We identified a strategy to enhance the stability of manganese
oxide catalysts in polymer electrolyte membrane (PEM)
electrolyzers.

e We developed a catalytic difluoromethylation reaction and
investigated the reactivity of the reactive species in detail.

e We achieved enhanced amination of aryl chlorides through dual
activation by employing polymeric nickel and iridium catalysts
under microwave and visible-light irradiation.

e We developed a spirobipyridine ligand that accelerates
iridium-catalyzed borylation of arenes through weak noncovalent
interactions.
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Conversion of N2 and an a,B-unsaturated carbonyl compound to a hydrazine
derivative by a titanium hydride compound

uture Vision

o Development of innovative catalysts for activation and utilization of
CO: and N2

o Development of new catalytic reactions using O. as an oxidant

o Development of new catalysts based on element features for
synthesis of fine chemicals

e Exploration of water splitting systems powered by solar energy

e Development of reusable and recyclable catalysts
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Photographs of a flower-printed fluorescent self-healing film under
different conditions
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Morphology of spider silk protein droplets (LLPS), nanofibrils and fibers in microfluidic
devices as characterized by confocal laser scanning microscopy (CLSM) and scanning

electron microscopy.

Developing new polymers with beneficial functions improving efficiency
in the use of resources and creating new industries

Achieving the Sustainable Development Goal (SDG) of
“Responsible Consumption and Production” also means that we
make efforts towards achieving a sustainable society that strikes a
balance between the environment and economy. Through
groundbreaking synthesis techniques using molecular catalysis,
the Leading-edge Polymers project will develop, from plants,
biomass, and fossil resources, biopolymers having new
functionalities, and lead efforts towards their commercialization.

Polyethylene and other polyolefins make up about 70% of all
polymers used in our world today. To further broaden its potential,
the project will develop functional polyolefin materials that have
excellent adhesive properties with other materials, develop acrylic
resins used in organic glass, create super engineering polymers
with high-strength and high-temperature heat resistance properties,
and develop the technology for creating high-toughness peptide
polymer materials that combine strength and flexibility. These
efforts will, through collaboration with the industry, promote
efficiency in the use of resources as well as bring innovation in the
chemical industry.
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‘search Results

o We have achieved the synthesis of fluorescent self-healing
polymers with high fluorescence quantum yield and image transfer
ability by terpolymerization of pyrenylethenyl-substituted styrene,
ethylene, and anisylpropylene by using a scandium catalyst.

o We successfully created continuous spider silk fibers using a
microfluidic device.

e We found that the incorporation of long-chain-length dicarboxylic
acids as a comonomer into aliphatic poly(alkylene succinate)s
improves their marine biodegradability.

o We succeeded in synthesis of block copolymers as compatibilizer
and blend component for biopolyester.
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BORFE R R) AL T > DRISL

o NAARREEAL T4 VE/ X—%FBELIFREEERIT—RMD
Al

o B EE/N\AF T R — R DB R
o JEXREBHBLIBMREAELEY 7R RABD FOER
o RRALZBHULIBEY VNI EMBORIH

Improvement of marine biodegradability for poly(alkylene succinate)s by
copolymerization with dicarboxylic acids with larger carbon numbers

‘ture Vision

e Developments of new catalysts for the synthesis of copolymers
from polar and nonpolar olefinic monomers and creations of new
functional olefin polymers

e Creations of new functional polymers from bio-based olefinic
monomers

o Creations of super heat-resistant polymers from biomass chemicals

e Synthesis of high toughness thermoformable polymers exceeding
spider silks

o Creations of structural protein materials exceeding natural rubber

FAIER HE gt ()
Hideki ABE Ph.D.

BI7’AYz o kY —%— / Vice Project Leaders

& AR Ixe:r BH EF g
Zhaomin HOU D.Eng. Keiji NUMATA Ph.D.

SERAFE / Participating Labs

INAFXTSRFy IHFEF —L / Bioplastic RT
NAABZD FHFRF —L / Biomacromolecules RT
SRR 3E 2L — 7 / Advanced Catalysis RG
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Advanced Research and Technology Platforms
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NPD723/H-006 are potent DHODH inhibitors. Robotic chemical application system for RIPPS

Advancing analytical technology and information platforms,
and leading innovation as a science and technology hub in Japan

RIKEN, with its state-of-the-art platform for molecular analysis, is

actllvely. .condu.ctlng joint research with other‘ |.'e.search institutes and @search Results

universities, with the Technology Platform Division at the core. The

Advanced Research and Technology Platforms project will use and further e We discovered a novel cytokinin activating enzyme localized in the
refine RIKEN's analytical and information platforms and support the apoplastic space of Oryza sativa.

efficient promotion of the flagship projects. o Phenotypic profiling revealed that an anticancer compound

NPD723 and its active metabolite H-006 inhibit dihydroorotate

ificall h efforts will incl velopment of analytical
Specifically, such _efforts clude  development of analytica dehydrogenase (DHODH) and suppress cancer cell growth.

technology for automatic identification of compounds; sophistication of the
integrated metabolome analytical platform, including plant hormones that
help us understand all intracellular metabolism, the imaging technology
platform using electron microscopy, and the phenotype analytical platform;

o We developed a fluorescent molecular probe for live-cell imaging of
starch granules.

o We developed two effective tools (serial semi-thin section
preparation tool and diamond notch knife for correlative array

establishment of the platform for development of bioactive substances that tomography) for electron and light microscopy.

cqmbmes .research covering an. extensive f|elld from plants to « We developed an automated chemical application system for
microorganisms; and further expansion of the chemical bank. To support RIPPS with a robotic arm that executes autonomous experiments
these analytical technologies, the project will also use and refine the by an Al system.

cross-cutting information platform. The project will lead RIKEN's efforts in
forming a science and technology hub and bring about the next-generation
innovation while deepening collaboration with the industry.
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CPNT1 is a novel cytokinin-activating enzyme localized in the apoplastic space
of Oryza sativa.

Gture Vision

Advancement and application of the ER-MS2-based molecular
characterization method for in-situ identification and localization
analysis of diverse small molecules

Establishment of a platform for chemical genomics network based
on cellular phenotypic data and its application to research digital
transformation

Enlargement of proteome database and its use for searching new
ORFs and their functions

Improvement of analytical methods for plant metabolomics based
on chemo-informatics and other techniques

Development and improvement of optical and electron microscopy
applications such as fluorescence microscopy, CLEM, array
tomography and high-pressure freezing technique

EH BE mtms)

Masami HIRAI Ph.D.

EE B gt
Naoshi DOHMAE Ph.D.

Bl7AYz s k) —%— / Vice Project Leaders

IR R PhD. £ N8 mreEsy
Shinya HAGIHARA ph.D. Kiminori TOYOOKA Ph.D.

SEME / Participating Labs

HEXYROIT ARSI —T" / Metabolomics RG
TIHAIYI 2O XK IL—T"/ Chemical Genomics RG

R XTLFFFTF — L / Metabolic Systems RT

A& RO—LERFFEF—L / Metabolome Informatics RT
BRIBRBEI DT F —L / Environmental Metabolic Analysis RT
HDFVHY RERFFFF —L / Molecular Ligand Target RT
HFEamHIEHZEF —L / Molecular Bioregulation RT

TIAMNAFOAY — - EEHAERF—L/
Chemical Biology and Biosynthesis RT

D FEEFEIT L= b / Molecular Structure Characterization U
@ FEIFTLI=y b / Biomolecular Characterization U
BE0 - EMEERIT 1= ; /Mass Spectrometry and Microscopy U
{bE&Y)/ —ZBEFMZTI="Y k /Chemical Resource Development RU
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Drug Discovery Platforms Cooperation Division Research Support
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Discovery of seed/lead compounds by HTS and
medicinal chemistry for development of new drugs

The increased availability of genomic sequence information has already allowed the identification
of numerous novel drug targets. The next challenge lies in developing new technology and assays,
to further expand and exploit available genomic information obtained from basic research, and
begin translational programs that will lead towards actual application and patient treatment.
Academic drug discovery has become a world-wide movement at
universities and research institutions, in response to which the RIKEN
launched the Drug Discovery and Medical Technology Platforms (DMP). High-Throughput

With the Advanced Technology Platform at the core,

CSRS utilize and advance analytical technology and
information platforms, and we are supporting the efficient
promotion of research both inside and outside of RIKEN CSRS

Capitalizing on RIKEN'’s excellent track record in basic science and DR .
technology, including a vast library of bioactive natural products, state of i I Mass Spectrometry in Yokohama 0|
m jul .
the art equipment for high throughput screening (HTS), and medicinal Handie (Echosss) (EDR-384U%) (i Plant metabolomic analyses
chemistry for hit-to-lead and lead optimization, our division aims at Plant hormone analyses 4
making innovative contributions to the academic drug discovery effort. Microplate Imagers 7| [=]g3=
and Readers r— . — English Sit.i ens
— _“J W . . -nps: www.csrs.riken.jp/en
= ' : J Microscopy Room in Yokohama Suppor ndex i
\ture Vision m&*ﬁ) me'm :::&“:‘.’f“"’"‘mmi:::;‘“’ mr - Electron microscopes
Optical microscopes
e Construction of unique chemical libraries for HTS Intermolecular
« Promoting HTS using iPS and stem cells, and phenotypic HTS in o E - %ﬁ L' I Plant Phenotyping Facility in Tsukuba
order to find unique bioactive compounds Mo ;2 RIPPS (RIKEN Integrated Plant Phenotyping System)
e Establishment of the platform for middle-molecular drug discovery (Tycho) “’“"“‘“’ {Shacors)
including proteolysis-targeting chimeric molecules
Chemical I Genomics Drug Discovery D-'\.(DJ yS ctural D .;u ery Con -,ul.m.-mw = " »
e Qb S Pk Gy e l Joint Research Promotion Program (JRPP) in Wako
Other Technologies Foescence otet Z . : ‘; .
for Drug Discovery - 5 e % Ty Chemicals and small molecules
Research i Y ca M High throughput screening
byeckma Chemical Array i s Decking Simulation

Proteins and supermolecules
Facilities for HTS Molecular interactions
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CSRS Advisory Council 2023

The Center for Sustainable Resource Science Advisory Council, an international external review board, is held every 2-3

years to gain advice and recommendations from prestigious researchers and leaders highly experienced in scientific
governance. The 2023 CSRS Advisory Council was held from August 8 to 10, 2023 at the RIKEN Yokohama Campus.

Members of the CSRSAC2023

Dr. Wilhelm GRUISSEM, *Chair
Plant Biology and Biotechnology

Dr. Hirokazu ARIMOTO
Organic Chemistry

Dr. Cathleen CRUDDEN
Catalysis and Material Chemistry

Dr. Dirk INZE

Plant Developmental and Systems Biology

Dr. Motomu KANAI
Organic Synthetic Chemistry

Dr. Junko KYOZUKA
Plant Physiology, Developmental Biology

Dr. James C. LIAO
Synthetic Biology, Metabolic Engineering

Dr. Hideaki OIKAWA

Bioorganic Chemistry

Dr. Kirsi-Marja OKSMAN-CALDENTEY
Synthetic Biology, Industrial Biotechnology

Dr. Anne OSBOURN
Synthetic Biology

Dr. Mitsuo SAWAMOTO

Polymer chemistry and synthesis

Dr. Michinori SUGINOME
Organometallic, Synthetic, Polymer Chemistry

Terms of reference

Professor, ETH Zurich (Emeritus), Switzerland /
Yushan Scholar, National Chung Hsing University, Taiwan

Professor, Graduate School of Life Sciences, Tohoku University, Japan

Professor, Department of Chemistry, Queens University, Canada

Professor and Director, Center for Plant Systems Biology, VIB/Gent University, Belgium
Professor, Graduate School of Pharmaceutical Sciences, The University of Tokyo, Japan
Professor, Graduate School of Life Sciences, Tohoku University, Japan

President, Academia Sinica, Taiwan

Professor, School of Biotechnology and Health Sciences, Wuyi University, China

Senior Advisor, VTT Technical Research Centre of Finland Ltd, Finland

Group Leader, John Innes Centre, United Kingdom

Designated Professor, Frontier Research Institute, Chubu University, Japan

Professor, Department of Synthetic Chemistry and Biological Chemistry, Graduate
School of Engineering, Kyoto University, Japan

Evaluate the response to the 2019 AC recommendations

Based on the results of the Center’'s SWOT analysis (Strengths / Weaknesses / Opportunities / Threats),
evaluate operations and R&D activities for the 4th Mid- to Long-Term Plan period (FY2018-2024)

Evaluate the policies* of the 5th Mid- to Long-Term Plan period (FY2025-2031) and recommend new
directions for operations and R&D that should be implemented and promoted

Evaluate the Center's six flagship projects and whether their research contributes to establishing
“Sustainable Resource Science”, and will eventually lead to the realization of a sustainable society

Evaluate whether each PI's research activities meet high international standards

Provide comments and advice regarding research plans and management of the Center

Report

Refer to "Evaluation (CSRS Advisory Council)" in the download page of the CSRS website
https://www.csrs.riken.jp/en/downloads/index.html
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Research Collaboration Agreements

The Max Planck Institute of Molecular Plant Physiology, Germany
Umea Plant Science Center, Sweden

The Sainsbury Laboratory, UK

The International Center for Tropical Agriculture, Colombia

Agricultural Genetics Institute, Vietnam

National Taiwan Normal University, Taiwan

®@ Q @ @ ® @ ® 6

National Laboratory of Genomics for Biodiversity, Cinvestav, Mexico

®

Plant Resilience Institute, Michigan State University, USA

@

National Chung Hsing University, Taiwan

@

VIB-UGent Center for Plant Systems Biology, Belgium

@ Institute of Genomics for Crop Abiotic Stress Tolerance, Texas Tech University, USA

@ University of Cambridge, UK
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E| PR E I International Collaborations

Terrence Donnelly Centre for Cellular and Biomolecular Research, University of Toronto, Canada

Biotechnology Center and College of Agriculture and Natural Resources,

ANE ¥ Domestic Collaborations
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Research Collaboration Agreements

Keio University

Graduate School of Science, Technology and Innovation, Kobe University
Tsukuba-Plant Innovation Research Center, University of Tsukuba

Institute of Transformative Bio-Molecules, Nagoya University

Yokohama City University

Plant Molecular Science Center, etc., Chiba University

Center for Bioscience Research and Education, Utsunomiya University
Forest Research and Management Organization

Kazusa DNA Research Institute

National Institute of Genetics

International Institute for Carbon-Neutral Energy Research, Kyushu University
Institute for Catalysis, Hokkaido University

Advanced Institute for Materials Research, Tohoku University

Tokyo Tech Academy of Energy and Informatics, Tokyo Institute of Technology
Institute of Industrial Nanomaterials, Kumamoto University

Research and Services Division of Materials Data and Integrated System,

National Institute for Materials Science

Faculty of Science, Japan Women's University

Principal Joint Research Agreements

Okayama University

The University of Tokyo

Graduate School of Bioagricultural Sciences, Nagoya University
Hokkaido University

Tokyo Institute of Technology

Kyoto University

Kyushu University

Nara Institute of Science and Technology

University of Tsukuba

Tohoku University

Kobe University

Osaka University

Japan Agency for Marine-Earth Science and Technology

Japan International Research Center for Agricultural Sciences
National Institute of Advanced Industrial Science and Technology
National Agriculture and Food Research Organization

Japan Fisheries Research and Education Agency
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EE ZE ¥ Industrial Collaborations
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CSRS conducts collaborative research with 44 companies with the aim of practical application of our knowledge and technologies.

X =#ACRO
BEICFET 28 SHROPEZNLGIFTHEE

ACRO INC.
Promote research on the morphology of
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NIPPON SHOKUBAI CO., LTD.

Development of new marine biodegradable plastics

glandular trichomes and oil glands in herbs

E

HER AN EH# RIKEN Internal Collaborations

Loy —TIE MREBOBANEZEBORENTRE LM ORIFEIENEAL LT EBFOZ LY I — LD FEMEAREZT-
TUOE X BMPREISRERMTEEBRZERL AN REROBHICE)HATHET,
CSRS carries out interdisciplinary field research with several centers in RIKEN as activity of the wisdom of individual researchers to be combined

with the comprehensive power of an organization and expand into social wisdom.
Also we use the leading-edge research facilities of RIKEN for creation of new research results.

FIRTFFRAER (CPR)
RIKEN Cluster for Pioneering Research

AR EMELY— (AIP)
RIKEN Center for Advanced Intelligence Project

HIERET DI I
RIKEN Interdisciplinary Theoretical and

ERERSEHRELF— (MS)
Mathematical Sciences Program (iTHEMS)
RIKEN Center for Integrative Medical Sciences

EHEEERIZ MR — (BDR)
RIKEN Center for Biosystems Dynamics Research

BRI R 5 — (CBS) OIII ‘

RIKEN Center for Brain Science

BSR4 5 — (CEMS) R-CCS
RIKEN Center for Emergent Matter Science
EFA -SRI~ -\.
H |/
RIKEN Center for Quantum Computing (RQC) i 4 6'15
HETFITHEWEL> 5 — (RAP) iISHIN

RIKEN Center for Advanced Photonics

{CRIERRIEH R > 5 — (RNC)
RIKEN Nishina Center for Accelerator-Based Science

SHTERZHR Y5 — (R-CCS)
RIKEN Center for Computational Science

WA RIZ MR 5 — (RSC)
RIKEN SPring-8 Center

NAF ) =2 T4 — (BRC)
RIKEN BioResource Research Center
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Leading-edge research facilities

S iTHEMS

e ® -
CEMS
RIKEN

.) QUANTUM
COMPUTING

Supercomputer Fugéku

As of Mar. 2024

HEEKZERE Joint Graduate School Program

B tEARZRCDBEICEDS BN OMRENRZOEERRE LG >THEREZT o1 EMOMERICKRZREZRITANTIHE

BEZTEMOHETY

This is one of the program in RIKEN that under agreements between RIKEN and universities in Japan, RIKEN researchers serve as visiting
professors and give lectures at universities, and also RIKEN researchers accept graduate students into their laboratories to give research

guidance.

