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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
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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 agreement of the COP21 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
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Accelerating Collaborations

RIKEN CSRS has a significant focus on basic
research, but because it is a challenge for us to
channel that research into direct applications, we are
energetically promoting collaborations with external
research institutes with strengths in applied research
and with universities that are closely aligned with our
own directions in order to utilize our basic research
results.

—

. National Institute of Advanced Industrial Science
and Technology (AIST), Hokkaido University,
National Institute for Materials Science (NIMS)

2. The Institute of Transformative Biomolecules (ITbM)
and the Graduate School of Bioagricultural
Sciences at Nagoya University

«

Fisheries Research Agency (FRA) and the Japan
Agency for Marine-Earth Science and Technology
(JAMSTEC)

4. National Agriculture and Food Research
Organization (NARO)
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From Basic to Applied Research

The collaboration with AIST, Hokkaido University and
NIMS is in the area of catalyst informatics and aims to
use air as a resource. Catalyst informatics science
aims to use data science and machine learning to
efficiently design and develop catalysts. The ultimate
goal is to develop and put into practical use a catalyst
that can produce raw materials for chemical products
from air at low cost and using low amounts of energy.

The collaboration with Nagoya University is promoting
the establishment of a science and technology hub that
promotes research through the development of various
integrated fields such as basic plant research/crop
breeding and natural products chemistry/synthetic
chemistry. The specific theme of the collaboration is
“Clarification of plant productivity control mechanisms
and breeding applications for rice plants”. We are also
working with ITbM on collaborative research that
makes use of their library of unique compounds.

The collaboration with FRA and JAMSTEC focuses on
marine resources from a variety of perspectives, from
food to the marine environment—specifically, the
development of feed for tuna and eels, and forecasting
changes in the seawater environment. With respect to
the latter, Al has made it possible to forecast with
considerable accuracy.

The collaboration with NARO aims for sustainable
development of the agriculture/food industry, provide a
stable supply of agricultural products, and promote the
use of crop bioinformatics in the agriculture and food
industries. To develop high-quality, high-value added
plants and crops that are adapted to environmental
stress, it is necessary to develop trait improvement
techniques on the ground. However, RIKEN lacks
large-scale facilities and practical experience in such
fields. We believe the collaboration with NARO will help
us overcome these issues in advancing our research,
as NARO has research bases throughout Japan.
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Makoto HAYASHI
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New Developments That
Engage Young Researchers

Interaction with people from different research
institutes is also very important when taking on
challenges in different fields. With the overarching
goal of contributing to a sustainable society, such
interactions will allow CSRS to exchange wisdom with
others and plan new projects that were previously not
done at RIKEN. While thinking about the applied
aspects of research, we would like to make full use of
our young researchers and nurture researchers who
are working in new scientific fields or in applied
science. By matching funds for challenging
research, it is expected that young and
mid-career researchers will be able to
oversee budget funds and advance joint
research. It is necessary for RIKEN to
think about mechanisms that will create a
win-win relationship for each of the
organizations involved.
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From basic research to
application and innovation:
Five flagship projects,
using information science,
providing solutions

to global issues

In 2015, the United Nations General Assembly adopted a
set of 17 SDGs to be achieved by 2030. The power of
science and innovation is essential when addressing
these global issues. CSRS leverages its strength in
research and promote five flagship projects focusing on
seven goals. In addition to interdisciplinary research in
plant science, chemical biology, catalytic chemistry, and
biomass engineering, CSRS adopts latest technology in
data science, artificial intelligence (Al), and genome
analysis to produce innovative results.
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Innovative Catalysts
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Contributing to sustainable production
of foods and biomass
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Developing high-performance catalysts for
efficient utilization of natural resources
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Expanding production and use of bioproducts
from plants and microorganisms
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Advanced Researchand Technology Platforms
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Building and using research and technology

platforms for development of new resources
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International
Collaborations

Innovative
Plant Biotechnology

Metabolic Genome
Engineering

e Innovative Catalysts
G Leading-edge Polymers

Advanced Research and
Technology Platforms

Drug Discovery Platforms
Cooperation Division

RIKEN-Max Planck Joint Research
Division for Systems Chemical Biology

RIKEN-KRIBB Joint Research Unit

Synthetic Genomics Research Group

Gene Discovery Research Group

Plant Immunity Research Group

Plant Genomic Network Research Team
Cell Function Research Team

Plant Symbiosis Research Team
Bioproductivity Informatics Research Team

D y and Adaptation

h Unit

Stress Adaptation Research Unit

Environmental Response Research Unit
Metabolomics Research Group

Metabolic Systems Research Team

Environmental Metabolic Analysis Research Team
Cell Factory Research Team

Natural Product Biosynthesis Research Unit

Advanced Catalysis Research Group

Catalysis and Integrated R h Group
Advanced Organic Synthesis Research Team
Green Nanocatalysis Research Team
Biofunctional Catalyst Research Team
Bioplastic Research Team
Biomacromolecules Research Team
Advanced Catalysis Research Group
Chemical Biology Research Group

Chemical Genomics Research Group
Molecular Ligand Target Research Team
Molecular Bioregulation Research Team
Metabolomics Research Group

Metabolic Systems Research Team
Environmental Metabolic Analysis Research Team
Metabolome Informatics Research Team
Molecular Structure Characterization Unit
Biomolecular Characterization Unit

Mass Spectrometry and Microscopy Unit

Chemical Resource Development Research Unit

Drug Discovery Chemical Bank Unit
Drug Discovery Seed Compounds Exploratory Unit
Drug Discovery Chemistry Platform Unit

Bioprobe Research Group

Bioprobe Application Research Unit
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Innovative Plant Biotechnology

Contributing to sustainable food and
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biomass production through development

of plant trait improvement technologies
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Control cle25 mutant bami1bam3 mutant

Before
dehydration ‘

Rehydration S8
after \
dehydration

Dehydration stress tolerance by small peptide CLE25 and BAM receptors
(These mutations cause stress sensitive)
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Ken SHIRASU Ph.D. Motoaki SEKI Ph.D.

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.

PO00000®
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RIKEN Integrated Plant Phenotyping System (RIPPS)
for accurate plant phenotyping

Blue-light causes transcription start site change
for proper expression of light-regulated genes.

Research Results

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

® We identified new regulatory mechanism that induces stable
light-responsive gene expression by changing transcription start
site in the light environment.

@® We revealed the molecular mechanism of avoiding host
perception by downy mildew.

@ We established automated phenotyping system for monitoring
plant growth to understand relationship between plant genotype
and their phenotypes.

@ We demonstrated that AtPep3 is a hormone-like peptide that
plays a role in salinity stress tolerance.

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
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Metabolic Genome Engineering
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Stereoselective [4+2] cycloaddition by decalin synthases, Fsa2 and Phm7
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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.

Solanacase

A. Reactions catalyzed by DWF1/SSR1, SSR2 and 24I1SO
B. Possible evolutional scenario

Bio-isoprene production with Escherichia coli
harboring an artificial metabolic pathway

Research Results

@ We have identified a novel gene encoding a plastidic lipase,
which is involved in the heat-stress mitigation in plants.

® We have identified a key gene involved in the biosynthesis of
withanolides produced in Withania somnifera, also known as
an Indian Ayurvedic medicinal plant, ashwagandha.

@® We have succeeded in constructing an artificial metabolic
pathway biosynthesizing isoprene high efficiently, and
activating it in Escherichia coli.

@® We succeeded in the stereochemical control of
trans-decaline structure by the exchange of Fsa2-family
enzyme.

@® We have developed Al-methodology for the information
extraction of important variables from metabolic profiling of
NMR big-data.

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.

@ We will construct microbial biosynthetic platform by
metabolic engineering and produce useful compounds by
utilization of genetic resources.

@ We will try methodological advances for better bio-production

ety based on black-box optimization by machine-learning.
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Innovative Catalysts
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R R toluene, 70 'C
R' = alkyl, aryl « Selective a-C(sp®)-H alkylation
s 100% Atom efficiency
* Broad substrate scope
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Regioselective a-C-H
addition of methyl
sulfides to alkenes
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Developing new catalysts for

highly efficient use of natural resources

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

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

Electrolyzer

Long-term water electrolysis by Mn-based electrocatalyst

Research Results

® We developed acid-stable Mn-based water oxidation catalysts.

@® We demonstrated the electrochemical CO, reduction based on
electroautotrophic origin of life model.

@ We developed a new methodology for the enantioselective
synthesis of silicon-stereogenic silanes.

@ We achieved for the first time the selective a-C~H addition of
methyl sulfides to alkenes.

@ We developed chlorodifluoromethylation of alkenes with
chlorodifluoro acetic anhydride.

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 recyclable catalysts

A versatile synthetic method for CF2-containing
molecules via chlorodifluoromethylations
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Leading-edge Polymers
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Developing new polymers with beneficial
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functions improving efficiency in the use of
resources and creating new industries
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Healed after 5 min

Damaged in water
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Project Leader
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Hideki ABE Ph.D.
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Optical microscope images of damaged (left) and
repaired (right) functional polymers in air and water

BlZ’OYTIhU—5"— Vice Project Leaders
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Keiji NUMATA Ph.D.

& BE Izw:
Zhaomin HOU D.Eng.

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

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

function against various material surfaces.
Silk sol.

Research Results

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

@ We established the efficient synthetic process for the
polymerization of a,B-substituted olefinic monomers

@ We synthesized the novel super engineering polymers from
gallic acid which is aromatic compound derived from plants.

@® We developed the peptide polymers suitable for composites and
the methodology to improve the interfacial adhesion with
polymer resin.

@ We succeeded in biosynthesis of artificial silk proteins by using
photosynthetic bacteria.

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

Modulus ; 1.1 GPa
Tensile Strength ; 42 MPa
Elongation ; 13 %

Synthesis of polyesters with anthraquinone
backbone structure from gallic acid

Adhesion
mica
paper
pelypropylene
wood

Water/25°C
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Advanced Research and Technology Platforms

Advancing analytical technology and

FRiTEI R - FHREREREL.
BADBEZERMBDONT ELTA/R—Y3aVEES|ILIET

information platforms and leading innovation
as a science and technology hub in Japan
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Isomers may give similar mass spectral patterns =
@ Difficult to differentiate small metabolites
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Breakdown analysis by energy-resolved MS? =
@ Isomer identification without chromatography

EREBEEENS
£
B EEEER AR

. w P y‘ . u a3

Energy-resolved MS? facilitates identification
of isomeric small metabolites

Kazuki SAITO Ph.D.
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Masami HIRAI Ph.D.
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JO0YIgh—-5—
Project Leader

RHE 82 mewt
Hiroyuki OSADA D.Agr.
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SH R mpet
Minoru YOSHIDA D.Agr.

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.

{identifies the sirain) (identifies the conditian)
Flow of chemical genomic i
network analysis

Research Results

@ We developed a new method for differentiation and identification
of isomeric small metabolites based on energy-resolved tandem
mass spectrometry (ER-MS?).

@ Establishment of label free quantification of proteomics and
observation of lipid metabolic reprogramming in liver cancer
stem cells.

@ We established a platform for analyzing chemical genomic
network using molecular barcoded microbial and mammalian
cell libraries.

@ About 1000 compounds have been deposited to NPDepo from
the researchers of the RIKEN Pioneering Project (Chemical
Probe). Those compounds were used for various kinds of
screenings.

@ The combination of metabolomics and mathematical analysis
revealed that excess pyrophosphate inhibits UDP-Glc
pyrophosphorylase in vivo.

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

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

Creating
chemical-genefic
Interaction profiles

Deletion array
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Drug Discovery Platforms Cooperation Division

HERINZBNE T BHTSLRIFE(LR
[E&>TY—RU—RLEW%ZE

Discovery of seed/lead compounds by
HTS and medicinal chemistry for

BIRLET development of new drugs
SAEEERICEANEAERRT/ LAEREN S K The increased availability of genomic sequence

<D= HAIRIEABES MNCE>TETWNS, IS LT information has already allowed the identification of

EBHEOENWEENSE TN ERESRARIC 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.

INAUERY Blcoicid REDERICDRIF 270D
HUWEITPEHA ZORAED R RTH D, 2N o5h
ZL<DEBRPEDRBIREEBDDDH B, KFP

ANEFFFRAIC K BRI (P AT I 7 RIE) (FHERD Academic drug discovery has become a world-wide
HRTHD BN TIRAR - EERRMERTOTSA movement at universities and research institutions, in
(DMP) Zfta LT B O S MU IR 2RITE T Ty b response to which the RIKEN launched the Drug Discovery
TA—LELTRETZIE LD PHFS PRIEEN and Medical Technology Platforms (DMP). Capitalizing on

T2 EEEE LTINS, LRI EDMPD X/ t— & RIKEN'’s excellent track record in basic science and

LT BRIECBARRREANFITFU—c2nE products, state of the art equipment for high throughput
A ZN=T Y MeRD ) —==2 T (HTS) I 21 D38 screening (HTS), and medicinal chemistry for hit-to-lead and
DREHBREER VAT A BLVEY MBS U —RMEE lead optimization, our division aims at making innovative
MERRITDHDRIENEETTYRNTA—LELT contributions to the academic drug discovery effort.

RFUL FATITRIEAERI B ezBET,

technology, including a vast library of bioactive natural

SEDEYa Future Vision
® 1=—UBHTSHILAMZ1 75— DS @ Construction of unique chemical libraries for HTS
® IPSHIFIVCEMPEEFIELUIHTSY 7 /91 7ck? @ Promoting HTS using iPS and stem cells, and phenotypic
HTSD#EE HTS in order to find unique bioactive compounds

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

@ YUNNVBNERFHEATDFEEDIFRFRIEDT
YR A — LR

«Liquid dispensing of
compounds and
reagents into multi-
well plates

+Signal detection in a
multi-well plate format

e £

fopers; - mcatianuyses oy || Mebriode Mo- | iy o dhisioa

Cell Imaging Systems for High Content |Abioesance, Assay Homogeneaus
\, Screening O e\ g sysem) | g

;‘

+Analyses of target/compound
binding
T

BBPIR~ Division Director

SH & mre: .
Minoru YOSHIDA D.Agr. Facilities for HTS

BiR-X v I AT S J&EHER R ERPT
RIKEN-Max Planck Joint Research Division
for Systems Chemical Biology

VAFLRTEAILNAAOY —-HRZ
RAYRYIRA TSV IMRARRE

Proceeds the systems chemical
biological study with

EEUTEDTT Max Planck Institute in Germany
IVIRATSVIHEFR(NILRILS - DIV R 3% Exchanges of researchers and their resources between

BEUOE—— I—N—H—HBDTIL—T) L DE#E Max Planck Institutes (Groups of Prof. Herbert Waldmann

EHRLC. YRFALT I HILNAAO Y — (b BHF 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

REBORRIEE. BESVICHRERPIER. KifDH
WERZER 2. BIEITIR BB EY T T —
(NPDepo) IchZ L&YW Z (75— 53hER<E

EHIERDFHIEM. VY IR T IV IMAITIIHE chemical biological issues, such as methods for exploring
FERICLD. KDRVWEMEEEZE I 2L EYEEIE specific interactions between ligands and proteins of
TEFEERE IAEEO T LRI M- FEEE interest, and derivatization by chemical synthesis for making
BoTHD. ZOMENEEHIS b EICEBIBENAYT new compounds with better biological activities, opening the

way for not only understanding of various biological
phenomena but also drug discovery.

