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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) has been a leader
in creating a sustainable society through interdisciplinary
integration of plant science, chemical biology, and
catalytic chemistry. Using as guides the Sustainable
Development Goals (SDGs) adopted by the United
Nations in 2015 and the Paris Agreement on
achieving zero greenhouse gas emissions,
we are promoting five flagship projects;

“Innovative Plant Biotechnology”, “Metabolic
Genome Engineering”, “Innovative Catalysts”,
“Leading-edge Polymers”, and “Advanced
Research and Technology Platforms”.

The goal of the CSRS is to create a future
world where people can 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.

Kazuo SHINOZAKI
Director, CSRS
(April 2013-March 2020)
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Change of the CSRS director

Since the start in 2013, the Center for Sustainable
Resource Science (CSRS) has been developing under
the direction of Dr. Kazuo Shinozaki, the first director.
With the main theme of merging chemistry and biology,
researchers from a variety of fields have worked
together for the development of the center. What
“Sustainable Resource Science” in the center’'s name
indicates is the ultimate goal, which is not to simply
carry on existing research fields.

In the first five years (Phase |), the center has steadily
advanced the integration of chemistry and biology on
the way to sustainable resource science. In the
beginning of the Phase Il, the center adopted the
Sustainable Development Goals (SDGs) and the Paris
Agreement as key words. Considering these key
words—and based on the phenomena of drastic
development of genome-science-related technologies
and artificial intelligence (Al), as well as data science—
the center has set up five flagship projects. Opinions of
young researchers (i.e., the next-generation leaders)
were incorporated into the projects. Themes to be
addressed at the CSRS are identified to review the
goals for research in each field of chemistry, biology,
and biotechnology. The research achievements the
CSRS has made will be fully used to make contribution
in seven goals out of the 17 SDGs. In Phase I, the
diversity of research fields at the CSRS has been
further accelerating and developing collaboration with
universities and research institutes in Japan and other
countries, as well as private corporations. As a result,
two spin-out venture companies were established.

In April 2020, Dr. Kazuki Saito was appointed director
of the Center. In the next phase, the CSRS will open
up new research areas that make connection among
flagship projects, establishing the field of “sustainable
resource science” in the true sense: the science that
contributes to solving environmental problems and
food-related issues. New development cannot be
made without development in cutting-edge basic
science. With a view to expanding into new fields in
data science, genomics, and molecular science, we
will further develop the CSRS while always
remembering that our main mission in RIKEN is in
basic science.
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2015 FEEMRET FHHRAIESZHAREBE The
Sustainable Development Goals (SDGs) i hM#IRE 1.
2030 FEXTICERINE 17 OEENREINE UL,
INSOMIKFEDFREZRRT DcdliciF. BIFEEA/
N—2Y3YDAPRARTY, REERBMZEMA LY —
TlE. INETE->TEMERDBRAZEN L. SDGsD
7 DOERICRRZESDH T, 5207y YyF 7OV
IREHEELTWET, BYRIZ. FIHIL\1A0Y —,

IR, A AVR IR ORABHRMEMEICMZ. T— FHRIHENI A FERMIFREET YT UVY
SR Al (AT . &/ LR S Bt DR & Innovative Plant Biotechnology Innovative Catalysts
N R U \
N % TS I I BENGRE. ) AT REEADHER A LI M OMSE KA EROFER
Hy N AN, E%ﬁﬂ’\]ﬁﬁk%%%ﬂ IIZEI LTWE ia_o Contributing to sustainable production Developing high-performance catalysts for

of foods and biomass efficient utilization of natural resources

R#MIy/LTIIZTIVT
Metabolic Genome Engineering
m HEYOHEIDSDINA AEEEFADIEX
Expanding production and use of bioproducts
from plants and microorganisms

FERAENER Y v —

Leading-edge Polymers
G BRBEER OFRRIY— NI ARV — D%

Developing new polymers and biopolymers
with beneficial functions

From basic research to
application and innovation:
Five flagship projects,
using information science,
providing solutions

to global issues

TR Ty NI A—L
Advanced Researchand Technology Platforms
MERFRREDI-HDHRT - HMEEDOEEEFIA

Building and using research and technology
platforms for development of new resources

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

IZNyF
L&Y
LY

RTFR

7/
IES/ L
T/ LRE
BT/ L

these global issues. CSRS leverages its strength in

Genome
Epigenome
Genome editing

Synthetic genomics

Small Molecules
Compounds
Metabolites
Peptides

research and promote five flagship projects focusing on Molecule data

. . URT . Genome data
seven goals. In addition to interdisciplinary research in Al

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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Blue letter Project Leader
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Innovative Plant Biotechnology
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HAG1 and HAGS3 catalyze histone acetylation
to promote gene expression upon wounding.
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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.

Future Vision

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

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

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

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

@ Contribution to sustainable food and biomass production to
meet global warming by selection of genetic variants and
optimization of environmental and cultivation conditions

Research Results

@® We revealed the whole genome sequence of Striga, the parasitic
weed.

@ We identified a class | HDA19- and class || HDACs
(HDA5/14/15/18)- dependent cascade responsible for opposing
salt and drought stress responses.

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

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

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

Lotus japonicus plants without
(left) and with (right) root
nodules housing symbiotic
nitrogen-fixing bacteria

Striga asiatica, a parasitic weed,
in Kenya
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Metabolic Genome Engineering
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Production of new metabolites in Arabidopsis by introduction of lysine
decarboxylase, which catalyzes the committed step of Lys-derived alkaloid
biosynthesis
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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.

Future Vision

@ We will identify plant genes and networks involved in
biosynthesis of useful specialized (secondary) metabolites,
and apply them to genome engineering and synthetic
biology.

@ We will search for plant bio-resources utilizable for useful
compound production.

@® We will develop high functional enzymes catalyzing target
metabolic reactions, and build cell factories for production of
valuable chemicals.

Research Results

@ Expression of the first enzyme gene for alkaloid biosynthesis
in heterologous plants partially reproduced the evolution of
plant secondary metabolism.

@ We established the metabolic genome engineering system
using soybean hairy root.

@® We succeeded in producing isobutanol with Escherichia coli
constructed a novel metabolic pathway using synthetic
biology.

@® We revealed the addition of B-carboline to Streptomyces sp.
SN-593 induces reveromycin production.

@ Nutrition metabolism modeling has been performed based
on microbiota and metabolic discriptors.

First approach >

ot 7] R g
'F’QJLR’\/\“ XéLu’\/o" QéLu’m ’\éLmu

o NPD2639

Addition of compounds
to Streptomyces sp, SN-593

|

Culture for 3 days in SY medium

|

HPLC analysis

BR-1: Biomediator that
K ' . H (BR-1)

Structure activity relationship study of B-carboline, which induces the
production of reveromycin
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Isobutanol

Isobutanol production with Escherichia coli constructed a novel metabolic pathway.
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Innovative Catalysts
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Activity Away from Equilibrium
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The activity map away from equilibrium suggests many potential catalysts.
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Developing new catalysts for

highly eflicient 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.”

Future Vision
@ Development of innovative catalysts for activation and
utilization of CO, and N

@ Development of new catalytic reactions using O, as an
oxidant

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

@ Exploration of water splitting systems powered by solar
energy

@ Development of reusable and

Research Results
@® We achieved the difunctionalization of imines through CO,
activation by N/B Lewis pairs generated under copper catalysis.

@® We developed a cross-coupling reaction with dimer-derived
persistent radicals and azo compounds, providing a synthetic
entry to molecules having vicinal all-carbon quaternary centers.

@® We found an iron-catalyzed two-substrate C—H coupling.

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

@ We developed the framework to predict the catalytic activity
under non-equilibrium conditions.

Abundant| Low Loading Bio Hydro-fined|| Substrate for
Biomass | & Reusable | Diesel (BHD) Fischer Tropsch
ﬁ ‘ﬁ Process
o SiNA-Rh ﬁ ﬁ
R-H + CO ( +C02)

R)L\OH Hj, microwave
w11 [

Renewable || Lower Energy n
Energy

Consumption

Si Nanowire-
Stabilized

Rh Nanoparticle
Catalyst
(SiNA-Rh)

SiNA-Rh-catalyzed decarboxylation of fatty acids to synthesize biodiesel fuel

recyclable catalysts 5 (0] (o)
T _ [Cu] %% M R M me
|| * Balpin)y + CO; —————> N_ _B(pin—>= N O
1J LioBu gz N p@ y1l
" R U R'B(pin)
Cu l FUpRer Gulalyn)s Y Accessible feedstocks
8 9 e o cu® Wide substrate scope
Copper-catalyzed difunctionalization of S )
imines through intramolecular CO: &> NVB‘ CO, activation N ‘B-"‘ Value added products

activation by a N/B Lewis pair. D

by a N/B Lewis pair

» Excellent selectivity
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Leading-edge Polymers
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Surface morphologies and deformation effect on mechanical
properties of spider dragline (a-c) and silk/natural rubber
composite (d).
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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.

Future Vision

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

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

@ Creations of super heat-resistant polymers from biomass
chemicals

@ Synthesis of high toughness thermoformable polymers
exceeding spider silks

@ Creations of structural protein
materials exceeding natural rubber

Research Results

@® We have achieved the regio-, diastereoselective and highly
stereoregular cyclopolymerization of ether- and
thioether-functionalized 1,6-heptadienes by using a
half-sandwich scandium catalyst.

@ We succeeded in syntheses of high-heat resistant acrylic resins
from lignin-degradation products.

@® We found the structural effects on thermal degradation of
polyurethanes obtained from bio-based aromatic chemicals.

@® We revealed deformation effect and surface structures of spider
dragline and also developed silk-resin and silk-natural rubber
composite materials.
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Identification of drug targets using yeast chemical genomics
and CRISPR knockout screen
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Minoru YOSHIDA D.Agr.

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.

Future Vision

@ Extend and apply the ER-MS?~based molecular
characterization method for in-situ identification and
localization analysis of diverse small molecules

@® We will biochemically validate chemical genetic interactions
based on our chemical genomic network analysis.

@ We will construct a chemical genomic screening system
using a CRISPR-Cas9 human genome-wide knockout
library.

@ Generalize plant metabolomics analysis methods combining
chemo-informatics and fully-stable-isotope labeling.

@ Development and improvement

Research Results

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

@ Three-dimensional structural analysis of the photosystem |
complex of cyanobacterium which is adaptable to far-red light
revealed that some subunits and pigments were replaced under
far-red light and white light.

@ We determined the structures of all sterecisomers of synthetic
monomeric spectomycin A1 and A2, and evaluated
structure-activity relationship of their protein
SUMOylation-inhibitory activity.

@® We identified that cytokinin biosynthesis induced by
photosynthetic sugars in roots is one of the causes of growth
promotion under elevated CO,.

@® We improved correlative light and electron microscopy (CLEM)
using light microscopes and electron microscopes, and
developed the new applications for sample preparation.

CLEM system for transmission electron microscope and CLEM image

of optical and electron o j-\" CLEGHAHGYLLYGPFALLGPLR Gd
microscopy applications such e i
as fluorescence microscopy, Wi SN e e \};pma
CLEM, array tomography and §$ GLEIGMAHGYLLYGPFALLGPLR
high-pressure freezing :x %; (Psac_1) »
technique :: Faed WP
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*Liquid dispensing of
compounds and
reagents into multi-
well plates

+Signal detection ina
multi-well plate format
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Drug Discovery Platforms Cooperation Division

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.

Future Vision

@ Construction of unique chemical libraries for HTS

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

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

binding
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RIKEN-Max Planck Joint Research Division

for Systems Chemical Biology
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Proceeds the systems chemical
biological study with
Max Planck Institute in Germany

Exchanges of researchers and their resources between
Max Planck Institutes (Groups of Prof. Herbert Waldmann
and Prof. Peter Seeberger) and RIKEN promote more
effective use of research resources as well as information
and technology in the field of systems chemical biology. In
addition to our unique chemical libraries (NPDepo), both of
the laboratories have different technologies to solve
chemical biological issues, such as methods for exploring
specific interactions between ligands and proteins of
interest, and derivatization by chemical synthesis for making
new compounds with better biological activities, opening the
way for not only understanding of various biological
phenomena but also drug discovery.

Future Vision

@ Personnel exchange to grow international-level researchers

@ Exchange of original chemical library of both RIKEN and
Max-Planck Institute

@ Construction of common screening platform

Max-Plank Institutes (MPI) RIKEN

Collaboration between RIKEN and Max-Planck Institute
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Programs for the promotion of informatics and data science
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CSRS established Program for the Promotion of Informatics and
data Science not only to strengthen data-driven science and
information science but also to discover and foster the human
resources. CSRS aims to construct the multidimensional
interaction analysis platform using data science and information
science for realization of the sustainable production in the field of

“Plant”, “Metabolome”, “Catalyst” and “Chemoinformatics”.
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Tutorial course of informatics and Al Omics
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Related Press Releases

@ Scientists recalculate the optimum binding energy for heterogeneous

catalysis (2019/10/18)
@ Data-driven molecular design in catalytic reactions (2019/09/13)

@ What's in this plant? The best automated system for finding potential

drugs (2019/03/29)

@ Yokohama Rubber Develops World's First Technology for Producing

Isoprene from Biomass(2018/07/26)
@ Full-scale monitoring of plants (2018/07/13)

@ A stress response mechanism from ancestral species in allopolyploid

plants (2018/03/14)
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HTS for collecting catalytic activity data
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@ Development of biochemistry
database

@ Development of biochemistry
database
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RIKEN Integrated Plant Phenotyping System(RIPPS)
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@ Integrated genome analysis
in plants

@ Phenome analysis in plants

Mass spectrum  Data Science  Metabolites.

Mtk ——— b

Plant Metabolome Metadatabase and MS-DIAL software program

\
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@ Chemical structures elucidation
in metabolites

@® Mass spectrometry informatics

AV DB AEE

In-cell (in vivo) synthesis of isoprene

Bioengineering

@ AT ERIRBOEERE
O SEMEEROKE

@ Designing artificial metabolic
pathways

@ Designing highly active enzyme
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CSRS Advisory Council 2019
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The Center for Sustainable Resource Science Advisory Council, an international external review board, is held every 2-3
years to gain advice and recommendations from prestigious researchers and leaders highly experienced in scientific
governance. The 3rd CSRS Advisory Council was held from July 8th-10th, 2019 at the RIKEN Yokohama campus. The
following is a list of main points addressed in the official report from the advisory council, answering the terms of reference

provided by the president of RIKEN and director of CSRS on research output, organization, and future outlook.

Members of the CSRSAC2019

Prof. Wilhelm Gruissem Department of Biology, ETH Zurich, Switzerland

Prof. Hirokazu Arimoto Graduate School of Life Sciences, Tohoku University, Japan

Prof. Cathleen Crudden Department of Chemistry, Queens University, Canada

Prof. Dirk Inzé Center for Plant Systems Biology, VIB/Gent University, Belgium

Prof. Kenichiro Itami Institute of Transformative Bio-Molecules, Nagoya University, Japan

Prof. Chaitan Khosla Departments of Chemistry and Chemical Engineering, Stanford University, USA
Prof. Junko Kyozuka Graduate School of Life Sciences, Tohoku University, Japan
Prof. Yasuo Ohnishi Graduate School of Agricultural and Life Sciences, The University of Tokyo, Japan
Prof. Kirsi-Marja Oksman-Caldentey VTT Technical Research Centre Ltd, Finland

Prof. Mitsuo Sawamoto Institute of Science and Technology Research, Chubu University, Japan

Prof. Michinori Suginome Graduate School of Engineering, Kyoto University, Japan

Terms of reference

Whether the center’'s research meets international standards, whether its research results have
contributed to society, and whether it fulfills the center’'s up-to-date activities and its strategies meet the
aims of the fourth mid- to long- term plan (7-year plan).

Describe the SWOT (S:Strengths / W:Weaknesses / O:Opportunities / T:Threats) on center management
provided by the Director to AC and evaluate whether these observations are suitable.