BEMIIRPZRERED T/ PRT LRI R
BEMII AP RPEREDERPHFTR
BERZARZRETZ2MER
FRKRPEARZRAEDERERPHER

RRAF AP B RIEAI R B2 R
RRAZRZREZRFRR
RREBAZAZRTAMER
REFGHBZRMAZERERZ

FEBERFE KPR AP

BAEERPRPE G EPMER

Graduate School of Nanobioscience, Yokohama City University

Graduate School of Medical Life Science, Yokohama City University
Graduate School of Science and Engineering, Saitama University

Graduate School of Life and Environmental Sciences, University of Tsukuba
Graduate School of Frontier Sciences, The University of Tokyo

Graduate School of Science, The University of Tokyo

Graduate School of Engineering, Tokyo Denki University

Nara Institute of Science and Technology

Graduate School of Chemical Sciences and Engineering, Hokkaido University

Graduate School of Bioagricultural Sciences, Nagoya University

@®©A¢’/B i

Unsung Heroes in RIKEN CSRS

AFRICED L L ERBIENDCSRSR Y v 75 BNT S
EyE > 7Y "CSRSAMIEE -Unsung Heroes in
RIKEN CRSS- 25238 , ##lEL % L7=,

FIHOMRELZZIMRZIERY Y7 (FHE. T
IZANRY YT HRETIRIV ) ICHRE E2H
TIEABAF—LY)—5— EFHFIE.CSRSHH
DRV F v —RBERIZT+—HR L BEEBDRHNA
HIEDTELRVLEBEZBNLTVET,

We produced videos “Unsung Heroes in RIKEN
CSRS Vol. 2” introducing the diverse staff of RIKEN
CSRS.

Following the first series focussing on research
support staff (technical scientist, technical staff, and
laboratory assistant) who support researchers, the
second series focuses on foreign team leader,
young researcher, and venture entrepreneur from
the CSRS, introducing occupations that are rarely
showcased.

BHAEEIZ 7Y+
https://www.csrs.riken.jp/jp/
activities/diversity/people/
index.html

English website
https://www.csrs.riken.jp/en/
activities/diversity/people/
index.html
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TLRYY—=ZINALFAF Press Release Highlights
BEEfEZRAW-7A—Bhy T IV I RIBIRT A

Flow coupling reaction system using solid catalysts

34

2023.05.22

BFELBAR-—=H /ANy T VI RIEBO7A—RIGS AT L
A Flow Suzuki-Miyaura Coupling Using Polymeric Pd Catalysts

Original article

Continuous-flow Suzuki-Miyaura coupling in water and organic solvents
promoted by blends of stabilized convoluted polymeric palladium catalysts
and polymeric auxiliary materials.

Chem Eur. J. 29, €202300494 (2023)

& &P (ZEE) / Zhenzhong ZHANG (Research Scientist) |
KEF & (T2 =HIVAZvT) / Aya OHNO (Technical Staff)
IWA B— (F—L")—%—)/ Yoichi YAMADA (Team Leader)

7 —>F/ s F —L / Green Nanocatalysis Research Team

HEOENTEEBMERASETHIDTFOLONEICLIRNAE TEEER
EBATFNTYILMBEEFIERL. SO 7A-ATLBERERIE LTED
FHPBEZERLEL .0 FNSVILME. SO FHEBBEBWOE
EMETO—AFLA—NIyJICKEL RDEREZRLTHA-BH IO
Ny 7TV RIGERISEEZA WG T2ERDHRIEEEG THREMN
IIEBINETEONE LI E-. 20 70—RIGYATLTIE. B A EE2BLT
KDAEBREL LIGETHRIGHETT S0 ERREMIERTESLZE
#HERLELT

AAERRIZEERCEEEDFOERICEIT 70 -BE#KER 7D
EANBEAINZLDEHFTEET,

The research group has developed a new insoluble and highly active polymeric
palladium catalyst using the molecular convolution methodology, an original
method to prepare polymer metal catalyst, as well as a polymer auxiliary resin as a
flow column packing agent. When a mixture of polymeric palladium catalyst,
polymeric auxiliary resin, and sea sand was packed into a flow column cartridge
and the reaction mixture was flowed to cause the Suzuki-Miyaura cross-coupling
reaction, the corresponding product was stably obtained with high yields even after
prolonged operation. The group also confirmed that this flow reaction system can
be applied to pharmaceutical synthesis as the reaction progresses even when only
water (without an organic solvent) is used as a solvent.

The results of this study are expected to be applied to flow-based organic
synthesis processes for the synthesis of pharmaceuticals and functional
molecules.

EnS / From left -

BAYVZRTEATFz2aBHyEEREOR

An automatic experiment robot that looks around, thinks and moves its hand

2023.12.25

Determine the
site of chemical
application by

gD

Chemical

BTEZ2BBHERBORY FEEYAOEDHCH RN
Robotic chemical application system for RIPPS

Original article

Integrating a Pipette into a Robot Manipulator with Uncalibrated
Vision and TCP for Liquid Handling.

IEEE Trans. Autom. Sci. Eng. 1-20 (2023)

BESN -BEMERIT1I=vF / Mass Spectrometry and Microscopy Unit

FRICAXATEERY bR ORY FP—LE OAYE2—% ETHBRL
EBRRBEOIRTETNLEEABDESETOEYAERIRELZBENIC
EHTHIENTEBAIZRAFELE LI, D RTLDFERICKY) EYDTRE
BAEZEIZHRI L BRI DEISRREZRINT 274 L DMCHLRBRLVBELT
EHLERALELI,

KRG AEARY MO —REICEET2HLVWKRBREDORIR Ao B R
firezmt) EmB2EMRORRBICEBR TSN BHFINET

The research group has developed an Al system that recognizes the
surrounding environment and generates robotic motions for conducting
appropriate scientific experiments by combining a robotic arm with a camera and
pipette attached with the hand and a 3D model of the experimental environment
reproduced on a computer. By using this system, the group demonstrated that it is
possible to identify the shape of each plant and automate detailed procedures of
experiment, such as adding solutions to individual leaves.

The results of this study are expected to provide a basic technology to realize a
new type of laboratories where humans and robots work together, and thus
contribute to further development of life science research.

7'LRY1)—Z Press Releases

G: Z)W—7 T.F¥—A U 21=vbt RG: Research Group RT: Research Team RU: Research Unit U: Unit

Date TLRYY—2 %41 ML/ Titles of Press Release fHF=E / Labs
2023.04.12 R PR R DD DS - T8 - EYHREERTTIL KRB RTLART
A causal model of compost-soil-plant interactions for sustainable agriculture BEREATHE T
Metabolic Systems RT
Environmental Metabolic Analysis RT
2023.04.17 BEIREOHIEDR B % R LT e RIENERE BENH - BWHEEANT U
The pathology of severe dilated cardiomyopathy elucidated, and its new therapeutic target identified Mass Spectrometry and Microscopy U
2023.04.17 DOV RETUIMGICL DR EEHIEEEORE TIANT IR G
Discovery of a new mechanism regulating transcription by lysine long-chain fatty acylation Chemical Genomics RG
2023.04.28 MEEIKFLAWMFFOREERE REAHEIAET
Feeding management of calves without antibiotics Environmental Metabolic Analysis RT
2023.05.22 BEfFfEE AW -7 O0—Bhy TV T RIS AT I ) =T/ BRI T
Flow coupling reaction system using solid catalysts Green Nanocatalysis RT
2023.06.05 BENSEFRZRET 27 NI LEEE TS EIERE U (X5
Sodium ion transporter protects seed production from salt damage Dormancy and Adaptation RU (at the time)
2023.06.08 MBEDAREYMCILEVHIBEY TIEONDZEEHR NABDFRET
Discovering that plants produce bilirubin, a blood-breakdown product Biomacromolecules RT
2023.06.15 ZPLRISHEIGY BHEYTH B SRR G
Plants that adapt to stressful environments Plant Immunity RG
2023.06.20 NAFTRIBINZEDT-5T F HEEICSIT2REY DL % ERT HEXYROIV AR G
Metabolite changes in F1 hybrids that increase biomass Metabolomics RG
2023.07.03 BRZEHTHFET L7408 —LEXER | BEEOBERES D FEET U
Tight association of phycobilisome and photosystem | complexes induced under iron-deficient conditions Biomolecular Characterization U
2023.07.06 R T T THNIILERSE - |BENTHESTIF BENT - BHEENT U
Unique starch granules in Vigna riukiuensis adsorb and detoxify sodium Mass Spectrometry and Microscopy U
2023.07.10 FEERHITHESID. EBYHLIMED M EEMDIIZRFE DR LD HHAHERERR T
EY DR EBEENZHE 2 htErzRE Cell Function RT
Identifying the fate regulator of cell differentiation that determines whether plant callus regenerate shoots or not:
New mechanism to control plants’ organ regenerative capacity discovered
2023.07.11 IR AR ZEE T 2 ANERLEYDOER DFVHYRENRR T
Identification of a new antifungal compound inhibiting fatty acid biosynthesis TIANTI IO RMARE G
L&)y —AFFHE U
Molecular Ligand Target RT
Chemical Genomics RG
Chemical Resource Development RU
2023.07.17 BEFREZHET I/ LADEELEE e FET U
Epigenome replication and transcription controlling gene expression Biomolecular Characterization U
2023.07.25 INTIYLEERTB- 7 b7 I MERIRTF RE 1R A% - BATAEG
Palladium complex captures B-ketoamide-tagged peptides Catalysis and Integrated RG
2023.08.24 BREEZRANCTZERILREORER 2 %( AR REARIEIR T
Theoretical conditions to maximize enzymatic activity -w Biofunctional Catalyst RT
2023.08.25 TEYHERA D\ tEE X RO SSF BB RFOEE gm. TEYREERR T
Function of a novel factor that protects endoplasmic reticulum from (¢ Plant Lipid RT
stress in plant cells -
2023.08.29 TEY R RIRERILEY DT 70EE LR E R R HHREHERER T
Discovery of a new pathway to activate a growth-promoting phytohormone Cell Function RT
2023.09.01 LysM B2 A HEN LIBRRE S IT LD E LEYB CTERESNTWS L2 R TEY REIRR G

Elucidating that LysM-type-receptor-mediated innate immune system is widely conserved among land plants

Plant Immunity RG
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Date TLRYY =244 ML/ Titles of Press Release ffF=E / Labs
2023.09.06 R—ETHRIIMBEVOBICHEAICHRS YL RICAART
It's a fine line; bacteria can be an enemy or ally to plants Plant Chemical Genetics RT
2023.09.19 TEDEEEDOHEIIES T EF DK AAIELI AZRO—LIERAERT
Narrowing down the factors involved in the development of the structural colors of flowers EYHEHRR G
Metabolome Informatics RT
Plant Immunity RG
2023.09.26 FIEOH Y ALFBEFIIRIZT D FHREDRE YL BIEAHR T
Molecular effects of drought on bread wheat seed development Plant Chemical Genetics RT
2023.09.28 EROZRAEHYISHIRRIER RIRICE LV BRI REICRI SR RARPESHAE U
New insecticidal activity found in secondary metabolites of fungi: Expected to be useful for environmentally it&®m) —2FEFKHFE U
friendly insect-controlling agricultural chemicals Natural Product Biosynthesis RU
Chemical Resource Development RU
2023.09.29 BEDEEILDRD R THHTEE NFHEEREN U
Cough-suppressing components in honey identified for the first time in the world Molecular Structure Characterization U
2023.10.12 HERIIREBLZKET DTV (M) ORFAND=XL%EH BEO - BEHEERT U
Elucidation of the germination mechanism of orchids that depend on symbiotic bacteria for nutrition Mass Spectrometry and Microscopy U
2023.10.17 I/ MERDA B Zinh S BA B HEA TIANTIIORRR G
How to count the position of epigenomic modifications from the end Chemical Genomics RG
2023.10.18  ERHFASERIVVHEEAIERICHY Z *‘f‘a Bz e SRR G
Successful production of hydrazine derivatives from nitrogen molecules -w "\’\/ © @ Advanced Catalysis RG
2023.11.01 B—ofl#EEFEAVTEDRTOA R EROR IR COFEICKT MEAYROAII MR G
A single factor sufficient to induce the accumulation of complex steroids in plants Metabolomics RG
202311.01  FAIPAVRUTREBRTFRICLHEETHE e ABEATHRT
Gene delivery with a novel mitochondrial transmembrane peptide ‘Mf' Biomacromolecules RT
2023.11.03 TEYIDINFBEZ N LR SE D& RR IR E R B % R A gm. |3 ummn EYREEMR T
Elucidation of the remote transmission mechanism & Mo Plant Lipid RT
of the endoplasmic reticulum stress response in plants
2023.11.10 TRNSGHF U ARBEREEETIEHRIIT—ILADHER LT U
Discovery of bisabosqual A, an asparagine synthetase inhibitor Biomolecular Characterization U
2023.12.14 ERFF—IBREY —ILORIMEIZETH R - BMAEME G
Successful minimizing the size of biological thiol detection tools Catalysis and Integrated RG
2023.12.25 BN ERTEATF 28N TEEEROR BEDT - BHEERT U
An automatic experiment robot that looks around, thinks and moves its hand Mass Spectrometry and Microscopy U
2023.12.26 B B ADTEAY RIAFNDIHIMIANNIEDEHEEZHKR LT U
Discovery of a new antiviral drug candidate that is expected to cure hepatitis B Biomolecular Characterization U
2024.01.04 YD " KB " DR EHIET 25O EOREEZRSC BEEO - BRI U
Elucidation of a function of a protein that controls formation of “aqueducts” for plants Mass Spectrometry and Microscopy U
2024.01.12 “BrBldZz-><KY. PHILES” (C- 73T RE) BHESEELAMRH DFEEREN U
Development of (C-glycoside type) pseudo glycoconjugates that “look exactly same but differ in contents” KAMESEIAR U
Molecular Structure Characterization U
Natural Product Biosynthesis RU
2024.01.15  T7IIVRERERRKISEY O VLAMER O 2m, |3 men REBEWEU (HE)
Abscisic acid signaling is a key to improving cesium tolerance of plants (¢ G/ IV REAR G
w ; ;
Environmental Response RU (at the time)
Synthetic Genomics RG
2024.01.17 I EREAIFIZLS PEM BIKE AR REREIRE T

PEM water electrolysis using a non-noble metal catalyst

Biofunctional Catalyst RT

E) TLRYY—Z %4 ML / Titles of Press Release fAFRE / Labs
2024.01.18 TROEIREIALwED ST HETMEHSRENA Lo mE T 2445 A TEY SRR G
Protecting grapevines from crown gall! Elucidation of the mechanism how an antagonistic bacterium BENT - BEMEET U
suppresses crown gall Plant Immunity RG
Mass Spectrometry and Microscopy U
2024.01.18 NEDO BETHREBXEENRIET IRF v o2 HHK NAFTI2Fv MR T
Development of novel marine biodegradable plastics in the NEDO’s project Bioplastic RT
2024.01.22  S7HENAMEACTEEMROBERICRY P SO BRI G
Successful development of tough and fluorescent self-healing materials O Advanced Catalysis RG
2024.01.22  TUESTEERTSEHEES S5 —HE Z o | = SRR RERRIERTZE G
Ultra-small metal cluster catalyst for ammonia synthesis A4 & @ Advanced Catalysis RG
2024.01.24 T/ ) v ORENI AR 2R o RESRTLHAET
Hidden physiological function of the amino acid serine & & BENT - BEMEEET U
Metabolic Systems RT
Mass Spectrometry and Microscopy U
2024.01.26  SEEANETONAF T4 RELTOBRFHABE Z “f‘;‘ B= BREABINHART
Spore-forming lactic acid bacterium as a probiotic against global warming -w @ Environmental Metabolic Analysis RT
2024.01.31  RA/OREEAALIZERR7OEINER == B= NATBYFHART
Look out Spider-Man: naturalistic silk spun from artificial spider gland & ﬁaéﬁ © Biomacromolecules RT
2024.02.01  EYRESEROEONIE R 4 "*f‘;( TEYREWR G
Plant receptors that control immunity and development share a common origin \ 4 Plant Immunity RG
2024.02.08 TEDERY) b {ALHE A% B FH O fERR BEDH - WHEREENT U
Understanding jasmonic acid: A switch that activates autophagy in Arabidopsis petals Mass Spectrometry and Microscopy U
2024.02.14  PHEEEI—T LT OY/ MRERMT LR B INAAEEEISRIFR T
Expansion of genome editing technology of microalgae Euglena L 3™ 2 Bioproductivity Informatics RT
20240219 I/ —AHIRIOSREMEESHEILERR 0 b B9/ LRBEWR T
Ethanol increases high temperature tolerance in tomato plants -w @ Plant Genomic Network RT
2024.0229  BREEHEALILIEFORR 2 % I = MR IR T
Discovery of factors to improve enzyme activity -w . L& 2 Biofunctional Catalyst RT
2024.02.29  WIEMETRHARAIVOEEH - BOHEEEOEE Jiirt KA E SRR U
Elucidation of Biosynthesis and Self-Resistance Mechanism of the Antibiotic Ascamycin -’\’\/ v Natural Product Biosynthesis RU
2024.03.08 #I3% Cyanidium caldarium @ PSI-LHCI| BE&HDILFEEL LHC D FELDER EmFEEN U
Elucidating the structure of PSI-LHCI super complex from red alga Cyanidium caldarium and the molecular Biomolecular Characterization U
evolution of LHC
2024.03.13 M IV TEEERFOMBET VRIF/ LAY OIS DL REYEEHMAE U
Production of a new anthraquinone compound with anti-malarial activities _va {t&Em) Y —2EHEHFE U
DFREIERENT U
Natural Product Biosynthesis RU
Chemical Resource Development RU
Molecular Structure Characterization U
2024.03.22 RBBITBHEMEDRENICEBS D KRS ZATLHAET
Focusing on the role of cell differentiation in metabolism _,\,\f, BENT - BEMEET U
Metabolic Systems RT
Mass Spectrometry and Microscopy U
2024.03.22  {BEAOEEEERITORIL S NAABHFHET
Establishing technology to deliver nucleic acids into brown algae -w Biomacromolecules RT
2024.03.27  OY7YU—RXS5/ LI L BIEMHEREYED D FEBOWH R 15 == Y RETZR G
Long-read metagenomics uncovering the molecular basis underlying plant symbiotic microbiomes & ot Plant Immunity RG
2024.03.29 FFEHADSFTRY VI ERBDEA(C % R EmFREN U