IHINAAOY - ROERZRET,

SgEoevay Future Vision
O ERNMREEBRT BIHDAMTR
® WANETIHMBEUEDOHZLEYSTATS)—DH]
@ HBEORY)—=vTTFYNTA— LD

@ 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

RIKEN-Max Planck Joint Research Division
for Systems Chemical Biology, CSRS
Bioprobe Research Group
Group Director Hiroyuki Osada
Bioprobe Application Research Unit
Unit Leader Nobumoto Watanabe

MPI of Molecular Physiology
Prof. Herbert Waldmann

Biology Oriented Synthesis “BIOS”
RIKEN Natural Product Depository “NPDepo”

MPI of Colloids and Interfaces
Prof. Peter H. Seeberger

Biofunctional Synthetic
Chemistry Laboratory

Chief Scientist Katsunori Tanaka

Chemical Glycomics Disease Glycomics

Collaboration between RIKEN and Max-Planck Institute

8BFIR. Division Director
RHE #<2 reet

Hiroyuki OSADA D.Agr.
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Research Collaboration Agreements

(1) Max Planck Institute of Molecular Plant Physiology, Germany

(2) Beihang University, China

(3) International Center for Tropical Agriculture, Columbia

@ John Innes Centre and the Sainsbury Laboratory, UK

(5 Umed Plant Science Center, Sweden

(6) KTH Royal Institute of Technology, Sweden

(1) University of California at San Diego, USA

(8 Agricultural Genetics Institute, Viet Nam

(9) National Taiwan Normal University, Taiwan

(10 University of Toronto, Canada

(i) National Laboratory of Genomics for Biodiversity, Cinvestav, Mexico

12 Plant Resilience Institute, Michigan State University, USA

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

e <
{10)
© (2
@ @)
@
o
FIRHEEHZR

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

® Hubrecht Institute, Nederland

O RYIRTSVIRREMR (R1Y)
Max Planck Institute (Germany)

BIHFERYIRT IV IBRIE AT LAIXT I AIINA
AOY—AHTOBEEREDT6H. 2011 FITEHF -
NYYRT SV EER TS — LB Y B E i
U RS RS U ADRfE A PRI ZREL
TV EERREHET DIcshH BRIV VR TLZR
AYVERARTHEEREICREL EFRE)— NI 2R
ZzBiEd.

RIKEN and the Max Planck Society signed an agreement
in 2011, to strengthen collaboration by establishing a joint
research center for systems chemical biology. We hold
the joint symposium every year since 2012 and promote

research collaboration with the aim to become a leading
world institution.

2 Y AYMILKE CRE)

Michigan State University (USA)

CSRSIF. 2018FICIVAVINIKRZE - fEYPL YTV
RSB - 1R A ICEI S %R E M Ul iE R
FHRDBICEIDARRE BB - AMBEREEEL
T HEEYSEDOREPEEDOFKEZERE T,
RIKEN CSRS and the Plant Resilience Institute, Michigan
State University concluded MOU on research collaboration
in 2018. Through research and development, education
and HR initiatives in fields of plant science, we contribute to
the development of education and the promotion of plant
science in Japan and the United States.

R LBEBERIIA (NMFL)
Agricultural Genetics Institute (Vietnam)

CSRSI&. 201 5F NN FLAREBIRFMRFAER N
BEZRIEL. F vt/ F1XOHNFERICET 24
EffFtEHEEL TV,

RIKEN CSRS and the Agricultural Genetics Institute
concluded MOU on research collaboration in 2015. We
promote collaborative research on molecular breeding
of cassava and soybean.

@) IR EERER HTE
EEREGEE WL (PE)

Zhejiang Hangzhou Future Science
and Technology City Manag Committee /
Zhejiang Ivy Institute of Technology (China)

EiE. 201 8F ICHE D MBI MM RFERI IR EER
BRMIEREREDRT MBI R DT
BTN IS BTN RERBIR (A TV RN=T) A
ICHTe BB HEM R ET T 2 EICEY 2 HAES IC
FENUTco T2ANNA A DY — R F TORERIFRZHE
LTV LB Ic BFAEDEFHNERIMAMOE
B R ERHET Do

RIKEN signed a joint statement with Zhejiang Hangzhou
Future Science and Technology City Management
Committee, and Zhejiang lvy Institute of Technology in
2018, with the aim to strengthen our relationship and
promote collaborative research activities in the field of
chemical biology.
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Research Collaboration Agreements
[1] ErEsgRA
Keio University
[2] MERZAZRT 2HMAR
Graduate School of Engineering, Kobe University
FIRKF
University of Tsukuba
[4] BHBAE NIV ARTF—ITATEGHTFHRM
Institute of Transformative Bio-Molecules, Nagoya University
[5] BERTILAS ARREMFWFER
Kihara Institute for Biological Research, Yokohama City University
[6] ESIHIEMFIEN MR ETATA
Forestry and Forest Products Research Institute
AWAEEA DT EDNAFRERR
Kazusa DNA Research Institute
[8] REHEFIAHEIEA 1B AT LARHE
E BT

National Institute of Genetics

AEEE Domestic Collaborations

EERE R Cooperative Graduate Schools

1) BERMI KPR F A SERZMER

&M T/ VAT LRI (RREMZ MR

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

2) BEBAFAFBRE BRIMAER

Graduate School of Bioagricultural Sciences, Nagoya University

3) WRAZAZ R
RPEGRIFMAREPRMZER

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

4) BERFARFIIETHRZER

Graduate School of Science and Engineering, Saitama University

5) REPAERLITIRL IR

Graduate School of Science, Kyoto University

6) RRLERFMEIETHMR

School of Materials and Chemical Technology, Tokyo Institute of Technology

7) MBRFRFIIEF MR

Graduate School of Science, Rikkyo University

8) RREWAF AR TERMAR

Graduate School of Engineering, Tokyo Denki University

9) RREMERAZAFREE AR EMER

Medical Research Institute, Tokyo Medical and Dental University

10) BMAFRRAFFIETLAMER

Graduate School of Science and Engineering, Tokyo Metropolitan University

M) BERFRFHIETHRT

Graduate School of Science and Technology, Gunma University

12) FRKZRFBGEBRIER

Faculty of Life and Environmental Science, University of Tsukuba

13) KERAZRF IR IATR

Graduate School of Science, Osaka University

FRHBE T

Principal Joint Research Agreements

LA

Okayama University

RRAE

The University of Tokyo

BHEERFAF L DRAMIR

Graduate School of Bioagricultural Sciences, Nagoya University
mEXRF

Hokkaido University

RRIFEXY

Tokyo Institute of Technology

REKRE
Kyoto University

FUMKRE

Kyushu University

RREMBIERATAZ RS

Nara Institute of Science and Technology
ENMRRBEEN BFTRERE

Japan Agency for Marine-Earth Science and Technology

EMERBEEN EREMKERMT L 82—

Japan International Research Center for Agricultural Sciences

EMRRBEN EERXMREMIR
National Institute of Advanced Industrial Science and Technology
ENMRRAREEN RERDEERMEEMIHRE

National Agriculture and Food Research Organization

B EE R B @A @ B8

B @ B

EHERRIEN KEMRR BEWE

Japan Fisheries Research and Education Agency

BR - BmERRI GRS
National Agriculture and
Food Research Organization (NARO)
BHE 201 7THICRE - BREERMTRSMRREBEEE-
BT 2 MEENME Ulc. B3 BREEDFRNBHKE
EREVOREHRB EVEOERBROAFAICLDIEE
IRES L OEEANB S 2 1k AT Ae xR R B1R (SDGs) DEM
ICEB 5 EZBELTW\WS,

RIKEN and NARO concluded an MOU on research collaboration
in 2017. The purpose of the MOU is to contribute to sustainable
agricultural and food development, stable supplies of agricultural
products and industrial promotion that makes use of crop
bioinformatics, as well as to achieve the UN’s sustainable
development goals (SDGs).

4@ EEEAS

Nagoya University
Bffid. 201 7F Ic B BRF & EHE - B OHEEICE T 58
A E Z s Lo CSRSTIE, B BERERZ AR RAN
BB LVONSVRATA =T« T EBD FHREMEEHELT
EH EREYHZLAMBERER. KAWL GRILZEE,
RMENTORAE LR ZHEL TS,

RIKEN and Nagoya University concluded an MOU on research
collaboration in 2017. RIKEN CSRS has been collaborating with
the Graduate School of Bioagricultural Sciences and the Institute
of Transformative Bio-Molecules. We are pioneering and
promoting integrated studies such as basic plant science/plant
breeding and natural products chemistry/synthetic chemistry.

M kEHR- RERE

Japan Fisheries Research and Education Agency (FRA)
EHffld, 201 7 FITKENT - BEMBLEE - HHICBET 5
TEZ G Ulco KEEE DRI R EKEYM DR ERIG. K
EEYOERBROFERICLDEXRAS L OEEHI B
2 i Al BE R AR BIR (SDGs) DERKICEBY 5728, CSRS
TIE AT OBTEROSEEE - SR RERFHR CEIE
REREOREEFETF AORK EORETHEHNZ
ToTW3,

RIKEN and FRA concluded an MOU on research collaboration in
2017. RIKEN CSRS has been carrying out joint research on such
topics as “High-performance, high-efficiency feed development for
aquacultured Bluefin tuna” and “Development of sound
assessment methods for the aquaculturing environment” to
contribute to sustainable fisheries development, stable supplies of
marine products and the use of bioinformatics in promoting the
marine products industry, as well as to contribute to the
sustainable development goals (SDGs) .
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‘ BEREBASETFL D' IV — / Gene Discovery Research Group

FHRICEBIEYRTFREZER

Newly discovered hormone helps keep plants from dehydrating

LYy —TIF TREEZIEUH. INETITE S MR PEIMORALZBE U, 441 D RFEEHRAFERBEL TV,

CSRS conducts collaborative research with 44 companies with the aim of practical application of our knowledge and technologies.

BRI L)/ BEEZF V(5 #a1—-oJuvr
BREILDHRAY TLY DEYIC L DTN EE B D) A ARREHEBEE DT D DELAMTFAFE

EYICEIRANLZAD DD > e EEICARDMBIEN SBEICCLE25RTFRH
MHENBZEERKR UKL ZONRTFRAEEZ B> TR SEICBEIL.
ZAREBAM) IEET DL K NRTFR-ZREFERICE >TRESNIV Y
FILD EOHMERBERNICGELD EARILEYD—DTHZITITVIVE
(ABA) DERZRIRIE2AR LD I EEMALE Ulc. AR RIE 212 %1E U
HETDERBANLRITBVMEY OIEE P R OB AL EBYOERR
BADHEYINRTFROGBIC DB DEHFTEED,

Researchers have discovered that peptide CLE25 moves from the roots to the
leaves when water is scarce and helps plants prevent water loss by closing pores in
the leaf surface. They also discovered BAM1/BAM3 receptors in leaf were the link
between CLE25 and ABA production. These research results should contribute to

© euglena Co., Ltd.

The Yokohama Rubber Co., Ltd. euglena Co., Ltd. the dzvelopment oflabiotic stress-resistant crops that take advantage of the mobile
: eptide system in plants.

Zeon Corporation Technology development for biofuel production increase BN BRI TOBRIZEZES pep v P

Efficient production of isoprene, a synthetic rubber material, from microalgae CLE25RT7FR-BAMEZ &K

by organism CLE 25 peptide-BAM receptor responsible

in long-distance signaling
EhS

18 2 (WE)

B —#(7I—T LI —)

Original article
A small peptide modulates stomatal control via abscisic acid in
long-distance signalling.

IRTHER AN EE RIKEN Internal collaborations e 2052352010

From left
Fuminori TAKAHASHI (Research Scientist)
Kazuo SHINOZAKI (Group Director)

‘ SEERERERMIRIRZE D' )L — 7 / Advanced Catalysis Research Group

FUWEREMERY < — DOBRFICRLTY

Scientists discover new type of self-healing material

Lty —TR AREDEAN ZEBORENTRAEL U ICOBRFEMOBEHE LT BHOE LI —ED
DEBITRMRET > WK, Fe. BHINRE I 2REMMAERZEA L HBMRBRORILICIDEATNEY,
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. BT AR DER

Leading-edge research facilities

HMEICHEV FTEMEEAVNSIEICEID BEAL 7 vEIFLYED

B8 (C —‘-—“ Y o . o oo e o~ .
N LY - BEREAEERL. BRESPOMEST. KOB. FILHUEAERETE, &

ERHEREMZT > 2— (AIP)

Center for Advanced Intelligence Project

EBERFMRLE—(MS)
Center for Integrative Medical Sciences

AmEERIF M 2> 42— (BDR)

Center for Biosystems Dynamics Research

RiAHERI 2Rz > 52— (CBS)
Center for Brain Science

BIRMER SR> 2— (CEMS)

Center for Emergent Matter Science

HBFTFHFE > 52— (RAP)

Center for Advanced Photonics

—RIIERRIZRFE 2> %— (RNC)

Nishina Center for Accelerator-Based Science

FHERIEMF 22— (R-CCS)

Center for Computational Science

R RFE > %— (RSC)
SPring-8 Center

NAFVY =T % — (BRC)
BioResource Research Center
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SPring-8

K computer

As of Mar. 2019

SIEATHIS—TORFCIRILF —E MR B THEHSBEERCERERE
BEERIHUVWEREEERY Y —  DRIRICHIILE UTc AR RIF SESFHR
BTECSEETRET. D OEAEOBWVHUWEREEMBRORAKICKES<ERYT
BEMFTEET,

Researchers have developed a new type of material, based on ethylene and
anisylpropylene, which exhibits a number of useful properties such as self-healing and
shape memory. Some of the materials can spontaneously self-heal even in water or
acidic and alkali solutions. This research result can be expected to greatly contribute
to the development of new functional materials that are self-healing and highly
practical under various circumstances.

ENS
&BRUINL—TF1LI5—)
NAEY T (BRIRRE)
vy (ERIRE)

P 1B (FEMRS)

From left
Zhaomin HOU (Group Director)

Haobing WANG (Postdoctoral Researcher)

Yang YANG (Postdoctoral Researcher)
Masayoshi NISHIURA (Senior Research Scientist)

FULVEREMRY Y — DR R T
Shape memory property of new functional polymer

Original article
Synthesls of Self-Healing Polymers by Scandlum -Catalysed
ization of Ethylene and Ani es.
Journal of the American Chemical Society
, 3249-3257 (2019)




LU AU —2 Press Releases

Date

2018.04.05

2018.05.02

2018.05.15

2018.05.17

2018.05.17

2018.05.21

2018.05.25

2018.05.29

2018.06.19

2018.06.27

2018.07.05

2018.07.06

2018.07.13

2018.07.13

2018.07.20

2018.07.26

2018.08.07

2018.08.08

2018.09.12
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IA RN [ Titles
LRIEBIEYRTFREHKR

Newly discovered hormone helps keep plants from dehydrating

SEFRAEERRD I IRE TR 2168

Initiating of “environmental prediction science” for marine microbial ecology

ETAERICR S LA ARERET

Catalyst design from genetic information

MRS PP TFROFKR

A plant peptide that enhances salt tolerance

TEMRRE CEREER DRI ES SR I RO YEZHR!