Evaluation and further recommendations on collaborations, including those in the Science and
Technology Hub program, and Internationalization

Whether the Pls fulfill their duties in accordance with the mission of the center, in consideration of the
7-year plan, whether the PIs’ performance meet international standards, and whether the Pls have
suitable laboratory management capability, including efforts to support early-career researchers.
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Recommendations

'l CSRS research is recognized nationally and internationally with an impressive output of outstanding quality research papers,

also as a result of excellent technology platform support. CSRS continues to synergize plant science, catalytic chemistry and
chemical biology and has bundled research in these different disciplines into five strategic flagship projects, including biotechnology
and metabolic engineering. Based on this CSRS will create novel scientific approaches, also through increasing and strengthening
synergistic interactions with other chemistry and chemical biology research groups in RIKEN to maintain international competitive
leadership. The five CSRS flagship projects address important United Nations sustainable development goals and therefore make
important contributions to society. They are consistent with the CSRS 7-year plan and RIKEN mission of driving innovative
research and technology development for the benefit of society.
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2 S Director Dr. Shinozaki has excellently managed the

integration of different disciplines, developed flagship
projects, and made new appointments in chemical biology
and chemistry. The new Director Dr. Saito has a strong
vision for the future of CSRS.

W The problem of CSRS scientists located on three RIKEN
campuses and the decrease in operating funds have been
clearly identified. The declining number of PhD students in
Japan and scarce number of academic positions becomes
increasingly problematic for PI' s.

O The focus of the Flagship Projects on sustainable
development goals allows CSRS to strengthen interactions
with society and raise awareness for the importance of
research to address challenges for sustainable agriculture,
food security and reducing the societal footprint of
greenhouse gases.

T The transition to the new government employment policies
is perceived as a threat but also provides opportunities to
achieve an optimal strategic balance between the five
flagship projects. The declining CSRS operating budget and
ceilings to competitive funding are of concern for new
developments in CSRS.
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TEIsITREEIN TV ZERESD,
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CSRS has established important and close collaborations with Nagoya University and the Institute of Transformative

Biomolecules. Co-operations with Yokohama City University and Saitama University provide access to graduate programs
and PhD students. International research collaborations and co-operations are well established, for example with the Max-Planck
Society in Germany. The CSRS Advanced Research and Technology Platforms Flagship Project has high international visibility
and is of central importance for RIKEN’s efforts of becoming a science and technology hub. The internationalization of the CSRS
research staff needs to be accelerated and further strengthened.

4 The principal investigators embrace the CSRS flagship projects and 7-year plan. Their research programs are aligned with
the mission of the Center and they increasingly engage in synergistic and productive collaborations with colleagues from
different disciplines inside CSRS and RIKEN, as well as nationally and internationally.
The performance of the CSRS PI’s is uniformly excellent and meets highest international standards. They are highly successful in
attracting competitive research funding, which now represents more than 30% of the annual CSRS budget. All PI’s publish in top
journals, many are international leaders in their field, and several are highly cited researchers during the last five years,
exemplifying the international impact of CSRS research.
The PI's manage their laboratories and research programs well. They actively and effectively engage in the training and mentoring
of early-career scientists, helping them to develop successful research projects and finding positions and careers outside of
RIKEN. They also have a role in translational research and attracting industry interest and funding. This aspect will be further
strengthened by the flagship projects and expanded interdisciplinary collaborations.
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B%E}% International Collaborations
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Research Collaboration Agreements

Max Planck Institute of Molecular Plant Physiology, Germany
Beihang University, China

International Center for Tropical Agriculture, Columbia

John Innes Centre and the Sainsbury Laboratory, UK

Umea Plant Science Center, Sweden

KTH Royal Institute of Technology, Sweden

University of California at San Diego, USA

Agricultural Genetics Institute, Viet Nam

National Taiwan Normal University, Taiwan

University of Toronto, Canada

National Laboratory of Genomics for Biodiversity, Cinvestav, Mexico

Plant Resilience Institute, Michigan State University, USA

@ R0 EE©EQE@®@® ®©E O

Zhejiang Hangzhou Future Science and Technology City Management Committee /
Zhejiang Ivy Institute of Technology, China

FIRERITHF

Principal Joint Research Agreements

The University of British Columbia, Canada

Universiti Sains Malaysia, Malaysia

University of Minnesota, USA

Indonesian Rubber Research Institute, Indonesia

Gregor Mendel Institute of Molecular Plant Biology, Austria

Max Plank Institute for Plant Breeding Research, Germany

(G2 B B O I O B 0 I >)

Hubrecht Institute, Netherlands

ANIEE Domestic Collaborations

R DimE
Research Collaboration Agreements

BEEZRZAKRF

Keio University

MERFERLRRLRM A/ N— 2V 5ER

FURRF DLISHERENE A/ N—2a iR 52—
Tsukuba-Plant Innovation Research Center, University of Tsukuba
BEBAY NSV ARTA—ITATEBHTFHRAR
Institute of Transformative Bio-Molecules, Nagoya University
BORMIKRS KRREVZMFRER

Kihara Institute for Biological Research, Yokohama City University
EZMEFRFEN  FIIZE- B HEE

Forest Research and Management Organization

AIEMEEN  HF ZDNAWFEFR

Kazusa DNA Research Institute

RFEHREMAREIEN BIR- AT LAEHEE
ELERFFTRR

National Institute of Genetics T
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FRHEETZR
Principal Joint Research Agreements
LR
Okayama University
RRAFE
The University of Tokyo
BEBERFRFE f =R
Graduate School of Bioagricultural Sciences, Nagoya University
BEKRE
Hokkaido University

HRIFKRF
Tokyo Institute of Technology

WA

Kyoto University
TUMRE
Kyushu University

E }% j( ? BJFLE Cooperative Graduate Schools

1) HBEMIRERZARESER TR
Fan Tt/ AT LREMER ORIREWMERRZR

EIT

Graduate School of Science, Technology and Innovation, Kobe University

1

r—El
@[ﬂ

@ 1 [M]
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Nara Institute of Science and Technology
EMMERFEN BFEMTREEE
Japan Agency for Marine-Earth Science and Technology

EMRREEAN ERRMOKERME S 2—

Japan International Research Center for Agricultural Sciences

EMERFEEAN ERRMTE ST

National Institute of Advanced Industrial Science and Technology
EMNMEREEAN R BREFKNHEMITHRE
National Agriculture and Food Research Organization

EIARRFEEAN KEME-BEHE

Japan Fisheries Research and Education Agency

A g2 H

H @ B

Graduate School of Medical Life Science / Graduate School of Nanobioscience
(Kihara Institute for Biological Research), Yokohama City University

) RERATAFREORSWEY 00

3) RRAFAF
RALEDRIZMERIEERMTR

Graduate School of Agricultural and Life Sciences /
Graduate School of Science, The University of Tokyo

4) BERFAFRETZMER

5) RERFZAZFIZAMFE
6) RRIFAFMHEETHMR

7) MIBARFARFFIZAMIE

Graduate School of Science, Rikkyo University

8) WREBHAPAZRTEMIER

Graduate School of Engineering, Tokyo Denki University

9) RREMEMAFAYRESFREMAN
10) RREIAFAFFEEATMRFER

1) BEAFAZERIETER

12) FRAFAZREGRRER

13) RERAFAZBIRAMFR

Graduate School of Science, Osaka University
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FEEZEEE Industrial Collaborations
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CSRS conducts collaborative research with 36 companies with the aim of practical application of our knowledge and technologies.

¥R L (%) BEEF > (#%)

Zeon Corporation

Efficient production of isoprene, a synthetic rubber material,
by organism

#1-2vr
BHSE D) \A AREHBEE D 12 DE TR R

T8 i | !”W}

© euglena Co., Ltd.

euglena Co., Ltd.

Technology development for biofuel production increase
from microalgae

IR PR NEE RIKEN Internal Collaborations
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CSRS carries out interdisciplinary field research with several centers in RIKEN as activity of the wisdom of individual researchers
to be combined with the comprehensive power of an organization and expand into social wisdom.

Also we use the leading-edge research facilities of RIKEN for creation of new research results.

FFARZAER (CPR)

Cluster for Pioneering Research

EHAEEREME L Z— (AIP)

Center for Advanced Intelligence Project

EmERZEME LS Z—(MS)

Center for Integrative Medical Sciences

LantREERIF M £ 2 — (BDR)

Center for Biosystems Dynamics Research

RtERIF M3 > 22— (CBS)

Center for Brain Science

SPring.

=

R ERIZEMFE > 2— (CEMS)

Center for Emergent Matter Science

HEFIFEMEE2— (RAP)
Center for Advanced Photonics

(RIS 25— (RNC)

Center for Accelerator-Based Sci

FTERZEMZ > 42— (R-CCS)

Center for Computational Science

BEERIFMFE > 2— (RSC)
SPring-8 Center

NAF V) —ARF > % — (BRC)

BioResource Research Center
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TUAUU—=Z/)\A S AP Press Release Highlights

2019.10.17 \ NALFTFTSAFYIHEF — L / Bioplastic Research Team

YT ZVBEEHRNSTIU)VEEEDBEFICAIY

Acrylic resin from lignin derivatives

Bio-based acrylic resins with an aromatic group

Ra Ra2
P =0 Group transfer A ' R
> polymerization
j\o Organic acid catalyst 4
o or o7 “oR
Lignin degradation products Polycinnamates
{Cinnamic acid derivatives)

Vo=V E sz RRICAWT Y UILBIRED &R
Syntheses of acrylic resins from lignin-degradation
products

Original article

Unique acrylic resins with aromatic side chains by
homopolymerization of cinnamic monomers.
Commun. Chem. 2, 109 (2019)

ADEBRANTHD VI ZVDABERYEL TSNS VY ZVFEERERRHNC
LT INETEEISUNMEZ ZEDTERI S 7 7Y ILBIE DR R ICHIHLE U,
BHBEMEXRW I —T IV R T 7—EEERICED VT ZVFEERTHIIERR
IRTIVREBHICHEEERBRELAF Da, - EMAIAVEBIZATIZEGT 5L,
BRI EEE SN TWERE- KRR ZE/ETMUOH CEGIETUCERESHDN
BoNZIEZBESMCUE U KR RIFALERBDSIRA U LW TSR F v 74
EVATLAORKICEM T 2EHFTEXT,

Researchers have succeeded in developing an acrylic resin from lignin derivatives,
which result from the decomposition of lignin, a major component of wood. They used an
organic acid—catalyzed group transfer polymerization method with the a, B-unsaturated
carboxylic acid esters such as cinnamic monomers (known lignin derivatives), which have
an aromatic substituent at the B-position. This method creates a homopolymer in which
polymerization proceeds only at the carbon-carbon double bond sites in the monomer
without involving the aromatic ring. These research results are expected to contribute to
the development of new plastic production systems to realize a sustainable society.

Ehs

FEh & (F—LU—%—)

T R’IY (EE)

SH 24 WKL)

From left

Hideki ABE (Team Leader)

Yasumasa TAKENAKA (Research Scientist)
Motosuke IMADA (Research Fellow

2019.11.22 \ HEYEEEETHFF — Ln / Plant Symbiosis Research Team

N ARHEY DR EARDFEZEFHEBUCELFIHIEHT DL ZEHR

Recruitment of a lateral root developmental pathway into root nodule formation of legumes

RAEAEICH T DR O ABHETR IC EMH —IRIICIF DRMR D AN Z X LD—TR
MBI NTWSZEEFHICHEK R UE U NARMEY ET LBV O PO HEREWT,
BB DR ZHIET 2BETFE LTSN DASL18/LBD16EEFH EDIRKI BT
FEBFAURBH SR DI EZFIEHT B EZESMNTUE Ul 2NlE. Y ARMEYI DIRHAL
HAEDEDD EMIC—RNBEFEDI R T A% EFLEID ANGBHSELHICERS ST
TCEIEERTED T ISICHEERD TIF2ZETARNIEAEDEDEHDI SR
ZEEPIEVARMED IR Z T SER LSRN LR ICRET 2EHFINED,

Researchers have discovered that the root nodule formation process shares part of
mechanism that controls lateral root formation in plants. Using the model plant Lotus
japonicus, researchers determined that the ASL18/LBD16 gene (known to control lateral root
formation) also regulates nodule development in coordination with other nodulation genes.

This commonality suggests that root nodule symbiosis was evolutionarily gained by

recruitment of existing systems found in many other plants. Further research is expected to

RRABELLIVIAVT (B) EBELTWIERWEY
AT () M EBOHERICKEBEN R 5N50

deepen understanding of the evolutionary path of nodule symbiosis and challenge

researchers to develop non-leguminous plants with the ability to fix nitrogen.

Makoto HAYASHI (Team Leader)
Takashi SOYANO (Visiting Scientist)

Lotus japonicus plants without (left) and with
(right) root nodules housing symbiotic
nitrogen-fixing bacteria.

EnS

W WMEF—LU—5—)

ERE B(BENRE) Original article

From left A shared gene drives lateral root development and root

nodule symbiosis pathways in Lotus.
Science 366, 1021-1023 (2019)
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Date

2019.04.17

2019.04.25

2019.06.04

2019.06.17

2019.06.28

2019.07.30

2019.07.31

2019.08.01

2019.09.13

2019.09.13

2019.10.11

2019.10.17

2019.10.18

2019.10.18

2019.10.23

2019.11.04

2019.11.22
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SA KL [ Titles

SRIVRUP S/ LORKRE % 7

A major clue to preventing mitochondrial genomic instability

HEBREMERTF RIC R BEADNADIZREA

A simple, efficient way to introduce large plasmid DNA into cells using functional peptides

BFHEYY 7Y DIEDFEET D UL B D—im%zfEH
Partial elucidation of the thermogenesis mechanism in cycad cones

SRULYCOEMERYT/ LMREICHD)
A highly efficient genome-editing method for Euglena

NTY A DEIEZRIE T BXH =X L= /ER

Clarifying the mechanism that controls flowering in Napa cabbage

BEZETINEFRIEEERY VN EESADIMEEZ 7

Structural basis for a PSII-FCPII supercomplex that appears brown

TERDIHREIECHIT DA 7V DMRZHEH

How ions affect spider silk spinning

Y ONEHE L DEIRICHL)

A Scientific Approach to Recreate Metabolic Evolution in Plants

RESFEHERANS A HDEY/ LEFICHT)

Full genome of the parasitic weed Striga deciphered

AR IRICHI(T 2T — 5 BRENE D FEREHTRTD

Data-driven molecular design in catalytic reactions

TBYh'o 0— > 85E7Z DL BtiEd 214 TR

The gene that helps moss clone itself

U ZFBRNS 7 7V ) UERE DREFEICREH

Acrylic resin from lignin derivatives

NTY A OE(CF ARz #EA

Elucidation of the gene expression regulation mechanism in Chinese cabbage

ARIRERIC A I T ISR DYLTR

Scientists recalculate the optimum binding energy for heterogeneous catalysis

RTFRICLBERFDE
Peptide-based plastid modification for rapid engineering of targeted DNA

YRR 07" 5= 07 Dt H 727D F L)L CHEER

A new molecular mechanism underlying plant cell reprogramming

RARHEYOIRK CARRDFEFHELCBEEFH'HIH T 2 EZHR

Recrutement of a lateral root developmental pathway into root nodule formation of legumes

352 / Labs
TRV /ST ARRG

Chemical Genomics RG

NAFESFIRRET

Biomacromolecules RT

BE0Mh-BEiMERAETU

Mass Spectrometry and Microscopy U

INA FEFEBIRIART

Bioproductivity Informatics RT

LEL/ 23
Plant Genomic Network RT

) FEETU

Biomolecular Characterization U

NAAEDFHET
Biomacromolecules RT

HEAIROZT ARG
Metabolomics RG

TEYISIRARZRG
Plant Immunity RG

AbR-RSIRRG
Catalysis and Integrated RG

BB BRI

Mass Spectrometry and Microscopy U

NAFTSRAFVIHET
Bioplastic Research Team

T/ LWEIRRZT
Plant Genomic Network RT

HAREREANIRERZTT
Biofunctional Catalyst RT

NAAEDFHAT
Biomacromolecules RT

HHRbERERRZIT
Cell Function RT

HEMPELAETRERT
Plant Symbiosis RT

Date

2019.11.22

2019.11.28

2019.12.06

2019.12.10

2019.12.17

2020.01.15

2020.01.15

2020.01.28

2020.01.30

2020.02.14

2020.02.17

2020.02.28

2020.03.02

2020.03.10

2020.03.16

2020.03.20

RG: Research Group RT: Research Team RU: Research Unit G: Group T: Team U: Unit

AL [ Titles

B> THE>THEZ TL D] EDMAHSEEY HIEYZFRV CRESIED(HH#Hds Z 78
Whole plant rebirth after wounding