Synaptic protein change during development offers clues on evolution and disease

Biomolecular Characterization U
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CSRS Seminars

G:Z)W—7 T.F¥—A U 21=vbk RG: Research Group RT: Research Team RU: Research Unit U: Unit

IS R TS T I N S S N S

2023.04.14  How to make drugs (fast): natural and engineered Prof. Dr. Helge B. Bode Max Planck Institute for Terrestrial Chemical Biology and
microbial natural products Microbiology, Germany Biosynthesis RT
2023.04.27 Live cell and organism transcriptomics Dr. Koutaro Torii Microfluidics RIKEN Hakubi RT Cell Function RT
2023.05.18  45FICER T vREAGE| DR VAR BRI 1Bt University of Louisville, USA fis - B S HZEG
2023.05.29  How to trick a plant pathogen Prof. Sophien Kamoun The Sainsbury Laboratory, UK Plant Immunity RG
2023.06.02 Introducing the in planta Particle Bombardment (iPB)  Dr. Ryozo Imai Institute of Agrobiological Sciences, NARO/  Synthetic Genomics RG
— Ano culture, no DNA, and no time-to-waste Faculty of Life and Environmental Sciences,
method for crop genome editing University of Tsukuba
2023.06.02  Genetic analysis of natural variation in plant Dr. Joost. J.B. Keurentjes Wageningen University & Research Metabolomics RG
metabolism - Lessons learned and future guidance Department of Plant Sciences, Netherlands
2023.06.13  RNA-guided DNA integration in human cells by Dr. Makoto Saito Broad Institute of MIT and Harvard, USA Chemical Genomics RG
CRISPR-associated transposase (CAST)
2023.06.15 Open Science in the era of Open Access Dr. William Teale Scientific Editor, EMBO Journal Cell Function RT
Publishing in Communications Biology and other Dr. David Favero Associate Editor, Communications Biology
journals in the Nature Portfolio
2023.06.27  Living by the water. Elucidation of water-tolerant Dr. Keisuke Nagai Bioscience and biotechnology center, Cell Function RT
mechanism by gas permeability in rice stem Nagoya University
2023.07.10  Sustainable electrosynthesis of hydrogen and Prof. Alexandr Simonov Monash University, Australia Advanced Catalysis RG
ammonia
2023.07.10  NHC-Supported Copper(l) Main Group Complexes Prof. David Liptrot University of Bath, UK
in Synthesis and Catalysis
2023.09.04 New Developments in Low-Valent and Early Prof. Daniel J. Mindiola Department of Chemistry, University of Advanced Catalysis RG
Transition Metal lons, Metal-Ligand Multiple Bonds, Pennsylvania, USA
and Catalytic Reactions Involving Methane
2023.09.08  Phosphorus-Element Bond-Forming Reactions from Prof. Christopher C. Cummins Department of Chemistry, Massachusetts Advanced Catalysis RG
PN to Phosphinidene Group Transfer Institute of Technology, USA
2023.09.26  Chirality and Structural Divergence in Interlocked Prof. Dan Pantos Department of Chemistry, University of Advanced Organic
and Tangled Molecules Bath, UK Synthesis RT
2023.10.03  Elaborate Mechanisms of Natural Product Antibiotics ~ Prof. Heike Brétz-Oesterhelt Interfaculty Institute for Microbiology and Chemical Resource
Infection Medicine, University of Tiibingen, Development RU
Germany
2023.10.10  Dangerous liaisons: COP1 and DET1 regulatory Dr. Vicente Rubio Centro Nacional de Biotecnologia Synthetic Genomics RG
loops in controlling plant development (CNB-CSIC), Spain
2023.10.10  Computational modeling and quantitative molecular Prof. Klaus Harter Center for Plant Molecular Biology (ZMBP),  Cell Function RT
biology reveal central parameters for early cell University of Tubingen, Germany
physiological processes linked to elongation growth
2023.10.10  Surface modification of materials to develop new Dr. Florentina Neatu National Institute of Material Physics, Advanced Organic
heterogeneous catalysts Romania Synthesis RT
2023.10.17  Tuning Nanostructured Polymer Membranes via Prof. Yizhou Zhang Core Research Cluster for Materials Advanced Catalysis RG
Lyotropic Assembly: Towards More Efficient Science, Advanced Institute for Materials
Fabrication of Sub-1 nm Channels Research (WPI-AIMR), Tohoku University
2023.10.19 PRC2-mediated regulation of cell fate decisions in Dr. Francois Roudier Plant Reproduction and Development Cell Function RT
plants laboratory, Ecole Normale Supérieure de
Lyon, France
2023.10.24  Cyclic Vinylogous Esters: A Versatile Substrate for Dr. Yen-Ku Wu Department of Applied Chemistry, National Green Nanocatalysis RT
Total Synthesis and Methodology Development Yang Ming Chicao Tung University, Taiwan
2023.10.25  Quest for Excitement in Chemical Synthesis at the Prof. lwao Ojima Chemistry Department, University of Catalysis and Integrated RG
Interface of Chemistry, Biology and Medicine Louisville, USA
2023.10.25  Synthetic Biology Approach to Discover New Prof. Dr. Yi Tang University of California, Los Angeles, USA Chemical Biology and

Bioactive Molecules

Biosynthesis RT

38

2023.11.06  Betaine Lipids overexpression in higher plants Dr. Juliette Jouhet Laboratoire de Physiologie Cellulaire et Plant Lipid Research Team
Végétale, Univ. Grenoble Alpes, CNRS,
INRAE, CEA, Grenoble, France
2023.11.09  Electrodeposition of Functional Alloys From the Dr. Kazuhiro Fukami Department of Materials Science and Biofunctional Catalyst RT
Viewpoint of Entropy Control Engineering, Kyoto University
2023.11.27  Rh-catalyzed transformations via transient r-arene Prof. Hang Shi Department of Chemistry, School of Advanced Catalysis RG
complexes Science, Westlake University, China
20231129 JAvIU—KEEREFOERSHEZZZAZ2MEVET" EMEE fEx PN VN = AT LBAZET
> DRETHENE
2023.12.15  Synthesis of new plastics and elastomers: catalysts, Prof. Dongmei Cui State Key Laboratory of Polymer Physics  Advanced Catalysis RG
structures, and properties and Chemistry, Changchun Institute of
Applied Chemistry, Chinese Academy of
Copolymerization of ethylene and olefins catalyzed by Prof. Baoli Wang Sciences, China
novel rare earth complexes
Diverse Polyolefins Synthesis Prof. Zhongbao Jian
Metal Synergistic Enables Close-Loop Recycling and Prof. Haobing Wang School of Emergent Soft Matter, South
Upcycling of Commodity Polyesters by Binuclear China University of Technology, China
Titanium Catalyst
A case study of the relationship between chain-struc- Prof. Yang Yang College of Materials and Energy, South
ture, thermomechanical property, and catalyst China Agricultural University, China
structure for commodity mLLDPE product
Exploring the Promotion Effects of Support Prof. Yulong Jin
Modification over the CrOx/VOx/SiO. Bimetallic
Catalyst for Bimodal UHMWPE/HDPE In-reactor
Blends: An Alternative View from Experimental and
Theoretical Approaches
Single-reactor multi-modal polyethylene (SRMMPE) Prof. Boping Liu South China Agricultural University,
based on Bi- and Tri-metallic catalyst technologies China
2023.12.18  Building artificial photosynthesis: from light reactions Dr. Shanshan Luo Max Planck Institute for Terrestrial Biofunctional Catalyst RT
to dark reactions Microbiology, Germany
2023.1222  Merging C-C and C-H Activation: Palladium/Nor- Prof. Guangbin Dong Department Chemistry, University of Advanced Catalysis RG
bornene Cooperative Catalysis Chicago, USA
2024.01.15  Metabolite profiling of Arabidopsis epiRILs for the Mr. Koki Hayashi Max Planck Institute of Molecular Plant  Metabolomics RG
identification of epialleles Physiology, Germany
2024.01.24  Solanoeclepin B, a novel hatching factor or potato cyst ~ Dr. Ryota Akiyama Kobe University Metabolic Systems RT
nematode
2024.01.24  Oxidosqualene Cyclases in Action: Unraveling Dr. Somnuk Bunsupa Faculty of Pharmacy, Mahidol University,  Metabolomics RG
Triterpenoid Diversity in Trichosanthes cucumerina L. Thailand
2024.02.01 A host defense peptide mimetic, brilacidin, potentiates Dr. Gustavo Henrique Goldman Facu.Idald? de Ciéncia.s Fa.rmacéuticaf Molecular Ligand Target RT
caspofungin antifungal activity against human de Ribeiréo Preto, Universidade de Séo
pathogenic fungi Paulo, Brasil
2024.02.05  Xylem/wood development and evolution Prof. Ying-Chung Jimmy Lin National Taiwan University, Taiwan Plant Lipid RT
2024.02.22  Converting NOx into high-valued organic chemicals Prof. Guanggin Li School of Chemistry, Sun Yat-sen Advanced Catalysis RG
via electrocatalysis University, China
2024.02.28  From Multi-Omics Analysis to Development of Dr. Yasunori Ichihashi RIKEN BioResource Research Center Plant Symbiosis RT
Agricultural Digital Twin
2024.03.01  Studying the response of microbial communities to Dr. Micaela Tosi University of Guelph, Canada Plant Symbiosis RT
ecological intensification practices in agroecosystems
2024.03.19  Targeting stress responses to find new anti-parasitic Prof. Andrew Fraser Terrence Donnelly Centre for Cellular and  Chemical Resource
drugs Biomolecular Research (Donnelly Development RU
CCBR), University of Toront, Canada
2024.03.21  Single-cell and spatial dissection of plant environmen- Dr. Tatsuya Nobori Salk Institute for Biological Studies, USA  Cell Function RT
tal responses
2024.03.25  Multiplex Cellular Imaging Using Stimulated Raman Dr. William J. Tipping Technology and Innovation Centre, The  Catalysis and Integrated RG

Scattering Microscopy and Spectral Phasor Analysis

University of Strathclyde, UK
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E Awards

G:Z)W—7 T.F¥—A U 21=vbk RG: Research Group RT: Research Team RU: Research Unit U: Unit

Date & /Awards ZE& /Awardees fHF=E / Labs
2023.05.16 LARILRBE 2T 7)IE FENE wry—k CSRS
Knight in the Order of Léopold Kazuki SAITO Director CSRS
2023.05.22 MDPI Metabolites Editor's Choice Articles THEX F-LU—F— REZATLART
MDPI Metabolites Editor's Choice Articles Masami HIRAI Team Leader Metabolic Systems RT
2023.06.12 HAZFLE HG —if BEREMREE (FEXEHRRS) CSRS
Japan Academy Prize Kazuo SHINOZAKI Special Advisor (at the time) CSRS
2023.06.27 HABEMBEFR % 24 ERHE (EYRIGHEF) B T REm BEN - BMEEET U
Mayuko SATO Technical Scientist Mass Spectrometry and Microscopy U
2023.07.21 IPC2023 HF RRy—& vy NFZY EETASIL - TYVIAR SeEHREARIETRR G
IPC2023 Young Scientist Poster Award Haoran ZHANG International Program Associate Advanced Catalysis RG
2023.07.26 SEB-Wiley-TPJ Y/ —R iR BEFIBEH X E ISH 227 MEE (HE) ERT/ IV RRR G
The SEB-Wiley-TPJ Outstanding Paper Award 2022 in the Setsuko SHIMADA Research Scientist (at the time) Synthetic Genomics RG
Resource Article category _
Wl e MARE (M)
Yuki YANAGAWA Research Scientist (at the time)
2023.07.28 BWHTFER NM1F - B FHRS EFMRERMHBEE HKBEA ERRPERARE NAFEZAFHET
Naoto YOSHINAGA Special Postdoctoral Researcher Biomacromolecules RT
2023.09.06 2023 fFEE (5 28[E) AREYFEFSTRE 2 AFE LA BED - BHEEHET U
28th Japanese Society of Plant Morphology Hirase Award Kiminori TOYOOKA  Senior Technical Scientist Mass Spectrometry and Microscopy U
BEAE FTI/=HLRTY7I
Kei HASHIMOTO  Technical Staff Il
ik T FRAD
Mayuko SATO Technical Scientist
BERE TIZALRYYTI
Yumi GOTO Technical Staff Il
HlE BRHE TU7ZHILRIY7II
Mayumi WAKAZAKI  Technical Staff Il
FHEEX 1=vh)—s—
Masami HIRAI  Umit Leader
2023.09.09 BHAAEFS INM - £FFHE HXE BEME wv9—FK CSRS
The Journal of Natural Medicines Award Kazuki SAITO  Director CSRS
2023.09.28 ENTFERBEBHERII—E B IBAN KAD INAFTIRFvIMRT
The Society of Polymer Science, Japan Symposium on Sumito KUMAGAI  Technical Scientist Bioplastic RT
Macromolecules Poster Award 2023
2023.09.29 £ 23 B>~ 0L PAS0 ERRE SvIoR—ILE Iy -v -7y EHETASIL - TYYIAL RAYEARHAR U
The 23rd International Conference on Cytochrome P450 Ya Fen YONG International Program Associate Natural Product Biosynthesis RU
Ruckpaul Award
2023.10.12 XRIET—FAIE - ERESTUTLARBE IOV hEE EX B MEE INMAEAFHRRT
TN - @R FEY T T—YRENLDTRERUNAF TS Takaaki MIYAMOTO  Research Scientist Biomacromolecules RT
TT17MRORIE, 7AYo~ BHERIXI—E
FHX— WHEE
Taichi KURITA  Student Trainee
2023.10.17 £ 5 [B KRIBB- Bfff SNLNAFOY —EHS VRII L Av v -7y BEREIOIIL - TYSIAH RAMECHMRE U
Excellent Poster Presentation Award Ya Fen YONG International Program Associate Natural Product Biosynthesis RU
Excellent Poster Presentation Award,
The 5th KRIBB-RIKEN Chemical Biology Joint Symposium
2023.11.03 MHEEAE HIG —1ft BPREWREE (FEXEHRRS) CSRS
The Order of the Sacred Treasure, Gold and Silver Star Kazuo SHINOZAKI CSRS
Senior Visiting Scientist (Honorary Science Advisor)
2023.11.15  Highly Cited Researchers 2023 EENE wry—Fk CSRS
Highly Cited Researchers 2023 Kazuki SAITO  Director CSRS
i —1 EHREMRE (REIEMRE)
Kazuo SHINOZAKI
Senior Visiting Scientist(Honorary Science Advisor)
Fy Yy Try T BEIEWRE NAFEEBHRART

Lam-Son Phan TRAN  Senior Visiting Scientist
R 9 BEFEWERR

Hitoshi SAKAKIBARA  Senior Visiting Scientist
Rt TEIEMRR

Mitsunori SEO  Senior Visiting Scientist

I fEz ZHEWMRE
Takayuki TOHGE Visiting Scientist

Bioproductivity Informatics RT

HEN - BEHEERT U

Mass Spectrometry and Microscopy U

HEXYRAIIZME G
Metabolomics RG
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Date & /Awards ZE& /Awardees ff%R2E / Labs
2023.11.30 £ 14[ERI)—ZV T ZRREHRRY—E BFE NI R BEFEMRE RIS — MM EYEREZ U
Kenji OGAWA  Senior Visiting Scientist Drug Discovery Seed Compounds
o - Exploratory U
M RE F7ZALRYYTI
Yasue ICHIKAWA  Technical Staff |
HHE 1=yr)—5—
Minoru YOSHIDA  Unit Leader
2023.11.28 SECOND PRIZE for Poster Presentation of the General BERE BN ERRZSIHEE MR ERRR T
Biotechnology Theme Ryosuke FUJIWARA Cell Factory RT
SECOND PRIZE for Poster Presentation of the General Special Postdoctoral Researcher
Biotechnology Theme
2023.11.28 THIRD PRIZE for Poster Presentation of the General DAHAALTYT—2 - FryNy BRIREE MRBAEERRT
Biotechnology Theme Nunthaphan VILROMVARASIRI Cell Factory RT
THIRD PRIZE for Poster Presentation of the General Biotechnology Postdoctoral Researcher
Theme
2023.12.01 HBR{FER BERRY—HKRE hEW HEE NAASHFHET
CSJ Poster Presentation Award 2023 for Excellent Research Risa NAKA Student Trainee Biomacromolecules RT
2023.12.04 Asian Core Program Lectureship Award HAZ B HAEWHERE b - BEARE G
Asian Core Program Lectureship Award Yoshihiro SOHTOME  Senior Research Scientist Catalysis and Integrated RG
AT HE LBRIARE BEEB RSB EMET
Sobi ASAKO  Senior Scientist Advanced Organic Synthesis RT
2023.12.13 APO2023 BHFRRY—TLE>rT—> 3> Ty e NAZY EERTASIL - TYYIA SEHEMEREARIERRE G
Outstanding APO2023 Poster Presentation Haoran ZHANG International Program Associate Advanced Catalysis RG
2023.12.18 tZFIF< MREHE FBHELSE BR BN ERRZERIMRE MR AEEMR T
Ryosuke FUJIWARA Cell Factory RT
Special Postdoctoral Researcher
2024.02.27 st Prize for Best Prezentation, USM-RIKEN INTERNATIONAL Iy ¥ -7y BEETASSL - TVYVIAL KA EESKIFE U
CONFERENCE ON ADVANCED SCIENCES 2024 (URICAS 2024 Ya Fen YONG  International Program Associate Natural Product Biosynthesis RU
1st Prize for Best Prezentation,USM-RIKEN INTERNATIONAL
CONFERENCE ON ADVANCED SCIENCES 2024 (URICAS 2024)
2024.03.07 % 20 BHAZMIRESE BH ER F-LU—5— NABAFHRET
20th JSPS Prize Keiji NUMATA Team Leader Biomacromolecules RT
2024.03.18 HBAREYEEF 4 PCP #HmXE R BEIEMRE BHENH - BEREET U
JSPP Plant and Cell Plant Cell Physiology/Best Paper Award Hitoshi SAKAKIBARA  Senior Visiting Scientist Mass Spectrometry and Microscopy U
B ERLF BFIRME
Mikiko KOJIMA  Expert Technician
R BEF TIZALRT Y7
Yumiko TAKEBAYASHI Technical Staff |
2024.0324 HER=L¥R 2023 4 BBB. #HXE BR BE WHMEE (M4B) TINNT) IR G

