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Results from Five Years of
Interdisciplinary Collaborations

Since CSRS began in 2013, we have advanced
interdisciplinary research projects among plant science,
chemical biology and catalytic chemistry, and the
creating and utilizing of useful materials from natural
resources. In our interdisciplinary research on chemical
biology, we have had great success with collaboration
and personnel exchanges with Nagoya University’s
Institute of Transformative Bio-Molecules (ITbM), one of
the World Premier Institute (WPI). Within CSRS, we
have also had success with interdisciplinary research in
chemistry and plant science. Biomass Engineering
Program was integrated into CSRS in 2015 to advance
application of research outputs in biotechnology.

Collaborations with other research organizations such as
National Institute of Advanced Industrial Science and
Technology (AIST), the Japan Fisheries Research and
Education Agency (FRA), and National Agriculture and
Food Research Organization (NARO) have advanced
for the application of research outputs in CSRS.
Collaborations with Industry researchers have also
greatly advanced to apply research outputs for social
uses.
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Five Flagship Projects based on
Sustainable Development Goals

Great paradigm shift to sustainable development is
accelerating from major changes in society over the last
five years and a shift in societal needs as symbolized by
the UN’s Sustainable Development Goals (SDGs) and
the Paris Agreement (COP21) for achieving zero
greenhouse gas emissions.

In the RIKEN’s fourth mid- to long-term plan, CSRS
addresses this paradigm shift in society and scientific
technologies, and strongly promotes five flagship
projects that focus on seven of the 17 SDGs: Innovative
Plant Biotechnology, Metabolic Genome Engineering,
Innovative Catalysts, Leading-edge Polymers, and
Advanced Research and Technology Platforms.

Over the next plan, we will proactively incorporate data
science and artificial intelligence in addition to genomics
and chemical biology, and develop our human
resources. We will also accelerate our collaborations
with industry, academia and other national research
institutes.
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CSRS’s Role

One of CSRS'’s missions is to strengthen collaborations
with other countries. Also, in order for RIKEN to be
supported in the domestic science community, it is
necessary to build good relationships with universities
and become a hub of cooperation. It is therefore
necessary for RIKEN to have high-level research
standards and platforms.

As a center that began with interdisciplinary research
projects in chemistry and biology, we have come to a
point of mutual understanding and are now at the start
point of new flagship projects for the contribution to
SDGs and Society 5.0. We will make endeavor to create
strong foundations while actively nurturing the
next-generation researchers and engineers, and also
adopting latest technology in data science, genomics
and chemical biology.
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Research Strategy in the 4th mid- to long-term plan
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Contributing to a sustainable society through research oriented
towards “problem-solving” based on the concept of developing
manufacturing methods with reduced environmental impact

Since its establishment in 2013, RIKEN Center for Sustainable Resource Science (CSRS) has been a leader in creating a sustainable
society through transdisciplinary 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.
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Innovative Catalysts 1
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Developing high-performance catalysts for
efficient utilization of natural resources
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Innovative Plant Biotechnology

RN REL N A Y ZEENDER
Contributing to sustainable production
of foods and biomass
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Leading-edge Polymers
HRBREEROHRRY V—, /AR v—ORF

Developing new polymers and biopolymers
with beneficial functions
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Expanding production and use of bioproducts
from plants and microorganisms
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Advanced Research and Technology Platforms

RRREDIHOME - RNBEBEOWELFA
Building and using research and technology
platforms for development of new resources
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Genome
Epigenome
Genome editing
Synthetic genomics,

Small Molecules
Compounds

Metabolites
Peptides

Molecule data
Genome data
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Metabolic Genome
Engineering
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Innovative Catalysts
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Leading-edge Polymers
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Advanced Research and
Technology Platforms
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Drug Discovery Platforms
Cooperation Division
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Technology Platform Division
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RIKEN-Max Planck Joint Research
Division for Systems Chemical Biology
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RIKEN-KRIBB Joint Research Unit

CSRS New Research Structure
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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
Dormancy and Adaptation Research 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 Research Group
Advanced Organic Synthesis Research Team
Green Nanocatalysis Research Team
Biofunctional Catalyst Research Team
Bioplastic Research Team
Biomacromolecules Research Team
Advanced Catalysis Research Group
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

Drug Discovery Chemical Bank Unit

Drug Discovery Seed Compounds Exploratory Unit
Drug Discovery Chemistry Platform Unit
Molecular Structure Characterization Unit
Biomolecular Characterization Unit

Chemical Resource Development Research Unit

Mass Spectrometry and Microscopy Unit
Bioprobe Research Group

Bioprobe Application Research Unit
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Innovative Plant Biotechnology
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Contributing to sustainable

food and biomass production
through development of plant
trait improvement techniques

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

In addition, the project will use omics analysis to explore
peptides and other regulators and employ chemical biology
approaches to elucidate main factors leading to improvement of
productivity and functionality of foods and biomass. To ensure
transfer of the results in the field to the actual farmland under
varying conditions, the project will also use information science
to store and analyze data from multiple angles for trait
improvement.
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Metabolic Genome Engineering
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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.
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Innovative Catalysts
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Developing new,
highly efficient catalysts
that use 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 metal-based
catalysts for manufacture of hydrogen and other substances
through water splitting, biofunctional catalysts that function in
water, and catalysts that are based on cheap, earth-abundant
elements and that take the advantage of the features of all
available metals for chemical synthesis. Through such
innovation, the project will change the notion that “Japan is a
country poor in resources.”
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Leading-edge Polymers
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Developing new polymers with
beneficial functions improving
efficiency in the use of resources
and creating new industries

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

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

Technology Platform Division

Promoting CSRS research activities
through providing research
platforms for the supports of further
understanding the mechanism and
action of  biological molecules,
structural elucidation and
characterization of organic
molecules, and analyzing plant
metabolome and hormonome, and
bio-imaging analysis. Also aiming
to develop the platform through
industrial collaboration and
development of new

technologies.
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Advancing analytical technology
and information platforms and
leading innovation as a science

and technology hub in Japan

RIKEN, with its state-of-the-art platform for molecular analysis,
is actively conducting joint research with other research institutes
and universities, with the Technology Platform Division at the
core. The Advanced Research and Technology Platforms project
will use and further refine RIKEN's analytical and information
platforms and support the efficient promotion of the flagship
projects.

Specifically, such efforts will include development of analytical
technology for automatic identification of compounds;
sophistication of the integrated metabolome analytical platform,
including plant hormones that help us understand all intracellular
metabolism, the imaging technology platform using electron
microscopy, and the phenotype analytical platform; establishment
of the platform for development of bioactive substances that
combines research covering an extensive field from plants to
microorganisms; and further expansion of the chemical bank. To
support these analytical technologies, the project will also use
and refine the cross-cutting information platform. The project will
lead RIKEN's efforts in forming a science and technology hub and
bring about the next-generation innovation while deepening
collaboration with the industry.
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Max-Plank Institutes (MPI) RIKEN

RIKEN-Max Planck Joint Research Division
for Systems Chemical Biology, CSRS

MPI of Molecular Physiology

Prof. Herbert Waldmann

Biology Oriented Synthesis “BIOS”

MPI of Colloids and Interfaces

Prof. Peter H. Seeberger

Chenical Glycomics

Collaboration between RIKEN and Max-Planck Institutes
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Drug Discovery Platforms Cooperation Division

Discovery of seed/lead compounds
by HTS for development of new drugs

Academic drug discovery has
become a world-wide movement
at universites and research
institutions.  RIKEN  facilitates
academic drug discovery by
conducting the Drug Discovery
and Medical Technology
Platforms (DMP). To achieve this
goal, it is necessary to develop
novel assay systems based on
recent advances in genome and
iPS cell research. Capitalizing on
RIKEN's vast library of bioactive
natural products, optimized assay
systems, and state of the art equipment for high throughput screening
(HTS), our division aims at making innovative contributions to the
academic drug discovery effort.

#BF3E / Division Director
HH B mywt
Minoru YOSHIDA D.Agr.

BWM-vvIRT S EBERARERF
RIKEN-Max Planck Joint Research Division for Systems Chemical Biology

Proceeding the research of systems
chemical biology in collaboration with
Max Planck Institute in Germany

Our division will promote
exchange between scientists of
systems chemical biology at
RIKEN and the Max Planck
Institutes, and advance effective
use of research resources,
information, and technology.
RIKEN has its own libraries of
compounds (NPDepo) as well as
technology for efficiently finding
inhibitors from the libraries. The #BFIER / Division Director
Max Planck Institutes, on the RH #2 mywt

other hand, are proficient in the Hiroyuli OSADA D-Agr:
use of derivatives to create compounds with better bioactivity. By
effectively combining each other’s technology and approaches, the
division aims to promote chemical biology research through synergy

between the two laboratories.
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The following icons which are indiccated in the laboratory
page represent a related “Interdisciplinary Project”.

REROBROFERHME /O TIH
R&D Project of Carbon Utilization

ZRFO/ROIEAME 7O LI
R&D Project of Nitrogen Utilization

ERTHROBROFEFAMETOS VM

R&D Project of Metallic Elements Utilization

BRERRR FAMKERTODIIH
R&D Project of Research Platforms

ekl

Research activities
The 3rd mid- to long-term plan and FY2017
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Research Structure in FY2017
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Drug Discovery Platforms Cooperation
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‘Seed Compounds Exploratory Unit for
Drug Discovery Platform
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Molecular Structure Characterization U KOSHINO
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Systems Chemical Biology OSADA
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Fundamentals of the center;
Core Research

CSRS has been established to elucidate the diversity of biological
functions and chemical diversity, collecting three of RIKEN's strong
fields, Plant Science, Chemical Biology, and Catalytic Chemistry.
While chemistry examines molecular structures, their reactions and
phenomena at the molecular level, biology considers the overall flow of
genetic information and molecular systems. By learning both sides of
the coin, we endeavor to create disruptive research and technologies
for the sustainable production of materials, energy and food.

Integrating the strong points;

Interdisciplinary Projects

CSRS has promoted four unique interdisciplinary projects across
the core CSRS scientific fields; Carbon, Nitrogen, Metallic Elements
and Research Platforms. Scientists from plant science, chemical
biology and catalytic chemistry interact with one another to tackle
challenges in science and technology essential towards innovation
for a sustainable future.

Knowledge and Technology transfer;

Translational Research

Outstanding core research in each specialized field and integrated
knowledge obtained from interdisciplinary projects are transferred to
society by collaborating with industry. Collaborative research projects
have been promoted towards realizing “open innovation” by
proactively matching industry needs with research seeds from CSRS,
in cooperation with the Business Development Office and the CSRS
Planning Office.

Collaboration with other institutes and universities are also
important means to extend center activites and encourage
interaction with worldwide research communities. Beyond various
individual collaborations, CSRS promotes research networks, such
as consortiums and joint graduate courses with universities in Japan,
as well as international collaboration. In particular, CSRS promotes
inter-ministry collaboration as a way of achieving innovation.
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‘EJ R&D Project of Carbon Utilization

ARHBPDKFE (ZERILRER) P
BREDPSERGYMEZ

DLUHLET

Creation of useful materials
from carbon and oxygen
in the atmosphere

rvr2030 promoter

furlp

furaquinocin
l Afurl gene disruption

mevalonate
gene cluster

Fig2. Terpenoid-production platform
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Fig3. Biosynthesis of potato alkaloids

SSR2 gene responsible for biosynthesis of toxic alkaloids was identified and engineered by genome editing technology.

Current monitoring

From Chemolithoautotroph
to Electrolithoautotroph

Chemolithoautotrophic Fe(ll)-
oxidizing bacterium,
Acidithiobacillus ferrcoxidans

Uphill ET powered by
PMF (bci and rubisco)

Redox active
Downhill ET coupled PMF generation

Redox inactive

Fig4. Bioenergetic membrane for electrolithoautotrophs
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Fig5. Copper-catalyzed one-pot coupling of CO;, Bz(pin); and aldehydes

reveromycin gene cluster
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Outline

* Developing enhanced photosynthesis by identifying regulatory factors
for the production of various biomaterials.

© Developing not only plants that can effectively fix CO. for the
production of useful materials, but also microorganisms and catalysts
with added chemical diversity.

® Developing technology to allow us to freely produce useful resources
from CO,,

© Developing novel catalysts that make it possible to use atmospheric
oxygen to engage in oxidation without putting a load on the
environment.

Research Results in FY2017

® We found that acetate enhances the plant drought tolerance by
activation of JA signalling pathway. (Fig1)

* We found that a serine biosynthetic enzyme 3-phosphodehydrogenase
is activated by some amino acids.

* We identified a novel UGT79B31, flavonol 3- O -glycoside: 2"-
O-glucosyltransferase, as an enzyme responsible for the terminal
modification of pollen-specific flavonols in Petunia hybrida.

* We developed a terpenoid-production platform in Streptomyces
reveromyceticus SN-593. (Fig2)

* We have achieved the efficient copolymerization of
heteroatom-containing a-olefins with ethylene by using a scandium
catalyst.

Research Results in the 3rd mid- to long-term plan

* Genes encoding enzymes for the biosynthesis of the toxic alkaloids in
potato were identified and applied to metabolic engineering. (Fig3)

® AtPHT4;4 is a chloroplast-localized ascorbate transporter and
functions in light stress tolerance.

* We discovered a new carboxylase involved in polyketide biosynthesis.

* We identified the electrolithoautotroph and its metabolic pathway for
electricity harvesting. (Fig4)

* We have achieved for the first time the synthesis of novel lithium
boracarbonate ion-pair compounds by copper-catalyzed one-pot
multi-component coupling of carbon dioxide, diboron, aldehydes, and
lithium tert-butoxide. (Fig5)
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Nontransgenic rice tGol52 overexpressed rice

Fig1. Field trial of drought resistant rice production
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Fig3. Mechanism of efficient nitrate uptake under N-limited conditions
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Fig5. Discovery of Fungal Denitrification Inhibitors by Targeting
Copper Nitrite Reductase from Fusarium oxysporum
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~NJ R&D Project of Nitrogen Utilization

ARPOEBRDPSEAER:
AIRNF—LFHETD
TOEZT7EREBEFEH
TOEMEEDEMNZ
HiELET

BE
o HER BIXF—NBHETCEREE. 7V E-TEREERET
DEMBSAEORFEZBET.

o ERPUVIDBVRBREDBWRE THEYOEB ZRIICT
ELFPEREEMEEZRRT %0

o RRUCEEFPEREEYEZHEL. 2 2WER(A—1> Ty
RN TETADIREZAREICT DIEY 2 EHH T EZRIRT,

° REMEBHELOBERCEROBEEMHT 2R 2,

201 7EEDMELR

o BEENUIhIVRET FU EZDRIBEDEEE, 21— MO
RIVEICERSRENERDILERASHMCLU,

o YOAXFRFAZVF/ — IV ABREREE S TTF DBV R
1ED . EIREIS T ORI ICHIN U, (Figl)

° TODILEYTA T YU —ICFIE SN 2#913,000 D\ TLEY
DIFHMEREDERN T (F/ T—23V) &fT >,

o FEYVERYMEEYZRWTORMBERETTEYI P/ Uvin
SERERET DI EICAINUT,

o RKFRICH T2 EEHIEMEEZAS AN Ui,

ESHPRUAEICHITIELMARR

o FYVERURBHEAVTEEEETERD FOUIME KR
I U7z, (Fig2)

o BERZUT COMBA A ORI LD ERAENRT2.4&
NRT2.5%ZRE Uiz, (Fig3)

o ZFIVERUR/ZRNUREGERV. BRHFOEELEEE
T LT, (Figd)

o AVYYARY ) —Z VT ZRWTH R OME D ZEER (Nirk)
PR 2 BVS LT, (Figh)

o BERNFHISEE-NIINEGR-TYE=TEAVAVEER -4
IREEREZRF U, (Fig)

Synthesis of ammonia from
dinitrogen in an energy-saving

way and production of crops
with low levels of fertilizers
and other resources

Outline

* Aiming to develop novel catalysts that enable nitrogen fixation and
ammonia synthesis using low levels of resources and energy under
relatively mild conditions.

® Searching for genes and biologically active substances that allow
growth even in environments with low nutrients such as lower nitrogen
and phosphorus.

© Developing crops with high productivity under small amounts of
fertilizer by controlling those genes and biologically active substances.

© Developing denitrification inhibitors and technology to reduce nitrous
oxide (N.O) emission.

Research Results in FY2017

* We found that systemic transport of trans-zeatin and its precursor have
differing roles in shoot growth traits.

© We developed AtGolS2 overexpressed rice that show resistance to
drought stress and increased grain yield in real-world situations. (Fig1)

* We screened seven different compound libraries containing ~13,000
compounds and annotated their functional diversity.

* We have achieved the hydrodenitrogenation (HDN) of pyridines and
quinolines under mild conditions by using a titanium hydride
compound.

* We identified transcriptional machinery in nodule development.

Research Results in the 3rd mid- to long-term plan

* We achieved dinitrogen cleavage and hydrogenation at ambient
temperature and pressure by using a multimetallic titanium hydride
complex. (Fig2)

* We identified NRT2.4 and NRT2.5 as key nitrate transporters under
N-limited conditions. (Fig3)

* We elucidated dinitrogen cleavage and hydrogenation mechanism at
a molecular multimetallic titanium nitride/hydride cluster. (Fig4)

* We identified novel bacterial NirK inhibitors by in silico screening. (Fig5)

* We developed a novel method directly converting dinitrogen to
nitriles. (Figé)
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\'YD R&D Project of Metallic Elements Utilization
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Efficient recovery and usage
of useful metallic elements
without imposing a load

on the environment
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Fig2. Divergent synthetic strategy to obtain perfluoroalkylated
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Fig4. Schematic representation of screening for K* deficient tolerance
and Cs* tolerance-related genes using ion beam mutagenized
Arabidopsis plants

Fig3. Potential use of the moss Funaria hygrometrica protonemal cells

as a Pb adsorbent
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Outline

® Aiming to boost the functionality of special metals and reduce the
amount of metal catalysts needed.

