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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
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Looking Back on the former
Director Saito’s Five-Year Term

Saito The directorship of the RIKEN
Center for Sustainable Resource Sci-
ence (CSRS) has just been handed
over to Dr. Mikiko Sodeoka in April
2025.

First, | would like to reflect on my five
years as director. Upon assuming the
position, | proposed the slogan ‘Estab-
lishing the Field of Sustainable Re-
source Science’. This slogan was
intended to clearly position a new area
of challenge that goes beyond our
existing strengths—plant science,
chemical biology, catalytic chemistry,
and biomass engineering.

Dr. Kazuki SAITO One mgjor initiative was the irr.lplle-
Former Director of CSRs ~ Mentation of the Accelerated Priority
(FY2020-2024)  Program. We launched three pro-
grams: ‘Informatics and Data Science’

(FY2019-2021), and ‘Carbon Neutrality and Beyond’
and ‘Single Cell Omics’ (FY2022-2024). We also intro-
duced a number of initiatives to energize CSRS mem-
bers. Among the many initiatives we introduced, nota-
ble examples include ‘the CSRS Graduate Student
Training Program’ (CSRS-GSTP), the establishment
of the philanthropy program ‘RIKEN CSRS for SDGs’,
and interdisciplinary collaborative research with indus-

try.

One particularly noteworthy initiative was our collabo-
ration with the humanities and social sciences.
Through dialogues and by inviting leading scholars as
visiting researchers, we initiated discussions that con-
tributed to formulating our 5th Mid- to Long-Term Plan
(FY2025-2031)—an effort | consider highly significant.

Initiatives Led by Young and
Next-Generation Pls

Saito We also initiated bottom-up efforts by gathering
input from early career researchers without PI experi-
ence. We organized a task force led by next genera-
tion young researchers, which examined the 169
targets under the 17 SDGs to identify challenges that
CSRS and RIKEN should address. In addition, the
working group for ‘The Next Mid- to Long-Term Plan
Drafting’, composed of next-generation Pls, helped
shape the framework for the plan starting in April 2025.

To young Pls and researchers, | hope most of all that
you cherish basic science driven by your own
curiosity—because curiosity is the true source of dis-
covery. | also emphasize that contributing to society
brings a sense of joy that is more than twice as fulfill-
ing. Dr. Sodeoka, what message would you like to
share with young researchers as the new director?

Sodeoka | believe that, as scientists, it's essential to
first build up what we can truly call ‘this is my work’.
What | mean is that it's important for young research-
ers to establish their own strengths and gradually

broaden their perspectives through interdisciplinary
collaboration.

Developing the 5th Mid- to
Long-Term Plan

Saito Under the 5th Mid- to Long-Term Plan, RIKEN’s
centers will be organized into four domains: ‘Mathe-
matical and Computational and Information Science’,
‘Physical Science’, ‘Life Science’, and ‘Sustainability
Science’. CSRS and parts of the BioResource Re-
search Center (BRC) will belong to the Sustainability
Science domain, with CSRS playing a central role. Re-
search aimed at safeguarding the Earth system, a
Global Commons, is a critical issue for the Sustainabil-
ity Science domain.

Sodeoka Building on our past achievements, CSRS
will promote four strategic programs: ‘Sustainable Bio-
production’, ‘Material Circulation and Catalysts’, ‘Sym-
biosis and Environment’, and ‘Advanced Research
and Technology Platforms’.

‘Sustainable Bioproduction’ focuses on improving the
productivity and functions of plants and microorgan-
isms, stabilizing food supply, and reducing depen-
dence on fossil resources for material production.

‘Material Circulation and Catalysts’ addresses the utili-
zation of abundant resources on Earth through catalyt-
ic reactions, innovations in material production pro-
cesses, and the creation of superior polymer materials
and compounds—contributing to a resource-circulat-
ing, environmentally harmonious society.

‘Symbiosis and Environment’ explores the use of sym-
biotic relationships between plants and microorgan-
isms or between microorganisms themselves, to
develop low-environmental impact crops and materi-
als.

‘Advanced Research and Technology Platforms’ will
continue to play a foundational role in supporting these
three programs with cutting-edge analytical instru-
ments and technologies.

Outlook for CSRS
under the New Director

Sodeoka In the 4th Mid- to Long-Term
Plan (FY2018-2024), the SDGs were a
major focus. While global efforts con-
tinue, the path to achieving the goals
by 2030 is still demanding. We still
regard them as essential goals to be
achieved for humanity.

The Earth system is seriously threat-
ened and at a tipping point, and our
actions determine its future. At CSRS,
maintaining the Earth system as a
Global Commons and achieving plane-

tary health will be key objectives  Dr. Mikiko SODEOKA

New Director of CSRS

moving forward. (FY2025-)

(Date: February 19, 2025)
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Research Strategy in the 5th mid- to long-term plan
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Director Mkiko SODEOKA D.Phar.
(2025448~ / from April 2025)

Through the power of science,
CSRS opens our future where both
the Earth and humanity can live healthily together

Human activities are rapidly pushing the resilience and stability that the Earth system naturally possesses to its limits. To
contribute to the harmony between human activities and the Earth system, the Center for Sustainable Resource Science
(CSRS) is promoting four strategic programs: 'Sustainable Bioproduction', 'Material Circulation and Catalysis', 'Symbiosis
and Environment', and 'Advanced Research and Technology Platforms'. CSRS is advancing the development of
stress-resistant plants and environmentally friendly crop production technologies, and is engaged in manufacturing that
utilizes the power of organisms and catalysts. By collaborating with researchers in the computational science and the
prediction science, as well as experts from the humanities and social sciences fields, CSRS aims to bring the achievements
of fundamental science to society. Through the power of science, CSRS contributes to solving global challenges toward the
realization of a sustainable circular society and preserving the global commons, and opens our future where both the Earth

and humanity can live healthily together.
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CSRS has built world-class achievements through the interdisciplinary research integrating plant science, chemical biology,
catalytic chemistry, and biomass engineering. We promote four strategic programs leveraging the strengths of CSRS and
tackle the urgent and global challenge of preserving the Global Commons.

Through improving the productiv-
ity and functions of plants and
microorganisms, and creating a
biomanufacturing system, we
contribute to stabilizing the food
supply and building a society that
does not depend on fossil
resources.

Through understanding the
symbiotic relationships
between plants and
microorganisms and
utilizing these insights, we
contribute to the
production of crops and
materials that reduce
environmental impact.
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Material Circulation and Catalysts
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Through the development
of high-performance
catalysts and innovative
polymers, we contribute
to reducing resource
consumption and waste,

RITIRH OEERENER. L&YW >S 1
TSU—EREEICKY . 302D

and to realizing a s OIS L EZADE
'resource-circulating’ EBlC . T—IREE
society. WHRELET,

Through the state-of-the-art
analytical infrastructure,
compound library, and
information infrastructure, we
support three strategic programs
and promote data science.
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New Research Structure in the 5th mid- to long-term plan
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* Pls who belongs to multiple labs/programs

Motoaki SEKI

Masami HIRAI *

Keiko SUGIMOTO
Keiichi MOCHIDA
Akihiko KONDO

Shinya HAGIHARA *
Yuki NAKAMURA
Masanori OKAMOTO *
Takayoshi AWAKAWA *
Shunji TAKAHASHI *

Zhaomin HOU
Ryuhei NAKAMURA
Hideki ABE

Mikiko SODEOKA
Laurean ILIES

Yoichi M. A. YAMADA
Keiji NUMATA
Kenichiro ITAMI

Ken SHIRASU
Jun KIKUCHI
Makoto HAYASHI
Uta PASZKOWSKI

Yasunori ICHIHASHI
Shunji TAKAHASHI *

Masami YOKOTA HIRAI *
Kiminori TOYOOKA

Naoshi DOHMAE
Shinya HAGIHARA *
Masanori ARITA
Charles M. BOONE
Masanori OKAMOTO *
Takayoshi AWAKAWA *
Hiroyuki KOSHINO
Shinya HAGIHARA *

Minoru YOSHIDA
Hiroo KOYAMA

Reina KOMIYA
Kei MURATA
Dongbo SHI
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Sustainable Bioproduction
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Through improving the productivity and functions of plants and microorganisms, and
creating a biomanufacturing system, we contribute to stabilizing the food supply and
building a society that does not depend on fossil resources.

In the field of food production, climate change and population growth are urgent challenge that need to be addressed. This
program focuses on enhancing the productivity and functions of plants and microorganisms, aiming to develop “resilient”
species that have improved adaptability to environmental stress and increased material productivity. This program also
promotes sustainable biomanufacturing using synthetic biology techniques.

I Creation of Resilient Plants and Microorganisms

We aim to enhance the ability of plants and microorganisms to adapt to climate change and environmental stress, enhance
material productivity, increase resource use efficiency, and contribute to carbon neutrality. To achieve these goals, we
conduct single-cell omics analyses of plants and microorganisms to identify new genes and functional small molecules
useful for trait improvement, and develop and validate technologies to enhance their functions. Additionally, we work on
developing control technologies for cultivation and culture methods that are effective in improving the productivity and
functions of plants and microorganisms.

I Biomass and Biomanufacturing

We work on redesigning the metabolic networks of plants and microorganisms to enable biomanufacturing that produces
useful substances sustainably and efficiently. Furthermore, we work on building a new production platform that is
independent of fossil fuels.
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Material Circulation and Catalysts
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Through the development of high-performance catalysts and innovative polymers,
we contribute to reducing resource consumption and waste,
and to realizing a 'resource-circulating' society.

Modern society depends on materials produced through the consumption of large amounts of energy. To achieve a
sustainable society, we must address the challenges related to these materials and their production processes. This
program, based on catalytic chemistry, works on developing efficient chemical synthesis methods that use abundant
resources, such as air, water, and Earth-abundant elements, while incorporating information technology, such as big data
and theoretical analysis. We also create innovative polymers with self-healing and biodegradability properties, and develop
chemical approaches that contribute to an environmentally sustainable and resource-recycling society.

I Harnessing Earth’s Common Resources

We work on developing highly functional transition metal catalysts and biocatalysts capable of synthesizing useful
substances from the Earth’s natural resources, including abundant atmospheric resources such as nitrogen and carbon
dioxide, Earth-abundant elements and crustal resources. Additionally, we work on developing hydrogen production
catalysts that utilize mineral resources and various water resources. These innovations will allow us to secure resources on
a large scale and at low cost. Along with methods for reusing resources and catalysts, we are also exploring technologies
for recycling chemical substances that contribute to environmental pollution.

I Development of Innovative, Environmentally Friendly Polymers

In addition to developing self-healing materials using proprietary catalysts, we work on creating marine biodegradable
polymers and other materials derived from biomass (resources from living organisms, excluding fossil resources) that can
serve as substitutes for plastics made from fossil resources. Moreover, by incorporating material and catalyst informatics
using big data, artificial intelligence, and mathematics, we are developing novel biopolymers.
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Sustainable Bioproduction
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Through understanding the symbiotic relationships between plants and microorganisms
and utilizing these insights, we contribute to the production of crops and materials that
reduce environmental impact.

Although symbiosis with microorganisms in the environment is essential for plants to survive, the mechanism is not yet
entirely understood. This program aims to realize agriculture with less environmental impact by comprehensively analyzing
the complex symbiotic relationships between plants and microorganisms as well as among different microorganisms as a
single system. It also strives to use new, useful substances produced by microorganisms.

l Research on Useful Symbiotic Bacteria

To elucidate the mechanism of symbiosis between plants and mycorrhizal fungi and nitrogen-fixing bacteria, we work on
isolating and identifying useful genes involved in the infection process in the plants as well as the microbes. While working
to understand the complex interrelationships among the environment, plants, and microorganisms, we are exploring new
symbiotic microorganisms and collecting chemical communication molecules that mediate these symbiotic relationships.

l Sustainable Agriculture with Disease-Resistant Crops

By isolating immunoreceptor genes critical for the plant immune system and designing synthetic biology to enhance plant
immune functions, we aim to establish disease-resistant crops and cultivation techniques. We are also developing
low-fertilizer and low-pesticide crop production methods that use symbiotic microorganisms. Furthermore, we work on
developing digital twin prototypes for agricultural and aquatic environments based on field multiomics analysis.
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Technologies for measuring and observing molecules and cells, a library of chemical compounds useful for understanding
biological phenomena, and an information infrastructure that maximizes the use of obtained research data are essential for
advancing sustainable resource science and addressing global-scale problems. This program supports the Center’s three
strategic programs by developing and advancing cutting-edge technologies. In addition to playing a key role in the research
infrastructure of the RIKEN TRIP project, we also lead advanced science through joint research with domestic and
international institutes and universities.

Establishment and Advancement of Analytical Technology Infrastructure
and Information Infrastructure

We are advancing biomolecular analyses using mass spectrometry, structural analyses using nuclear magnetic resonance,
imaging technologies with optical and electron microscopes, plant phenotype analyses, a compound library, and chemical
genomics analysis platforms, while establishing new technological foundations. We are developing a data platform suited
for storing and sharing vast amounts of data, contributing to the research promotion utilizing data science.

Analytical Support for the Research Community

Highly skilled staff members perform research support using analytical platforms and provide compounds, tools, and
technical advice to researchers working collaboratively to solve scientific problems.
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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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Synthetic Genomics RG

Plant Immunity RG

Plant Genomic Network RT

Cell Function RT

Plant Symbiosis RT
Bioproductivity Informatics RT
Molecular Bioregulation RT

Plant Chemical Genetics RT
Reproductive System RIKEN ECL RT

Cambial Stem Cell System
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Plant Immunity RG
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Environmental Metabolic Analysis RT
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Metabolomics RG
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Molecular Photocatalysis
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Biomacromolecules RT

Metabolomics RG

Chemical Genomics RG

Metabolic Systems RT
Metabolome Informatics RT
Environmental Metabolic Analysis RT
Molecular Ligand Target RT
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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.

Research Results in FY2024

e We successfully quantified and visualized how environmental factors
contribute to the yield of long-term cultivated crops using statistical
modeling techniques.

o We observed autophagosome development and chloroplast
segmentation for piecemeal degradation of chloroplasts.

o We identified key factors and analyzed their functions to determine
how environmental factors such as light and temperature affect
plant development and regeneration.

o We found that 1-butanol treatment enhances drought stress
tolerance in plants by inducing stomatal closure etc.

e The ShPP2C1 gene of the root-parasitic weed Striga hermonthica,
which is involved in depriving its host of water and nutrients, was
found to be conserved only in the genus Striga.

Research Results in the 4th mid- to long-term plan

e We discovered CLE25 peptide regulating dehydration stress
resistance via root-to-shoot long distance signaling. Fig1

o We demonstrated that HAG1 and HAG3-mediated histone
acetylation is central for wound-induced cellular reprogramming.

o We identified genes involved in root nodule development that have
been recruited from lateral root development.

o We developed method for highly efficient transgene-free targeted
mutagenesis and single-stranded oligodeoxynucleotide-mediated
precise knock-in in the industrial microalga Euglena gracilis. Fig2

o We compared the functions of D14 and KAI2 receptor proteins in
Arabidopsis thaliana adaptation to drought. Fig3

o We identified a novel receptor that is required for sensing quinone
compounds in plants.

o We identified and analyzed function of a novel photoreceptor consisting
with fusion of blue and red photoreceptors from marine green algae.

o We revealed that Arabidopsis NPF5.1 functions as an ABA
transporter and negatively regulate stomatal closure by mediating
ABA import into leaf vascular tissues and mesophyll cells. Fig4

o We revealed that ethanol treatment enhances drought stress
tolerance by inducing stomatal closure. Fig5

e Enhancing chemical, CsHsN-OS, improved selenium tolerance and
accumulation via an Arabidopsis BETA-GLUCOSIDASE 23 protein.

o We developed a novel chemical that enhances plant seedling
hypocotyl elongation through ethylene signal activation.
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Fig1 CLE25 peptide moves from roots to leaves in response to dehydration stress
conditions. BAM1 and BAM3 receptors recognize CLE25 at leaves vasculature.
CLE25-BAMs regulates ABA accumulation via NCED3 expression, and then,
mediates dehydration stress resistance.

Fig2 Genome editing in Euglena gracilis

Fig3 kai2 mutant is more susceptible to drought than d14 mutant,
suggesting that karrikin/KAI2 ligand-specific KAI2 signaling contributes more
to Arabidopsis drought resistance than strigolactone-specific D14 signaling.
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Fig4 Possible functions of NPF4.6 and NPF5.1 in regulating
stomatal aperture

Fig5 Ethanol enhances drought stress tolerance in plants.
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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.

Research Results in FY2024

® We have elucidated at the molecular level the mechanism by which
highly pathogenic bacteria skillfully evade recognition by plant
immune receptors and establish infection.

e We visualized stochastic and deterministic assembly of surface
microflora on biodegradable polymers.

o We found that iron-sulphur proteins catalyse [4+2] cycloadditions in
natural product biosynthesis.

o We identified a plant gene that is required for nitrogen fixation in
nodules.

o We successfully established single-cell sorting of R. irregularis
nuclei from host tomato and lotus roots.

Research Results in the 4th mid- to long-term plan

e We developed UniverSC, a universal single-cell RNA-seq data
processing tool. Fig1

e We visualized microbiome-metabolome network in closed onshore
aquaculture system. Fig2

o We found that roots of the Orobanchaceae parasitic plants exhibit
chemotropism toward host-derived strigolactones. Fig3

e We found that the LRR-RLP type of immune receptor group was
derived from a common ancestor with a group of receptors
responsible for the regulation of development and growth. Fig4

e We produced kinanthraquinone D with anti-malarial activity by
heterologous gene expression in Streptomyces lividans TK23. Fig5
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Fig1 Overview of UniverSC

Fig2 Scheme for microbial assebmly process on various biodegradable
polymers using naturally sampled estuary microbiome
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Fig3 Chemotropism towards strigolactone in Phtheirospermum

Fig4 A model of the domains of cell-surface receptors undergoing modular evolution

Fig5 Production of kinanthraquinone C and D
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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.

Research Results in FY2024

e We found that L-2-aminopimelic acid, a non-proteinogenic amino
acid, is a novel functional metabolite that promotes lateral root
formation and elongation via the ARF7/ARF19 signaling pathway in
a wide range of dicotyledonous plant species.

o We produced citramalate with synthetic biology of yeast was
succeeded, taking into account of its compartmentation.

o We improved the enzyme that synthesizes natural sweetening
compounds in Stevia.

o We discovered a chloroplast-localized enzyme required for
ER-localized oil biosynthesis.

e We have identified a novel oxidase involved in the C1-C2 cleavage
of indole alkaloids.nuclei from host tomato and lotus roots.

o We found that iron-sulphur proteins catalyse [4+2] cycloadditions in
natural product biosynthesis.