Vol.87 (2023) The Excellent Paper Award Published in B.B.B.,
Japan Society for Bioscience, Biotechnology, and Agrochemistry

Saaya SEKINE Student Trainee (at the time)

TER IL—TF1Lo5—
Minoru YOSHIDA  Group Director

Pk BiE TEIEMEE
Akihiro ITO  Senior Visiting Scientist

M RE TIZHILRG YT
Ysue ICHIKAWA Technical Staff |

NI gE ZHEXEMRE
Kenji OGAWA  Senior Visiting Scientist

R AL BEAERE (MR
Yasumitsu KONDO

Senior Research Scientist (at the time)

RHE#z a1zyh)—¥—
Hiroyuki OSADA  Unit Leader

Chemical Genomics RG

RlEE> — MM EYIRREZ U
Drug Discovery Seed Compounds
Exploratory U

1t&aY") Yy —XERHRE U
Chemical Resource Development U

4



—a—X&M1X2F News & Events

2023.05.16

BRS8N ‘
IRLVE—FELARLIBES 2V 7)IE 1 2RE
Dr. Kazuki Saito, Director of the CSRS, received

"Knight in the Order of Léopold" from King of the Belgians"

2023.05.10-11

2022F ECSRSHRBES
FY2022 CSRS Annual Progress Report Meeting
F 54> [ Online

2023.06.30

B — i BHTEH RS (CSRSEEEBHKE)
EREES

Dr. Kazuo Shinozaki Memorial Lecture

EHf ##IREEFT & 771> / RIKEN Yokohama campus & Online

2023.05.19

BTSRRI BRI 5 —
BRY T IZS VR IA,

RIKEN CSRS Tsuruoka Satellite Mini Symposium
#B[@ X 77RO —LF v>/¥X / Tsuruoka Metabolome Campus

2023.06.05-09
F33EER> A1 XFXF R ERH (ICAR2023)

The 33rd International Conference on Arabidopsis Research
(ICAR2023)
BRA Y+ & >5[ Makuhari Messe & Online

2023.06.12

EE—1 EHERETRE (CSRSBEB T EHEE) 1
MPriE, 28

Dr. Kazuo Shinozaki, Senior Advisor of the CSRS (at the time),
received "Japan Academy Prize"

2023.06.21
FIEF+) 7N AEREIS—

The 1st Seminar on Career Development
F>Z4> /Online

2023.06.22

KET Ty O RPHEY LR MR T E Z i
RIKEN CSRS and Department of Plant Sciences,
University of Cambridge sign MOU for research collaboration

2023.06.27

B VR I L
T FHEERRIT2023:MSENMRDERE & R i,

RIKEN Symposium "Molecular Structure Characterization 2023:

Basics and Practical Application of MS and NMR"
B FOYEZEFR / RIKEN Wako campus
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2023.08.08-10

CSRST7 R4 H1) —- 75> 2)L2023 (CSRSAC2023)
CSRS Advisory Council 2023 (CSRSAC2023)
T ¥R EZFT / RIKEN Yokohama campus

2023.09.09-10
BEYMIVIT7OVT47 552K XIEREE

Exhibition at Yokohama Science Frontier High School Festival
BEYAIYATAY T4 T BHERR/
Yokohama Science Frontier High School

2023.10.04
FoEF v ) PSRRI —

The 2nd Seminar on Career Development
HH FXEZEFT & 451> / RIKEN Wako campus & Online

2023.10.14

B MYt —R AR
RIKEN Wako Campus Open Day
B FYEZEFT / RIKEN Wako campus

2023.10.21

I EEX —# AR
RIKEN Yokohama Campus Open Day
I2ff 18R B 2P / RIKEN Yokohama campus

2023.11.03

BElE—i B R EMFTE (CSRSEEXEMRE) A
ThEEAEZRE

Dr. Kazuo Shinozaki, RIKEN Honorary Science Advisor /
CSRS Senior Visiting Scientist, received

"the Order of the Sacred Treasure, Gold and Silver Star"

2023.11.13

2023 F ECSRSHERER
FY2023 CSRS Interim Progress Report Meeting
B FECEEMR & AT/

RIKEN Wako campus & Online

2023.11.17

AAZFASEYHE EFBEMESICLD
NAFAA=T VT I BT EMEREFICENT

EH - BADICE Y B0 E Z i

RIKEN CSRS and Faculty of Science, Japan Women'’s University
sign MOU on bio-imaging research using electron microscopes

2023.11.22

SUAR—UBZEMART BT GRT7—7>avT
Agency for Science, Technology and Research (A*STAR)-RIKEN
Joint Workshop

2V HR—IL NAF R Z | Biopolis, Singapore

2023.11.27

FE3EICSRSAR Y T — IR AE
The 3rd CSRS Alumni Networking Meeting
ZF>Z4 > /Online

2023.11.30
Q§H§S®Eﬁ%%6%7ﬁ”Highly Cited Researchers 2023,
ZE

Six CSRS researchers have been selected for
Highly Cited Researchers 2023

2023.12.04

TEYRIZE S >R 12023
—EYRZORBZERENDE—

Plant Science Symposium 2023

RIRKF & F>F4 > / The University of Tokyo & Online

2023.12.12

B VRS LTE2 | BT - BT BT L D& i
RIKEN Symposium

"Frontiers on Chemistry and Analytical Technology (XXI)"

EffF M EZEF / RIKEN Wako campus

2023.12.21

BEZMRAFELREHRE
RIKEN Children's Science Program
B M FEZEFT / RIKEN Wako campus

2024.01.25
FI3EF v ) FINREREIF—

The 3rd Seminar on Career Development
ZF>Z4 > /Online

2024.01.31

F2EF vy YNT =T a3y

The 2nd Cassava Workshop

B #REEFT & 4> T4 > / RIKEN Yokohama campus & Online

2024.02.23

BT REBEERMIRORKEZEZLD !
~HFRE D DD DRREHC~, T

CSRSHtE 28BN R

Two CSRS Researchers gave lectures at RIKEN Science Lecture
HARIZ R KEE / Miraikan

2024.02.26

CSRSIIRER 7OV L
Th—RyZa—bIILEBRIT,7—0>avT

CSRS Accelerated Priority Program

“Carbon Neutrality and the Beyond” Workshop

HH #REZEPT & 451> / RIKEN Yokohama campus & Online

2024.03.08

CSRSOEXY) A H

TRIKEN Diversity Initiative Award 2023
RKEZRE

CSRS received

"RIKEN Diversity Initiative Award 2023 Grand Prize"
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CSRSITBE®DHELY) $HA CSRS Unique Initiatives

CSRSKZEREHKEIAISL

CSRS Graduate Student Training Program (CSRS-GSTP) 20234 EEH S / FY2023 Lectures
Lt 5 —Tlh BHERAMPREROWRELBERL Kb #BETOYS [ )
_ _ . May. 2023 Sustainable Resource Science
S V%
LIZTEBRIZEN) BBATULE T, ) Introduction of CSRS-GSTP
2020548 &) CSRSICTEFET A AZE A Z W RE LI-CSRSRZERERET 7D
75.&%%9‘3 L/\ CSRSODTqu;E@*J?&ﬂ‘j%ii%Eéﬁfb\<1§§t;$ﬂ'$ Aug HOW to do a Scientific presentation
H-RWELRE-BRLWIEEEELET, Discussion on research topics of focus
2023 B3 IE LR 1244 (GSTPI)  E LR34 (GSTP2) B - LR 1284 '
(GSTP3). {5 +3R1231 4 (GSTPA) B RIZ 4> 51 VB L TEEML £ Sep Students’ presentation 1
L7
Oct. Students’ presentation 2
CSRS actively provides training programs with the aim of fostering talented
personnel and the next generation of scientists. Nov. Career seminar by a young scientist
The CSRS Graduate Student Training Program (CSRS-GSTP) was launched in
FY2020 for graduate students enrolled in the CSRS. Under the supervision of Jan. 2024 Presentation of your career plans
CSRS, this program aims to identify and foster talented young scientists capable of and open discussion 1
contributing to the advancement of science for the future.
In FY2023, seven online lectures were held for 4 doctor students (GSTP1), 3 doctor Feb. Presentation of your career plans
students (GSTP2), 8 doctor/master students (GSTP3), 31 doctor/master students and open discussion 2
(GSTP4). - J

CSRSRFa—FY b VY —Fr—XEHE
CSRS Student Researcher Support Program

Hery—TIR RERELAHEEL)RE - BLRERB)REBICEETIRELBABIEAFNDOH I EFHRAMECSRSAF2—T k1)
H—Fr— it LTRAL R AREZBEIZEDOXIEZTA>TLETAHEL EEBEFTME'SDCADERICHITTIREEIRE
FMAROAREERIESTE I 2FAL. CNETIBEOFEZRAL. XEBETLELG

In order to support for students who aim to become researchers in the future and to foster excellent researchers, CSRS hires students enrolled
in the Master’s and Doctoral courses on a “CSRS Student Researcher". CSRS has hired three students, and supported them using the fund
the philanthropy program “RIKEN CSRS for SDGs”.

CSRSRZE v F7—2
CSRS Alumni Network

Loy —TIE REERBZRAR LI —HEETHIRABA N — L) BELRIREHEET 5720, FIZIERE,CSRSAR Y h7—IX
YIN—ECSRSAVN—DR MR % FEL TV ET2023F | | B27HICEIRR AR E KRB L. 2ADRABAVN—LE22IF—BBRREZA 51
»TRELELS.

In order to facilitate the establishment and promotion of networking, CSRS holds an annual networking meeting for CSRS alumni network

members and CSRS members. The 3rd CSRS Alumni Networking Meeting was held on November 27, 2023, with two seminars from alumni
members and online mixer.
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Laboratories

ARER—JIBESNTVWS TET7IIVIE
SHELTWA 7Y Iy 7 7TAS 7 b LUEMIERLET,

The following icons on the laboratory page
represent flagship projects or division involved in.

EHMREYINIF

Innovative Plant Biotechnology

HEGRBY)a2—23vX
Integrative Symbiological Solutions

R#|Hy /LT S=TY) T

Metabolic Genome Engineering

FTEMREET =TI

Innovative Catalysts

e R 2 —
Leading-edge Polymers

TR TSy b7+ —L

Advanced Research and Technology Platforms

BUZE - EAR B 1T B B8 i 2R P

Drug Discovery Platforms Cooperation Division
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EYRERRIN—T

Plant Immunity Research Group

f =
-

2 i
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EMORESRTLZIBRL.,
RN mAEEYOELzBELET

7 O
o EYREDD FHBEDEER

o EYMDREBEXFEHTZENFILEVMDERELZDY—7T Y NOET
o EYIRBEARDKEREICEAES T 2HREGCFEIORBYDORE

o EMDRBFLRRZEETIREODERMEYDOEE

LI —TTEEICECENFEEBCENFEZAVC MR E
BLORERMEICEET2EGEF. I\ VESIMMED FILEYE%E
BITL. REIATLDD FRE RRERBLZHO)ICTIMRE
ToTWB MRES 7 F RS HROME. RERTLOFEIZES
THYVNVEDEBRLREITSEEL. Y VIRVELRILTOIAFIv Y
REHEEZRET 2, 2T NMBEYSELHVTREZE EE4ES
LOHREMRERERECTFOREZED D /. IR EICEET 5
BAFEEYPEORELHEL AEUNDET D DER RN %
T 5,

I LRR-RLP type immune receptor ‘

PAMPs

e ©

Ancestral mepew

BAK1

3) eJM & T™ evolution
for SOBIR1 interaction
2) LRR + ID evolution /
ligand m
for Activation

PAMPs

©

—_— ﬁ@

BAK1
SOBIRL Immune responses

L

HD’MMQS

[1) Ligand-inducible BAK1 interaction J
A) Kinase evolution for Gmmhj g
substrate phmphorylnﬂon
Kinase domaln

Acunuon

L LRR-RLK-Xbs involved in growth & development l

A model of the domains of cell-surface receptors undergoing modular evolution

Understanding plant immunity
mechanisms and developing sustainable
disease resistant crops

Rsearch Subjects

e To understand mechanisms for plant immunity

o To identify small molecules to regulate plant immunity and
characterize their targets

o To isolate novel genes/metabolites for pathogen virulence

o To identify useful microbes from rhizosphere to promote plant
immunity and growth

46

Our group’s goal is to fully describe functions of genes, proteins
and small molecular compounds that are essential for immunity in
plants. As the first step, we focus on the regulatory mechanism of
immunity by studying dynamics of resistance signaling complexes
and protein modifications that control defense responses. In
addition, we plan to identify novel genes involved in plant immunity
by isolating defense mutants in model plants. We also aim to isolate
small molecule compounds involved in disease resistance.

e
o |[RR-RLPSE DB EZAREBEIIRE -BRROGIHEZIES> TREEEEH
BORLEISREL. BERIZZTRAEANEENMLIZZEEZESMIILT,

® RBOHDOHF AN TATLF¥a2L—5—THAPBICPEERE L. Z Dl
HXD=ZXLEBSHIZLT,

® CRISPR/Cas9&URASR—Z DY —H— YA VLI RT LA EDE
BETRERBEDERDELFEBIRY 2N EZRAELIS

PAMP-induced RBOHD activation

Inactivation of RBOHD

RBOHD

CBE1(5) ®.5

BIK1 V\J___/\v,f"
PBICP ..PBL13 @
M@ PIRE (3)

1%

(1) BIK1-mediated phosphorylation (1) PB1CP-mediated release of phosphorylated BIK1

(2) CRK2-mediated phosphorylation (2) PB1CP-mediated relocalization of REBOHD

(3) SIK1-mediated phosphorylation to the endomembrane compartments

(4) Ca** interaction to EF-hand motif (3) PBL13-mediated phosphorylation and
PIRE-mediated ubiquitination

(4) NO-mediated S-nitrosylation

(5) CPKs-mediated phosphorylation

(6) ROS-mediated further activation

of Ca?* based regulation (5) CBE1-mediated translational control

A model for PAMP-induced RBOHD activation and down-regulation during PTI

\search Results

o We found that the LRR-RLPs type of immune receptor group was
derived from a common ancestor with a group of receptors
responsible for the regulation of development and growth.

e We found PB1CP, a novel negative regulator of RBOHD, and
revealed its regulatory mechanisms.

o We developed an efficient method for multiple gene disruption in
C. higginsianum by combining CRISPR/Cas9 and a URA3-based
marker recycling system.

FEFHX / Publications

Ngou, B. P. M., Wyler, M., Schmid, M. W., Kadota, Y., Shirasu, K.
Evolutionary trajectory of pattern recognition receptors in plants.
Nat. Commun. 15, 308 (2024)

Goto, Y. et al.

The phagocytosis oxidase/Bem1p (PB1) domain-containing
protein PB1CP negatively regulates the NADPH oxidase
RBOHD in plant immunity.

New Phytol. 241, 1763-1779 (2024)

Yonehara, K. et al.

Efficient multiple gene knock-out in Colletotrichum higginsianum
via CRISPR-Cas9 ribonucleoprotein and URA3- based marker
recycling.

Mol. Plant Pathol. 24, 1451-1464 (2023)

IN—=TF1Lo5—
HZA B pnd.

Group Director
Ken SHIRASU Ph.D.