© Developing novel highly active and selective catalysts by using readily
available and inexpensive metals.

® Promoting technology transfers to recover and reuse useful metal
resources efficiently without burdening the environment, by using
plants and microorganisms.

Research Results in FY2017

® We developed a catalytic asymmetric [3+2] cycloaddition using the
centrochiral Ni(ll) complex. (Fig1)

® We developed a synthetic method for a diverse array of perfluoroalky!
group-containing N-heterocycles. (Fig2)

© We achieved the diastereodivergent asymmetric
carboamination/annulation of cyclopropenes with aminoalkenes by
using chiral lanthanum catalysts.

* We demonstrated potential use of the moss Funaria hygrometrica as
a Pb adsorbent. (Fig3)

* We identified several seaweed (Pyropia yezoensis) genes which play
roles in enhancing potassium deficiency tolerance.

Research Results in the 3rd mid- to long-term plan
® We developed a catalytic amino-trifluoromethylation of alkenes.

* We demonstrated potential use of the moss Funaria hygrometrica as
a Pb adsorbent. (Fig3)

® We found chemicals which enhance cesium tolerance and/or
accumulation in plants. (Fig4)

® We achieved the carbon-carbon-cleavage and rearrangement of
benzene at ambient temperature and pressure by using a
multimetallic titanium hydride cluster. (Fig5)

© We developed a novel polymer-supported iron nanoparticle catalyst
for the instantaneous hydrogenation within one minute.

* We developed the water splitting catalyst working at neutral pH based
on the regulation of proton-coupled electron transfer mechanisms.
(Figé)
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Integration of three software  Discovery of novel molecular structures
that are species- or organ-specific
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Fig3. Functional signatures of the RIKEN NPDepo
compound collection

Fig4. MirrorCLEM system: FE-SEM equipped with a light microscope
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d R&D Project of Research Platforms

BRERORERRE
FAMEDIDHD

MABEBEBELET

BE

o EYDORBENEHANICHANZ XY RO—LABITERE HEY
HRDOEAEEMERE LT SNV I EBHEIISER L, TH
EAYROZIIRT Y NI A — L B EET 2,

o AEEMYBENED L SBEEZRF > TVDH I L. K& BiEe
DAL EREE. REOIH] SBEINGEDEEZ R OEMEE
MYEEFRRTEDT YNNI A —LEFRFET 2,

o EYPHMEDNERAWATESRIRATLADTZY N7 A —LDOHESE
HBEET.

° BELCREROERENS LAV EERN O THE. EERA
EHI 2,

201 7EEDMERR

o RABEDRHAYEEEARY MNUMISFHTEZYINITTIRT
L ERIFE LTz, (Figl)

o —ififEEEDITICE T 2 HRAMTE/RE LT, (Fig2)

o BBTININT/IVAY—ILERFEL EBIFORREEM/N>Y
(é\_lPI)Depo) ICATEE NS L EY ORIV EEE KRB ICERIT LT,
I

o XFEHWTEE B D BREEEE FEMBR CRASNEFIHREEME
VRATLERRY BEEDHIC BRABHIHIG U B RRIEZR AL
Tco (Fig4)

o JOFA—LEBERELC HRRBEEBERNIL/ —REF Y
NVBEICERB T A ERSIMNC LT,

EIWMPRBHEICE T EELMAENRR

o RABEDRHAYEEERARY MM SFHTEZYINITFIRAT
L &RIFE LT, (Figl)

o —HHRINSEATILEVELTHISNET TV Y VB IvRE/ T
?r‘/lz)lfr:/yo)xhuxm%a@m%%ﬁ%ﬁ:ﬂ?éyx%AE%ﬁw&
Fig2.

o KIREICIL BY DB ZRES 2BBTINILT/ VXY —
IVERF LT, (Figd)

o BRFEHUCHRNREEE N BREEEBSFREMRE CIRZASN-B
FHARBEMEEZRRAEL. X—H— 8 FE MirrorCLEMZ £/ L
Tco (Fig4)

o SMENRHEY ERBICENI DTS- AZV 2 ZRRKL. 7RG
HZRNSMERE TEAN R CEMBEMERBED ZER U,

Establishment of

research platform for

the discovery and utilization
of sustainable resources

Outline

© Building an “integrated metabolomics platform” combining organically
the Metabolomics Analysis Platform for research the metabolic
products of organisms in an integrated manner and the Chemical
Bank, a collection of natural compounds from microorganisms.

© Developing a platform that can evaluate the activity of physiologically
active substances and also can search for substances with useful
functions such as enhanced photosynthesis and nitrogen fixation,
suppression of denitrification, and metal recovery.

© Developing an artificial biosynthesis system platform using plants and
microorganisms.

® Providing compounds to research institutes and industry, both
domestic and overseas.

Research Results in FY2017

® We developed software that can predict metabolites of unknown
structure from their spectra. (Fig1)

© We promoted collaborations on single cell mass-spectrometry analysis.
(Fig2)

© We developed a novel yeast chemical genomics platform, and
annotated the functional diversity of a large number of compounds
collected in the RIKEN NPDepo library. (Fig3)

* We improved correlative light and electron microscopy (CLEM) using
light microscope and FE-SEM, and developed the applications for
sample preparation. (Fig4)

® We used the advanced proteomic platform in RIKEN and revealed
that the structural basis of protein arginine rhamnosylation by N.
meningitides glycosyltransferase EarP.

Research Results in the 3rd mid- to long-term plan

* We developed software that can predict metabolites of unknown
structure from their spectra. (Fig1)

® We established a system to detect stress-inducible accumulation of
plant hormones abscisic acid and jasmonoyl-isoleucine from single
cells. (Fig2)

* We developed a yeast chemical genomics platform to globally
determine compound functionality. (Fig3)

© Development of correlative light and electron microscopy for
fluorescence-labeled organelles using FE-SEM and launched a
product “MirrorCLEM”. (Fig4)

* We developed “S-Omics” strategy for comprehensive analysis of
sulfur-containing metabolites, leading to a discovery of a novel
metabolite from asparagus with a possible hypotensive function.
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Fig2. Chemoenzymatic polymerization by papain produced the
copolymer of L-leucine and nylon monomers.
(A) Molecular docking simulations between nylon monomers and papain
(B) The copolymers showed melting behavior at around 200°C.
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Fig6. Genome sequencing of polyploid Brachypodium
and its ancestral parental species

éj Biomass Engineering Research Division
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Turning carbon dioxide into
resources and contribution
to social wisdom

Outline

® Developing technologies that integrate the increased production of
biomass from plants and its utilization.

® Contributing to achieving a shift from a consumption society which
requires the use of fossil resources to a sustainable society using
recyclable plant biomass.

Research Results in FY2017

e We succeeded in producing maleic acid with Escherichia coli
constructed a novel metabolic pathway using synthetic biology. (Fig1)

© Developed chemoenzymatic polymerization to synthesize polypeptides
containing nylon and artificial amino acids. (Fig2)

* We synthesized the novel heat-resistant polyesters with anthraquinone
backbone structure. (Fig3)

® We released a web site for Para-rubber tree genome and
transcriptome browser. (Fig4)

® We isolated and characterized a novel species of the genus
Lactococcus from the gut of termite.

* We found that salicylic acid-dependent immunity contributes to
resistance against Rhizoctonia solani, a necrotrophic fungal agent of
sheath blight, in rice and Brachypodium distachyon.

Research Results in the 3rd mid- to long-term plan

® We constructed in silico tools for creating artificial metabolic pathways
and Escherichia coli platforms for producing valuable chemical
compounds.

© We developed various biopolymers with novel functions and physical
properties by biochemical conversion from biomass resources.

® We succeeded in syntheses of several novel heat-resistant polymers
from biomass aliphatic and aromatic chemicals.

* We determined of draft genome sequence of rubber tree.

© We obtained number of genetic resources (7148 genes) for biomass
utilization from termite symbiotic system and toward to application
study for industrial usage. (Fig5)

© Through genome analyses of an allopolyploid grass and its ancestors,
we revealed homoeolog specific transcriptional responses to heat

stress conditions in the hybrid species suggesting its stress acclimation.
(Fig6)
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_DJ Drug Discovery Platforms Cooperation Division

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

Research Results in the 3rd mid- to long-term plan

* We provided chemical libraries consisting of 20,000 NPDepo compounds and 9,280 DMP
compounds for high throughput screening (HTS), and supported re-evalutation of biological
activities by providing hit compounds.

* We developed novel assay methods for HTS, such as histone methyltransferases by creating
novel fluorescent substrates and protein-protein interaction by optimizing a split luciferase system.

* We conducted HTS 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), and identified many hit compounds
that might have direct activities.

o We contri ini i i aH R mrwt

‘e contributed to the development of a preclinical candidate for cancer therapy by performing HTS
for compounds that rescue growth inhibition caused by overexpression of human genes in yeast. Minoru YOSHIDA D.Agr.

#BF9E& / Division Director

‘TJ Technology Platform Division

Providing a research platform for CSRS activities and also aiming to develop the platform through
industrial collaboration and development of new technologies.

Research Results in the 3rd mid- to long-term plan

* A novel method for single-grain-based metabolic profiling of Arabidopsis seed was established.

* Development of correlative light and electron microscopy for fluorescence-labeled organelles using
FE-SEM and launched aproduct “MirrorCLEM”.

* Evaluation by simulation for high performance desktop type NMR was carried out and the direction
of realization was shown.

* We used the advanced proteomic platform in RIKEN and revealed that the structural basis of
protein arginine rhamnosylation by N. meningitides glycosyltransferase EarP.

#BF9& / Division Director

RH #z Bt

Hiroyuki OSADA D.Agr.

‘RJ RIKEN-Max Planck Joint Research Division for Systems Chemical Biology

Exchanges of researchers and their resources between Max Planck Institutes (Groups of Prof.
Herbert Waldmann and Prof. Peter Seeberger) and RIKEN promote more effective use of research
resources as well as information and technology in the field of systems chemical biology

Research Results in the 3rd mid- to long-term plan

® Screening for autophagy inhibitors identified a new autophagy inhibitor that inhibits mitochondrial
respiration by targeting complex I.

© Novel small molecules that induce ROS (Reactive oxygen species) in cells were identified and the
mechanism of action of them were revealed.

® The structure activity relationship of novel purine-based MTH1 inhibitors provided insights for the
development of highly potent MTH1 inhibitors.

® A novel compound with an inhibitory activity on PBD (Polo Box Domain) dependent binding was
identified. EBFIE / Division Director

* We found that a novel autophagy inhibitor, autophinib targets the lipid kinase VPS34 through the Em *’Q‘z BiEt
analyses of chemoproteobase system. Hiroyuki OSADA D.Agr.
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AtGolS2 overexpressed rice showed
drought stress resistance and increased
grain yield in dry field.
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Nontransgenic rice

Gene Discovery Research Group

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 N’
metabolites involved in dehydration stress and ABA responses

* Improvement of drought stress tolerance and water use efficiency N’
of crops by international collaboration

© Analysis of chloroplast functions in photosynthesis under stress C,
conditions and discovery of regulatory factors in C4 photosynthesis

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

© Comparative genomics and its application to crop improvement Q
® Plant chemical biology for promotion of photosynthesis and C)
biomass production

Research Results

* We developed AtGolS2 overexpressed rice that show resistance to
drought stress and increased grain yield in real-world situations.

* We have discovered a new factor involved in the molecular assembly of
the photosystem Il complex responsible for the photosynthetic reaction.

* Two ER-anchored transcription factors, bZIP17 and bZIP28 are essential
to sustain the normal root elongation in Arabidopsis.

N ©zP17bzIP28
.,_ \ 7 l
bz17/28 Unfolded protein

accumulation

b

Cell growth genes  Chaperone genes

+ \{

Root elongation Improved
& vegetative growth  ER homeostasis

& Wildtype

Non-canonical Canonical
UPR UPR

EZERHZ / Publications

Selvaraj, M. G. et al.

Overexpression of an Arabidopsis thaliana galactinol
synthase gene improves drought tolerance in transgenic rice
and increased grain yield in the field.

Plant Biotechnol J. 15, 1465-1477 (2017)

Myouga, F. et al.

Stable Accumulation of Photosystem Il Requires ONEHELIX
PROTEIN1 (OHP1) of the Light Harvesting-Like Family.
Plant Physiol. 176, 2277-2291 (2018)

Kim, J.S., Yamaguchi-Shinozaki, K., Shinozaki, K.
ER-anchored transcription factor bZIP17 and bZIP28
regulate root elongation.

Plant Physiol. 176, 2221-2230 (2018)
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Defective root growth in the double mutant of bZIP17
and bZIP28 (left)

Current working model for extended unfolded protein
response regulation via bZIP17 and bZIP28 (upper)
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Root-derived trans-zeatin and its
precursors regulate different shoot
growth traits
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Plant Productivity Systems Research Group

Discovery and use of key genes for

low-input plant production, and
recovery and recycling of metals

Our group will conduct studies on uptake and signaling of nitrogen, action
mechanisms of phytohormones, and mechanisms of metal tolerance and
accumulation to aim for development of innovative applied technology for
low-input production of plants by saving nitrogen and water, and recovery
and recycling of metals. We will also conduct studies for discovery of novel
signaling molecules and key genes for plant productivity using a
hormonome platform.

Research Subjects
¢ |dentification of key genes linking nitrogen nutrition status to growth N
regulation

* Functional analysis of key genes regulating plant productivity, N,
especially genes involved in cytokinin metabolisms, and transport

* Elucidation of molecular mechanisms underlying hyper-tolerance
and hyper-accumulation of heavy metals in bryophytes and lMl
application of this to technology to clean-up heavy metal pollutants

 Elucidation of molecular basis for C4 photosynthesis and related C)
traits using Setaria viridis, a model C4 plant

Research Results

* We identified a group of GARP-G2 type transcription factors as major
regulators of nitrogen nutrient-starvation responses.

* We found that cell wall fraction of Funaria hygrometrica protonema has a
strong ability of lead (Pb) adsorbent.

* We found that systemic transport of trans-zeatin and its precursor have
differing roles in shoot growth traits.

_Di egt repression

-Staruation responsive

N-starvation responses for
efficient acquisition and use

EZERHZ / Publications

Osugi, A. etal.

Systemic transport of trans-zeatin and its precursor have
differing roles in shoots of Arabidopsis.

Nat. Plants 3, 17112 (2017)

Itouga, M. et al.

Protonema of the moss Funaria hygrometrica can function
as a lead (Pb) adsorbent.

PL0S ONE 12, e0189726 (2017)

Kiba, T. et al.

Repression of nitrogen-starvation responses by Arabidopsis
GARP-type transcription factor AtNIGT1 subfamily.

Plant Cell 30, 925-945 (2018)
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Arabidopsis GARP-G2 type transcription factor
AtNIGT1s are major repressors of nitrogen
(N)-starvation responses
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The parasitic plant Phtheirospermum
japonicum injects growth hormone into
the host Arabidopsis
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Plant Immunity Research Group

Understanding plant immunity

mechanisms and developing
sustainable disease resistant crops

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

Research Subjects

* To identify useful microbes from rhizosphere to promote plant N,
immunity and growth

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

©
* To isolate novel genes/metabolites for pathogen virulence N I
O

 To identify novel mechanisms for plant immunity

Research Results

* We found that the parasitic plant Phtheirospermum japonicum injects
growth hormone into the host Arabidopsis.

* We found that three distinct species of Colletotrichum fungi cause
anthracnose disease in strawberry.

* We found that host lignin composition is important for haustorium
organogenesis in parasitic plants.

EZERHZ / Publications

Spallek, T. et al.

Inter-species hormonal control of host root morphology by
parasitic plants.

Proc. Natl. Acad. Sci. USA 114, 5283-5288 (2017)

Matsui, H. etal.

The GYF domain protein PSIG1 dampens the induction of
cell death during plant-pathogen interactions.

PLoS Genetics 13, 1007037 (2017)

Cui, S. etal.

Host lignin composition affects haustorium induction in the
parasitic plants Phtheirospermum japonicum and Striga
hermonthica.

New Phytol. 218, 710-723 (2018)
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Anthracnose causing fungal pathogen, Colletotrichum
forms appressorium to infect host plants
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A systems biology approach clarified the
metabolomic and transcriptomic perturbation by
low glutathione content under mild abiotic stress in
Arabidopsis thaliana (adopted from Ref. 2).
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Metabolomics Research Group

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 development of sustainable resources.

Research Subjects

* Improving metabolite peak annotation in metabolomics by P)
empirical and bioinformatics strategies

* Application of the metabolomics platform to functional P]
genomics and biotechnology

* |dentification of plant genes and networks involved in c N
biosynthesis of useful specialized (secondary) metabolites J J

* Biotechnology and synthetic biology for production of useful
compounds \CJ \rg

Research Results

* We identified a novel UGT79B31, flavonol 3- O -glycoside: 2"- O
-glucosyltransferase, as an enzyme responsible for the terminal
modification of pollen-specific flavonols in Petunia hybrida.

* Asystems biology approach clarified the metabolomic and transcriptomic
perturbation by low glutathione content under mild abiotic stress in
Arabidopsis thaliana.

* We characterized the 3-hydroxyacyl-ACP dehydratase component of the
plant mitochondrial fatty acid synthase system.
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R=H, kaempferol (Kae) Gal, galactose R=H, Kae 3-O-galactosyl-{1—2)-ghicoside

EZERHZ / Publications

Knoch, E. et al.

UGT79B31 is responsible for the final modification step of
pollen-specific flavonoid biosynthesis in Petunia hybrida.
Planta 247, 779-790 (2018)

Fukushima, A. et al.

Effects of combined low glutathione with mild oxidative and
low phosphorus stress on the metabolism of Arabidopsis
thaliana.

Front. Plant Sci. 8, 1464 (2017)

Guan, X. etal.