Research Results in the 4th mid- to long-term plan

e We clarified the metabolic pathway of Arabidopsis in which
glucosinolates, sulfur-containing specialized metabolites, are
degraded and reused as a sulfur nutrient source. Fig1

o We completed the chromosome-scale genome assembly of an
important medicinal plant, licorice (Glycyrrhiza uralensis), and gene
clusters containing the genes in the biosynthesis of glycyrrhizin
were identified. Fig2

e We discovered that a pair of distinctly localized enzymes at the
chloroplast and ER cooperates in plant lipid biosynthesis. Fig3

o We have identified oxidases that catalyze unique reactions such as
aziridine synthesis and indole cleavage. Fig4

o We found that alanyl-tRNA synthetase-like enzymes catalyzed
aminoacylation in ascamycin biosynthesis. Fig5

o We have developed bioproductions of various useful compounds
with metabolic design and enzyme engineering technologies. Figé
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Fig1 Biological functions of glucosinolates under sulfur-sufficient (left) and -deficient
(right) conditions

Fig2 Enhanced production of rebaudioside D by single amino acid substitution in
UGT91D2 from Stevia rebaudiana

Fig3 A possible organ-specific metabolic fate of plastidial lipid biosynthesis
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Fig4 The identification of oxidases responsible for aziridine synthesis and indole
cleavage in fungal natural product biosynthesis

Fig5 Iron-sulfur proteins catalyse [4+2] cycloadditions

Fig6 Butadiene bioproduction with E. coli having an artificial metabolic pathway
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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”.

Research Results in FY2024

® By using a trititanium polyhydride complex, we achieved the
synthesis of alkyl amines through hydroamination of simple alkenes
with Nz under mild conditions. Fig1

We succeeded in synthesizing hexavalent Ir oxide as an oxygen
evolution catalyst.

e The synthesis of y-lactones bearing vicinal tetrasubstituted carbon
centers was achieved through an aerobic radical reaction.

We found that our unique recyclable polymeric acid catalyst
promotes the Ritter reaction of nitriles with alcohols in both batch
and flow systems.

We invented a catalyst that accelerates C—H activation of arenes
through weak noncovalent interaction.nuclei from host tomato and
lotus roots.

Research Results in the 4th mid- to long-term plan

® We achieved the carboxylation of undirected alkenyl C-H bonds with
CO: by auto-tandem copper catalysis. Fig2

o We identified a strategy to enhance the stability of manganese
oxide catalysts in polymer electrolyte membrane (PEM)
electrolyzers. Fig3

o We have developed regiodivergent oxidative cross-coupling of
catechols with persistent tert-carbon radicals using O or Fe(ll) as
an oxidant. Fig4

e We succeeded in energy-saving biodiesel fuel synthesis by Si
nanostructured-Rh catalyst.

o We designed a “roof” ligand that enables unique selectivity in the
reaction of simple and complex arenes. Fig5
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Fig1 Hydroamination of alkenes with N2 at a trititanium polyhydride framework

Fig2 Auto-tandem copper-catalyzed carboxylation of undirected alkenyl C—H bond
with CO2

Fig3 A photo of gamma manganese oxide on top of the PEM reactor
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Fig4 Regiodivergent oxidative cross-coupling of catechols with persistent
tert-carbon radicals

Fig5 “Roof” ligand for selective functionalization of arenes

25



R EEME R 2 —
Leading-edge Polymers

AND PRODUCTION

O

ERFIAMERDE . REREIHIC
B9 5EARERZEOMRR)v—%
ARERLEXT

T Al R S BIR (SDGs) . DT OB EFE. DO I BEEI LG IR
BERBADPMILTAEHRNEEORRICAEITTENTEIETHH S,
AR7AY Y b TIE D FHEMBERMNZRE LRI OSBRI
ST HE NAFIR AL AE R OFLWEEEZF D/ 1 F K
N—ZRFEL.EREALBELLTL

BRESEZAZ2BD FRMOTENIR)TFLVIZRRINS K
DALTA YR TH B ZDAIREMEZ S SITHIEIT AR MRl DS
HICENTBEEER)F LT RCERASIZILEDNSE T
LBIREDOR. SRE - BNE#EL R OR—N—TrI=7 Y IRY
R—RZMOBIH GAEL LBRCHASERRBERAI-E Y 7R ARTF KR
DY—RZ M ORI MOREFAEZIT . 25 LICIW AL EEEDE
BILL->CERMAMEDOR E2RTEAFICIEREEICEHZD
1259,

2024 FEEDHEKRE

o N=TJYVRAYFRIZAVIILMEZXRANSZET.C-H EEDFEE
fEENLEF/ U ETLEFYORYZEOBAREICEY  BIELFR
2FVTST—R)T—DERICEI LT,

o BUKKIZRBERART /NI BETHS MaSpl DR-RIBDBEEN & ML
DIBIZ(FADHTHESHIZ LT, Figl

o MAKMEICENEEY VNV EHE(ANLIER) OREEHZ . EvS
T—ERENLY O TR LT

o PI/BAZY N EEETEZRI(ITFLUYIIR— NR—RDEEN
MIXFI-TIREESERDT Ry FNEBEZBRR L1

o RILTA4)Y%ETZTNLIR)(TFLYTLIIZ—MNIZLEZERE B
IR EERKRAA VBRI ETO—T DRAIZKIN LT,

BARPREAETEICE T2 ERATRR

o HRTHDTHIBEIFDARST KCE, PILAVEKBERFTHE
CIEE MR IEMEREL RTH LUV R) < — DRI 2K
L7z, Fig2

o ZAVIILBBEERWT RIAYTLyDOIoO@BEBRICHET
HEICE) BEN-BCEEKEEZRIIIX N —DRIBIZKIN LT,
Fig3

o YAUOMBEFRATAETI/ERDEMBELXBRTSHIEICRINL
7o

o UEREVERIIEEZND VNNV EDE YENEE. LFEHME,
ERHMEZFEDIT —IR—2AEBRELNIABDFOITIT
WAV THITA T RDERHHEE LT, Figs

o VIZVHREREENSDWEET S ) LB IEDE I LT, Figs

26

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.

Research Results in FY2024

e By using a half-sandwich scandium catalyst, we successfully
synthesized a new class of rigid stepladder polymers by the
polyspiroannulation of a quinoline skeleton with an alkyne unit via
C-H activation.

o We clarified the liquid-liquid phase separation behaviors and fiber
formation mechanism of MaSp1, one of the spider silk proteins. Fig1

o We successfully demonstrated the big data-driven molecular
design of water-resistant structural proteins such as spider silks.

o We developed the one-pot synthesis of marine-biodegradable poly
(ethylene succinate)-based ester-amide copolymers containing
amino acid.

o We developed the reusable and highly selective colorimetric probe
for mercuric ion contaminants by grafting porphyrin to poly(ethylene
terephthalate) sheets.

Research Results in the 4th mid- to long-term plan

® We succeeded in creating new functional polymers with
characteristics of self-healing and shape memory under the
conditions in not only dry air but also water, and acidic and alkaline
aqueous solutions. Fig2

o We synthesized tough and autonomous self-healing elastomers by
scandium catalyst-controlled polymerization of isoprene. Fig3

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

e We constructed a database that summarizes the sequences,
physical properties, chemical properties, and biochemical properties
of spider silks and their silk proteins, and built a platform for
material informatics of biopolymers. Fig4

o We succeeded in syntheses of high-heat resistant acrylic resins
from lignin-degradation products. Fig5
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Fig2 Synthesis of novel self-healing polymers by scandium-catalyzed
copolymerization of ethylene and anisylpropylenes
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Fig1 Probing real-time self-assembly of spider silk MaSp1
in response to biomimetic gradients. Monitoring the rapid
changes of MaSp1 condensate morphology upon
exposure to the mobile ion/pH gradients. The zero
timepoint arbitrarily denotes the timing of the first stable
image following gradient initiation. Scale bars = 10 ym.

Fig3 Self-healing behavior of a polyisoprene block with 2.5 kg load (after 1 min) and
5 kg load (after 1 h)

Fig4 Schematic illustration of spider silk database,
Silkome. As examples of Silkome databse, the main
page of Silkome, materiomics, sequence data, and
phylogenetic tree with protein information are shown.

Fig5 Syntheses of high-heat resistant acrylic resins
from lignin-degradation products
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o #iE#5R NAD & SAM ZiE& L THAME DT BRZBET 2HREER
DEEHBEEZ LT,

o AABF LTIV EDHAMETERAILZEE L TLS/NEDODNMRA
BBENLIBADOFHHAOEEZ R L. A EE TIHEDIRIEE
]Eﬁﬁylﬁ\[/fco

o XYRAIVXBITMAT Tv 87+ —LMS-DIALZ R LT,

o IVIAJYDRNERRERKRTZEDOBEICIS BARNLY A b=
T FIUGENE BB REIZIBoTWS I ZHALMIILT,

BAPP R EICH TS ERMERRR
o HMREADT YTV EAIRILT 2ELBREMFA LI, Figl

o BERTIANT/IVREECMARTIALT/ IV REERAEDE
T-ONRZMRBENREEZHF LT, Fig2

o L DT OFTAT /IO REITIZLYHippo-YAP/TAZL 7 FILT T s
& —SCRIBOF—N—=Z v T EBLFNIA7ATVINOBANEFRINT
WBZEeaHR LI,

o MR HITBYA MM VDI AERLERERRB LT
Fig3

o NFEMELEFEMBECIRASH-EFIHEEMR LSRRG
EERRL.YOAM XTI RIGBICE IT2BEOF A RERERRE
B L7z, Figs

o AIVZRTLIZKY)BREERBRZETTAARY N7—L%xAWRIPPSOE
BT INNRESRTLERFE L
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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
actively conducting joint research with other research institutes and
universities, with the Technology Platform Division at the core. The
Advanced Research and Technology Platforms project will use and further
refine RIKEN's analytical and information platforms and support the
efficient promotion of the flagship projects.

Specifically, such efforts will include development of analytical
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;
establishment of the platform for development of bioactive substances that
combines research covering an extensive field from plants to
microorganisms; and further expansion of the chemical bank. To support
these analytical technologies, the project will also use and refine the
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.

Research Results in FY2024

® We elucidated the structure of a novel enzyme that condenses
coenzymes NAD and SAM to construct the skeleton of antibiotics.

e In a joint research project with JEOL and Aisin, we are evaluating
compact superconducting BULK magnet for practical use on NMR.
We have developed an evaluation magnet and have begun to
verify their performance at an external organization.

o We developed the integrated analysis platform MS-DIALS5 for
metabolomics.

o We elucidated that periodic cytokinin signaling in Lotus japonicus
plays an important role in the regulation of rhizobium infection and
nodule development.

Research Results in the 4th mid- to long-term plan

® We developed a fluorescent molecular probe for live-cell imaging of
starch granules. Fig1

e We developed a robust integrated pipeline for target identification
using yeast and human chemical genomics. Fig2

o We discovered a microprotein-coding overlapping gene of
Hippo-YAP/TAZ signaling effector SCRIB by human proteogenomic
analysis.

o We discovered a novel cytokinin activating enzyme localized in the
apoplastic space of Oryza sativa. Fig3

e We improved correlative light and electron microscopy (CLEM) and
high-pressure freezing technique and identified a novel vacuolar
transport pathway in Arabidopsis root tips. Fig4

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

7AYz IR —5— B7RYz o) —5—

Project Leader Vice Project Leaders

R Bt phD

Shinya HAGIHARA Ph.D.

TH BE mrEs

Masami HIRAI Ph.D. B AfE st

Kiminori TOYOOKA Ph.D.

EHE B et
Naoshi DOHMAE Ph.D.

Fig1 Visualization of starch granules in potato

Fig2 Identification of drug targets using yeast chemical genomics and CRISPR
knockout screen

SEMFE / Participating Labs

R XTLFFFEF —L / Metabolic Systems RT

£ T I=vk / Biomolecular Characterization U
MEXYHRAIIRFFR I IL—7 / Metabolomics RG
TEHILTI 2O XS IL—7 / Chemical Genomics RG

X RA—LIEHRIAZFTF —L / Metabolome Informatics RT
BIEREDTHAZEF —L / Environmental Metabolic Analysis RT
PDFVUHY RERFRFF —L / Molecular Ligand Target RT

D FEDHEFFEF —L / Molecular Bioregulation RT

TIANNAAOY — - EERMAAF—L /
Chemical Biology and Biosynthesis RT

DT EERET L=k / Molecular Structure Characterization U
BB - BEMEERIT 1=  /Mass Spectrometry and Microscopy U
L&Y/ —RBIFZTL="Y I /Chemical Resource Development RU

Fig3 CPN1 is a novel cytokinin-activating enzyme localized in the apoplastic
space of Oryza sativa.

Fig4 CLEM image of ER bodies including red fluorescence protein-tagged
B-glucosidase by high-pressure freezing, confocal microscopy and CLEM
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AR SEMIKE / Participating Labs
Division Director

BIEE - ERIR T E 8 EHE AR

Drug Discovery Platforms Cooperation Division

BIZE I HINYOESEI =y b / Drug Discovery Chemical Bank Unit
BIEES —RMEEYRRER I =y | / Drug Discovery Seed Compounds Exploratory Unit
BIE{LFERE I =k / Drug Discovery Chemistry Platform Unit

=H R mret
Minoru YOSHIDA D.Agr.

MEDOFHFEZBRE LHTSLAIFE(LZ
I2&oTo—R /U —FMEEMZRIRLET

EERRICEANEALE KT/ LERY SBE D174
EENAASNIAR>TETCND, IS LI ERAROEN LUV E
DOEFNTBEREBRBICSALERT27-0I10Id. RBROER
12D B0 DFH L WM A EDRAEA R R THY . %
NONELDEDRZEDRRDIIBERY DDOH D, KEPLM
ARATIC LB RIEM T (FHT I 7RI FHROFFTTH Y ERHF
TIFAIER  EEEMESR OS54 (DMP) 25K L B DS
LI-RI2RMET Iy M7 —LE LTRBTZIEICK) . THTI
TRIEENMET 2 EEBIEL TN HEEPIUIDMPD XN —¢ L
TEREICBALRRACEYIATI)—ZNENARIL—TY
MZRO) == 7 (HTS) § 27 DY IR TR &R 2T L,
B&UEY b B — Kb EWEBIRT 2120 DRIELFEE TS b
T+ —LELTRBL. ZHTITEIEANEMT 2 L2EET,

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). Capitalizing on RIKEN'’s excellent track
record in basic science and technology, including a vast library of
bioactive natural products, state of the art equipment for high throughput
screening (HTS), and medicinal chemistry for hit-to-lead and lead
optimization, our division aims at making innovative contributions to the
academic drug discovery effort.
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Facilities for HTS

Future Vision
e Construction of unique chemical libraries for HTS

e Promoting HTS using iPS and stem cells, and phenotypic HTS in
order to find unique bioactive compounds

o Establishment of the platform for middle-molecular drug discovery
including proteolysis-targeting chimeric molecules

- BRITZIE

Research Support

TR 77y 74 —L7 A7 b 2hRELT,
i E R, FHRERZER -SEL.
WENLARHEEZ /NNy 7Ty TLTVET

| EE51 (ER)
RILE BT
AZRAO—LEiT BAEYA b

https://csrs.riken.jp/jp/
support/index.html

J SEMSERRIRE (BR)
BT BRI
S 2 B SR B AT

| MR REATE (K

BENEYRIEE M RIPPS (RIKEN Integrated Plant Phenotyping System)

| £EREHET TS SL(FIR)
{LZMEENDTF
NAZI=Ty RO ==
SVNIBEBDTF
A FEMEEER

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

| Mass spectrometry in Yokohama ] #2E]
Plant metabolomic analyses . ;
Plant hormone analyses ﬁ
[=]
Engli§h sitg
J Microscopy Room in Yokohama Suppor e i

Electron microscopes
Optical microscopes

I Plant Phenotyping Facility in Tsukuba

RIPPS (RIKEN Integrated Plant Phenotyping System)

l| Joint Research Promotion Program (JRPP) in Wako
Chemicals and small molecules
High throughput screening
Proteins and supermolecules
Molecular interactions
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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

Tt 5% 1% 71 1 %E
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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

Academy of Energy and Informatics, Institute of Science Tokyo

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

LI —TIETRELEZILH INETIHE LM B CRMORACZBIE L AT OB EEHRAMTZRBELTVLET,

CSRS conducts collaborative research with 47 companies with the aim of practical application of our knowledge and technologies.

#H=+4ACRO

BEICTFET 28 SHROFEZNLGIFTHEE

ACRO INC.

Promoting research on the morphology of

glandular trichomes and oil glands in herbs

KAt EARERE
HRBEENBETIRF VI DR

©Cover of Polymer Journal April lssue, 2024

NIPPON SHOKUBAI CO., LTD.

Development of new marine biodegradable plastics

B PR E# RIKEN Internal Collaborations

Ly —TRR AREOBAMN EEBOBENTRE LRI DRIFEMYEAL LT BFDE LY I — DN BEM BT EZT-
TULET X EBMPRE Y SRERMEERZFRAL A AMARRORIHICEEATHED,
CSRS carries out interdisciplinary research with several centers in RIKEN to transform researchers’ individual knowledge into societal knowledge

by using the synergistic effects of RIKEN’s comprehensive research capabilities.
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

#HIEBRIE 7O L GTHEMS)
RIKEN Interdisciplinary Theoretical and
Mathematical Sciences Program

ERERZEHR LY — (IMS)
RIKEN Center for Integrative Medical Sciences

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

it iR Bl PR 2> 5 — (CBS)
RIKEN Center for Brain Science

BIRYMERIZHE L5 — (CEMS)
RIKEN Center for Emergent Matter Science

EFarra—9iRtry—(RQC)
RIKEN Center for Quantum Computing

HEFIFEHFI LYY —(RAP)
RIKEN Center for Advanced Photonics

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

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

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

NAF)) =2 FK >4 — (BRC)
RIKEN BioResource Research Center
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Leading-edge research facilities

NMR
SPring-8
SRC
R 4
g 2y ..‘
CEMS

Supercomputer Fugaku

As of Mar. 2025

HEEKZERE Joint Graduate School Program

B tEARZRCDBEICEIS BMOMRENRZOEERRE LG >THEREZT o1 EMOMEZEICKRZREZRITANTIHE

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.

BRMZKFERERER ST/ S ATLRZEMER  Graduate School of Nanobioscience, Yokohama City University

BEMIZIARFREREMERZMER  Graduate School of Medical Life Science, Yokohama City University

BERZRZRETIZHER  Graduate School of Science and Engineering, Saitama University

FREARFREREMRERFZHAER Graduate School of Life and Environmental Sciences, University of Tsukuba

HRAZARZREHESAIRRZMZER  Graduate School of Frontier Sciences, The University of Tokyo

RRRERZREFZEGRIFEMAR  Graduate School of Agricultural and Life Sciences, The University of Tokyo

RRAKRZRZREZRMAER  Graduate School of Science, The University of Tokyo

RREBRFZRZRLIFHAER  Graduate School of Engineering, Tokyo Denki University

EERERZRBE{LZER  Graduate School of Chemical Sciences and Engineering, Hokkaido University

HHERFERZREMEFHAEER  Graduate School of Bioagricultural Sciences, Nagoya University

HREREIZAE  Institute of Science Tokyo

MEER7AT L

Accelerated Priority Programs

AV 73X T1 IR T — Y RIFHEE (2019~202 | F£ )

F—RBBURZ BEREPZORIEBLOAMERE - BR%E
ToLebic Ty RIZ - -BREZLAVTEY, RH
TERIE T BA Y TART A RIIB I D R BRI EES
RET 27200, ZRITTBEERORITEREELHE,

Promotion of informatics and data science (FY2019-2021)

In this program, CSRS strengthened data-driven science and information
science, and foster the discovery and development of human resources.
Also established a foundation for analyzing multidimensional interactions
using data science and information science that contribute to the realization
of sustainable production in the field of “Plant”, “Metabolome”, “Catalyst” and
“Chemoinformatics”.