2023FE A >13— / FY2023 Members

Group Director Technical Staff

Ken SHIRASU Kaori TAKIZAWA
Ryoko HIROYAMA
Noriko MAKI

Arisa SHIBATA

Senior Research Scientist
Yasuhiro KADOTA
Takayuki MOTOYAMA
Senior Scientist Etuf erﬁ;roainee

rika
Shuta ASAI Yuki TANAKA
Research Scientist Katsuma YONEHARA
Nobuaki ISHIHAMA
Sachiko MASUDA
Naoyoshi KUMAKURA

Assistant
Yoko NAGAI
Mika FUJITA
Postdoctoral Researcher

Kazuki SATO

Satoshi OGAWA

Max FISHMAN

Bruno Pok Man NGOU

Erika ONO

Lin-Jie SHU




REAYRAZI IR IN—T

Metabolomics Research Group

EVMOERYVEEEDREZ
BRI BI-BICHEAXAYROI IR %
HELXT

Dr

o XYRAIVRIBIIZEBRNELPBERENF EOEAEGDLEICLS
KR#Y7/7—>3>

o XZROIVRBN TSy NI+ —LDT/LEREFZENAF T/ O —
ADGH

o REN(ZR)BYNRBEYDESHETFERY MT— DR
o BREYMEEICRIIRET/ LTy =TF ) T EBREYMFRR

Agrobacterium-mediated transient
expression in petunia leaves

Empty vector

PhERF1 OX
vector

@-J

MIEAOERBEY (ASRO—L)ZAESIVOTEEL. Y/ LK
BEERIGS B EN XY RAI I AME TH D B RONRBEN D
LW SHRMEIEIERICRE 200 EIZDIFZLEYENHLEED
NTWAEMNEETIINSDEHEA LSRRI BEYBEEDE
FILESTEETHAEN Y TR BRLITERB. TRILF— EE
. EREERD B EBRAABOEFICHLRIEBRWEEEZE T 5,
UL —TTlE EICEREEEN T EAVIRBNRIES—T Y
FMCEHEDBTEZNICE DWW RNERTHERESLORH
Fy b T— U BAETOTVW S MBY DO DL R BEEEREDE
AREBOBPXSOA XFXFREDETILEYZBLTITL. SIS
BEY. . EREYREOEREREDICEII2RENRBEYDE
ESRTLET/LLRIVTRBTZ 774N IANT/ IR RE
EHTWD AR ZNODERBONT-ERNALMEE KRBT/ A
Ioo=7UrTISRELTREERNERARKICET 2RLHEELT
[(AYES

Petuniasterone F Petuniolide A

PhERF1 C
h overexpression i B R |
| Lk e.i
N ,J‘«"{,J» S a AN /\J‘\J.,-"-J\J
2 4 6 ) 10
time (min) | spetialized
LCIMS analysis v steroids

Induced production of specialized steroids by transcriptional reprograming with the ectopic

over-expression of PhERFT1 in Petunia hybrida

Developing integrated metabolomics
to explore mechanisms and regulation of
plant metabolite production

Rsearch Subjects

e Improving metabolite peak annotation in metabolomics by empirical
and bioinformatics strategies

e Application of the metabolomics platform to functional genomics
and biotechnology

o |dentification of plant genes and networks involved in biosynthesis
of useful specialized (secondary) metabolites

e Metabolic genome engineering and synthetic biology for production
of useful compounds

48

Metabolomics involves the identification and quantification of all
metabolites in a cell and correlating these to genomic functions.
The plant kingdom metabolome is extremely diverse chemically,
with estimates indicating as many as 200,000 different types of
chemical substances. The various compounds produced by plants
are important for the existence of the plant itself, and also play a
vital role in our lives as food, industrial materials, energy and
medicines. Our group performs cutting-edge metabolomics
analyses by high-performance mass spectrometry. These
non-targeted metabolomic analyses are applied to the identification
of unknown gene functions and elucidation of metabolic networks.
We are investigating the basic principles behind the wide variety of
plant production functions, using Arabidopsis as a model. In the
field of Phytochemical Genomics, we are also elucidating the
production systems for specialized plant products in crops,
medicinal plants and other useful plants at the genome level.
Another important aspect of our research is an application of basic
findings from these results to metabolic genome engineering for the
development of sustainable resources.

ems

o ZHDESHBRECTFOERREZ LU THET2E—DEGEERF%
BRIFEBTEIEICEN RF2ZTFICEITBERTAONRRADOEEREIC
I L7

o 7ONYTIILDO—BNREIRZZAWTELES)AT7ILAOAC RHE
BENTT/ LMRES v HAEDIERIZRII LT,

o LATYFDEBEMIEICE 27/ VREBRIOAZVODMBIZENT
M7 EO—IDEERKEEZRIZLTVWEIEEZIERI IR
Ick->TERALT,

Mechanism SSR2 (mmm Sawai et al, Plant Cell (2014)

chain reductase 2)
Toxic Steroidal

Desmosterol WE){E)  cholesterol NN Giycolkaloids

(SGA)
Technology
Genome editing by transient TALEN and
gene exp
(patent filed, JP5902801, US9688995)
‘Direct null’ mutant
Results 1,400
S 1,200 .
1000 Ly *® Chaconine
u Solanine

-_i__‘_

Sayaka #117 #164

cm':moong
5888

#117 #164

® Informational statement of genome-edited organisms from RIKEN was submitted/approved by
MEXT in April 2021.

Integrated gene-free potato genome editing using transient transcription
activator-like effector nucleases and regeneration-promoting gene expression by
Agrobacterium infection

\search Results

o By overexpressing a single transcription factor that controls the
expression of down-stream biosynthetic genes, we succeeded in
accumulating a high amount of steroidal metabolites in petunia.

e We succeeded in producing genome-edited potatoes with reduced
toxic glycoalkaloids using an Agrobacterium transient-expression
system.

e Lipidomic analysis revealed that triacylglycerols play an important
role in the secretion of the naphthoquinone pigment shikonin in
cultured cells of Lithospermum erythrorhizon.

FE/X / Publications

Shoji, T. et al.

Induced production of specialized steroids by transcriptional
reprogramming in Petunia hybrida.

PNAS Nexus 2, pgad326 (2023)

Umemoto, N. et al.

Integrated gene-free potato genome editing using transient
transcription activator-like effector nucleases and
regeneration-promoting gene expression by Agrobacterium infection.
Plant Biotechnol. 40, 211-218 (2023)

Tatsumi, K. et al.

Excretion of triacylglycerol as a matrix lipid facilitating apoplastic
accumulation of a lipophilic metabolite shikonin.

J. Exp. Bot. 74, 104-117 (2023)

IN—=TF1Lo5—
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Group Director
Kazuki SAITO Ph.D.

2023EE X 15— / FY2023 Members

Group Director
Kazuki SAITO

Senior Scientist
Naoyuki UMEMOTO

Research Scientist
Amit RAI

Technical Staff
Tomoko NISHIZAWA
Satoko SUGAWARA
Kouji TAKANO

Visiting Scientist
Toshiya MURANAKA
Mami YAMAZAKI
Miyako KUSANO
Akira OIKAWA
Tsubasa SHOJI
Takayuki TOHGE
Hikaru SEKI

Yozo OKAZAKI

Assistant
Miwako IKENAGA
Fumi AZUMI

Part-time Worker
Chihoko OHISHI
Mikiko KOIZUMI
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Advanced Catalysis Research Group
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N=N +

Dinitrogen a,B-Unsaturated carbonyl

compound

AR ORI ERIZGVWENICHEEZ R OYEDORIRIZD
RO RATRETZE B DN TV Z RIDZTIREICY 270 & R4 M5
BIAVNI e A MO TEELRARBREETCH L LARIIN—T
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BREER BIRNT-UYERREERT D506 L BEME
DFFEEED LIC-HEEE L AT LR S LESELATOR
FLOREBBEERZED LB —JEBEA L 71> DB BEHRE
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LI\ DFOEMEACEENFIARE FAEORE BRI SH KR
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O
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Titanium hydride NH

Hydrazine derivative

Conversion of N2 and an a,B-unsaturated carbonyl compound to a hydrazine derivative by a titanium hydride compound

Developing new catalysts for
more efficient, selective
chemical transformations

Rsearch Subjects

e Precision olefin polymerization by unique rare-earth metal catalysts

e Innovative organic synthesis based on new catalyst and reaction
designs

e Small molecule activation and transformation by molecular
multimetallic hydride clusters
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Our group aims to develop new generations of catalysts, which
are superior or complementary to existing ones, for the synthesis of
fine chemicals and functional polymers and for the efficient use of
untapped resources. Our research interests include: (1) precision
copolymerization of non-polar and polar olefins for the synthesis of
new functional polymers by unique rare-earth metal catalysts, (2)
development of regio-, stereo-, and enantioselective and atom-,
operation-efficient chemical transformations for the synthesis of fine
chemicals by designing new catalysts and new reactions, and (3)
activation and transformation of small molecules such as N, CO,

and CO, by synergistic molecular multimetallic polyhydride clusters.
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Photographs of a flower-printed fluorescent self-healing film under different
conditions

\search Results

o We have achieved the synthesis of fluorescent self-healing
polymers with high fluorescence quantum yield and image transfer
ability by terpolymerization of pyrenylethenyl-substituted styrene,
ethylene, and anisylpropylene by using a scandium catalyst.

e We have achieved the activation and addition of N to
a,B-unsaturated carbonyl compounds in a dititanium dihydride
framework, leading to the selective formation of the corresponding
hydrazine derivatives.

e We have achieved the enantioselective [3 + 2] annulation of
aromatic aldimines with alkenes via ortho-C-H activation by chiral
half-sandwich scandium catalysts, affording a new family of
enantiopure multisubstituted aminoindane derivatives.

FE/X / Publications

Huang, L. et al.

Synthesis of tough and fluorescent self-healing elastomers by
scandium-catalyzed terpolymerization of pyrenylethenylstyrene,
ethylene, and anisylpropylene.

J. Am. Chem. Soc. 146, 2718-2727 (2024)

Zhuo, Q. et al.

Aza-Michael addition of dinitrogen to a,B-unsaturated carbonyl
compounds in a dititanium framework.

J. Am. Chem. Soc. 145, 22803-22813 (2023)

Mishra, A., Cong, X., Nishiura, M., Hou, Z.

Enantioselective synthesis of 1-aminoindanes via [3 + 2] annulation

of aldimines with alkenes by scandium-catalyzed C—H activation.
J. Am. Chem. Soc. 145, 17468-17477 (2023)
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Catalysis and Integrated Research Group
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Purification of B-ketoamide-tagged peptides by using palladium complex
Reproduced from ref.2 with permission from the Royal Society of Chemistry

Developing new transition metal-catalyzed

reactions and conducting integrated
research of chemistry and plant science

Rsearch Subjects

o Development of catalytic fluoroalkylations

e Development of asymmetric carbon-carbon bond-forming reactions
o Utilization of O, for oxidation reactions

e Computational analysis of transition metal-catalyzed reactions

e Development of new probe molecules and their application to
biological research

52

Our group focuses on developing new transition metal-catalyzed
reactions, and on conducting integrated plant science and
chemistry research with emphasis on sustainable resource
science. In particular, we aim to develop transition metal-catalyzed
asymmetric carbon-carbon bond-forming reactions, reactions
utilizing molecular oxygen, and reactions for the synthesis of
fluorine-containing molecules. In addition, we further examine the
functions of our original catalytic reaction products. Furthermore,
this group will also contribute to enhancing collaboration between
plant/microbiology research and chemical research activities inside
CSRS through development of new modulators of plants and
microorganisms and elucidation of their action mechanisms.
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Fluoroalkylation using fluorinated diacyl peroxide

\search Results

o We developed a catalytic difluoromethylation reaction and
investigated the reactivity of the reactive species in detail.

e We succeeded in the purification of B-ketoamide-tagged peptides
by using palladium complex.

o We developed the minimal size of Raman probe for the detection of
biothiols.

FE/X / Publications

Tagami, T., Mitani, Y., Kawamura, S., Sodeoka, M.
Catalytic Difluoromethylation of Alkenes with Difluoroacetic
Anhydride: Reactivity of Fluorinated Diacyl Peroxides and
Radicals.

Adv. Synth. Catal. 365, 3637-3647 (2023)

Hayamizu, K.et al.

Simple purification of small-molecule-labelled peptides via
palladium enolate formation from -ketoamide tags.
Chem. Sci. 14, 8249-8254 (2023)

Yamakoshi, H. et al.

Ratiometric analysis of reversible thia-Michael reactions using
nitrile-tagged molecules by Raman microscopy.

Chem. Commun. 59, 14563-14566 (2023)
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Chemical Genomics Research Group
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Construction of single-copy integration vectors and their use for simultaneous expression of different genes

Exploiting methodologies to resolve
environmental and resource-related
problems using chemical biology

Rsearch Subjects

o Development of screening systems for bioactive compounds that
target protein-protein interactions

e Development of comprehensive methodologies for target
identification of bioactive compounds

e Chemical regulation of epigenetics by controlling protein
methylation, acetylation, and acylation

o Chemical regulation of metabolism for effective bioenergy
production

Identification of novel small molecular ligands is essential to
understand diverse biological phenomena and to control the
biological systems by chemical methods. This project focuses on
the development of useful molecular ligands that are expected to
contribute to an advance in environmental and resource sciences
by employing chemical libraries that consist of microbial
metabolites and/or synthetic compounds. In particular, we search
into novel active compounds by constructing a variety of phenotypic
screening systems using genetically modified animal, plant and
yeast cells, and in vitro screening systems using various target
proteins that include enzymes for metabolism and epigenetics. In
addition, we construct new platforms for developing high
throughput screening systems. Our goal is to identify and provide
unique molecular ligands that are useful for chemical biology
research that aims to exploit new areas of environmental and
resource sciences.
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Auto-acylation of TEAD transcription factors (TEAD1-4) by
intramolecular transfer from S-acyl to N-acyl, which is important for
retaining the basal activity of TEADs even in the Hippo signal activation.

\search Results

o We discovered lysine long-chain fatty acylation resulting from an
intramolecular transfer from an adjacent cysteine residue to a
target lysine residue as a novel post-translational modification of
the transcription factor TEAD that functions in the Hippo pathway.

o We successfully developed a genome integration system to
introduce genes at multiple nutrient marker loci in fission yeast.

o We constructed an assay system to monitor the binding of RNA to
PSF, an RNA-binding protein involved in carcinogenesis, and
discovered small-molecule compounds that inhibit the interaction
through chemical screening.

FE/X / Publications

Noritsugu, K. et al.

Lysine long-chain fatty acylation modifications regulates the TEAD
transcription factor.

Cell Rep. 12, 112388 (2023)

Matsuyama, A., Hashimoto, A., Nishimura, S., Yoshida, M.

A set of vectors and strains for chromosomal integration in fission
yeast.

Sci. Rep. 13, 9295 (2023)

Takayama, K. et al.

Identification of small-molecule inhibitors against the interaction of
RNA-binding protein PSF and its target RNA for cancer treatment.
PNAS Nexus 2, pgad203 (2023)
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Control High light
(30°C) (30°C, 24h)

Hero protein makes speckles upon high-light and UV-B light condition.

Contributing sustainable production of
useful biomass materials with genome
information and gene expression profile

esearch Subjects

e Analysis of mechanism for plant’s response to light environment
e Research on plant biomass improvement through chemical biology

e Genome and expression studies and gene transformation of
Sorghum a C4 photosynthesis crop

e Research on the improvement of plant biomass production through
analysis of gene expression profile and genome of Para-rubber
tree

56

UV-B light
(30°C, 4h)

Our group conducts on research for elucidation of central genes
that connect to biomass increase through the study on the control
of gene expression respond to light environment. We also analyze
useful plant genome including Para-rubber tree. We will contribute
sustainable production of useful biomass materials through these
research.
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Leaf-fall disease affecting rubber plantation in Indonesia

esearch Results

e We found plant HERO proteins form intracellular speckles upon
light stress environment.

e We analyzed infection mechanism of leaf-fall disease of natural
rubber tree.

o We analyzed relationship between isoflavone-biosynthesis of
soybean and soil condition.

FE/X / Publications

Pandian, K., Matsui , M., Hankemeier, T., Ali, A., Okubo-Kurihara, E.

Advances in single-cell metabolomics to unravel cellular
heterogeneity in plant biology.
Plant Physiol. 193, 949-965 (2023)

Tachibana, R. et al.

BPG4 regulates chloroplast development and homeostasis by
suppressing GLK transcription factors and involving light and
brassinosteroid signaling.

Nat. Commun. 15, 370 (2024)

Akagi, C. et al.

Translational activation of ribosome-related genes at initial
photoreception is dependent on signals derived from both the
nucleus and the chloroplasts in Arabidopsis thaliana.

J. Plant Res. 136, 227-238 (2024)
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Metabolic Systems Research Team
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Phenotypic analysis of wild-type and Mppgdh mutants of Marchantia polymorpha. When water was dropped on the
surface of antheridiophores, white sperm masses were ejected from antheridia in the wild type (arrowhead),
whereas no sperm mass was observed in the mutants. The cell morphology of the antheridium showed that
abnormal division had occurred and that spermatogenesis had failed.

Understanding the mechanisms and
physiology of plant metabolism and
improving production of useful materials

Rsearch Subjects

e Elucidation of the regulatory mechanism of amino acid biosynthesis

o |dentification of genes involved in biosynthesis/degradation of plant
specialized metabolites

o |dentification of metabolic pathways regulating plant development

e Data mining from metabolome data through machine learning and
mathematical modeling
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Metabolism is the basis of life and is finely regulated. Plant
metabolism and its regulation are complicated, because plants
produce primary metabolites as well as diverse specialized
metabolites. Since ancient times, humans have used plant
metabolites for nutrients, medicine, flavors, etc. We aim to
understand the mechanisms and physiology of plant metabolism
and improve plant productivity of useful metabolites based on our
findings. We identify genes involved in biosynthesis/degradation of
amino acids and their derivative specialized metabolites and
elucidate regulatory mechanism. We also develop metabolomics
techniques and exploit mathematical modelling and machine
learning for data mining from metabolome data.
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Hydroxytyrosol
W

v

N \ Hydroxytyrosol
Caffeoyl-CoA™ 1-O-glucoside

Sesamum indicum L. cultured cells

Functional analysis of candidate genes for acteoside biosynthesis
obtained by transcriptome analysis of methyl jasmonate-treated sesame
cultured cells. Enzyme assays using recombinant SiUGT proteins
revealed that SIUGT1 and 2 had glucosyltransferase activity against
hydroxytyrosol to produce hydroxytyrosol 1-O-glucoside, and SiAT1 had
activity to transfer the caffeoyl group to hydroxytyrosol 1-O-glucoside.

\search Results

o We showed that serine synthesized from the phosphorylated
pathway is essential for sexual reproduction in Marchantia
polymorpha.

e We identified enzyme genes involved in glucosylation and acylation
in acteoside biosynthesis by transcriptome analysis of methyl
jasmonate-treated sesame cultured cells.

o We identified a novel histidine methyltransferase by mGWAS in
Arabidopsis thaliana.

FE/X / Publications

Wang, M. et al.

The phosphorylated pathway of serine biosynthesis affects sperm,
embryo, and sporophyte development, and metabolism in
Marchantia polymorpha.

Commun. Biol. 7, 102 (2024)

Fuji, Y. et al.

Molecular identification of UDP-sugar-dependent
glycosyltransferase and acyltransferase involved in the
phenylethanoid glycoside biosynthesis induced by methyl
jasmonate in Sesamum indicum L.

Plant Cell Physiol. 64, 716-728 (2023)

Uchida, K. et al.

A metabolome genome-wide association study implicates
histidine N-pi-methyltransferase as a key enzyme in
N-methylhistidine biosynthesis in Arabidopsis thaliana.
Front. Plant Sci. 14, 1201129 (2023)
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Metabolome Informatics Research Team
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Fast LC-based untargeted lipidomics (Publication 1)

Developing software platforms and
databases for metabolomics research

Rsearch Subjects

o Analysis and interpretation of metabolomic data
o Software development for metabolome analysis and simulations

o Integration of metabolic databases

60

Our team develops software platforms necessary for
metabolomic analyses, network analyses and computer simulations.
We also design databases for more efficient identification of
metabolites. Our developments will be applied to integrated analysis
of metabolomic and transcriptomic data from collaborating teams to
enable systematic understanding of life.
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Biosynthetic pathways and expression profiles in Hibiscus trionum (Publication 3)

\search Results

o We developed a fast lipidomic analysis method for large cohorts.
e We developed a LC-MS method for plant secondary metabolites.

o We analyzed whole-genome and transcriptome of Hibiscus
trionum.