B DECE D RLIGDIERENE

Whole irradiated plant leaves showed faster photosynthetic induction than individually irradiated leaves

via improved stomatal opening

{EEMERT T BIRNT 2 I\ B ORI A Z I

A comprehensive analysis method for target proteins that bind compounds

EDRREDIEE(LICRID DB FZFHR
Genes for the convergent evolution of leaf morphology discovered

SE BMAMD T RT ) LEE ikl
A high-activity, high-durability fixed catalyst for esterification

MEYICHEZBERRIICEEVD 1S B BT CRU Y —FRA DA A E (SR
New technology to allow microorganisms to use sugars for different purposes improves raw material
productivity for polymers

BICRZZHN L TOALKI DEREN THREREITA D7/ INTTUT DIz REA
New study on a recently discovered chlorophyll molecule could be key to better solar cells

L] NA 2 7 — B IR SR D ARz BEFE

Anew 2nd-gen catalyst for biodiesel fuel synthesis

YO R A R DB R Z M B D —in 7z fZE

Mechanism of zinc deficiency resistance inherent to plants is partially revealed

HEEBHERFETEZE->TRBZIIRSETULI

Iron corrosion bacteria accelerate corrosion via black rust

ROERAZ(EDDICERB LRBRNEE CHILEHR

A key enzyme for nitrogen assimilation is found to be essential for chloroplast development in roots

TSI/ A REERERD [FRE] NIV Y RIHEERELY /N T8 B HEYOEZHERCH
bRsEanli:]]
A shadow commander for flavonoid biosynthesis

RARHBY EIRMEDREICBID 3 EBRINEG T ZHR

Discovery of key genes involved in the symbiosis of legumes and rhizobia

EEEERERECIOTE(LT BT EARDEEZHEH

Crystalline states of spider silk changes with humidity and strain rates

HRBICKD TV INTEOFIREA L= EEA
Changes in protein translation induced by light

EDfRRMROFEHEZ A

Mechanism that regulates elongation growth of leaves is revealed

i35 / Labs

HHRFKRERRZET
Cell Function RT

EIOHIERZIU
Dormancy and Adaptation RU

TEAIWNAAOV—REG
Chemical Biology RG

BESh-BEERETU

Mass Spectrometry and Microscopy U

TU—27F /SRS T

Green Nanocatalysis RT

TR AEEERAZTT
Cell Factory RT

&) FRRTU

Biomolecular Characterization U

TU—2F/SERET

Green Nanocatalysis RT

ESHIERZEU
Dormancy and Adaptation RU

En D FERU

Biomolecular Characterization U

BEAIROZTRAAG
Metabolomics RG
XIRO—LIERAZRT

Metabolome Informatics RT
BEDT- BRIV

Mass Spectrometry and Microscopy U

REXIROZT ARG
Metabolomics RG

HEYPHAETRZRT
Plant Symbiosis RT

NAFBAFHAT
Biomacromolecules RT

BT /ST ARARG
Synthetic Genomics RG

HHRRtAERRZTT
Cell Function RT
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2019.04.16-17

2018FECSRSERMER
IEE AW / HERBER

FY2018 CSRS Annual Progress Report
RIKEN Wako Campus / Yokohama campus

2019.04.19

ChEUMN AR SRR (S

KT ZAILNAAOY —EBRREZRE
RIKEN establishes joint laboratory for natural products and
chemical biology in China’s Zhejiang Province

2019.04.20

B FAERM
— %/ B8 ,
IRH AONEHERR o
RIKEN Wako Campus

Open Day
RIKEN Wako Campus

2019.04.25

J—2J23v > “Toward the visualization of
plant hormones using mass spectrometry”
LT Ve S

Workshop "Toward the visualization of plant hormones
using mass spectrometry”
RIKEN Yokohama Campus

2019.05.30

JD—Jv3v>)
“Plants and nematodes interaction”
IBHH MRS ERR

Workshop “Plants and nematodes interaction”
RIKEN Yokohama Campus

2019.06.16-21
F300EEYO4A4XF AT RARE
hE HE

International Conference on Arabidopsis Research (ICAR) 2019
Wuhan, China

2019.06.18

B IRIO L
[ FHEIEMRIT2019: MSENMRODEE &R
2t A EERERR

RIKEN Symposium

"Molecular Structure Characterization 2019:
Basics and Practical Application of MS and NMR"
RIKEN Wako Campus

2019.07.01
FIALFO-TI9—-0v3av
2GR F0SEERFR

Chemical Probe Workshop

RIKEN Wako Campus

2019.07.08-10
ZE3MMCSRSZRNAFU—-HDV V)
IBGR $&RERM

The 3rd CSRS Advisory Council
RIKEN Yokohama Campus

2019.07.19
FE2ORATLHARS
IR HEREER

The 2nd Hevea brasiliensis Workshop 2019
RIKEN Yokohama Campus

2019.07.30

BEEMEH
FEBHBKREDIS
IBGR RO
Wako-shi

Children's University
RIKEN Wako Campus

2019.08.06

BRI L
[FAUMEEHDIEFEEMEESH]
IEEH AN BEERR

RIKEN Symposium
"Chemical synthesis and biosynthesis of decalin"
RIKEN Wako Campus

2019.09.21

B R —ARNF
IEEH R

RIKEN Yokohama Campus Open Day
RIKEN Yokohama Campus

2019.11.06 o

- ,7':":‘“
2019 ECSRSTPRAGES
IEGR FOSESEEFR i i

FY2019 CSRS
Interim Progress Report
RIKEN Wako Campus

2019.11.12

S50 BiR-1b K-ERTH- Y 58
[BUE AV TARTA TRV VRI DL
RRAA/HYIT7LIAEYI—

The 5th RIKEN-Hokkaido Univ.-AIST-NIMS
"Catalyst Informatics" Symposium
lino Conference Center, Tokyo

2019.11.19

CSRSDEARE7 =N
[Highly Cited Researchers 2019]IT®EH

Seven CSRS researchers have been selected
for Highly Cited Researchers 2019

2019.12.02

BMNE IR —REEL XY YRIY D A
N)bF— JUavelb
Symposium celebrates
first anniversary of

the RIKEN Europe Office

Brussels, Belgium

2019.12.02
F1OF vy NRREE
TR HEIREBER

The 1st Cassava Workshop
RIKEN Yokohama Campus

2019.12.11

BYREDIRI D L2019
RRAFNERE —FK—Ib
Plant Science Symposium 2019

The University of Tokyo,
Yayoi Auditorium, Ichijo Hall

2019.12.11

BHYURID L
[5520E 47 - ERAT X ilT (B2 D &R Sl |
BtR F0FCBRFR

RIKEN Symposium
"Frontiers on Chemistry and Analytical Technology (XX)"
RIKEN Wako Campus

2020.01.08

Z£6[E CSRS-ITbM
aRY—Jvav>y
B FSEEEEFR

The 6th CSRS-ITbM

Joint Workshop
RIKEN Wako Campus

2020.01.19

ERDAY: tRiR&LEZ D!

[HEMD DK BEDE]

R 25 0)- )

RIKEN DAY "Seeds for medicine made by microorganisms’
Science Museum, Tokyo

2020.01.29

CSRSA UV ITARTAT R F—IF|=
HEOI S LARRBER
1B REUEAS SRS

Progress Report on
CSRS Informatics and Data Science Program
RIKEN Tokyo Office

2020.02.13-16

2020 AAASEISRTYA TV Ay ya ki
KE VTR

Scientific session in the AAAS Annual Meeting
Seattle, USA

2020.02.19
BRI I =Z7UTRryND—T
FvIFATIO—TV3vS
BEESA IYAIVAELT VT

Kickoff Workshop for RIKEN Engineering Network
Nihonbashi Life Science Hub, Tokyo
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Date

2019.04.15

2019.04.17

2019.06.27

2019.07.01
2019.07.04
2019.07.19
2019.09.06
2019.09.07

2019.09.14

2019.09.26
2019.09.29

2019.10.05

38

E Awards

2 / Awards

23 MBICERI P IS

23rd Superconductivity Science and Technology Award

T3 1 FERPEMDEFOBRARERY EFHFEE
The Commendation for Science and Technology by the Minister of
Education, Culture, Sports, Science and Technology

The Young Scientists’ Prize

The Plant Journal - 2018FEFZFERNE - RN
The Plant Journal - 2018 Outstanding Student Paper Awards -
Original Article

FILT=LE2019
The Olchemim Award 2019

F8E7 VT AFENMRY ViRID L2019 RSRIVISVNE
8th Asia-Pacific NMR Symposium 2019, Travel Grant Award

F10ONHEBERFR KRAY—E

10th International Fission Yeast Meeting Poster Prize

FE27OERERRIEZSE ARIEFT0Y T (7RI —H
Organic Chemistry Frontier Poster Prize

BAtEiia s FEYF EME
The JSPCMB Award for Young Scientists

TRE

Hirase Award

BOTFEREEE
SPSJ Asahi Kasei Award 2019

FITA7TOT S LEEE (BB)
ACP Lectureship Award (Taiwan)

Best Poster Award, the Seventh RIKEN-NCTU Symposium
on Physical and Chemical Science

Best Poster Award, the Seventh RIKEN-NCTU Symposium on
Physical and Chemical Science

ZEHE | Awardees

A BE SERED
Takashi NAKAMURA  Senior Technical Scientist

RIS ARS

Masanori IZUMI Research Scientist

B R F—LU—5—
Motoaki SEKI  Team Leader

Ho Bl TIZAHILRIYTT
Maho TANAKA  Technical Staff |

WHE JIW—TFaI9—
Minami MATSUI  Group Director

B5H BT HRE
Yuko MAKITA Research Scientist

R & 1-vhU—9—
Mitsunori SEO  Unit Leader

LI &/ AFREVT—F - PYIIAh
Shunji YAMADA  Junior Research Associate

KEE HHARE
Shin OHSAWA  Postdoctoral Researcher

Hao HU #5RIEFRE
Hao HU Postdoctoral Researcher

JBHET F—LU—9—
Keiji NUMATA Team Leader

B R F—LU—9—
Motoaki SEKI Team Leader

e NI S =
Taku SASAKI Postdoctoral Researcher

BHET F—LU—5—
Keiji NUMATA Team Leader

I B— F—LU—5—
Yoichi M. A. YAMADA Team Leader

Ailong LI $5RIEARE
Ailong LI Postdoctoral Researcher

ifZR= / Labs

DFEERETU

Molecular Structure Characterization U

DFEHIEHTTZRT

Molecular Bioregulation RT

YY) LRIRMERT
Plant Genomic Network RT

BT /ST ARRG
Synthetic Genomics RG

ESHIEZU
Dormancy and Adaptation RU

RIBREDERZET
Environmental Metabolic Analysis RT

TEAIG /ST ARREG
Chemical Genomics RG

TU—2F /BHSERZRT

Green Nanocatalysis RT

NAAEDFHAT
Biomacromolecules RT

&MY/ LWFEIRIZRT
Plant Genomic Network RT

NAFEDFIHRET

Biomacromolecules RT

TU—2F /iR T

Green Nanocatalysis RT

S EREARIRERZET
Biofunctional Catalyst RT

Date

2019.10.09

2019.10.31

2019.11.01

2019.11.13

2019.11.13

2019.11.19

2019.12.12

2020.02.19

2020.03.19

2020.03.25

RG: Research Group RT: Research Team RU: Research Unit G: Group T: Team U: Unit

2 / Awards

E3@N\A A A VT AN —EHE
Bioindustry Research Award 2019

J—ILRRTUVIN=N=FITRAI—E
Cold Spring Harbor Asia Poster Fellwoship

BRTFREME

Japanese Society of Enzyme Engineering Award for Young Scientists

FE7QNAFR—ARUY—EERHE NAMRRY—H (5RE)
The 7th Inernational Conference on Bio-based Polymer
Best Poster Award, Silver

F7ANAAR—ARUY—EERHE XAMRRI—E
The 7th Inernational Conference on Bio-based Polymer
Best Poster Award, Popular Votes

Highly Cited Researchers 2019
Highly Cited Researchers 2019

FI8E 7P I 7 T=A-AVITVR PITY SAIVT RAI—R
LIFv—w
The 18th Asian Chemical Congress, Asian Rising Stars Lectureship

BERHEZHEE RAHIaB0)
Synthetic Organic Chemistry Award (Technology), Japan

BAEMRERS FiliEhmE

The young scientist award, The phythopathological society of Japan

2020FEERtFEFIEREE
JSBBA Award for Young Women Scientists

ZEE | Awardees

=iE B& HRE
Fuminori TAKAHASHI  Research Scientist

WM KB HRE
Hiroki KOBAYASHI Research Scientist

FH BT HRE
Shuhei NODA Research Scientist

b RIY HRE
Yasumasa TAKENAKA Research Scientist

SHEH WRE
Motosuke IMADA Research Fellow

&ls —if tvI—k
Kazuo SHINOZAKI Director

HHEAFE AtvI-R
Kazuki SAITO Deputy Director

wE EE fHRES
Yuji KAMIYA  Research Consultant

BEE JIL-TF4LI9—
Ken SHIRASU  Group Director

B RE F—LU—9—
Motoaki SEKI Team Leader

Lam-Son Phan TRAN Z1=whU—5'—
Lam-Son Phan TRAN  Unit Leader

HWEREE ZEEXEWRRS
Hitoshi SAKAKIBARA  Senior Visiting Scientist

R s F—LU—5—
Shinya HAGIHARA  Team Leader

EFHE HRARE
Sobi ASAKO  Senior Scientist

EHEX HARE
Shuta ASAI Research Scientist

FEFF WRE
Yoko CHIBA Research Scientist

%= / Labs

HERERAFEIZIG
Gene Discovery RG

BRIy —MEEYIRRERRU
Drug Discovery Seed Compounds
Exploratory U

HHRRAEEERZE T
Cell Factory RT

NAFTSRAFVIHRET
Bioplastic RT

NAFTFSRFVIRERT
Bioplastic RT

HEMREZRG
Plant Immunity RG

LEL oINS A
Plant Genomic Network RT

ARV REIRZRU
Stress Adaptation RU

BE1T- IRMERETU
Mass Spectrometry and Microscopy U

SDFEEaRHIEHTTZET

Molecular Bioregulation RT

HREER G LT
Advanced Organic Synthesis RT

BTG
Plant Immunity RG

A REREARIRERZET
Biofunctional Catalyst RT
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1T =7 — CSRS Seminars

