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Towards achieving a sustainable society
based on renewable resources and energy
through integration of biology and chemistry

Plants and microbes incorporate a wide range of
biological functions. Many natural compounds are
biosynthesized by organisms in nature, and humans can
produce other useful materials using chemical synthesis.

At the RIKEN Center for Sustainable Resource Science
we aim to elucidate the diversity of these biological functions
and chemical diversity with the goal of promoting energy
conservation by creating new sustainable resources based
on the use of biological functions and chemical resources
such as carbon, nitrogen and metallic elements, without
placing a load on the environment.

Kazuo SHINOZAKI
CSRS Director
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Looking back at the first four years

It has been four years since the CSRS was launched on
the need to escape from the confines of the specialized
fields of biology and chemistry and to come up with a type
of science that could contribute to the survival of humanity.
Specifically, we have focused on interdisciplinary work
involving the fields of plant science and chemical biology.
We went from being a center focusing almost exclusively
on research in specialized fields to one that promotes
broad projects in collaboration with other scientific
disciplines and industry. Because of this, our researchers
have had growing chances to interact with people outside
of their own specialties, including people from different
fields participating in new projects. There are certainly
challenges in having chemists interact with material
scientists, or biologists with information scientists, but we
think that in the interdisciplinary area of chemical biology,
chemists and biologists have been able to carry out a true
fusion of their research.

Research projects at CSRS are adopted based on their
relevance to future human society, and we believe that the
success of our center will also be a success for RIKEN as
a whole. Many of our projects involving the government
and private companies are based on the idea of creating
new fields and society, and we think the same is true for
the direction pursued by CSRS as a whole.
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The future of CSRS

The leadership of CSRS sees the center’'s mission as not only promoting
interdisciplinary fusion but also advancing the goal of sustainable resource
science. In 2015, the United Nations adopted a set of Sustainable
Development Goals (SDGs). These provide important keywords for future
projects.

One can feel a gap between basic research and contributions to society, but
basic research can open up new frontiers, and scientists conducting basic
research must always consider the social contributions of what they do. We
plan in the future to collaborate with the new RIKEN Center for Advanced
Intelligence Project (AIP) in the area of data science. In anticipation of the
coming six years, we are preparing new plans. Director Shinozaki expects
that the team leaders of the different research groups will come up with
ambitious plans and put them into execution. Our center encourages
interdisciplinary exchanges in a variety of forms, and we hope that our
researchers will use these interactions as a way to take on new challenges,
working toward the goals of sustainable resource science while always
remembering the importance of basic research.
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To achieve our center mission, each
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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.

Plant Science

Climatic risks such as global warming, and demands of a steadily
growing population threaten food security. CSRS Plant Scientists
explore molecular foundations of plant physiology, to build strategies
to manipulate the genome and ‘metabolome’, the diverse set of
chemical compounds in a plant, in order to maximize their durability
and productivity even in climate change.

Chemical Biology

CSRS Chemical Biologists have built a unique collection of
naturally occurring biologically active molecules known as the
‘Natural Products Depository’. Together with a robust and rapid
screening chemical array, they serve as an important tool for small
molecules. Furthermore, Chemical Biology plays an important role
linking plant sciences to chemistry.

Catalytic Chemistry

Developing new catalysts allow new, economically and
ecologically sound processes and techniques to access products
required by society in vital areas including food, materials and energy.
CSRS Catalytic Chemists challenge to develop new catalysts to
facilitate useful chemical reactions previously thought impossible.
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Integrating the strong points of the center; Interdisciplinary Projects
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CSRS has been promoting four unique interdisciplinary projects across the core CSRS scientific fields. Scientists from plant
science, chemical biology and catalytic chemistry interact with one another to tackle challenges in science and technology essential
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towards innovation for a sustainable future.

s N\ N
‘t_:J Carbon project ":IJ Nitrogen project
The Carbon project centers on creating useful materials from The Nitrogen project objective is to save in ways that reduce
carbon dioxide and oxygen in the atmosphere by enhancing the use of energy, water and resources with a focus on
photosynthesis in plants and microorganisms or developing nitrogen, phosphorous and water, especially for sustainable
catalysts with added chemical diversity. crop production under adverse conditions.