FE/X / Publications

Tokiyoshi, K. et al.

Using Data-Dependent and -Independent Hybrid Acquisitions for
Fast Liquid Chromatography-Based Untargeted Lipidomics.
Anal. Chem. 96, 991-996 (2024)

Mori, T., Rai, A., Tsugawa, H., Yamada, Y., Saito, K.

A liquid chromatography-mass spectrometry-based metabolomics
strategy to explore plant metabolic diversity.

Methods Enzymol. 680, 247-273 (2023)

Koshimizu, S. et al.

Genome and transcriptome analyses reveal genes involved in the
formation of fine ridges on petal epidermal cells in Hibiscus trionum.
DNA Res. 30, dsad019 (2023)
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Environmental Metabolic Analysis Research Team
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Deterministic & Stochastic
analysis
- iCAMP analysis

Biogeochemical profiling of microbial community assembly through Tsurumi-river basin

Exploring sustainability of
environmental metabolic system
based on a data-driven approach

Rsearch Subjects

e Technological advancement of various spectrometric
measurements for complex biomolecular mixtures and microbiota

e Methodology development of data mining and accumulation of
databases for environmental measurements

e Sustainable utilization of land- and aquatic biomass based on
studies of natural material cycles

e Symbiotic metabonomic analysis between animal and symbiotic
microbiota in relation to their food nutrients
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Our team intends to develop novel environmental analysis such
as by a bird’s-eye view of metabolism caused by ecosystem
biodiversity, based on technical advancements of our NMR
approaches toward metabolite and biomass mixtures, as well as
inorganic elements and microbial ecosystem analyses combined
with bioinformatics and chemoinformatics approaches. Namely, we
promote both international and industrial collaboration in order to
contribute for effective utilization of chemical resources, by
analyzing laboratory systems, industrial (agriculture, forestry, and
fishery) process, and natural environment (hydrosphere and
geosphere, as well as outer space).

e
o EEJIDFEMMSAOIRICE I FTERBKOMEMBHERL K E B E
M7a7 714t L7,
o BRAINAAMBIDENBUET O IBOMEY L = F RS
A 1R1 L7,

o B FBEHKTRICERXRTZ7IN—N—RVERBEDORED %
T L7

Bayesian Generative Topographic
Optimization Mapping Regression
N oo o
% '... ) N ; ® o
8 | *2%e.~_ Predict > A
= new material <
Factorl Z1

) ¥

i g Measurements Degradable experiments

i 0e0 o™ 1 | ———
AR A 2! - >I<

C CP-MAS 313C

Al-based design of biodegradable polymers

\search Results

e Biogeochemical profiling of microbial community assembly through
Tsurumi-river basin.

e Microbial niche partitioning of symbiotic degradation processes
upon different biopolymers.

e Computational estimation of symbiotic sediment bacterial
structures of seagrasses overgrowing downstream of onshore
aquaculture.

FE/X / Publications

Yokoyama, D., Kikuchi, J.

Inferring microbial community assembly in an urban river basin
through geo-multi-omics and phylogenetic bin-based null-model
analysis of surface water.

Environ. Res. 231, 116202 (2023)

Yokoyama, D., Takamura, A., Tsuboi, Y., Kikuchi, J.
Large-scale Omics Dataset of Polymer Degradation Provides
Robust Interpretation for Microbial Niche and Succession on
Different Plastisphere.

ISME Commun. 3, 67 (2023)

Miyamoto, H. et al.

Computational estimation of symbiotic sediment bacterial
structures of seagrasses overgrowing downstream of onshore
aquaculture.

Environ. Res. 219, 115130 (2023)
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Plant Genomic Network Research Team
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Unannotated splicing variants in genomic regions with high levels of SNP, insertions/deletions, and heterozygosity in
cassava were identified using full-length cDNA (A). The co-occurrence of multiple AS events in a single transcript

tended to be greater for cassava than Arabidopsis (B).

Analyzing plant genomic networks for
environmental stress adaptation and
improved productivity

Rsearch Subjects

e Analysis of chemical, epigenetic, RNA and peptide regulation
mechanisms in environmental stress adaptation

e Advancement of cassava molecular breeding by cutting-edge
technologies

e Development of useful plant resources, such as enhanced stress
tolerance and increased plant productivity by chemical regulation
and transformation technology

64

We are analyzing novel chemical, epigenetic, RNA and peptide
regulation mechanisms in environmental stress adaptation and
acclimation by integrated omics analyses. We are also analyzing
regulatory networks of tuberous root formation by integrated omics
analyses in cassava, an important tropical crop for carbon
utilization. We aim to develop useful plant resources, such as
increased stress tolerance and improved plant productivity by use
of chemical compounds and transformation technology.
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Alleviate heat-damaged
leaf and fruit development

Ethanol mitigates heat stress-induced damage in tomato.

\search Results

o We revealed that ethanol treatment alleviates heat-damaged
growth by accumulation of sugars in tomato.

o We identified novel transcripts in regions that were difficult to
analyze by using cassava full-length cDNAs.

e We have advanced a NEDO's Moonshot Weathering Acceleration
Project.

FE/X / Publications

Todaka, D. et al.

Application of ethanol alleviates heat damage to leaf growth and
yield in tomato.

Front. Plant Sci. 15, 1325365 (2024)

Ezoe, A. et al.

Fully sequencing the cassava full-length cDNA library reveals
unannotated transcript structures and alternative splicing events in
regions with a high density of single nucleotide variations,
insertions—deletions, and heterozygous sequences.

Plant Mol. Biol. 112, 33-45 (2023)

Adachi, H. et al.

Jurassic NLR: conserved and dynamic evolutionary features of the
atypically ancient immune receptor ZAR1.

Plant Cell 35, 3662-3685 (2023)
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Cell Function Research Team
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Chemical application test on Brassica napus tissue culture

Uncovering and utilizing
the regulatory network underlying
plant organ growth and regeneration

esearch Subjects

e Molecular dissection of plant organ growth
e Molecular dissection of cellular reprogramming in plants

e Molecular manipulation of organ regeneration in crops

66

We investigate how plants integrate developmental and
environmental cues to maximise organ growth under the changing
environment. We also explore how plants establish and maintain
cellular differentiation status and how various stress stimuli
override the developmental commitments to undergo cellular
reprogramming. These strategies should allow us to identify key
modulators of organ growth and reprogramming, thus providing
molecular basis for crop improvement.
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A transcription factor directly binds to an epigenetic modifier in
plant nucleus (Split-YFP assay)

esearch Results

o We identified key factors and analyzed their functions to determine
how environmental factors such as light and temperature affect
shoot stem cell reformation.

e We discovered the functional coordination of transcription factors
and epigenetic modifiers observed during somatic embryo
induction and elucidated its molecular mechanism.

o We searched for chemicals that contribute to the efficient plant
tissue culture and analyzing their molecular mechanisms.

FE/HX / Publications

Ince, YC., Sugimoto, K.

llluminating the path to shoot meristem regeneration: Molecular
insights into reprogramming cells into stem cells.

Curr. Opin. Plant Biol. 76, 102452 (2023)

Chen, Y., Hung, FY., Sugimoto, K.

Epigenomic reprogramming in plant regeneration: Locate before
you modify.

Curr. Opin. Plant Biol. 75, 102415 (2023)

Ogura, N. et al.

WUSCHEL-RELATED HOMEOBOX 13 suppresses de novo shoot
regeneration via cell fate control of pluripotent callus.

Sci. Adv. 9, eadg698 (2023)
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Plant Symbiosis Research Team
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Gene expression analysis using a promoter-GUS reporter construct.
Mutation in a cis motif (right) resulted in loss of expression induced by infection of rhizobia (orange).

Understanding plant-microbe symbiosis
in order to establish
sustainable agriculture

Rsearch Subjects

o Elucidation of molecular mechanisms in nodulation
o Identification of molecular components in infection by rhizobia

o Application of root nodule symbiosis to cereals

68

Nitrogen is the most heavily used fertilizer in present agriculture.
Its production and use however damage the ecosystem due to the
emission of greenhouse gases. Soil bacteria called rhizobia infect
legume roots, and fix atmospheric nitrogen in root nodules.
Consequently, if cereals such as rice, corn, and wheat could
establish symbiosis with rhizobia, we can dramatically reduce the
use of nitrogen fertilizer, which would result in ecosystem-friendly,
sustainable agriculture. In order to achieve our goals, we aim to
confer the ability to fix nitrogen on cereals, by elucidating molecular
functions of root nodule symbiosis, as well as by investigating
evolutionary aspects of the legume-rhizobia symbiosis.
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A workflow of assigning insertions in the STM library

\search Results

o We identified a cell type specific to infection of rhizobia by
sSnATAC-seq.

o We found a novel gene regulatory mechanism in symbiosis through
phylogeny-wide cis motif analysis.

o We generated mutant libraries of rhizobia by signature-tagged
mutagenesis (STM).
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Advanced Organic Synthesis Research Team
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SpiroBpy ligand accelerates the reaction of arenes through noncovalent interactions.

Exploring next generation
organic synthesis for
an environmentally sustainable society

Rsearch Subjects

e Direct and selective functionalization of organic molecules
e Catalysis with Earth-abundant metals

e Organic synthesis with organosodium

70

Our team aims at the development of “next generation synthesis’
and its utilization for the creation of functional organic molecules.
Our vision of “next generation synthesis” is inspired by the highly
efficient reactions the Nature uses: direct and highly selective
coupling of organic molecules without prefunctionalization with
reactive groups. We envision that by precise design of ligands,
efficient and selective catalysts enable the rapid assembly of
complex functional molecules from simple building blocks. We are
also interested in the development of sustainable catalysis based
on Earth-abundant metals such as iron and molybdenum, and the
utilization of organosodium compounds for organic synthesis.
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Synthesis of 2,2"-bipyridines using sodium dispersion

\search Results

o We developed a spirobipyridine ligand that accelerates
iridium-catalyzed borylation of arenes through weak noncovalent
interactions.

e We found that a molybdenum catalyst activates aryl chlorides and
fluorides to produce phthalan derivatives.

o We used sodium dispersion to dimerize pyridine derivatives to
2,2’-bipyridines, compounds of interest as ligands in catalysis.

FE/X / Publications

Jin, Y., Ramadoss, B., Asako, S., llies, L.

Noncovalent Interaction with a Spirobipyridine Ligand Enables

Efficient Iridium-Catalyzed C-H Activation.
Nat. Commun. 15, 2886 (2024)

Banerijee, S. et al.

Molybdenum-catalyzed directed activation of aryl chlorides and

fluorides.
Synlett 35, 1141-1144 (2024) *invited to special issue

De, P. B., llies, L., Takai, K., Asako, A.

Synthesis of 2,2’-bipyridines via dehydrogenative dimerization of

pyridines using sodium dispersion.
Synlett 35, 459-463 (2024) *invited to special issue
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Green Nanocatalysis Research Team

)= I XN —
(BIBICHDAICHLELWMER) ICBRER
iR iLEN iR D?

e
o BHTRMTLEELOESERLAEOER

o YAUOZEM- T/ ERPELMEDF IRy —DRIA LIc = HEAR
HORFE

o BHOREMC T AE DR R

(a) Preparation of convoluted polymeric Pd catalyst

"EEETENRYRETHEREDO—RNTER/ERTENT
LA TH LECEES SV MEN RN S SETICRRLT
WEWRBZETSEZIENTEZDOTIE LD ? , TEE A AR
ICHEH TS EDEIBRISERES 20N 7,77 =2 TIXE
D—(RBICHAICHE LML) ICRBERBEENZVLN?,E0D
MEICN L TREEZRL TV IERN BN F—LDIvI a3 TH
b.mNFRAFEEBEDESHEBCAE. <(VO%EMH - +/2H
MEEREDF- 75X —DRE LIcZBREME, S5 IZ3ERIRIC
SEESNZBHBEECEMBEDREZIT S,

m convoluted polymeric Pd
talyst

(b) Preparation of polymeric auxiliary maﬁerlal_,(,?om =

° P
+ e
& Polymeric
u u auxiliary

(c) Continuous-flow Suzuki-Miyaura coupling

Ko w3,

+ K;P0O,

A Flow Suzuki-Miyaura Coupling Using Polymeric Pd Catalysts

Can we develop suitable catalysts
towards green sustainable chemistry?

Rsearch Subjects

e Development of self-organized catalysts of polymer ligands and
metal species

o Development of spatial catalysts where micro/nano space materials
and catalytic molecules/clusters are merged

o Development of electromagnetic waves-activated catalysts

72

“Can we show the general methodology for development of
highly active & reusable catalysts?”, “If we can develop ultimately
highly active catalysts, can they promote unrealized reactions?”, “If
we cover catalysts with light, what reactions will be promoted?”, and
“Can we develop suitable catalysts towards green sustainable
chemistry?” It is our mission in our team to show our answers
against the above-mentioned questions. For this purpose, we will
develop self-organized catalysts of polymer ligands and metal
species, spatial catalysts where micro/nano space materials and
catalytic molecules/clusters are merged, and electromagnetic
waves-activated catalysts.

s

o BTy EELA) UL EARAL. XM ORE AR A RE D

ZEEEECRIBICEY . 7V=LoOZ4 ROT7 I /b EESINT,

o EEANFRIFEREBEWV B FNIIVLMEABL. BHEBEE K
RTEHDOET) =L EYDEFR7O—EEZRE L1,

o EIRMBuchwald-Hartwigik it & $#8AR-= 8 R IO/ TR E DINES
FERTBIOI A T7A TV AD TR mEBVTHEERETL
T:o

reusable polymeric Ni/lr
Cl + HNR4R, - .—NR R,
i microwave + visible light @ i

up to quant
\/% A ‘
=N Ny |

SN2

SN TNy 26T
%@H%%/‘
\ P4VP-Ni

Amination via Reusable Polymeric Nickel-Iridium Dual Catalysis
under Microwave and Visible Light

poly-[Ir(ppy)(dabpy)] /

\search Results

o Aryl chlorides underwent enhanced amination through dual
activation employing polymeric nickel and iridium catalysts under
microwave and visible-light irradiation.

e A continuous-flow production of numerous biaryl compounds was
realized in organic solvent and water using our polymeric Pd
catalyst with cross-linked polymeric auxiliary materials.

e We engineered catalysts using catalyst informatics methodologies
to achieve the specified yield in both selective Buchwald—Hartwig
and Suzuki—Miyaura reactions.

FE/X / Publications

Sen, A. et al.

Overcoming the Low Reactivity of Aryl Chlorides: Amination via
Reusable Polymeric Nickel-Iridium Dual Catalysis under
Microwave and Visible Light.

ACS Catal. 13, 12665-12672 (2023)

Zhang, Z., Ohno, A., Takaya, H., Yamada, Y. M. A.
Continuous-flow Suzuki-Miyaura coupling in water and organic
solvents promoted by blends of stabilized convoluted polymeric
palladium catalysts and polymeric auxiliary materials.

Chem Eur. J. 29, 202300494 (2023)

Motojima, K., Sen, A., Yamada, Y. M. A., Kaneko, H.

Catalyst Design and Feature Engineering to Improve Selectivity
and Reactivity in Two Simultaneous Cross-Coupling Reactions.
J. Chem. Inf. Model. 63, 5764-5772 (2023)
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Biofunctional Catalyst Research Team

Kong, S. et al.

Acid-stable manganese oxides for proton exchange membrane
water electrolysis.

Nat. Catal. 7, 252-261 (2024)

Ooka, H., Chiba Y., Nakamura R.
Thermodynamic principle to enhance enzymatic activity using the
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Schematic image showing the relationship between enzymatic activity and the substrate binding affinity

Understanding biological electron
transfer is critical to develop
a sustainable energy strategy

esearch Subjects

e Development of water splitting catalysts

e Investigation of giant electro-ecosystems in a deep hydrothermal

environment

o Microbial electricity generation
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We work on the development of biologically inspired catalysts
and their application to energy conversion and production systems.
Specifically, we aim to understand nature’s ingenuity towards
multielectron transfer catalysis, electron/proton transport, metabolic
regulation, responsiveness to external stimuli, and energy
management in deep sea environments to develop novel materials
and systems necessary to effectively manage renewable energy
sources.
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A photo of gamma manganese oxide on top of the PEM reactor

esearch Results

o We identified a strategy to enhance the stability of manganese
oxide catalysts in polymer electrolyte membrane (PEM)
electrolyzers.

e We identified a thermodynamic requirement necessary to maximize
enzymatic activity.

o We identified the factors determining the activity of phylogenetically
and physiologically diverse enzymes using experimental and
theoretical approaches.

substrate affinity.

Nat. Commun. 14, 4860 (2023)

Chiba, Y., Ooka, H. et al.

Rationalizing the Influence of the Binding Affinity on the Activity of

Phosphoserine Phosphatases.

Angew. Chem. Int. Ed. Engl. 63, 202318635 (2024)
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Molecular Ligand Target Research Team
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Stable and drug-hypersensitive diploid S. pombe
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Drug-induced haploidinsuficiency

1484 barcoded HET deletion mutants

- essential genes

....:.::.::.... - “condition-dependent” genes
- slow growth non-essential genes
® target
genes

Construction of a collection of S. pombe heterozygous (HET) deletion mutants in a drug-hypersensitive background

Exploring target molecules and
mode-of-action of bioactive compounds
through global analysis of

chemical genetic interactions

®search Subjects

e Global analysis of chemical genetic interactions between molecular
ligands and their target molecules

e Validating the mode of action of bioactive compounds

o |dentifying bioactive chemical tools and therapeutic leads that
target essential gene pathways

76

Bioactive molecular ligands with unique physiological effects
must have specific cellular targets. Target identification is critical for
elucidating the mechanism of action of molecular ligands and for
drug discovery. However, drug target identification has been
extremely difficult, because the interactions between molecular
ligands and their targets are not uniform. Our team aims to develop
innovative techniques for target identification based on the global
analysis of yeast chemical-genetic and genetic interactions, leading
to quick and accurate elucidation of ligand-target interactions.
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Chemical genomic profiling reveals Fas1 as a target for NPD6433.