H—Rr=a— I EBZT(2022~2024F )

RERPIZF O EEEEEE L. A—R=Za—FFILIC
BT AEEE 7O PR 7OV Vb2 RE-#

#,

Carbon Neutrality and Beyond (FY2022-2024)

In this program led by next-generation Pls, CSRS promoted new research
initiatives aimed at achieving carbon neutrality through cross-laboratory
collaboration with other institutions.

S INELNFIIZ(2022~2024F )

RERPIZRDI SV IINECILAIIR(SVRI)TRE
A IET)IVRAAYRAIVZR) EHEEL. O TIILEIL
BT 72y b7+ —LDBE ERE LB EDOFEEERT %
B,

Single Cell Omics (FY2022-2024)

In this program led by next-generation Pls, CSRS promoted single-cell
omics (including transcriptomics, epigenomics, and metabolomics) , also
promoted the establishment of a single-cell analysis platform, and
collaborative networks both domestically and internationally.
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CSRS Human Resource Development Initiatives

CSRSkKXZ2kRE#BT7O075 L 20244585 / FY2024 Lectures
CSRS Graduate Student Training Program (CSRS-GSTP) ( )

June, 2024
2020548 &Y .CSRSICTEFET 2 RF - KERAEEXTRE LI-CSRSKET4E Sustainable Resource Science /
BBE7O7 L% HBL.CSRSO T TREDRZFEMEZAFKEIE T

Introduction CSRS-GSTP

BELRREE BMNELRIE-BRLTWIEEZBIELET.2024FE . 18 August

TEBE44 (GSTPI) B34 (GSTP2) i L8284 (GSTP3) (&L How to do a scientific presentation
[E+ 1012204 (GSTPA). 18+ - 5 - 5+ 3812164 (GSTPS) £ R, September

ZOEEML £ L7, Career seminar by a young researcher

The CSRS Graduate Student Training Program (CSRS-GSTP) was November

launched in FY2020 for graduate students and university students enrolled Presentation by GSTP 1st student
in the CSRS. Under the supervision of CSRS, this program aims to identify
and foster talented young scientists capable of contributing to the
advancement of science for the future. In FY2024, six lectures were held for
four doctor students (GSTP1), three doctor students (GSTP2), eight doctor February

students (GSTP3), twenty-two doctor and master students (GSTP4), and Career Seminar by RIKEN ECL Team Leader

January, 2025
Presentation by GSTP 1st student

sixteen doctor, master and bachelor students (GSTP5). \_ Yy,

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

Loy —TlE. AERELRIE(EL)RE - EL (R R BRICEETIRILRKBICEATNOHLEFMRAME'CSRSXFa—F K-
Y—Fr— b LURAL SR AREZBETZEOXEEZTH-> TV ET A EIL. BEHESTHE'SDGs~OEHRICA - BRIEERR
FRMERIMAREENIEEE ZEAL EXCEDREZRAL . XEZTVLEL,

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 and supported a total of six students using the
philanthropy program fund, “RIKEN CSRS for SDGs.”

EFHREBEBRRAXZEI 7R
CSRS Student Researcher Support Program

CSRSICEFE T 240U TOEFMRE - KEREZNRELBAEELEDMARY T -V EBEDIHDEMEBEREXIET ST EHFM
REDAMBR. EoOIZISHEBBEEECHADOEBRHRFNDOBIEEZEETER T ABEEL BB LIBEDEFMRE - REREN RV,
AFVR RA R TA)NHOMFEEEEZEEZZTN T NGFEL HERMAER 7O 7 MRRICAEITER. ERF EOBEZEOMARRETLE LIS
This program is designed to support travel expenses for young researchers and graduate students under 40 years old enrolled in the CSRS
to establish research networks with overseas institutions, with the aim of fostering human resources among young researchers and
strengthening inter-organizational collaboration and international competitiveness of Japan. Eight young researchers and graduate students
who passed the internal screening visited research institutions in Germany, the U.K., Switzerland, and the U.S., respectively, to discuss the
start of joint research projects, learn experimental techniques, and conduct other research exchanges.

CSRSEZRBARYEFI—2

CSRS Alumni Network

Wy —TlIR . BEERRENE Y —HBETHARBAVN— L) BELRXREZHET 570, FIZIORE.CSRSERRY T —2oX
18— ECSRS X\ — DETRAEBIE LTV £ 9, 20254 | B27AICEARR R E RIEL AB XN~ 2 kB3I F— L BELEA LS5 TH
fELE LT,

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 4th CSRS Alumni Networking Meeting was held on January 27, 2025, featuring a seminar by an alumni
member and online mixer.
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SDGSNDEEMICAITT-IRIZFERBZMRARD
HREBRZEICEIEITMEANDHELLERRS

Appreciation for your support and the report on the use of
“Donations to support sustainable resource science research
and researcher development to contribute to the SDGs”

el

2021 FIBEYRIBLELIC"SDGSANDEBICA I CIREERBZMAR M REETRZEICEI2FHNE (KESETHE) 1 F (13,2025
FIA3NHEH > TEER TV LELI, COBDORRARIL. BERASDOEANWIZEICKY #%R10,750,000 7% & L1 RIBE IR
HEI—DEEEHANORVWEBREIHHZBY)  EGEHLBL EITET, BV ILEWCEFREE BRI >TUTOBY ERSETL
TR EELICDOT THREVLES

The "Donations to support sustainable resource science research and researcher development to contribute to the SDGs (RIKEN CSRS for
SDGs)" program, which began in January 2021, was successfully completed as of March 31, 2025. The total amount received during this
period was 10,750,000 yen thanks to your warm support. We would like to thank you for your deep understanding and cooperation in the
activities of the RIKEN Center for Sustainable Resource Science (CSRS). We are pleased to report that the donated funds have been used
as follows in accordance with their intended purpose.

ENEABDALR (2021 15~2025%38) / Breakdown by legal entities and individuals (Jan 2021 - Mar 2025)

X4 / Classification 4% / Number of events ZA&£# / Amount received

f&A / Individual 27 4,540,000 4 yen
7= A / Corporation 4 6,200,000 M yen
Mk / Organization I 10,000 [ yen
&5t / Total amount 32 10,750,000 F9 yen

{#5&(Z2UL T / How the money is to be used
BEEIOETF LW W FH L. CSRSDAMEFR - EREEDBILDIZHCSRSRF 2 —FT > b Y —F v —KEHE X "CSRSE F
REEBRRAIE T 7V R BREDERICTHEEI BT IZZE LI,

Your donations were used to strengthen the CSRS’s human resource utilization and training programs, including the "CSRS Student
Researcher Support Program" and the "CSRS International Exchange Support Fund for Young Researchers.

{4 / The way money is spent %% / Number of events 32 A£% / Amount received
CSRSRFa—F > h- VY —Fv—XZBFHIE 6

CSRS Student Researcher Support Program (E~ A% / Total number of persons)

2,303,000 yen

EFMREEBERAE I 7R 8
CSRS Young Researchers International Exchange Support Fund

6,456,000 yen

ER> >R 7L / International Symposium 618,000 yen

—AREIEZE / General management expenses 1,075,000M3 yen

Z Dt / Other 298,000 yen

& &t / Total amount 10,750,000 yen
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TLRYY—=ZINALFAF Press Release Highlights
KEBRDI-DOHFBA) I LMIEZRFRE

Manganese sprinkled with iridium: a quantum leap in green hydrogen production

2024.05.10 4R HEEEAR IR FRZSF — L\ / Biofunctional Catalyst Research Team

RRIIL—=T1d. <>HY (Mn) EA4)PIL () ORFEAREEER%ZERTSZET 70k
VR MfE (PEM) BUKEHAREE LTEER, BBLRE (+6) OaUTILAMMIEZHEIZFH
FKLE LIz ZOMEIL, (VS ILERFLARNLTOBLIZZEIZEY, 1VIILEREEREE
D 2~ dmg/cm2 12X LT BB EEBRLIZIZHDDH5T, SUEREREMEZHIZTLTLEL
Too ARV =715 COMBEOERBRESLVOEE, {LFIREZE KB RS MR
FSPring-8; Z#FAWTHLMIZLTEY, AARKERIIBBEECDERNLZEBRESLOS) -
KEEERME LTGEEINTWS PEM BUKBROKREEFAOEIMIRFINET,

The research group has developed a novel hexavalent iridium (IrV') catalyst for proton exchange
membrane (PEM) water electrolysis by harnessing a unique interaction between manganese (Mn)
and iridium. Through atomic-level dispersion of iridium, the catalyst achieved over a 95%
reduction in iridium usage compared to conventional loadings (2—4 mg/cm?), while maintaining
high catalytic activity and stability. They also elucidated the synthesis pathway, structural features,
and chemical state of the catalyst using the large synchrotron radiation facility SPring-8, and this
research is expected to contribute both to a fundamental understanding of electrode catalysts and
to the large-scale deployment of PEM water electrolysis, a technology attracting attention for
green hydrogen production.

HRAVCLAMBEOSARILRRBREETBBRHE
(HAADF-STEM) &

High-angle annular dark-field scanning transmission electron
microscopy (HAADF-STEM) image of a novel hexavalent iridium
(Ir) catalyst

Original article
Atomically Dispersed Hexavalent Iridium Oxide from MnO2

Reduction for Oxygen Evolution Catalysis.
Science 384, 666-670 (2024)

DS / From left

Fft BB (F—LY—%—) / Ryuhei NAKAMURA (Team Leader)
Z BEE(FiFE8) / Ailong LI (Research Scientist)

FL 3% (Bfi2E&) / Shuang KONG (Research Scientist)

EYORREZRETIMRBERLTI/ BREZRAE :

Identification of a novel functional amino acid that promotes plant roots formation

|~ &2
=

(=

2024.05.24 R#SRTFLMEF—L / Metabolic Systems Research Team

AR —TIE HRINERER—RIZLE-RBRBIFOE RIS 2-7I/EX) VBHW T EE
YMORROEEECICEESTHEEETI /B THAHIEERBLE L 2-TI/EX) VR
FEHIIC S S TEYD SHESNIEIBEORB R T, ZDEIBEAEISRBATL
AR —T132-F 2/ EX) VEEEZRINT 5 & EYMORRA TERAIRR A S TELONSFIR,
BT EEBELELZ.OTRIZKDDIALAICHIBRBIZEVLWT REBZ LI A
CIETHENICRR TEBRRA T 2D 2-7 I/ EX) Y BEDERIL K ISP E RS
B ITBEYDEBIREIIDRNDEHETEET,

The research group has revealed that 2-aminopimelic acid is a novel bioactive compound involved
in root morphogenesis of dicotyledonous plants through the phenotypic analysis of the results from
the stimulant-adding experiments. The 2-aminopimelic acid is a plant metabolite initially extracted
from a fern species half a century ago. However, the physiological function had remained unknown.
The research group observed that when 2-aminopimelic acid was added to plants, their primary and
lateral root system transformed into pseudo-fibrous roots. This fibrous root system promotes
beneficial plant growth by efficiently absorbing nutrients in a water-rich environment. Therefore, the
use of 2-aminopimelic acid is expected to enhance the growth potential of plants in hydroponics and
nutrient solution cultures. 2-TI A VRRIZEBIEY OB R E
Facilitation of root formation by 2-aminopimelic acid in plants

Original article
L-2-Aminopimelic acid acts as an auxin mimic to induce
lateral root formation across diverse plant species.
FEBS Letters 598, 1855-1863 (2024)

£H5 / From left

SEH E=(F—L")—%—) / Masami HIRAI (Team Leader)

ZERA LY (BRERIFEEFRIRFZEE) / Hiromitsu TABETA (Special Postdoctoral Researcher)
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Successful synthesis of alkyl amines from dinitrogen and alkenes

2024.06.18 SeEBEREARIERAZS 2L —7 / Advanced Catalysis Research Group

WRIL—TEHBICEFKLF IR RMEEMZRL
TORMASRE (BR-BE) CEAZLT Y RBOC-HES
PN,DON=NEE Z BT L EIRWEN-CREE R Z R T,
TILELT I EBHTRIEIHLE LI £ XIRKE SR
BERTCORZNFEGFECRIL) . ZORGTAE
REDFLRILTHONILELIAMERRII.BRD
FERMARIEKRENOERLEEERERYCERES
Y5 EDRFKICDENBEHFINET,

The research group successfully synthesized alkyl amines
under mild conditions (normal temperature and pressure) _ F IR EBPIZEBTIT Y RREERS FHSOTLENT S DR
using titanium hydride compounds that they had developed. The reaction Synthesis of alkyl amines from dinitrogen and alkenes using titanium
proceeds by breaking C-H bonds in simple alkenes and N=N bonds in N,, hydride compounds

leading to the selective formation of N-C bonds. They also elucidated its reaction
process at a molecular level using X-ray crystallography, spectroscopy, and
computational chemistry. The results of this study are expected to lead to the
development of strategies to synthesize various nitrogen-containing organic
compounds directly from nitrogen molecule and simple hydrocarbons.

Original article
Hydroamination of alkenes with dinitrogen and titanium polyhydrides.
Nature 632, 307-312 (2024)

E£H5 / From left
RBRIV—TT1L%-%—) / Zhaomin Hou (Group Director)
B B (F{ERF32E) / Takanori SHIMA (Senior Research Scientist)

ERAEEbE3BREHADEHRICAI E

Successful Observation of Chloroplast Fragmentation via Autophagy

2024.11.12 S F 4Ll F—L / Molecular Bioregulation Research Team

ARITN—T 4 BYOEICBVLWTEREBOEERENZDEMLTEITESS
ATENAX=I VT EMEBEL, ERED—FHLA— b T77P—TEEBN
PRINZ—EDBRREZEERADIEICRIILE L. INETERBORNE
MPREDESNZA— KT 7P —TERESNTWBDMIKREBETLIZD, A—r77
J—DEEETH DA — 773V —LADFEIZHWERED—EBH N L.
RIBNEBIEINDBINDTA T Iy IRGERBENEONERY F LT, RIFR
BREE, RBUVIILHROSVMEMRET AT RTHARORRICEBT
LEMBINES,

To capture the sequence of autophagy process, the research group developed a
high-resolution live-cell imaging technique that allows them to track morphological
changes in leaf chloroplasts on the second timescale. While how autophagy
machinery transports chloroplast contents had remained unclear, they
successfully observed that part of the chloroplast form a budding structure, divide
and is transported into the vacuole for degradation. Understanding the detailed
mechanism of this "recycling of chloroplast components" is expected to contribute
to the development of technologies improving the issue of over-fertilization.

EREHPEFUNLLLDBROBRBGLRBEINIETILE

An observation and a model of chloroplast bud formation in synchrony with the
maturation of the chloroplast-associated isolation membrane

Original article

Autophagosome development and chloroplast segmentation occur
synchronously for piecemeal degradation of chloroplasts.

eLife 12, RP93232 (2024)

EH5 / From left
KR fHt (F—LY—%—) / Shinya HAGIHARA (Team Leader)
5 IE#E (E#RFFZEE) / Masanori IZUMI (Senior Scientist)
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2024.04.17 BERE3ICMET I TLYRDNIEET VT | 2024.07.19

Heating culture media just by 3°C increases lettuce yields!

HAEXYRAIVZME G
BEN - EHEERT U
Metabolomics RG

Mass Spectrometry and Microscopy U . 3 o
2024.07.30 PRI Y VT BN RIET B [4+2] BALATINRIG
—“MWe

EBIH) — RS BVX LD REEEZDNITITEOREIIER
Rhythmic control by plants is essential for symbiosis with bacteria that nourish plants

BED - BHEEENT U
Mass Spectrometry and Microscopy U

RRYEG IR U

Iron-sulfur protein catalyzed [4+2] cycloadditions Natural Product Biosynthesis RU