\

4 N\ &
@ Metallic Elements project d Research Platforms project
The Metallic Elements project targets recovery and The Research Platforms project integrates research
replacement strategies to overcome scarcity of mineral and infrastructure for discovery and use of metabolic networks,
metallic resources and promote clean chemistry without novel metabolites, chemicals and natural products as
loading the environment. Bioremediation is important for clean sustainable resources. Metabolomics and chemical screening
and sustainable environment. are key technologies.

\. J \\ J

Divisions

B OMRMREEEANTGEL U EEEEEHEE T DHRMAIMEE (R EEEEAR) O—RELTUAR /A ATR,
TRUEERMR 3 By —ICR TP EEERERNICHEL TV, TRITER 13, £ —OMRUEB O X E P RITEROR Mt

TWESFe 201 7E3B LD "BIH-Y vy I R TS 7 1DCSRSICIMD D 72 AINAAOY — DB OHKEICEMLE T,

(B) /NAAT AT E5EEERP

B DERERE IC L DMRNEENS/\A A RFFRET
D—EUIGRERRE OEFAR D, B RMER
ZHEIL LR T Z D ICE RSN DT ER R EHEZ
EHEY,

~

~

(D) Bl ER WA E LR

TR EBRFELT, BRI O RS — KL AN ER
RUE T BoNcEAREEEEYE FBRAOERAE
WEIARHL. IR LTOREI BRI LTLET,

(1) R

IAFHARCEMETOY 7 MNAROHEEICHE LR RERD
R FIRSER T BEE RN ROE L 2R E
Fo Ko, EEFEEOIERMOBRICL > THREROSE
t=BELET,

(R) EBH-2vo R 75 7ESHRERM

B EYY IR T IV IRBRDOIZATLARTIAILNAAO
V—CEDBAREBORRIBE. B5PICHRERYIE
B EMOBWERERD T IA A ADY —FEDER
Z=BELFT,

BELMARICLIEEES ERES

“Biomass” and “Drug Discovery Platforms” were established as part of the RIKEN Cluster for Industry Partnerships, to
accelerate knowledge exchange between RIKEN and other institutions or companies. While “Technology Platform” provides
research platforms supporting the activities of CSRS. "RIKEN-Max Planck” has joined in CSRS from March 2017.

e
‘BJ Biomass Engineering Research Division

The division conducts basic research geared toward consis-
tent problem- solving in areas ranging from efficient biomass
production by the functional improvement of plants to its useful
applications. Also the division is promoting collaborations with
domestic and foreign research institutes and industries.

N

‘Iﬂ Drug Discovery Platforms Cooperation Division

Two Research Units of the Chemical Bank and Seed
Compounds Exploratory identify and provide promising bioactive
small molecules for the RIKEN Program for Drug Discovery and
Medical Technology Platforms, as well as for collaborators
outside RIKEN.

_]’J Technology Platform Division

The division consists of three supporting units providing a
research platform for CSRS activities. Furthermore the division
aims to develop the platform through industrial collaboration and
development of new technologies.

L'.g RIKEN-Max Planck Joint Research Division
for Systems Chemical Biology

Exchanges of researchers and resources between Max Planck
Institutes and RIKEN promote more effective use of research
resources as well as information and technology in the field of
systems chemical biology.

Knowledge and Technology transfer; Translational Research

EMNHFICRIIZERULITHES. DBENBEORE 7OV 1V MR TESNICH BRI EXREOEETBUTHAENET
SNET, 20t EFEEAPOEEMARAETPREERAFRMEEZTLOEBEDLE ATV /RN—2 3V DORRICH T &
EDZ—REBVT—DI—RADIYF I EBIICT VW GEEMRAEH ZHBELTVET,

e BV Y —DMFEEDREELS O—/NLAHRIAZ 2 =T« COEEIBEDTHICGEEIZNERAIR T, @RI D RARTICE
F5IERKRFEEDEERFRHEZ G U6, Z<OMBEREREPIYY — 7 A BEREEZHEL TOE T RICRIZRITBER LEE
TR EEE BT TR BB DB R GIE SR T 2 T LD RIER M A /N—2 3V ORBICERULE T,

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 of RIKEN Cluster for Industry Partnerships and the CSRS Planning Office.

Collaboration with other institutes and universities are also important means to extend center activities 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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CO: fixation by catalysts

Photosynthesis _and clean oxidation
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Kazuo SHINOZAKI D.Sci.