Discovery and characterization of the 3-hydroxyacyl-ACP
dehydratase component of the plant mitochondrial fatty acid
synthase system.

Plant Physiol. 173, 2010-2028 (2017)

20174%E*>/5— / FY2017 Members

Group Director
Kazuki SAITO

Senior Research Scientist
Keiko SAKAKIBARA
Naoyuki UMEMOTO

Research Scientist
Yasuhiro HIGASHI
Ryo NAKABAYASHI
Jianwei TANG

Visiting Researcher
Eva KNOCH

Technical Staff
Tomoko NISHIZAWA
Satoko SUGAWARA
Kouji TAKANO
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(Left) Dose responses of PGDH
activities to effector amino acids

(Right) Schematic of metabolic
pathways in A. thaliana focusing
on the regulation of PGDH

42

200

1

Relative acivity (%)

107
[effectors] (mM)

AXZROITAICE>TRBAIEREL .

WY OEEMER EICRIITEY

EMRROBHTHLAHIS EFRTEED DIIWICHIE SN T VD &
ICHEYPHEYOREIE. ZNSEFDERFHDHRZST REROHE
ERAELTHYOER P AL R ZORIZEEREREBoTVDY
F—LTRH ARFOLEEREERT 2 e2BRE LT RBEYOREN
BT THBAYRAII ADKI AR A SV I AT — 5= FBUIEEE
TUVTILEBRE TR D FEYE - P2 D FREFRECLDAH
BRFORBERRET > TN, BENIARZD LI EYPHREY DS
OERYELERNEN LTSI EEY

MRT—7
o XFRAZIATTY T4 — LD )

o xgRA-LF—sERVREOEREFY> (<) (N) (P)

o PR SHEIE DR <J W)
o B RBIOIROED <J W)

2

SPIFUT SRR ER ToEAnEsE ()

AR

o EUVEARBERI NN VLU VETEROY F—E0HoBOT7/
BRIcLDEME L ENZCEEBSMNC LT,

o FAEBOAZERS O XFXF D ZOWEBHRRICL > TRBDI=—2
BRBEEYTO7 7RI EEASMITUI,

° ZAFVFIRE/ XV LAF N ERERBEMI BN OREBRIEET
HIBIEEHASHICUT,

Mitochondrion

A>oy  ciyootare

Prasid o, )

n
AN
g ser |

tPGDH1

'AtPGDH3 | oms TCAcycle

VT IRT i1 BRI
1 10° 10°

Metabolic Systems Research Team

Understanding plant metabolisms
through metabolomics-based

approaches and improving plant
production

Metabolism comprising the basis of life is finely regulated in a complicated
way. Plant and bacterial metabolisms provide nutrient and functional
compounds, and thus they are essential not only for their own lives, but also
for animal lives and human society. Aiming to grasp an overall picture of
metabolism, we develop metabolomics techniques, predict metabolic
reaction networks by mathematical modeling using omics data, and explore
metabolic gene functions by molecular biology, biochemistry and molecular
genetics. We also aim to improve plant and bacterial productivity of useful
metabolites on the basis of our findings.

Research Subjects

* Development of a metabolomics platform \ P I
* Mathematical modeling of metabolism using

metabolome datasets \EJ hN) d
* Elucidation of the regulatory mechanism of amino acid

biosynthesis \‘.:J \’:‘J

* Exploration of the relationship between development and
metabolism Q \'ﬂ

* Useful material production in cyanobacteria using CO. c
as a resource J

Research Results

* We found that a serine biosynthetic enzyme 3-phosphoglycerate
dehydrogenase (PGDH) is activated by some amino acids.

* We found that wild Arabidopsis thaliana autotetraploids display unique
metabolic profiles associated with their geographic origin.

* We found that nicotinamide mononucleotide and related metabolites
induce disease resistance against fungal phytopathogens.
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Okamura, E., Hirai, M.Y.

Novel regulatory mechanism of serine biosynthesis
associated with 3-phosphoglycerate dehydrogenase in

Arabidopsis thaliana.
Sci. Rep. 7, 3533 (2017)

Vergara, F. et al.

Autopolyploidization, geographic origin, and metabolome

evolution in Arabidopsis thaliana.
Am. J. Bot. 104, 905-914 (2017)

Miwa, A. et al.

Nicotinamide mononucleotide and related metabolites
induce disease resistance against fungal phytopathogens in

Arabidopsis and barley.
Sci. Rep. 7, 6389 (2017)
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PCA score plot of metabolome data of diploid and

autotetraploid Arabidopsis thaliana
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Integrated metabolomic and transcriptomic
responses in normal and stressed plants
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Metabolome Informatics Research Team

Developing software platforms

and databases for metabolomics
research

Our team develops software platforms necessary for metabolomic analyses,
network analyses and computer simulations. We also design databases for
more efficient identification of metabolites. Our developments will be applied
to integrated analysis of metabolomic and transcriptomic data from
collaborating teams to enable systematic understanding of life.

Research Subjects

© Analysis and interpretation of metabolomic data \ P I
* Software development for metabolome analysis and simulations \ P I

* Integration of metabolic databases Cc I

Research Results

* We elucidated glucosinolate- and flavonoid induction under oxidative
stress in Arabidopsis.

* We developed software that can predict metabolites of unknown structure
from mass spectra.

* We developed database for lipidomics and metabolomics.

Epimetabolites

Canonical
metabolism

g iy

Cheminformatics methods
MS-DIAL MS-FINDER BinVestigate

EZERHZ / Publications

Fukushima, A. et al.

Effects of Combined Low Glutathione with Mild Oxidative
and Low Phosphorus Stress on the Metabolism of
Avrabidopsis thaliana.

Front. Plant Sci. 8, 1464 (2017)

Lai, Z. etal.

Identifying metabolites by integrating metabolome databases
with mass spectrometry cheminformatics.

Nat. Methods 15, 53-56 (2018)

Tsugawa, H., lkeda, K., Arita, M.

The importance of bicinformatics for connecting data-driven
lipidomics and biological insights.

Biochim. Biophys. Acta 1862, 762-765 (2017)
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Novel metabolite discoveries by integrating
cheminformatics methods
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Selection of important metabolic factors and habitat
discrimination by NMR big-data from natural fishes
based on new deep learning algorithm
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Environmental Metabolic Analysis Research Team

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 a \PJ
microbiota

* Methodology development of data mining and accumulation MJ PJ
of databases for environmental measurements

* Sustainable utilization of land- and aquatic biomass based on N
studies of natural material cycles \J \EJ

* Symbiotic metabonomic analysis between animal and P]
symbiotic microbiota in relation to their food nutrients

Research Results

* We developed deep neural network algorithm for high-performance of
habitat discrimination and selection of important metabolites.

* We proposed ecoinformatics approach visualized for integrated analysis
and relationships of natural fishes, sediments and environmental waters.

* Trans-omics approach showed metabolic biorhythm and markers in
Leonard coral groupers.

Prediction of ecosystem

e L

- A

Ecoinformatlcs

ZEERX / Publications

Date, Y., Kikuchi, J.

Application of a Deep Neural Network to Metabolomics
Studies and Its Performance in Determining Important
Variables.

Anal. Chem. 90, 1805-1810 (2018)

Wei, F., Sakata, K., Asakura, T, Date, Y., Kikuchi, J.
Systemic Homeostasis in Metabolome, lonome and
Microbiome of Wild Yellowfin Goby in Estuarine Ecosystem.
Sci. Rep. 8, 3478 (2018)

Mekuchi, M., Sakata, K., Yamaguchi, T., Koiso, M. Kikuchi, J.
Trans-omics Approaches Represented Used to Characterize
Fish Nutritional Biorhythms in Leopard Coral Groupers
(Plectropomus leopardus).

Sci. Rep. 7, 9372 (2017)
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Ecoinformatics approach for finding
homeostasis rule and important factors
by integrated analytical big-data
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Ethanol enhances high-salinity stress tolerance
by detoxifying reactive oxygen species.
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Plant Genomic Network Research Team

Analyzing plant genomic networks

for environmental stress adaptation
and improved productivity

We are analyzing novel epigenetic, RNA and peptide regulation
mechanisms in environmental stress adaptation and acclimation by
integrated omics analyses. We are also analyzing regulatory networks of
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 tolerance and improved plant productivity by use of
chemical compounds and transformation technology.

Research Subjects

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

0 JO

* Advancement of cassava molecular breeding by C)

cutting-edge technologies
OO

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

Research Results

* We found that acetate enhances the plant drought tolerance by activation
of JA signalling pathway.

* We found that ethanol enhances the high-salinity tolerance by
detoxification of reactive oxygen species in plants.

* We found that stress-inducible non-coding antisense RNAs generated by
RNA-dependent RNA polymerases function in a novel abiotic stress
response mechanism different from the known endogenous small RNA
pathways.
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Kim, J.M. et al.

Acetate-mediated novel survival strategy against drought in

plants.

Nat. Plants 3, 17097 (2017)

Nguyen, H.M. et al.

Ethanol enhances high-salinity stress tolerance by
detoxifying reactive oxygen species in Arabidopsis thaliana

and rice.

Front. Plant Sci. 8, 1001 (2017)

Matsui, A. et al.

Novel stress-inducible antisense RNAs of protein-coding loci
are synthesized by Arabidopsis RDRs.
Plant Physiol. 175, 457-472 (2017)
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Cell Function Research Team

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 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

LeEE

* Genetic manipulation of cellular differentiation in crops

Research Results

* We demonstrated how GTL1 and DF1 transcription factors terminate root
hair growth.

* We showed an involvement of cytokinin signaling in wound-induced
callus formation.

* We uncovered a core gene regulatory network underlying plant cellular
reprogramming.

EZERHZ / Publications

Shibata, M. et al.

GTL1 and DF1 regulate root hair growth through
transcriptional repression of ROOT HAIR DEFECTIVE
6-LIKE 4 in Arabidopsis.

Development 145, dev159707 (2018)

Ikeuchi, M. et al.

Wounding triggers callus formation via dynamic hormonal
and transcriptional changes in Arabidopsis.

Plant Physiol. 175, 1158-1174 (2017)

Ikeuchi, M. et al.

A gene regulatory network for cellular reprogramming in
plant regeneration.

Plant Cell Physiol. 59, 765-777 (2018)
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Co-expression network of plant and
bacterial genes in nodules
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Plant Symbiosis Research Team

Understanding plant-microbe

symbiosis in order to establish
sustainable agriculture

Nitrogen is the most heavily used fertilizer in the 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 establish symbiosis with rhizobia, we can dramatically
reduce the use of nitrogen fertilizer, resulted in ecosystem-friendly,
sustainable agriculture. In order to achieve our goal, we aim to confer the
ability to fix nitrogen on cereals, by elucidating molecular-genetic and
biochemical functions of nodulation and symbiotic nitrogen fixation, as well
as by investigating evolutionary aspects of legume-rhizobia symbiosis.

Research Subjects

 Elucidation of molecular genetic mechanisms in nodulation NI
* Identification of molecular components in symbiotic nitrogen fixation NI

© Application of root nodule symbiosis to cereals NI

Research Results

* We identified transcriptional machinery in nodule development.

* We found hubs necessary for nodulation from co-expression network
analysis.

* We characterized the gene required for infection of rhizobia.

EZERHZ / Publications

Yamaya-Ito, H. et al.

Loss-of-function of ASPARTIC PEPTIDASE NODULE-
INDUCED 1 (APN1) in Lotus japonicus restricts efficient
nitrogen-fixing symbiosis with specific Mesorhizobium loti
strains.

Plant J. 93, 5-16 (2018)

Shimomura, A. et al.

Blue light does not inhibit nodulation in Sesbania rostrata.

Plant Signal. Behav. 12, e1268313 (2017)
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Dormancy and Adaptation Research Unit

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

* |dentification and functional characterization of plant hormone
transporters

* |dentification of factors involved in seed longevity

* |dentification of metabolites involved in plant growth and stress
responses

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

CeEEE

Research Results

© We revealed that brassinosteroid is involved in the reduction of seed
longevity during priming.

* We developed a technique to improve seed longevity after priming using
a brassinosteroid biosynthesis inhibitor.

* We found a novel function of the Arabidopsis molybdenum cofactor
sulfurase ABA3 in oxidative stress responses.

Unknown Mo enzymes
ABA3 =P involvedin the production of
les?

bioactive mol
= | == 3
cataboiism i
DNA-RNA k Other functions?
Kanthoxin
Xanthine
ki | ABaz
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==
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ABA-mediated responses
f transcriptome and WT, aba3 and aba2

EZERHZ / Publications

Sano, N. etal.

RNA-Seq using bulled recombinant inbred line populations
uncovers the importance of brassinosteroid for seed
longevity after priming treatments.

Sci. Rep. 7, 8095 (2017)

Ohtaka, K., Hori, K., Kanno, Y., Seo, M., Ohta, H.
Primitive Auxin response without TIR1 and Aux/IAA in
Charophyte Alga Klebsormidium nitens.

Plant Physiol. 174, 1621-1632 (2017)

Ishimaru, Y. et al.

GTR1 is a jasmonic acid and jasmonoyl--isoleucine
transporter in Arabidopsis thaliana.

Biosci. Biotechnol. Biochem. 81, 249-255 (2017)
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ABA3 regulates multiple processes
during stress responses
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Signaling Pathway Research Unit

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 (i) translational genomics aiming to enhance crop productivity under
adverse environmental stress conditions.

Research Subjects

* Molecular elucidation of hormonal regulatory networks in plant N,
responses to drought and salt stress

* Mechanisms controlling nitrogen fixation in legumes under Nl
phosphate deficiency

* Functional genomics of food crops for improvement of crop N
productivity in adverse conditions J

* Role of plant growth regulators in abiotic stress mitigation IM'

Research Results

* We discovered that KAI2 acts as a positive regulator of drought
resistance in Arabidopsis thaliana.

* We identified key molecular processes that play important roles in the
acclimation of chickpea nodules to phosphate deficiency.

* We overviewed legume genetic resources, and current understanding of
transcriptome dynamics associated with legume responses to abiotic
stresses.

ZEERX / Publications

Li, W. etal.

The karrikin receptor KAI2 promotes drought resistance in
Arabidopsis thaliana.

PLoS Genet. 13, €1007076 (2017)

Nasr Esfahani, M. et al.

Comparative transcriptome analysis of nodules of two
Mesorhizobium-chickpea associations with differential
symbiotic efficiency under phosphate deficiency.
Plant J. 91, 911-926 (2017)

Abdelrahman, M., Jogaiah, S., Burritt, D.J., Tran, L.S.
Legume genetic resources and transcriptome dynamics
under abiotic stress conditions.

Plant Cell Environ. doi: 10.1111/pce.13123 (2018)
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Model illustrating functions of KAI2 in plant
resistance to drought

Karrikins (KARs) or a putative, endogenous KAI2
ligand (KL) activate KAI2 signaling, which promotes
plant resistance to drought through several
biochemical and physiological processes.
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Regulatory Network Research Unit

Plant nutrient use efficiency,
seaweeds survival mechanism,

developing methods for removal
of unwanted metals from
the environment

Potassium and nitrogen are major nutrients for plant growth, and lack of
them 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 and develop rice plants that efficiently
utilize macronutrients and grow well under nutrient limited conditions. 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 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 heavy metal contamination are
studying. We are also intensively analyzing regulatory components of
cesium uptake that selectively inhibit/suppress/prevent uptake of
radiocesium from contaminated soil.

Research Subjects

 Dissection of signaling cascades in plant response to nutrient N’
deprivation

* Improvement of plant nutrient use efficiency in response to nutrient N’
limitation

* Understanding of marine macroalgae life in the marine M)
environment

* Establishment of remediation methods for land contaminated with M
unwanted metals using plants and chemical compounds o

Research Results

* We elucidated the molecular mechanism by which cesium causes
reduced potassium accumulation in plants.

* We identified several seaweed (Pyropia yezoensis) genes which play
roles in enhancing potassium deficiency tolerance.

© We characterized the chemical compounds that improve the cesium and
heavy metal phytoaccumulation.

Study of marine macroalgae life in the marine environment
(A) Gametophytes of Pyropia yezoensis

(B) Functional characterization of Pyropia genes in PyCalcineurin
potassium deficient condition

ZEERX / Publications

Adams, E. et al.

Anovel role for methyl cysteinate, a cysteine derivative, in
cesium accumulation in Arabidopsis thaliana.

Sci. Rep. 7, 43170 (2017)

Adams, E., Mikami, K., Shin, R.

Selection and functional analysis of a Pyropia yezoensis
ammonium transporter PyAMT1 in potassium deficiency.
J. Appl. Phycol. 29, 2617-2626 (2017)

Takiguchi, H. et al.

Discovery of E3 ubiquitin ligases that alter responses to
nitrogen deficiency using rice Full-length cDNA
OvereXpressor (FOX)-hunting system.

PI. Mol. Biol. Rep. 35, 343-354 (2017)
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Proposed regulation model of tenuazonic
acid biosynthesis in Pyricularia oryzae

Chemical Biology Research Group

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 P) C)
Products Depository (NPDepo)”

* Expansion of the chemical library using genetic engineering P) C)
and synthetic chemistry

* Exploration of bioactive small molecules and development of P) N
new analytical techniques for target identification \J

Research Results

* We elucidated regulatory mechanism of mycotoxin tenuazonic acid
production in Pyricularia oryzae.

* We discovered two novel skeletal norsesquiterpenoids from the
Basidiomycete C. cinerea.
* We constructed a tool for functional annotation of chemical libraries in

collaboration with University of Minnesota-Twin Cities, University of
Toronto and University of Tokyo.

Coprinopsis cinerea
(Hitoyotake)

Fermentation, extraction, isolation

Structure elucidation
- NMR
» Single crystal X-ray diffraction
= ECD calculation

e}
1
Hitoyol A (1) Hitoyol B (2)

FZEERH / Publications

Yun, C. S., Motoyama, T., Osada, H.