2024.04.17 fR A BT BRICMESEERMOR BB - BEET U
Development of technology for autonomous differentiation of transgenic plant cells Mass Spectrometry and Microscopy U ) R -
2024.07.30 BREINFZITEDEEADDBELRDH? HHREHERERTT T
Why do we need so many mechanisms? Cell Function RT
2024.04.17 “BUBEEER CTRILAREROEM R Z K E CINE =t HREEHRERLFMET
“Weak interaction” accelerates functionalization of hydrocarbons (@) Advanced Organic Synthesis RT i
2024.08.05 TEYIDKEEBEN LT I\ BN RDD NABDFRET
Water transport efficiency in plants is regulated by ubiquitination Biomacromolecules RT
2024.04.18 MTADAZEDZNALHEA% EREA L@ FERU
Action Mechanism of antiepileptic drugs elucidated Biomolecular Characterization U
2024.08.09 BEYVNTBEOFRAIEFFAEBOEER o FHT U
Discovery of a novel ubiquitination mechanism for glycoproteins Biomolecular Characterization U
2024.04.24 S XIRBHE DY 77RO REBEEF VIR —%HE Y =R G
An isoflavone catabolism gene cluster discovered in microorganisms in the soybean rhizosphere Plant Immunity RG 20 | 3MnEm. |13
2024.0822  {EYORNSIEZ FLZABRAICHDELRFEHKR - | W | > fEYIREms T
‘ ‘ How plants sense endoplasmic reticulum stress in their root? Plant Lipid RT
2024.04.26 KR A ZEET ZHEDDBERNDORFE RRMECHME U
Harnessing microorganism’s potential to produce natural compounds bt&®m) —RFFMZRE U .
DFBERI U 2024.08.22 HEESRIDELERAOBRERR S0 e e YRR T
Y EBEE G An enzyme in chloroplasts found to be required for oil synthesis in seeds w _M/\’ L ® 4 = Plant Lipid RT
Natural Product Biosynthesis RU
Chemical Resource Development RU . N TR ] 12 S | 15 e S
o 2024.08.28 JEREB DW= BREENT oM . NABDFRET
Molecular Structure Characterization U Unveiling th s of th hani f spider silk bl Eé O = Bi lecules RT
Plant Immunity RG nveiling the secrets of the mechanism of spider silk assembly Az iomacromolecules
E=TENN _ = (e — & ===} > £ oo
20240508  FLUMERXN X LEHOBREOMSEA L&YY —X BT U 20240829 BEURRBI-HUSET - FEORAMEOERARES N i
Development of anthelmintics with a novel mode of action BUSEA S AL oA U Causality and gut _a_101er|a transfer between maternal and her offspring under livestock grazing nvironmental Metabolic Analysis
Chemical Resource Development RU management conditions
Drug Discovery Chemical Bank U
2024.08.30 RIERMETILYINAT—IRIZE LR EABIDRISES BENT - BEET U
2024.05.10 KBRDI-HDIFIRA) Iy L% 5 e B IR R T T Unraveling the mystery of the unique amyloid plaques in familial Alzheimer's disease Mass Spectrometry and Microscopy U
Manganese sprinkled with iridium: a quantum leap in green hydrogen production Biofunctional Catalyst RT
2024.09.02 FB>72 RNA ($#8 7000 | TIANTI IV RERR G
2024.05.13 TR, [ZODNCTERENS D 12 s | 14 v BERSAFHET Capture the target RNA without missing it! Chemical Genomics RG
How do “microbial communities” assemble? QO | o Environmental Metabolic Analysis RT
2024.09.03  FBER NAD & SAM &8 L THAMEOE BEEMET DHABROMEROR TIRNNAAOS — - EBEHZ T
2024.05.17 HHRIDERE DNA > — 7> > v 7 TAlS BENT - BEMERIT U Identification of the structural function of a novel enzyme that constructs the main scaffold of Chemical Biology and Biosynthesis RT
Measuring stiffness of cells with DNA sequencing Mass Spectrometry and Microscopy U antibiotics by condensing the coenzymes NAD and SAM
2024.05.24  EYORBHEET HEIEMEN TSI/ BERE | RERTFLHART 2024.09.12 EEZRAHSREABBEYVYONERICEDLSIIFELTWIDN, HetETIL2ERLEELICHKD NAFEERRMRET
Identification of a new functional amino acid that facilitates root formation 3 & Metabolic Systems RT Successfully quantified ‘how environmental factors contribute to the yield of long-term cultivated Bioproductivity Informatics RT
crops’ using statistical models
2024.05.27 FEYANBHRRNT VE=TRICAEERER EAEHERERER T
Discovery of a synthetic catalyst for anaerobic ammonium oxidation Biofunctional Catalyst RT 2024.09.13 CEBLRETRRISICB A EEM R - EROFH AR BE AR IR T
Predicting the factors that affect the electrochemical carbon dioxide conversion reactions Biofunctional Catalyst RT
2024.06.11  HEBMEZERERIC 2 :&.‘ B NAFBAFHRT
Mashed up purple marine bacteria makes an excellent eco-friendly fertilizer -w @ Al Biomacromolecules RT 2024.09.24 BROT7I /B AREBETLEYERE FIANT)ZOZFE G
Yeast chit-chat: How microorganisms talk food shortages DFIVAYRENHART
2024.06.18  ERHTEFLTVHSTILELT IV OERIZH) SRR G Chemical Genomics ARG
Synthesis of alkyl amines from dinitrogen and alkenes succeeded Advanced Catalysis RG Molecular Ligand Target RT
2024.06.18 7Y TEOIIBRNDES BERBTHE T 2024.09.27  AHMEYOBEEDERDD L AR RERZE T
Fecal diagnosis for fish feces Environmental Metabolic Analysis RT Light determines the meristem fate during plant regeneration w Cell Function RT
20240626  ZEMOBEEFAVHERIAH TN e mAWEG 2024.09.30  AEEHORIBETIL BE PR BERIRRZE T
Selective synthesis using oxygen in the air (e@) Catalysis and Integrated RG Mathematical model for predicting the lifetime of catalysts & Biofunctional Catalyst RT
2024.07.04 EIRILF—rO074)L d%&F T3 Acaryochioris DFALZE TR | EEBDRFIERRT TR U 2024.10.03 TBNMENVHT A A BERR EABEEERRIEIRR T
Characterization of photosystem I complexes from Acaryochloris with low-energy Chlorophyll d Biomolecular Characterization U Nanostructures in the deep ocean floor hint at life’ s origin Biofunctional Catalyst RT
2024.07.18 1- 7%/ —LHEYOERETEE2SHEEEFKR YT/ LFERRR T 2024.10.21 [SR&ZALF vs /X ALF] #ELBEERER e T/ LFIRFR T

2 135
v o

Discovery of 1-butanol treatment enhancing drought stress tolerance in plants

Plant Genomic Network RT

40

Unraveling the Evolutionary Process of Pasta Wheat vs. Bread Wheat

2 3 vitame

13 oo
L 2

Plant Genomic Network RT
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Tsukuba-Plant Innovation Research Center  Plant Genomic Network RT

2024.10.21 R A D B BT A% S L DS DR AR 9m. Y EBERE G 2024.04.09 “Tst:kubg s;llste;-m" as a transient protein expression Dr. Keniji Miura e lant Inovation oo

How Pathogens Block Plants' Ability to Detect Infections & Plant Immunity RG system in piants (T ) University of Tsukuba

e . . . = = - R R 2024.05.15 Selective C-N Bond Cleavage to Unlock Amide Dr. Wei-Yu Lin Department of Medical and Applied Green Nanocatalysis RT

2024.10.22  AFRLHLFEIIRU T IVOELLE L TRIREDEELRET S W« | e= TIANWNAFOY—FFR G (FAFRLUE) Bonds in Batch and Continuous Flow Processes Chemistry, Kaohsiung Medical University,

Scientists Discover How Fungi Interact with Soil Actinomycetes poii Chemical Biology RG (at the time) Taiwan
2024.10.31 HERCEUE B OB A B YA S BET 22 L IZHTh EEAMF - TSR U 2024.05.17 WAL H I D2 RIMRFHRNENEORREXAY)  A+E ez Bt REBAFEAHE LRSS L&YY — ARz U

Successful Transplantation of Photosynthetically Active Chloroplasts into Animal Cells Mass Spectrometry and Microscopy U BUEEBRZE EMCFRRZERR 58 2 VSRS

e . o e 2024.05.22 Circularly Polarized Luminescence and Prof. Zijie Qiu The School of Science and Engineering, Advanced Catalysis RG

- 2 13 o N PN o

2024.11.12 RRUHELES Eﬁﬂfﬁﬁd)ﬁﬁ%t_}ﬁlﬁ o (s AFER %Uﬁﬂﬁﬁ 7 T. Through-Space Interaction in a Three-dimensional The Chinese University of Hong Kong,

Successful Observation of Chloroplast Fragmentation via Autophagy -w @ Molecular Bioregulation RT World China
2024.11.29 BN DL RBIEERHZRAYT 2BRENT OIS0 AZRO—LIERARF —L 2024.05.22 Orbital Interactions in Chemistry: Case Studies from Prof. Jun Zhu The School of Science and Engineering, Advanced Catalysis RG

Development of “MS-DIAL 5”, a program for analyzing complex and diverse lipid metabolism BENT - EHEREET U Unconventional Aromaticity to Activating Dinitrogen The Chinese University of Hong Kong,

information Metabolome Informatics RT or Breaking Benzene Ring in Organometallics China

Mass Spectrometry and Microscopy U
2024.05.23 Multi-scale plant phenotyping to quantify Prof. Ji Zhou Cambridge Crop Research, National Plant Immunity RG

climate-resilient traits and map underlying genetics

Institute of Agricultural Botany (NIAB), UK

y & = e
2024.12.04 HEANTT1LROREPIETE % B SR - FHERAT U for key agricultural and horticultural crops using
Unveiling the Mechanism of Intracellular Replication of SARS-CoV-2 Mass Spectrometry and Microscopy U vision-based artificial intelligence
2024.12.12 BAREHDEBILERILE 2N LR B KRB RTLHART 2024.05.28 Mechanochemistry —~New Opportunity for Polymer Dr. Jeung Gon Kim Department of Chemistry, Jeonbuk National ~ Green Nanocatalysis RT
Metabolic Regulation via Gut Metabolites and Gastrointestinal Hormones Metabolic Systems RT Synthesis and Chemical Recycling University, Korea
2024.12.13 AR RS T FEBREEE TEE 054 - S EMGEF % 1Y - BIATIE G 2024.05.30 Not aII.Gold Gllt.ters,.GoId Nanoparticles Do Not:. Prof. Boon Huat Bay Department of.A.natomy,l Yong Lgo L|r_1 Chemical Genomics RG
) ) - ) . Exploring the Biological Effects of Gold nanoparticles School of Medicine, National University of
Development of a Cryo-Raman Microscope for High-Sensitivity Observation of Molecules Catalysis and Integrated RG ) :
. o Singapore, Singapore
in Frozen Biological Samples
2024.06.10 Time-resolved spatial transcriptomes and gene Crop Science Centre, Department of Plant Cell Function RT
2024.12.17 HIZEK-> TN T O BOE®EZI Y FO—)LTEEHLWAE "RudlOV ik, #BAFELELE BEDT - BHEERT U regulatory atlas of Medicago nodule organogenesis Sciences, University of Cambridge
Development of an Optical Cargo-Releasing Method 'RudLOV' for Controlling Intracellular Protein Mass Spectrometry and Microscopy U
Transport 2024.06.11 Towards a molecular understanding of plant grafting Prof. Charles Melnyk Swedish University of Agricultural Sciences,  Cell Function RT
Sweden
2024.12.24 PYALER I NOEEEVHTREREER MAXYRAIIIMAR G
Discovery of ‘Key’ Enzyme in Potato and Tomato Toxin Production Metabolomics RG 2024.06.13 Multilevel signaling in the hemiparasitic plant Dr. Thomas Spallek Plant Biotic Interactions Group, University of  Plant Immunity RG
Phtheirospermum japonicum Goéttingen, Germany
2025.01.10 ATETEBRAHEKE D Z AN T 2ERDBRICHL MAXYRAII MR G 2024.06.13 Evaluati . i . fresh CSIRO / RMIT University. A i Metabol Inf s RT
Successful Engineering of an Enzyme for the Biosynthesis of Natural Stevia-Based Sweeteners Metabolomics RG 024.06. valuating environmental harm using a freshwater niversity, Australia etabolome Informatics
turtle model exposed to elevated Per- and
poly-fluoroalkyl substances (PFAS) through
2025.01.10  BERAYHIRERINOS 0 EEREAE TIANTIIORRR G omics-based ecosurveillance
Scientists explain how a compound from sea sponge exerts its biological effects Chemical Genomics RG
2024.06.17 Springer Nature Publishing and Editorial Seminar Nature Chemical Biology Senior Editor CSRS
2025.01.23 BV E R DA S VLSRR BEEERERCFEMET
Development of a Highly Efficient Iridium Catalyst Advanced Organic Synthesis RT 2024.06.17 Root phenotyping technologies toward crop Institute of Crop Science, National Plant Genomic Network RT
development tackling climate change Agriculture and Food Research
Organization
2025.02.17 HRROERZE DFE—F—"ERE BENMT - \REET U
Identifying the "molecular motor" that guides cell plate formation Mass Spectrometry and Microscopy U 2024.07.08 Sub-microscale electrochemical imaging using glass Prof. Yasufumi Takahashi Nagoya University Biofunctional Catalyst RT
nanopipettes
2025.03.25 KET—ZIZESVWTEYDR LR GE B FE ORI T 77 2HEH AZRO—LIERART
Development of a visual search application to explore plant stress-responsive genes based on Metabolome Informatics RT 2024.07.08 Towards a molecular understanding of plant grafting Prof. Christian Fankhauser Centre intégratif de génomique (CIG), Cell Function RT
large-scale data Faculty of Biology and Medicine, University
of Lausanne, Switzerland
.03. e 1 S = LA IZERE | priectid 12 b A AT o
2025.03.25 BERTh ij\kﬁT.ﬁZT,ﬂ-? B EJZ h . ' . (e} BiEEla ﬁk{b—j—bﬂn T . 2024.07.10 From Metaclones to Quorums and Guilds: Prof. Darrell Desveaux University of Toronto, Canada Plant Immunity RG
Development of sustainable organic synthesis using abundant sodium and iron Advanced Organic Synthesis RT ) ) )
Dissecting Phytopathogenesis
2025.03.28 AIAF Y F v RILDREET P VIR fliE - MEMEG 2024.07.12 Proteomics-based identification of novel pattern Dr. Yukihisa Goto Institute of Plant and Microbial Biology, Plant Immunity RG
Successful precise design of artificial ion channels Catalysis and Integrated RG recognition receptors in plants Zurich-Basel Plant Science Center,
University of Zurich, Switzerland
2024.07.18 Metabolism of aromatic amino acids and aromatic Dr. Ryo Yokoyama Max Planck Institute of Molecular Plant Metabolic Systems RT /
natural products in plants Physiology Metabolomics RG
2024.07.25 Opportunities for Merging Chemical and Biological Prof. Xiaoguang Lei College of Chemistry and Molecular Catalysis and Integrated RG

Synthesis Engineering, Peking-Tsinghua Center for
Life Sciences, Peking University, China
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2024.08.08 Rare-Earth Metallacyclic Chemistry Prof. Wen Xiong Zhang College of Chemistry and Molecular Advanced Catalysis RG
Engineering Peking University, China
Novel Chiral Aniomic Chelating Ligands and Their Prof. Jiao Jiao School of Chemistry, Xi* an Jiaotong
Applications in Asymmetric Catalysts and University, China
Optoelectronic Molecules
2024.08.08 On-Surface Synthesis: What Happens Behind the Dr. Marco Di Giovannantonio ~ CNR-ISM (Consiglio Nazionale delle Advanced Organic Synthesis
Scenes? Ricerche Istituto di Struttura della Materia), RT
Italy
2024.08.22 Mechanisms underlying plant-aphid interactions Dr. Akiko Sugio INRAE, France Plant Immunity RG
Dr. Marc Galland
Dr. Jean-Christophe Simon
2024.08.30 Understanding the diversity and evolution of plants Dr. Jeffrey Fawcett RIKEN Interdisciplinary Theoretical and Plant Chemical Genetics RT
by genomic data analysis Mathematical Sciences Program
2024.09.13 Facile Access to Chiral Phosphorus Compounds via Dr. Jun Wang Department of chemistry, Hong Kong Green Nanocatalysis RT
Transition Metal-catalyzed Asymmetric Baptist University, Hong Kong
Hydrophosphination
2024.09.18 Leveraging the Actinobacterial Strain Collection and Prof. Ben Shen The Herbert Wertheim UF Scripps Institute Natural Product Biosynthesis
Genome Database at NPDC for Natural Products for Biomedical Innovation & Technology, RU
and Drug Discovery University of Florida Health, USA
2024.09.20 Manipulation of plant cellular functions by the Dr. Alberto P. Macho Shanghai Center for Plant Stress Biology, Plant Immunity RG
bacterial pathogen Ralstonia solanacearum Center for Excellence in Molecular Plant
Sciences, Chinese Academy of Sciences.
Shanghai, China
2024.09.30 Development of visible/near-infrared light driven Dr. Kei Murata Molecular Photocatalysis RIKEN ECL CSRS
photoreactions using organometallic complexes Research Unit, CSRS
2024.10.02 Ethanol disturbs endocytic vesicle recycling and Dr. Ken Yokawa Laboratory of Plant Molecular Engineering, Plant Genomic Network RT
F-actin organization in Arabidopsis root cells Kitami Institute of Technology
2024.10.03 Warning Messages in the Air: Green Leaf Volatiles Dr. Masatsugu Toyota Saitama University / Suntory Foundation for ~ Plant Genomic Network RT
Induce Calcium Signaling in Plant-Plant Life Sciences / Huazhong Agricultural
Communication University, China
2024.10.08 Nano korobi ya oki - from discovery of SWEET Prof. Wolf B Frommer Heinrich Heine University Diisseldorf, Cell Function RT
uniporters to bacterial blight resistance on the plate Germany / ITbM, Nagoya University
of small scale producers
2024.10.11 The plastid cysteine synthase complex is a novel Prof. Dr. Ruediger Hell Centre for Organismal Studies, Heidelberg Metabolomics RG
receptor for drought stress signals controlling ABA University, Germany
biosynthesis in guard cells
2024.10.11 Radial plant growth - cellular coordination during Prof. Dr. Thomas Greb Centre for Organismal Studies, Heidelberg Cambial Stem Cell System
growth in two dimensions University, Germany RIKEN ECL RU
Plant morphogenesis at cell scale: Getting to know Prof. Dr. Alexis Maizel
where you are and what your neighbours do
2024.10.15 Crystal Adaptronics: Intersectional and Collective Prof.Pan¢e Naumov JACS / New York University Abu Dhabi, Advanced Catalysis RG
Properties and Effects of Dynamic Molecular UAE / New York University, NY, USA
Crystals
2024.10.16 Adaptation mechanism of plants to freezing stress - Dr. Daisuke Takahashi Graduate School of Science and Plant Genomic Network RT
from the viewpoint of the cell wall Engineering, Saitama University
2024.10.21 Reproductive Non-coding RNA System in Rice Dr. Reina Komiya Reproductive System RIKEN ECL CSRS
Research Team, CSRS
2024.10.22 Electrochemical Analysis of Proton-Coupled Electron  Prof. Cedric Tard Ecole Polytechnique, Laboratoire de Chimie  Biofunctional Catalyst RT
Transfer: Fundamental Studies & Applications in Moléculaire, France
PEM Electrolyzers
44

G: Z)W—7 T.F¥—A U 2=vhbk RG: Research Group RT: Research Team RU: Research Unit U: Unit