RG: Research Group RT: Research Team RU: Research Unit G: Group T: Team U: Unit

2019.04.01 Modeling Nature: Facile Substrate Oxidations With Prof. Siegfried Schindler Justus Liebig University Giessen, Green Nanocatalysis RT 2019.06.11  Efficient Thermal Conversion of Heavy Oils by Recycling Prof. Zongxian Wang China University of Petroleum, China Advanced Catalysis RG
Dioxygen Using Copper Complexes Germany Hydrogen Donor Fractions
From Methylene Bridged Reterocycles to Imidazopyri- Prof. Richard Richard Goéttlich 2019.06.27  Cell signalling mediated by PEAR - HD-ZIP Il module Dr. Shunsuke Miyashima Nara Institute of Science and Technology =~ Mass Spectrometry and
dines orchestrates tissue growth and patterning during cambial Microscopy U
development
2019.04.04 Molecular Function of Florigen Dr. Hiroyuki Tsuji Kihara Institu_te for _Biolo_gical Research, Biomacromolecules RT
Yokohama City University
2019.06.27  Simplifying Earth-abundant Catalysis Prof. Stephen P. Thomas School of Chemistry, The University of Advanced Organic Synthesis
Edinburgh, UK RT
2019.04.04 An NLR protein negatively regulates a plantimmune Dr. Hiroaki Adachi Sophien Kamoun Group, The Sainsbury  Plant Immunity RG
receptor network ’ Laboratory, UK
2019.07.03  Searching for Selective Catalytic Reactions in Complex  Prof. Scott J. Miller Yale University, USA Catalysis and Integrated RG
. . L o Molecular Scaffolds
2019.04.12 Gene.tlc .ba.S|s of regulatory. system of root nodule Dr. Takuya Suzaki University of Tsukuba Plant Symbiosis RT
symbiosis in response to nitrate
2019.07.08 Old questions, new models: exploring regenerationina  Dr. Michalis Averof Institut de génomique fonctionnelle de Cell Function RT
2019.04.15 Dissecting the pathway for rhodoquinone biosynthesis in  Prof. Andrew Fraser The Donnelly Centre, University of Chemical Genomics RG crustacean Lyon, France
C.elegans : it all starts at the beginning Toronto, Canada
2019.07.11  De Novo Design of Protein and Peptide Catalysts Dr. Ivan V. Korendovych Department of Chemistry, Syracuse Biofunctional Catalyst RT
2019.04.18  Fungal-bacterial mutualistic interaction; fungal highway Dr. Norio Takeshita University of Tsukuba Plant Immunity RG University, USA
and bacterial toll
2019.04.25 RNA modification, a chemical diversity for biological Dr. Tsutomu Suzuki The University of Tokyo Plant Genomic Network RT 2019.07.11 Imhpact & Lhe S tnngen;lrespcl)nsef sl (_:ontrolllng Dr. Shinji Masuda F?nter fz?r BI.I? Iiglcfl R.e sour(f;?rs ar? ¢ | Biomacromolecules RT
i - photosynthesis and chloroplast function nformatics, Tokyo Institute of Technology
2019.04.25 Toward the visualization of plant hormones using mass Dormancy and Adaptation RU 2019.07.11  Alocalized phospho-signaling module activates spatially ~ Dr. Satoshi Fuijita National Institute for Genetics Cell Function RT
spectrometry restricted ROS production in sub-micrometer order
Imaging mass spectrometry for phytochemical genomics  Dr. Ryo Nakabayashi Metabolomics RG, RIKEN CSRS 2019.07.16  Search for New Metabolites from Microorganisms by Dr. Takuji Nakashima Kitasato Institute for Life Sciences, Natural Product Biosynthesis
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, using “Physicochemical Screening” Kitasato University RU
Multiple plant-hormone imaging using matrix-assisted Dr. Katsuhiro Shiono Fukui Prefectural University
laser desorption/ionization mass spectrometry imagin
™ ALDI-MrSpI) and nano-particle as’;isted Iasg &g 2019.07.19 Run_ning and regL:Iation of photosynthetic turbocharger ~ Dr. Takashi Yamano Grgdua?e School of Biostudies, Kyoto Biomacromolecules RT
desorption/ionization (Nano-PALDI) MS| SUgIEgresiaiga University
Development of "Live single-cell mass spectrometry” for ~ Dr. Hajime Mizuno University of Shizuoka 2019.07.19 High-speed molecular vibration imaging with stimulated ~ Dr. Yasuyuki Ozeki Graduate School of Engineering, The Biomacromolecules RT
metabolomics in a single cell Raman scattering University of Tokyo
(_)ur:ent situ_ation of single cell plant hormone “quantita- Dr. Takafumi Shimizu Nara Institute of Science and Technology 2019.07.19  Synthetic biology of plant vascular stem cells Dr. Yuki Kondo The University of Tokyo Cell Function RT
tive” analysis by mass spectrometry
Visualization of abscisic acid and 12-oxo-phytodienoic Dr. Hirofumi Enomoto Teikyo University 2019.07.25 An Editorial Perspective on Publishing High-Impact Dr. Dominique Morneau Nature Research Group Cell Function RT
acid in immature Phaseolus vulgarisL. seeds using Research
imaging mass spectrometry
2019.07.25 N-glycan decorations and function of KORRIGAN1 in Prof. Hisashi Koiwa Department of Horticultural Sciences, Plant Genomic Network RT
2019.05.10 Chromatin-guided transposition generates high rates of ~ Dr. Leandro Quadrana Institut de Biologie de I'Ecole Normale Cell Function RT plant secretory system Texas A&M University, USA
directed mutations into adaptive trait genes Supérieure (IBENS), France
2019.05.15  Application of Genetic and Genomic Research in Dr. Viktor Korzun KWS SAAT SE, Germany Plant Genomic Network RT 2019.08.09 Mechanical Eehaviogr of the Natural Silk Reinforced Prof. Su Jun Wu Departnjent 01_‘ Materials Science, Beihang Biomacromolecules RT
o — Bio-composite Materials University, China
2019.05.20  Stem-cell-ubiquitous genes spatiotemporally coordinate  Dr. Ross Sozzani North Carolina State University, USA Plant Symbiosis RT 2019.08.30  Total Synthesis for Better and New Function: From Prof. Mingji Dai Department of Chemistry, Purdue Advanced Catalysis RG
division through regulation of stem-cell-specific gene Enabling Synthetic Methodology and Strategy to Novel University, USA
networks Disease Target
Advances in Metal Additive Manufacturing Toward Batch  Dr. Timothy J. Horn 2019.09.12  Evolutionary insights into plant sexual reproduction Dr. Tetsuya Hisanaga Nara Institute of Science and Technology /  Cell Function RT
Size One Processing revealed by studying the model bryophyte, Marchantia Gregor Mendel Institute, Austria
polymorpha
2019.05.23 Oxidation-Induced C-H Activation and Oxidative- Prof. Aiwen Lei Wuhan University, China Advanced Catalysis RG
Cross-Coupling with Hydrogen Evolution o . . . . L .
2019.09.17  Cell-free assembly and amplification of large circular Dr. Masayuki Suetsugu College of Science, Rikkyo University Biomacromolecules RT
DNA
2019.05.27  Cellular growth regulation in roots - how to adapt in a Dr. Guido Grossmann Universitat Heidelberg, Germany Cell Function RT
complex environment
2019.10.01 Next 4 Billion Lessons Learned and Future Directions in ~ Dr. Manabu Ishitani Agrobiodiversity Research Area, Gene Discovery RG
Ag R&D International Center for Tropical
2019.06.10 FT CET proteins: more than flowering signals Dr. Salomé Prat Centro Nacional de Biotecnologia-CSIC,  Plant Genomic Network RT Agriculture (CIAT)
Spain
Dr. Uwe Sonnewald 2019.10.08  Applications of carbon nanotubes coated with Dr. Tsuyohiko Fujigaya Graduate School of Engineering, Kyushu  Biomacromolecules RT
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Future-proofing potato — Improved source-to-sink
allocation of sucrose

Friedrich-Alexander-University
Erlangen-Nuremberg, Germany

functionalized gel layer

University
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RG: Research Group RT: Research Team RU: Research Unit G: Group T: Team

2019.10.16  How to prepare your manuscript for publication and what Dr. Mary Williams The Plant Cell, American Society of Plant  Cell Function RT
happens after you submit it Biologists

2019.10.16  /\A/IN=ARINMVAASTTEZZ—JDENDRBA LE B BT RALKE LRl mseRt HERERARMIZEG
NP8

2019.10.21  Molecular Design and Synthesis at the Interface of Prof. Iwao Ojima Department of Chemistry, Stony Brook Catalysis and Integrated RG
Chemistry, Biology and Medicine -Targeting fatty acid University, USA

metabolism for controlling pain and cancer-

Laboratories

2019.10.23  New Organometallic Transformations of Pentafulvenes Dr. Florian Jaroschik CNRS, Institut Charles Gerhardt Advanced Catalysis RG

and Benzofulvenes: from Regioselective Hydroalumina- Montpellier, France
tion to C-F bond Activation

MREXR—JICBBFSNTVWS TR AV

2019.10.30 A connecTOR integrating carbon partitioning and Dr. Camila Caldana Max Planck Institute of Molecular Plant Metabolomics RG / — N - N oo
demand in plants Physiology, Germany Metabolic Systems RT ZEUTWST YT Yy IOV VB LUEFIZRULET,
The following icons on the laboratory page
2019.11.05 Genome editing in Vietham - Current status and Dr. Pham Xuan Hoi Agricultural Genetics Institute (AGI), Plant Genomic Network RT represent flagship projects or divisions involved.
prospects - and collaboration between AGI and Japan VAAS, Vietnam
2019.11.08 Signaling pathways involved in Ralstonia solanacearum  Prof. Yasufumi Hikichi Laboratory of Plant Pathology & Plant Immunity RG
virulence -Quorum sensing and Mushroom-type biofilms- Biotechnology, Kochi University E%ﬁﬂ’g*@q@ Ji \“,]’ 2—
Innovative Plant Biotechnology
2019.11.08 Reactions Enabled by Alkyl Peroxides Prof. Hongli Bao Fuijian Institute of Research on the Green Nanocatalysis RT
Structure of Matter, Chinese Academy of
Sciences, China " " .
N E -~ : — ~
K&Eo /LI ZPUID
2019.11.21  Peptide-based Approach for Modulation of Microtubules  Dr. Hiroshi Inaba Graduate School of Engineering, Tottori Biomacromolecules RT Metabolic Genome Engineering
from Inside University
2019.12.17 Toward understanding fundamentals of electrocatalytic Prof. Jianping Xiao Dalian Institute of Chemical Physics, Biofunctional Catalyst RT %ﬁﬁﬂy%&%ﬁgl _‘/:)\ - 7 U ‘/9“
kinetics Chinese Academy of Sciences, China i
Innovative Catalysts
2019.12.17 Robustness of polyploid plants in natura: from Prof. Kentaro K. Shimizu University of Zurich, Switzerland / Plant Genomic Network RT
Arabidopsis to wheat Yokohama City University sp
FREERUY —
2019.12.18  The origins of karrikin and strigolactone signaling in Dr. David Nelson University of California, Riverside, USA Plant Immunity RG Leading-edge Polymers
plants
2019.12.19  Tricky Parasites: How nematodes steal their vitamins ~ Dr. Shahid Siddique University of California, Davis, USA Plant Immunity RG SRt S v T+ — LA
from plants!
e Advanced Research and Technology Platforms
2019.12.19 Characterisation of the regulatory interplay between the  Dr. Gabriel Castrillo University of Nottingham, Sutton-Boning-  Plant Immunity RG
plant microbiome and root endodermal cell wall diffusion ton, UK P e s "
. Sy A
barriers E'.'Js%‘e' E;ﬁ}iﬂ-‘]gﬂ:ﬁé}%nﬁFﬁ
Drug Discovery Platforms Cooperation Division
2019.12.19 Bridging the gap between selective autophagy and Dr. Yasin Dagdas Gregor Mendel Institute of Molecular Plant Molecular Bioregulation RT
endoplasmic reticulum quality control pathways Biology, Vienna Biocenter, Austria
= N ]
Bif-< v I 2S5 B SR
2020.01.16  Two fi f autophagy for chloroplast t Dr. M i lzumi Molecular Bi lation R h T Bi lecules RT q
020.01.16  Two forms of autophagy for chloroplast turnover r. Masanori lzumi Rlc|>( e;\llj grs l_\:céregu ation Research Team, iomacromolecules RIKEN-Max Planck Joint Research Division
for Systems Chemical Biology
2020.01.21 R SUTEBROFEENF YR REL BMAFEFFHZER NAFTO—T5AEZRU
2020.01.30 AtPep3 is a hormone-like peptide that plays a role in the  Dr. Kentaro Nakaminami Plant Genomic Network RT, RIKEN CSRS Natural Product Biosynthesis
salinity stress tolerance of plants RU
Studies on biosynthesis of bioactive natural products Dr. Naoki Kato Natural Product Biosynthesis RU, RIKEN
produced by filamentous fungi CSRS
Translatome analysis upon blue light exposure from Dr. Yukio Kurihara Synthetic Genomics RG, RIKEN CSRS

darkness in Arabidopsis

2020.02.10 Developing phloem in plant organ formation - a Dr. Christian S. Hardtke Department of Plant Molecular Biology, Cell Function RT
balancing act University of Lausanne, Switzerland
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Synthetic Genomics Research Group
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Ribosome Profiling shows up protein coding
regions in ncRNAs and antisense RNAs.
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Contributing sustainable production of useful biomass materials

with genome information and gene expression profile

Our group conducts on research for elucidation of central genes that
connect to biomass increase through the analysis of useful plant genome
including Para-rubber tree and sorghum, a C4 photosynthesis crop. We also
study on the control of gene expression respond to light environment. We will
contribute sustainable production of useful biomass materials through these
researches.

Research Subjects
@ Research on the improvement of plant biomass production through analysis of
gene expression profile and genome of Para-rubber tree
@ Research on plant biomass improvement through chemical biology

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

@ Analysis of mechanism for plant's response to light environment

Research Results

@ We analyzed translational landscape of protein-coding and non-protein-coding
RNAs upon light exposure in Arabidopsis.

@® We proposed that SnRK1kinase and the NAC transcription Factor SOG1 are
components of a novel signaling pathway mediating the low energy response
triggered by ATP depletion.

@® We proved inhibition of Pre-mRNA Splicing promotes root hair development in
Arabidopsis.

FEIHI / Publications

Kurihara, Y. et al.

Translational landscape of protein-coding and
non-protein-coding RNAs upon light exposure in
Arabidopsis.

Plant Cell Physiol. 61, 536-545 (2020)

Hamasaki, H. et al.

SnRK1 Kinase and the NAC Transcription Factor
SOG1 Are Components of a Novel Signaling Pathway
Mediating the Low Energy Response Triggered by ATP
Depletion.

Front. Plant Sci. 10, 503 (2019)

Ishizawa, M. et al.

Inhibition of Pre-mRNA Splicing Promotes Root Hair
Development in Arabidopsis thaliana.

Plant Cell Physiol. 60, 1974-1985 (2019)
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SnRK1 and SOG1 constitute molecular switch to control
development under low ATP condition.
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Gene Discovery Research Group
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46

Discovering important and useful genes involved in

plant growth and environmental responses

Our group is discovering plant genes of which functions are linked to
quantitative improvements in plant growth and those with new functions for
minimizing the effects of the environmental stresses to achieve maximum
productivity. Based on the genomic analysis including transcriptomics and
metabolomics, we explore key genes involved in regulation of abiotic stress
response, photosynthesis and productions of useful metabolites for the
improvement of plant productivity.

Research Subjects
@ Discovery of genes, signaling molecules, transporters and metabolites involved
in dehydration stress and ABA responses

® Improvement of drought stress tolerance and water use efficiency of crops by
international collaboration

@ Analysis of chloroplast functions in photosynthesis under stress conditions

@ Development of systematic phenotype analysis platform (phenome analysis) for
functional analysis of mutated genes

@® Comparative genomics and its application to crop improvement

@ Plant chemical biology for promotion of photosynthesis and biomass production

Research Results
@ A system biology approach clarified the network of hormonome, metabolome
and transcriptome by dehydration stress in soybean organs.

@ We carried out phospho-proteomics analyses for identifying ABA signaling
during after ripening.

@ We found that NF-YB2 and NF-YB3 mediate dehydration and/or heat stress
signaling, respectively.
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FEIHI / Publications

Maruyama, K. et al.

Metabolite/phytohormone—gene regulatory networks in
soybean organs under dehydration conditions
revealed by integration analysis.

Plant J. 103, 197-211 (2020)

Ishikawa, S. et al.

Comparative Phosphoproteomic Analysis Reveals a
Decay of ABA Signaling in Barley Embryos during
After-Ripening.

Plant Cell Physiol. 60, 2758-2768 (2019)

Sato, H., Suzuki, T., Takahashi, F., Shinozaki, K,,
‘Yamaguchi-Shinozaki, K.

NF-YB2 and NF-YB3 Have Functionally Diverged and
Differentially Induce Drought and Heat Stress-Specific
Genes.

Plant Physiol. 180, 1677-1690 (2019)
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Organ-specific metabolic perturbation in
response to dehydration in soybean
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Plant Immunity Research Group
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Striga asiatica, a parasitic weed, in Kenya
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Understanding plant immunity mechanisms and

developing sustainable disease resistant crops

Our group’s ultimate goal is to fully describe functions of genes, proteins and

small molecular compounds that are essential for immunity in plants. As the
first step, we focus on the regulatory mechanism of immunity by studying
dynamics of resistance signaling complexes and protein modifications that
control defense responses. In addition, we plan to identify novel genes
involved in plant immunity by isolating defense mutants in model plants. We
also collaborate with the Metabolomics Research Group to isolate small
molecule compounds involved in disease resistance.