Regulatory mechanism of mycotoxin tenuazonic acid

production in Pyricularia oryzae.

ACS Chem Biol, 12, 2270-2274 (2017)

Otaka, J. etal.

Hitoyol A and B, two norsesquiterpenoids from the

Basidiomycete Coprinopsis cinerea.
Org. Lett. 19, 4030-4033 (2017)

Piotrowski, J. S. et al.

Functional annotation of chemical libraries across diverse

biological processes.
Nat. Chem. Biol. 13, 982-993 (2017)
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Simultaneous analysis of multiple samples made
possible with new shRNA screening method
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Chemical Genomics Research Group

Exploiting methodologies to resolve

environmental and resource-related
problems using chemical biology

Identification of novel small molecular ligands is essential to understand
diverse biological phenomena and to control the biological systems by
chemical methods. This project focuses on the development of useful
molecular ligands that are expected to contribute to an advance in
environmental and resource sciences by employing chemical libraries that
consist of microbial metabolites and/or synthetic compounds. In particular,
we search into novel active compounds by constructing a variety of
phenotypic screening systems using genetically modified animal, plant and
yeast cells, and in vitro screening systems using various target proteins that
include enzymes for metabolism and epigenetics. In addition, we construct
new platforms for developing high throughput screening systems. Our goal is
to identify and provide unique molecular ligands that are useful for chemical
biology research that aims to exploit new areas of environmental and
resource sciences.

Research Subjects
* Chemical regulation of the lipid metabolism for effective biofuel c
production \ )

© Chemical regulation of the nitrogen cycle for prevention of global N)
warming

* Chemical regulation of epigenetics such as protein methylation,
acetylation, and SUMOylation J,')

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

Research Results

* We developed a method for concurrently analyzing multiple samples of
genome-wide shRNA library screening, which allows to identify
compound target molecules.

* We developed a method to screen for mammalian SUMOylated proteins
in living cells.

* We identified a novel inhibitor, which inhibits deacetylase but not
deacylase activity of SIRT2.

FZEERH / Publications

Takase, S. etal.

A quantitative shRNA screen identifies ATP1A1 as a gene
that regulates cytotoxicity by aurilide B.

Sci. Rep. 7, 2002 (2017)

Komiya, M. et al.

A genetic screen to discover SUMOylated proteins in living
mammalian cells.

Sci. Rep. 7, 17443 (2017)

Kudo, N. et al.

Identification of a novel small molecule that inhibits
deacetylase but not defatty-acylase reaction catalyzed by
SIRT2.

Phil. Trans. R. Soc. B 373, 20170070 (2018)
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Molecular Ligand Target Research Team

Exploring target molecules and
mode-of-action of bioactive

compounds through global analysis
of chemical genetic interactions

Small molecular ligands with unique activities must have specific target
molecules that exist in their cells or organisms. Identification of target
molecules is critical for elucidating the mode of action of molecular ligands
and for drug development. However, drug target identification has been
difficult in general, because the mode of interactions between molecular
ligands and their targets are not uniform. Our team aims at developing
innovative techniques based on global analysis of yeast genetic interaction,
which leads to quick and accurate detection of ligand-target interactions.

Research Subjects

* Global analysis of chemical genetic interactions between molecular P)
ligands and their target molecules

* Validating the mode of action of bioactive compounds \FD

* |dentifying bioactive chemical tools and therapeutic leads that target

essential gene pathways P

Research Results

* We developed a high-throughput chemical genetic pipeline to functionally
annotate compounds in a rapid and systematic manner based on a highly
multiplexed barcode-sequencing protocol.

* We screened seven different compound libraries containing ~13,000
compounds and annotated their functional diversity.

* We developed a public database and web interface named MOSAIC,
which provided yeast chemical genetic interaction profiles.
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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)

Piotrowski, JS. et al.

Functional annotation of chemical libraries across diverse
biological processes.

Nat. Chem. Biol. 13, 982-993 (2017)
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Terpenoid-production platform

Natural Product Biosynthesis Research Unit

Exploring microbial gene resources
and elucidating biosynthetic

mechanisms to produce valuable
compounds

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

Research Subjects

* Elucidation of biosynthetic machinery of bioactive microbial C)
metabolites by genetic, biochemical and structural analyses

* Evaluation of transcriptional regulators associated with secondary c
metabolite gene clusters

© Production of novel secondary metabolites from unknown gene c
clusters unveiled by genome sequence analysis J

* Development of small molecules that enhance production of N
secondary metabolites J

* Construction of biosynthetic platforms using microorganisms \P '

Research Results

* We developed a terpenoid-production platform in Streptomyces
reveromyceticus SN-593

* We identified telomestatin biosynthetic gene cluster and achieved
efficient production.

 Structure-activity relationship study using okaramine analogues collected
from genetic engineered fungi revealed crucial moieties for biological
activity of okaramine.

FZEERH / Publications

Khalid, A. et al.

Development of a terpenoid-production platform in
Streptomyces reveromyceticus SN-593.

ACS Synth. Biol. 6, 2339-2349 (2017)

Amagai, K. et al.

Identification of gene cluster for telomestatin biosynthesis
and efficient production in heterologous host using specific
promoter.

Sci. Rep. 7, 3382 (2017)

Kato, N. et al.

Biosynthesis and structure-activity relationship studies of
okaramines that target insect glutamate-gated chloride
channels.

ACS Chem. Biol. 13, 561-566 (2018)
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Achievement of
chemical library provision
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Chemical Resource Development Research Unit

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 \ P' ‘Q \ N'

* Research promotion by structure-activity relationship P) ¢ N
analysis and optimization of chemical structures o |J J

Research Results

* Functional annotateon of chemicall library of RIKEN Natural Product
Depository (NPDepo) was performed by a new developed chemical
genetics approach using yeast cells.

* We found an agonist of GPBA involved in the stimulation of insulin
secretion from chemical library of RIKEN Natural Product Depository
(NPDepo).

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

FZEERH / Publications

Piotrowski, JS. et al.

Functional annotation of chemical libraries across diverse
biological processes.

Nat. Chem. Biol. 13, 982-993 (2017)

Enomoto, R. et al.

Anovel partial agonist of GPBA reduces blood glucose level
in a murine glucose tolerance test.

Eur. J. Pharmacol. 814, 130-137 (2017)

Maeda, K. et al.

Identification of a trichothecene production inhibitor by
chemical array and library screening using trichodiene
synthase as a target protein.

Pestic. Biochem. Physiol. 138, 1-7 (2017)
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Acceleration of fibroblasts migration by co-cultured
cancer cells and its inhibition by small molecule
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Bio-Active Compounds Discovery Research Unit

Developing platforms to
discover and validate useful

bio-active compounds for
sustainable resource science

We are developing platforms for discovery and validation of useful bio-active
compounds as research platforms for sustainable resources and their
application. After development and refinement of these platforms, we will
identify bioactive compounds useful for improvement of photosynthesis
efficiency, N2 fixation, denitrification and recovery of rare metals. We will
validate bioactivity of RIKEN NPDepo chemical library compounds and
develop and refine a detection system for phosphorylation dependent
protein-protein interaction. We are also improving chemical array systems for
discovery of novel bioactive compounds.

Research Subjects

* Microbiological and chemical approaches for exploitation of novel N)
bioprobes

© Screening of bioactive compounds \ '
* |dentification of molecular targets of bioprobes \ P '
0

* Mining and functional analysis of molecular targets

Research Results

* We established a system for screening the inhibitors of fibroblast
activation by co-cultured cancer cells.

* We found that RKN5755 directly interacts with B-arrestin1 and inhibits the
dephosphorylation (activation) of cofilin.

* We found that CD147-induced cell proliferation is associated with
Smad4/p21 signal inhibition.

Co-culture
P
\“;‘\“_‘-

B-arrestini "‘
l HO

p-Cofilin l I RKN5755
(inactive)

Migration t l‘

ZEERX / Publications

Suvarna, K., Honda, K., Kondoh, Y., Osada H., Watanabe, N.
Identification of a small molecule ligand of B-arrestin1 as an
inhibitor of stromal cell migration by
cancer cells.

Cancer Med. 7,883-893 (2018)

Qin, H. etal.

CD147-induced cell proliferation is associated with Smad4
signal inhibition.

Exp. Cell Res. 358, 279-289 (2017)

Ong, W-D. et al.

Chemical-Induced Inhibition of Blue Light-Mediated Seedling
Development Caused by Disruption of Upstream Signal
Transduction Involving Cryptochromes in Arabidopsis
thaliana.

Plant Cell Physiol. 58, 95-105 (2017)
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Heteroatom-assisted polymerization
and copolymerization of a-olefins
by a scandium catalyst
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Advanced Catalysis Research Group

Developing new catalysts for
more efficient, selective
chemical transformations

Our group aims to develop new generations of catalysts, which are
complementary or superior to existing ones, for the efficient use of untapped
resources and the synthesis of fine chemicals and functional polymer
materials. Particular interests are directed to: (1) activation and utilization of
N; for the synthesis of ammonia and nitrogen-containing organic compounds
under mild conditions, (2) utilization of CO, as a chemical feedstock for the
synthesis of value-added fine chemicals, and (3) efficient and selective
synthesis of fine chemicals and functional polymer materials.

Research Subjects
© Dinitrogen activation and efficient transformation

® Using carbon dioxide as a building block for organic synthesis

® Organo rare-earth catalysts for precision polymerization and
organic synthesis

OR ORI

Research Results

* We have achieved the hydrodenitrogenation (HDN) of pyridines and
quinolines under mild conditions by using a titanium hydride compound.

® We have achieved the efficient copolymerization of
heteroatom-containing a-olefins with ethylene by using a scandium
catalyst.

© We have achieved the diastereodivergent asymmetric

carboamination/annulation of cyclopropenes with aminoalkenes by using
chiral lanthanum catalysts.

Wy
1
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i H o >20:1 dr, 99% eu
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Hu, S., Luo, G., Shima, T, Luo, Y., Hou, Z.
Hydrodenitrogenation of pyridines and quinolines at a
multinuclear titanium hydride framework.

Nat. Commun. 8, 1866 (2017)

Wang, C. etal.

Heteroator isted olefin pc
catalysts.

Sci. Adv. 3, 1701011 (2017)

ion by rth metal

Teng, H., Luo, Y., Nishiura, M., Hou, Z.

Diastereodivergent asymmetric carboamination/annulation of
cyclopropenes with aminoalkenes by chiral lanthanum
catalysts.

J. Am. Chem. Soc. 139, 16506-16509 (2017)
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The phytotoxin coronatine induces
stomatal reopening through
noncanonical mechanisms
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Catalysis and Integrated Research Group

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
methodologies for manipulation and/or modulation of structures and
functions of organic molecules by catalytic oxidation reactions utilizing
molecular oxygen, which will contribute to effective utilization of carbon- and
metal-based resources. In addition, of interest are investigation on
transformations of readily accessible natural organic molecules into valuable
materials based on fine synthetic organic chemistry, as well as research on
the effective utilization of materials synthesized by newly developed
reactions or from secondary metabolites of plants. In particular, we study
various aspects of secondary metabolites of plants, whose effects on plants
and animals have not been well clarified. Furthermore, this group will also
contribute to enhancing collaboration between plant/microbiology research
and chemical research activities inside CSRS.

Research Subjects

® Analysis of the mode-of-action of physalins — plant oxygenated c I
steroids

® Analysis of the mechanism of stomatal opening induced by _NJ
phytotoxin coronatine

e Utilization of O, for oxidation reactions _cJ
® Development of catalytic fluoroalkylations lMI

® Development of asymmetric carbon-carbon bond-forming reactions MI

Research Results

® We found that the phytotoxin coronatine induces stomatal reopening
through noncanonical mechanisms.

* We developed a synthetic method for a diverse array of perfluoroalky!
group-containing N-heterocycles.

* We developed a catalytic asymmetric [3+2] cycloaddition using the
centrochiral Ni(Il) complex.
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FEZEERH / Publications

Ueda, M. et al.

Noncanonical function of a small-molecular virulence factor
coronatine against plant immunity: an in vivo Raman imaging
approach.

ACS Central Science 3, 462-472 (2017)

Kawamura, S., Dosei, K., Valverde E., Ushida, K., Sodeoka, M.

N-Heterocycle-forming amino/carboperfluoroalkylations of
aminoalkenes by using perfluoro acid anhydrides:
mechanistic studies and applications directed toward
perfluoroalkyalted compound libraries.

J. Org. Chem. 82, 12539-12553 (2017)

Sohtome, Y. et al.

Naked d-orbital in a centrochiral Ni(ll) complex as a catalyst
for asymmetric [3+2] cycloaddition.

Nat. Commun. 8, 14875 (2017)
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using the centrochiral Ni(ll) complex
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Radical multicomponent carboamination
of [1.1.1]propellane

Expand Drug-like Chemical Space

Advanced Elements Chemistry Research Team

Exploring the science frontier
through periodic table-wide

chemistry with molecules featuring
element-based characteristics

From the perspective of establishing a recycling-based society, it has
become more important to sophisticatedly convert molecules into desired
products in order to synthesize highly functional compounds. Our main
research aims include 1) development of innovative synthetic processes
utilizing common metal elements, 2) molecular design and synthesis toward
understanding biological functions such as photosynthesis, and 3)
theoretical analysis of reaction mechanisms. We are conducting
cutting-edge multidisciplinary research that combines synthetic organic
chemistry, spectroscopy, and computational chemistry.

Research Subjects

© Design of new ate complexes and their practical application
for organic synthesis Q MM)

© Development of expanded phthalocyanines toward N'
utilization of near-infrared light

® C-C cross-coupling without transition metal catalysts IM'

© Theoretical analysis of reaction mechanisms C ' IM'

Research Results

© We have developed an efficient method for multi-functionalized bicyclo
[1.1.1]pentane by means of a radical multicomponent carboamination of
[1.1.1]propellane.

® The newly designed two types of dimeric forms of carborane anion were
developed to show excellent properties as weakly coordinating anions.

© Transition metal-free alkynylboration of alkynes was developed.

—IEQ

FEZEERH / Publications

Kanazawa, J., Maeda, K., Uchiyama, M.
Radical Multicomponent Carboamination of [1.1.1]Propellane.
J. Am. Chem. Soc. 139, 17791-17794 (2017)

Kitazawa, Y. et al.

"Dumbbell"- and "Clackers"-Shaped Dimeric Derivatives of
Monocarba-closo-dodecaborate.

Angew. Chem. Int. Ed. 57, 1501-1504 (2018)

Nogami, M. et al.

Transition Metal-Free trans-Selective Alkynylboration of
Alkynes.

J. Am. Chem. Soc. 139, 12358-12361 (2017)
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The safe and efficient click reaction
with acetylene gas

MPPI-Cu(l)

Green Nanocatalysis Research Team

Developing novel catalytic systems
to create highly efficient,

safe and environmentally friendly
chemical reactions

An important goal of next generation synthetic organic chemistry is
developing a safe, green, simple, easy and fast chemical process to produce
a desired compound with high efficiency and selectivity. To accomplish this
goal, the Green Nanocatalysis Research Team explores novel catalytic
systems operating synergistically. Thus, our team targets eagerly awaited
yet immature (1) catalytic molecular transformations in water under
heterogeneous conditions, (2) versatile and environmentally benign catalytic
reactions, and (3) instantaneous catalytic molecular transforming systems,
through, in additon to minute structural design of polymeric metal,
organometallic and organic molecular catalysts, driving and controlling
synergistic reactions with cooperation of catalysts using either or both
reaction media and equipment.

Research Subjects

* Development of polymeric catalysts lMl C I
© Development of catalytic reduction/oxidation processes .Ml C I
© Development of continuous flow-reaction systems IM| C I

* Development of novel platforms for heterogeneous catalysis .MI A\ C I

© Development of new protocols of organic transformations in M] C)
water

Research Results

® The safe and efficient click reaction with acetylene gas was realized by
using our polymeric copper catalyst.

© Both polymeric heterogeneous and asymmetric homogeneous palladium
catalysts for coupling reactions were developed.

© Ahomogeneous pincer palladium catalyst was developed that worked
with mol ppm-ppb level.
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Leung, K-C. F. etal.

Synthesis and Catalytic Applications of a Triptycene-Based
Monophosphine Ligand for Palladium-Mediated Organic
Transformations.

ACS Omega 2, 1930-1937 (2017)

Yamada, M. A. Y. et al.

Huisgen Cycloaddition with Acetylene Gas by Using an
Amphiphilic Self-Assembled Polymeric Copper Catalyst.
Heterocycles 95, 715-721 (2017)

Hamasaka, G. et al.

Detailed Structural Analysis of a Self-Assembled Vesicular
Amphiphilic NCN-Pincer Palladium Complex by Wide-Angle
X-Ray Scattering and Molecular Dynamics Calculations.
Chem. Eur. J. 23, 1291-1298 (2017)
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Biofunctional Catalyst Research Team

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.

FEZEERH / Publications

He, D. etal.

Selective electrocatalytic reduction of nitrite to dinitrogen
based on decoupled proton-electron transfer.

J. Am. Chem. Soc. 140, 2012-2015 (2018)

Kakizaki, H. et al.

Evidence that crystal facet orientation dictates oxygen
evolution intermediates on rutile manganese oxide.

Adv. Funct. Mater. doi: 10.1002/adfm.201706319 (2018)

Kawaichi, S. et al.

Anodic and cathodic extracellular electron transfer by the
filamentous bacterium Ardenticatena maritima 110S.
Front. Microbiol. 9, 68 (2018)
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Genome Browser for Para-rubber Tree

Contributing sustainable production
of useful biomass materials with

genome information and gene
expression profile of biomass plants

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 producing natural rubber and sorghum, a C4
photosynthesis crop for utilization of its sugar for biomass material
production. We also study on the control of gene expression through
chemical biology. 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

Research Results

* We released a web site for Para -rubber tree genome and transcriptome
browser.