A new endogenous substance that induces asexual reproduction in phytopathogenic and

toxin-producing fungi

L9 R KA I ZETEICE TS

Lettuce can modulate its metabolism according to light intensity and quality

ANSZVOLAREESARRERDRIR

Structure-activity relationship of insecticidal okaramine

TERDTRS NI B 7 AR

Scientists discover key mechanism behind the formation of spider silk

FHITKRDHBYBEL T DI I8 AR I Z AR

Blue gene regulation helps plants respond properly to light

EYTSRIBEOY Z— I RBEHHDEZ<ZH EHMADEN

Indoor farmed lettuce tastes less bitter and more savory than soil-farmed lettuce

REREREAEEID T IEROER

Enzymes that selectively form enantiomers

EYPDEEMECESTZUNN—CBEFERR

Summer fun: how plants beat the heat

[FFEA | Dt H SRR

Rice plants evolve to adapt to flooding

MO —E7%ZEHRT 3

Full-scale monitoring of plants

SHISENITRAT DRTFROEHR

Library screening for peptides that can penetrate a variety of plants

WEILNATIANSA VTV ZER T T OHIMT =BT

Yokohama Rubber Develops World's First Technology for Producing Isoprene from Biomass

FYADAY I RS DESHBIET ZHR

Discovery of biosynthetic gene for a medicinal component of ashwagandha

AFUVEOBREE{LEINIL T ILA D7 )LF IR
A difunctionalization-type perfluoroalkylation reaction for styrenes

AICHFRREBEONMRI LSS T TRl ZEmR
Using Al to achieve the most highly accurate NMR chemical shift predictions

%R / Labs

HERERSEIRAG
Gene Discovery RG

BRIBHDHRT

Environmental Metabolic Analysis RT

SEARRERERRIRERZTT
Biofunctional Catalyst RT

1Y/ LFIRERRT / (ERERRSEERRG /
NAAEHFHAT

Plant Genomic Network RT / Gene Discovery RG /
Biomacromolecules RT

TEAINAFOI—-HRG
Chemical Biology RG

AIRO—LERART / HEEXIROZTRAHARG
Metabolome Informatics RT / Metabolomics RG

KRMEESHIRRU / T HIVNAF 0OV —HRG
Natural Product Biosynthesis RU / Chemical Biology RG

NAAEHFHAT
Biomacromolecules RT

BRY/ZTXMRG
Synthetic Genomics RG

HEXIROIIRARG
Metabolomics RG

KARYEBBIRU / T ZHIVINAF OV —HRG
Natural Product Biosynthesis RU / Chemical Biology RG

MEXIROIIRIARG / XIRO—LIBHRIFRT /
HEAEBIRETTAG

Metabolomics RG / Metabolome Informatics RT /
Gene Discovery RG

BT SRHERAEATU

Mass Spectrometry and Microscopy U

HEAEBIRIAG
Gene Discovery RG

NAABDFHRT
Biomacromolecules RT

#BBEAEEERZT
Cell Factory RT

FEXIROIT ARG / X9 RO—LIEHRART /
BT SEHERAEATU

Metabolomics RG / Metabolome Informatics RT /
Mass Spectrometry and Microscopy U

AR-RETHRG
Catalysis and Integrated RG

RIBRBDNTRZRT

Environmental Metabolic Analysis RT

Date

2018.09.13

2018.09.18

2018.10.02

2018.10.04

2018.10.19

2018.11.06

2018.11.22

2018.11.28

2018.12.05

2019.01.16

2019.01.22

2019.01.28

2019.01.29

2019.01.30

2019.02.07

2019.02.09

2019.03.11

2019.03.11

2019.03.19

2019.03.29

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

AL [ Titles
TEYDORE= 2T DERERR

Anew enzyme responsible for making two cotyledons

Y DRRERAE b B SEY SeRsa LA 2 B

Arevolutionary plant immunity enhancer that prevents pathogenic infection

HEYTILEY DY RS —EERTFBIL/BZR1 DR RIS SIS = [EH
Elucidating the specific steric structure of the plant hormone master transcription factor BIL1/BZR1

INAF T REEM L LS EIRR AN AT B DRIFE
A gene-stacking approach to overcome the trade-off between drought stress tolerance and growth in
Arabidopsis

F/IADFHUVEBEEYE

Novel bioactive compounds from a mushroom

FIRITBINS B D)L E /il
Gene regulator that allows plant rehydration after drought

YOS DNZEIVNO— LS B UVERIDRIF
Anew drug to control plant branching

BREMRIS TN A FRIZSE

Scientists develop system to rapidly and accurately detect tumor margins during breast cancer surgery

TEYRIRE DI 1SRG CeE A

Clever phytopathogenic mechanisms for evading recognition

TR A A AR

Clarifying the mechanism of vacuole formation in root-tip cells

RIFRICEBBETRECHEY OIS SIS EE

Plant structural vulnerability is important for peptide-based gene delivery

DUDTRAHEME

Activation of secondary metabolism in fungi

AR DR ZBE T DLWV HEH ZHR

Anew mechanism that promotes cell wall formation

SRULYDHZERE S PROTEICE T ZBIRERITZ R

Characterization of sulfur-compound metabolism underlying wax-ester fermentation in  u lena

FULEEEMARD 7 —DBIFCRITH

Scientists discover new type of self-healing material

FlEOIT3EL K ZEHIL TE DD LFDRIFICALI

A new drought-resistant and water-saving wheat plant

IRRFIEREMEM S T SR/ A FOEERIEHEF LREREAZISE

Identification of onion flavonoid production factors and affiliated chromosomes

VIWIEEERICT B
Making silk into an adhesive

KEBIDRUFIT BT A AIROBEREERR

Long-term water electrolysis using a manganese catalyst

TR CERNDZAREA I RO— L2 SFH AR
What's in this plant? The best automated system for finding potential drugs

= / Labs

REVRT LEART
Metabolic Systems RT

95/ LRRRAT
Plant Genomic Network RT

TREERIRIARG
Gene Discovery RG

EEHWT-BEHERETU / HEERRIRG
Mass Spectrometry and Microscopy U /
Gene Discovery RG

TEAIVNAFOI—HRG
Chemical Biology RG

IRBERIRETTRG
Gene Discovery RG

an) FHHTU

Biomolecular Characterization U

TEHIVG I ZIRHRG
Chemical Genomics RG

HEYISRRATRG
Plant Immunity RG

BT SBERAEATU
Mass Spectrometry and Microscopy U

NAABEHFHRET
Biomacromolecules RT

TEAILNAAOI—ARG
Chemical Biology RG

BT SEMIRAEATU

Mass Spectrometry and Microscopy U

INA A EEREEREAZT
Bioproductivity Informatics RT

FOERBERIRITIRG
Advanced Catalysis RG

RIBRBDRRRT

Environmental Metabolic Analysis RT

B2 T LIART
Metabolic Systems RT

NAAESFHET

Biomacromolecules RT

EARRERERMRERZTT
Biofunctional Catalyst RT

AIRO—LERART / FEXIROSTRARG
Metabolome Informatics RT / Metabolomics RG
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— 21— A&AM N2/ News & Events

B BT
—RRBE

TR FOFEHEEER
RIKEN Wako Campus
Open Day

RIKEN Wako Campus

CSRSTSvIvyFFOIzok
FVIATZ=FT4VT
1B FOFEERR

CSRS New Project Kickoff Meeting
RIKEN Wako Campus

BHCSRSES YA YMITAL:
BYL YU T Y RAFEFHDESE-57ICET 3
BEEHS

RIKEN CSRS and the Michigan State University
Plant Resilience Institute concluded MOU
on research collaboration

BHREREYVRI DL

[ Frontiers in Integrated Symbiology |
RIR 99 —k—IUiclE

RIKEN International Symposium

"Frontiers in Integrated Symbiology"
Tower Hall Funabori, Tokyo

BWRYYRII A

[93 FHEEMRT 2018 : MSENMRDETEE REL
IEfR 0SSR

RIKEN Symposium

"Molecular Structure Characterization 2018:

Basics and Practical Application of MS and NMR"

RIKEN Wako Campus

E29EERY O/ XF AT RAARE
TAYSUR oD

International Conference on Arabidopsis Research (ICAR) 2018
Turku, Finland

BRKZREFEFYAIVANTT
B IR

The RIKEN Yokohama Science Café
RIKEN Yokohama Campus

P #RIX —iRNR
I2E HURBERT

RIKEN Yokohama Campus Open Day
RIKEN Yokohama Campus

B EPE HUTRMNRREREINEERER.
WIEESHEEDRZ - WELZHERD

TUNRRREI RIS ISR ZR R T DT &I

B SHESSICHED

RIKEN, Zhejiang Hangzhou Future Science
and Technology City Management Committee,
and Zhejiang vy Institute of Technology
signed a joint statement

EH- RS EEFyv oA 70 —TvavS
IEER FOABEERR

RIKEN-NARO Joint Kickoff Meeting
RIKEN Wako Campus

EBENZEItY I —RIKEREZRE
Dr. Kazuki Saito, CSRS Deputy Director, awarded
"Medal with Purple Ribbon"

BERRRARFFERR2018[CHNT
EABFF—LU—5 —DEE
RR AEK—IL

Dr. Keiko Sugimoto, Team Leader,
gave a talk at the RIKEN Science Lecture 2018
Marunouchi Hall, Tokyo

FIUEYRZRIE T 172018
RREVIYAh

Agribusiness Creation Fair 2018

Tokyo Big Sight

2018FECSRSPEHER
RR BFEESAITYAIVANT

FY2018 RIKEN CSRS Interim Progress Report
Nihonbashi Life Science Hub, Tokyo "

CSRSOIEREZFIRH

[Highly Cited Researchers 2018](T:#H
Nine CSRS researchers have been selected

for Highly Cited Researchers 2018

BYREY VIRTD L2018
RRASIERE —Fh— )

Plant Science Symposium 2018
The University of Tokyo, Yayoi Auditorium, Ichijo Hall

By YRII L

[ 19@ D # - BT Bl AL F DR ST
BT 0SSR

RIKEN Symposium

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

BRI DL

[HE4) DRI AL E Y F D F R ]
PR RSB

RIKEN Symposium "New Dimensions of Interrelations

in Plant Metabolism and Chemical Biology"
RIKEN Yokohama Campus

SH RIIW—-TFF1LTI—H
FE20EAERFERAEKRE
BR EREBEIAEEZRE

Dr. Minoru Yoshida, Group Director, awarded
“the Healthcare Policy Minister’s Prize”

Z5OCSRS-ITOMER D —Tvav™
BHEXF

The 5th CSRS-ITbM Joint Workshop
Nagoya University
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% % Awards

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

Date # /Awards SZHE | Awardees {322 / Labs Date H /Awards 2HE | Awardees {322 / Labs
2018.04.17 MEBRIFARRY BFHFEH BHES F-LU—Y— NAFEHFHART 2018.10.16  DICP Zhang Dayu Young Investigator Lectureship i BT F—LU—5— LE{AERERMRERZNT
The Young Scientists' Prize, the Commendation for Science and Keiji NUMATA  Team Leader Biomacromolecules RT DICP Zhang Dayu Young Investigator Lectureship Ryuhei NAKAMURA  Team Leader Biofunctional Catalyst RT
Technology by the Minister of Education, Culture, Sports, Science
and Technology
2018.10.20  Poster Award of ACS Sustainable Chemistry & Energineering  Ailong LI ER7O07SL- 7YY IAh AMHERERIIRERZET
_ _ . = . R . . . N N
201805090 EHFEANVRIIZS ERKRI—E PEEE TRE BIERSSITRET Poster Award of ACS St Chemistry & Er Ailong LI  International Program Associate Biofunctional Catalyst RT
SPSJ-RGNMR Poster Award Yasuhiro DATE Research Scientist Environmental Metabolic Analysis RT
2018.11.03 SREHE FEZE altvy—k RIEERRZHAEY9—
20180514  Anton Lang Research Excellence Award 2018 B -1t tvI—R BRI — Medal with Purple Ribbon Kazuki SAITO - Deputy Director CSRS
Anton Lang Research Excellence Award 2018 Kazuo SHINOZAKI  Director CSRS
2018.11.04 FI3@PITREMEHLFERSE AR RBR BltvI—R REERARRR Y9 —
2018.05.18 F22EEAN AN FIRWERFRFMER BFREH KB EXAT BERRPRAHRS TEAIVNAFOI—HEG Asian CORE Program/Advanced Research Network Lectureship Zhaomin HOU  Deputy Director CSRS
The Lecture Award, The 22nd Workshop of the Japanese Ikuko NAGASAWA  Special Postdoctoral Researcher - Chemical Biology RG Award
Association for Molecular Target Therapy of Cancer
; . Laurean ILES F—LU—5— HEEERGR{EFIRRT
EH H SEHRE Laurean ILIES Team Leader Advanced Organic Synthesis RT
Makoto MUROI  Senior Research Scientist
iS5 SERRE 2018.11.27  Highly Cited Researchers 2018 &E—1t tvI-R BEERMFHREYI—
Makoto KAWATANI Senior Research Scientist Highly Cited Researchers 2018 Kazuo SHINOZAKI  Director CSRS
RE#Z JL—FF1LI5— ik 0FE E'HZ“JS—E
Hiroyuki OSADA  Group Director Kazuki SAITO  Deputy Director
2018.05.29 BLF BB WNE b &5 FIERED DFHEERTU wa B HRET
Best Paper Award of the Cryogenics and Superconductivity Society Takashi NAKAMURA  Senior Technical Scientist Molecular Structure Characterization U Yuji KAMIYA  Research Consultant
of Japan
. . 5 N BHA® JIL—TFLI9— TEYRRTRG
2018.06.13  Lectureship Award 2018 in JSPS program, Precisely hRZ B HEHRE fR-RISHRG Ke'n SHIRASU  Group Director Plant Immu:i‘;y RG
Designed Catalysts with Customized Scaffolding Yoshihiro SOHTOME ~ Senior Research Scientist ~ Catalysis and Integrated RG
Lectureship Award 2018 in JSPS program, Precisely Designed
Catalysts with Customized Scaffolding B EEE F—LU—9— 8 LFIRRRT
Motoaki SEKI  Team Leader Plant Genomic Network RT
2018.06.15 FRIBOEEMMFRERAS BFOBEARH IR RE HRARE NAFEHFHART
;Z(ZieE‘;o:ngin;;rgiz:](ssZ?‘ dAYvr:g] :(1) ::gyﬁ:::ln Meeting of the Kosuke TSUCHIYA  Senior Scientist Biomacromolecules RT FER S 1=whU—5— ESEETRU
Mitsunori SEO  Unit Leader Dormancy and Adaptation RU
201806.15  HE7EUACI/GSCYYRITL GSCIRRY—E ®EREH APREVY—F-FYIIAL NAZTSRFYIRRT
GSC Poster Awards on 7th JACI/GSC symposium Tatsuya GOTO  Junior Research Associate Bioplastic RT Lam-Son Phan TRAN 1=whU—5'— AP REEFFRU
Lam-Son Phan TRAN  Unit Leader Stress Adaptation RU
2018.06.28 EBXIROSTRFR #RELETITO— FENZE Bltvy—k RIEERNZHREYI—
The International Metabolomics Society Lifetime Honorary Fellow Kazuki SAITO  Deputy Director CSRS WE Y BEEXBEWRE BEEOHT-BERERERTU
Hitoshi SAKAKIBARA  Senior Visiting Scientist Mass Spectrometry and Microscopy U
2018.07.04  Excellent Research Award of The 11th MIRAI Conference B8R FERE S5 FRTU
on Microfabrication and Green Technology Kowashi WATANABE  Senior Technical Scientist Biomolecular Characterization U B =T FPIETE
Excellent Research Award of The 11th MIRAI Conference on Mikiko KOJIMA  Expert Technician
Microfabrication and Green Technology P
2018.08.16  BioEnvironmental Polymer Society Outstanding Young BEES F-LU—F— NAAEHFHRET 2018.12.06 HHEMEFHRE AROHREER 1% AXHE THRE TU—2F /SRERRT
Scientist Award Keiji NUMATA  Team Leader Biomacromolecules RT Kaneka Award for the Society of Synthetic Organic Chemistry, Japan ~ Takuma SATO Research Scientist Green Nanocatalysis RT
BioEnvironmental Polymer Society Outstanding Young Scientist
Award - — —
2018.12.27 SE2OBAERGRMAAAN 2R ERBISIEXARER sHR IIW—TFLII— TENVG/ZTRHRG
N . N " The J; Medical R h and Devel it Grand Prize, th Minoru YOSHIDA  Group Director Chemical Genomics RG
2018.09.02  Catalysis Science & Technology Poster Prize at The 4th Shaojie LOU HBIfAZ%RE SOERRERNEIRG Hef.,m?g;,'; p;i(l:;aMin?:é?rscpl?;e DS A LD ’
Internatioal Sympsium on C-H Activation Shaojie LOU  Postdoctoral Researcher Advanced Catalysis RG
Catalysis Science & Technology Poster Prize at The 4th Internatioal
Sympsium on C-H Activation 2019.02.25  2nd Prize in Oral Presentation of ICFNM 2019 Prashant Gopal GUDEANGADI #53IffZi8 NAAERFHRT
2nd Prize in Oral Presentation of ICFNM 2019 Prashant Gopal GUDEANGADI Postdoctoral Biomacromolecules RT
2018.09.15 HESEFIUTYIT SV SURBFSRBIU VT Y—H HERE & HRIARE BRY/ZORHRG Researcher
The Best Award & YANMAR Award at The 5th Agritec Grand Prix Misao ITOUGA  Senior Scientist Synthetic Genomics RG
2019.0301 BWHFFER LINTUZLHARE RRI—H B En HEIRRE NAABHFRET
2018.09.15  Journal of Plant Research 2018 Most-cited Paper Award R e 1-vhU—5— BEILHIETZEU Poster Award in the Research Group of Ecological Materials Takuya KATASHIMA  Postdoctoral Researcher Biomacromolecules RT
Journal of Plant Research 2018 Most-cited Paper Award Mitsunori SEO  Unit Leader Dormancy and Adaptation RU
T 2019.03.17  H71EEALES REBR BEtYI-R RIRERNFHR LY 9—
e o - o The Chemical Society of Japan Awards 2018 Zhaomin HOU  Deputy Director CSRS
Takafumi SHIMIZU  Visiting Scientist
EHRE Fo-ALRSII 2019.03.18 BENEMRIEER RNE Pamela Hui Peng GAN  #i%28 TEYERRRG