Research Subjects
@ To identify useful microbes from rhizosphere to promote plant immunity
and growth

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

@ To isolate novel genes/metabolites for pathogen virulence

@ To identify novel mechanisms for plant immunity

Research Results

@® We revealed the whole genome sequence of Striga, the parasitic weed.

@ We revealed genome sequences of Colletotrichum strains, causal agents of
anthracnose disease.

@ We developed an artificial metalloenzyme biosensor that detect ethylene gas.

MAFF 305635-RFP IMI 349063

FEIHI / Publications

Yoshida, S. et al.

Genome sequence of Striga asiatica provides insight
into the evolution of plant parasitism.

Curr. Biol. 29, 3041-3052 (2019)

Tsushima, A. et al.

Genomic plasticity mediated by transposable elements
in the plant pathogenic fungus Colletotrichum
higginsianum.

Genome Biol. Evol. 11, 1487-1500 (2019)

Vong, K. et al.

An artificial metalloenzyme biosensor can detect
ethylene gas in fruits and Arabidopsis leaves.
Nat. Commun. 10, 5746 (2019)
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Chromosome-level comparison of Colletotrichum genomes
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Plant Genomic Network Research Team
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HDA19 and class Il HDACs deficiencies show
antagonistic phenotypes in salinity stress response.
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Analyzing plant genomic networks for environmental stress adaptation

and improved productivity

We are analyzing novel 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.

Research Subjects
@ Analysis of epigenetic, RNA and peptide regulation mechanisms in
environmental stress adaptation
@® Advancement of cassava molecular breeding by cutting-edge technologies

@ Development of useful plant resources, such as increased stress tolerance by
chemical compounds, peptides and transformation technology

Research Results
@® We identified a class | HDA19- and class || HDACs (HDA5/14/15/18)- dependent
cascade responsible for opposing salt and drought stress responses.

@ External application of acetic acid enhances drought avoidance in cassava
through induction of stomata closure under sunlight.

@® We developed an efficient method for producing healthy cassava plant materials
using aeroponic culture.

FEIHI / Publications

Ueda, M. et al.

Transcriptome analysis of the hierarchical response of
HDAC proteins that respond in an antagonistic manner
to salinity stress.

Front. Plant Sci. 10, 1323 (2019)

Utsumi, Y. et al.

Acetic acid treatment enhances the drought avoidance
in cassava (Manihot esculenta Crantz).

Front. Plant Sci. 10, 521 (2019)

Tokunaga, H. et al.

An efficient method of propagating cassava plants
using aeroponic culture.

J. Crop Improvement. 34, 64-83 (2020)
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Thermal images of cassava plants treated with
acetic acid or water (control) under sunlight.
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Cell Function Research Team
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Keiko SUGIMOTO Ph.D.

HAG1 and HAGS3 catalyze histone acetylation to
promote gene expression upon wounding.

52

EPOEPRGEDHRBEDERIFFLABREETOV TLAPRERRICE > THE
HiZNDHN. T D BRI A S F LRSI N TUVERW FAE S HERE DIB5E.
R MEOHEEEERESHNC L BYIDRE IOV L CREBREHEIC
WL HRERREZRET IO FEREOCHEPZERE L TWS, XBYHIZDM
MEBAMEDDFHREZREALGBREBIIREAN AL >TBYOSKREBE
RRHMS|ESRISNZEHRAEREBLESELTWS,— A INSOERIAENS
BONHEREZFRALEYMOEERER EPERYESEEZBIEUCHRMTDRR
HzEHTND,

HwRT—~

® EYDHRERRZR DD FANZXLDERA
© EYOMIE) TOY IV T ERBDFANZZXLDEHR
O N FHEBIBEEDEL AR NDILARER

AR
©® HAGIRUHAG3H IS BEA N D7 EFIE MBS E O 7005
SVPICRETHBIEERSMN LT,

O® AHLEERFHIPIFEERFEEMNICERLU. EMORREZINGE T2 &%HAS
Mc Uiz,

® WINDTEEREFOAILAL - ZEBEUSNDHEEZHKR U

Before After
wounding

wounding

WIND1

RAP2.6L

42 Nucleosome
% H3K9/14ac
Induced gene

Uncovering the regulatory network

underlying plant organ growth and regeneration

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.

Research Subjects

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

@ Molecular manipulation of organ regeneration in crops

Research Results
@® We demonstrated that HAG1 and HAG3-mediated histone acetylation is central
for wound-induced cellular reprogramming.

@® We demonstrated that AHL transcription factors repress leaf petiole growth by
antagonizing PIF transcription factors.

@ We discovered that new biological function of WIND1 transcription factor other
than callus formation and successive shoot regeneration.

Petiole growth

FEIHI / Publications

Favero, DS. et al.

AT-hook transcription factors restrict petiole growth by
antagonizing PIFs.

Curr. Biol. 30, 1454-1466 (2020)

Rymen, B. et al.

Histone acetylation orchestrates wound-induced
transcriptional activation and cellular reprogramming in
Arabidopsis.

Commun. Biol. 2, 404 (2019)

Ikeuchi, M, et al.
Molecular mechanisms of plant regeneration.
Annu. Rev. Plant Biol. 70, 377-406 (2019)
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AHL proteins repress expression of PIF direct
target genes to prevent leaf petiole growth.
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Plant Symbiosis Research Team
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Understanding plant-microbe symbiosis

in order to establish sustainable agriculture

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.

Research Subjects

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

@ Application of root nodule symbiosis to cereals

FEHN / Publications

Soyano, T., Shimoda, Y., Kawaguchi, M., Hayashi, M.
A shared gene drives lateral root development and root
nodule symbiosis pathways in Lotus.

Science 366, 1021-1023 (2019)

Shimoda, Y., Imaizumi-Anraku, H., Hayashi, M.
Kinase activity-dependent stability of
calcium/calmodulin-dependent protein kinase of Lotus
Japonicus.

Planta 250, 1773-1779 (2019)

Liu, M., Soyano, T., Yano, K., Hayashi, M., Kawaguchi,
M.

ERN1 and CYCLOPS coordinately activate NIN
signaling to promote infection thread formation in Lotus
Japonicus.

J. Plant Res. 132, 641-653 (2019)
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R R Research Results Makoto HAYASHI
Research Scientist
O RAFERICRIREBELFIESELTWSIEZAESMC LT, @ We identified genes involved in root nodule development that have been Tsuneo HAKOYAMA
recruited from lateral root development. Akihiro YAMAZAKI

O RHUHAE - BRHEDRAICHELFF—EDBEEZRASM LT,
® RABEDBRRICESIZEHEERY NT—V BN U,

@ We investigated subcellular localization of calcium/calmodulin-dependent protein
kinase that are required both for root nodule symbiosis and for arbuscular
mycorrhiza symbiosis.

@ We found a transcription network necessary for infection of rhizobia.

Postdoctoral Researcher
Aya SHIMOMURA
Kai BATTENBERG

Visiting Scientist
Yoshikazu SHIMODA
Takashi SOYANO

Technical Staff
Atsuko HIROTA
Shoko YAMAZAKI

Nuclear localization of CCaMK fused with
red fluorescent protein

Expression of CycB1;1 in a root nodule primordium
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Bioproductivity Informatics Research Team
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Genome editing in Euglena gracilis
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Exploring useful genes for plant productivity and

developing technology to increase grass biomass

Our team aims to develop plants with improvements in the quantitative and
qualitative productivity of cellulosic biomass. By using model grass, we carry
out gene discovery to improve biomass productivity and environment
adaptability in plants. Furthermore, we are promoting applied researches for
plants for biomass resources in collaboration with universities and institutes.

Research Subjects

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

@ Identification of useful genes for improving biomass productivity in grasses

@® Enhancement of cellulosic biomass by rational modification of the sugar
metabolism system in grasses

Research Results

@ We deveopped method for highly efficient transgene-free targeted mutagenesis
and single-stranded oligodeoxynucleotide-mediated precise knoc-in in the
industrial microalga Euglena gracilis.

@® We provided a detail method for the efficient transgene-free genome editing in
Euglena gracilis.

@ We identified transcription factors that contribute to resistance against
Rhizoctonia solani, a necrotrophic fungal agent of sheath blight, in
Brachypodium distachyon.
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Nomura, T. et al.

Highly efficient transgene-free targeted mutagenesis
and single-stranded oligodeoxynucleotide-mediated

precise knock-in in the industrial microalga Euglena

gracilis using Cas9 ribonucleoproteins.

Plant Biotechnol. J. 17, 2032-2034 (2019)

Nomura, T., Yoshikawa, M., Suzuki, K., Mochida, K.
Highly efficient CRISPR-associated protein 9
ribonucleoprotein-based genome editing in Euglena
gracilis.

STAR Protoc. 1, 100023 (2020)

Wang, P., Yamaiji, N., Inoue, K., Mochida, K., Ma, J.F.
Plastic transport systems of rice for mineral elements
in response to diverse soil environmental changes.
New Phytol. 226, 156-169 (2020)
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Paramylon-less Euglena gracilis strain produced by
the genome editing method (B) compared with wild type(A)
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Dormancy and Adaptation Research Unit
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BFiegEEIRIEER N ZESHDEICF LSV EERLET Discovering genes and chemicals that

improve seed quality and plant adaptation responses

L1y M TIREFARE. EEF AN ARBICRRINDEY OFEIL RS DH Our unit studies the mechanisms that regulate plant adaptation responses
AR SINCT DI EET>TWS, CNSDAEBERICEER G5B9 such as seed dormancy, germination and stress responses. We will reveal how
ZENHSNTWBT TV VEE IRNLI) Y Vv REVE, A —F 2V REDIEY) biosynthesis and transport of plant hormones such as abscisic acid,

FLEVICEE L. 204 RS £ VRS ORI ICE DA TG, & 5 (CRIE gibberellin, jasmonates and auxin are regulated. We will optimize plant
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adaptation responses by genetic and chemical regulation of hormone transport
and biosynthesis.

FEIHI / Publications

Seo, M., Marion-Poll, A.
Abscisic acid metabolism and transport.
Adv. Bot. Res. Abscisic acid in Plants 92, 1-49 (2019)

Pellizzaro, A. et al.

A role of auxin signaling in the acquisition of longevity
during seed maturation.

New Phytol. 225, 284-296 (2019)

Tuan, P.A., Yamazaki, K., Kanno, Y., Seo, M., Ayele, B.

WBEF—v Resereh Subjec o 'I'.ranss:riptomics of c?ytokinin and auxin m.etabolism and
signaling genes during seed maturation in dormant
s O EYINILEVERHEARDRIE S HEREREAT @ Identification and functional characterization of plant hormone transporters ch_’ ,r;on-d:r?;grg \(/;r;eis:)genotypes.
4 - . . ci. Rep. 9,
/ @ EYORRHEEIOCANAGEICEST2REMEDRE @ Identification of metabolites involved in plant growth and stress responses
|
’ ©® ETFONRIR. HKF. FMICEE5ITRFORE @ Identification of factors involved in seed dormancy, germination and longevity
—wkl)— — . _ . . . . .
L=YhU=F = Unit Leader © —lRNIrSOEYRIDEEDTEDHEL @ Development of a system to quantify plant metabolites from a single cell
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ﬁﬁ"hﬁﬁ% Research Results Special Postdoctral Researcher
O EY—MREENITEDURZT >, @ We improved the method for mass spectrometry analysis of plant single cells. \S(rES:LfIIfSeAVIVATANABE
©® PYLDOGZHICERESUEFOBLHDOBYINILEYEDENZHASM LT, @ We revealed the changes in plant hormone levels during overwintering of rice
= N . . - seeds which were directly sown on the dry field in early winter. A ey
O EYOBEINEICEST3YO104XFXFNPFY /U E%RE Ul Hiromi SUZUKI
@ We identified Arabidopsis NPF proteins involved in environmental responses.
Visiting Scientist
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Stress Adaptation Research Unit
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A=whU—5"— Unit Leader
SL=VY2TFPVF¥> PhD

Lam-Son Phan Tran Ph.D

kai2 mutant is more susceptible to drought than d74 mutant,
suggesting that karrikin/KAI2 ligand-specific KAI2 signaling

contributes more to Arabidopsis drought resistance than —-—o ORET, /

strigolactone-specific D14 signaling.
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Understanding plant responses to environmental stresses

for improvement of crop productivity

The population of the earth is rapidly increasing, setting food security one of
the major issues in the world, especially in developing countries. Additionally,
climate changes also put a great burden on food production. Environmental
stresses, such as drought, high salinity, soil erosion and pollutants are factors
affecting yield and stability of crop production, thereby threatening sustainable
agriculture. Our Unit has interest in (i) studying the roles of plant growth
regulators and their interactions in abiotic stress responses, as well as (ii)
translational genomics aiming to enhance crop productivity under adverse
environmental stress conditions.

Research Subjects
@ Molecular elucidation of hormonal regulatory networks in plant responses to
drought and salt stress
@ Mechanisms controlling nitrogen fixation in legumes under phosphate deficiency

@ Functional genomics of food crops for improvement of crop productivity in
adverse conditions

@ Role of plant growth regulators in abiotic stress mitigation

Research Results
@® We compared the functions of D14 and KAI2 receptor proteins in Arabidopsis
thaliana adaptation to drought.

@ We studied the function of a soybean NAC transcription factor in improvement of
drought tolerance.

@® We investigated metabolic adjustments in soybean nodules under phosphate
stress.
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Li, W. et al.

Comparative functional analyses of DWARF 14 and
KARRIKIN INSENSITIVE2 in drought adaptation of
Arabidopsis thaliana.

Plant J. 103, 111-127 (2020)

Nguyen, N.C. et al.

Ectopic expression of Glycine max GmNAC109
enhances drought tolerance and ABA sensitivity in
Arabidopsis.

Biomolecules 9, E714 (2019)

Sulieman, S. et al.

Divergent metabolic adjustments in nodules are
indispensable for efficient N fixation of soybean under
phosphate stress.

Plant Sci. 289, 110249 (2019)
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Low phosphate-induced changes in key metabolites identified in
nodules of soybean plants inoculated with either Bradyrhizobium
diazoefficiens USDA110 or B. diazoefficiens CB1809
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Environmental Response Research Unit
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Plant nutrient use efficiency, seaweeds survival mechanism,

developing methods for removal of unwanted metals from the environment

Potassium is one of major nutrients for plant growth, and lack of it has entailed
increased use of fertilizers. However, increased fertilizer usage does not result in
comparable production increase, and excess fertilizer run-off creates soil pollution.
Growing ecological awareness necessitates new solutions to increase agricultural
production without endangering the environment, and achieve food security via
sustainable agriculture. As solutions to these issues, we aim to elucidate the
components of plant potassium sensing and deficiency signaling in Arabidopsis
using various approaches. In parallel, we are using a marine red macroalga,
Pyropia yezoensis (susabinori) in order to understand the mechanisms that
enable seaweeds to survive in salty condition and to compare these mechanisms
with those of the land plant Arabidopsis thaliana in terms of Na*/K* homeostasis.
In addition, to establish a new method of phytoremediation, chemical screenings
to elucidate the chemicals which affect cesium and heavy metals uptake in plants
were conducted and the characterization of selected chemicals are on-going using
multidisciplinary approaches. As an extension, the roles of these selected
chemicals for the removal of unwanted metals contamination are studying. We are
also intensively elucidating regulatory components of unwanted metals uptake
that selectively inhibit/suppress/prevent uptake of metals from contaminated soil.

Research Subjects

@ Dissection of signaling cascades in plant response to nutrient deprivation
@ Improvement of plant nutrient use efficiency in response to nutrient limitation
@ Understanding of marine macroalgae life in the marine environment

@ Establishment of remediation methods for land contaminated with unwanted
metals using plants and chemical compounds

Research Results
@ We elucidated the molecular mechanism of glutathione and its intermediates in
plant cesium stress.

@ We identified many marine macroalgae (Pyropia yezoensis) genes which involve
in enhancing salt stress and low potassium stress tolerances.