* We performed collection of full-length cDNAs and tissue-specific gene
expression analysis of Para rubber tree.
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Biomass Engineering Research Division

Synthetic Genomics Research Group

FEZEERH / Publications

Makita, Y., Kawashima, M., Lau, NS., Othman, AS., Matsui, M.

Construction of Para rubber tree genome and

multi-transcriptome database accelerates rubber researches.

BMC Genomics 19, 922 (2018)

Makita,Y. et al.

Large-scale collection of full-length cDNA and transcriptome
analysis in Hevea brasiliensis.

DNA Res. 24, 159-167 (2017)
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Three Brachypodium species grown
under normal (22°C, left) and heat stress
(32°C, right) conditions for 15 days

Bd, B. distachyon (2X)

Bs, B. stacei (2X)

Bh, B. hybridum (4X)
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Biomass Engineering Research Division

Cellulose Production Research Team

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

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

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

Research Results

* We found that salicylic acid-dependent immunity contributes to resistance
against Rhizoctonia solani, a necrotrophic fungal agent of sheath blight, in
rice and Brachypodium distachyon.

* We found that omoeolog-specific activation of genes contributes to heat
acclimation in the allopolyploid grass Brachypodium hybridum.

® We demonstrated that diurnal transcriptome and gene network
represented through sparse modeling in Brachypodium distachyon.

[
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FEZEERH / Publications

Kouzai, Y. et al.

Salicylic acid-dependent immunity contributes to resistance
against Rhizoctonia solani, a necrotrophic fungal agent of
sheath blight, in rice and Brachypodium distachyon.

New Phytol. 217, 771-783 (2018)

Takahagi, K. et al.

Homoeolog-specific activation of genes for heat acclimation
in the allopolyploid grass Brachypodium hybridum.
GigaScience 7, giy020 (2018)

Koda, S. etal.

Diurnal transcriptome and gene network represented
through sparse modeling in Brachypodium distachyon.
Front. Plant Sci. 8, 2055 (2017)
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Sheath blight-resistant accessions of B. distachyon



NAFT A TEHFEEBR

BFRMAF—L

F—Ll)—4—Team Leader
BHE EF wtx®)
Keiji NUMATA Ph.D.

Schematic of the spinning process of spider dragline silk
from the major ampullate gland

The major spidroins form granules in the major ampullate sac.
Subsequently, the granules become homogeneous in size and align along
the tapering duct. Even before spinning at the spinnerets, granules with
diameters of approximately 100 nm connect and axially align. The spun
fibre, namely, the dragline silk, is composed of connected granules that
contribute to the unusual mechanical properties of spider dragline silk
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Developing new biopolymers and

applying them as biomass-based
functional and structural materials

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

Research Subjects
© 3D structures and polymerization mechanisms of biopolymer synthases

© Search and development of microorganisms, polymerases, and
depolymerases

© Design and biosynthesis of bio-inspired functional peptides

© Biopolymer production via plant biotechnology

Research Results

* We developed chemoenzymatic polymerization to synthesize
polypeptides containing nylon and artificial amino acids.

© Mechanical and thermal properties of polypeptides were successfully
modified by rearranging the hydration and hydrogen-bonding states.

® Granules were found to be a critical element to form spider dragline in the
spider spinning process.
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Biomass Engineering Research Division
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Yazawa, K., Gimenez-Dejoz, J., Masunaga, H., Hikima, T.,

Numata, K.

Chemoenzymatic synthesis of a peptide containing nylon
monomer units for thermally processable peptide material

application.

Polym. Chem. 8, 4172-4176 (2017)

Tsuchiya, K., Numata, K.,

Chemoenzymatic synthesis of polypeptides containing the

unnatural amino acid 2-aminoisobutyric acid.
Chem. Commun. 53, 7318-7321 (2017)

Lin, T.-Y., Masunaga, H., Sato, R., Malay, D. A., Toyooka, K.,

Hikima, T., Numata, K.

Liquid crystalline granules align in a hierarchical structure to

produce spider dragline microfibrils.
Biomacromolecules 18, 1350—1355 (2017)
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International Program

Mizuki TOMIZAWA
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Chemoenzymatic polymerization by papain produced

the copolymer of L-leucine and nylon monomers
(A) Molecular docking simulations between nylon monomers and papain
(B) The copolymers showed melting behavior at around 200°C

Enzyme Research Team
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Syntheses of heat-resistant polyesters with
anthraquinone backbone structure

Gallicacid
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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 synthesized the novel heat-resistant polyesters with anthraquinone
backbone structure.

* We developed the efficient synthetic method for heat-resistant polyesters
with stilbene backbone structure.

© We succeeded in biosynthesis of novel thermally stable biopolyester and
characterized its structure and properties.

T 197°C

Endothermal up

0 50 100 150 200 250
Temperature (°C)

Biomass Engineering Research Division

Bioplastic Research Team

FEZEERH / Publications

Mizuno, S., Hiroe, A., Fukui, T., Abe, H., Tsuge, T.
Fractionation and thermal characteristics of biosynthesized
polyhydoxyalkanoates bearing aromatic groups as side
chains.

Polym. J. 49, 557-565 (2017)

Furutate, S. et al.

Biosynthesis and characterization of novel
polyhydroxyalkanoate copolymers consisting of
3-hydroxy-2-methylbutyrate and 3-hydroxyhexanoate.
J. Polym. Res. 24, 221 (2017)

Foong, C. P. etal.

Anovel and wide substrate specific polyhydroxyalkanoate
(PHA) synthase from unculturable bacteria found in
mangrove soil.

J. Polym. Res. 25, 23-229 (2018)
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Structure and properties of biosynthesized
poly(3-hydroxy-2-methylbutyrate)
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A novel maleate biosynthesis from chorismate, and
bioproduction with a recombinant Escherichia coli
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*3HBA and maleylpyruvate wasn't detected

Biomass Engineering Research Division

Cell Factory Research Team

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 silico tools for designing artificial metabolic pathways

© Developing high functional enzymes catalyzing target metabolic reactions

Research Results

© We succeeded in producing maleic acid with Escherichia coli constructed
a novel metabolic pathway using synthetic biology.

* We succeeded in functionalizing a decarboxylase with high activity
necessary for biosynthesis of monomer compounds from fossil materials.

© We succeeded in constructing an artificial metabolic pathway for isoprene
synthesis.
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Noda, S., Shirai, T., Mori, Y., Oyama, S., Kondo, A.
Engineering a synthetic pathway for maleate in
Escherichia coli.

Nat. Commun. 8, 1153 (2017)

Thomson, N. M. et al.

Efficient 3-Hydroxybutyrate Production by Quiescent
Escherichia coli Microbial Cell Factories is Facilitated by
Indole-Induced Proteomic and Metabolomic Changes.
Biotechnol. J. 13, 1700571 (2018)
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_ Artificial metabolic pathway design and
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Developing research platforms

for plant biomass to establish
a sustainable society

Our aim is research and development of resources related to plants,
microorganisms and so forth, development of bases for genome and other
information, and metabolome analysis approaches, among others. We
undertake gene hunt studies related to enhancing production, growth and
environmental tolerance of cellulose in Brachypodium, a species of plant
expected to serve as the model for studies on increased production of
cellulose biomass. In addition, we perform metagenomics and genomics
with the use of single cells in symbiotic microorganisms of termites for
discovery of useful enzymes for cellulose degradation, and NMR
technology for biomass evaluation.

Research Subjects

* Development of the resource of mutants and full-length cDNA of
Brachypodium distachyon, a model soft biomass plants

© Exploration and use of genes involved in plant biomass productivity and

Biomass Engineering Research Division

Biomass Research Platform Team

FEZEERH / Publications

Kikuchi, J. et al.

NMR analysis of molecular complexity.

Experimental approaches of NMR spectroscopy 461-489
(2017)

Yuki, M., Sakamoto, M., Nishimura, Y., Ohkuma, M.
Lactococcus reticulitermitis sp. nov., isolated from the gut of
the subterranean termite Reticulitermes speratus.

Int. J. Syst. Evol. Microbiol. 68, 596-601 (2018)

Himuro, Y., Kobayashi, M.

Bioresources and technologies that accelerate biomass
research.

Biofuels: Greenhouse Gas Mitigation and Global Warming
341-356 (2018)
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Research Results

* We have finished to provide analytical platform to pursuit plant
metabolism, biomass superstructure and its microbial degradation.

© We isolated and characterized a novel species of the genus Lactococcus
from the gut of termite.

* We developed the bioresource maintenance for accelerating the
increased production of biomass with Brachypodium distachyon.

Technical Staff
Hiroko KOBAYASHI

Student Trainee
Arisa TSUBOI

Assignments of secondary
metabolite mixtures from tree
(Rhododendron japonicum) by 3D
NMR and verification using e
quantum chemistry calculation
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Lactococcus reticulitermitis was isolated
from the gut of wood-feeding termite.

Lactococcus reticulitermitis
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Achievement of
chemical library provision

Total 36 subjects
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Total 3,016 compounds

Drug Discovery Platforms Cooperation Division

Chemical Bank Unit for Drug Discovery Platform

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.

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 lead candidates possessing similar structure to hit
compounds and provided their solutions.

© We provided 9,280 DMP compounds for HTS.

20175%EX>/5— / FY2017 Members

Unit Leader

Hiroyuki OSADA
Deputy Unit Leader
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Senior Research Scientist
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Technical Staff
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Yuta IWAI

DMP chemical library in storage
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HTS themes carried out in FY 2017,
categorized by assay methods
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Drug Discovery Platforms Cooperation Division

Seed Compounds Exploratory Unit for Drug Discovery Platform

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 vitro and cell-based assay
systems

* High content screening based on cell imaging

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

Research Results

* We developed assay methods for HTS of compounds active on a total of
4 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 17 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.

FZEHR / Publications

Ito, S. et al.

Induced cortical tension restores functional junctions in
adhesion-defective carcinoma cells.

Nat Commun. 8, 1834-1850 (2017)
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Hiroyuki KOSHINO D.Agr.

Structure of kehokorin A and
structural revision of polyozellin
by total synthesis
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kehokorin A (1) polyozellin

Cytotoxic activity against HeLa (ICs =15 ug/ml) Prolyl Oligopeptidase Inhibitor (ICs, = 2.72 uM)

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

 During the course of our molecular characterization studies on natural
p-terphenyls based on the organic synthesis coupled with NMR analyses,
we succeeded in total syntheses of kehokorin A and polyozellin, and the
proposed structure 2 of the latter was revised to 3.

® Evaluation by simulation for high performance desktop type NMR was
carried out and the direction of realization was shown.

© Structure of clostrienose from the industrial acetone-butanol-ethanol
fermentation anaerobe Clostridium acetobutylicum was elucidated as a
new polyketide which regulate cellular differentiation.

Technology Platform Division

Molecular Structure Characterization Unit

FZEERH / Publications

Takahashi, S., Suda, Y., Nakamura, T., Matsuoka, K.,
Koshino, H.

Total synthesis of kehokorins A-E, cytotoxic p-terphenyls.
J. Org. Chem. 82, 3159-3166 (2017)

Kusakabe, K. et al.

Neomacrophorin X, a [4.4.3]propellane-type meroterpenoid
from Trichoderma sp, 1212-13.

J. Nat. Prod. 80, 1484-1492 (2017)

Herman, N. A. et al.

The industrial anaerobe Clostridium acetobutylicum uses
polyketides to regulate cellular differentiation.

Nat. Commun. 8, 1514 (2017)
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Structure of Clostrienose

[ Acetone, Butanol, and Ethanol ] Clostridium acetobutylicum

uses clostrienose to regulate
sporulation and granulose

in collaboration with Prof. Wenjun Zhang (UC Berkeley) accumulation.
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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

 |dentification and characterization of RNA by mass spectrometry

Research Results

* We show that lipid moieties on lipoproteins of commensal and
non-commensal staphylococci induce differential immune responses.

* We revealed asymmetric dimethylation of histone H3R17 catalyzed by
Mettl23 is essential for reprogramming the paternal genome in zygotes.

* We identify key residues and main structural changes of MgtE involved in
the process that ATP dissociation from MgtE upregulates Mg?* influx.

Technology Platform Division

Biomolecular Characterization Unit

FZEERH / Publications

Nguyen, MT. et al.

Lipid moieties on lipoproteins of commensal and
non-commensal staphylococci induce differential immune
responses.

Nat. Commun. 8, 2246 (2017)

Hatanaka, Y. etal.

Histone H3 Methylated at Arginine 17 Is Essential for
Reprogramming the Paternal Genome in Zygotes.
Cell Rep. 20, 2756-65 (2017)

Tomita, A. et al.
ATP-dependent modulation of MgtE in Mg?* homeostasis.
Nat. Commun. 8, 148 (2017)
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Light microscope and FE-SEM
equipped with CLEM system
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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

* Anovel method for single-grain-based metabolic profiling of Arabidopsis
seed was established.

* Hormonome analysis revealed importance of hormone actions in bamboo
shoots elongation.

* We improved correlative light and electron microscopy (CLEM) using light
microscope and FE-SEM, and developed the applications for sample
preparation.

"
sy

Technology Platform Division

Mass Spectrometry and Microscopy Unit

FZEERH / Publications

Sawada, Y. et al.

Anovel method for single-grain-based metabolic profiling of
Arabidopsis seed.

Metabolomics 13, 75 (2017)

Gamuyao, R. et al.

Hormone distribution and transcriptome profiles in bamboo
shoots provide insights on bamboo stem emergence and
growth.

Plant Cell Physiol. 58, 702-716 (2017)

Atarashi K. et al.

Ectopic colonization of oral bacteria in the intestine drives
TH1 cell induction and inflammation.

Science 358, 359-365. (2017)
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Arabidopsis seeds

The volume of a single grain was calculated
based on its photomicrographic image and used
for normalization of metabolome data.
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Mitochondria
Small molecule

inhibitor

\ autophagy
complex |

A new autophagy inhibitor inhibited
mitochondrial respiration by
targeting complex I.
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RIKEN-Max Planck Joint Research Division for Systems Chemical Biology

Bioprobe Research Group

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

® Screening for autophagy inhibitors identified a new autophagy inhibitor
that inhibits mitochondrial respiration by targeting complex I.

© We identified novel small molecules that induce ROS (Reactive oxygen
species) in cells and revealed the mechanisms of action of them.

® The structure activity relationship of novel purine-based MTH1 inhibitors
provided insights for the development of highly potent MTH1 inhibitors.

FEERX / Publications

Robke, L. et al.

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

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

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)

Kumar, A., Kawamura, T., Kawatani, M., Osada, H., Zhang,

K.YL.

Identification and structure-activity relationship of purine
derivatives as novel MTH1 inhibitors.

Chem Biol. Drug Des. 89, 862-869 (2017)
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Docking-predicted binding mode of MTH1
and its inhibitor molecule
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RIKEN-Max Planck Joint Research Division for Systems Chemical Biology

Bioprobe Application Research Unit

Identification of small molecules
with effects on cell growth

in collaboration with
Max Planck Institute in Germany

In collaboration with a group of Max Planck Institute (MPI) of Molecular
Physiology (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

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

© |dentification of molecular targets of bioprobes

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

Research Results

© Anovel compound with an inhibitory activity on PBD (Polo Box Domain)
dependent binding was identified.

© We established a high throughput screening system to identify small
molecules with effects on autophagy.

® We found that a novel autophagy inhibitor, autophinib targets the lipid
kinase VPS34 through the analyses of chemoproteobase system.

FEER / Publications

Nogawa, T. et al.

Trachyspic acid 19-butyl ester, a new inhibitor of Plk1 polo
box domain-dependent recognition from uncharacterized
fungus RKGS-F2684.

J. Antibiotics 70, 705-707 (2017)

Robke, L. etal.

Phenotypic Identification of a Novel Autophagy Inhibitor
Chemotype Targeting Lipid Kinase VPS34.

Angew. Chem. Int. Ed. 56, 8153-8157 (2017)

Watanabe, N., Osada H.
Cell proliferation and differentiation.
Bioprobes 11-35 (2017)
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octaminomycin A octamlnomycln B
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RIKEN-KRIBB Joint Research Unit

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 a new benadrostin derivative produced by Streptomyces sp.
RK88-1441.

© We identified octaminomycins A and B, active against Plasmodium
falciparum.

© We identified wakodecalines A and B produced by Pyrenochaetopsis sp.
RK10-F058.

OH OH
(0] OH (0] OH

wakodecaline B

wakodecaline A

FEERX / Publications

Jang, J-P. etal.

RK-1441, a new benadrostin derivative produced by
Streptomyces sp. RK88-1441.

J. Antibiot. 70, 102-104 (2017)

Jang, J.-P. etal.

Octaminomycins A and B, cyclic octadepsipeptides active
against Plasmodium falciparum.

J. Nat. Prod. 80, 134-140 (2017)

Nogawa, T. et al.

Wakodecalines A and B, new decaline metabolites isolated
from a fungus Pyrenochaetopsis sp. RK10-F058.