36

Yuri KANNO  Technical Staff Il

waE EE HRIEE
Yuji KAMIYA  Research Consultant

REARFHRR Y9 —
CSRs

Award of Excellence for the Best Paper of the Phytopathological
Society of Japan

Pamela Hui Peng GAN  Research Scientist

BREE JL—TFLI9—
Ken SHIRASU  Group Director

Plant immunity RG
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1T =7 — CSRS Seminars

2018.04.18

2018.04.18

2018.04.20

2018.04.25

2018.04.27

2018.05.07

2018.05.08

2018.05.16

2018.05.17

2018.05.29

2018.06.07

2018.06.11

2018.06.14
2018.06.20

2018.06.20

2018.06.21

2018.06.25

2018.06.26

2018.06.28

2018.07.11

2018.07.17
2018.07.26

2018.08.03

2018.08.06

2018.08.06

38

Title

A microfluidic tool for single-cell integrated nuclear and
cytoplasmic RNA-seq

Chemical Tools for Investigating Histone Deacetylase
(HDAC) Enzymes

Development of Direct C-H Amination Reactions: Inner-
versus Outer-Sphere Pathways

DF B
Rz

& 7O RBEDIHDA > TAIT

Role of autophagy in plant phenotypic plasticity

Highly Efficient Visible Light Photocatalysis for Hydrogen
Production and CO. Conversion

Impact of elevated temperatures on the potato daylength
tuberization pathway

Dr. Hirofumi Shintaku
Prof. Christian A. Olsen
Prof. Sukbok Chang
®F5hE BEHM

Dr. Yasin Dagdas

Prof. Yun Hang Hu

Dr. Salomé Prat

Affiliation

RIKEN CPR

University of Copenhagen, Denmark
IBS / KAIST, Korea
BAAFETFERISALER

GMI, Austria

Michigan Technological University, USA/
Shanghai Jiao Tong University, China

CNB-CSIC, Spain

Changes of source- sink-balance in potato plants by
elevated temperature

Dr. Sophia Sonnewald

Friedrich-Alexander-University
Erlangen-Nuremberg, Germany

Cassava root development

Dr. Janine Klima

Hormonal cross-talk and day-length control during
tuberous root development in cassava

Recent Insight in the synthesis of Fluoroolefins:from
peptidomimetics to heterocycles

DFBNFT I — a3 LB R\ EREERRIT
DFHREH RADSEEIN

Ethanol enhances high-salinity stress tolerance in plants

Dr. Yoshinori Utsumi

Prof. Xavier Pannecoucke

W HEsE AR

Dr. Kaori Sako

RIKEN CSRS

INSA of Rouen, France

RRAF SR PRz £ 2 —

RIKEN CSRS

Development of artificial structural protein materials by
chemoenzymatic polymerization

Catalytic Hydrogenation and Dehydrogenative Coupling

FNERBREE DLV TRIDRFICE 2 2E S BT
DI+

Chemical approaches for point of care TB diagnostics
Control of progression through meiosis in Arabidopsis

B AT A A= DV TR CRIR T S AV
14ad—

Organelle size control; a new kind of target for effective
modulation of endothelial function

Dr. Kousuke Tsuchiya

Prof. Dmitri G. Goussev

KE I EBR

Prof. Carolyn R. Bertozzi
Dr. Arp Schnittger
SHEE BuR

Prof. Daniel Cutler

Wilfrid Laurier University, Canada

REBARPRFE

Stanford University, USA
University of Hamburg, Germany

BIRRFRAREL R

University College London, UK

3D spheroid high-content screening of NPDepocom-
pounds in the context of autophagy modulation

Overview of microalgal biotechnology based on
enzymatic analyses

Pt i llation is mediated by
phototropin and an E3 ligase

DNA Binding Adaptors to Locate Multiple Enzymes on
DNA scaffold

Natural product and synthetic inhibitors of epigenetic
histone eraser enzymes

Bacterial membrane vesicle formation through cell death
CO:; Utilization in Organic Synthesis

Construction and development of a coupled enzymatic
reaction process for L-Asp production

MRS T —T5—=20 N\VRF eI —
The Mechanism of Olefin Polymerizations Catalyzed by

Rare Earth Metal Complexes: Insights from DFT
Calculations

Dr. Janos Kriston-Vizi

Dr. Takashi Osanai

Prof. Jun Minagawa

Dr. Eiji Nakata

Prof. A. Ganesan

Dr. Masanori Toyofuku
Prof. Da-Gang Yu

Prof. Zhemin Zhou

MRRE RIS

Prof. Yi Luo

Meiji University

NIBB

Kyoto University

University of East Anglia, UK

University of Tsukuba
Sichuan University, China

Jiangnan University, China

RRERERAS

Dalian University of Technology, China

Charge Transport through Single-Molecule Organome-
tallic Complex

Prof. Wenjing Hong

Polycarbolong Chemistry: A Story of Carbon Chain
ligands and Transition Metals

Prof. Haiping Xia

Xiamen University, China

Biomacromolecules RT
Drug Discovery Seed
Compounds Exploratory U
Catalysis and Integrated RG
INA A EFENBIRFART
EAEREAREIART

Cell Function RT

Biofunctional Catalyst RT

Plant Genomic Network RT

Green Nanocatalysis RT
INA A EFEEIRFART
A ARREARERRZRT

Natural Product Biosynthesis
RU

Advanced Catalysis RG
HEERIRMIRG

Catalysis and Integrated RG
Cell Function RT

TEAVINAFOI—HEG

Chemical Biology RG

Biomacromolecules RT
Synthetic Genomics RG
Natural Product Biosynthesis

RU

Drug Discovery Seed
Compounds Exploratory U

Molecular Ligand Target RT
Advanced Catalysis RG

Natural Product Biosynthesis
RU

ARG/ VARG

Advanced Catalysis RG

2018.08.22

2018.08.22

2018.08.29

2018.09.18

2018.09.19

2018.09.21

2018.09.26

2018.09.27

2018.10.11

2018.10.16

2018.10.16

2018.10.17

2018.10.23

2018.10.23

2018.10.24

2018.10.29

2018.10.30

2018.11.01

2018.11.05

2018.11.08

2018.11.16

2018.11.19

2018.11.21

Title

Acetylation is a novel regulator of stress granules
formation and phase separation

Computational analysis of cell division dynamics in
early C ele an embryos

Catalysis by Pincer-Iridium Complexes. Breaking C-H
Bonds, Making C-C Bonds, and Various Combina-
tions Thereof

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

Prof. Patrick Matthias

Dr. Koji Kyoda

Prof. Alan S. Goldman

Affiliation

FMI Switzerland
RIKEN CBD

Rutgers, the State University of New
Jersey, USA

New Explorations on S-Block Metal Catalysts

Prof. Bing-Tao Guan

Nankai University, China

Catalytic Cross-Couplings from C-H Bonds : Late
Stage Modifications of P & N Ligands

Perception and deactivation of strigolactones by an
alpha/beta-hydrolase receptor, DIWARF14

BEERDAET IVERV AP RERR

B

Mechanisms of biphasic transcriptional responses in
cell fate regulation

Arole for actin in the nucleus: Nucleocytoplasmic
regulation of actin dynamics and plant immunity

Prof. Pierre H. Dixneuf

Dr. Yoshiya Seto

R SRE

Prof. Mariko Okada

Prof. Brad Day

ISCR, France

Meiji University

Erhthtri—

Osaka University

Michigan State University, USA

Convergent evolution of desiccation tolerance across
land plants

Enigmatic Plant Mitochondrial Genomes and Trials of
the Genome Modification

Evolution-Guided Bioactive Compound Design
Introduction of Cassava SATREPS Project (PI: Dr.

Keishi Takasu, Kyushu Univ., FY2016-2020) in
Vietnam, Cambodia and Thailand

Dr. Robert VanBuren

Dr. Shin-ichi Arimura

Prof. Dr. Herbert Waldmann

Dr. Motoaki Seki

The University of Tokyo

MPI for molecular Physiology, Germany

RIKEN CSRS

Current status and future of cassava production in
Vietnam

Dr. Vu Anh Nguyen

Agricultural Genetics Institute, Vietnam

Cassava production in Cambodia: status and
perspective

Dr. Pao Srean

University of Battambang, Cambodia

Cassava research and improvement in Thailand

Fibre and polymer biotechnology

F/ JERRAMDE S AR

Green Systems Biology — from multiomics and
genome-scale metabolic reconstruction to stress
signaling networks in plants and algae

Solving (Our) Two Long-Standing Problems in Silicon
Chemistry
Calcium: The master regulator in nitrate signaling

Consequences of protein overexpression

Chemical biology of sterol-mediated processes

Dr. Prapit Wongtiem

Dr. Artur Manuel Cavaco

Paulo

BB #uR

Prof. Wolfram Weckwerth

Prof. Martin Oestreich

Prof. Kun-Hsiang Liu

Dr. Hisao Moriya

Dr. Luca Laraia

Field and Renewable Energy Crops
Research Institute, Thailand

The University of Minho, Portugal
HARIIAPAL SRR
University of Vienna, Austria

Technical University of Berlin, Germany
Northwest Agriculture and Forestry
University, China

Okayama University

Technical University of Denmark

Prodrugs and polysaccharides — organic chemistry
and chemical biology

A small molecule targets Casein kinase 1 family for
circadian clock regulation in Arabidopsis

Radical SAM Enzymes in the Biosynthesis of
Sugar-containing Natural Products

Turning Boron Chemistry on its Head: The Unusual
Chemistry of Boron in Low Oxidation States

Prof. Mads H. Clausen

Dr. Norihito Nakamichi

Prof. Hung-wen(Ben) Liu

Prof. Holger Braunschweig

ITbM, Nagoya University

University of Texas at Austin, USA

Universitat Wiirzburg, Germany

A Novel Class of PN3(P)-Pincer Complexes:
Cooperative Catalysis and Beyond

Chloroplast Chromosomes on the Move
- Exploring the Dynamics of Chloroplast Nucleoids -

The multiple facets of Polycomb Repressive
Complexes 2

AREUEGRILEMOF LR

Prof. Kuo-Wei Huang

Dr. Yoshiki Nishimura

Prof. Frangois Roudier

A2 ER BiR

King Abdullah University of Science and
Technology, Saudi Arabia

Kyoto University
Ecole Normale Supérieure de Lyon,
France

REBAPCFERIERT

Chemical Genomics RG

Synthetic Genomics RG

Advanced Catalysis RG

Dormancy and Adaptation RU

TEAIVINAFAI—FEG

Cell Function RT

Plant Genomic Network RT

Biomacromolecules RT

Bioprobe Application RU

Plant Genomic Network RT

Biomacromolecules RT
TEAIVIAFAT—FARG
Metabolomics RG
Advanced Catalysis RG
Mass Spectrometry and

Microscopy U

Catalysis and Integrated RG
Molecular Ligand Target RT

Bioprobe Application RU

Gene Discovery RG

Natural Product Biosynthesis

Advanced Catalysis RG

Biomacromolecules RT

Cell Function RT

TIAIVNAFOI—HRRG
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Title

Chloroplast lipases involved in membrane lipid
remodeling and stress protection in plants and algae

Molecular logic in large-scale ligand-receptor interaction
networks

Molecular logic in large-scale ligand-receptor interaction
networks

Biosynthesis of macrocyclic polyketide antibiotics

Cell morphometry and mechanical modeling towards
understanding jigsaw puzzle pattern formation by plant
cells

Publishing with ACS Chemical Biology and the American
Chemical Society

HIHIELE R S AEEHK27TmeBIC BB TE I TR T
VISV R R =T DEHE(L

Molecular mechanism of natural rubber biosynthesis
elucidated by cell-free translation-coupled protein
introduction on the rubber particle membrane

A multiomics approach to bioprospecting and
biosynthetic pathway discovery in plants

Tip-localized receptors modulate self-organized growth
and external attractant sensing of the pollen tube

Loop Genomics LoopSeqTM single-molecule long-read
sequencing

DRI TS HIVNAAOT— BIZERFK

Recent Developments in Redox Transmetallation
Chemistry Involving Rare Earth Metals

Chematica: An in ilico synthetic chemist for the XXI
century

Structure and function of peptide foldamers containing
unnatural amino acids

Emergent of Cryogenic Phenomena at Ambient
Temperature using Rigid Planar Carbon-bridged
Oligo(phenylenevinylene)s (COPVs)

On Potential of -Extended Oligopyrrole Derivatives for
Optoelectronics and Electrocatalysis

Transition metals and heat: Powerful tools for the
construction of small and large heterocycles

FII BB L BIEEDMFNAEEM
Scientific Heritage of Merck Research Laboratories

NiH-Catalyzed Remote Hydrofunctionalization of
Alkenes

Homogeneous Catalysis by Molecular Hydrides of
Alkaline Earth Metals

Diradicaloids, Polyradicaloids, and Covalent Organic
Radical Frameworks

Defining gene regulatory mechanisms in plant growth
and development

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

Affiliation

Prof. Christoph Benning

Dr. Youssef Belkhadir

Dr. Youssef Belkhadir

Dr. Fumitaka Kudo

Dr. Takumi Higaki

Dr. Alyson Weidmann

THEF BR

Dr. Seiji Takahashi

Dr. Tomas Pluskal

Dr. Hidenori Takeuchi

Dr. Tuval Ben-Yehezkei

EHE #E

Prof Peter Junk

Prof. Bartosz Grzybowski

Dr. Makoto Oba

Dr. Hayato Tsuji

Prof. Patchanita Thamyongkit

Prof. Janine Cossy

R IEE iR
RHEEF Bt

Prof. Shaolin Zhu

Prof. Jun Okuda

Prof. Jishan Wu

Dr. Roger Deal

Michigan State University, USA

GMI, Austria

GMI, Austria

Tokyo Institute of Technology

IROAST, Kumamoto University

ACS Chemical Neuroscience, and
Biochemistry, USA

REBRFEREFHR 52—

Tohoku University

Whitehead Institute for Biomedical
Research, USA
ITbM, Nagoya University

Loop Genomics, USA

RALRFAFR EDT TR
James Cook University, Australia

IBS / Ulsan National Institute of Science
and Technology, Korea

Nagasaki University

Kanagawa University

Chulalongkom University, Thailand

ESPCI ParisTech, France

BERFRFGARERET PR
RREAFRFREARHZH

Nanjing University, China
RWTH Aachen University, Germany
National University of Singapore,