@ We characterized the chemical compounds which alter the multiple metal
accumulation in plants.
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Adams, E. et al.

Glutatione and its biosynthetic intermediates alleviate
cesium stress in Arabidopsis.

Front. Plant Sci. 10, 1711 (2020)

Moon, J. Y., Belloelil, c., lanna, M. K., Shin, R.
Arabidopsis CNGC family members contribute to
heavy metal ion uptake in plants.

Int. J. Mol. Sci. 20, 413 (2019)

Adams, E., Miyazaki, T., Saito, S., Uozumi, N., Shin, R.
Cesium inhibits plant growth primarily through
reduction of potassium influx and accumulation in
Arabidopsis.

Plant Cell Physiol. 60, 63-76 (2019)
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The selected chemical treatments resulted in increasing
selenium and cadmium accumulation in plants.
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Metabolomics Research Group
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Developing integrated metabolomics to explore mechanisms

and regulation of plant metabolite production

Metabolomics involves in 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 application of basic findings from these results to metabolic
genome engineering for development of sustainable resources.

Research Subjects
@ Improving metabolite peak annotation in metabolomics by empirical and
bioinformatics strategies

@ Application of the metabolomics platform to functional genomics and
biotechnology

@ Identification of plant genes and networks involved in biosynthesis of useful
specialized (secondary) metabolites

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

Research Results

@ We have comprehensively elucidated the diversified metabolome by the
integrated analysis of chemoinformatics of mass spectrometry on the
fully-stable-isotope-labelled plants.

@ Expression of the first enzyme gene for alkaloid biosynthesis in heterologous
plants partially reproduced the evolution of plant secondary metabolism.

@ The important role of chalcone isomerase-like protein in flavonoid biosynthesis
was elucidated.

Zeamays  Alliumcepa

Solanum tuberosum Arabidopsis thaliana
Oryza sativa Glyeyrrhiza glabra
Nicotiana tabacum Glycine max
Medicago truncatufa

Glycyrrhiza uralensis

FEIHI / Publications

Tsugawa, H., Nakabayashi, R. et al.

A cheminformatics approach to characterize
metabolomes in stable-isotope-labeled organisms.
Nat. Methods 16, 295-298 (2019)

Shimizu, Y. et al.

Metabolic diversification of nitrogen-containing
metabolites by expression of a heterologous lysine
decarboxylase gene in Arabidopsis.

Plant J. 100, 505-521 (2019)

Waki, T. et al.

A conserved strategy of chalcone isomerase-like
protein to rectify promiscuous chalcone synthase
specificity.

Nat. Commun. 11, 870 (2020)
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Metabolome network using MS/MS similarity
in the 12 plant species
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Metabolic Systems Research Team
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Masami HIRAI Ph.D.

Metabolic profiles of wild-type and phytochrome mutant
seedlings of Arabidopsis under different light conditions were
clarified by widely targeted metabolomics.

Reprinted from Kozuka, T. et al. (2019)
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Understanding the mechanisms and physiology of plant metabolism

and improving production of useful materials

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.

Research Subjects

@ Elucidation of the regulatory mechanism of amino acid biosynthesis

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

@ Identification of metabolic pathways regulating plant development

@ Data mining from metabolome data through machine learning and mathematical
modeling

Research Results

@ We established a metabolome-based discrimination model of chrysanthemum
cultivars for the efficient generation of flower color variations in mutation
breeding.

@ We elucidated that phytochrome regulates the consumption of sugar metabolites
and their generation from oil bodies in Arabidopsis seedling during de-etiolation.

® We clarified the mechanism by which Pieris butterflies can be fed on plants
containing defensive metabolites glucosinolates.
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Sawada, Y. et al.

Metabolome-based discrimination of chrysanthemum
cultivars for the efficient generation of flower color
variations in mutation breeding.

Metabolomics 15, 118 (2019)

Kozuka, T. et al.

Regulation of sugar and storage oil metabolism by
phytochrome during de-etiolation.

Plant Physiol. 182, 1114-1129 (2019)

Okamura, Y. et al.

Differential regulation of host plant adaptive genes in
Pieris butterflies exposed to a range of glucosinolate
profiles in their host plants.

Sci. Rep. 9, 7256 (2019)
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A machine-learning model was established using LC-MS-based
metabolomic data for discrimination of chrysanthemum cultivars.
Reprinted from the cover of Metabolomics Vol. 15, Issue 10.
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Environmental Metabolic Analysis Research Team
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InterSpin comprises integrated, supportive, and
freely accessible preprocessing web-tools and a
database to advance signal assignment in low- and
high- field NMR analyses of molecular complexities
ranging from small molecules to macromolecules
for food, material, and environmental applications.
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Exploring sustainability of environmental metabolic system

based on a data-driven approach

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).

Research Subjects
@ Technological advancement of various spectrometric measurements for complex
biomolecular mixtures and microbiota

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

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

@® Symbiotic metabonomic analysis between animal and symbiotic microbiota in
relation to their food nutrients

Research Results

@® We developed web-tool InterSpin, a database to advance signal assignment in
low- and high- field NMR analyses of molecular complexities ranging from small
molecules to macromolecules for food, material, and environmental applications.

@ We contributed one chapter in the international book, “Marine Metagenomics”
based on the 4-year collaborative research with Fishery Research Agency.

@ We proposed breeding of wheat variety for the food production in drought area.

Water quality |
improvement |
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Yamada, S. et al.

InterSpin: Integrated supportive webtools for low and
high-field NMR analysis toward molecular complexity.
ACS Omega 4, 3361-3369 (2019)

Mekuchi, M., Asakura, T., Kikuchi, J.

New aquaculture technology based on host-symbiotic
co-metabolism.

Marine Metagenomics 189-218 (2019)

Mega, R. et al.

Tuning water use efficiency and drought tolerance in
wheat using abscisic acid receptors.

Nat. Plants 5, 153-159 (2019)
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Conceptual model of multi-omics in aquaculture.
Multi-omics study and proposed model for monitoring
aquaculture environment and symbiotic metabolism upon
feeding, as well as timing, via comprehensive analyses of

microbiome, host metabolism, and host transcriptome.

69



AR T — L

Cell Factory Research Team

AHtEYMEE=ZRBIBLI: Designing and constructing optimal cell factories
RE DG T DEILZBELET for valuable chemical compounds

IAAR R AERORBEEVTCERT 2 BAR- 7O XX ~OHIRE Cost reduction of raw materials and processes is needed in order to use
NEETH D, Y F—ATE B LB I O—ADEER - SOBIEE LY biomass as an alternative to fossil resources. Our team aims to integrate FERY / Publications
ICkZINA AT RO - S FBRRE — R Ic BT 2EIC LD AERDERT conventional processes, which are typically complicated and costly, into a
> c Noda, S. et al.

bio-process that is innovative, consistent, less costly and energy-saving. This ) , :
. . L. X . , . Reconstruction of metabolic pathway for isobutanol
will be achieved by optimizing, in an integrated manner, a plant's capacity to production in Escherichia coli.
produce and degrade cellulose and the process of microorganisms' degrading Microb. Cell Fact. 18, 124 (2019)
and synthesizing biomass.
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ﬁﬂ: ;‘g F—7 R h . Team Leader
esearch Subjects Ao KONDO
©® ERILEYMZEEETDEILIZIRN)—DEE @ Building cell factories for production of valuable chemicals Deputy Team Leader
O \IRHFREERAIZDIVIIIY—ILOFEH @ Developing in silico tools for designing artificial metabolic pathways Tomokazu SHIRAI
F—LU—5'—Team Leader ©® ENORBERISZAIET D=iaeiER DR @ Developing high functional enzymes catalyzing target metabolic reactions Special Postdoctoral Researcher
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R AR Research Results
@ EREMZEEAWCTRAERBOBEICLD. AVIY/ -2 KBETEET D @ We succeeded in producing isobutanol with Escherichia coli constructed a novel
ZEICHINUT, metabolic pathway using synthetic biology.
@ EoIULLEYENAAERT BiedICHBIREREF OB LICRIN U, @ We succeeded in functionalizing enzymes needed for biosynthesis of vinyl
compounds.

® JYIIVEAART B ATIRBBEOBRICHKII LT,
@ We succeeded in constructing an artificial metabolic pathway for butadiene
biosynthesis.
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by a high functional enzyme.
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Natural Product Biosynthesis Research Unit
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Optimization of B-carboline structure
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Exploring microbial gene resources and elucidating biosynthetic mechanisms

to produce valuable compounds

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.

Research Subjects
@ Elucidation of biosynthetic machinery of bioactive microbial metabolites by
genetic, biochemical and structural analyses

@ Evaluation of transcriptional regulators associated with secondary metabolite
gene clusters

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

@ Development of small molecules that enhance production of secondary
metabolites

@ Construction of biosynthetic platforms using microorganisms

Research Results
@ We revealed the addition of B-carboline to Streptomyces sp. SN-593 induces
reveromycin production.

@® We developed an integrated screening system for the selection of substrates for
cytochrome P450s.

@ The pyrrolizilactone biosynthetic gene cluster was identified in Pleosporales sp.
RKB3564.
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Panthee, S., Takahashi, S., Hayashi, T., Shimizu, T.,
Osada, H.

B-carboline biomediators induce reveromycin
production in Streptomyces sp. SN-593.

Sci. Rep. 9, 5802 (2019)

Kanoh, N. et al.

An integrated screening system for the selection of
exemplary substrates for natural and engineered
cytochrome P450s.

Sci. Rep. 9, 18023 (2019)
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Substrate selectivity of P450 BM3 mutants
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Advanced Catalysis Research Group
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Enantioselective intramolecular C-H alkylation
of imidazoles with 1,1-disubstituted alkenes
by a chiral scandium catalyst
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v Exo-selectivity & high enantioselectivity v 100% atom-efficiency
v All-carbon-substituted quanternary center v Broad substrate scope

Developing new catalysts for more efficient,

selective chemical transformations

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.

Research Subjects

@ Precision olefin polymerization by unique rare-earth metal catalysts
@ Innovative organic synthesis based on new catalyst and reaction designs

@ Small molecule activation and transformation by molecular multimetallic hydride
clusters

Research Results

@ We have achieved the enantioselective synthesis of polycyclic imidazole
derivatives containing all-carbon quaternary stereocenters by the
scandium-catalyzed intramolecular C-H alkylation of imidazoles with
1,1-disubstituted alkenes.

@® We have achieved the difunctionalization of imines through CO, activation by
N/B Lewis pairs generated under copper catalysis.

@® We have achieved the regio-, diastereoselective and highly stereoregular
cyclopolymerization of ether- and thioether-functionalized 1,6-heptadienes and
their copolymerization with ethylene by using a half-sandwich scandium catalyst.
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Lou, S., Mo, Z., Nishiura, M., Hou, Z.

Construction of All-Carbon Quaternary Stereocenters
by Scandium-Catalyzed Intramolecular C-H Alkylation
of Imidazoles with 1,1-Disubstituted Alkenes.

J. Am. Chem. Soc. 142, 1200-1205 (2020)

Li, Z. etal.

CO: Activation by Lewis Pairs Generated Under
Copper Catalysis Enables Difunctionalization of
Imines.

J. Am. Chem. Soc. 142, 1966-1974 (2020)

Wang, H. et al.

Scandium-Catalyzed Regio- and Stereoselective
Cyclopolymerization of Functionalized a,w-Dienes and
Copolymerization with Ethylene.

J. Am. Chem. Soc. 141, 12624-12633 (2019)
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Developing new transition metal-catalyzed reactions and

conducting integrated research of chemistry and plant science

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.

Research Subjects

@ Development of catalytic fluoroalkylations

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

@® Computational analysis of transition metal-catalyzed reactions

@ Synthesis of stereoisomers of monomeric Spectomycin A1/A2 and evaluation of
their protein SUMOylation-inhibitory activity

Research Results

@ We developed a cross-coupling reaction of dimer-derived persistent radicals with
azo compounds, providing a synthetic entry to molecules having vicinal
all-carbon quaternary centers.

@ We extracted important information on catalytic asymmetric fluorination by
QSPR modeling.

@ All stereoisomers of monomeric spectomycin A1/A2 were synthesized and
evaluated their protein SUMOylation-inhibitory activity.
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Ohnishi, R. et al.

Cross - Coupling Reaction of Dimer - Derived
Persistent Tertiary - Carbon - Centered Radicals with
Azo Compounds.

Asian J. Org. Chem. 8, 1017-1023 (2019)

Yamaguchi, S., Sodeoka, M.

Molecular Field Analysis Using Intermediates in
Enantio-Determining Steps Can Extract Information for
Data-Driven Molecular Design in Asymmetric
Catalysis.

Bull. Chem. Soc. Jpn. 92, 1701-1706 (2019)

Nomura, Y. et al.

Synthesis of All Stereoisomers of Monomeric
Spectomycin A1/A2 and Evaluation of Their Protein
SUMOylation-Inhibitory Activity.

Chem. Eur. J. 25, 8387-8392 (2019)
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Advanced Organic Synthesis Research Team
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Exploring next generation organic synthesis for

an environmentally sustainable society

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. Also, we are particularly
interested in the development of sustainable catalysis based on Earth-abundant
metals such as manganese, iron, cobalt, molybdenum, and the utilization of
organosodium compounds for organic synthesis.

Research Subjects

@ “Next generation organic synthesis”: direct and selective coupling of organic
molecules

@ Development of Earth-abundant metal catalysis

@ Organic synthesis with organosodium

Research Results

@® We found an iron-catalyzed coupling of two C—H substrates.
@ We developed new synthetic reactions using molybdenum catalysis.

@® We found new methods to generate organosodium, and we used it for organic
synthesis.

Sodium Dispersion (SD)
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Collaboration with Kobelco Eco-Solutions and Okayama Univ.
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organic synthesis
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Doba, T., Matsubara, T., llies, L., Shang, R.,
Nakamura, E.
Homocoupling-Free Iron-Catalysed Twofold C—H

Activation/Cross-couplings of Aromatics via Transient

Connection of Reactants.
Nat. Catal. 2, 400-406 (2019)

Asako, S., Ishihara, S., Hirata, K., Takai, K.
Deoxygenative Insertion of Carbonyl Carbon into a C
(sp3)-H Bond: Synthesis of Indolines and Indoles.

J. Am. Chem. Soc. 141, 9832-9836 (2019)

llies, L., Asako, S., Yoshida, T.

C-H Bond Activation.

Chemistry Essentials Series (Kyoritsu Shuppan) 34,
1-115 (2019)
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Can we develop suitable catalysts towards
green sustainable chemistry?

“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 this new team (established in
FY2018) 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 photo-exited catalysts, on the basis of
inspiration from enzymes, as well as photoelectric conversion organisms and
materials.

Research Subjects

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

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

@ Development of photo-exited catalysts

Research Results

@ Asilicon nanowire array-stabilized rhodium nanoparticle catalyst was developed,
which was applied to the decarboxylation under microwave conditions, and to
the synthesis of the second-generation biodiesel fuel.

@ A second-generation polymeric phenolsulfonic acid catalyst was developed,
which was applied to the esterification of carboxylic acids and alcohols, and to
the synthesis of the first-generation biodiesel fuel.

@ Optical active C-2-symmetric bi pyridine asymmetric copper catalysts were
developed, which was applied to the catalytic asymmetric cyclopropanation.

1. m-Phenol Sulfonic Acid-Formaldehyde Resin Catalyst 2

OH OH
aq. 2 M H;804 lon exchange
*+ (HCHO),
120°C,24 h 1)aq. 2.2 M HCI n
SOsNa 2 mol equiv SO:H

FEIHI / Publications

Baek, H. et al.
Production of Bio Hydrofined Diesel and Carbon
Monoxide from Fatty Acids Using a Silicon Nanowire

Array-Supported Rhodium Nanoparticle Catalyst under

Microwave Conditions.
ACS Catal. 10, 2148-2156 (2020)

Hu, H. et al.

Second-Generation meta-Phenolsulfonic Acid—
Formaldehyde Resin as a Catalyst for
Continuous-Flow Esterification.

Org. Lett. 22, 160-163 (2020)

Ouyang, Y. et al.

Z-bpy, a new C2-symmetric bipyridine ligand and its
application in enantioselective copper(l)-catalyzed
cyclopropanation of olefins.