_EJ R&D Project of Carbon Utilization

Creation of useful materials from
carbon and oxygen in the atmosphere

Global warming is caused by the increasing concentration of carbon
dioxide (CO,) in the atmosphere. Thus, recovering and using this CO,
will be beneficial in terms of both the environment and resources. Plants
and microorganisms take in CO. by photosynthesis to produce various
primary metabolites such as sugars and lipids, as well as secondary
metabolites.

We are working to develop enhanced photosynthesis by identifying
regulatory factors for the production of various biomaterials. In addition,
we are developing not only plants that can effectively fix CO, for the
production of useful materials, but also microorganisms and catalysts
with added chemical diversity. Our goal is to develop technology to allow
us to freely produce useful resources from CO.. We are also developing
novel catalysts that make it possible to use atmospheric oxygen to
engage in oxidation without putting a load on the environment.

M. tnracmiulo G, urmlemsis

Research Results Adapted from: The Plant Jownal (2017) 89, 181164

© Draft genome assembly and annotation of Glycyrrhiza uralensis, a
medicinal legume, for the basis of sustainable supply of crude drugs
and discovery of useful genes.

I Whole-genome structure of Glycyrrhiza uralensis

* We have succeeded in production of succinate using Eugiena gracilis
from carbon dioxide.

* We discovered a new carboxylase involved in polyketide biosynthesis. pathway
. . OH S-CoA S-CoA S-CoA
* We developed a novel supported polymeric acid catalyst that o: CoA o: o: co. X oom
efficiently promoted the esterification of carboxylic acids and the — ¢ - reveromycin
transesterification of esters. ATP AMP+PP NADPH  NADP" polyketide
. . . R synthase
* We have achieved the synthesis of novel lithium boracarbonate acyl-CoA ligase reductase/carboxylase
ion-pair compounds using CO; as a building block. -
y p y
OH S-CoA S-CoA
o CoA o HCO:™ o
-COOH
. %‘\‘ %‘\’ — stambomycin
Future VlSlOn ATP AMP+PPi 2 ATP ADP+Pi polyketide
. . R R x R ith:
* Discovery of candidate key genes and/or networks for C4 acyl-CoA ligase e syninase
photosynthesis, chloroplast functions and metabolic processes fatty acid acyl-CoA alkylmalonyl-CoA

© Optimization for microalgae (and plant) photosynthesis and screening

of compounds for improvement of photosynthesis | 'wo pathways for alkyimatonyl-coa biosynthesis

® Several successes of metabolic engineering of lipids, terpenoids and
polyketides in plants and microorganisms

© Development of new reactions/catalysts for chemical synthesis using
CO; and O; as resources with minimal footprints on environments

© Development of artificial photosynthesis (water splitting)

supported
polymeric
acid catalyst

0o

I Flow esterification with a novel polymeric acid catalyst
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_’:‘J R&D Project of Nitrogen Utilization

Synthesis of ammonia from dinitrogen
in an energy-saving way and production of crops with
low levels of fertilizers and other resources

Growing crops requires huge amounts of fertilizers. Ammonia, the
base ingredient of nitrogen fertilizers, is synthesized from dinitrogen
using the Haber-Bosch process. In this process, the reaction is carried
out under high temperature and pressure, and as a result, a huge
amount of fossil fuels is needed. In fact, more than 1% of total energy
supply of the world is used for ammonia synthesis.

We aim to develop novel catalysts that enable nitrogen fixation and
ammonia synthesis using low levels of resources and energy under
relatively mild conditions, without extreme conditions of high temperature
and high pressure.

Also, we search for genes and biologically active substances that
allow growth even in environments with low nutrients such as lower
nitrogen and phosphorus, and by controlling them, we aim to develop
crops with high productivity under small amounts of fertilizers.

Another major goal is developing denitrification inhibitors. Nitrate ions
(NOs") are released into the atmosphere as nitrous oxide (N.O) through
a process called denitrification. N.O is a greenhouse gas with 300 times
the effect of carbon dioxide (CO,), and so clearly, we need to develop
technology to reduce its emission.

Research Results

* We developed a novel method directly converting dinitrogen to
nitriles.

* We developed a novel exchange method to replace the
nitrogen-carbon bonding.

* We developed a novel metabolome analysis tool for nitrogen
containing metabolites.

* We revealed the mechanism of plant tissue regeneration for
production of useful compounds.