J. Antibiot. 71, 123-128 (2018)

20175EX>/5— / FY2017 Members

Unit Leader
Shunji TAKAHASHI

Research Scientist
Naoki KATO
Toshihiko NOGAWA

Structures of wakodecalines A and B
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International Collaborations

EAEE

Domestic Collaborations

MEHIE / Research Collaboration Agreements

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

International Center for Tropical Agriculture, Columbia

John Innes Centre and the Sainsbury Laboratory, UK

Umea Plant Science Center, Sweden

KTH Royal Institute of Technology, Sweden

University of California at San Diego, USA

Agricultural Genetics Institute, Viet Nam

National Taiwan Normal University, Taiwan

University of Toronto, Canada

SHENONONONONCNONONONC

National Laboratory of Genomics for Biodiversity, Cinvestav, Mexico

E4HFAAZ / Principal Joint Research Agreements

(A]
(E]
®
®
(E]
(F]
®
Q
(1]
o

The University of British Columbia, Canada

Korea Research Institute of Bioscience & Biotechnology, Korea
Mahidol University, Thailand

Chinese Academy of Sciences, China

Brazilian Agricultural Research Corporation, Brazil

University of Nebraska-Lincoln, USA

National Centre for Scientific Research, France

University of Malaysia Sabah, Malaysia

The University of Melbourne, Australia

University of the State of Amazonas, Brazil

MEHIHE / Research Collaboration Agreements

=

BEERXY

Keio University

MEAFEAZ BRI ZMER

Graduate School of Engineering, Kobe University

FIEKE

University of Tsukuba

BHEBAFE NIV ARTA—TATEGHFHERR

Institute of Transformative Bio-Molecules, Nagoya University
BORMIAY AREMLERRFEA

Kihara Institute for Biological Research, Yokohama City University
ENIARFEIEEN RRATTRRRT

Forestry and Forest Products Research Institute

AEEEEA DT EDNAFRER

Kazusa DNA Research Institute

KEHABEFAEBIEN BRSO 2AT LTS Eﬁiﬁﬁ?iﬂ?ﬁﬁ,

National Institute of Genetics

L @ B b N

o

ol
°

FRFEHFAZE / Principal Joint Research Agreements
[ARNTTP N 'fr . [ F=RFEHERZRMAZRAS

Okayama University C e Nara Institute of Science and Technology
B ®mK% 9 I EXMEBREN BEARMRMEE

The University of Tokyo < f?) Japan Agency for Marine-Earth Science and Technology
BEBRFRERE S RAMITR ENARRREN EREWKEEMREL 42—

Graduate School of Bioagricultural Sciences,{Nagoya University Japan International Research Center for Agricultural Sciences
[ demiEkE S [A ENMERMBEN EERMHREMER

Hokkaido University National Institute of Advanced Industrial Science and Technology
B ®RIFXF EHMERBEN REEVERAEHR

Tokyo Institute of Technology National Institute of Agrobiological Sciences
REKRE [0 EMXHMEFEFEN RE ARREXZIHESMEME

Kyoto University National Agriculture and Food Research Organization
@ Amkz [ EXHERFREAN KEWMR-HEWHE

Kyushu University Japan Fisheries Research and Education Agency

AR B

Cooperative Graduate Schools

-

RN AF KA DERZZE, Graduate School of Medical Life Science / Graduate School of Nanobioscience
E@F VAT LREEMER (RREMFEMZERT)  (Kihara Institute for Biological Research), Yokohama City University

2) BEHBARFRFREDRFIMIR Graduate School of Bioagricultural Sciences, Nagoya University

3) RRAFEAFBR Graduate School of Agricultural and Life Sciences / Graduate School of Science,
BRELEHRFZHMRRIELRMARR The University of Tokyo

4) BERFRFRIET AR Graduate School of Science and Engineering, Saitama University

5) WERFAFZBREZHIR Graduate School of Science, Kyoto University

6) RRIFAFMHEABIFR School of Materials and Chemical Technology, Tokyo Institute of Technology

7) MBRFXFREFMRE Graduate School of Science, Rikkyo University

8) RREWAFAFRIFMER Graduate School of Engineering, Tokyo Denki University

©

RRERERAFEAZREE AR MR

Medical Research Institute, Tokyo Medical and Dental University

=
=

BMAFRRAFBIETHIATR Graduate School of Science and Engineering, Tokyo Metropolitan University

=

BBERFAFRE TR Graduate School of Science and Technology, Gunma University

m
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Industrial

Collaborations

CSRS Seminars

LYy —TRFTREEZII LD INETICE IR CRITORMI 2B U, 50 DREEHRAMRZRELTNET,

CSRS conducts collaborative research with 50 companies with the aim of practical application of our knowledge and technologies.

KGRI L (15) / BREZY (1F)
BRTLDHRA YT LY DEYIC & SHEN LR

()

a1—-JL%

HHBEED) A ARRRHBE DI DI

The Yokohama Rubber Co., Ltd.
Zeon Corporation

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

B FRAE

© euglena Co., Ltd.

euglena Co., Ltd.

Technology development for biofuel production increase

from microalgae

RIKEN Internal collaborations

Lty —TRAREDBAN ZEBOBENTHAEL HRMICORITIMOEAL LT EROE LYY — DR FEMAHRE
T TWE T F e BIFAMRE § 2RI R E L ZEA U BRI R R DAIHICED ATV T,

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.

CRINERATE 2 —
Nishina Center for Accelerator-Based Science

eI R AR £ 24— SPring. 8
7 unSPnng-E Center @

FATYA T AGE R 42—
Center for Life Science Technologies ".‘ 00

LSt

12

L d
BISMIERIPRT > 82—

CEMS

= Center for Emergent Matter Science

HBF TFMFRE
Center for Advanced Photonics

SRR

)

,

Bra,

CSRS
%M

INAF ) —A 28—
BioResource Center

2\ BRIFREME L 42—
S %) Brain Science Institute

HREDERNEMFR L 2—
Center for Integrative Medical Sciences

As of Mar. 2018

— RERMAEROER —
Leading-edge research facilities

K computer

G: 7/)L—7 | RG: Research Group RT: Research Team RU: Research Unit U: Unit

2017.04.05

2017.04.05

2017.04.10

2017.04.12

2017.04.25

2017.05.09

2017.05.10

2017.05.15

2017.05.22

2017.05.26

2017.06.01

2017.06.068

2017.06.21

2017.06.22

2017.06.23

2017.06.29

2017.07.06

2017.07.07

2017.07.13

2017.07.18

2017.07.19

2017.07.21

2017.08.02

Plant Genes Important for Agrobacterium-mediated Plant Prof. Stanton B. Gelvin

Transformation

VIP1 and its family members are not important for
Agrobacterium-mediated transformation

Metabolic engineering to polymer science:
Next-generation polyhydroxyalkanoates (PHAs) for
biomedical research

Deciphering convergent evolution at a molecular level

Conserved cold shock domain proteins enhance
reprogramming in land plants and metazoans

TS RBRIR SRR T HRORR

Florigen, its antagonists and plant domestication

Highly Reactive Heavy Alkaline-Earth Complexes for
Hydroelementation and Dehydrocoupling Catalysis

Analyses of infection mechanisms of plant parasitic
root-knot nematodes, M. incognita

Computational Physics and Chemistry: Our recent
activity from Industrial Applications to Category Theory

Synthesis of water-soluble fullerene derivatives and
bioapplication

Dr. Lan-Ying Lee

Prof. Dr. Christopher T.
Nomura

Dr. Keniji Fukushima

Dr. Yosuke Tamada

Beh FF

Dr. Yuval Eshed

Prof.Jean-Frangois Carpentier

Prof. Shinichiro Sawa

Dr. Shinichiro Nakamura

Prof. Yoko Yamakoshi

Chemical Synthesis of Very Large Molecules
Genome and transcriptome analysis of biomass plants

and construction of their databases

Regulation of plant Cl channels and role of bacterial
K/Cs transporters

Identifying cell types and subpopulations by single cell
RNA-seq

Detecting core microboimes for designing natural and
agricultural ecosystems

Prof. Jeffrey W. Bode

Dr. Yuko Makita

Prof. Nobuyuki Uozumi

Dr. Aki Minoda

Dr. Hirokazu Toju

Department of Biological Sciences,
Purdue University, USA

College of Environmental Science and
Forestry, The State University of New
York, USA

Dep of Bic istry & Molecul
Genetics, School of Medicine, University
of Colorado Denver, US

Division of Evolutionary Biology, National
Institute for Basic Biology

BEHR ILOKPRFE

Department of Plant and Environmental
Sciences, Weizmann Institute of Science,
Israel

Department of Chemistry, University of
Rennes 1, France

Graduate School of Science and
Technology, Kumamoto University

Nakamura Laboratory, RIKEN Cluster for
Industry Partnerships

Department of Chemistry and Applied
Biosciences, ETH Zurich, Switzerland

Synthetic Genomics Research Group,
RIKEN CSRS

Graduate School of Engineering, Tohoku
University

Epigenome Technology Exploration Unit,
RIKEN CLST

Center for Ecological Research, Kyoto
University

Claident: A high-throughput analysis pipeline for
metabarcoding and DNA barcoding studies

Chemical Epigenetics - Inhibiting readers and erasers of
the epigenetic code

Identification of a non-canonical de novo DNA
methylation pathway regulating dormancy-specific
imprinting and cold-induced dormancy

Long-rang calcium trar in plants

Natural Products Total Synthesis Using Photo-reactions

Flowers, hairs, and insects - trials of non-model plant
researches

Functions of noncoding RNAs in plant growth and
development

Klebsormidium as model alga to study primitive
terrestrial adaptation

Functional analyses of the Arabidopsis type-B cytokinin
response regulators ARR1, ARR10 and ARR12 in plant
responses to drought

Grafting for systemic signaling studies

Dr. Akifumi S. Tanabe

Prof. Manfred Jung

Dr. Luis Lopez-Molina

Dr. Masatsugu Toyota

Prof. Shuanhu Gao

Dr. Seiji Takeda

Prof. Nam-Hai Chua

Dr. Koichi Hori

Dr. Chien Van Ha

Dr. Michitaka Notaguchi

Graduate School of Science, Kobe
University

Institute of Pharmaceutical Sciences,
University of Freiburg, Germany

Department of Plant Biology, University of
Geneva, Switzerland

Saitama University / University of
Wisconsin-Madison, USA

School of Chemistry and Molecular
Engineering, East China Normal
University, China

Graduate School of Life and Environmen-
tal Sciences, Kyoto Prefectural University

Rockefeller University, USA / National
University of Singapore, Singapore

School of Life Science and Technology,
Tokyo Institute of Technology

Plant Genomic Network Research Team,
RIKEN CSRS

Graduate School of Bioagricultural
Sciences & ITbM, Nagoya University

CSRS Yokohama Seminar
Series (Plant Genomic
Network RT)

CSRS Wako Seminar Series
(Enzyme RT)

Plant Immunity RG

CSRS Yokohama Seminar
Series (Cell Function RT)

TEYISeRERRZE G

CSRS Yokohama Seminar
Series (Cell Function RT)
Advanced Catalysis RG
CSRS Yokohama Seminar
Series (Plant Symbiosis RT)

CSRS Wako Seminar Series
(Enzyme RT)

Catalysis and Integrated RG

CSRS Wako Seminar Series
(Natural Product Biosynthesis
RU)

CSRS Yokohama Seminar
Series (Regulatory Network
RU)

CSRS Yokohama Seminar
Series (Cell Function RT)

Plant Immunity RG

Seed Compounds Exploratory
U for Drug Discovery Platform

CSRS Yokohama Seminar
Series (Dormancy and
Adaptation RU)

CSRS Yokohama Seminar
Series (Cell Function RT)

Advanced Catalysis RG

CSRS Yokohama Seminar
Series (Cell Function RT)

CSRS
Dormancy and Adaptation RU

CSRS Wako Seminar Series
(Enzyme RT)

CSRS Yokohama Seminar
Series (Plant Genomic
Network RT)
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CSRS Seminars

Date

2017.08.18

2017.08.29

2017.08.30

2017.09.05

2017.09.07

2017.09.07

2017.09.11

2017.09.27

2017.09.29

2017.10.04

2017.10.05

2017.10.24

2017.10.24

2017.10.24

2017.10.24

2017.10.26

2017.10.31

20171213

2017.12.14

2017.12.15

2017.12.19

2017.12.20

14

Title

Biochemical dissection of stomatal ABA signaling: From
the receptor to DNA

Carbon and Catalysis

Bursaphelenchus okinawaensis: an emerging genetic
model for plant-parasitic nematodes

Chemoselective Manipulation of Boryl Groups With or

Without Metals

Tomato root gene expression atlas

Speaker

Dr. Yohei Takahashi

Prof. Tiow-Gan Ong

Dr. Ryoji Shinya

Prof. Pengfei Li

Dr. Kaisa Kajala

Affiliation
University of California, San Diego, USA
Institute of Chemistry, Academia Sinica,
Taiwan
Department of Agriculture, Meiji University
Center for Organic Chemistry, Frontier
Institute of Science and Technology, Xi'an
Jiaotong University, China

Utrecht University, the Netherland

The dynamics of molecular and cellular processes in the
maize leaf growth zone in well-watered and drought
conditions

Dr. Hilde Nelissen

VIB, Belgium

Stressed! How plants cope through dynamic responses
Application of plant cell, tissue and organ culture
methodology for manipulation of plant stem cells
Redox Switchable Catalysis

Exploring the impact of protein acylation on the biology
of bacteria

The plant guard cell as a paradigm for the analysis of
immunity and pathogen virulence

Dr. José R. Dinneny

Prof. Shinjiro Ogita

Prof. Paula L. Diaconescu

Dr. Saori Kosono

Dr. Brad Day

Carnegie Institution for Science, USA

Faculty of Life and Environmental
Sciences, Prefectural University of
Hiroshima

Chemistry & Biochemistry Department,
University of California, Los Angeles, USA

Biotechnology Research Center, The
University of Tokyo

Department of Plant, Soil and Microbial
Sciences, Michigan State University

Modularity in Jasmonate Signaling for Multi-stress
Tolerance

Dr. Gregg A. Howe

Department of Biochemistry and Molecular
Biology, Michigan State University

Regulation of Freezing Tolerance and Salicylic
Acid-Mediated Immunity by Arabidopsis CAMTA
Transcription Factors

Dr. Michael Thomashow

Department of Plant, Soil and Microbial
Sciences / Department of Microbiology
and Molecular Genetics, Michigan State
University, USA

The Genetic and Physiological Basis of Adaptation to
Divergent Habitats

Interplay between phosphorylation and ubiquitination in
plant immune signaling

KWS — a different kind of plant breeding company with
research institutes in US and Europe

Glasstransition behaviours in silk and the exploration of
engineering applications of silk materials

Role of DNA methylation in reproductive success
Genome-wide association study of drought tolerance
and gene cloning in maize seedlings

Effector-triggered defence against apoplastic fungal
pathogens of oilseed rape

Protein-Like Inorganic Nanoparticles for Orbital
Controlled Electrocatalysis and Chiral Plasmonics

Rare-Earth-Catalyzed C-H Bond Activation for Organic
is and Olefin Pc ization

Development of polyion complex vesicle (PICsome) for
biomedical applications

New Insights into the Basis of Innate Immunity in Plants
Coupling growth and identity specification of
auxin-induced organogenesis

Different Perspectives of Compound Screening from
Chemical-based to Receptor-based Screening

The Ancient Transcription Factor ZHOUPI Controls An
Evolutionary Innovation In Marchantia

Dr. David B. Lowry

Dr. Jacqueline Monaghan

Dr. Derek Bartlem

Prof. Juan Guan

Dr. Daniel Bouyer / Souraya

Khouider

Prof. Feng Qin

Dr. Henrik Stotz

Prof. Ki Tae Nam

Dr. Masayoshi Nishiura

Prof. Akihiro Kishimura

Dr. Scott C. Peck

Dr. Teva Vernoux

Dr. Ratklao Siriwach

Dr. Justin Goodrich

Department of Plant Biology, Michigan
State University, USA

Plant Biology, Queen's University, Canada
KWS Gateway Research Center, USA
School of Material Sciences and
Engineering, Beihang University, China

Epigenetics & Epigenomics, Institut de
Biologie de I'ENS, France

College of Biological Sciences, China
Agricultural University, China

School of Life and Medical Sciences,
University of Hertfordshire, UK

Seoul National University, Korea
Advanced Catalysis Research Group,
RIKEN CSRS

Department of Applied Chemistry, Faculty
of Engineering, Kyushu University

Biochemistry Department, University of
Missouri, USA

Developpement des Plantes, ENS de
Lyon, France

Kyoto University

Institute of Molecular Plant Science,
University of Edinburgh, UK

Host

Synthetic Genomics RG

Advanced Catalysis RG

Plant Immunity RG

Advanced Catalysis RG

CSRS Yokohama Seminar
Series (Cell Function RT)

Enzyme RT

Advanced Catalysis RG
CSRS Wako Seminar Series
(Molecular Ligand Target RT)

CSRS Yokohama Seminar
Series (Plant Immunity RG)

Plant Immunity RG

Plant Immunity RG

Enzyme RT

Cell Function RT

Biomass Research Platform T

Plant Immunity RG

Biofunctional Catalyst RT

CSRS Wako Seminar Series

(Biofunctional Catalyst RT)

Enzyme RT

Plant Immunity RG

CSRS Yokohama Seminar

Series (Cell Function RT)

Metabolic Systems RT

CSRS Yokohama Seminar
Series (Cell Function RT)

Date

2017.12.20

2017.12.27

2018.01.05

2018.01.09

2018.01.16

2018.01.16

2018.01.18

2018.01.19

2018.01.19

2018.01.23

2018.01.26

2018.02.09

2018.02.22

2018.02.22

2018.03.06

2018.03.08

2018.03.09

2018.03.09

2018.03.12

2018.03.13

2018.03.15

2018.03.19

Title
Imaging and Manipulation of Temperature in Living Cells:
Uncovering Unique Mechanism of Intracellular Thermal
Signaling
Developing a sustainable seed system for cassava in
Southeast Asia
CO: capture and utilization; introduction of materials and

analytical methods developed in our lab

Recent UAV Image Analysis Methods and Applications
to Urban Monitoring and Precision Farming

Sustainable production of industrial chemicals through
combination of chemo- and biocatalysis

Synthetic chromatin acylation promoted by chemical
catalyst systems

Development of the third generation hybrid seed
production technology for rice and wheat