Singapore

Emory University, USA

Deep conservation of cis-element variants regulating
plant hormonal response

Dr. Idan Efroni

The Hebrew University, Israel

Plant and microbial genetic components in allelopathy

Interaction of light and jasmonate signaling in
Arabidopsis seedling development

TEAIVIET/ IR BRAMLEMDETR

Control of cellular programs by microRNA networks
during plant growth

What a Little Moonlight Can Do - For Peptide Bonding

Metabolic dialog that governs plant-microbiota
interactions

Dr. Claude Becker

Prof. Hsu-Liang Hsieh

hE ¥ #R

Prof. Javier F. Palatnik

Prof. Albrecht von Amim

Dr. Ryohei Thomas Nakano

GMI, Austria

National Taiwan University, Taiwan

FHREAPEET

IBR, CONICET/UNR, Argentina

The University of Tennessee, USA

MPI for Plant Breeding Research,
Germany

Metabolomics RG

Chemical Biology RG

Plant Immunity RG

Natural Product Biosynthesis RU
Synthetic Genomics RG
Chemical Biology RG
HEERRMIRG

Synthetic Genomics RG

Metabolome Informatics RT
Cell Function RT
Plant Immunity RG

TEAIVIAFOI—HRG

Advanced Catalysis RG
Green Nanocatalysis RT
Biomacromolecules RT

Advanced Organic Synthesis
RT

Advanced Catalysis RG
Catalysis and Integrated RG

J—2F/ BT
HEER SR FIRT

Advanced Organic Synthesis
RT

Advanced Organic Synthesis
RT

Advanced Catalysis RG

Cell Function RT

Synthetic Genomics RG

TEIAIVINAFOI—HRG

Synthetic Genomics RG

Synthetic Genomics RG

Metabolic Systems RT

Laboratories

MREN—JIBHSNTNS L7 IV
SELTWS 7Y Ty 77OV hBLUEPIERLET,

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

EAEINA

Innovative Plant Biotechnology

Ry /) LIV =Z7UVD

Metabolic Genome Engineering

SOERMIREET Y Y UV

Innovative Catalysts

FEREERU~ —

Leading-edge Polymers

IR S Svb T4 — L
Advanced Research and Technology Platforms

RIS R R A TR

Drug Discovery Platforms Cooperation Division

BEiR-<vI A5 @SR ERR
RIKEN-Max Planck Joint Research Division
for Systems Chemical Biology

Q0006000
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BT /T ARRIT IL—T

Synthetic Genomics Research Group

7/ LEREBEFRIRBRZFIAL.
NAAIADRENSEEICRIT HARZEELET

BABIGTL/ FPCARABBEY THZYIVALDY/ L©EZTEBL T /A
AR REER LICBENBHOHEEEF DRFRET S Ko BYDRBIRICHIE
UToBEFRIRAEME R ARIEIC L D ENRERBE DI HDIFRZED Do
NSOMAEE L TER/ A AV RADLENBEEICERI 2R ZEIET,

wRT—~

© /X\SIL/FDBIGTFRBRBINEY Y/ LEITIC LD/ A AN REER LICBh 2R
©® TINNSAAOY —IC&kBNA AT REER LICBb %R

O CAXEBBIEMVIVALDYT /b GBIEF RRMRTEBETEA

@ EYOHBEIIGET BAN=XLDE

F'IW—TF1L T I~/ Group Director
WH B ot
Minami MATSUI D.Sci.

AR
O AEREHEICH T2 EMOBEFREFME L THRODFAN=ZXLEFKE Ulc,
O SER/Y TV HRENENITSRRE DB Z1T o1,
® VAL EERBEERT LT,

mRNAs from dTSSs evade uORF-mediated inhibition of gene expression

Dark Blue
M

: i dTss
G-box ‘G l:lJ> ‘5

mRNA decay by NMD
& o s
Translational inhibition by uORF
|o—- — ANAR.. I | O = AR,
Ot AMAA... [ —
Blue light indices shift of transcription start sites of several O Ribosomie: O - NE M

; e —TYTY
light regulated genes to downstream of upstream open O ARAAL,
reading frame (UORF) located in 5’ leading sequences. e
Stabely expressed gene with main open reading frame

selo

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 elucidated novel regulatory mechanism of gene expression by light
environment.
@ We analyzed novel fungi for efficient degradation of cedar lignin.

@ We established transformation method for sorghum.

EEFHX / Publications

Kurihara, Y. et al.

Transcripts from downstream alternative transcription
start sites evade UORF-mediated inhibition of gene
expression in Arabidopsis.

Proc. Natl. Acad. Sci. USA 115, 7831-7836 (2018)

Saito, Y. et al.

Screening of fungi for decomposition of lignin-derived
products from Japanese cedar.

J. Biosci. Bioeng. 126, 573-579 (2018)

Kuriyama, T., Shimada, S., Matsui, M.
Improvement of Agrobacterium-mediated
transformation for tannin-producing sorghum.
Plant Biotechnol. J. in press

2018£EX>/\— / FY2018 Members

Group Director
Minami MATSUI

Senior Research Scientist
Misao ITOUGA

Research Scientist
Yuko MAKITA
Yukio KURIHARA
Setsuko SHIMADA
Emiko KURIHARA

Technical Staff

Hiroko TSUCHIDA

Tomoko KURIYAMA

Mika KAWASHIMA (deceased)

Student Trainee

Yuya ARAKI

Takachika MUNESADA
Tomoko YAMAGUCHI
Manami HIRATA
Haruka SHIMOHIRA
Emi OSADA

Ami KAGEYAMA

Establishment of Sorghum Transformation (Btx623) method

(mORF) with high translation efficiency. GFP gene was test transformed.

Low expression of mORF High expression of mORF
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BEERAEMRIIL—T

Gene Discovery Research Group

EMOEEMSD L RIBNEICESTS
EECREZR DBEIGTFERRLET

e

F'IW—TF1L T I~/ Group Director
&lE —if et

Kazuo SHINOZAKI D.Sci.

CLE25 peptide moves from roots to leaves in response to
dehydration stress conditions. BAM1 and BAM3 receptors
recognize CLE25 at leaves vasculature. CLE25-BAMs
regulates ABA accumulation via NCED3 expression, and
then, mediates dehydration stress resistance.

YU —TTIHEYOEEMRR LICBEDZ YO XFXF LY TOERLHE
BEERDBELTORER(T -V TARH/NI =) ZED TS, < ICHEY D ERRE
LIeBh B EBEEICTA L RENE CERIREID. S5ICOLAREEEICES I3
BEF.ENSORRERDT BHIEEF. >V FHIVRERFREDRRE BT Z
HEH B AR IS MERORWELRFRARECEGTFENEOHRFEZ T IO EYD
RIBMECKFIAZEOR L S5 EHREREDH LZEE T, IhSDOMR
RMRZEICHRBREOXEZR/RICUTRRONENESNZEYDRFKICE
53 EBRKIMERKT 2.

wRAT—~
® LIRRVABAGESICELZHEET. 7 HIUGEZERFROKHENORRE B
1

O EHEXNLAMME AFAHEDR LICET 20 FEBEANORBHEILT AR ST
R7REDIEYINDIGF

O EREBEEOHEICRE T 2B L FRITE SRR T TOXREREEER EADRER
O ZREVY-RERBUBEMEFAUCHRBGRETORR

O BT/ LRIRICL BN DIS R Z B U/c BT

© ENTIANNNAAOY — L& BHREMD > Y - —RE R RERM ORI

AR

O RISEANORIEMY T FILEN U TLIBEAN A EZHHTSCLE2ERTFR
ZFR Ul

® EYOLEBREHMEEGRINEEH TITSRBERBRITYZATLRIPPSOR K E
o

® ABAGHBHANCEDIEGFORREZLBEAN AR ICEE(LTZ2BEEHETF
NGA1ZHR U,

Control cle25 mutant bami1bam3 mutant

Before
dehydration

Rehydration
after
dehydration

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 and
discovery of regulatory factors in C4 photosynthesis

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

@ We developed an automatic system named “RIPPS” for evaluating plant growth
responses to a wide range of environmental conditions.

@ We isolated a transcription factor NGA1 that activate NCED3, a key gene for
ABA biosynthesis, during dehydration stress.

EEFHX / Publications

Takahashi, F. et al.

A small peptide modulates stomatal control via abscisic

acid in long-distance signalling
Nature 556, 235-238 (2018)

Fujita, M., Tanabata, T., Urano, K., Kikuchi, S.,

Shinozaki, K.

RIPPS: A Plant Phenotyping System for Quantitative
Evaluation of Growth under Controlled Environmental

Stress Conditions.

Plant Cell Physiol. 59, 2030-2038 (2018)

Sato, H. etal.

Arabidopsis thaliana NGATHA1 transcription factor
induces ABA biosynthesis by activating NCED3 gene

during dehydration stress.

Proc. Natl. Acad. Sci. USA 115B, E11178-E11187 (2018)

2018£EEX > /\— / FY2018 Members

Group Director
Kazuo SHINOZAKI

Senior Research Scientist
Takeshi NAKANO
Takashi KUROMORI

Research Scientist
Miki FUJITA
Fumiyoshi MYOUGA
Fuminori TAKAHASHI
Kaoru URANO
Hikaru SATO

Ayumi YAMAGAMI

Special Postdoctoral Researcher
June-Sik KIM

Technical Staff
Yukiko KAMIDE
Saho MIZUKADO
Eriko SUGIMOTO
Saya KIKUCHI
Fuyuko SHIMODA

International Program Associate
Bolortuya BYAMBAJAV

Student Trainee
Yuichiro TANAKA
Reika TAGUCHI
Kenjiro FUJITA
SURINA

Kotomi MAEKAWA

RIPPS (RIKEN Integrated Plant Phenotyping System):

this system controls individual soil moisture in continuously rotating
120 pots by a combination of automatic weighing and watering
system, and monitors each plant size and expansion rate.
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Plant Immunity Research Group

HEYDRIZED A5 LB,
Rl EmRE EYOELZBELET

Understanding plant immunity mechanisms and

developing sustainable disease resistant crops

YN TRERCEMENFE ECENFEZAVTCMREELORERE
L5 2BEF. IV VESLMED FILEMEERITL. REVZTLD
FHERREBBZHESHNCT BIRET > TVDMRIES 7 FILEEHOR
R EBEIATLDORIEICEE T 25 VI VBOBHMBEITEE U Y V/INVELAN
IVTDIAF Iy I RHIEMERERET 5, XIcETIVEY S = BVWIHRIEERE
ZEBUCHRMAE L REEGFOREZED D REXIROII MRS
W=7 EBAUTIHRIEICB S 3 2EN T2 MEDREZHEL . MEYNIGAT

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.

FEHX / Publications

Kadota, Y. et al.

Quantitative phosphoproteomic analysis reveals
common regulatory mechanisms between

effector - and PAMP - triggered immunity in plants.
New Phytolo. 221, 2160-2175 (2018)

Wakatake, T., Yoshida, S., Shirasu, K.

Bl OEBE M ZERT 3, Induced cell fate transitions at muiltiple cell layers
configure haustorium development in parasitic plants.
Development 145, dev164848 (2018)
= . Asai, S. et al.
HwRF—< Research Subjects sal, . €

A downy mildew effector evades recognition by
polymorphism of expression and subcellular
localization.

Nat. Commun. 9, 5192 (2018)

© EYOREEBRERET HREDOERAMED DB
® ENOREZHIET BENFILENDOEREZDY —T Y ~OFET
O EMFEFREORREICES T 2B EFRLOREVORE @ To identify small molecules to regulate plant immunity and characterize

F'IW—TF1L T I~/ Group Director their targets
= Bz ® EYREDD FHEDREA
BA B e

Ken SHIRASU Ph.D.

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

@ To isolate novel genes/metabolites for pathogen virulence

@ To identify novel mechanisms for plant immunity

2018£EEX>/\— / FY2018 Members

Group Director
. Ken SHIRASU
MR Research Results

Senior Research Scientist

® VVB{LTOTAII REAWTIRRAS
DY VALY = A5 MNC LT,

O FLEMBYORRICH I 2RABFHGDOMIML/ T —>ZBASHC LT,
©® NMREMNBEEEYORHERT N FRBERSHICUI,

CBITBITFIUREREY VI UE

@ Phosphoproteomics revealed that phosphorylated proteins involved in plant
immunity signaling.

@ We revealed that induced cell fate transitions configure haustorium development
in parasitic plants.

@ We revealed the molecular mechanism of avoiding host perception by downy
mildew.

Yasuhiro KADOTA

Research Scientist
Pamela Hui Peng GAN
Anuphon LAOHAVISIT
Nobuaki ISHIHAMA
Yuji ISHIGAKI

Sachiko MASUDA

Visiting Researcher (SAKIGAKE)
Shuta ASAI

Special Postdoctoral Researcher
Naoyoshi KUMAKURA

Postdoctoral Researcher
Yu AYUKAWA

Takanori WAKATAKE
Kazuki SATO

Satoshi OGAWA

Max FISHVAN

Nino ESPINAS

RPP4-FLAG +

Technical Staff
Kaori TAKIZAWA
Ryoko HIROYAMA
Noriko MAKI

Arisa SHIBATA

Student Trainee
Yukihisa GOTO
Ayako TSUSHIMA

Others
Yoko NAGAI
Kanako HORI

Haustorium of
Phtheirospermum japonicum invading
the host plant Arabidopsis

The downy mildew effector HaRXL103
inducing HR in Nicotiana benthamiana
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Plant Genomic Network Research Team

HEVDRIBA ML B PEEMSD EICES TS
7/ LRI ZEALE T

BEAI VI ZBIFICED BIEANAER - BIMEICET 2 TEY T XTI R
RNA-RT7FROFIEEEZASNCT B, F v v H/N(RROBRILICERLRME
{EY) DIFEA Iy I RFEATICE D RIRERDFIERY N7 — U EASHCT B,
LEWREDER PR ETIRICLDIREANL M - £ EER LR EFHicRE A
BYEROBIHEDORREEBET.

WRTF—<
O REANABIBICESTBIEY T RT 1V A RNANRTF REIEEE O #ET
@ REMBERIMERWCF vy IN\DFEEOHE

® LAY ARTF R ERREITOERICLIBEREYER (XS LIMMERIEERE)
F—LYU—'— Team Leader DIEL

B JREA e

Motoaki SEKI Ph.D.

AR

©® AtPep3RTFROMEY DB LAMIEICEES T 2E /AL,

® HROESHAPBEFERIFTZILICLDERAN MM ENETEZZLER
HUTe,

® 7/ LRERMICKD BB SIERYN SR ERBET (GBSS) ILERZFA L.
FIO—RAT7Y—DF vy i/ MEREEER U,

Wild type plant Wild type plant
+ DMSO (control) + AtPep3 peptide

) Under salinity stress
Improved salinity stress tolerance in plants in
response to treatment with a small peptide (1 50 mM NaCl)
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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 FEERZ / Publications
analyses. We are also analyzing regulatory networks of tuber 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

Nakaminami, K. et al.

AtPep3 is a hormone-like peptide that plays a role in
salinity stress tolerance of plants.

tolerance and improved plant productivity by use of chemical compounds and Proc. Natl. Acad. Sci. USA 115, 5810-5815 (2018)
transformation technology. Rasheed. S. etal.
The modulation of acetic acid pathway genes in
Arabidopsis produces drought-stress tolerant plants.
Sci. Rep. 8, 7831 (2018)

Takaoka, Y. et al.

Arationally designed JAZ subtype-selective agonist of
jasmonate perception.