\search Results

o We identified NPD6433 with broad-spectrum antifungal activity and
revealed by chemical genomics that NPD6433 targets the fatty acid
synthase 1 (Fas1).

e We established a new method to identify genes in yeast that
demonstrated functional adaptability when overexpressed under
stress such as heat, salt, and oxidative stress.

e We launched construction of S. pombe heterozygous deletion
library as a new avenue for chemical genomics analysis.

FE/X / Publications

lyer, KR. et al.

Identification of triazenyl indoles as inhibitors of fungal fatty acid
biosynthesis with broad-spectrum activity.

Cell Chem. Biol. 30, 795-810.€8 (2023)

Saeki, N. et al.

Overexpression profiling reveals cellular requirements in the
context of genetic backgrounds and environments.

PLoS Genet. 19, e1010732 (2023)

Messner, CB. et al.

The proteomic landscape of genome-wide genetic perturbations.
Cell 186, 2018-2034.e21 (2023)
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Bioproductivity Informatics Research Team

Hariana. et al.

Theoretical and experimental investigation of ash-related problems
during coal co-firing with different types of biomass in a pulverized
coal-fired boiler.

Energy 269,126784 (2023)
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Genome-edited strain

Extension of genome-editing technology for Euglena algae using Cas12a

Exploring useful genes for
plant productivity and developing
technology to increase grass biomass

@search Subjects

e Elucidation of molecular mechanisms of higher productivity in
allopolyploid and its application to increase plant biomass
production

o |dentification of useful genes for improving biomass productivity in
grasses

e Enhancement of biomass by modification of the metabolism and
cellular system in grasses and microalgae
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Our team aims to develop plants with improvements in the
quantitative and qualitative productivity of cellulosic biomass. By
using model grass, we carry out gene discovery to improve
biomass productivity and environment adaptability in plants.
Furthermore, we are promoting applied researches for plants for
biomass resources in collaboration with universities and institutes.
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Wild type

Edited strain

Edited sites

Base editing at a target site in Euglena algae

@search Results

o We assessed the impact on coal co-firing with diverse biomasses
through theoretical calculations and experimental methods.

o We performed a genome wide association study on a set of
metabolome phenotype in Arabidopsis thariana.

o We exended genome-editing technology for Euglena algae using
Cas12a.

Uchida, K. et al.

A metabolome genome-wide association study implicates histidine
N-pi-methyltransferase as a key enzyme in N-methylhistidine
biosynthesis in Arabidopsis thaliana.

Front. Plant Sci. 14, 1201129 (2023)

Nomura, T., Kim, JS., Ishikawa, M., Suzuki, K., Mochida, K.
High-efficiency genome editing by Cas12a ribonucleoprotein

complex in Euglena gracilis.

Microb. Biotechnol. 17, e14394 (2024)
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Biomacromolecules Research Team
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Morphology of spider silk protein droplets (LLPS), nanofibrils and fibers in microfluidic devices as characterized by confocal laser
scanning microscopy (CLSM) and scanning electron microscopy

Developing new biopolymers and
applying them as biomass-based
functional and structural materials

Rsearch Subjects

e 3D structures and polymerization mechanisms of biopolymer
synthases

e Search and development of microorganisms, polymerases, and
depolymerases

e Design and biosynthesis of bio-inspired functional peptides

e Biopolymer production and plant modifications via plant
biotechnology
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hierarchically
organized
fibers

We aim to search for, create and develop new functional
enzymes (polymerase and protease) as well as new
microorganisms (phototrophic bacteria) to contain developed
enzymes based on the relationship between structures and
functions of biopolymer synthases. The final goal of our laboratory
is to design and develop novel functional enzymes to produce
biopolymers such as poly (hydroxyalkanoate) (PHA) and
polyamide/polypeptide, which can be used as structural materials.
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Red: Mitochondria
Green: GFP

The fusion peptide containing mitochondrial transit signal and arginine-histidine
sequence could form polyplexes with plasmid DNA. Representative CLSM images
of GFP expression from constructed plasmids.Red: mitochondria, green: GFP, and
blue: nuclei.

\search Results

o We successfully created continuous spider silk fibers using a
microfluidic device.

o We developed the gene delivery system into mitochondrial genome
using the fusion peptide containing mitochondrial transit signal and
arginine-histidine sequence.

e Based on the live-cell imaging results using the bilirubin-dependent
fluorescent protein, we revealed that bilirubin accumulated in
chloroplasts.

FE/X / Publications

Chen, J. et al.

Replicating shear-mediated self-assembly of spider silk through

microfluidics.

Nat. Commun. 15, 527 (2024)

Yoshinaga, N. et al.

Design of an artificial peptide inspired by transmembrane
mitochondrial protein for escorting exogenous DNA into the
mitochondria to restore their functions by simultaneous multiple

gene expression.

Adv. Funct. Mater. 34, 2306070 (2023)

Ishikawa, K. et al.

Bilirubin is produced nonenzymatically in plants to maintain

chloroplast redox status.

Sci. Adv. 9, eadh4787 (2023)
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Bioplastic Research Team
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Improvement of marine biodegradability for poly(alkylene succinate)s by copolymerization with dicarboxylic

acids with larger carbon numbers

Creating new high quality plastic
materials made from biomass

Rsearch Subjects

e Design of biopolyesters for advanced materials
e Synthesis and molecular design of novel biomass-polymers

e New advanced methods for biomass-polymer synthesis

82

Our team aims to provide high-performance and specific
functional bioplastic materials as environmentally conscious
polymeric materials. Particularly, by paying attention to
biopolyesters produced by microorganisms, we have developed the
advanced technology that enables us to bring out their potential and
use them as practical plastic materials. We also employ various
biomass substances to create novel polymeric materials, followed
with biopolyesters. We achieved to construct a methodology of
molecular design for bioplastics to predict their properties and
functions, and new technology for efficient and precise bioplastic
synthesis.
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Morphology and mechanical properties of polyhydroxyalkanoate-based blends
containing block copolymer

\search Results

o We succeeded in synthesis of block copolymers as compatibilizer
and blend component for biopolyester.

o We found that the incorporation of long-chain-length dicarboxylic
acids as a comonomer into aliphatic poly(alkylene succinate)s
improves their marine biodegradability.

o We elucidated the relationships between physical properties and
chemical structure for biopolyesters containing
3-hydroxyalkanoates units with alpha-methyl substituents as a
comonomer.

FE/X / Publications

Mierzari, M. et al.

Biosynthesis, characterization, and biodegradation of elastomeric
polyhydroxyalkanoates consisting of alpha-dimethylated monomer

units.

Mater. Today Sustain. 24, 100577 (2023)

Jeeply, IF., Goto, T., Sudesh, K., Abe, H.
Biodegradable block copolymer as compatibilizer and blend
component of poly(3-hydroxybutyrate-co-3-hydroxyhexanoate)-based

polyester blends.

Eur. Polym. J. 196, 112314 (2023)

Kumagai, S. et al.

Improving the marine biodegradability of poly(alkylene

suucinate)-based cpolymers.
Polym. J. 56, 419-429 (2024)
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Cell Factory Research Team
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Bioconversion of 1,3-butadiene from muconic acid with two kinds of artificial enzymes

Designing and constructing
optimal cell factories for
valuable chemical compounds

Rsearch Subjects
o Building cell factories for production of valuable chemicals
e Developing in silico tools for designing artificial metabolic pathways

o Developing high functional enzymes catalyzing target metabolic
reactions

84

Cost reduction of raw materials and processes is needed in
order to use biomass as an alternative to fossil resources. Our
team aims to integrate conventional processes, which are typically
complicated and costly, into a bio-process that is innovative,
consistent, less costly and energy-saving. This will be achieved by
optimizing, in an integrated manner, a plant's capacity to produce
and degrade cellulose and the process of microorganisms'
degrading and synthesizing biomass.
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Parallel Metabolic Pathway Engineering (PMPE) for beta-alanine production
in Escherichia coli

‘search Results

o We developed an algorithm of metabolic designs, applying the
bioproductions of various useful compounds.

o We constructed a Bacillus subtilis efficiently producing hyarulonic
acid from glycerol by a practical metabolic design using a
genome-scale model.

e We succeeded in bioproduction of butadiene with a high yield by
developing an artificial enzyme with use of enzyme engineering
technology.

FE/X / Publications

Noda, S. et al.

Styrene Production in Genetically Engineered Escherichia coliin a
Two-Phase Culture.

BioTech 13, 2 (2024)

Tanaka, K. et al.

Dark accumulation of downstream glycolytic intermediates initiates
robust photosynthesis in cyanobacteria.

Plant Physiol. 191, 2400-2413 (2023)

Vikromvarasiri, N., Noda, S., Shirai, T., Kondo, A.

Investigation of two metabolic engineering approaches for
(R,R)-2,3-butanediol production from glycerol in Bacillus subtilis.
J. Biol. Eng. 17, 3 (2023)
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Molecular Bioregulation Research Team
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Agrobacterium-mediated transformation of Arabidopsis thaliana

Regulation of plant physiology
with synthetic molecules

Rsearch Subjects

e Precise control of plant hormone signaling
o New methodology for regulating plant reproduction

o Development of new technology in chemical biology
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Although increasing global food supply is the critical issue for
sustainable society, crop yields are growing too slowly to meet the
expected food demand. We are rather facing many problems such
as climate change, which will make it challenging to produce
enough food. Our team aims at solving these issues by chemical
biology approach. We search key genes for stable food production
through forward and reverse chemical genetics. The compounds
obtained from chemical screening will be structurally optimized
through chemical synthesis and applied to regulate physiological
functions of plants. Our goal is to go beyond the limitation of current
plant science and agriculture by combining synthetic chemistry and
plant biology, and to explore new field of sustainable resource
science.
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Visualization of starch granules in potato

\search Results

o We developed a fluorescent molecular probe for live-cell imaging of
starch granules.

e We found a compound that induces the efficiency of
Agrobacterium-mediated plant transformation.

o We developed of a novel technique for selection of plant
transformants.

FE/X / Publications

Murao, M. et al.

A Small Compound, HYGIC, Promotes Hypocotyl Growth Through
Ectopic Ethylene Response.

Plant Cell Physiol. 64, 1167-1177 (2023)

Nakashima, Y. et al.

Identification of a pluripotency-inducing small compound, PLU,
that induces callus formation via Heat Shock Protein 90-mediated
activation of auxin signaling.

Front. Plant Sci. 14, 1099587 (2023)

Okabe, S. et al.

Desmethyl type germinone, a specific agonist for the HTL/KAI2
receptor, induces the Arabidopsis seed germination in a
gibberellin-independent manner.

Biochem. Biophys. Res. Commun. 649, 110-117 (2023)
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Plant Lipid Research Team
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The chloroplast-localized enzyme (green) is enriched at the
specific site of chloroplast (magenta) proximal to the ER.

A lipidomic approach to addressing
plant growth and development

esearch Subjects

o Lipid-mediated mechanism in plant growth and developmental
control

e Physiological significance of molecular diversity in the membrane
lipid profiles

e Spatiotemporal (4-D) lipidomics -An effort to address the
subcellular dynamics of plant lipid metabolism at spatiotemporal
resolution-

e Utilization of photosynthetic assimilates through the lipid metabolic
engineering

88

We are investigating how lipids control plant growth and
development. Lipids play diverse roles in energy storage, cellular
membrane integrity and signal transduction. Under the concept of
“Spatiotemporal (4-D) lipidomics”, we precisely address the
molecular dynamics of lipid metabolism and underlying mechanism
in growth control. Our basic research will form the basis of
knowledge-based metabolic engineering strategy to efficiently
convert photosynthetic assimilates into industrially valuable lipids,
which contributes to the development of carbon-neutral society.
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Movement of tunicamycin, an ER stress inducer, in planta

esearch Results

o We discovered that a pair of distinctly localized enzymes at the
chloroplast and ER cooperates in plant lipid biosynthesis.

o We discovered a novel factor that protects plant ER from stress.

o We elucidated a mechanism of systemic ER stress response in
plants.

FE/HX / Publications

Nguyen, V.C., Nakamura, Y.

Distinctly localized lipid phosphate phosphatases mediate
endoplasmic reticulum glycerolipid metabolism in Arabidopsis.
Plant Cell 35, 1548-1571 (2023)

Yu, C-Y., Nakamura, Y.

SMALLER TRICHOMES WITH VARIABLE BRANCHES (SVB) and
its homolog SVBL act downstream of transcription factor NAC089
and function redundantly in Arabidopsis unfolded protein response.
J. Exp. Bot. 74,5870-5880 (2023)

Ngo, A.H., Wu, Y-C., Nakamura, Y.
Bidirectional movement of tunicamycin in Arabidopsis thaliana.
New Phytol. 241, 10-16 (2024)
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Plant Chemical Genetics Research Team
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Hiruma, K. et al.

A fungal sesquiterpene biosynthesis gene cluster critical for
mutualist-pathogen transition in Colletotrichum tofieldiae.
Nat. Commun. 14, 5288 (2023)
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R g N iy i development under progressive drought conditions.
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Postdoctoral Researcher
Keisuke FUJIYAMA
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Yuri KANNO
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Yuanjie WENG
The structure of the NAD+-bound ABA2. The tetramer structure of the ABA2. Teruhisa ONO
Chisato OSHIMA
X-ray crystal structures of the abscisic acid biosynthetic enzyme ABA2 Metabolic changes in bread wheat-Leymus racemosus chromosome Shamereryuuya BOLDEN
addition lines
Part-time Worker
Masako TANAKA
Tomoe NOSE
Assistant
Nami ONO
H H H - The Green Revolution in crops is an effective use of gene Mai SUGIYAMA
Contributing sustainable crop productivity : . is an ®search Results e
d R f . l mutation that altered the gibberellin action of plant hormones. Chieko SHIMIZU
an Improvement of environmental stress Bioactive small molecules including plant hormones exhibit various o We revealed that molecular structure of the abscisic acid
adaptation through elucidation of physiological actions and are involved in plant growth and biosynthetic enzyme ABA2.
o adaptation to environmental stress. Further elucidation and o We revealed that wheat abscisic acid receptors are involved in
plant hormone functions ape , disease response.
utilization of plant hormone functions are necessary to develop
crops that can grow with less environmental impact under global ¢ We revealed metabolic changes in bread wheat-Leymus
. - racemosus chromosome addition lines.
climate change. In addition, we also explore key genes for plant
‘SearCh SUb]eCtS growth and environmental stress adaption and aim to improve food

o Elucidation of plant hormone metabolic regulations and signaling productivity by applying the scientific knowledge to practical crops.

e Search of new hormone-like molecules in plants
o Molecular breeding of crops by modifying plant hormone action
e Development of small molecules that regulate plant hormone action

o |dentification of key genes for improving crop productivity
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Chemical Biology and Biosynthesis Research Team
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The biosynthesis of L-isovaline from L-isoleucine

Production of novel bioactive
compounds with biosynthetic ways

Rsearch Subjects

o Redesign of biosynthetic machinery
o Alteration of enzyme function

e Functional elucidation of bioactive compounds

92

(2S,3R)-6 L-isovaline (8)

Our laboratory aims to contribute to solving social issues such as
the decrease and depletion of natural resources and to advance
environmental resource science research through research on
chemical biology and biosynthesis, including research on new
useful natural products using biosynthetic methods. We analyze the
biosynthesis pathway of bioactive substances and construct
substance production systems in microbial hosts. We create
non-natural compounds by modifying biosynthetic pathways and
enzyme functions in the production system. We also analyze the
mechanism of action of the bioactive compounds and obtain new
knowledge in chemical biology.

e
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ZEESHIZ LT

o BELTI/BERELLTRIAN TOUYY EART AHRRRE
EELTCO

o MEM¥E7ILT I RIER{Kamorphadiene £ A B EBEREZELTTIL
RUEELT,

The structural basis of pyridoxal 5’-phosphate dependent B-NAD alkylating
enzyme

\search Results

o We revealed a structure basis of the enzyme which condenses
3-NAD and SAM by cryo-EM analysis.

o We identified a new a-ketoglutarate dependent oxygenase that
produces aziridines from several amino acids.

o We utilized the bacterial artemisinin precursor amorphadiene
biosynthetic enzyme to produce a terpene biosynthetic route.

FE/X / Publications

Zhou, L., Awakawa, T., Ushimaru, R., Kanaida, M., Abe, I.
Characterization of aziridine-forming a-ketoglutarate-dependent
oxygenase in L-Isovaline biosynthesis.

Org. Lett. 26, 724-727 (2024)

Quan, Z., Awakawa, T.

Recent developments in the engineered biosynthesis of fungal
meroterpenoids.

Beilstein J. Org. Chem. 20, 578-588 (2024)
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Natural Product Biosynthesis Research Unit
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Aminoacylation of the nucleoside antibiotic ascamycin by AcmD and AcmF

Exploring microbial gene resources and
elucidating biosynthetic mechanisms
to produce valuable compounds

Rsearch Subjects

o Elucidation of biosynthetic machinery of bioactive microbial
metabolites by genetic, biochemical and structural analyses

e Evaluation of transcriptional regulators associated with secondary
metabolite gene clusters

e Production of novel secondary metabolites from unknown gene
clusters unveiled by genome sequence analysis

o Development of small molecules that enhance production of
secondary metabolites

o Construction of biosynthetic platforms using microorganisms

04

Microorganisms such as actinomycetes and filamentous fungi
are a rich repository of valuable secondary metabolites. The
understanding of biosynthetic mechanisms is important to utilize
microbial metabolites efficiently. For this reason we elucidate a key
reactions of biosynthetic pathways by genetic and biochemical
methods. We diversify microbial metabolites by modifying gene
clusters and pathway engineering. In addition to utilizing
transcriptional regulators, we develop novel methods to activate
biosynthetic gene clusters by small molecules and create natural
products. We are constructing microbial biosynthetic platforms and
efficiently produce valuable natural products using genetic
resources from nature.
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Expression of kiq gene cluster in Streptomyces lividans TK23
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kinanthraquinone (KQ)

Anti-malaria : 1.2 pM
Cytotoxicity : >30 yM
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Anti-malaria : 15 pM
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Production of kinanthraquinone C and D

\search Results

o We found that alanyl-tRNA synthetase-like enzymes catalyzed
aminoacylation in ascamycin biosynthesis.

o We produced kinanthraquinone D with anti-malarial activity by
heterologous gene expression in Streptomyces lividans TK23.

e We enabled the production of Gg-signaling inhibitor FR900359
derived from unculturable plant symbiont.