Plant aging and senescence: The other half of a life
history

Circadian Timing Mechanisms in Seasonal Flowering

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

Speaker

Dr. Kohki Okabe

Dr. Hiroki Tokunaga

Prof. Yu Hoshino

Dr. Farid Melgani

Prof. Dr. Harald Groger

Prof. Dr. Motomu Kanai

Prof. Xing Wang Deng

Prof. Hong Gil Nam

Dr. Takato Imaizumi

Affiliation

Graduate School of Pharmaceutical
Sciences, The University of Tokyo

Plant Genomic Network Research Team,
RIKEN CSRS

Department of Chemical Engineering,
Faculty of Engineering, Kyushu University

Information Engineering and Computer
Science, Trento University, Italy

Faculty of Chemistry, Bielefeld University,
Germany

Graduate School of Pharmaceutical
Sciences, The University of Tokyo

School of Advanced Agricultural Sciences
and School of Life Sciences, Peking
University, China

Institute for Basic Science / Daegu
Gyeongbuk Institute of Science and
Technology, Korea

Department of Biology, University of
Washington, USA

Plant Strategies for enhancing access to sunlight

The plant defense hormone salicylic acid is required for
Arabidopsis shade avoidance

Reprc ibility and p: of your iments.
using free web-based tools

A chemical genetic roadmap to improved tomato flavor

Sequencing 1,000 spiders to elucidate the design
mechanisms of spider silk proteins and elucidating the
molecular mechanisms of extremo-tolerance of
tardigrades

Open Software, Data, and Computing Frameworks to
Advance High Throughput Phenomics and Agricultural
Forecasting

High throughput drug screening and the dissection of the
Rhodoquinone synthesis pathway in C.elegans

Yeast evolutionary history and natural variation revealed
by 1,011 genomes

Artificial Photosynthesis by Light Absorption, Charge
Separation, and Photoredox Catalysis

Stereoselective Functionalization of Unsaturated
Hydrocarbons

Understanding Biochemical Mechanism in Natural
Product Biosynthesis

The Efficient Outer Sphere Hydrogenation of Carbonyl
Containing Substrates: Some New Insights

The Regulation and Evolution of Transcription in
Chloroplasts

Latest Capabilities & Future Directions of Long-read
PacBio Sequencing

NIN-LIKE PROTEINS transcription factor activates
expression of CYP707A2 in nitrate-promoted seed
germination in Arabidopsis

Dr. Christian Fankhauser

Dr. Kazunari Nozue

Prof. Harry J. Klee

Prof. Dr. Kazuharu Arakawa

Dr. David LeBauer

Prof. Andrew Fraser

Dr. Joseph Schacherer

Prof. Han Sen Soo

Prof. Uttam K. Tambar

Dr. Tomohisa Kuzuyama

Prof. John C. Gordon

Prof. Takashi Shiina

Dr. Jonas Korlach

Dr. Eiji Nambara

Center for Integrative Genomics,
University of Lausanne, Switzerland

Department of Plant Biology, University of
California Davis, USA

Horticultural Sciences Department,
University of Florida, USA

Institute for Advanced Biosciences, Keio
University

National Center for Supercomputing
Applications, University of lllinois,
Urbana-Champaign, USA

The Donnelly Centre, University of
Toronto, Canada

Laboratory of Molecular Genetics,
Genomics and Microbiology, Université de
Strasbourg, France

Nanyang Technological University,
Singapore

The University of Texas Southwestern
Medical Center, USA

Biotechnology Research Center, The
University of Tokyo
Chemistry Division, Los Alamos National

Laboratory, USA

Graduate School of Life and Environmen-
tal Sciences, Kyoto Prefectural University

Pacific Biosciences

University of Toronto, Canada / Tokyo
University of Agriculture and Technology

Host
CSRS Wako Seminar Series
(Catalysis and Integrated RG)

CSRS Yokohama Seminar
Series (Plant Genomic
Network RT)

Enzyme RT

Cellulose Production RT
Green Nanocatalysis RT

Catalysis and Integrated RG

Synthetic Genomics RG

Synthetic Genomics RG

CSRS Yokohama Seminar
Series (Cell Function RT)

Plant Immunity RG

Metabolomics RG

CSRS Wako Seminar Series
(Enzyme RT)

Cellulose Production RT

Seed Compounds Exploratory
U for Drug Discovery Platform

Chemical Genomics RG

Advanced Catalysis RG

Catalysis and Integrated RG

CSRS Wako Seminar Series
(Natural Product Biosynthesis
RU)

Advanced Catalysis RG

Enzyme RT

Plant Immunity RG

CSRS Yokohama Seminar
Series (Dormancy and
Adaptation RU)
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News & Events

2017.04.20-21

2016FECSRSHA 7OV 17 M RBESR
B A BRI

FY2016 RIKEN CSRS Annual Research Project Progress Report
RIKEN Wako/Yokohama Campus

2017.04.22
IZER MABEA —R AR
IR AR ER

RIKEN Wako Campus Open Day
RIKEN Wako Campus

2017.04.23-26
BOEIATLARTIANNAAQAD—RRIVRIIL
INS TV IRT IR

The 6th RIKEN-Max Planck Joint Research Center for

Systems Chemical Biology Symposium
Pacific Hotel Okinawa

2017.06.13
B ZERRFDER - B HOHEICRT I ERRERE

RIKEN and Nagoya University sign Memorandum of Agreement

2017.06.19-23
B O XFXTRAESE
7XUA St Louis, Missouri

The 28th International Conference on Arabidopsis Research
Hyatt Regency, St. Louis, Missouri, America

2017.06.20

S FHEERIT2017 : MSENMRDERE &%

IERT AR

Molecular Structure Characterization 2017: Basics and

Practical Application of MS and NMR
RIKEN Wako Campus

116

2017.07.06

IPRREKEMR - BEHBHER - BT BIREZ /G
RIKEN and Japan Fisheries Research and Education Agency
sign Memorandum of Agreement

2017.08.02-03
ZEHBIPRRET—
XERRIFE
Kasumigaseki Kids Day
Ministry of Education, Culture, Sports, Science and Technology

2017.08.28

MFE XBEFAEHIRRIMEZRE

IERT BORBHRFT

Minister of the MEXT visited RIKEN Yokohama Campus
RIKEN Yokohama Campus

2017.09.16-17

BRHAL YA I A700 71 7ERFFRULE

BERMAL YA IVAT7OY 714 TEFER

School Festival of the Yokohama Science Frontier High

School

Yokohama Science Frontier High School
—

2017.09.23
B HRHX — R AR
B BUREE

RIKEN Yokohama Campus Open Day
RIKEN Yokohama Campus "

2017.10.04-06 20171212

FIVEDRARBIH 7172017 F18EI5H - BRI ELFE DO RITIE

RREYIYA b TRRRE ANSER KRR

Agribusiness Creation Fair 2017 Frontiers on Chemistry and Analytical Technology (XVIl)
Tokyo Big Sight RIKEN Wako Campus

20171214

BEROKETFAREMESFERLRERE
BROKZFAEMBHFERE

Visiting Lecture at Ochanomizu University Senior High
School
Ochanomizu University Senior High School

2017.11.02
2017 ECSRSHME 7OV 1Y bhMBRES
IERR MR

FY2017 RIKEN CSRS Interim Progress Report
RIKEN Wako Campus =

2017.12.25

IBERE  RMERRITRSTREEIES - B NICET 51
EZ RS

RIKEN and National Agriculture and Food Research Organi-
zation sign Memorandum of Agreement

2018.0115
$84EICSRS-ITbM&R7—7av 7 with Kihara
EH HURBERR

The 4th CSRS-ITbM Joint Workshop with Kihara
RIKEN Yokohama Campus

20171115

E8EEMEBEEF I~ avT

SRR REEA

The 8th Plant Electron Microscopy young workshop
RIKEN Yokohama Campus

2017.11.27

CSRSoO##%#&84% [Highly Cited Researchers
2017] ICEH

CSRS researchers have been selected for Highly Cited
Researchers 2017

201712.04

EMEFE S R II L2017
RRRFFERE —FA—

Plant Science Symposium 2017

The University of Tokyo, Yayoi Auditorium, Ichijo Hall

17
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Press Release Highlights

I 2017.06.27

BT ) LFEIRFAZKT / Plant Genomic Network RT

HEYMICHREEADELRITESBIAN-ALERER
Vinegar: a cheap and simple way to help plants fight drought

HIRZANLZRGER OEMER ORI EE N FRICINE U TS
BBICEDHENTWS I EER R U COBRRE R MAKICI3EN DT
IrRXT v VERFIEEDZAMYFELTHWTVWSZEP HEES X
B ET RS IBIEY CRBMMEI BRI ENEIEZRVWELE UK
BRECEEFRMRZEYICEST BN ICERES ZB1ET T 28R
ZRPTEDICHATE D HE RI\EGEENFEL L TRIDIENH
FEnxd,

RIKEN CSRS found that plants under drought stress produce acetate, the
main component of vinegar. Further analysis showed that epigenetic factor
acts as a switch of this activation. Not only did they discover that external
application of acetate can enhance drought tolerance in Arabidopsis plants,
but they also found that this pathway is regulated epigenetically and
conserved in useful crops such as maize, rice, and wheat. External applica-
tion of acetate to plants which does not depend on transgenic technologies is
expected to be a useful, simple, and less expensive way to enhance drought
tolerance in a variety of plants.

I 2017.07.22

BEEMEARVF L7 1 DA -HIEICFETH

BRI R D HEM D IRE (L
Acetic acid enhances plant drought tolerance

Original article
Acetate-mediated novel survival strategy against drought in plants.
Nature Plants. 3, 17097 (2017)

SEEREEARIERRZEG / Advanced Catalysis RG

Success in synthesizing functional polyolefins in a controllable way

FLEERPANTORFICH URRBRMAZRH OCLICBEBL A1
EBIBRANYIILPAY NIVLREE BRRPREREDATARTFE
DR ERGHEEREEN URERF PO FREZTSIETATOR
FEEVQ-ALTAVEIF LY EDHABEEZERDREALETRRL. X
SEBNTORFEECRIFREOBEMRUAL T~ OBBICRIILE
Uleo B 5NIcRUN—IRHEIR U AL 7« VAR SR = S DA %A
BOHEBTH OO ADROFMTHRERIET 2REBMEORYAL
T4 VRERE U TORRERICIA AERDORUA LT 1> XS EBIE
MR =R EZ DR BREMBOREBAIE UTOISAN BT TER
Fo

By designing catalysts and functional olefin molecules that enable specific
interactions between rare-earth metals such as scandium and yttrium and
heteroatoms such as oxygen and sulfur, RIKEN CSRS was able to copoly-
merize heteroatom-containing alpha-olefins with ethylene at the desired
ratios to synthesize high molecular weight functional polyolefins with various
heteroatoms. The resulting polymer materials have both polyolefin moieties
and polar units at the desired ratios, allowing for application as environmen-
tally friendly polyolefin modifiers in small amounts to achieve the desired
effects, as well as for applications as adhesives to connect polyolefins with
various kinds of polar polymer materials.
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Original article
H isted olefin ion by rare-earth metal catalysts.
Science Advances. 3, e1701011 (2017)

I 2017.07.25

{LEMDIRIBREZRET DY — IV ERR

SFUHNERIRZET / Molecular Ligand Target RT

FIHING IZYRFRRG / Chemical Genomics RG
TIHIINAFOZ—FFEG / Chemical Biology RG
1L&49'))—RBAFERZEU / Chemical Resource Development RU

Scientists Enlist Baker’s Yeast to Find New Medicines

HEBRFOBEFRIEREY MOWTLEYORZHZBEL, 01
BETAHBIE OB GFT—IN—RAERBATRIEILELD (LEYHIE
NETDBIZFEY (YU E) EZDMREZ TR/ AETESIEZRL
FUfz. 510, ZOMERMEBEEZE 7 7O—F L N\—D—RY—o TV
ZE I EEHEDERILICKID BEDLAMDENS FOFR /RAE%E
FRICHMEL TS AEEHILE U SRR UICEERNICEEY
DIENDY FHEEZ TR/ BETDHES FROORMNOERLEY DM
XN =X LADRAETEISED B 1D DB ICEWRFRICERDEHEF
TEEY,

RIKEN CSRS, in collaboration with the University of Toronto, the University of
Tokyo and the University of Minnesota developed a new chemical genetics
approach to link a drug to the cellular process it acts on. This has the potential to
accelerate target discovery with help from yeast cells, which are a simpler
version of human cells but are far better understood at the molecular level. Using
their chemical genetics platform, they were able to predict the cellular pathways
that are targeted by thousands of compounds from seven different chemical
libraries, including collections from the RIKEN Natural Product Depository, the
U.S. National Cancer Institute, and the National Institute of Health. By visualizing
the predicted targets of these libraries on the genetic interaction network, the
researchers could easily show the potential bioprocesses that these libraries are
likely to target. This gives us a head start on linking a compound to its molecular
target, which is perhaps the most challenging part of drug discovery.

I 2017.10.27

KEBAZRAWVWEYLT VBRAEREDRTE

Using E. coli to synthesize maleic acid

BIREDIRUT 51 REMRREEBRICEYMIREDORE S 5REKZHE
HELE KEEBIEAICHRYL A VERERRREEEL. N\ ATYXHE
ROBHEEA THBTIINA—ANSEEV LA VEEERRT 5 EICRIIL
KUl Ko MIBAOKIRREZREL I DI LIcLD ZTOEEEE B
HEICEREREGA UCREEBRUT250E N LIC5IE EIF BT EichR
UKL S EEREPEEREZWEUARBIEE 7O 2EA
TENRF VLA VBREETALAO—EZ/N\AATOERICBEMZET
ENFIRE T AR EREAVRWN M AYRERERRIE UYL~ VB
AEERFTBETBREUSRRNOERIBEFTEEXT,

RIKEN CSRS succeeded in combining the polyketide synthesis pathway
from actinomycetes and the aromatic compound-degrading pathway in
bacteria to construct a novel maleic acid synthesis pathway in E. coli cells that
synthesizes maleic acid directly from glucose, a component of biomass
resources. By also optimizing the intracellular metabolic pathway, research-
ers succeeded in raising production more than 250 times over non-optimized
strains to give a 37 percent yield. If production rates and yields can be
modified to accommodate large-scale culturing processes, a portion of
chemical maleic acid production can be replaced with bioprocess production,
thereby providing a great contribution to the realization of a low-carbon
society.

HEFBBOBET-ERTHENECEY-BETANE

The global genetic interaction similarity network (top, left) and chemical genetic
interaction profiles for chemical compounds derived from the indicated collection

Original article
Functional Annotation of Chemical Libraries across Diverse Biological Processes.
Nature Chemical Biology. 13, 982-993 (2017)

HIRR4EEERRZRT / Cell Factory RT

Benzene ring cleavage
pathway

Terpenoid biosynthesis
pathway
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*3HBA and maleylpyruvate wasn't detected

FITLA VERE AR

A novel maleate bit from
with a recombinant Escherichia coli

Original article
Engineering a synthetic pathway for maleate in Escherichia coli.
Nature Communications. 8, 1153 (2017)
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LA / Title
FIEDISRRU A RORAERIZIC AT

Enhanced drought tolerance in rice confirmed

ST VERIR OB EEE AL

Visualizing the electronic structure of a nickel complex catalyst

ENDIEIIRT A AEAE VTN A LIARA BT IR
Real-time visualization of plant epigenetic dynamics

RBHKRIG [RAORKBRRBROKEILILEDI S\ ZERREN LR BRRERIE

Deep-sea Hydrothermal Systems are “Natural Power Plants”

FEBYIIED SN EZENBEEEASES

Parasitic plants employ plant hormones to “fatten” their hosts

NN DRREBI WA

A novel bacterial infection mechanism in plants

LENDIRNA FOREZEIFE(L

Efficient identification of compound target molecules

HEYORETEISDIBIZ T [KEMBD . WEREDSHEFHD | ROF LB oTAHHEHERRR
Shedding light on how plants choose water or protecting themselves against pathogens

TV ERROH L I EE SR

A novel regulatory mechanism for serine biosynthesis

BB E 5 B EZIRIERD XD ALEFR
Vinegar: a cheap and simple way to help plants fight drought

IR/ —\HENOTEEERDBIEERR

Ethanol enhances plant high-salinity stress tolerance

YR RZIRE S DLW NV EERR

A protein that helps plant cell elongation

THEEMEARUZ L 71> DA HIEICRT)

Success in synthesizing functional polyolefins in a controllable way

LEMDIRHIEELRE S Y —IV &R

Scientists Enlist Baker’s Yeast to Find New Medicines

YA M1 =R LB RARERIEDH /7L< HEHR

Adiscovery of new role of cytokinin transport fine-tuning plant growth

MO VOERIEA N ZESHEDFER

Discovery of a novel abiotic stress adaptation mechanism in plants

TIO—AEROBHECTRIEFERR

Anovel gene that increases cellulose synthesis

BFOEGEIIO—ILTD

Controlling the longevity of seeds

SHHB=KBRAAT T S DRAHGEREICE N

Hints for efficient feeding methods for the leopard coral grouper

MEiE%E S\ F B L MLEWERE

Anovel blood glucose—lowering compound

IR R 2 5§ 285 R FDREB2ADENAL I B4 A7

Understanding how transcription factor DREB2A gives plants drought and heat tolerance

TRFLBOZIE BV PITF T/ LEBSAE A

Elucidation of paternal genome reprogramming in mammalian zygotes

M RAHENOEBRBIRT OHEZMEIC

A simple method for estimating biosynthetic genes for secondary metabolites

DUBOEEHEHE

The production control mechanisms of a mycotoxin

CREHERORICE. RFEHICREICEE § 2ERREERLT 200D 0\S

Certain oral bacteria activate an immunological response when ectopically colonizing the gut

HA%E / Lab

HEERFRREG
Gene Discovery RG

B BETIRG / FEEETRILERIRT
Catalysis and Integrated RG / Advanced Elements Chemistry RT