Nat. Commun. 9, 3654 (2018)

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 2018EE XV /\— / FY2018 Members

Team Leader
Motoaki SEKI

Research Scientist
Akihiro MATSUI
Kentaro NAKAMINAMI
Yoshinori UTSUMI
Minoru UEDA
Khurram BASHIR

Research Results

@® We demonstrated that AtPep3 is a hormone-like peptide that plays a role in
salinity stress tolerance.
Postdoctoral Researcher
@ We found that modulation of acetic acid pathway genes prolongs survival under Kaori SAKO
drought stress. Hiroki TOKUNAGA
@ We produced amylose-free cassava plants by targeted genome editing of GBSS Technical Staff

gene. Junko ISHIDA
Maho TANAKA
Satoshi TAKAHASHI
Chikako UTSUMI

International Program Associate
Zarnab AHMAD

Student Trainee
Yuiko SATO

Yuji SUNAOSHI
Takahiro ABE
Thu ANH VU
Aya SAKAMOTO

Others

Sultana RASHEED
Chieko TORII
Kayoko MIZUNASHI
Yoshie OKAMOTO
Erika MORIYA
Megumi MIYAMOTO
Akiko SATO

Minako SUMITA
Nobuko KIMURA

GBSSI_6

Production of amylose-free cassava plants by
CRISPR/Cas9-mediated mutagenesis of GBSS gene
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Cell Function Research Team

EVORRYEEZIEHYT S
VI FIWRYNI—TZRIALE T

EYDECIRZEDERE DERIFRABREET OV SLPERBERICLSTH
S 2h% ZDEFRNBREHEMEELBAI N TWEW FLE BRI DIETE,
BRMEDHIEHEEZESHC L IEYIRETOV T LPREBEREHRENIC
WEUT BERRERNY 20 FREORBAEBIEL TS, AEYHIOR
M BN FHREEFRALOBERBEIN ACL>TEYOSHRBEE
RRHMNE|IERINZDHEAERALELSEL TN, — A INSOEBATH S
BENTHRZFRBL Y OEEER EPERYBEEEEBEUIHRITOR
REHEHTND,

HRT—~

F—LY—5— Team Leader

AR BF phD.

Keiko SUGIMOTO Ph.D.

® ENDORBRRERDDFANZXLDEHA
® EYOMIE) T OV IV &R BN FANZXLDHEH
® - THEBISEEDOHREIL AR OILBRER

MR

® WINDTORBEEERET & T EEPROBMZFEHK DI LERR U,

©® WINDTIC& > THEHSNZRBY LT INNRIY—=VTh Sl 70753y
JICBE5 T 2LEMERE U,

O REMEDOERICEDZEGFRRLY NI —VZBESMCUT,

Progss - WIND1-GRY/ Brassica napus, phytohormone-free medium

DEX O0uM

ot iy g

Shoot 0 90 22 (%)

Optimal activation of AtWIND1 promotes
shoot and root regeneration in B. napus. Root 0 1 8 76 (0/9)
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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 discovered that WIND1 promotes shoot and root regeneration in Brassica
napus.

@ We identified key WIND1-induced metabolites implicated in stress response and
reprogramming.

@ We identified a gene regulatory network that promotes root hair development.

Canirol DEX[-)
Canlrol DEX{)
O WIND1-GR DEX{-|
[ WIND1-GR DEX(+)

Sucrose b 0.012

0.008

0.004

Praline b
012

0.08

0.044

Relative metabolites levels (Area/ F.W.)
n
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Iwase, A. et al.

WIND1 induces dynamic metabolomic reprogramming
during regeneration in Brassica napus.

Dev. Biol. 442, 40-52 (2018)

Ikeuchi, M. et al.
Molecular mechansisms of plant regeneration.
Annu. Rev. Plant Biol. in press (2019)

Shibata, M., Sugimoto, K.
A gene regulatory network for root hair development.
J. Plant Res. in press (2019)
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Arbuscular mycorrhiza symbiosis in WT (top)
and knockdown (bottom) roots. Bars: 200um

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

Research Results
@ We identified a factor necessary for root nodule and arbuscular mycorrhiza
symbioses.
@ We established the single cell analysis of plants.

@ We identified an interactor of symbiotic receptors necessary for infection of
rhizobia.

UMAP2

=10
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Sogawa, A. et al.
SNARE Proteins LjVAMP72a and LjVAMP72b Are

Required for Root Symbiosis and Root Hair Formation

in Lotus japonicus.
Front. Plant Sci. 9, 1992 (2019)
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Bioproductivity Informatics Research Team
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BTH compromises Rhizoctonia solani resistance in
Brachypodium distachyon accessions Bd3-1 and Gaz-4 Bd3-1 Gaz-4

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

@ Through large-scale transcriptome data analysis, we comprehensively identified
co-expressed and differentially expressed homoeologs in homoeo-transcritome
in hexaploid wheat.

@ Through our transcriptome analysis of cultured P. nigra cells that had been
induced to undergo proliferation and lignification, we identified changes to
transcriptional regulatory networks and cellular metabolism.

@ We demonstrated that BTH does not work as a simple mimic of SAin B.
distachyon, and consequently may presumably cause unfavorable side effects
through the transcriptional alteration, particularly with respect to R. solani
resistance.

2=
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Mochida, K. et al.

Computer vision-based phenotyping for improvement
of plant productivity: a machine learning perspective.
GigaScience 8, 1-12 (2018)

Kouzai, Y. et al.

Benzothiadiazole, a plant defense inducer, negatively
regulates sheath blight resistance in Brachypodium
distachyon.

Sci. Rep. 8, 17358 (2018)

Ogita, S. etal.

Transcriptional alterations during proliferation and
lignification in Phyllostachys nigra cells.

Sci. Rep. 8, 11347 (2018)
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Discovering genes and chemicals that

improve seed quality and adaptation responses

Our unit studies the mechanisms that regulate plant adaptation responses
such as seed dormancy, germination and stress responses. We will reveal how
biosynthesis and transport of plant hormones such as abscisic acid (ABA),
gibberellin (GA) and jasmonates (JA-lle) are regulated. We will optimize plant
adaptation responses by genetic and chemical regulation of hormone transport
and biosynthesis.

Research Subjects

@ Identification and functional characterization of plant hormone transporters
@ Identification of metabolites involved in plant growth and stress responses
@ Identification of factors involved in seed dormancy, germination and longevity

@ Development of a system to quantify plant metabolites from a single cell

Research Results
@ We revealed that Arabidopsis molybdenum cofactor sulfurase ABA3 regulates
anthocyanin accumulation independently from its role in ABA biosynthesis.
@ We revealed that cell cycle inhibitors improve seed storability after priming.

@ We developed a technique to improve seed storability after priming using cell
cycle inhibitors.

Control

@ Selection of SUPAVIFE seeds

aoEE @
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Watanabe, S. et al.

Arabidopsis molybdenum cofactor sulfurase ABA3
contributes to anthocyanin accumulation and oxidative
stress tolerance in ABA-dependent and independent
ways.

Sci e . ,16592(2018)

Kuromori, T., Seo, M., Shinozaki, K.
ABA Transport and Plant Water Stress Responses.
ren lant Sci. ,513-522 (2018)

Sano, N., Seo, M.

Cell cycle inhibitors improve seed storability after
priming treatments.

J lant e . ,263-271 (2019)
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Stress Adaptation Research Unit

EMDEEMSM EICHAITT

HEVDIRIZA ML A B DHRAICEVEHET

2Z=whU—5'—Unit Leader

Sh—=V2T7VFv> phD

Lam-Son Phan Tran Ph.D

Leaf surface temperatures in wild-type (WT) and
35S:GmNAC085 OE1 and OE2 plants under drought

58

HIROAQFREICEBINU TR K ICHEE LETRIRBORERENEE
FIRED 1 DTH B, ESICIAFDORUERRLIS RIBEEDAELEEITIZSTVS,
FREOIEE TEERELCTEBFROLSBRBEAN S AFYOLEERICE
FEERFIER T RENBRELEEZEN LU TNS. HIZY MOIFRT -
1 W EVERLF 1L —Y DREIBLOFEMZ AN RGE EDEELER. (i)
BRIBANLAFKGT TR OEEEZM ESE2IEZBIREETBIN VAL -V
FIVT/ZUR D2DTH B

HRT—~

® LIRBLMERNLRIGEICH B RILEVREERY N T— DS FHKEDERR
® UVRETFIEHFBIARHENORREEZHIET BAN= X LORE

© L EEET CORYOERELER FEBE LIRS IV

© FEMMZNLAEMICH I BIEYERL ¥ 1L — 5 DREIRA

MR

® BREESNICTIFLUAMEOEMNILEY ICRIFSHEERALR,
O Y XDFIEMER LICEIFNACEES R FDIEAEZ BT UTco
@ FEYASLABEDHEICEWTANI TSV M ORI REZHSHC U,

1 day after drought (°C)

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 revealed the effects of overproduced ethylene on the contents of other
phytohormones.

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

@ We overviewed the roles of strigolactones in plant adaptation to abiotic stresses.

Drought and salt tolerance
B Cc

Nutrient deficiency

?"H@‘?

ermination
Root hair growth unﬁst high temperature
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Li, W. et al.

Effects of overproduced ethylene on the contents of
other phytohormones and expression of their key
biosynthetic genes.

Plant Physiol. Biochem. 128, 170-177 (2018)

Nguyen, K.H. et al.

The soybean transcription factor GmNAC085
enhances drought tolerance in Arabidopsis.
Environ. Exp. Bot. 151, 12-20 (2018)

Mostofa, M.G., Li, W., Nguyen, K.H., Fujita, M., Tran,
L-S.P.

Strigolactones in plant adaptation to abiotic stresses:
an emerging avenue of plant research.

Plant Cell Environ. 41, 2227-2243 (2018)
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Schematic models of the AKT1-KC1 complex
in the presence or absence of Cs*
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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 demonstrated that Cs* but not sodium, rubidium or ammonium specifically
inhibited K* influx through the AKT1-KC1 complex and reduced K* by Cs* plays
a major role in plant growth retardation.

@ We found Arabidopsis CNGC family contributed to Pb?* and Cd?* transport in
plants.

® We identified many seaweed (Pyropia yezoensis) genes which play roles in
enhancing salt tolerance in Arabidopsis.

Pb?* or Cd? treatment
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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)

Moon, J. Y., Belloeil, C., lanna, M. L., 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., Shin, R.

Contribution of KUPs to potassium and cesium
accumulation appears complementary in Arabidopsis.

Plant Signal Behav. 4, 1554468 (2019)
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Model of the involvement of Arabidopsis thaliana Cyclic
Nucleotide-Gated Channels (AtCNGCs) family members in Pb?* or Cd?
transport in plants. AtCNGCs in red rectangle: for Pb?* entry, AtCNGCs
in purple rectangle: for Pb?* or Cd?* entry.
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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 identified a novel gene encoding a plastidic lipase, which is involved in
the heat-stress mitigation in plants.

@ We have identified a key gene involved in the biosynthesis of withanolides
produced in Withania somnifera, also known as an Indian Ayurvedic medicinal
plant, ashwagandha.

@ We have investigated metabolomic signature related to the quality of leaf lettuce
grown in practical plant factory.

A. Reactions catalyzed by DWF1/SSR1, SSR2 and 24I1SO B. Possible evolutional scenario

Solanoideae

s Aé.ﬁm-»m
SSR24—>SSRA2 44 eduction
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Higashi, Y. et al.

HEAT INDUCIBLE LIPASE1 remodels chloroplastic
monogalactosyldiacylglycerol by liberating a-linolenic
acid in Arabidopsis leaves under heat stress.

Plant Cell. 30, 1887-1905 (2018)

Knoch, E. et al.

The third DWF1 paralog in Solanaceae, sterolA
2-isomerase, branching withanolide biosynthesis from
the general phytosterol pathway.

Proc. Natl. Acad. Sci. USA 115, E8096-E8103 (2018)

Tamura, Y. et al.

Metabolomic evaluation of the quality of leaf lettuce
grown in practical plant factory to capture metabolite
signature.

Front. Plant Sci. 9, 665 (2018)
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A. Reactions catalyzed by DWF1/SSR1, SSR2 and 24ISO.
B. Possible evolutional scenario

The effects of heat shock on the wild-type (WT), hill mutant, Tt ‘ ; T =3
and hilHiL1-complemented (43, #6, #9) plants 1 e Ril1 mutant shows a heat stress-sensitive phenotype
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Metabolism is the basis of life and is finely regulated. Plant metabolism and
its regulation are complicated, because plants produce primary metabolites as
well as diverse specialized metabolites. Since ancient times, humans have
used plant metabolites for nutrients, medicine, flavors, etc. We aim to
understand the mechanisms and physiology of plant metabolism and improve
plant productivity of useful metabolites based on our findings. We identify
genes involved in biosynthesis/degradation of amino acids and their derivative
specialized metabolites and elucidate regulatory mechanism. We also develop
metabolomics techniques and exploit mathematical modelling and machine
learning for data mining from metabolome data.

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 found that the metabolic enzyme CYP77A4 is essential for correct auxin
distribution and proper cotyledon patterning in embryos.

@ We isolated a gene encoding the serine biosynthetic enzyme PGDH from
archantia olymor ha and clarified biochemical properties of PGDH.

@® We identified leaf ER bodies in Arabidopsis rosettes that are involved in defense
against herbivory.

FEHX / Publications

Kawade, K. et al.
The cytochrome P450 CYP77A4 is involved in
auxin-mediated patterning of the Ara i o i thaliana
embryo.

e elo ment |, dev168369 (2018)

Akashi, H., Okamura, E., Nishihama, R., Kohchi, T,
Hirai, M.Y.
Identification and biochemical characterization of the
serine biosynthetic enzyme 3-phosphoglycerate
dehydrogenase in  archantia olymor ha.

ront lant Sci. , 956 (2018)

Nakazaki, A. et al
Leaf ER bodies identified in Arabidopsis rosette leaves
are involved in defense against herbivory.

lant hy iol. DOI: 10.1104/pp.18.00984 (2019)
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Environmental Metabolic Analysis Research Team
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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

EEFHX / Publications

Ito, K., Obuchi, Y., Chikayama, E., Date, Y., Kikuchi, J.
Exploratory machine-learned theoretical chemical
shifts can closely predict metabolic mixture signals.
Chem. Sci. 9, 8213-8220 (2018)

Oita, A. et al.

Profiling physicochemical and planktonic features from
discretely/continuously sampled surface water.
Sci.Total Environ. 636, 12-19 (2018)

Mega, R. et al.

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

Nat. Plants 5,153-159 (2019)
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@ Visualization methodology for physicochemical factors correlated with harmful
plankton bloom by machine-learning and time-series analysis.

@ We proposed breeding of wheat variety for the food production in drought area.
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Cell Factory Research Team
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A novel maleate biosynthesis from chorismate, and
bioproduction with a recombinant
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Designing and constructing optimal cell factories

for valuable chemical compounds

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

Research Subjects

@ Building cell factories for production of valuable chemicals
@ Developing in ilico tools for designing artificial metabolic pathways

@ Developing high functional enzymes catalyzing target metabolic reactions

Research Results
@ We succeeded in producing aromatic derivatives with Escherichia coli
constructed a novel metabolic pathway using synthetic biology.

@ We succeeded in functionalizing enzymes needed for biosynthesis of vinyl
compounds.

@ We succeeded in constructing an artificial metabolic pathway for isoprene
synthesis.
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Acstoacety-CoA Artificial metabolic pathway

Polyisoprene
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Mori, Y., Shirai, T.

Designing artificial metabolic pathways, construction of
target enzymes, and analysis of their function.

Curr  in iotechnol. ,41-44(2018)

Fujiwara, R., Noda, S., Tanaka, T., Kondo, A.
Muconic Acid Production Using Gene-Level Fusion
Proteinsin  cherichia coli.