T S ™ ™ S NI

2024.10.29 Cambial Stem Cell System Dr. Dongbo Shi Cambial Stem Cell System RIKEN ECL CSRS
Research Unit, CSRS
2024.11.11 Cell lineages tracing of Arabidopsis regeneration Dr. Qikun Liu School of Advanced Agricultural Sciences, Cell Function RT
and its application Peking University, China
2024.11.12 De novo meristem formation: How to grow a plant Dr. Eva-Sophie Wallner Gregor Mendel Institute, Austria Cambial Stem Cell System
from a single-celled spore? RIKEN ECL RU
Structural cell biology in plants and pathogens Dr. Juan Carlos De La
Concepcion
2024.11.20 Toward understanding photosynthetic dynamics in Dr. Shunsuke Adachi Graduate School of Agriculture, Tokyo Plant Genomic Network RG
field-grown rice University of Agriculture and Technology
2024.11.25 Re-thinking growth and development in the model Dr. Facundo Romani University of Cambridge, UK Cell Function RT
liverwort Marchantia
2024.12.11 Plant Single-Cell Transcriptome Sequencing: From Dr. Jia-Wei Wang NKLPMG / CEMPS, SIPPE, CAS, China Cell Function RT
Method Optimization to Efficient Gene Mining
2024.12.16 smolSeq - a new platform for metabolite detection Prof. Andrew Fraser Terrence Donnelly Centre for Cellular and Chemical Resource
using DNA sequencing Biomolecular Research (Donnelly CCBR), Development RU
University of Toront, Canada
2025.01.09 Dinitrogen Functionalization to N-C Bonds Prof. Zhenfeng Xi College of Chemistry and Molecular Advanced Catalysis RG
Engineering, Peking University, China
2025.01.16 Overlapping and distinct pathogen effector Dr. Kee Hoon Sohn Department of Agricultural Biotechnology, Plant Immunity RG
recognition specificities conferred by independently Seoul National University, Republic of
evolved NLR proteins in plants Korea
2025.01.22 Controllable Carbyne Radical Process Dr. Xi Wang The School of Chemistry and Chemical Green Nanocatalysis RT
Engineering, Hunan University, China
2025.02.03 Functional Metal-Based Nanomaterials from Prof. Wai-Yeung Wong The Hong Kong Polytechnic University, Advanced Catalysis RG
Metallopolymers P.R.China
2025.02.20 The fate of obligate endosymbionts: reduction, Dr. Filip Husnik Okinawa Institute of Science and RIKEN-Cambridge Joint Crop
integration, or extinction Technology (OIST) Symbiosis RT
2025.02.26 Plasma Membrane to Proline Metabolism: Cellular Dr. Paul E. Verslues Institute of Plant and Microbial Biology, Plant Chemical Genetics RT
Mechanisms of Drought Resistance Academia Sinica, Taiwan
2025.03.03 Direct Transformation of Nz Prof. Zhang-Jie Shi Department of Chemistry, Fudan University, ~Advanced Catalysis RG
P.R.China
2025.03.12 Predicting Protein Synergistic Effect in Arabidopsis Prof. Pao-Yang Chen Institute of Plant and Microbial Biology, Plant Lipid RT
Using Epigenome Profiling Academia Sinica, Taiwan
2025.03.12 Catalysis: Advancing Affordable and Clean Energy Prof. Yong Wang The Gene & Linda Voiland School of Advanced Catalysis RG
Chemical Engineering and Bioengineering,
Washington State University, USA
2025.03.14  {EDFLAYIDER NMR I & BHEERE BT IR LA A R A g DFIEIERRT U
2025.03.18 Enabling Cross-Couplings of Feedstock Chemicals: Prof. Sébastien Laulhé Department of Chemistry & Chemical Catalysis and Integrated RG
Achieving C(sp®)-C(sp°®) Cross-Couplings Using Biology, Indiana University Indianapolis,
Electron-Donor-Acceptor Complexes USA
2025.03.19 Secrets of signalling Specificity Dr. Yan Ma University of Lausanne, Switzerland Cell Function RT
2025.03.19 Unlocking new chemical space via selective Prof. Debabrata Maiti Advanced Organic Synthesis

catalysis

Department of Chemistry, IIT Bombay, India

RT
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G: Z)W—7 T.F¥—A U a1=vbk RG: Research Group RT: Research Team RU: Research Unit U: Unit

Date & /Awards ZE& /Awardees fHF=E / Labs
2024.04.05 HARZLFR 2024 FERE FevIRE FEFF LHHARE AR REREIE T
Hot Topics Award at Annual Meeting of Japan Society for Yoko CHIBA  Senior Scientist Biofunctional Catalyst RT
Bioscience, Biotechnology, and Agrochemistry
B TOZALRS Y7
Nao TSUNEMATSU  Techninal Staff Il
=5 BPE XZEREVY—F - FYIIAL
Tomoyuki WAKASHIMA  Junior Research Associate
2024.04.05 55 56 M AIRIRIZANE SIE i BB F—LU—5— EABREREITR T
The 56th Ichimura Prize in Science against Global Warming Ryuhei NAKAMURA Team Leader Biofunctional Catalyst RT
for Distinguished Achievement
2024.0416 BARLZER £ |04 E=ER ZEHEE Mingjun CHI  EFE7BI T4 - 7V IA b SEERERRIETRT G
CSJ Student Presentation Award 2024, The Chemical Mingjun CHI  International Program Associate Advanced Catalysis RG
Society of Japan
2024.04.29 HKEREZ i #F BElery—K CSRS
Medal with Purple Ribbon Mikoki SODEOKA Deputy Director CSRS
2024.04.30 XERZET7HTI— (NAS) EE28 Charles M. BOONE Team Leader DFIVH Y RENAE T
International members of the National Academy of Sciences Charles M. BOONE  Team Leader Molecular Ligand Target RT
of the United States (NAS)
2024.05.09  Korea-Japan Symposium on Chemistry with Al for Carbon BABA R INAFTZ2Fy VMR T
Neutrality #FH R 7—& Sumito KUMAGAI  Technical Scientist Bioplastic RT
Korea-Japan Symposium on Chemistry with Al for Carbon
Neutrality, Excellent Paper Presentation Award
2024.0520 %5 63 EMUNRIARE 77Ty REHEYMARE ZERH 30t ERRERRIMERS RERTLART
Leave a Nest grant plantx award Hiromitsu TABETA  Special Postdoctoral Researcher Metabolic Systems RT
2024.05.21  Molecular Biology Leader Award for 2024 &y —if REEXEMRKRE CSRS
Molecular Biology Leader Award for 2024 Kazuo SHINOZAKI  Senior Visiting Scientist CSRS
2024.05.29 HATIAMNAFOAY —FRRII—E Nt BX FRIARE fRiE - MAHRG
Poster Award in Japanese Society for Chemical Biology Kota KOIKE  Postdoctoral Researcher Catalysis and Integrated RG
2024.06.06 2023FEEDFFERFME BH ER F-LU—F— INMABAFHRRT
SPSJ Science Award 2023 Keiji NUMATA Team Leader Biomacromolecules RT
2024.06.19  UBE “Afii#ik B4 H A7 SR & EF X LEHRMRE BREEBERICEMET
Sobi ASAKO  Senior Scientist Advanced Organic Synthesis RT
2024.06.28 HALEYMEZS 24 - BEFMEERIS—F Chen CHEN ERRIZRRIMEE AR BRI T
IUPAB2024 Student and Early Career Researcher Poster Chen CHEN  Special Postdoctoral Researcher Biofunctional Catalyst RT
Award
2024.08.01 BRFERNAF - SR FHARR EFMREREMBEL =X B MEE INMABAFHRRT
Takaaki MIYAMOTO Research Scientist Biomacromolecules RT
2024.08.20 An exemplary contibutor to the journal in the celebration of 25 BH ER F—LY—5— NFBAFHRET
years of publishing the highest quality biopolymer research Keiji NUMATA Team Leader Biomacromolecules RT
An exemplary contibutor to the journal in the celebration of 25
years of publishing the highest quality biopolymer research
2024.08.30 International Congress of Entomology (ICE2024) Presentation Xin TONG EBERIZRRIFERE HRRGHERERZE T ()

Award for Young Scientists
International Congress of Entomology (ICE2024)
Presentation Award for Young Scientists

International Congress of Entomology (ICE2024) Presentation
Award for Women Scientists

International Congress of Entomology (ICE2024)
Presentation Award for Women Scientists

Xin TONG  Special Postdoctoral Researcher

Cell Function RT (at the time)

Date & /Awards ZE& /Awardees ff%R2E / Labs
2024.08.31 —MRIEFEABFBEYNAFTo/ 0P —F% /XE BE BT LHMREE MEAYRAIZ AR G
The JSPB Excellent Paper Award Naoyuki UMEMOTO  Senior Scientist Metabolomics RG
BEEMNE JL—"TT1L05—
Kazuki SAITO  Group Director
N R% FEXEWRE
Toshiya MURANAKA  Senior Visiting Scientist
2024.09.11  H 70 EHEERERBILFHREHRRI—E Jayakumar SEKAR  EFE7OSZL - 7Y/ IA BRI EMET
Jayakumar SEKAR  International Program Advanced Organic Synthesis RT
Associate
2024.09.11  Scientific committee and organizers of the 3rd Plant and Human ZEBH 30 ERFFRAIMERS RERTLAET
sulfur meeting Poster Prize Hiromitsu TABETA Special Postdoctoral Metabolic Systems RT
Scientific committee and organizers of the 3rd Plant and Human Researcher
sulfur meeting Poster Prize
2024.09.12 (LRI ZRE 55 ENFRAE BHFRKRE =3 MEE )=/ IR T
Sho TAKAOKA  Student Trainee Green Nanocatalysis RT
2024.09.16 HBAREEZFSAMEIE K EE F—L)—5— TIANNAFAS — - EERIART
The PSJ Award for Scientific Contributions Takayoshi AWAKAWA  Team Leader Chemical Biology and Biosynthesis RT
2024.09.24- The 7th International Symposium on Solar Fuels and Solar Cells Lk WRE AR ARIRARTR T
27 Excellent Post Award Shuang KONG  Research Scientist Biofunctional Catalyst RT
The 7th International Symposium on Solar Fuels and Solar Cells
Excellent Post Award
2024.10.27 2022 Journal of Antibiotics Omura Award Tilman SCHNEIDER-POETSCH ZHEfFRE TIHNT/ IO RMAR G
2022 Journal of Antibiotics Omura Award Tilman SCHNEIDER-POETSCH  Senior Chemical Genomics RG
Research Scientist
2024.11.08  APSMM 2024 Excellent Presrmtation Award BB BEE TU/ZALRIYTI &M/ —ZFFHFE U
APSMM 2024 Excellent Presrntation Award Harumi AONO Technical Staff | Chemical Resource Development U
2024.11.20  Innovators Under 35 Japan L HHRE AR REARIRARR T
Innovators Under 35 Japan Shuang KONG Research Scientist Biofunctional Catalyst RT
20241121  RBEHEEABEARPEEZERHR EK - BELSE KN EE F—L)—5— TIANNAFOAS — - EERIART
Sumiki-Umezawa Memorial Award, JAPAN ANTIBIOTICS Takayoshi AWAKAWA  Team Leader Chemical Biology and Biosynthesis RT
RESEARCH ASSOCIATION
2024.12.02  Asian Core Program Lectureship Award (Hong Kong) B KA HEMRERE SRR REARIEAAITE G
Asian Core Program Lectureship Award (Hong Kong) Takanori SHIMA ~ Senior Research Scientist Advanced Catalysis RG
2025.01 Thieme Chemistry Journals Award 2025 NHE B ECLIARI=v)—%— DFIHAIEIRM ECL 5 U
Thieme Chemistry Journals Award 2025 Kei MURATA RIKEN ECL Unit Leader Molecular Photocatalysis RIKEN ECL RU
2025.03.04 EBEFEME FEFF LHRHARE ERHRREARER T
JSBBA Award for Young Scientists Yoko CHIBA  Senior Scientist Biofunctional Catalyst RT
2025.03.07 HBEARFEAERE Jayakumar SEKAR EFETASZL - 7Y IA HREERERCEMET
Jayakumar SEKAR International Program Advanced Organic Synthesis RT
Associate
2025.03.26 HAMEYREZSE BAE JL—TF1Lo9—/BlEery—K TEY REIRR G
The Phytopathological Society of Japan, Society fellowship Ken SHIRASU  Group Director / Deputy Director Plant Immunity RG
2025.0327 HBRFRE 42 EIZME 5 &8 BEMRE FoERBERRIEIR G
The Chemical Society of Japan Award for Creative Work for 2024 Takanori SHIMA ~ Senior Research Scientist Advanced Catalysis RG
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—a2a—RXR& IRV F News & Events

2024.04.29

AR Bl —RITEREREZRE
Dr. Mikiko Sodeoka, Deputy Director of the CSRS,
awarded "Medal with Purple Ribbon"

2024.04.10-11

Bt =7 )y KREBEIR ¥y o5 T77—0>avT
RIKEN-Cambridge Joint Lab

Kickoff Workshop

B MESEEM & T VI1/

RIKEN Yokohama Campus & Online

2024.04.16-17

2023F ECSRSHRBER
FY2023 CSRS Annual Progress Report Meeting
R Y & 1#IEEZEFT / RIKEN Wako & Yokohama Campus

2024.06.17

a7V H—FAF v —HREIF—

Springer Nature Publishing and Editorial Seminar

R fMNEZEFT & 4> 51> / RIKEN Wako Campus & Online

2024.06.18

B> YR I A

T FREERIT2024: MSENMROEREL R,

RIKEN Symposium "Molecular Structure Characterization 2024:
Basics and Practical Application of MS and NMR"

B FYEZEFT / RIKEN Wako Campus

2024.07.29

Wenzhou University and Northeast Forestry University
SZUVRY UL

Mini Symposium with Wenzhou University and

Northeast Forestry University

B #REEFT & 4> T4~ / RIKEN Yokohama Campus & Online
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2024.10.05

B X — RN
RIKEN Wako Campus Open Day
BHT FIYEZEFT & 51> / RIKEN Wako Campus & Online

2024.10.08

JO—NL- TR TH—F A
Global Commons Forum

A EJLR—IL / Marunouchi Building Hall

2024.10.11-11.22

SIUAVMNIKRZEY L D) T XA RFT-EHCSRS
YaArhbeir—2)—-X

Plant Resilient Institute, Michigan State University (MSU-PRI)
-RIKEN CSRS Joint Seminar series

724> / Online

2024.11.16

E EEX —# A
RIKEN Yokohama Campus Open Day
R #3REZFT / RIKEN Yokohama Campus

2024.11.28

RIEKRZFE SAN=2T (- TIAT4AVTL—2 3>
(DEN) #xEt > 5 —3h

Visit to the Center for Diversity, Equity & Inclusion (DEI),
Tohoku University

2024.11.28

CSREHODEE%‘Z%B%#‘FHIgth Cited Researchers 2024,
12#

Five CSRS researchers have been selected for Highly Cited
Researchers 2024

2024.12.05-06

CSRSY K —12024
CSRS Retreat 2024
B FONEZEFT & *>F4 > / RIKEN Wako Campus & Online

2024.12.05

FRlEERTEA/ B FEALEZSSDGSs,
Special Lecture "Thinking about a Sustainable Future
with Hiroko Kuniya"

B FXEER & AT 1>

RIKEN Wako Campus & Online

2024.12.09

B ﬂ—'“?‘\/ 7(11’39'7.&2024

TIY—Iv 070/ — L& EMRZDOHERM.
Plant Science Symposium 2024

BRAKE & #>F4 > / The University of Tokyo & Online

2024.12.17

BT RS LTE22E] DA - BT L F DR ST
RIKEN Symposium "Frontiers on Chemistry and Analytical
Technology (XXII)"

IEff M EZEFT / RIKEN Wako Campus

2024.12.18

DE&lZI7F—
TDIBNZ M, >THE?
EILTRHE?

DE&I Seminar:

What is Psychological Safety?
ZF>Z4 > /Online

2025.01.27

FA4BICSRSAR Y b7 — o7 ME
The 4th CSRS Alumni Networking Meeting
ZF>Z4 > /Online

2025.02.04

CSRSIMEEATAYSL T h—RyZ2—FSLEBIT,
=7 3v7

CSRS Accelerated Priority Program

“Carbon Neutrality and the Beyond” Workshop

Eff #IEEZEFT & 751> / RIKEN Yokohama Campus & Online

2025.02.12

{%%7&? TAN=2T 4 AT —T 2 (D&I) HEEHETE
&1

Visit to the The Institute for Diversity & Inclusion (D&l),

Hiroshima University
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L= Newly launched laboratories

BH - 7o 7Yy SR ENHESERART —L 20245748 ES 2

RIKEN-Cambridge Joint Crop Symbiosis Research Team Launched on April 1, 2024

T—NRF 27 —ERLEICH TS

F—LY—— N
IXZATZE—9% Ph. BERES TV ERBZERALEY

Team Leader
Uta Paszkowski Ph.D.

FAME: Fungal signalling in Arbuscular Mycorrhizal Endosymbioses

SHERTLBHECLHARF—L 20244£9F | A% 2

Reproductive System RIKEN ECL Research Team Feunehed on September . 2024

BFORYEEETBEBERIL.
SEECLE L) 5 BLVBETLRE L INBE AT DM AT R T LEERLET

INE BT PhD. g1 Development of crop reproductive system customized functional RNAs
RIKEN ECL Team Leader that are respectively adapted under harsh environments
Reina KOMIYA Ph.D. (Bioscience)

DFHMEIEHECLHARI=v F 20244E98 | BF R

Molecular Photocatalysis RIKEN ECL Research Unit Launched on September 1, 2024

HIFNF—2FALIAFEBOF LV ERZRALET

RIKEN ECL Unit Leader Developing new methodologies for molecular transformations
RHEZ Phb. using light energy

RIKEN ECL Unit Leader
Kei MURATA Ph.D.

FERESHEBEATLABHFECLHAEI=v 20244F 108 | B E

Cambial Stem Cell System RIKEN ECL Research Unit Launched on October 1, 2024

. EYORFENRREAREICT 28l XTLADOBRALXBEIELEY
RIKEN ECL Unit Leader

A RiE mreang Elucidating the stem cell systems that enable continuous

RIKEN ECL Unit Leader plant growth
Dongbo SHI ph.D.

FRAOEF VR LPVIVRARRF—L 20244F 128 | B2

. . Launched on December 1, 2024
Holobiont and Resilience Research Team

TE-EY-BEYOEMRETERHAL.
BREFMT SR ARG RKZAIVET

f_“"’ —= Advancing sustainable solutions through systemic understanding
ik RE oo, and engineering of soil-plant-microbe interactions, fostering
Team Leader harmony between humanity and nature

Yasunori ICHIHASHI Ph.D.

50

Laboratories

HRER—JICHHINTWS T 71 A,
SELTWET7ov Iy 7 7AY 7 B0 RLET,

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

FEHEYNTF

Innovative Plant Biotechnology

HEREY)a—2avX
Integrative Symbiological Solutions

R#|Hy /LT S=TY) T

Metabolic Genome Engineering

FTEMREET =TT

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

O,
(W)
©
®
O,




YR EHES L —7 3
Plant Immunity Research Group
*E%ﬁga))(jj:xba)}gﬁgéﬁ LT HON—TTREICEMPNEGCEN. ZLTT/LBITNFEE i)

Fi Al RE R B IR E DT D DY E %
ARELEXT

RT—
o EYREDD FHEEDRERA
o IEYMDRBELHETZEDFILENDOEMEZDY—7 Y MO
o IEYMHRREDKRREICES T 2FHRECFHIORBYORE
o EMORBEHRREZRET HREOERHENORE

uonddjul 000€00 oid

U

A model of HopF2e1 virulence function in suppressing PTI and its relationship with QSK1

Through understanding plant immunity
mechanisms develop strategies for
sustainable crop protection

esearch Subjects

e To understand mechanisms for plant immunity

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

e To isolate novel genes/metabolites for pathogen virulence

e To identify useful microbes from rhizosphere to promote plant
immunity and growth
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BLWTMHEESLOBEREICEST28EF. 7N\ IESLMERD
FILENEZERFT L B REIRATLOD FREBEZNICHLTS
RRAEDEREREEHSNICTEIMAZToTL S RERBED
BECHREDBHDDFANZIXLBELV I VINVELRILTDIF
Sy oRTIEBEERAT 5, 20 MR EICE S T 2MEY RO
REHELAFPANISAIT SO DEREMEHAET 5.