FE/X / Publications

Zheng, Y. et al.

Alanyl-tRNA synthetase-like enzyme-catalyzed aminoacylation
in nucleoside sulfamate ascamycin biosynthesis.

ACS Catal. 14, 3533-3542 (2024)

Sakai, K. et al.

Production of kinanthraquinone D with anti-malarial activity by
heterologous gene expression and biotransformation in
Streptomyces lividans TK23.

J. Nat. Prod. 87, 855-860 (2024)

Hashimoto, T. et al.

In vitro module editing of NRPS enables production of highly
potent Gg-signaling inhibitor FR900359 derived from
unculturable plant symbiont.

Angew. Chem. Int. Ed. 63, e202317805 (2024)
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Drug Discovery Chemical Bank Unit
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Active
Fungal Fas1 Inhibitor

Identification of triazenyl indoles as inhibitors of fungal fatty acid biosynthesis with broad-spectrum activity

Support the research for drug discovery
by providing compounds from

well managed chemical libraries and
the compound screening technology

Rsearch Subjects

o Utilization of chemical libraries for drug-discovery in storage and
provision of compounds

e Construction of databases for management of chemical libraries

e Development of technologies for target identification and HTS

96

This unit acts as a chemical bank in the RIKEN program for Drug
Discovery and Medical Technology Platforms (DMP). We store
compounds synthesized or purchased in the process of exploration
and structure optimization of hit compounds and supply the
compounds for validation of biological activity, toxicity or safety. In
cooperation with the Chemical Resource Development Research
Unit, we construct and provide a chemical library for drug-discovery
screening. We are constructing databases for the management of
the chemical library to provide compounds efficiently. We will
contribute to the drug seed screening through the technology
development for the target identification and the high throughput
ligand identification.

e
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DMP
J-Public library for HTS
3.788cmpds, ""m““
|
Mﬂl« Synthetic
‘Compounds
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Total 20,187 compounds.

NPDepo
Natural Procuct
Derivatives. Drug like Synthetic
18,216empds. Compounds
<3 36,132cmpds.

Total 58,223 compounds.

DMP and NPDepo chemical library in storage

\search Results

o We provided hit compounds for re-evaluation of biological activities.
We purchased analogs of hit compounds and provided their
solutions.

e Participating in the J-Public Library Consortium with its diverse
range of compounds, our unit had selected and ordered the set of
compounds that complemented the diversity for DMP library and
analogs of the hit compounds and started offering them as
compounds for HTS in the DMP.

e As a part of the effective use of chemical libraries, we revealed that
a triazenyl indole antifungal agent discovered from the NPDepo
library inhibited fatty acid biosynthesis.

FE/X / Publications

Taniguchi, S. et al.

Identification of a-Tocopherol succinate as an RFFL-substrate
interaction inhibitor inducing peripheral CFTR stabilization and
apoptosis.

Biochem. Pharmacol. 215, 115730 (2023)

lyer, KR. et al.

Identification of triazenyl indoles as inhibitors of fungal fatty acid
biosynthesis with broad-spectrum activity.

Cell Chem. Biol. 30, 795-810.e8 (2023)

Takayama, K. et al.
Identification of small-molecule inhibitors against the interaction of
RNA-binding protein PSF and its target RNA for cancer treatment.
PNAS Nexus 2, pgad203 (2023)
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Drug Discovery Seed Compounds Exploratory Unit

¥ﬁ§§“§g€f E E{J ‘\:-g-% S)— |<‘/ 1) — I‘ﬂﬁﬁ'% BISES — b EYIRRER I -y MI AIRENE LTHEINS
%HTS(:J: ;) ﬁ@ L i-a— DFIERT2HLWEEEE LS ELEMIAT ) -5 KR
BICBRERTEIEILL>TCEIEY - FOREXBET.

hr—

o A MABLUPHMIBERTYEAIZKBINARIL=TYNRI ==
(HTS)

o MFIAX—I U TIZEDINAAVYT VYRR ) ==
o L MNEGTFRBICLIBRORBHEZOEILLLEYMDHTS

Reactome 2016
: 0.63
<. ATP synthesis - 10,16‘
Respiratory electron transport | 0.11
pathway A  pathway B Heat production 12/109
TCA cycle | 0.078 ‘
TLAM—] |— shRNA Respiratory electron transport - 12/153
; 0.0084
Metabolism —| o e ton
. : 0.0084
q. Metabolism of proteins .- e 911074
Synthetic lethal s N ks

-Logio adjusted P value

Identification of ATP synthase as a synthetic lethal partner with phosphofructokinase 1 (PFK1) in cancer,
by using TLAM, a specific inhibitor of PFK1

Discovering Seed and |ead Compounds The Drug Discovery Seed Compounds Exploratory Unit aims to

b d | d identify seed compounds for drug development, which are active on
y HTS to deve Op new rugs drug target molecules, through HTS of large compound libraries.

Rsearch Subjects

e High throughput screening (HTS) using in vitro and cell-based
assay systems

e High content screening based on cell imaging

e HTS for compounds that recover yeast phenotypes induced by
expression of human genes
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Construction of an assay system for detecting interaction between PSF and its target
RNA (CTBP1-AS)

\search Results

o In order to develop a treatment targeting the Warburg effect, which

is known as a hallmark of cancer, we searched a pooled shRNA
library for genes in a synthetically lethal relationship with TLAM, an
inhibitor of a rate-limiting enzyme phosphofructokinase 1 in
glycolysis, and found that ATP synthase is a strong synthetic lethal
partner.

e We constructed a high-throughput assay system to detect the

binding of the splicing factor PSF to its target RNA, and identified
compounds that induce the recovery of gene expression that had
been suppressed by PSF by inhibiting the interaction.

e We found that acidic extracellular pH (pH 6.8) leads to the

accumulation of N1-acetylspermidine, a protumor metabolite,
through up-regulation of the expression of spermidine/spermine
acetyltransferase 1 (SAT1).

FE/X / Publications

Kobayashi, H. et al.

RNAi screening reveals a synthetic chemical-genetic interaction
between ATP synthase and PFK1 in cancer cells.

Cancer Sci. 114, 1663-1671 (2023)

Takayama, K. et al.

Identification of small-molecule inhibitors against the interaction of
RNA-binding protein PSF and its target RNA for cancer treatment.
PNAS Nexus 2, pgad203 (2023)

Kato, M. et al.

Acidic extracellular pH drives accumulation of
N1-acetylspermidine and recruitment of protumor neutrophils.
PNAS Nexus 2, pgad306 (2023)
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Drug Discovery Chemistry Platform Unit
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Drug discovery process

Pursuing small molecule drug discovery
and targeted protein degradation

Rsearch Subjects

e Small molecule drug discovery and targeted protein degradation
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As a part of the drug discovery efforts at RIKEN, our group’s
research is focused on 1) small molecule drug discovery, 2)
targeted protein degradation, and 3) chemistry-related general
support for the drug discovery efforts of our collaborators at various
academic and governmental research institutions in Japan. We
specialize on programs with novel therapeutic targets or mode of
action, and strive to quickly develop structure-activity relationships
on HTS hits in a wide range of therapeutic areas including
intractable cancers, rare diseases, difficult-to-cure viral diseases.
While identification of a preclinical candidate is the ideal outcome,
validation of novel therapeutic targets is also an important part of
our efforts.
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“An emerging therapeutic modality”
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\search Results

o Preclinical development of a small molecule anti-cancer drug
candidate is in progress.

e Preclinical development of a small molecule Sickle cell disease
drug candidate is in progress.

o Next generation drug discovery Al platform development is in
progress.

FE/X / Publications

Nishigaya, Y. et al.

Discovery of novel substrate-competitive lysine methyltranferase
G9a inhibitors as anti-cancer agents.

J. Med. Chem. 66, 4059-4085 (2023)

Chen, M. et al.

APC/PIK3CA mutations and B-catenin status predict tankyrase
inhibitor sensitivity of patient-derived colorectal cancer cells.
Br. J. Cancer 130, 151-162 (2024)

Kubota-Sakashita, M. et al.

An ex vivo screening using mouse brain mitochondria identified
seco-cycline D as an inhibitor of mitochondrial permeability pore.
Biochem. Biophys. Res. Comm. 691, 149253 (2024)
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Molecular Structure Characterization Unit
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FE/X / Publications

Tani, H. et al.

Identification of a new pyrrolyl pyridoindole alkaloid, melpyrrole
and flazin from honey and their cough-suppressing effect in
guinea pigs.

J. Agric. Food Chem. 71, 13805-13813 (2023)

Takahashi, S., Hama, T., Nogawa, T., Ogawa, N., Koshino, H.
Total synthesis of clostrienose.
ACS Omega 8, 35382-35392 (2023)

Toriumi, N., Muranaka, A., Uchiyama, M.

Origin of large near-infrared solvatochromism of 18m-electron
aromatic monohydroxy-benziphthalocyanine.

Chem. Pharm. Bull. 71, 462-465 (2023)
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Developing technologies and platforms
for structure characterization
by NMR and MS analyses

Rsearch Subjects

o Development of new methods and technologies for NMR and MS
analyses

e Organic molecular characterization and structural determination by
spectroscopic analysis and organic synthesis

e Research supporting activity and collaborative research with NMR,
mass spectrometry, other spectroscopic methods and quantum
chemical calculations

e Synthesis of bioactive natural products in aid of the structural and
biological activity studies
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We develop new methods and technologies of NMR and MS
analyses for structural elucidation and characterization of novel
organic compounds that are found or synthesized in chemistry and
related scientific fields such as chemical biology, metabolomics
research, and several organic synthetic studies. We provide diverse
research support activity for characterization of organic molecules
through maintenance and operation of MS, NMR, and CD facilities
for all RIKEN researchers. Our research supporting activities include
training on open access machines, technical assistance, data
acquisition, and spectral data analysis and interpretation. We
collaborate with many research groups, and continue to improve our
capability and methodology for organic molecular characterization
and structural determination by spectroscopic analysis together with
organic synthesis.
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Structures of a new alkaloid melpyrrole and flazin from honey
as the antitussive principle

\search Results

o Anew pyrrolyl pyridoindole named melpyrrole and known flazin
were identified as the antitussive principle of honey for the first
time, and the structure of melpyrrole was established by the total
synthesis. Both compounds were shown to exhibit antitussive
activity comparable to that of dextromethorphan in a guinea pig
cough model.

e We succeeded in total synthesis of clostrienose and its
monosaccharide analog that are a cellular differentiation regulator
of Clostridium acetobutylicum, an industrial producer of the organic
solvents (acetone-butanol-ethanol), and confirmed the proposed
structures unambiguously.

o MS/MS-based structural characterization may become problematic
as analogous structures occasionally give very different
fragmentation patterns. We've elucidated a mechanism behind the
problem by using energy-resolved MS/MS and ion mobility
analysis.
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Biomolecular Characterization Unit
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Identification of PI3K p85 modification site by Methyl Vinyl Ketone (MVK)
LC-MS/MS spectrum of Cys656-containing PI3K p85 peptide modified by MVK. Inset shows the crystal
structure of the cSH2 domain shown in the molecular surface model. Red residue indicates Cys656.

To resolve the mystery Of Our unit provides high quality structural characterization methods
to the field of biological science, aiming to further understand the

b|0l0glca| phenomenal mechanism and action of biological molecules. We manage
we examine the protein structure specialized and technical instruments including protein chemical
analyses, mass spectrometry. Our challenge to research, develop
and fine-tune novel characterization methods for biological
molecules, is an endless yet rewarding process.

Rsearch Subjects

e Development and application of analytical methods for structural
details on biological molecules

o Development of quantitative analysis of biomolecules

o Identification and characterization of RNA by mass spectrometry
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Identification of acetylated site of p300-reactedhistone N-terminal tails (H2B
K20Ac)

LC-MS/MS spectrum of acetylated 17-23 peptide of H2B in the N-terminal tail of
the p300BRPHZT-reaction histone.

The insets show the quantification of acetylation of H2B K20 in the
p300BRPHZT-reaction histone by immunoblotting (left) and mass spectrometry
(right). Black and green lines indicate data with the unmodified and the
H4K12/K16-acetylated nucleosomes as substrates (1uM), respectively.

\search Results

e The methyl vinyl ketone modification site of PI3K was determined
by mass spectrometry to elucidate the mechanism of enzyme
inhibition via modification of the active carbonyl.

e The histone acetylation by p300 was quantified by mass
spectrometry to elucidate the epigenetic mechanisms to propagate
histone acetylation by p300.

e The structure of the RNA in the complex was determined by
LC-MS/MS to elucidate the three-dimensional structure of the
ancestor protein of the CRISPR-Cas enzyme.

FE/X / Publications

Morimoto, A. et al.

Methyl vinyl ketone and its analogs covalently modify PI3K and
alter physiological functions by inhibiting PI3K signaling.

J. Biol. Chem. 300, 105679 (2024)

Kikuchi, M. et al.

Epigenetic mechanisms to propagate histone acetylation by
p300/CBP.

Nat. Commun. 14, 4103 (2023)

Nakagawa, R. et al.
Cryo-EM structure of the transposon-associated TnpB enzyme.
Nature 616, 390-397 (2023)
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Mass Spectrometry and Microscopy Unit
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Robotic chemical application system for RIPPS

Providing mass spectrometric,
microscopic, and phenotyping platforms
for plant science

Rsearch Subjects

e Plant metabolomic analyses by mass spectrometry
e Plant hormone analyses by mass spectrometry
o Microscopic analyses of plant tissues and cells

e Plant growth analysis by automated plant phenotyping system
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Mass spectrometric and microscopic analyses and plant
phenotyping are fundamental analytical technology in plant science
and sustainable resource science. Our unit develops and executes
the analyses based on mass spectrometry for the study of plant
metabolome and hormonome, on microscopy for the ultrastructural
observation of the plant cells, and on automated plant phenotyping
system for plant growth analysis.
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Phytohormone profiling using CSSL (chromosome segment substitution line)
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Schematic model of the Invoivemont of CPN1 in apoplastic
cytokinin metabolism.

CPN1 is a novel cytokinin-activating enzyme localized in the apoplastic space of
Oryza sativa.

\search Results

o We developed a model of compost-soil-plant interactions using
multi-omics data from a root vegetable plant model fertilized with
compost fermented with thermophilic Bacillaceae.

e We discovered a novel cytokinin activating enzyme localized in the
apoplastic space of Oryza sativa.

o We developed two effective tools (serial semi-thin section
preparation tool and diamond notch knife for correlative array
tomography) for electron and light microscopy.

e We developed an automated chemical application system for
RIPPS with a robotic arm that executes autonomous experiments
by an Al system.

FE/X / Publications

Miyamoto, H et al.

An agroecological structure model of compost—soil—plant
interactions for sustainable organic farming.

ISME commun. 3, 28 (2023)

Kojima, M et al.

A cell wall-localized cytokinin/purine riboside nucleosidase is
involved in apoplastic cytokinin metabolism in Oryza sativa.
Proc. Natl. Acad. Sci. USA 120, e2217708120 (2023)

Goto, Y., Takeda-Kamiya, N., Yamaguchi, K., Yamazaki, M.,
Toyooka, K.

Effective alignment method using a diamond notch knife for
correlative array tomography.

Microscopy dfae013 (2024)

Zhang, J. et al.

Integrating a Pipette into a Robot Manipulator with Uncalibrated
Vision and TCP for Liquid Handling.

IEEE Trans. Autom. Sci. Eng. 1-20 (2023)
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Chemical Resource Development Research Unit
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NPD723 H-006

NPD723/H-006 are potent DHODH inhibitors.

Expanding and using chemical libraries
to accelerate chemical biology research

Rsearch Subjects

o Expansion and utilization of chemical library in NPDepo

e Exploring of bioactive small molecules and their mode of action
study

e Research promotion by structure-activity relationship analysis and
optimization of chemical structures
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Inhibition of tumor cell growth

Achemical library is an indispensable tool to promote research on
the regulation of cell functions and drug-discovery empowered by
chemical biology. Our unit manages and enhances the NPDepo
chemical library having the databases of its chemical and biological
information. We explore useful bioactive compounds by our original
phenotype- and target-based screening systems (iHOPE and
chemical array), and elucidate mechanisms of action of hit
compounds. We provide chemical libraries and their information to
inside and outside RIKEN, promoting close collaborations with
researchers in chemical biology and sustainable resource science.
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Mitochondrial respiration inhibitors accelerate c-Myc degradation.

\search Results

o Phenotypic profiling revealed that an anticancer compound
NPD723 and its active metabolite H-006 inhibit dihydroorotate
dehydrogenase (DHODH) and suppress cancer cell growth.

e Mitochondria respiration inhibitors were identified as oncogenic
c-Myc degradation accelerators.

o A high-throughput screening system for small molecule ligands for
B-transducin repeat-containing protein (B-TrCP) provided several
hit compounds from NPDepo chemical library.

FE/X / Publications

Kawatani, M. et al.

Identification of a dihydroorotate dehydrogenase inhibitor that
inhibits cancer cell growth by proteomic profiling.

Oncol. Res. 31, 833-844 (2023)

Liu, X. et al.

Isolation and characterization of B-transducin repeat-containing
protein ligands screened using a high-throughput screening
system.

Oncol. Res. 31, 645-654 (2023)

Liu, Z. et al.

Identification of antimycin A as a c-Myc degradation accelerator
via high-throughput screening.

J. Biol. Chem. 299, 105083 (2023)
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Philanthropy Program “RIKEN CSRS for SDGs”
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we will support the research activities of researchers, promote exchanges between
domestic and international researchers, and develop researchers by building and
providing educational programs for graduate students, and through these efforts, we
will establish a world-first academic field of "sustainable resource science"

Donation call duration: January 12, 2021 - March 31, 2025
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Direct information about Center’s events
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