ACS Synth iol. , 2698-2705 (2018).
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Natural Product Biosynthesis Research Unit
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Exploring microbial gene resources and elucidating biosynthetic mechanisms
to produce valuable compounds
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Microorganisms such as actinomycetes and filamentous fungi are a rich
repository of valuable secondary metabolites. The understanding of
biosynthetic mechanisms is important to utilize microbial metabolites efficiently.
For this reason we elucidate a key reactions of biosynthetic pathways by
genetic and biochemical methods. We diversify microbial metabolites by
modifying gene clusters and pathway engineering. In addition to utilizing
transcriptional regulators, we develop novel methods to activate biosynthetic
gene clusters by small molecules and create natural products. We are
constructing microbial biosynthetic platforms and efficiently produce valuable
natural products using genetic resources from nature.

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 succeeded in the stereochemical control of trans-decaline structure by the
exchange of Fsa2-family enzyme.

@ We identified a novel anthraquinone compound produced by Streptomyces
reveromyceticus SN-593.

@ We succeeded in identification and heterologous expression of quinolidomicin
biosynthetic gene cluster.

EEFHX / Publications

Kato, N. et al.

Control of the stereochemical course of [4+2]
cycloaddition during trans-decalin formation by
Fsa2-family enzymes.

Angew. Chem. Int. Ed. 57, 9754-9758 (2018)

Takagi, H., Nogawa, T., Futamura, Y., Takahashi, S.,
Osada H.

Kinanthraquinone, a new anthraquinone carboxamide
isolated from Streptomyces reveromyceticus
SN-593-44.

J. Antibiot. 71, 480-482 (2018)

Hashimoto, T. et al.

Biosynthesis of quinolidomicin, the largest known
macrolide of terrestrial origin: Identification and
heterologous expression of a biosynthetic gene cluster
over 200 kb.

Org. Lett. 20, 7996-7999 (2018)
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Advanced Catalysis Research Group

BER A IR LS ZERATEI MUV AR ZRFELET

AR ORI FIE RERICBEWVENHEEEZ R DY EDRIRIC DR A AT
BEREBONTWAL R RISEFREICT 2R EIRRBAFICA VNI NEe52%
BHOTEBRRHRRETHZ. UFARY I —TTII SEEETROFHEEIL
FEEMNBEORAZELU CHER FER IR — Y BRIREEKRYT
B0 FICH LHRMIE DR ZEN UIC-HIFRE L E AT ER FLEEEEN
TORFEDREBEEEREEN UBIE—FFMEAL T+ DEEHEAY
FRBENRUT -8R ZRBERURISRY —DRBEEN LI\ FDIFE
HACEBMFIRGE DG - BIRD SR RIG - FEEEEM B ORI E TH
BHICHARZED KRB O REICE AEICDIBMREIT S,

HRT—~

FW—FF 4T~ Group Director

& BR Izt
Zhaomin HOU D.Eng.

O #HEMEORHEEN UICHRESRIBORR
O TRFFUEEEN LR BEERRIEORRE

72

Synthesis of Novel Self-Healing Polymers by
Scandium-Catalyzed Copolymerization of
Ethylene and Anisylpropylenes
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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 synthesized a series of unique self-healing and shape-memory
polymers by the scandium-catalyzed copolymerization of ethylene and
anisylpropylenes.

@ We have achieved the enantioselective synthesis of silicon-stereogenic silanes
by the scandium-catalyzed intermolecular alkene hydrosilylation.

@ We have achieved the selective a-C~H alkylation of methyl sulfides with alkenes
by using a half-sandwich scandium catalyst.
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Wang, H. et al.

Synthesis of Self-Healing Polymers by
Scandium-Catalyzed Copolymerization of Ethylene
and Anisylpropylenes.

J. Am. Chem. Soc. 141, 3249-3257 (2019)

Zhan, G. etal.

Enantioselective Construction of Silicon-Stereogenic
Silanes by Scandium-Catalyzed Intermolecular Alkene
Hydrosilylation.

Angew. Chem. Int. Ed. 57, 12342-12346 (2018)

Luo, Y., Ma, Y., Hou, Z.

a-C—H Alkylation of Methyl Sulfides with Alkenes by a
Scandium Catalyst.

J. Am. Chem. Soc. 140, 114-117 (2018)

93% yield, >99:1 e.r.
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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

@ Development of small molecules regulating the function of abscisic acid
receptors

@ Analysis of the mechanism of stomatal opening induced by phytotoxin
coronatine

Research Results
@ Chlorodifluoromethylation of alkenes with chlorodifluoro acetic anhydride was
developed.

@ Perfluoroalkylations of styrenes by using fluorinated alkanoy! peroxides were
developed.

® We synthesized all stereoisomers of an abscisic acid receptor antagonist RK460
and identified the important core structure for the activity.

EEFHX / Publications

Kawamura, S. et al.

Reactivity and properties of bis
(chlorodifluoroacetyl)peroxide generated in situ from
chlorodifluoroacetic anhydride for
chlorodifluoromethylation reactions.

Chem. Commun. 54, 11276-11279 (2018)

Valverde, E., Kawamura, S., Sekine, D., Sodeoka, M.
Metal-free alkene oxy- and amino-perfluoroalkylations
via carbocation formation by using perfluoro acid
anhydrides: unique reactivity between styrenes and
perfluoro diacyl peroxides.

Chem. Sci. 9, 7115-7121 (2018)

Mikame, Y. et al.

Synthesis of all stereoisomers of RK460 and
evaluation of their activity and selectivity as abscisic
acid receptor antagonist.

Chem. Eur. J. 25, 3496-3500 (2019)
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Iron-Catalyzed Selective Remote Functionalization

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 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, copper, etc.

Research Subjects
@ “Next generation organic synthesis™: direct and selective coupling of organic
molecules
@ Efficient synthesis of functional molecules for materials science

@ Development of Earth-abundant metal catalysis based on synergistic ligand
design

Research Results
@ An iron catalyst enabled the three component coupling of a benzamide, an
alkene, and an electrophile such as allyl bromide.

@ Aremote aliphatic C-H bond could be selectively functionalized by using the
radical and organometallic reactivity of iron.

@ Esomeprazole, a proton-pump inhibitor, was synthesized on kilogram scale
through iron-catalyzed enantioselective sulfoxidation.

FEHX / Publications

Zhou, B., Sato, H., llies, L., Nakamura, E.
Iron-Catalyzed Remote Arylation of Aliphatic C-H Bond
via 1,5-Hydrogen Shift.

ACS Catal. 8, 8-11 (2018)

llies, L. et al.

Iron-Catalyzed Directed Alkylation of Carboxamides
with Olefins via a Carbometalation Pathway.

ACS Catal. 8, 11478-11482 (2018)

Nishiguchi, S. et al.

Synthesis of Esomeprazole and Related Proton Pump
Inhibitors through Iron-Catalyzed Enantioselective
Sulfoxidation.

ACS Catal. 8, 9738-9743 (2018)
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Huisgen Cycloaddition by
Using a Polymeric Cu Catalyst
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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 living orgasms and materials that conduct
photoelectric conversion.

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

@ We developed novel highly active polymeric copper catalysts. They were
applied to the Huisgen cycloaddition of alkynes and acetylene gas, as well as to
the synthesis of a pharmaceutical compound.

@ We developed a catalytic Fe-Ni multi-inorganic membrane-immobilized
microflow reactor inside a microchannel reactor. By using this micro device,
decomposition of CO, was investigated.

Membrane

. thickness = 8 um

EEFHX / Publications

Hu, H. et al.

Self-Assembled Polymeric Pyridine Copper Catalysts
for the Huisgen Cycloaddition with Alkynes and
Acetylene Gas: Application in Synthesis of
Tazobactam.

Org. Process Res. Dev. in press

Sojo, V., Ohno, A., McGlynn, E., Yamada, M. A. Y.,
Nakamura, R.

Microfluidic Reactors for Carbon Fixation under
Ambient-Pressure Alkaline-Hydrothermal-Vent
Conditions.

Life 9, 16 (2019)
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Long-term water electrolysis by
Mn-based electrocatalyst
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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 acid-stable Mn-based water oxidation catalysts.

@ We constructed a thermodynamic model for geo-electrochemical CO, reduction
at deep-sea hydrothermal vents.

@ We demonstrated the electrochemical CO, reduction based on
electroautotrophic origin of life model.

Thermodynamics

Optimization of E and pH

e 3 Seawalor Thermodynamic model for geo-electrochemical CO-

(Cold and Acidic)
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Li, A. etal.

Spectroscopic Identification of Stable Potential
Windows for Long Term Electrocatalysis by
Manganese Oxides in Acidic pH.

Angew. Chem., Int. Ed. 58, 5054-5058 (2019)

Ooka, H., McGlynn, S., Nakamura, R,
Electrochemistry at Deep - Sea Hydrothermal Vents:
Utilization of the Thermodynamic Driving Force
towards the Autotrophic Origin of Life.
ChemElectroChem 6, 1316-1323 (2019)

Kitadai, N. et al.

Geoelectrochemical CO production: implications for
the autotrophic origin of life.

Sci. Adv. 4, €aa07265 (2018)
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Bioplastic Research Team
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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 developed the heterogeneous catalyst for bulk ring-opening polymerization
of cyclic carbonates.

@ We found the structural effects on physical properties for the polyesters with
anthraquinone backbone structure.

@ We established the synthetic process for the polymerization of a,B-substituted
vinyl monomers.

84,
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Honda, M., Abe, H.

Development of a H3PW12040/CeQ2 catalyst for bulk
ring-opening polymerization of a cyclic carbonate.
Green Chemistry 20, 4995-5006 (2018)

Goto, T, Iwata, T, Abe, H.

Synthesis and Characterization of Biobased Polyesters
Containing Anthraquinones Derived from Gallic Acid.
Biomacromolecules 20, 318-325 (2019)
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Biomacromolecules Research Team
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Developing new biopolymers and applying them
as biomass-based functional and structural materials
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We aim to search for, create and develop new functional enzymes
(polymerase and protease) as well as new microorganisms (phototrophic
bacteria) to contain developed enzymes based on the relationship between
structures and functions of biopolymer synthases. The final goal of our
laboratory is to design and develop novel functional enzymes to produce
biopolymers such as poly (hydroxyalkanoate) (PHA) and
polyamide/polypeptide, which can be used as structural materials.

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
@ We screened several cell penetrating peptides for specific plant species and
tissues.

@ We found the polyproline type Il helix can form a rigid structure in silk molecules
before the spinning.

@® We developed a method to integrate exogenous DNA into mitochondrial and
plastid genomes.
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Numata, K. et al.

Library screening of cell-penetrating peptide for BY-2
cells, leaves of Arabidopsis, tobacco, tomato, poplar,
and rice callus.

Sci. Rep. 8, 10966 (2018)

Oktaviani, N. A. et al.

Conformation and dynamics of soluble repetitive
domain elucidates the initial B-sheet formation of
spider silk.

Nat. Commun. 9, 2121 (2018)

Yoshizumi, T., Oikawa, K., Chuah, J.A., Kodama, Y.,
Numata, K.

Selective gene delivery for integrating exogenous DNA
into plastid and mitochondrial genomes using
peptide-DNA complexes.

Biomacromolecules 19, 1582-1591 (2018)
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Bioenergetic and proteomic profiling to screen small
molecule inhibitors that target cancer metabolisms
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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 performed bioenergetic and proteomic profiling to screen small molecule
inhibitors that target cancer metabolisms.

@ We isolated and synthesized bioactive sesquiterpenoids from the mushroom
C. cinerea.

@ We activated secondary metabolite production by disturbance of the
two-component signal transduction system of the rice blast fungus, and
identified the biosynthetic gene cluster and the biological function.
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Futamura, Y. et al.

Bioenergetic and proteomic profiling to screen small
molecule inhibitors that target cancer metabolisms.
Biochim. Biophys. Acta Proteins Proteom. 1867, 28-37
(2019)

Otaka, J., Shimizu, T, Futamura, Y., Hashizume, D.,
Osada, H.

Structures and synthesis of hitoyopodins: bioactive
aromatic sesquiterpenoids produced by the mushroom
Coprinopsis cinerea.

Org. Lett. 20, 6294-6297 (2018)

Motoyama, T., Nogawa, T., Hayashi, T., Hirota, H.,
Osada, H.

Induction of nectriapyrone biosynthesis in the rice blast
fungus Pyricularia oryzae by disturbance of the
two-component signal transduction system.
Chembiochem 20, 1-9 (2019)
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Exploiting methodologies to resolve environmental and
resource-related problems using chemical biology
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Complex with Acyl-peptide Complex with NPD11033

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

@ Chemical regulation of epigenetics such as protein methylation, acetylation, and
SUMOylation

@ Development of screening systems for active compounds that target
protein-protein interactions

Research Results

@ We discovered NPD11033 that selectively inhibits deacetylase activity but not
defatty acylase activity of SIRT2, which has both deacetylase and defatty
acylase activity.

@ We identified YBAP1 and Transportin 1 as key regulators for
nucleo-cytoplamic transport of YB-1, a transcription factor involved in
tumorigenesis and malignancy.

@ We used the Arabidopsis peptide hormone-receptor pair as a model system
to screen for binding inhibitors and identified NPD12704 as the first
antagonist for peptide hormone receptor in plant.
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Kudo, N., Ito, A., Arata, M., Nakata, A., Yoshida, M.
Identification of a novel small molecule that inhibits
deacetylase but not defatty-acylase reaction catalysed
by SIRT2.

Philos. Trans. R. Soc. Lond. B Biol. Sci. 373,
20170070 (2018)

Matsumoto, K. et al.

Y-box protein-associated acidic protein
(YBAP1/C1QBP) affects the localization and
cytoplasmic functions of YB-1.

Sci. Rep. 8, 6198 (2018)

Shinohara, H. et al.

Screening and identification of a non-peptide
antagonist for the peptide hormone receptor in
Avrabidopsis.

Commun. Biol. 2, 61 (2019)
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Identification of a selective SIRT2 inhibitor

that creates the hydrophobic cavity of SIRT2,
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long-chain fatty acylated substrates Feldman and Kudo et al., Biochemistry, 2015
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Development of a novel assay system for

- . detecting plant peptide hormone-receptor binding
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Molecular Ligand Target Research Team
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BEAN-counter scores
chemical-genetic interaction profiles
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Exploring target molecules and mode-of-action of bioactive compounds

through global analysis of chemical genetic interactions

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 developed BEAN-counter (Barcoded Experiment Analysis from
Next-generation sequencing) software, a pipeline for quantitative scoring of
chemical genetic interaction screens.

@ We screened eight diverse compound libraries including the RIKEN NPDepo
library, assessed over 18,000 compounds for target specificity using several
chemical genomic methods.

® We validated compounds’ targets using global, pathway-specific and
gene-specific analysis.

NPDepo compounds

Genes

FEHX / Publications

Simpkins, S.W. et al.

Using BEAN-counter to quantify genetic interactions
from multiplexed barcode sequencing experiments.
Nat. Protoc. 14, 415-440 (2019)

Simpkins, S.W. et al.

Predicting bioprocess targets of chemical compounds
through integration of chemical-genetic and genetic
interactions.

PLoS Comput. Biol. 14, 1006532 (2018)

2018£EEX > /\— / FY2018 Members

Team Leader
Charles M. BOONE

Deputy Team Leader
Yoko YASHIRODA

Research Scientist
Sheena Claire Leoncio LI
Technical Staff

Yumi KAWAMURA
Mami YOSHIMURA
Hiromi KIMURA

Chemical genomic profiles for
the NPDepo compounds

91



DFEmHlERRE T — A

Molecular Bioregulation Research Team
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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 developed a synthetic auxin and its receptor for precise regulation of auxin
signaling.

Natural auxin- Chemical modification
receptor pair

Protein engineering

Synthetic auxin-
receptor pair

FEHX / Publications

Hagihara, S., Yamada, R., Itami, K., Torii, K. U.
Dissecting plant hormone signaling with synthetic
molecules: perspective from the chemists.