Our group’s goal is to fully describe functions of genes, proteins
and small molecular compounds that are essential for immunity in
plants. We focus on the identification of plantimmune receptors and
elucidation of its function in recognition of various pathogens. In
addition, we study virulence mechanisms of pathogens, by utilizing
their genome analyses. We also aim to understand microbiomes
that enhance plant resistance to pathogens.

s WMEMDEWHENEY REZBERICLDBHETIAICDOE L TRPE
THEBEADDFLARILTHESHIZL,

o FRIKBRDTRTZANNTDI 7/ RN —KREIT YRR
ILT7—EHEMICEITERE R Z5IERITEHES ML,

o OYJ—RR=ZADAYT/ LB A FDEBICE T EHMEYEE
Ex7A7710) 7 L FBRERIIERE L1

Overview of the phylogeny of 16S rRNA genes detected in the rice phyllosphere
metagenome

esearch Results

o We have elucidated at the molecular level the mechanism by
which highly pathogenic bacteria skillfully evade recognition by
plant immune receptors and establish infection.

o A pathogen-derived apoplastic guanosine-specific single-stranded
endoribonucleases lead to immunity potentiation in plants.

e Long-read-based metagenomics profiled microbial communities
and revealed novel sequences in rice phyllosphere.

IN—TFALIY—
HZE B pnd.

Group Director
Ken SHIRASU Ph.D.

2024 EE X 1\— / FY2024 Members

Group Director
Ken SHIRASU

Senior Research Scientist
Yasuhiro KADOTA
Takayuki MOTOYAMA

Senior Scientist
Shuta ASAI

Research Scientist
Nobuaki ISHIHAMA
Sachiko MASUDA
Naoyoshi KUMAKURA

Postdoctoral Researcher
Kazuki SATO

Max FISHMAN

Bruno Pok Man NGOU
Erika ONO

Lin-Jie SHU

Anne GREIFENHAGEN

Technical Staff

Kaori TAKIZAWA
Ryoko HIROYAMA
Noriko MAKI

Arisa SHIBATA

Student Trainee

Erika IINO

Yuki TANAKA
Katsuma YONEHARA

Assistant
Yoko NAGAI

FEHX / Publications

Goto, V. et al.

The leucine-rich repeat receptor kinase QSK1 is a novel regulator
of PRR-RBOHD complex and is employed by the bacterial
effector HopF2e1, to modulate plant immunity.

Plant Cell 36, 4932-4951 (2024)

Kumakura, N. et al.

Guanosine-specific single-stranded ribonuclease effectors of a
phytopathogenic fungus potentiate host immune responses.

New Phytol. 242, 170-191 (2024)

Masuda, S. et al.

Uncovering plant microbiomes using long-read metagenomic

sequencing.

Commun. Biol. 7, 357 (2024)
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Metabolomics Research Group
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WEYMOERYMELXEDRER
BEATA-HICHEEAYROI IR %
HELET
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o XYRAIVRIBIIZEBRNELPBERENF EOEAEDLEICLS
REY7/7—>a>

o XYRAIVRBITT Ty NI+ —LDT/ LEREZENAA T/ A9 —
~DIS

o BEN(ZR)EYRBEDOESHBELEF LY T — I DR
o FRLEYEEICMIIIRET /LT IZT )T EEREYZEME

HIEADERBEY (A RO—L)ZAESIVCEEL. T/ LK
BEE S E DRI ENAYRAI T AM R TH B YR ORBEY D
L2 ZRIERFEBICKE20FBICDIEZLEYENHDEED
NTWAEMHEETENoDSHEREEEYR I EYBEFDE
FIZESTEETHBHENM) TR BN IERR TRILF — (EE
m BREERDGREBAABOEFICLRAELVEELZE T 5,
HUL—T TR EICEHREEDMZAVRRNGIES—T Y
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Py T — O BBETOTVWSBY OO DL R BEEEREDE
RRBOBPEOAXFIFREDETIEDNZALTITL. ESIC
BIEY. EBREYMLEOEREREDICEIIZBENKBEY DL
ESRTLET/LLRIVTRATS 774 M IAhLT /I XMR%E
EHTWEAKIC.ZNODEREONIERNLNR 2T/ A
IVPZTITIISALTRERNERBAEICETHMALHEELT
Lo

Steroid glycoalkaloid biosynthetic pathway and cholesterol glucuronidation activity by GAME15

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

esearch Subjects

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

e Application of the metabolomics platform to functional genomics
and biotechnology

e Identification 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

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.

FURR

o RYEOIVIZBEWTIFITITvIRDRILKKREBIHBRZERT S
RO BRI RE R LT,

o I AMERIIIDEBEEFYHTREBREAR LIS
¢ RTETEBRARERADEZEMRT HBRDLRICHIILI,

Enhanced production of rebaudioside D by the point mutation in the
glycosyltransferase from Stevia

esearch Results

e We found the dynamic relationships among pathways producing
hydrocarbons and fatty acids of maize cuticular waxes.

o We discovered ‘key’ enzyme in the toxin production in potato and
tomato.

o We improved enzyme that synthesizes natural sweetening
compounds in Stevia.

IN=TF1Lo5—
Hik f1F =vet

Kazuki SAITO Ph.D.

20245 E A >1X— / FY2024 Members

Group Director
Kazuki SAITO

Senior Scientist
Naoyuki UMEMOTO

Technical Staff
Tomoko NISHIZAWA
Kouji TAKANO

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

Yozo OKAZAKI

Amit RAI

Assistant
Miwako IKENAGA
Fumi AZUMI

FE/HX / Publications

Chen, K. et al.

Dynamic relationships among pathways producing hydrocarbons

and fatty acids of maize silk cuticular waxes.
Plant Physiol. 195, 2234-2255 (2024)

Jozwiak, A. et al.

A cellulose synthase—like protein governs the biosynthesis of

Solanum alkaloids.

Science 386, eadq5721 (2024)

Shoji, T. et al.

Enhanced production of rebaudioside D and rebaudioside M
through V155T substitution in the glycosyltransferase UGT91D2
from Stevia rebaudiana.

J. Agric. Food Chem. 73, 2019-2032 (2025)
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Advanced Catalysis Research Group
%ﬁﬂﬁ.-’é‘l*ﬂ{t$ﬁﬁ£%¥}ﬁ'cg% HEEORRE ERICBZVWENFEEZE OYEDORIEICD o

MLLWARIRZRRELEY

RT—%
o HTAMBEOHYEEN LIHREE RGO
o TREWEED LIATRERARRIEORSR
°* SREBERIFISRY—IZLBNDFOFEEEBIFIA

BN ARAELEBRON TV AL R RIGZ AT BEICT B75E KRG
BICAYNO 252 5BOTEELRMRRETHE.HMRIIL—T
TR BEEETROFHEEN L EHNOMEDREZELT A
BERFER ALY —UYERIBZERT S5 H L EME
DEFEEED LIC-HERER L EAFTERR FLEEBENTOR
FEOBERGHEAEERZEN LICBE—IFEmMEF L7 DB EHE
BVHRBEERIY—EN. ZEBE N RISy — DR HEED
LI\ FoEMACEBHAARE FBEDRE RIRN SR
ISR R OREE TRENICHRZED, FICRALLRE
ICEHHEICHIBIMEZT .

Scandium-catalyzed dearomative polyspiroannulation of a quinoline skeleton and an alkyne unit via C-H activation

Developing new catalysts for
more efficient, selective
chemical transformations

esearch 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

56

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.

o N—TYURAYFRIZAVIILEEEF WS ZE T C-HIEEDEME
{EENLI-F/ ) ETLEYORIREORERIGIZEY)  RIERFTR
RTvT S5 —R)—DEBIZEIN LTz,

o ZRFIVRIER)REBEEREZRAVWAZEIZKN . BROFETLTI VDS
BIRRSEETTLELTIVEERTHIEICHRIILT,

o BURDIEBAA VYA b DIN—TJHY Y Ry FRESTEMELZRANS
ZEIZKY Yy -FEEB-TUILAIC-HIEEDE L E N LI a,B-F
RM7LI IV TV Y DRBERIY 7 AT LARREORCAINRG
DERFEICE L RFHERI%T—EDOLBRBR7ILFILTIVD
BRERR LI

Hydroamination of alkenes with N: at a trititanium polyhydride framework

esearch Results

e By using a half-sandwich scandium catalyst, we successfully
synthesized a new class of rigid stepladder polymers by the
polyspiroannulation of a quinoline skeleton with an alkyne unit via
C-H activation.

e By using a trititanium polyhydride complex, we achieved the
synthesis of alkyl amines through hydroamination of simple alkenes
with N2 under mild conditions.

o By using half-sandwich rare-earth catalysts having different metal
ion sizes, we achieved the regio- and diastereoselective annulation
of a,B-unsaturated aldimines with alkenes via y- or B’-allylic C
(sp®)—H activation, producing a new family of multi-substituted
cycloalkylamine derivatives with 100% atom efficiency.

IN=TF4Lo5—
& BRE Izt

Group Director
Zhaomin HOU D.Eng.

2024FEFE A 15— / FY2024 Members

Group Director International Program Associate
Zhaomin HOU Mingjun CHI
Senior Research Scientist Jingjing SHAQ

Satoshi KAMIGUCHI Guanchen HE

Masayoshi NISHIURA RIKEN Student Researcher D
Takanori SHIMA Zhou SUN

Masanori TAKIMOTO

Liang ZHANG

Research Scientist
Qingde ZHUO

Postdoctoral Researcher
Lin HUANG

Aniket MISHRA
Mengging CHEN
Haoran ZHANG
Guaghui HE
Tongtong LIU

Zekun YANG

Kakoli MAJI

Xiaofeng MAO

FE:/3C / Publications

Shao, J. et al.

Synthesis of Rigid Stepladder Polymers via Scandium-Catalyzed
Polyspiroannulation of Quinoline with Alkyne.

J. Am. Chem. Soc. 147, 1416-1420 (2025)

Shima, T. et al.

Hydroamination of alkenes with dinitrogen and titanium
polyhydrides.

Nature 632, 307-312 (2024)

Cong, X. et al.

Regio- and Diastereoselective Annulation of a,B-Unsaturated
Aldimines with Alkenes via Allylic C(sp®)—H Activation by
Rare-Earth Catalysts.

J. Am. Chem. Soc. 146, 10187-10198 (2024)
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Catalysis and Integrated Research Group
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Construction of a highly crowded carbon-carbon bond by means of copper-catalyzed aerobic

carbooxygenation

Developing new transition metal-catalyzed

reactions and conducting integrated
research of chemistry and plant science

esearch Subjects

e 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

58

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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Ligand-controlled copper-catalyzed halo-halodifluoromethylation of
alkenes and alkynes

esearch Results

o We developed a ligand-controlled copper-catalyzed
halo-halodifluoromethyaltion of alkenes and alkynes.

e The synthesis of y-lactones bearing vicinal tetrasubstituted carbon
centers was achieved through an aerobic radical reaction.

e Development of a cryo-Raman microscope for high-sensitivity
observation of molecules in frozen biological samples.
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Group Director
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Senior Research Scientist
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Satoshi YOSHIMOTO
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Visiting Researcher
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Technical Staff
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Research Part-time Worker
Xiuling WANG

Temporary Staffing
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Yusuke ONO
Ayako KUBOTA
Kanae SAITO

Student Trainee
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FE5H / Publications

Mukherjee, S., Aoki, Y., Kawamura, S., Sodeoka, M.
Ligand-Controlled Copper-Catalyzed
Halo-Halodifluoromethylation of Alkenes and Alkynes Using
Fluorinated Carboxylic Anhydrides.

Angew. Chem. Int. Ed. 63, e202407150 (2024)

Punner, F. et al.

Catalytic Aerobic Carbooxygenation for the Construction of Vicinal
Tetrasubstituted Centers: Application to the Synthesis of
Hexasubstituted y-Lactones.

Angew. Chem. Int. Ed. 63, 202405876 (2024)

Mizushima, K. et al.

Raman microscopy of cryofixed biological specimens for
high-resolution and high-sensitivity chemical imaging.
Sci. Adv. 10, eadn0110 (2024)
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A model for induction of lipotoxicity in fission yeast by pentadecanoic acid (C15:0). C15:0 is
incorporated into the lipidome, forming a unique, aberrantly planar ER structure (giant ER sheets)

that physically inhibits cell division.

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

esearch Subjects

e 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

e Chemical regulation of metabolism for effective bioenergy
production
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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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Mechanism by which Girolline induces sequence-selective inhibition of translation. a
On sequences slowing translation, elF5A is required to expedite translation
elongation. b Slowed translation enables Girolline binding to the ribosome,
preventing elF5A from aiding peptidyl transfer, thereby inducing ribosomal stalling,
subsequent collision with the following ribosome, and activation of
ribosome-associated quality control (RQC).

esearch Results

e We found that a marine natural product Girolline induces
sequence-selective translation stalling by competing with elF5A.

o We elucidated the mechanism of changing metabolism for utilizing
poor nitrogen sources in fission yeast.

e We discovered that odd-chain fatty acids induce lipotoxicity in
fission yeast through the formation of giant ER sheets.
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Technical Staff

Rumi KUROKAWA
Atsushi HASHIMOTO
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Kanako SAGA
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FEHX / Publications

Schneider-Poetsch, T. et al.

Girolline is a sequence context-selective modulator of elF5A
activity.

Nat. Commun. 16, 223 (2025)

Ohsawa, S. et al.

Nitrogen signaling factor triggers a respiration-like gene
expression program in fission yeast.

EMBO J. 43, 4604-4624 (2024)

Hoshikawa, Y. et al.

Formation of giant ER sheets by pentadecanoic acid causes
lipotoxicity in fission yeast.

Proc. Natl. Acad. Sci. 122, e2422126122 (2025)
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Plant Heros shape growth and helping cells escape extreme circumstances

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
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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.

® Pestalotiopsisi & CollectotrichumBE 12 &% I L/ FERNFICHF LT
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Effective chemicals against causative pathogens of rubber tree leaf fall disease

esearch Results

o We found two pesticides effectively inhibit growth of leaf fall
disease causative fungi, Pestalotiopsis and Collectotrichum.

e We found that a Plant Hero protein which forms cytoplasmic
speckles under light stress conditions is involved in other
regulations mediated by blue light receptor.
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Minami MATSUI D.Sci.
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FE®X / Publications

Okubo-Kurihara, E. et al.

Screening of effective pesticides to control rubber tree leaf fall
disease (LFD) caused by Neopestalotiopsis and Colletotrichum

fungi in Indonesia.

J. Pestic. Sci. 49, 277-284 (2024)

Kurihara, V. et al.

The blue light signaling inhibitor 3-bromo-7-nitroindazole affects
gene translation at the initial reception of blue light in young

Arabidopsis seedlings.

Plant Biotechnol. 41, 153-157 (2024)

Ong, W.D., Makita, Y., Miyazaki, T., Matsui, M., Shin, R.
Arabidopsis transcriptomic analysis reveals cesium inhibition of root
growth involves abscisic acid signaling.

Planta 259, 36 (2024)
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The biosynthesis of monoterpenoid indole alkaloids (MIAs), involving 4 cell types, is gradually
activated later than 12 h after germination. The MIAs are known to accumulate mainly in laticifer
and idioblast cells, and these cells can be observed with blue fluorescence after germination.

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

esearch Subjects

e Elucidation of the regulatory mechanism of amino acid biosynthesis

e Identification of genes involved in biosynthesis/degradation of plant
specialized metabolites

o Identification 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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L-2-aminopimelic acid was identified as a novel functional amino acid
that promotes high lateral root density. Addition of this amino acid
converted the root system in a wide range of dicotyledonous plant
species from a primary root-lateral root system to a fibrous root-like
system. The left and right images show normal growth conditions
and L-2-aminopimelic acid-treated conditions, respectively.

esearch Results

o We found that cell type-specific alkaloid biosynthesis in
Catharanthus roseus is gradually activated later than 12 h after
germination, suggesting a possible relationship between the
regulatory system of metabolism and plant development and
cellular differentiation.

o We found that L-2-aminopimelic acid, a non-proteinogenic amino
acid, is a novel functional metabolite that promotes lateral root
formation and elongation via the ARF7/ARF19 signaling pathway in
a wide range of dicotyledonous plant species.

o We found that editing the 2-hydroxyisoflavanone synthase genes in
soybean hairy roots has a broad effect on other metabolic systems,
not only on (iso)flavonoid metabolism.
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FEHX / Publications

Uzaki, M. et al.

Integration of cell differentiation and initiation of monoterpenoid
indole alkaloid metabolism in seed germination of Catharanthus

roseus.
New Phytol. 242, 1156-1171 (2024)

Tabeta, H., Hirai, M.Y.

L-2-Aminopimelic acid acts as an auxin mimic to induce lateral

root formation across diverse plant species.
FEBS Lett. 598, 1855-1863 (2024)

Uchida, K., Fuiji, Y., Tabeta, H., Akashi, T., Hirai, M.Y.
Omics-based identification of the broader effects of
2-hydroxyisoflavanone synthase gene editing on a gene
regulatory network beyond isoflavonoid loss in soybean hairy
roots.

Plant Cell physiol. 66, 304-317 (2025)
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Correlation network of metabolites based on their concentration changes

Developing software platforms and
databases for metabolomics research

®search Subjects

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

e Integration of metabolic databases
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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.

R
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Prediction strategy of the PNPA retention time

\search Results

e We developed the integrated analysis platform MS-DIALS5 for
metabolomics.

o We carried out the computational prediction of retention time for
peptides with non-proteinogenic amino acids (PNPAs).

e We discussed on digital sequence information as focused in
Convention of Biological Diversity.
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FE5H / Publications

Takeda, H. et al.

MS-DIAL 5 multimodal mass spectrometry data mining unveils
lipidome complexities.

Nat. Commun. 15, 9903 (2024)

Tsugawa, H. et al.
A lipidome landscape of aging in mice.
Nat. Aging 4, 709-726 (2024)

Arita, M., Pulverer, B., Uemura, T., Sakuma, C., Hayashi, S.
Publishing in the open access and open science era.
Genes Cells 29, 275-281 (2024)
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Analytical scheme for microbial assembly process by marine biodegradation assay for biopolymers

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

esearch 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).
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Optimization of sustainable aquaculture by ML-based metabolic
analysis for the carnivorous fishes

esearch Results

o We visualized stochastic and deterministic assembly of surface
microflora on biodegradable polymers.

o We verified starch metabolism ability of carnivorous fish, Leopard
coral leaf grouper by machine learning and '*C-tracing analyses.

o We established an approach for ML-based importance selection
from benchtop-NMR toward designing environment friendly
materials.
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FE®HX / Publications

Yokoyama, D. et al.

Quantification of microbial community assembly processes during
degradation on diverse plastispheres based on physicochemical
characters and phylogenetic bin-based null model analysis.

Sci. Total Environ. 931, 172401 (2024)

Shima, H., Asakura, T., Sakata, K., Koiso, M., Kikuchi, J.

Feed components and timing to improve feed conversion ratio for
sustainable aquaculture using starch.

Int. J. Mol. Sci. 25, 7921 (2024)

Okada, M., Amamoto, Y., Kikuchi, J.

Designing Sustainable Hydrophilic Interfaces via Feature
Selection from Molecular Descriptors and Time-Domain Nuclear
Magnetic Resonance Relaxation Curves.