' LREBRRRET [ rIHINGT /I AMAG
Plant Genomic Network RT / Chemical Genomics RG

ERERERRIRRRTT
Biofunctional Catalyst RT

TEMRBRRRG
Plant Immunity RG

AR RAEIIZRG
Catalysis and Integrated RG

TINNG /XY ARG
Chemical Genomics RG

RAERRARG / EERERMRG
Gene Discovery RG / Plant Productivity Systems RG

KRB AT LHART
Metabolic Systems RT

18T LRERRET
Plant Genomic Network RT

1895 LREIRRET
Plant Genomic Network RT

AERRREG
Gene Discovery RG

FERHERRRIRG
Advanced Catalysis RG

DFIVAVNRRRET / rIHIG /U ARG
TIDNINAFOI—WRG / LAWY —ARFERMZEU

Molecular Ligand Target RT / Chemical Genomics RG
Chemical Biology RG / Chemical Resource Development RU

EERRERZG
Plant Productivity Systems RG

B LRBRHMET
Plant Genomic Network RT

BT BT

Mass Spectrometry and Microscopy U

SERSHERRU / wILO—AEERMRT
Dormancy and Adaptation RU / Cellulose Production RT

BB ATRRRT

Environmental Metabolic Analysis RT
L&)/ —ABsERzRU
Chemical Resource Development RU

HEERIRIAG
Gene Discovery RG

EmHFHERU

Biomolecular Characterization U
WAERFRIRG / A XROI7 ARG
1B LRBHRT

Gene Discovery RG / Metabolomics RG
Plant Genomic Network RT

TIANIAFOI—HRG
Chemical Biology RG

BRI BT

Mass Spectrometry and Microscopy U
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2017.11.30

2017.12.06

2017.12.12

2018.01.04

2018.01.17
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2018.02.06

2018.02.14

2018.02.15

2018.02.17

2018.02.22

2018.02.22

2018.02.23

2018.02.26

2018.03.14

2018.03.29
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ARV / Title

AR AR AN EBRD RIS H EF BT DI Sz 28

Salicylic acid-dependent immunity contributes to plant sheath blight resistance

FOIV)VBAUCE BTNV VISEDH L IR E R

A novel gibberellin response regulatory mechanism via tyrosine phosphorylation

TERIR B E OHERISE R E T £ FIE

Anew cell death regulatory factor for plants during pathogen infections

KIBEERVNEY LAV BRAREDRFE
Using E. coli to synthesize maleic acid

B OTHEMICBIDBE AN BL 7 2 F AR DEE

Histone deacetylases linked to plant salt tolerance identified

NI TZNAOTINFIALEN ST 5 —DRESE

Synthesis of various N-heterocycles with perfluoroalkyl groups for creating a perfluoroalkyl compound library

TEMHPHRBICEEL CEYICEEMIE D HILEAERRRA
Understanding the mechanisms controlling appropriate xylem formation according to light conditions:
Several genes share roles, control seedling growth

RERORBWER X RO — LERTICEUFR

Discovering unexplored metabolomes with novel metabolomics techniques

BV DERFREBRRIBR

Easy removal of nitrogen from pyridine

HAMRROEEZERS L 2HE

A mechanism that restores adhesion in cancer cells

BHSEERVVERY VA DY

Botryococcene production from actinomycetes

DUFHIENDLIRMEERDDIEEHR

Karrikin, a component from smoke, promotes plant resistance to drought

SABCEMICER 20T DI/ EYIEEE R

Clean and green: a moss that removes lead (Pb) from water

KATDL/FOMFEB T —AN—2EHEE

Anew Para rubber tree research database

REFBERVCERRBMRRE

Determination of important metabolites based on deep learning

TBMORDIEREZZ DAL ASEHHE

The stress response mechanism supporting plant root elongation

TBMOIREDRRE L BEBA DR
How plants halt growth of their root hairs

BMOBLERPRIEFHIERYNT—2
Toward improvement of tissue culture technique: depicting a global picture of gene regulatory network
for plant regeneration

HEROREBD BT 45| IR <BRERF DI EEIR

Enzyme confirmed to extract electrons, causing iron corrosion

KRR EOH /D F Y — I

A novel molecular tool for photoaffinity labeling

EMDOIACFRIEE RO REFERE

Identification of new factors in the stable accumulation of the PSII complexes

FARBERBOK-ERDIAAVTARTAIA
Ecoinformatics of systemic homeostasis wild fish, environmental water and bottom mud

NTFRTUINIRMERREL
Improving strength of silks by adding a peptide

REERMENICH T HBFEEER D AN RS EHE

A stress response mechanism from ancestral species in allopolyploid plants

SRR T A THiZ=AR

An artificial denitrification catalyst that works in a mild environment

HAFE / Lab
TIVO—REERRT
Cellulose Production RT

HEERRIMRG
Gene Discovery RG

TSR G
Plant Immunity RG

MR T
Cell Factory RT

18T ) LREBRMRET / r3IhINGT /30 AHRG
Plant Genomic Network RT / Chemical Genomics RG
AR BATRG

Catalysis and Integrated RG

INAAATRREET
Biomass Research Platform T

XERO—LERMET
Metabolome Informatics RT

SRR G
Advanced Catalysis RG

RIS —MeahiRFRERU
Seed Compounds Exploratory U for Drug Discovery Platform

RRMEGHIEU / 7 IDINV/ A FOT—HRG
Natural Product Biosynthesis RU / Chemical Biology RG

SIRBEERU
Signaling Pathway RU

AEERAERZRG / RIEHORRIFET

SRR SBMERARTU

Plant Productivity Systems RG / Environmental Metabolic
Analysis RT / Mass Spectrometry and Microscopy U

BT /I AARG
Synthetic Genomics RG

BRIERBARZET

Environmental Metabolic Analysis RT

HREERRREG
Gene Discovery RG

HIRHRRERET
Cell Function RT

HRRHRRERTZET
Cell Function RT

LD FRIAU

Biomolecular Characterization U
AR BATIRG
Catalysis and Integrated RG

HEEBIRRIRG
Gene Discovery RG

BIERBAFRZET

Environmental Metabolic Analysis RT

BESRRART
Enzyme RT

T O—REERRT
Cellulose Production RT

AARMRERRIRRIZET
Biofunctional Catalyst RT
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& / Awards

FUE BEEMO [X] NRIVR BFH

11th Science and Technology beautiful panel exhibition, best award

Springer Nature Change the World
Springer Nature Change the World

International Bioprocessing Association(IBA), Outstanding
Scientist Award-2016

International Bioprocessing Association(IBA), Outstanding Scientist
Award-2016

BAEMTFERARTHRE
Eastern Japan Branch Manager's Award of The Society for
Biotechnology,Japan

LEEXPHHBRONSRES LKOLERRZEL I F ¥ 5—
University Professor, the Nagoya University
The Nagoya University Lecturer

Best Paper Awards of BMC Track of InCoB 2017
Best Paper Awards of BMC Track of InCoB 2017

201 TEEFEMFMASR  MFERHE
FY2017 Chemical Biology Workshop Research Award

BAOE T A VT 4T 1 V AFwE HAAZ—H
40th Symposium on Chemoinformatics Poster Award
MR RE

The Japanese Society for Chemical Regulation of Plants Award

Clarivate Analytics Highly Cited Researchers 2017
Clarivate Analytics Highly Cited Researchers 2017

Chemist Award BCA 2017
Chemist Award BCA 2017

% / Awardees FA%RE / Labs Date
BE AR HRERR FRAT- BRI 2018.01.05
Kiminori TOYOOKA  Senior Scientist Mass Spectrometry and Microscopy U
B NF Bt 4R RFERBEMA L 42— 2018.01.18
Kazuki SAITO  Deputy Director CSRS
Wi RE FRIFEMRE HAEXROIT ARG
Mami YAMAZAKI  Senior Visiting Scientist Metabolomics RG
&8 BZ RETEMAR XRO—LERIZET
Shigehiko KANAYA  Senior Visiting Scientist Metabolome Informatics RT
e RE F-LU—S— HRAEERRT
Akihiko KONDO  Team Leader Cell Factory RT
PE FRE WERR RBRBOTRRZET
Yasuhiro DATE Research Scientist Environmental Metabolic Analysis RT
2018.01.29
e —i ta—k RFEERREME L 2—
Kazuo SHINOZAKI  Director CSRS
2018.03.09
BH BH7T #RR BT /I AAFEG
Yuko MAKITA Research Scientist Synthetic Genomics RG 2018.03.15
s X£& FI=HINAEYT]
Mika KAWASHIMA  Technical Staff |
Lau Nyok Sean ZEHRE
Lau Nyok Sean Visiting Scientist 2018.03.23
wH B IN—TFLUE—
Minami MATSUI  Group Director 2018.03.23
B BT AHEE TINNGT /U ARG
Shohei TAKASE  Student Trainee Chemical Genomics RG
2018.03.27
WE BZ FIZHINREYT] RFE—MeaiRGRERU
Seiji MATSUOKA  Technical Staff | Seed Compounds Exploratory U for
Drug Discovery Platform
TR #E BRIBEMRE AERREERTG
Hiroyuki KASAHARA  Senior Visiting Scientist Plant Productivity Systems RG
s —i ek REERMEMFE > 2—
Kazuo SHINOZAKI  Director CSRS
i NFE Bt a—K
Kazuki SAITO D Di
azuki SAITO  Deputy Director 2018.03.27
#wE BA I-T1x—2—
Yuji KAMIYA  Coordinator
WE ¥ IN—TFLU8— AEEMEERZG
Hitoshi SAKAKIBARA  Group Director Plant Productivity Systems RG
BR B JL—TT71Lvs— HEMSRRAG

Ken SHIRASU  Group Director

Plant Immunity RG

B R F—LU—4—
Motoaki SEKI  Team Leader

1B LREMRT
Plant Genomic Network RT

BRE tE 1=vh)—4—
Mitsunori SEO  Unit Leader

HESHIERZEU
Dormancy and Adaptation RU

NCIES Gr =)
Mikiko KOJIMA  Technical Scientist

BH R BIF—LU—5—
Ryo TAKITA  Deputy Team Leader

BTSSR
Mass Spectrometry and Microscopy U

FOERBETHRILFEIET
Advanced Elements Chemistry RT

& / Awards

Thieme Chemistry Journals Award
Thieme Chemistry Journals Award

Poster Award, ISPP2018
Poster Award, ISPP2018

SERM29FE =N X/ L A EHFRIFREE
Konica Minolta Imaging Science Encouragement Award

HE ) DEATE
MIDORI Academic Prize

BARE{FS BBB#HYHE

Award for Excellence to Authors Publishing in Bioscience,

Biotechnology, Biochemistry in 2017

2018 MERIT Award
2018 MERIT Award

RRARTHARMARRE
Dean's Award FY2017

BAREFR2018FEAR MY I RE
Hot Topics Award at Annual Meeting of JSBBA 2018

BAREFR2018FEAR MY I RH
Hot Topics Award at Annual Meeting of JSBBA 2018

G: 7)L—7 T:F—L U:1=whk/RG: Research Group RT: Research Team RU: Research Unit U: Unit

SZEE / Awardees
BH R BlF—LU—4—
Ryo TAKITA Deputy Team Leader

A &P FHEE
Aya SUEHISA Student Trainee

HH BhT #HRE
Yuko MAKITA  Research Scientist

g %£& 7U=HIVAEYTI1
Mika KAWASHIMA  Technical Staff |

IBE #EF HRE
Setsuko SHIMADA Research Scientist

W B IN—TTLIE—
Minami MATSUI  Group Director

B N HEMRE
Kosuke DODO  Senior Research Scientist

e T BEHER
Kazuko SHINOZAKI Visiting Scientist

R Ot 1=y hU—4—
Mitsunori SEO  Unit Leader

K RE HERIEERE
Takafumi SHIMIZU  Postdoctoral Researcher

A 2 AHEE
Hideshi OOKA  Student Trainee

KM s2 BHEE
Hideshi OOKA  Student Trainee

IR AR BiRA
Tatsuro KAWAMURA  Research Scientist

Julian WILKE ZEHRE
Julian WILKE  Visiting Scientist

R AT 1=y hU—5—
Nobumoto WATANABE  Unit Leader

WRZE / Labs

FERBETTSRILFARET
Advanced Elements Chemistry RT

BT/ XU AHFEG
Synthetic Genomics RG

AR - BAERAFG
Catalysis and Integrated RG

THEERRARG
Gene Discovery RG

EISHERZEU
Dormancy and Adaptation RU

EARERRISRAZET
Biofunctional Catalyst RT

S ARRERRRRR T
Biofunctional Catalyst RT

INA 70— T RSRREU
Bioprobe Application RU

KA #z JNV—T71LU%—
Hiroyuki OSADA  Group Director

R OMT AHeE
Shohei TAKASE ~ Student Trainee

WA @ FERRA
Ken MATSUMOTO  Senior Research Scientist

ETH B JL—TFsLoE—
Minoru YOSHIDA ~ Group Director

N FTO—THERG
Bioprobe RG

TINNGT ) 2 ARG
Chemical Genomics RG

R At HERER
Yasumitsu KONDOH  Senior Research Scientist

A #z JV-TF1LI&—
Hiroyuki OSADA  Group Director

TIANINAFAI—HEG
Chemical Biology RG

SR (@ HERED
Takehiro SUZUKI  Senior Technical Scientist

BH B 1=y hU—4—
Naoshi DOHMAE  Unit Leader

LD FHTU

Biomolecular Characterization U
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201 7TEEHEEX

Organization in FY2017

t>&—£& / Director
TG —1f / Kazuo SHINOZAKI

Elt>%&—E& / Deputy Director
KM #2 / Hiroyuki OSADA
ik 1= / Kazuki SAITO
& BER / Zhaomin HOU

O—F 4 %&—4&—/ Coordinator
&R &%) / Kenji SHINOHARA
A BIA / Yuji KAMIYA

201 8FE X

Organization in FY2018

t>&—£& / Director
s —1f / Kazuo SHINOZAKI

HHEERISERAZLS )L—T / Gene Discovery Research Group
EFEHEERRFLS )L—7 / Plant Productivity Systems Research Group
HEMRIEAZE S )L—7 / Plant Inmunity Research Group
BAXLAROIZAMES L—7 / Metabolomics Research Group
SEAEHEERRIEIIZE S )L — 7 / Advanced Catalysis Research Group
bl - BiEFAZE S IL—7 / Catalysis and Integrated Research Group
TIHINAAOS—FES I —7T / Chemical Biology Research Group
TINNG IZY AR IV—T / Chemical Genomics Research Group
RS 25 LHIEF — L / Metabolic Systems Research Team
X&RO—LMEHRAFAF —L / Metabolome Informatics Research Team
RIBERBAMZEF — L / Environmental Metabolic Analysis Research Team
18T ) LREBRFEF — L / Plant Genomic Network Research Team
#HAIEERAZTF — L / Cell Function Research Team
HEMFEFKF —L / Plant Symbiosis Research Team
FetErSRETTRILFMFEF — L / Advanced Elements Chemistry Research Team
V=27 JRRERRZEF — Ls / Green Nanocatalysis Research Team
AEAHEERRERZE F — L / Biofunctional Catalyst Research Team
STV NERIMZEF — L / Molecular Ligand Target Research Team
SERSHITERAZE L= / Dormancy and Adaptation Research Unit
SIRAEEAZR L= b / Signaling Pathway Research Unit
1HESAEAZ 1= b / Regulatory Network Research Unit
KAMESRMAF L=y / Natural Product Biosynthesis Research Unit
L&)/ — BRI L =Y / Chemical Resource Development Research Unit
EIBFHMEIRFRIME L=V / Bio-Active Compounds Discovery Research Unit
2R -KRIBB E##7E 1= / RIKEN-KRIBB Joint Research Unit
INA A ZATHHZEBPT / Biomass Engineering Research Division

BT /YRR IV—T / Synthetic Genomics Research Group

I O—2REEmMEF—L / Cellulose Production Research Team

BRI F — L / Enzyme Research Team

INMAATSAF YR F—L / Bioplastic Research Team

R EMZEF— L / Cell Factory Research Team

INA AT AMRFESRF— L\ / Biomass Research Platform Team

— B3 - EFEET R ARSI ERPT / Drug Discovery Platforms Cooperation Division
': B IHIN BB =Y / Chemical Bank Unit for Drug Discovery Platform

RIS —NMEAMIRRER T =V / Seed Compounds Exploratory Unit for Drug Discovery Platform
— $%#iTEA&E8P / Technology Platform Division

SFHBEREHT =Y / Molecular Structure Characterization Unit
£ FRETLI=vb / Biomolecular Characterization Unit
RS - BHEFEIT L= / Mass Spectrometry and Microscopy Unit

': INAATO—T®KS I —7 / Bioprobe Research Group
NAZF7O0—TAME L=k / Bioprobe Application Research Unit

I —1# / Kazuo SHINOZAKI

IR 5/ Hitoshi SAKAKIBARA

EZE B/ Ken SHIRASU

%k A3/ Kazuki SAITO

& BR / Zhaomin HOU

¥ #F / Mikiko SODEOKA

R #Z / Hiroyuki OSADA

M 38/ Minoru YOSHIDA

FH B | Masami HIRAI

A IEAR / Masanori ARITA

Fth 3% / Jun KIKUCHI

B8 JRA3 / Motoaki SEKI

124 BT | Keiko SUGIMOTO

#k & / Makoto HAYASHI

ALl 32 / Masanobu UCHIYAMA

f{E FIE / Yasuhiro UOZUMI

ehtf BB / Ryuhei NAKAMURA

F4—JVX - F—> | Charles M. BOONE
#BR JEHE / Mitsunori SEO

FIL—)> - T7> - F> [ Lam-Son Phan TRAN
1 1% / Ryoung SHIN

48 8= / Shunji TAKAHASHI
KM #:2 / Hiroyuki OSADA
738 18T / Nobumoto WATANABE
18 #8= / Shunji TAKAHASHI
#23F B / Minami MATSUI

#3FF B3 / Minami MATSUI

#5H ®— / Keiichi MOCHIDA
SBER 7] / Keiji NUMATA
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