Curr. Opin. Plant. Biol. 47, 32-37 (2018)

Torii, K. U., Hagihara, S., Uchida, N., Takahashi, K.
Harnessing synthetic chemistry to probe and hijack
auxin signaling.

New Phytol. 20, 417-424 (2018)
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The synthetic auxin can trigger the auxin
signaling at the desired tissue expressing
the synthetic receptor.
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Metabolome Informatics Research Team

EREA @

XINROZSITREZABYINIIT EF—IN—RAZHFELET Developing software platforms anddatabasesfor metabolomics research
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more efficient identification of metabolites. Our developments will be applied to
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Fukushima, A. et al.
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Source-to-Sink Organs During Early Fruit
Development in Tomato by LED Light Treatments.
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Tsugawa, H.
Advances in computational metabolomics and
WRT—< Research Subjects databases deepen the understanding of metabolisms.
Curr  in iotechnol. ,10-17 (2018)
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@ We developed lipidomics and metabolomics databases.
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Molecular Structure Characterization Unit
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Structures of Ca?* -signal transduction
inhibitors from Kuji amber
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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 elucidated structures of several nor-diterpenoids as Ca® -signal transduction
inhibitors isolated from Kuji amber.

@ We performed structure characterization by NMR for solid-phase synthesis
products such as imidazole-2-thiones and imidazol[2,1-b]thiazol-4-iums from
polymer supported a-acylamino ketones.

@ On the development of high field Bench-top NMR, we performed evaluation by
simulation for REBaCuO bulk reinforcement during field-cooled magnetization.
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Uchida, T. et al.

Ca*-Signal transduction inhibitors, kujiol A and
kujigamberol B, isolated from Kuji amber using a
mutant yeast.

J. Nat. Prod. 81, 1070-1074 (2018)

Kralova, P., Malon, M., Koshino, H., Doursl, M.
Convenient synthesis of thiohydantoins,
imidazole-2-thiones and imidazo[2,1-b]thiazol-4-iums
from polymer-supported a-acylamino ketones.
Molecules 23, 976 (2018)

Takahashi, K. et al.

Thermal and magnetic strain measurements on a
REBaCuO ring bulk reinforced by a metal ring during
field-cooled magnetization. Supercond.

Sci. Technol. 32, 015007 (2019)
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Biomolecular Characterization Unit

IVNIEDIBEZRANT . ERRROFEICEFTVET

HEl B ke
Naoshi DOHMAE rh.D.

MALDI-TOF mass specrta (left panel) of Strigolactone
receptor D14 with or without KK094 (branching regutatory
reagent) and LC-ESI-MS/MS spectra (right panel) of
tryptic D14 peptides ("“'CAFVGHSVSAMIGILASIR™)
indicate KK094 bind to '*’Ser of D14 covalently.
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To resolve the mystery of biological phenomena,

we examine the protein 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

@ We developed a new shoot branching regulatory reagent.

@ We found CLE25 peptide that transmits water-deficiency signals is
extracellularly secreted under osmotic stress conditions.

@ We have identified the complete post-transcriptional chemical modifications of all
RNAs of human 80S ribosome by quantitative mass spectrometry-based
method.

PTM map of human rRNAs

Taocka M 2

FEHX / Publications

Takahashi, F. et al.

A small peptide modulates stomatal control via abscisic
acid in long-distance signalling.

Nature ,235-238 (2018)

Nakamura, H. et al.
Triazole ureas covalently bind to strigolactone receptor
and antagonize strigolactone responses.

ol lant. ,44-58 (2019)

Taoka, M. et al.

Landscape of the complete RNA chemical
modifications in the human 80S ribosome.
Nucleic Aci e . ,9289-9298.(2019)
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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

@ The combination of metabolomics and mathematical analysis revealed that
excess pyrophosphate inhibits UDP-Glc pyrophosphorylase in i o.

@ We have revealed phytohormone dynamics in a host pine tissue during the
infection process of endophytic fungus S haero i a inea.

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

EEFHX / Publications

Ferjani, A. et al.

Pyrophosphate inhibits gluconeogenesis by restricting
UDP-glucose formation in i o.

Sci e . , 14696 (2018)

Hu, B. etal.
Consequences of S haero i tip blight disease for
the phytohormone profile and antioxidative metabolism
of its pine host.

lant Cell n iron. ,737-754 (2018)

Cui, Y. etal.

A whole-cell electron tomography model of vacuole
biogenesisin Ara i o i root cells.

Nat lant ,95-105 (2019)
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Pictures of redesigned CLEM system
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Chemical Resource Development Research Unit
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Achievement of chemical library provision
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Expanding and using chemical libraries

to accelerate chemical biology research

A chemical library is an indispensable tool to promote research on regulation
of cell functions and drug-discovery under the strategy of chemical biology. To
ensure 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 will enrich the chemical library by cooperation 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

@® We found novel hepatitis B virus entry inhibitors targeting NTCP from the
chemical library of RIKEN Natural Product Depository (NPDepo) using a
chemical array system.

@ 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 93,646 compounds

Drug like Synthetic
Compounds
64,030

Natural Procus
Derivativi
18,216

3,800
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Kaneko, M. et al.

Chemical array system, a platform to identify novel
hepatitis B virus entry inhibitors targeting sodium
taurocholate cotransporting polypeptide.

Sci e . ,2769(2018)

Simpkins, SW. et al.
Predicting bioprocess targets of chemical compounds
through integration of chemical-genetic and genetic
interactions.

oS Com ut iol. ,e1006532 (2018)

Simpkins, SW. et al.

Using BEAN-counter to quantify genetic interactions
from multiplexed barcode sequencing experiments.
Nat rotoc. ,415-440 (2019)
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Drug Discovery Chemical Bank Unit
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Total 38 subjects Total 2,404 compounds

P-CREATE P-CREATE

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

This unit takes the role of 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 the purpose of 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 management of chemical library to provide compounds efficiently.

2018&FE X /\— / FY2018 Members

Unit Leader
Hiroyuki OSADA

Deputy Unit Leader
‘Yasumitsu KONDOH

Senior Research Scientist
Takeshi SHIMIZU

Technical Staff
Hiroyuki HIRANO
Yuta IWAI

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 re-evaluation of biological activities.
@ We purchased hit compounds analogs and provided their solutions.
@ We provided a core library of NPDepo (20,393 compounds) for HTS.

DMP Chemical Library

742

‘ Total 29,645 Compounds

[l DMPHTS Libeary

[ DMP collaborative Research Library

[l AMED Drua O ¥ I— DMP chemical library in storage
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Drug Discovery Seed Compounds Exploratory Unit
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E#81=whJ—5'— Unit Leader

SH R eyt
Minoru YOSHIDA D.Agr.

HTS themes carried out in FY 2018,
categorized by assay methods.
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Discovering seed and lead compounds by HTS to develop new drugs

The seed compounds exploratory unit for drug discovery 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 itro 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 assay methods for HTS of compounds active on a total of 5
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).

@® We conducted HTS for the compounds active on a total of 11 target
molecules in the RIKEN DMP and the AMED P-CREATE. Among them, we
completed HTS of 9 targets, and identified hit compounds that might have
direct activities on each of the targets.

® Weusedthe Ara i o i peptide hormone-receptor pair as a model system
to screen for binding inhibitors and identified NPD12704 as the first
antagonist for peptide hormone receptor in plant.

FEEFHX / Publications

Murashima, A. et al.

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

J iochem. in press

Shinohara, H., Yasue, N., Onuki, T., Kondoh, Y.,
Yoshida, M.

Matsubayashi, Y. Screening and identification of a
non-peptide antagonist for the peptide hormone
receptorinAra i 0 i .

Commun iol. ,61(2019)

Mizutani, A. et al.

RK-287107, a potent and specific tankyrase inhibitor,
blocks colorectal cancer cell growth in a preclinical
model.

Cancer Sci. , 4003-4014 (2018)

2018£EE X /\— / FY2018 Members

Unit Leader
Minoru YOSHIDA

Deputy Unit Leader
Tetsuo ONUKI

Senior Research Scientist
Ken MATSUMOTO
Kenji OGAWA

Research Scientist
Koushiki MINO
Norio KUDO

Hiroki KOBAYASHI

Technical Staff
Iku KUWAHARA
Mari AGAWA

Seiji MATSUOKA
Yui KASHIMA
Michiru IWASHITA
Mayumi ARATA
Haruna NISHIMURA
Satoko MAEDA
Takeshi SONODA
Yui MAZAKI

Akiko NAKATA
Yasue ICHIKAWA
Taeko WAKANA
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Drug Discovery Chemistry Platform Unit

XFAVFIWTEAMN -DOFFZAVBS FRIREHELT T

E#81=whJ—5'— Unit Leader
INL 181 st

Hiroo KOYAMA Ph.D.

RIKEN Program for Drug Discovery and
Medical Technology Platforms
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Pursuing small molecule drug discovery through medicinal chemistry

Our ultimate goal is to identify small molecule preclinical candidates.
Dedicated synthetic organic chemists in our group pursue “hit to lead”
optimization and multi-dimensional “lead compound optimization” on target
receptor/enzyme potency, PKPD profiles, and off-target activities through SAR
development. By capitalizing on RIKEN's available expertise in structural
biology, computational chemistry, and screening technologies, we strive to
expedite the drug discovery process by rational drug design. Our current
therapeutic targets include rare, neglected, and intractable diseases.

Research Subjects

@ Small molecule drug discovery

Research Results

@ We identified a preclinical candidate for a rare genetic disease FOP.

@ We identified a preclinical candidate for colon cancer treatment via a novel
mechanism.

@ Aclinical candidate for cancer immunotherapy is currently in Phase | study.
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EEFHX / Publications

Saito, S. et al.

Eradication of central nervous system leukemia of
T-cell origin with a brain-permeable LSD1 inhibitor.
Clin. Cancer Res. in press

Mizutani, A. et al.

RK-287107, a potent and specific tankyrase inhibitor,
blocks colorectal cancer cell growth in a preclinical
model.

Cancer Sci. 109, 4003-4014 (2018)

Sekimata, K. et al.

Bis-heteroaryl pyrazoles: Identification of orally
bioavailable inhibitor of ALK2 (R206H).

Chem Pharm. Bull. 67, 224-235 (2019)
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Unit Leader
Hiroo KOYAMA

Senior Research Scientist
Fumiyuki SHIRAI
Nobuo CHO

Senior Technical Scientist
Junichi KAZAMI

Research Scientist
Katsuhiko SEKIMATA
Yasuko KODA
Hirokazu KUBOTA
Kenichi WASHIZUKA
Hirofumi YAMAMOTO

Technical Scientist
Ko KIKUZATO

Visiting Scientist
Takuya TASHIRO

Technical Staff
Rie OSAKI

Others
Fumiko KYOTANI
Chieko SHIDA

A Typical Drug Discovery Process
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Bioprobe Research Group
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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 chemical biology study. We exchange young researchers each other
for the 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 analysis of molecular targets

Research Results

@ We identified a new autophagy inhibitor that inhibits respiration by targeting
mitochondrial complex I.

@ We developed a novel enantioselective approach to the synthesis of a
compound collection inspired by natural pyrrolizidine alkaloids. Synthesized
compounds had multiple bioactivities, including activity against malaria parasites
and inhibition of Hedgehog signaling.

@ We developed a public database and web interface named MOSAIC. The
website provides a convenient interface for querying compounds, bioprocesses
(Gene Ontology terms) and genes for chemical-genetic (CG) information
including direct CG interactions, bioprocesses and gene-level target predictions.

==/

COs;Me
2 + | X

CO,Me O

<Activities>
Anti-Malaria
Anti-Hedgehog signaling

Enantioselective synthesis

EEFHX / Publications

Robke, L. et al.

Discovery of the novel autophagy inhibitor Aumitin that
targets mitochondrial complex I.

Chem. Sci. 9, 3014-3022 (2018)

Jia, ZJ. etal.

Catalytic enantioselective synthesis of a
pyrrolizidine-alkaloid-inspired compound collection with
antiplasmodial activity.

J. Org. Chem. 83, 7033-7041 (2018)

Nelson, J. et al.

MOSAIC: a chemical-genetic interaction data
repository and web resource for exploring chemical
modes of action.

Bioinformatics 34, 1251-1252 (2018)

2018£EEX>/\— / FY2018 Members

Group Director
Hiroyuki OSADA

Senior Research Scientist
Makoto MUROI

A novel enantioselective approach to the synthesis
of a compound collection was developed,
employing an enantioselectively catalyzed
1,3-dipolar cycloaddition as the key step.
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Bioprobe Application Research Unit
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Identification of small molecules with effects on cell growth
in collaboration with Max Planck Institute in Germany
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In collaboration with a group of Max Planck Institute (MPI) of Molecular
Physiology (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. In the opposite
way, 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

EEFHX / Publications

Wilke, J. etal.

Identification of cytotoxic, glutathione-reactive moieties
inducing accumulation of reactive oxygen species via
glutathione depletion.

Bioorg. Med. Chem. 26, 1453-1461 (2018)

Suvarna, K., Honda, K., Kondoh, Y., Osada H.,
Watanabe, N.

Identification of a small molecule ligand of B-arrestin1
as an inhibitor of stromal fibroblast cell migration
accelerated by cancer cells.

Cancer Med. 7, 883-893 (2018)

Suvamna, K. et al.
A small-molecule ligand of valosin-containing
protein/p97 inhibits cancer cell-accelerated fibroblast

A=yhU—5"—Unit Leader
EE BT mewt
Nobumoto WATANABE D.Sci.
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migration.

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

J. Biol. Chem. 294, 2988-2996 (2019)
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4,5-dihalo-pyridazin-3-one moieties are
shown to strongly deplete GSH, to cause
ROS accumulation and to induce cell death.

@ Identification of molecular targets of bioprobes

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

Research Results

@® We found compounds that induce glutathione depletion, ROS accumulation, and
cell death.

@ We found that the migration of fibroblasts is activated by the co-cultured cancer
cells, and showed that the dephosphorylation of cofilin through beta-arrestin
dependent manner using small molecule compounds.

@ We found that valocin containing protein (VCP) is essential for the cancer
cell-accelerated migration of fibroblast using a small molecule that specifically
binds to VCP.

JOURNAL OF
B BIOLOGICAL
CHEMISTRY'
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2018£EEX>//\— / FY2018 Members

Unit Leader
Nobumoto WATANABE

Senior Research Scientist
Makoto KAWATANI

Research Scientist
Tatsuro KAWAMURA

Technical Staff
Emiko SANADA

International Program Associate
Ziyu LIU

Others
Junko KOBAYASHI

When co-cultured, compared to the fibroblasts alone, cancer cells
accelerates the migration of fibroblasts through the action of
valosin-containing protein (VCP)/p97. (JBC VOL. 294(9))
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RIKEN-KRIBB Joint Research Unit
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Structures of pentaminomycins A and B pentaminomycin A

pentaminomycin B

14

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 pentaminomycins A and B produced by Streptomyces sp.
RK88-1441.

@ We identified aturanosides A and B produced by Streptomyces sp. RK88-1441.

@ We identified catenulisporolides produced by actinomycetes Catenulispora
species.

“/OH

catenulisporolide A

EEFHX / Publications

Jang, J.-P. etal.

Pentaminomycins A and B, hydroxyarginine-containing
cyclic pentapeptides from Streptomyces sp.
RK88-1441.

J. Nat. Prod. 81, 806-810 (2018)

Jang, J.-P. etal.

Aturanosides A and B, glycosylated anthraquinones
with antiangiogenic activity from a soil-derived
Streptomyces species.

J. Nat. Prod. 81, 2004-2009 (2018)

Son, S. etal.

Catenulisporolides, glycosylated triene macrolides
from the chemically underexploited actinomycete
Catenulispora species.

Org. Lett. 20, 7234-38 (2018)
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Unit Leader
Shunji TAKAHASHI

Senior Research Scientist
Naoki KATO
Toshihiko NOGAWA

Structure of catenulisporolide A
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