Polymers 16, 824 (2024)
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1-Butanol treatment enhances drought stress tolerance in Arabidopsis (A)
A possible model for molecular mechanism of 1-butanol-induced drought tolerance (B)

Analyzing plant genomic networks for
environmental stress adaptation and
improved productivity

esearch 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
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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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Identification of the compound DPAM-1 which selectively affects brassinosteroid
signaling. DPAM-1 increases salinity stress sensitivity (A) through affecting
brassinosteroid signaling selectively (B). Brassinosteroid signaling diversifies
salt tolerance among Arabidopsis ecotypes (C).

esearch Results

e We found that 1-butanol treatment enhances drought stress
tolerance in plants by inducing stomatal closure etc.

e We revealed that brassinosteroid signaling diversifies salt tolerance
among Arabidopsis ecotypes through the identification of the
compound DPAM-1 which selectively affects brassinosteroid
signaling.

o We revealed that the allopolyploidization experienced by durum
wheat and bread wheat had different impacts on functional diversity
through developing the framework for investigating functional
diversity in polyploidization events.
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FEHX / Publications

Do, T.N.Q. et al.

1-Butanol treatment enhances drought stress tolerance in
Arabidopsis thaliana.

Plant Mol. Biol. 114, 86 (2024)

Ueda, M. et al.

A pyrazole partially induces brassinosteroid-related gene
expression, leading to salt stress sensitivity.

J. Plant Growth Regul. 44, 868-878 (2025)

Ezoe, A. et al.

Decrease in purifying selection pressures on wheat homoeologous
genes: tetraploidization vs hexaploidization.

Plant J. 120, 1190-1205 (2024)
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HY5-mediated light signaling determines the fate of new meristems in plant regeneration.

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
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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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Somatic embryo formation on Arabidopsis callus

esearch Results

o We identified key factors and analyzed their functions to determine
how environmental factors such as light and temperature affect
plant development and regeneration.

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

o We established a novel tissue culture method that enhances plant
regeneration efficiency and facilitates molecular mechanism
analysis.
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FE5H / Publications

Chen, Y. et al.

ELONGATED HYPOCOTYL5-mediated light signaling promotes

shoot regeneration in Arabidopsis thaliana.
Plant Physiol. 196, 2549-2564 (2024)

Tonosaki, K. et al.

Multilayered epigenetic control of persistent and stage-specific
imprinted genes in rice endosperm.
Nat. Plants 10, 1231-1245 (2024)

Lehuedé, TU. et al.

Two antagonistic gene regulatory networks drive Arabidopsis root
hair growth at low temperature linked to a low-nutrient

environment.

New Phytol. 245, 2645-2664 (2025)
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A gametophore of Physcomitrium patens

Understanding plant-microbe symbiosis
in order to establish
sustainable agriculture

esearch Subjects

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

e Application of root nodule symbiosis to cereals
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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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Loss of nitrogen fixation in FtsH4 mutants

esearch Results

o We found plant factors that negatively regulate infection of rhizobia.

o We identified a plant gene that is required for nitrogen fixation in
nodules.

o We established a method for single-cell RNA-seq using
Physcomitrium patens.
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Shimoda, Y. et al.

A mitochondrial metalloprotease FtsH4 is required for symbiotic
nitrogen fixation in Lotus japonicus nodules.

Sci. Rep. 14, 27578 (2024)

Hata, Y. et al.

snRNA-seq analysis of the moss Physcomitrium patens identifies
a conserved cytokinin-ESR module promoting pluripotent stem
cell identity.

Dev. Cell https://doi.org/10.1016/j.devcel.2025.02.006 (2025)
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Weak noncovalent interaction accelerates catalytic C-H activation

Exploring next generation
organic synthesis for
an environmentally sustainable society

esearch Subjects

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

e Organic synthesis with organosodium
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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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m-Coordination enables the radical coupling of aryl chlorides with arenes

esearch Results

e We invented a catalyst that accelerates C—H activation of arenes
through weak noncovalent interaction.

o We developed a catalyst that uses hydrogen bonding for selective
and efficient borylation of pyridines.

e We found that coordination to chromium enables the radical
coupling of aryl chlorides with arenes.
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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)

Nagata, M., ltonaga, K., Mutoh, Y., Endo, K., llies, L.
Activation of aryl chlorides through r-coordination for radical
coupling with arenes.

Chem. Lett. 53, upae233 (2024)

De, P. B., Okamoto, K., Sekar, J., Asako, S., llies, L.

Remote hydrogen bonding between ligand and substrate
accelerates C—H bond activation and enables switchable site
selectivity.

Angew. Chem. Int. Ed. 64, 202419144 (2025)
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Versatile Polymeric Acid Catalyst for Promoting the Ritter Reaction of Nitriles with Alcohols

in Batch and Flow Systems

Can we develop suitable catalysts
towards green sustainable chemistry?

esearch Subjects

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

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

e Development of electromagnetic waves-activated catalysts
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“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.
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Highly Durable Etched Silicon Powder-Supported Palladium Catalyst for Efficient
Hydrogenation and Reductive Alkylation under Continuous Flow Condition

esearch Results

o We found that our unique polymeric acid catalyst promotes the
Ritter reaction of nitriles with alcohols in both batch and flow
systems.

e A highly durable etched silicon powder-supported palladium
catalyst enables efficient hydrogenation and reductive alkylation
under continuous flow conditions.

e The N-methylated derivative of the rigid stepladder polymer
featuring a spirodihydroquinoline skeleton exhibited significantly
enhanced porosity compared to the unmodified N-H polymer.
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FE/HX / Publications

Soliman, E., Baek, H., Mase, N., Yamada, Y. M. A.
Continuous-Flow Ritter Reaction for Sustainable Amide Synthesis
Using a Recyclable m-Phenolsulfonic Acid-Formaldehyde Resin
Catalyst.

J. Org. Chem. 90, 1447-1454 (2025)

Zhang, Z., Baek, H., Soliman, E., Yamada, Y. M. A.

Highly Durable Etched Silicon Powder-Supported Palladium
Catalyst for Hydrogenation and Reductive Alkylation under
Continuous Flow Conditions.

Submitted

Zhang, Z., Yamada, Y. M. A.

Recent Advancements in Continuous-Flow Suzuki-Miyaura
Coupling Utilizing Immobilized Molecular Palladium Complexes.
Chem. Eur. J. 30, e202304335 (2024)
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Osmotic energy conversion at submarine hydrothermal vents

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

Rsearch Subjects

e Development of water splitting catalysts

e Investigation of giant electro-ecosystems in a deep hydrothermal
environment

e 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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Non-enzymatic anaerobic ammonium oxidation catalyzed by covellite

Jesearch Results

e We succeeded in synthesizing hexavalent Ir oxide as an oxygen
evolution catalyst.

o We discovered osmotic energy conversion processes at submarine
hydrothermal vents.

o We discovered the mineral that can replicate biological anaerobic
ammonium oxidation.
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Lee, H. et al.

Osmotic energy conversion in serpentinite-hosted deep-sea

hydrothermal vents.

Nat. Commun. 15, 8193 (2024)

Li, A. et al.

Atomically dispersed hexavalent iridium oxide from MnO.
reduction for oxygen evolution catalysis.

Science 384, 666-670 (2024)

He, D., Adachi, K., Hashizume, D., Nakamura, R.
Copper sulfide mineral performs non-enzymatic anaerobic
ammonium oxidation through a hydrazine intermediate.

Nat. Chem. 16, 1605-1611 (2024)
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Gene ontology enrichment analyses of the 2 collections of S. pombe deletion mutants in a drug-hypersensitive background for

chemical genomics screening

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

chemical genetic interactions

esearch Subjects

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

e Validating the mode of action of bioactive compounds

e Identifying bioactive chemical tools and therapeutic leads that
target essential gene pathways
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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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Brilacidin and its representative S. cerevisiae chemical genomic profiles that
suggested involvement in calcium metabolism

esearch Results

e The construction of a heterozygous diploid deletion mutant
collection and a haploid deletion mutant collection using the
Schizosaccharomyces pombe drug-hypersensitive strain, as a new
tool for drug target identification, has made significant progress and
is now nearing completion.

o To elucidate mode of action of brilacidin (BRI) that is effective in
cryptococcosis, we employed the Saccharomyces cerevisiae
chemical genomics approach, suggesting that BRI affects the cell
membrane organization, but in addition the cell wall integrity
pathway and calcium metabolism.

o We developed gene integration systems that efficiently target
chromosomal loci and enable high transgene expression in fission
yeast.
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Diehl, C. et al.

Brilacidin, a novel antifungal agent against Cryptococcus
neoformans.

mBio 15, 0103124 (2024)

Razdaibiedina, A. et al.

PIFiA: Self-supervised Approach for Protein Functional Annotation
from Single-Cell Imaging Data.

Mol. Syst. Biol. 20, 521-548 (2024)

Litsios, A. et al.

Proteome-scale movements and compartment-connectivity during
the eukaryotic cell cycle.

Cell 187, 1490-1507.e21 (2024)
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Estimated coefficient surfaces illustrating the influencg of temperature (A) and solar radiation .(B) on tomato Environmental data along the growth of tomato plants and weekly harvest Technical Staff Kazuki YOKOYAMA
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plant productivity and developing
technology to increase grass biomass

esearch Subjects

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

e Identification 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

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.

o We successfully quantified and visualized how environmental
factors contribute to the yield of long-term cultivated crops using
statistical modeling techniques.

e The systematic collection and integrated analysis of metabolome,
hormonome, and transcriptome data from multi-plant cell cultures
has deepened our understanding of the diversity of plant
metabolism. This will contribute to the production of biomolecules
using cultured cells.

e We demonstrated that GmCKX13, with a drought-responsive
promoter, enhances drought tolerance and increases seed yield,
making it a promising gene for developing drought-resistant crops
such as soybean.

FEHX / Publications

Matsui, H., Mochida, K.

Functional data analysis-based yield modeling in year-round crop

cultivation.

Hortic. Res 11, uhae144 (2024)

Kim, J.S. et al.

Multiomics-based assessment of the impact of airflow on diverse

plant callus cultures.
Sci. Data 12, 197 (2025)

Le,D. T. et al.

Altering endogenous cytokinin content by GmCKX13 as a strategy
to develop drought-tolerant plants.
Plant Stress 14, 100678 (2024)
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Probing real-time self-assembly of spider silk MaSp1 in response to biomimetic gradients. Monitoring the rapid changes of MaSp1
condensate morphology upon exposure to the mobile ion/pH gradients. The zero timepoint arbitrarily denotes the timing of the first

stable image following gradient initiation. Scale bars = 10 ym.

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

esearch 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/protein production and plant modifications via plant
biotechnology
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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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Schematic representation of the process of the utility of marine purple
photosynthetic bacteria as fertilizer for vegetable cultivation

esearch Results

o We clarified the liquid-liquid phase separation behaviors and fiber
formation mechanism of MaSp1, one of the spider silk proteins.

o We developed the process of the utility of marine purple
photosynthetic bacteria as fertilizer for vegetable cultivation.

o We successfully demonstrated the big data-driven molecular
design of water-resistant structural proteins such as spider silks.

F—LY—5—
BH E£7 mta®)

Team Leader
Keiji NUMATA Ph.D.

20245EE A 1X\— [/ FY2024 Members

Team Leader
Keiji NUMATA

Senior Scientist
Ali Andres Defrance MALAY
Masaki ODAHARA

Research Scientist
Takaaki MIYAMOTO
Simon Sau Yin LAW

Special Postdoctoral Researcher
Naoto YOSHINAGA

Postdoctoral Researcher
Przemyslaw Michal JURCZAK

Senior Visiting Scientist
Taku DEMURA
Takamasa SAKAI
Yutaka KODAMA
Kazuharu ARAKAWA

Visiting Scientist

Misato OHTANI
Kosuke TSUCHIYA
Toshiki SAWADA
Daichi IDA

Yui TSUJI

Shigeru YAMAGUCHI
Kota NOMURA

Kayo TERADA

Nur Alia OKTAVIANI
Shamitha Rao MOREY-YAGI

Technical Staff
Yoko HORII
Ayaka TATEISHI

Student Trainee

Taichi KURITA
Naoya ABE

Yusuke UENO

Risa NAKA
Tomoaki NAKATSUKA
Wanging HOU
Chanho LEE

Zhiwei LIU

Asato IWAMOTO
Haruki KUBOTA
Akitaka FURUICHI
Yuma MUKAI
Yosuke MURAKAMI
Takanari KOIKE
Shinnosuke IWAYA
Soichiro UENO
Yuya FURUTANI
Yusei YOSHIDA
Yibei TENG

Part-time Worker
Maai MORI
Mami GOTO

Assistant
Mizuki TOMIZAWA
Rieko YOSHINAGA

FE5H / Publications

Malay, A.D., Oktaviani, N. A., Chen, J., Numata, K.
Spider silk: Rapid, bottom-up self-assembly of MaSp1 into
hierarchically structured fibers through biomimetic processing.

Adv. Funct. Mater. 2408175, (2024)

Morey-Yagi, S. R. et al.

Utilization of lysed and dried bacterial biomass from the marine
purple photosynthetic bacterium Rhodovulum sulfidophilum as a
sustainable nitrogen fertilizer for plant production.

npj Sustainable Agric. 2, 10 (2024)

Numata, K., Kaplan, D. L.

Silk Proteins: Designs from nature with multipurpose utility and
infinite future possibilities.

Adv. Mater. 2411256 (2024)
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Bioplastic Research Team
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Porphyrin-grafted PET colorimetric probe for mercuric ion contaminants in aquatic solution

Creating new high quality plastic
materials made from biomass

esearch 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
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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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One-pot synthesis of marine-biodegradable polyester-amides containing amino acids

esearch Results

o We developed the one-pot synthesis of marine-biodegradable poly
(ethylene succinate)-based ester-amide copolymers containing
amino acid.

o We developed the reusable and highly selective colorimetric probe
for mercuric ion contaminants by grafting porphyrin to poly(ethylene
terephthalate) sheets.

e We elucidated the tacticity effect of 3-hydroxy-2-methylpropionate
monomeric units on physical properties of polyhydroxyalkanoates.

F—LY—5—
FIER EE @t

Team Leader
Hideki ABE Ph.D.

2024FEFE A 15— / FY2024 Members

Team Leader Senior Visiting Scientist
Hideki ABE Tadahisa IWATA
Senior Research Scientist Kenvichi KASUYA
Tomohiro HIRAISHI Visiting Scientist
Masahiro FUJITA Takeharu TSUGE
Research Scientist Yoshihiro KIKKAWA
Noriyuki ASAKURA

Yasumasa TAKENAKA Motoki UEDA
Technical Scientist

. Technical Staff
Sumito KUMAGAI Naoko NAKADA

Postdoctoral Researcher
Senri HAYASHI
Shin INAGAKI

International Program Associate
Ayan Yeosi BARTELS-ELLIS

Student Trainee
Maho KAWASAKI
Keisuke FUKAZAWA

FEHX / Publications

Kumagai, S. et al.

One-Pot Synthesis of Marine-Biodegradable Poly(Ethylene
Succinate)-Based Ester Amide Copolymers Containing Amino Acid.
ACS Appl. Polym. Mater. 6, 8339-8347 (2024)

Atayde, E. C., Jr., Takenaka, Y., Abe, H., Wu, M-R., Wu, K. C.-W.
Porphyrin-Grafted Poly(ethylene terephthalate) as a Reusable and
Highly Selective Colorimetric Probe for Mercuric lon Contaminants
in Aqueous Samples.

ACS Appl. Mater. Interfac. 16, 39195-39205 (2024)

Mierzati, M. et al.

Tacticity Characterization of Biosynthesized Polyhydroxyalkanoates
Containing (S)- and (R)-3-Hydroxy-2-Methylpropionate Units.
Biomacromolecules 25, 444-454 (2024)
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Cell Factory Research Team
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HOG1 deletion enhanced glucose utilization and ethanol production.

Effect of loss of osmotolerance in S. cerevisiae attributed to HOG1 deletion at high glucose
concentrations(A). Morphology of yeast cells in WT and AH strains under different glucose
fermentation conditions (B). Comparison of fermentation profiles between WT and AH in SD
medium using the intermittent feeding technique (C). HOG1 deletion led to enhanced glucose
utilization and ethanol production compared to the WT strain.

Designing and constructing
optimal cell factories for
valuable chemical compounds

®search Subjects

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

e Developing high functional enzymes catalyzing target metabolic
reactions
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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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Construction of (R)-citramalate-producing yeast

(R)-Citramalate can be used as a metabolic intermediate of higher alcohols and
a precursor of methyl methacrylate. A combination of three approaches,
inhibition of acetyl-CoA transport, construction of an acetyl CoA supply pathway,
and improvement of (R)-citramalate secretion, resulted in a 3.3-fold increase in
(R)-citramalate production.

\search Results

e We have developed bioproductions of various useful compounds
with metabolic design and enzyme engineering technologies.

e We have succeeded in producing citramalate with synthetic
biolodgy of yeast, taking into account of its compartmentation.

e We have analyzed the role of Hog1 gene of yeast that contribute to
the productions of ethanol and glycerol.
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Mitsui, R., Kondo, A., Shirai, T.

Production of (R)-citramalate by engineered Saccharomyces
cerevisiae.

Metab. Eng. Commun. 19, e00247 (2024)

Noda, S. et al.

Metabolic and enzymatic engineering approach for the production
of 2-phenylethanol in engineered Escherichia coli.

Bioresour. Technol. 406, 130927 (2024)

Noda, S. et al.

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

BioTech (Basel). 13, 2 (2024).
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Molecular Bioregulation Research Team
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Plant 14-3-3 inhibitor that induces stomatal closing

Regulation of plant physiology
with synthetic molecules

esearch Subjects

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

e 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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The formation of a chloroplast bud and the maturation of the chloroplast-associated
isolation membrane

esearch Results

o We observed autophagosome development and chloroplast
segmentation for piecemeal degradation of chloroplasts.

o We discovered a plant 14-3-3 Inhibitor possessing isoform selectivity
and in planta activity.

o We developed benzoxaborole catalyst embedded with a lewis base
as a highly active and selective catalyst for cis-1,2-diol modification.
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Izumi, M. et al.

Autophagosome development and chloroplast segmentation
occur synchronously for piecemeal degradation of chloroplasts.
eLife 12, RP93232 (2024)

Nishiyama, K. et al.

Discovery of a Plant 14-3-3 Inhibitor Possessing Isoform
Selectivity and In Planta Activity.

Angew. Chem. Int. Ed. 63, 202400218 (2024)

Kusano, S., Yamada, Y., Hagihara, S.

Benzoxaborole Catalyst Embedded with a Lewis Base: A Highly
Active and Selective Catalyst for cis-1,2-diol Modification.

J. Org. Chem. 89, 6714-6722 (2024)
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Plant Lipid Research Team
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LPAT1 expressing at the embryo (left) and localizing at the periphery of chloroplasts (right)

A lipidomic approach to addressing
plant growth and development

esearch Subjects

e 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

04

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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Seedlings of npc3 mutant showing insensitivity
to ER stress in plant growth

esearch Results

o We discovered a factor required for the ER stress response in
roots.

e We discovered an involvement of chloroplast-localized enzyme
LPAT1 in oil accumulation.

e We elucidated topological orientation of LPAT1 in chloroplasts for it
role in lipid biosynthesis.
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Ngo, A.H., Angkawijaya, A.E., Nakamura, Y., Kanehara, K.
Non-specific phospholipase C3 is involved in endoplasmic
reticulum stress tolerance in Arabidopsis.