Chi. J. Chem. 37, 807-810 (2019)
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alcohols without removal of water
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Biofunctional Catalyst Research Team
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Numerical prediction of active catalysts
for hydrogen oxidation reaction
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Seeking biological electron transfer to develop sustainable energy

and environmental technology

We work on developing biologically inspired catalysts and their application to
energy conversion and production systems. Specifically, we attempt to exploit
nature’s ingenuities for multielectron catalytic reaction, metabolic regulation by
external redox stimuli, as well as employ robust energy management in the
deep sea environment to develop novel materials and systems necessary to
effectively manage renewable energy sources.

Research Subjects

@ Development of water splitting catalysts
@ |Investigation of giant electro-ecosystems in a deep hydrothermal environment

@ Microbial Electricity generation

Research Results
@ We developed the activity prediction model of heterogeneous catalysis under
non-equilibrium conditions.

@® We demonstrated prebiotic CO fixation triggered by geoelectricity at the
deep-sea hydrothermal vent.

@® We identified the reaction intermediate for electrochemical CO, reduction
catalyzed by ionic liquid.

6-

lonic liquid
qQ

FEIHI / Publications

Qoka, H., Nakamura, R.

Shift of the optimum binding energy at higher rates of
catalysis.

J. Phys. Chem. Lett. 10, 6706-6713 (2019)

Kitadai, N. et al.

Metals likely promoted protometabolism in early ocean
alkaline hydrothermal systems.

Sci. Adv. 5, eaav7848 (2019)

Wang, Y. et al.

Areduced imidazolium cation layer serves as the
active site for electrochemical carbon dioxide
reduction.

Appl. Catal. B 264, 118495 (2019)
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Bioplastic Research Team
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Syntheses and thermal properties of novel
polyurethanes derived from bio-based chemicals
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Creating new high quality plastic materials made from biomass

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.

Research Subjects

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

@® New advanced methods for biomass-polymer synthesis

Research Results

@® We succeeded in syntheses of acrylic resins from lignin-degradation products.

@ We found the thermal degradation mechanism of novel polyurethanes
synthesized from bio-based aromatic chemicals.

@ We found the relationship between the tacticity and thermal properties for
polycrotonates.

Bio-based acrylic resins with an aromatic group

Rz R2
R R R R
£ : Group transfer % ?
polymerization
. & —
n
Organic acid catalyst
(0] OR' O R'
Lignin degradation products Polycinnamates

(Cinnamic acid derivatives)

FEIHI / Publications

Takenaka, Y., Abe, H.

Group-Transfer Polymerization of Various Crotonates
Using Organic Acid Catalysts.

Macromolecules 52, 4052-4058 (2019)

Tachibana, K., Abe, H.

Studies on thermo-mechanical and thermal
degradation properties of bio-based polyurethanes
synthesized from vanillin-derived diol and lysine
diisocyanate.

Polym. Degrad. Stab. 167, 283-291 (2019)

Imada, M., Takenaka, Y., Hatanaka, H., Tsuge, T., Abe, H.

Unique acrylic resins with aromatic side chains by
homopolymerization of cinnamic monomers.
Commun. Chem. 2, 109 (2019)
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Syntheses of acrylic resins from lignin-degradation products
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Biomacromolecules Research Team
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Developing new biopolymers and applying them

as biomass-based functional and structural materials

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.

Research Subjects

@ 3D structures and polymerization mechanisms of biopolymer synthases
@ Search and development of microorganisms, polymerases, and depolymerases
@ Design and biosynthesis of bio-inspired functional peptides

@ Biopolymer production and plant modifications via plant biotechnology

Research Results

@ Peptide-mediated DNA delivery achieved transient plastid modifications.

@ Silk protein composites with natural rubber or epoxy resins were designed and
developed.

@ Large DNA transformation was successfully achieved using cell-penetrating
peptides.
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FE5HI / Publications

Thagun, C., Chuah, J.-A., Numata, K.

Targeted gene delivery into various plastids mediated
by clustered cell-penetrating and chloroplast-targeting
peptides.

Adv. Sci. 6, 1902064 (2019)

Ranella Luciferase activity in Arabidopsis leaves

Yang, K. et al.

Integrating tough Antheraea pernyi silk and strong
carbon fibres for impact-critical structural composites.
Nat. Commun. 10, 3786 (2019)

Islam, M. M. et al.

Cell-penetrating peptide-mediated transformation of
large plasmid DNA into Escherichia coli.
ACS Synth. Bio. 8, 1215-1218 (2019)
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The chloroplast-targeting system can deliver DNA into
chromoplast and amyloplast in addition to chloroplast.

The combination of cell-penetrating and chloroplast transit peptides
successfully achieves the efficient gene delivery into chloroplasts.
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2DE-CETSA and target identification
of NPD10084
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Developing new techniques for chemical biology and

elucidating mysteries of complex biological systems

In order to promote research in Chemical Biology that aims to elucidate
biological phenomena using chemical compounds as starting materials, it is
important to establish a platform for chemical biology. Our group constructs
chemical libraries through the genetic engineering of microorganisms and
organic synthesis, as well as databases that describe the chemical and
biological information of the libraries. We explore useful bioactive compounds
in the chemical library, identify molecular targets of bioactive compounds, and
elucidate mechanisms behind the actions of active compounds as well. We
continue to maintain this infrastructure for advanced studies of chemical
biology and sustainable resource science.

Research Subjects
@ Expansion of the database of the chemical bank, “Natural Products Depository
(NPDepo)”

@ Expansion of the chemical library using genetic engineering and synthetic
chemistry

@ Exploration of bioactive small molecules and development of new analytical
techniques for target identification

Research Results

@ We established an analysis system, 2DE-CETSA, for comprehensively
searching the thermal stability-shifted proteins by binding to a new compound
and identified PKM2 as a target protein of NPD10084.

@ We revealed 3™-Alkyl ABAs serve as agonists for different ABA receptors
depending on the length of their 3’-alkyl chains.

@ Anew antifungal compound YO-001A was found from the culture broth of
Streptomyces sp. YO15-A001 isolated from a soil sample collected in Toyama
Prefecture.

ABA receptor subfamlly

Csm ) sn (S stomata @
(+)-ABA
(+)-3"-Methyl ABA
(+)-3"-Ethyl ABA
(+)-3'-Propyl ABA

(+)-3"-Butyl ABA
(+)-3Pentyl ABA |1

R

FE5HI / Publications

Nagasawa, |. et al.

Identification of a small compound targeting
PKM2-regulated signaling using 2D gel
electrophoresis-based proteome-wide CETSA.
Cell Chem. Biol. 27, 1-11 (2020)

Yoshida, K. et al.

Abscisic acid derivatives with different alkyl chain
lengths activate distinct abscisic acid receptor
subfamilies.

ACS Chem. Biol. 14, 1964-1971 (2019)

Yamamoto, K. et al.

YO-001A, a new antifungal agent produced by
Streptomyces sp. YO15-A001.

J. Antibiot. 72, 986-990 (2019)
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3’-Alkyl ABAs served as agonist for different ABA receptors
depending on the length of their 3’-alkyl chains.
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Exploiting methodologies to resolve environmental and

resource-related problems using chemical biology

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.

Research Subjects

@ Chemical regulation of the lipid metabolism for effective biofuel production

@ Chemical regulation of the nitrogen cycle for prevention of global warming

FEEH / Publications

Takase, S. et al.

Mechanism of action of prethioviridamide, an
anticancer ribosomally synthesized and
post-translationally modified peptide with a

polythioamide structure.

ACS Chem. Biol. 14, 1819-1828 (2019)

Ling, F., Bradshaw, E., Yoshida, M.

Prevention of mitochondrial genomic instability in yeast

by the mitochondrial recombinase Mhr1.

Sci. Rep. 9, 5433 (2019)

Mitsui, E. et al.

Identification of ryuvidine as a KDM5A inhibitor.

Sci. Rep. 9, 9952 (2019)
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@® We found that mitochondrial genomic instability is suppressed by the
mitochondrial recombinase Mhr1 in yeast.

Jagat CHHIPI SHRESTHA

@ KEEEERRIY—ZV T DR EXN VB AFILEEERKDMSADHT LW\ BEEH] Technical Staff
&UTRyuvidineZz#R LT, @ We discovered Ryuvidine as a novel inhibitor of histone demethylase KDM5A Touko INABA
through high throughput screening. Rumi KUROKAWA
Mayumi ARATA

Chemical genomic approaches

shRNA library screening
Binding proteinscreening
Transcriptome analysis
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Atsushi HASHIMOTO
Megumi TAKASE
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Cell death 1 A model for the prevention of mitochondrial DNA
Prethioviridamide targets mitochondria to induce \ / petite (mtDNA) deletion mutagenesis by Mhr1-driven
the integrated stress response and cell death. phenotype recombination and mtDNA replication.
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Molecular Ligand Target Research Team
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Exploring target molecules and mode-of-action of bioactive compounds
through global analysis of chemical genetic interactions
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Charles M. BOONE Ph.D.

Generation of drug-resistant mutants
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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.

Research Subjects
@ Global analysis of chemical genetic interactions between molecular ligands and
their target molecules
@ Validating the mode of action of bioactive compounds

@ Identifying bioactive chemical tools and therapeutic leads that target essential
gene pathways

Research Results
@ We established a pipeline for identification of mutations that confer
drug-resistance, which often identifies the target gene directly.

@® We adapted CRISPR-Cas9 technology to human HAP1 cell line for chemical
genomics.

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

I 1) Yeast chemical genomics
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Target biplogical process predictions on
genetic interaction network
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FEIHI / Publications

de Paula e Silva, ACA. et al.

Decyl gallate as a possible inhibitor of N-glycosylation
process in Paracoccidioides lutzii.

Antimicrob. Agents Chemother. 63, €01909-01918
(2019)

Zhou FL. et al.

Integrating yeast chemical genomics and mammalian
cell pathway analysis.

Acta Pharmacol. Sin. 40, 1245-1255 (2019)
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Identification of drug targets using yeast chemical
genomics and CRISPR knockout screen
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Molecular Bioregulation Research Team
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Shinya HAGIHARA Ph.D.

Small-molecule inhibitor for 14-3-3 proteins
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Regulation of plant physiology with synthetic molecules

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.

Research Subjects

@ Precise control of plant hormone signaling
@® New methodology for regulating plant reproduction

@ Development of new technology in chemical biology

Research Results

@ We discovered a potent inhibitor for 14-3-3 proteins.

@ We developed the modified AID system for the targeted protein degradation in
plants.

@ We developed the bump-and-hole pair of cytokinin perception.

. cytokinin

L Chemical modification :
- -

Endogenous
signaling independently to natural system

Induction of cytokinin signaling

FEEHI / Publications

Oshima, T. et al.

Cell-based screen identifies a new potent and highly
selective CK2 inhibitor for modulation of circadian
rhythms and cancer cell growth.

Sci. Adv. 5, eaau9060 (2019)
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A bump-and-hole pair of cytokinin and its receptor
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Metabolome Informatics Research Team
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Metabolites

Mass spectrum  Data Science

Image of MS-DIAL software program
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Developing software platforms and databases for metabolomics research

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.

Research Subjects

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

@ Integration of metabolic databases

Research Results

@ We released the RIKEN Plant Metabolome Metadatabase (PMM).

@® We developed a software program to utilize ion-mobility data for metabolite
identification.

@ We released the spectral library for lipidomics study.

RIKEN Plant Metabolome MetaDatabase mm)

An integrated plant metabolomedata repository based on the semantic web

I Metabolome Metabatabase (RMM) I8 an integmted plant metabolome data repository based on the

B search option @ Species
| et B8 Theme
@ i
& plantMetabolomics (i e a pataType

& V34— Projets Experiments  Mass Spectal File s Messtirement Condtion s Dataset s Related MetaDatabase
Dots Anslysis s Sampler  Safnple Praparstion »

@ RIKEN MetaDatabase

| Plant Metabolome " Heme ~ Openin nowwindow « Sie Poliy i

<’ MetaDatabgsgy ¢ . e cnermac st v sk s st o rem S ———— Py

FEIHI / Publications

Tsugawa, H. et al.

A cheminformatics approach to characterize
metabolomes in stable-isotope-labeled organisms.
Nat. Methods 16, 295-298 (2019)

Vu, N.T. et al.

Comparative co-expression network analysis extracts
the SIHSP70 gene affecting to shoot elongation of
tomato.

Plant Biotechnol. (Tokyo) 36, 143-153 (2019)

Tada, |. et al.
Creating a Reliable Mass Spectral-Retention Time

Library for All lon Fragmentation-Based Metabolomics.

Metabolites 9, E251 (2019)
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RIKEN Plant Metabolome Metadatabase at
http://metabobank.riken.jp
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Molecular Structure Characterization Unit
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Structures of clerodane diterpenoids that
restores growth in HSET-overproducing
fission yeast cells
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Developing technologies and platforms for

structure characterization by NMR and MS analyses

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.

Research Subjects

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

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

@ Research supporting activity and collaborative research with NMR and mass
spectrometry

@ Development and application of new methodologies for determination of
stereochemistry by NMR, CD, and other spectroscopic methods assisted by
organic synthesis

Research Results

@ We performed isolation, identification, and synthesis of a new prenylated
cinnamic acid derivative from Brazilian green propolis and quantification of
bioactive components.

FEIHI / Publications

Tani, H. et al.

Isolation, identification, and synthesis of a new
prenylated cinnamic acid derivative from Brazilian
green propolis and simultaneous quantification of
bioactive components by LC-MS/MS.

J. Agric. Food Chem. 67, 12303-12312 (2019)

Nishigaki, S. et al.

Synthesis of belt- and Mobius-shaped
cycloparaphenylenes by rhodium-catalyzed alkyne
cyclotrimerization.

J. Am. Chem. Soc. 141, 14955-14960 (2019)

Kanoh, N. et al.

An integrated screening system for the selection of
exemplary substrates for natural and engineered
cytochrome P450s.

Sci. Rep. 9, 18023 (2019)
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Senior Technical Scientist
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Technical Staff

@® We elucidated structures of clerodane diterpenoids, kolavenic acid analogs, from Eiyu IMAI
Solidago altissima that restored the growth of fission yeast cells exhibiting lethal
kinesin-14 HSET overproduction.
@® We determined structures of new eremophilane sesquiterpenoids peribysins O,
P, and Q, and a new chlorinated melleins from Periconia macrospinosa KT3863.
MeO MeO
HOI [
OMe (0]
Cl ™ o OH O OMe O
Structures of cyclopericodiol and
s . 2 " new chlorinated melleins from
cyclopericodiol two new chlorinated melleins Periconia macrospinosa
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Biomolecular Characterization Unit
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Schematic of MS3-based
methylnucleoside isomer identification
on RNA sequences
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To resolve the mystery of biological phenomena,

we examine the pr otein structure

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.

Research Subjects
@ Development and application of analytical methods for structural details on
biological molecules
@ Development of quantitative analysis of biomolecules

@ Identification and characterization of RNA by mass spectrometry

Research Results

@ Three-dimensional structural analysis of the photosystem | complex of
cyanobacterium which is adaptable to far-red light revealed that some subunits
and pigments were replaced under far-red light and white light.

@ Three-dimensional structural analysis of the diatom photosystem
II-light-harvesting chromoprotein (FCP) complex revealed that various FCP
proteins and pigments were involved in the adaptation to the change of light
environment.

@ An MS3-based method for distinguishing methylnucleoside isomers revealed the
methylation profile of Leishmanial ribosomal RNA.
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FEEHI / Publications

Kato, K. et al.

Structural basis for the adaptation and function of
chlorophyll fin photosystem I.

Nat. Commun. 11, 238 (2020)

Nagao, R. et al.

Structural basis for energy harvesting and dissipation
in a diatom PSII-FCPII supercomplex.

Nat. Plants 5, 890-901 (2019)

Nakayama, H. et al.

Method for Direct Mass-Spectrometry-Based
Identification of Monomethylated RNA Nucleoside
Positional Isomers and Its Application to the Analysis of
Leishmania rRNA.