J. Exp. Bot. 75, 6489-6499 (2024)

Barroga, N.A.M., Nguyen, V.C., Nakamura, Y.

The role of lysophosphatidic acid acyltransferase 1 in reproductive
growth of Arabidopsis thaliana.

J. Exp. Bot. 75, 7190-7201 (2024)

Yu, C.-W., Nguye, V.C., Barroga, N.A.M., Nakamura, Y., Li, H.-M.
Plastid LPAT1 is an integral inner envelope membrane protein with
the acyltransferase domain located in the stroma.

Plant Cell Rep. 43, 257 (2024)
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Plant Chemical Genetics Research Team
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Several RIL lines exhibited higher productivity under high-temperature and drought conditions than the parental lines, Norin

61 and Chinese Spring (CS).

Contributing sustainable crop productivity

and improvement of environmental stress
adaptation through elucidation of
plant hormone functions

esearch Subjects

e Elucidation of plant hormone metabolic regulations and signaling

e Search of new hormone-like molecules in plants

e Molecular breeding of crops by modifying plant hormone action

e Development of small molecules that regulate plant hormone action

e Identification of key genes for improving crop productivity
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The Green Revolution in crops is an effective use of gene
mutation that altered the gibberellin action of plant hormones.
Bioactive small molecules including plant hormones exhibit various
physiological actions and are involved in plant growth and
adaptation to environmental stress. Further elucidation and
utilization of plant hormone functions are necessary to develop
crops that can grow with less environmental impact under global
climate change. In addition, we also explore key genes for plant
growth and environmental stress adaption and aim to improve food
productivity by applying the scientific knowledge to practical crops.
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PP2C1, which is not regulated by abscisic acid receptors, is conserved only in
the genus Striga, suggesting that this gene plays an important role in the
survival strategy of Striga species.

esearch Results

o We have identified a new abscisic acid biosynthetic pathway.
e We have isolated both heat- and drought-tolerant wheat lines.

e The ShPP2C1 gene of the root-parasitic weed Striga hermonthica,
which is involved in depriving its host of water and nutrients, was
found to be conserved only in the genus Striga.
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Do, T.N.Q. et al.

1-Butanol treatment enhances drought stress tolerance in
Arabidopsis thaliana.

Plant Mol. Biol. 114, 85-86 (2024)

Sato, Y. et al.

Temporal dynamics of N-hydroxypipecolic acid and salicylic acid
pathways in the disease response to powdery mildew in wheat.
Biochem. Biophys. Res. Commun. 734, 150624 (2024)

Weng, Y., Mega, R., Abe, F., Tsujimoto, H., Okamoto, M.
Metabolic profiles in drought-tolerant wheat with enhanced
abscisic acid sensitivity.

PLoS One 22, e0307393 (2024)
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Chemical Biology and Biosynthesis Research Team
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The structural basis of sulfamoyl acetyl group transferase and creation of new analogs by introducing mutations

Production of novel bioactive
compounds with biosynthetic ways

esearch Subjects

e Redesign of biosynthetic machinery
e Alteration of enzyme function

e Functional elucidation of bioactive compounds
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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.
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The structural basis of pyridoxal 5’-phosphate dependent 3-NAD alkylating enzyme

esearch Results

o We elucidated the structure of a novel enzyme that condenses
coenzymes NAD and SAM to construct the skeleton of antibiotics.

e We identified a novel oxidase involved in the C1-C2 cleavage of
indole alkaloids.

e We elucidated the structure of the enzyme-substrate complex
involved in the acylation of sulfonamide antibiotics, and have
synthesized new analogs by introducing mutations.
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Awakawa, T. et al.

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

Nat. Catal. 7, 1099-1108 (2024)

Meng, L.-H. et al.

Discovery of (+)-penindolenes reveals an unusual indole ring
cleavage pathway catalyzed by P450 monooxygenase.
Angew. Chem. Int. Ed. 63, €202403963 (2024)

Zhu,Y. et al.

Structure-function analysis of carrier protein-dependent
2-sulfamoylacetyltransferase in the biosynthesis of altemicidin.
Nat. Commun. 15, 10896 (2024)
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RIKEN-Cambridge Joint Crop Symbiosis Research Team
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A Analysis of Rhizophagus irregularis codon usage compared to other fungi
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B Codon-optimised expression vectors to transform R. irregularis

Development of codon-optimised expression vectors for R. irregularis transformation and pilot test for peptide-based gene delivery

FAME: Fungal signalling in
Arbuscular Mycorrhizal Endosymbioses

esearch Subjects

Signalling in plant-fungal interaction

Spatial transcriptomics and proteomics

Molecular genetics of fungal root invasion

Transformation of arbuscular mycorrhizal fungi
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Symbioses are fundamental to life on Earth. The most ancestral
association between plants and fungi emerged around 450 mya and
is now so widespread among terrestrial plant species that it
fundamentally supports global ecosystems, as well a crop pductivity
and sustainability. Arbuscular mycorrhizal (AM) fungi belong to the
Glomeromycotina subphylum, and facilitate plant mineral uptake
from the soil in exchange for plant-derived organic carbon. The
establishment of functional symbioses relies on the fine-tuned
orchestration of signals to achieve coordination of the two interacting
organisms. While considerable understanding of plant signalling
mechanisms has been gained in recent years, we know near to
nothing about fungal signalling components. To close this gap in
knowledge, we wish to reciprocally elucidate how the fungus
undergoes reprogramming to engage with its host rice.

We will use ‘omics’ approaches to comprehensively characterise
transcriptional and translational activities of different functional units
of the fungal mycelium in asymbiosis and symbiosis; we also aim to
establish a stable transformation protocol to enable functional
studies of gene leads. The rice blast fungus Magnaporthe oryzae will
be used as a genetically tractable, comparative root-fungal system.
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esearch Results

o We engineered codon-optimised expression vectors to transform
R. irregularis using peptide-based gene delivery developed by
Biomacromolecules Research Team, and micro-injection.

o We successfully established single-cell sorting of R. irregularis
nuclei from host tomato and lotus roots (collaboration with the Cell
Function Research Team).

e We discovered that two major lineages of endosymbiotic fungi
(Glomeromycotina/AM fungi, and Microsporidia) have gradually
lost DNA polymerase complexes and evolved highly divergent
DNA checkpoint clamps.
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Team Leader

Uta PASZKOWSKI Ph.D.
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Postdoctoral Researcher
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Technical Staff
Tomoko NISHIZAWA
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Natural Product Biosynthesis Research Unit
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Iron-sulfur proteins catalyse [4+2] cycloadditions

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

esearch Subjects

e 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

e Development of small molecules that enhance production of
secondary metabolites

e Construction of biosynthetic platforms using microorganisms
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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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Isolation of novel elasnins

esearch Results

o We found that iron-sulphur proteins catalyse [4+2] cycloadditions in
natural product biosynthesis.

o We found that expression of Syo_1.56 SARP regulator unveils
elasnin derivatives with potent antibacterial activity.
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Unit Leader

Shunji TAKAHASHI D.Sci.
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Unit Leader
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Technical Staff
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FE5H / Publications

Zheng, Y. et al.

Iron-sulphur protein catalysed [4+2] cycloadditions in natural
product biosynthesis.

Nat. Commun. 15, 5779 (2024)

Abdelhakim, I.A. et al.

Expression of Syo_1.56 SARP Regulator unveils unprecedented
elasnin derivatives with potent antibacterial activity.

J. Nat. Prod. 87, 1459-1470 (2024)
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Drug Discovery Chemical Bank Unit
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DMP chemical library in storage

Support the research for drug discovery
by providing compounds from

well managed chemical libraries and
the compound screening technology

esearch Subjects

e Storage and provision of chemical libraries for drug-discovery
e Construction of database for management of chemical library

e Development of technologies for target identification and HTS

La—y ML AR - EERMER IO ILIIEITET7IALNY
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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.
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esearch Results

o We purchased hit compounds analogs and provided their solutions.

e DMP participation in the J-Public Library Consortium with its
diverse range of compounds, our unit have selected and ordered
the set of compounds that complement the diversity for DMP
libraray and analogues of the hit compounds and started offering
them as compounds for HTS in the DMP.

o We revealed that amiodarone inhibits the Toll-like receptor
3-mediated nuclear factor kB signaling pathway by blocking
organelle acidification.
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Unit Leader
Hiroyuki OSADA D.Agr.
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Drug Discovery Seed Compounds Exploratory Unit
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Discovery of a potent PSF inhibitor C-30 through the search for derivatives of No. 10-3
and its activity in inhibiting the binding of PSF to its target RNA

Discovering seed and lead compounds

by HTS to develop new drugs

esearch 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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The Drug Discovery Seed Compounds Exploratory Unit aims to
identify seed compounds for drug development, which are active on
drug target molecules, through HTS of large compound libraries.
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Development of assay system using TR-FRET and identification of compounds that
inhibit binding of NZF to linear ubiquitin chains

esearch Results

o We identified a novel inhibitor of PTB-associated splicing factor
(PSF) that promotes the expression of numerous oncogenes by
modulating epigenetic and splicing systems.

o We identified a novel compound that inhibits the binding of NZF
domains in LUBAC to linear ubiquitin chains.

e We found that RK-701, a histone methyltransferase inhibitor,
dramatically increases the rate of successful development of
somatic cell nuclear transfer (SCNT) embryos in mice.
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Unit Leader
Minoru YOSHIDA D.Agr.
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FE/X / Publications

Takayama, K.I., Sato, T., Honma, T., Yoshida, M., Inoue, S.
Inhibition of PSF activity overcomes resistance to treatment in
cancers harboring mutant p53.

Mol. Cancer Ther. 24, 370-383 (2025)

Toda, Y. et al.

Synergistic involvement of the NZF domains of the LUBAC
accessory subunits HOIL-1L and SHARPIN in the regulation of
LUBAC function.

Cell Death Dis. 15, 813 (2024)

Matoba, S. et al.

Reduction of H3K9 methylation by G9a inhibitors improves the
development of mouse SCNT embryos.

Stem Cell Rep. 19, 906-921 (2024)
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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

esearch Subjects

e Small molecule drug discovery and targeted protein degradation
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KADHEDOBEZIL NIEDFERAVIENRI L BIZE 2)ENE
BHOBEINICKZRI MR BRARERBI - EFNHAET
)T —DRFEE ZIRIZE>TW S, EEMICITFRENIZHT S
BAFEEMDRERE v DS —RMEEUAN KT —R{EEYD
BEERHOBHRERCEOF AV EEERICL->TT,
o ZOBRICEBICFZRRARICEBSNIEEEY FE 0 AIZERE
L7zin silico drug design OENI-RKlTaHEIE L TAIEDRR{L%
M2, R7E. FELTHRAEER HOREB HRHRBERBLREDER
Z—RDBWERICH Y ZRREORFKICEYEATLS,

As a part of RIKEN’s drug discovery effort, we specialize in
medicinal chemistry and our research covers 1) validation of
therapeutic targets by small molecular probe, 3) targeted protein
degradation, and 3) development of chemistry-based innovative
therapeutics in collaboration with the computational chemistry and
structural biology groups in RIKEN. We take advantages of
Al-based ADMET optimization and activity prediction supported by
structural biological data for our hit-to-lead and lead optimization.
Currently, our effort is focused on therapeutic areas with high unmet
medical needs including rare genetic diseases and
neurodegenerative diseases.
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Targeted protein degradation

esearch Results

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

o 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.
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Unit Leader
Hiroo KOYAMA Ph.D.
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FE:/3 / Publications

Kakehi, R. et al.

Asymmetric synthesis, structure determination, and biologic
evaluation of isomers of TLAM as PFK1 inhibitors.

ACS Med. Chem. Lett. 16, 59-63 (2024)

Nishigaya, Y. et al.

Structure-based development of novel substrate-type G9a
inhibitors as epigenetic modulators for sickle cell disease
treatment.

Bioorg. Med. Chem. Lett. 110, 129856 (2024)

Shinjo, K. et al.

Novel pharmacologic inhibition of lysine-specific demethylase 1 as
a potential therapeutic for glioblastoma.

Cancer Gene Ther. 31, 1884-1894 (2024)
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Molecular Structure Characterization Unit
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BULK superconducting magnet for NMR and
NMR spectrum obtained with them

Developing technologies and platforms
for structure characterization
by NMR and MS analyses

esearch Subjects

e 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 melibiosamine, CHF-melibiosamine,
and its derivatives for NMR studies

esearch Results

e In a joint research project with JEOL and Aisin, we are evaluating
compact superconducting BULK magnet for practical use on NMR.
We have developed an evaluation magnet and have begun to
verify their performance at an external organization.

e We analyzed the relative stereochemistry and conformation of
CHF-linked melibiosamine derivatives by using NMR.

o We determined the structures of several natural products including
pigments from mushrooms.
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FE/HX / Publications

Moritsuka, N. et al.

Linkage-editing of melibiosamine: Synthesis and biological
evaluation of CHz- and CHF-linked analogs.

J. Org. Chem. 89, 11909-11920 (2024)

Abdelhakim, I. A. et al.

Expression of Syo_1.56 SARP regulator unveils potent elasnin
derivatives with antibacterial activity.

J. Nat. Prod. 87, 1459-1470 (2024)

Nakamura, T., Hongo, Y., Harada, K.

Mobilize a proton to transform the collision-induced dissociation
spectral pattern of a cyclic peptide.

Mass Spectrom. 13, A0144 (2024)
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Biomolecular Characterization Unit
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MS/MS spectrum of tryptic IRE1a peptide that binds 1ACTA binding

To resolve the mystery of
biological phenomena,
we examine the protein structure

esearch Subjects

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

e Development of quantitative analysis of biomolecules

e Identification and characterization of RNA by mass spectrometry
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Our unit provides high quality structural characterization methods
to the field of biological science, aiming to further understand the
mechanism and action of biological molecules. We manage
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.
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MS/MS spectrum of CpcL N-terminal peptide ALPLLEYKPTTQNQR
(m/z = 591.3284; z = 3+) in the PSI tetramer fraction

esearch Results

o We identified compound 1ACTA binding site of inositol-requiring
enzyme 1a (IRE1a), which selectively inhibits the S-nitrosylation of
this enzyme and prevents the NOinduced reduction of RNase
activity.

e We found strong interaction of CpcL with photosystem | cores
induced in heterocysts, which are formed under nitrogen-starvation
conditions of Anabaena sp. PCC 7120.

e We provided a comprehensive proteomic resource that underlies
developmental synapse maturation in rodents and primates.
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FE5H / Publications

Kurogi, H. et al.

Discovery of a Compound That Inhibits IRE1a S-Nitrosylation and

Preserves the Endoplasmic Reticulum Stress Response under
Nitrosative Stress.
ACS Chem Biol. 19, 2429-2437 (2024)

Kaizuka, T. et al.

Remodeling of the postsynaptic proteome in male mice and
marmosets during synapse development.

Nat. Commun. 15, 2496 (2024)

Suzuki, T. et al.

Strong interaction of CpcL with photosystem | cores induced in
heterocysts of Anabaena sp. PCC 7120.

MicroPubl. Biol. 10.17912/micropub.biology.001183 (2024)
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Mass Spectrometry and Microscopy Unit
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Experimental scheme for the acquisition of a multi-omics dataset from plant callus samples.

Figure adapted from Kim et al. (2025).

Providing mass spectrometric,

microscopic, and phenotyping platforms

for plant science

esearch Subjects

Plant metabolomic analyses by mass spectrometry

Plant hormone analyses by mass spectrometry

Microscopic analyses of plant tissues and cells

Plant growth analysis by automated plant phenotyping system

114

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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Electron microscope image and 3D reconstruction images of Chlamydomonas.
Figure adapted from Sato N.,Sato, M., Wakazaki, M., Moriyama, T., Hirashima, T.,
Toyooka, K. (2024) Protoplasma.

esearch Results

e The systematic collection and integrated analysis of metabolome,
hormonome, and transcriptome data from multi-plant cell cultures
has deepened our understanding of the diversity of plant
metabolism. This will contribute to the production of biomolecules
using cultured cells.

o Periodic cytokinin signaling in Lotus japonicus plays an important
role in the regulation of rhizobium infection and nodule
development.

o We resolved the three-dimensional ultrastructure of various
animals, plants, and microorganisms using the serial sectioning
technique and the latest imaging technology.

e We established a system for evaluation of drought stress response
of soybean by CRIPPS, a crop type automated plant phenotyping
system.
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Kim, J.-S. et al.

Multiomics-based assessment of the impact of airflow on diverse
plant callus cultures.

Sci. Data 12, 197 (2025)

Soyano, T. et al.

Periodic cytokinin responses in Lotus japonicus rhizobium
infection and nodule development.

Science 385, 288-294 (2024)

Yamada, M., Matsuyama, J.H., Takeda-Kamiya, N., Sato, M.,
Toyooka, K.

Class Il kinesin-12 facilitates cell plate formation by transporting
cell plate materials in the phragmoplast.

Nat. Plants 11, 340-358 (2025)

Urano, K. et al.

Arabidopsis DREB26/ERF12 and its close relatives regulate
cuticular wax biosynthesis under drought stress condition.
Plant J. 120, 2057-2075 (2024)
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Identification of violaceoid F that inhibits CRM1 and translocates FOXO3a into the nucleus

Expanding and using chemical libraries
to accelerate chemical biology research

esearch Subjects

e 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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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.

e Violaceoid FACRMIZ#H R DB CHET 52 & T . HelLafilg D
FOXQ3an# BT HE Lz EEsEET3 L2 RE LT

® NPDepolt &MZ1 77 —4BFERL. AYBFHENICI IV RITE
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o XiRfERBEMMICLY. . E FDHODHY X B EZ DR E A
furocoumavirinEE RN E D FLRILTHEA LT

Screening strategy to identify anthelmintics candidates that inhibit
RQ-dependent metabolism

esearch Results

o We found that violaceoid F induces nuclear translocation of
FOXO3a by inhibiting CRM1 via a novel mechanism and
suppresses Hela cell growth.

o We identified a family of species-selective complex | inhibitors as
potential anthelmintics from NPDepo Chemical Library screening.

e We elucidated the crystal structure of human DHODH protein
complexed with its inhibitor furocoumavirin.
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Watanabe, N. et al.

Violaceoid F induces nuclear translocation of FOXO3a by
inhibiting CRM1 via a novel mechanism and suppresses HelLa
cell growth.

FEBS Lett. 599, 755-765 (2025)

Davie, T. et al.

Identification of a family of species-selective complex | inhibitors
as potential anthelmintics.

Nat. Commun. 15, 3367 (2024)

Nakahara, M. et al.

Structural and functional analyses of inhibition of human
dihydroorotate dehydrogenase by antiviral furocoumavirin.
Biochemistry 63, 1241-1245 (2024)
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