Anal Chem. 91, 15634-15643 (2019)
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Label-free quantification of
photosystem | subunit under
far-red and white light using
mass spectrometry
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Mass Spectrometry and Microscopy Unit
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Providing mass spectrometric and

microscopic platforms for plant science

Mass spectrometric and microscopic analyses 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 and on microscopy for the
ultrastructural observation of the plant cells.

Research Subjects

@ Plant metabolomic analyses by mass spectrometry
@ Plant hormone analyses by mass spectrometry

@ Microscopic analyses of plant tissues and cells

Research Results
@® We conducted inter-laboratory comparison of metabolite measurements for
metabolomics data integration.

@ We identified that cytokinin biosynthesis induced by photosynthetic sugars in
roots is one of the causes of growth promotion under elevated CO,.

@® We improved correlative light and electron microscopy (CLEM) using light
microscopes and electron microscopes, and developed the new applications for
sample preparation.

FEIHI / Publications

lzumi, Y. et al.

Inter-laboratory comparison of metabolite
measurements for metabolomics data integration.
Metabolites 9, 257 (2019)

Kiba, T., Takebayashi, Y., Kojima, M., Sakakibara, H.
Sugar-induced de novo cytokinin biosynthesis
contributes to Arabidopsis growth under elevated CO..
Sci. Rep. 9, 7765 (2019)

Toyooka, K., Shinozaki-Narikawa, N.

Efficient fluorescence recovery using antifade reagents
in correlative light and electron microscopy.
Microscopy 68, 417-421 (2019)
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CLEM system for transmission electron
microscope and CLEM image
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Chemical Resource Development Research Unit
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] o 1. RIKEN Other
Achievement of chemical library provision Center, 1,736

Expanding and using chemical libraries

to accelerate chemical biology research

A chemical library is an indispensable tool to promote research on the
regulation of cell functions and drug-discovery under the strategy of chemical
biology. To ensure the utilization and application of the chemical library, we
promote research supports for chemical biology and resource science by
providing chemical compounds, their information, and structure-activity
relationship analysis. Moreover, we are enriching the chemical library by
cooperating with Chemical Biology Research Group and Natural Product
Biosynthesis Research Unit.

Research Subjects

@ Chemical library utilization

@ Research promotion by structure-activity relationship analysis and optimization
of chemical structures

Research Results

@ From chemical library of the RIKEN Natural Product Depository (NPDepo),
NPD13668 was identified as a potential modulator of EZH2 methyltransferase
activity, which was overexpressed in many types of highly malignant cancers.

@ In the RIKEN Pioneering Project (Chemical Probe), the mission of our unit is to
connect compound depositors to screening groups by preparation,
management, and provision of compounds, we collect the reports of screening
results and forward them to depositors.

@ To ensure utilization and application of chemical library, we provided chemical
compounds and their information to domestic and international research
institutes.

Total 94,614 compounds

Drug like
Synthetic
Compounds
64,797 cmpds.

Natural Procuct Peptide-related
Derivatives | . Compounds
18,417 cmpds. / rl - 7,600 cmpds.
Natural Procucts
3,800 cmpds.

FEEHI / Publications

Murashima, A. et al.

Identification of a chemical modulator of
EZH2-mediated silencing by cell-based
high-throughput screening assay.

J. Biochem. 166, 41-50 (2019)

Takase, S. et al.

Mechanism of action of prethioviridamide, an
anticancer ribosomally synthesized and
post-translationally modified peptide with a
polythioamide structure.

ACS Chem. Biol. 14, 1819-1828 (2019)

Shuy, K. et al.

Development of mirror-image screening systems for
XIAP BIR3 domain inhibitors.

Bioconjug Chem. 30, 1395-1404 (2019)
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Drug Discovery Chemical Bank Unit
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Total 66 Subject Total 2,442 Compounds

P-CREATE
(686) |

P-CREATE

\
$10) | DMP

(1,756)

Achievement of chemical library provision

Proper management and provision of chemical compounds
to support research for drug discovery and development

This unit takes over the role of 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 drugs and supply them for validation of biological
activity, toxicity or safety. In cooperation with the Chemical Resource
Development Research Unit, we also construct and provide a chemical library
for drug-discovery screening to the Seed Compounds Exploratory Unit for Drug
Discovery Platform and other researchers. We have constructed the database
for the management of the chemical library to provide compounds efficiently.

2019FEE X /\— / FY2019 Members

Unit Leader
Hiroyuki OSADA
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Technical Staff
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Motoko UCHIDA

Research Subjects

@ Storage of chemical libraries for drug-discovery
@ Provision of chemical libraries for HTS to explore drug seeds

@ Construction of database for management of chemical library

Research Results

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

@® We prepared standard 10mM solution of NPDepo core library compounds for
HTS.

DMP Chemical Library

825

Total 29,645 Compounds

[ OMPHTS Library
. DMP collaborative Research Library

. AMED Drug Discovery Support Network (DDSN)
DMP chemical library in storage
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Drug Discovery Seed Compounds Exploratory Unit

MEARZENET DY —F/U—MEENZE HTSICKVERRELXT

LRI

83 =~y hJ—9"—  Unit Leader
SH T mwet
Minoru YOSHIDA D.Agr.

BIEEY — M AYRFREE I =y M BIEENE UTHF S NS D FICERT
BHUWERER AV ZEY I T IV —DoRBEICRERT B2 EICE5 T
BIEY—RNOREZBHIETY,

WRT—<

@ VEMARKIUHRERT7 vEAICED/INA ZRIL—TY NI —ZV T (HTS)
@ HREAA—IV S CEDKIINAAVT YRR ==
O CREGFRBICLIBEBORRAELT(ERESEZ(LEYDHTS

AR

O B A EEEMTER IOV L8 SO EIREFRE A B A E R 706 R
BRI AV ERRIERRERE OGE3T—VICHWT, Split Luciferasetk iz
ERERUHRT v 1 REWEL HTSFHERE U I LT,

© B AIE-ERRMER 7O 5L BIMRRAEEADRERMFTRAERE R
HANAERRIEMAEE ELOHERAERICEWT GE9T—VOHTSZXEL
TeoHTSZEE T U5 T =Y DZNZNICE W I =7y M FICIER I B ATREIED
BBy MEMESHAE L.

© EW A EERMER IOV SLD2T—XICEWT.Y—REaalE%=8iE0L
THBRERSINIALEYIDin vitroFHiliZ 3= HE U Tz,

u Split luciferase
u Alpha

» Luminescence
© Absorbance

= TR-FRET

u Cell imaging

m Under

Discovering seed and lead compounds by HTS to develop new drugs

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.

Research Subjects

@ High throughput screening (HTS) using in vitro and cell-based assay systems
@ High content screening based on cell imaging

@ HTS for compounds that recover yeast phenotypes induced by expression of
human genes

Research Results

@ We developed new HTS assay systems to screen for active compounds
acting on 3 target molecules in the RIKEN program for the Drug Discovery
and Medical Technology Platforms (DMP), and the Japan Agency for Medical
Research and Development (AMED) Project for Cancer Research and
Therapeutic Evolution (P-CREATE), using our Split luciferase technique.

@ We carried out 9 kinds of the HTS campaign in the RIKEN DMP, AMED
P-CREATE, and collaboration themes. We identified various hit compounds
for total 5 targets, which are candidates that act on targets.

@ We conducted in vitro assays for 2 themes, which aim to evaluate the
structure—activity relationship for lead compounds generation.

FEH / Publications

Mitsui, E. et al.
Identification of ryuvidine as a KDM5A inhibitor.
Sci. Rep. 9, 9952 (2019)

Shirai, F. et al.

Discovery of novel spiroindoline derivatives as
selective tankyrase inhibitors.

J. Med. Chem. 62, 3407-3427 (2019)
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HTS themes carried out in FY 2019, 3 :
categorized by assay methods consideration
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Drug Discovery Chemistry Platform Unit
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Activation of NKT by a glycolipid triggers
augmentation of both innate and adaptive immunity.
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Cancer immunotherapy by NKT activation

Phase | clinical study entry for an investigator-initiated, cell-based,
individualized cancer immunotherapy

Natural Killer-T cell activation WARRS (PN 1‘

4
Glycolipid T

. MHCindependent
attack

Tumor cells

MHC dependent
) ttack

Tumeor antigen

iy Adaptive immunity |

Pursuing small molecule drug discovery and targeted protein degradation

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

Research Subjects

@ Small molecule drug discovery and targeted protein degradation

Research Results
@ Anewly identified glycolipid ligand is currently in an investigator initiated Phase 1
clinical trial for individualized, cell-based, cancer immunotherapy.

@ Anewly identified small molecule is currently in preclinical development for the
treatment of colon cancer.

@ Anewly identified small molecule is currently in preclinical development for the
treatment of fibrodysplasia ossificans progressiva.

Tankyrase inhibitors for cancer treatment

RK582 in preclinical development

RK-0140160 RK-0287107 RKS82
(HTS hit) (Lead compound) (Preclinical candidate)
o o "
~~Vehicle
[:\ U\ Hit to Lead lf‘\m‘u‘ NH - Lead Optim ::
Ty ome >N NN = F ) &
| N L /kx o —
SNy .
U‘ /! N oW :
Commercially available, Patentable structure : '

Difficult-to-patent series

Y / f‘
/M.,smm r~
* Obtained after screening v ”‘ N,
>230,000 compound library / / «;
e Multifactorial optimization
v
supported by structural y _’_«
biological studies

X-ray cocrystal structure

Relative body weight Relative tumor volume

Dose-dependent, robust tumor
growth inhibition in vivo

FEIHI / Publications

Shirai, F. et al.

Discovery of Novel Spiroindoline Derivatives as
Selective Tankyrase Inhibitors.

J. Med. Chem. 62, 3407-3427 (2019)

Sekimata, K. et al.

Bis-Heteroaryl Pyrazoles: Identification of Orally
Bioavailable Inhibitors of Activin Receptor-Like
Kinase-2 (R206H).

Chem. Pharm. Bull. 67, 224-235 (2019)

Saito, S. et al.

Eradication of central nervous system leukemia of
T-cell origin with a brain-permeable LSD1 inhibitor.
Clin. Cancer Res. 25, 1601-1611 (2019)
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Bioprobe Research Group
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Activation of serine biosynthetic pathway
upon mitochondrial inhibition
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Proceeding the research of systems chemical biology

in collaboration with Max Planck Institute in Germany

In collaboration with a group of Max Planck Institute (MPI) of Molecular
Physiology (group of Prof. Herbert Waldmann), Dortmund, Germany, we
perform a chemical biology study. We exchange young researchers from each
other for tight and continuous collaboration.

Research Subjects

@ Target identification of bioactive compounds

@ Screening for small molecules with effects on animal cells and analyses of their
mechanisms of action

@® Mining and functional analyses of molecular targets

Research Results
@ We found that a novel inhibitor of tumorspheres activates serine biosynthetic
pathway upon mitochondrial inhibition.

@ We have developed a microplate-based method to analyze the chronological life
span of yeast, Saccharomyces cerevisiae.

@® We have identified a target protein of a small molecule that inhibits cancer cell
accelerated migration using photo-cross linked beads and MALDI-TOF mass
spectrometry.

Ageing Culture

2,Day 4, Day 6, .. |

° s 0 " 20 s
Time (Mours)

Outgrowth Culture '

e iy

Microplate

Absorbance Reader

FEIHI / Publications

Subedi, A. et al.

A novel inhibitor of tumorspheres reveals the activation
of the serine biosynthetic pathway upon mitochondrial
inhibition.

FEBS Lett. 593, 763-776 (2019)

Kwong, M.M.Y. et al.

Comparison of microplate- and bottle-based methods
to age yeast for chronological life span assays.

J. Microbiol. Methods 167, 105743 (2019)

Suvarna, K. et al.

Identification of target protein for bio-active small
molecule using photo-cross linked beads and
MALDI-TOF mass spectrometry.

Bio-protocol 10, €3517 (2020)
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2-Sulfonylpyrimidines were identified to inhibit S
the enzymatic activity of the kinesin HSET by
covalently targeting cysteine residues.
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Identification of small molecules with effects on cell growth

in collaboration with Max Planck Institute in Germany

In collaboration with a group of Max Planck Institute (MPI) of Molecular
Physiology (the group of Prof. Herbert Waldmann), we study the cell cycle
control through the identification of small-molecule inhibitors of the proteins
that have an important role for the progression of cell division. We propose the
collaboration of these two groups by taking the merits of both different
approaches by frequently exchanging materials, technologies, and information.
For example, after sending compounds of RIKEN NPDepo chemical library to
MPI, the MPI group will screen for compounds that arrest cell division with
interesting phenotypes. Then we will analyze the mechanism of action of the
compounds by identifying the target proteins of the compounds. Oppositely, the
MPI group will provide their compounds for the screening by the high
throughput system of us. The isolated interesting compounds will be deeply
analyzed by the MPI cell biology group.

Research Subjects

@ Screening for small molecules with effects on cell growth and analyses of their
mechanism of action
@ Identification of molecular targets of bioprobes

@ Mining of novel molecular targets and developments of their ligand isolation
system

Research Results
@® We found that 2-sulfonylpyrimidines inhibit the enzymatic activity of the kinesin
HSET by covalently binding and induce multipolar mitoses.

@ We found a small-molecule modulator of heterotrimeric Gi-protein by integrated
phenotypic profiling and chemical proteomics.

@ We established the methods to measure the ATPase activity of
valosin-containing protein/p97 and examined the effects of small molecules on it.

Chemical Proteomics Discovery of G; Modulator

Affinity  Cellular proteins
probe

oo el
.. N“
Mass spectrometry / Heterotrimeric

'
——icp G, protein
\ \/ ‘ I NPD9055 y~

FEIHI / Publications

Forster, T. et al.

2-Sulfonylpyrimidines target the kinesin HSET via
cysteine alkylation.

Eur. J. Med. Chem. 2019, 5486-5496 (2019)

Yang, N. et al.

SUMO3 Modification by PIAS1 Modulates Androgen
Receptor Cellular Distribution and Stability.

Cell Commun. Signal. 17, 153 (2019)

Suvarna, K. et al.

Measurement of ATPase activity of valosin-containing
protein/p97.

Bio-protocol 10, €3516 (2020)
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Structure of gotjawaside and gotjawalide
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Gotjawaside

Gotjawalide

Formation of mutual network and promotion of chemical biology study

Our unit is collaborating with Anticancer Agent Research Center of KRIBB
directed by Dr. Jong Seog Ahn on the integrative research of bioactive
compounds derived from microorganisms. The goal of this joint team is the
discovery of drug candidate compounds through the chemical biology research
from the chemical studies such as screening, isolation and structure
determination to the biological studies such as biosynthesis, evaluation of
biological activity, and the understanding of the mechanism of action.
Exchange and long-term stay of researchers will promote the formation of a
human network.

Research Subjects

@ Target identification of bioactive compounds
@ Screening and isolation of novel bioactive microbial products

@ Understanding of biosynthetic mechanism of microbial secondary metabolites

Research Results

@® We identified two new compounds gotjawaside and gotjawalide from
Auxarthron sp. KCB15F070.

FEEHI / Publications

Kim, J.W. et al.

Aromatic butenolides produced by a soil ascomycete
Auxarthron sp. KCB15F070 derived from a volcanic
island.

Tetrahedron Lett. 60, 151227 (2019)
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Towards establishment of a unified field
“Sustainable Resource Science”

On April 1, 2020, | was appointed to be the director of RIKEN Center for Sustainable
Resource Science (CSRS). Since its establishment in 2013, this research center has played a
leading role in realizing a sustainable society through the fusion of different fields of plant

science, chemical biology and catalytic chemistry under
the leadership of former director Dr. Kazuo Shinozaki.
An important mission of this research center is to
promote "problem-solving" research and
development that contributes to sustainable
development and addresses global issues,
such as resolving climate change and
breaking away from fossil resource use.
To this end, during the Fourth Mid- to
Long-term Plan (2018 to 2025), we
established five flagship projects, using
the Sustainable Development Goals
(SDGs) adopted by the United Nations as
important benchmarks. Going forward, it
is important not only to steadily promote
these projects by carrying out their
research plans, but also to establish a
unified field “Sustainable Resource
Science” that truly connects the flagships
and without barriers between different
fields.

Kazuki SAITO
Director, CSRS (from April 2020)
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