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

Future Vision
* Development of efficient catalysts for N activation and transformation

© Clarification of regulatory networks in plant growth and survival under
N- and P-limited conditions and water deficit

© Elucidation of biological/biochemical functions of pathogen virulence
and environmental stress resistance

 Identification of chemicals inhibiting pro- or eukaryotic denitrification
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IT\lanium-medialed synthesis of nitriles from N and acid chlorides

Leaching

Discovery of Fungal Denitrification Inhibitors by Targeting Copper
Nitrite Reductase from Fusarium oxysporum
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;N_D R&D Project of Metallic Elements Utilization

Efficient recovery and usage of useful metallic elements
without imposing a load on the environment

Chemical synthesis has brought us a variety of useful materials
through the development of various catalysts. However, many of the
metals used in catalysts are rare and expensive, and Japan depends on
imports of most of them.

The R&D Project of Metallic Elements Utilization is aiming to boost the
functionality of special metals and reduce the amount of metal catalysts
needed. At the same time, we are working to develop novel highly active
and selective catalysts by using readily available and inexpensive
metals.

On the other hand, it is important to recover and reuse the valuable
metals that lie “buried” in our “urban mines.” We aim to promote
technology transfers to recover useful metal resources efficiently without
burdening the environment, by using mosses and other plants and
microorganisms. This technology will also contribute to bioremediation of
metal-contaminated soil and water.

Research Results

® We have achieved for the first time the simultaneous chain-growth
and step-growth polymerization of methoxystyrenes by using a
rare-earth catalyst.

* We have developed a practically useful method for the
perfluoroalkylation of unactivated alkenes with acid anhydrides as the
perfluoroalkyl source.

® We have achieved the direct hydroxylation and amination of aromatic
compounds by using the characteristics of copper element.

* We have identified that methyl cysteinate improves cesium
phytoaccumulation via binding with cesium in plant cells.

® We established heritable targeted mutagenesis method for metal
tolerant mosses using the CRISPR/Cas9 system.

Future Vision
e |dentification of key genes for hyper-metal tolerance/accumulation

® Utilization of metal nano-particle formed in moss for chemical
reactions

® Development of new methods for radiocesium remediation

® Development of new catalysts for the synthesis of functional polymers
and fine chemicals

© Development of novel catalytic asymmetric reactions

[PhaCl[B(CeFslal

—_—
H Toluene, 50 °C
o,

-0 o

Synthesis of novel multi-branched macromolecules by
gadolinium-catalyzed simultaneous chain-growth and step-growth
polymerization of para-methoxystyrene

_—
perflucroalkylation of alkenes
controlled by Cu-catalyst

Perfluoroalkylation of unactivated alkenes with acid anhydrides
as the perfluoroalkyl source

A cysteine derivate, methyl cysteinate helps plants to accumulate
more cesium via binding with cesium
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d R&D Project of Research Platforms

Establishment of research platform for
the discovery and utilization of sustainable resources

Under the research platform project, we are combining organically
the Metabolomics Analysis Platform, in which we research the metabolic
products of organisms in an integrated manner; and the Chemical Bank,
a collection of natural compounds from microorganisms. Putting these
together, we will build an “integrated metabolomics platform.”

As a result, we expect the functions of metabolic products obtained
from metabolome analysis to quickly become apparent, and to increase
the diversity of the Chemical Bank.

We evaluate the activity of physiologically active substances and
develop a platform that can search for substances with useful functions
such as enhanced photosynthesis and nitrogen fixation, suppression of

Research Results

* We have developed a web tool for reproducing the metabolic
behaviors of intracellular chemical reactions on a computer, calling it
PASMet (Prediction, Analysis and Simulation of Metabolic Reaction
Networks).

* We have developed a metabolomic technology with imaging mass
spectrometry for nitrogen-containing metabolites.

* Anovel screening method using fluorogenic substrates and X-ray
crystallography identified an inhibitor of histone methyltransferase
Set7/9.

® Using proteomic profiling, we found collismycin A acts as a specific
iron chelator.

® Using chemical arrays of the compounds from the NPDepo library, we
found MTH1 inhibitors.

Future Vision

® Consolidation of chemical library for improvement of peak
annotation/identification and wider coverage of metabolites

* Advancing metabolomics technology with databases, analytical tools
and software

© Integration with other trans-omics technology

® Expansion of chemical space of NPDepo library through the
systematic isolation and biosynthesis

® Construction of new assay systems to explore bioactive compounds

denitrification, and metal recovery.

In addition, we aim to develop an artificial biosynthesis system
platform using plants and microorganisms. When we find useful genes
and bioactive substances, we can quickly verify their functionality by
performing actual material production using the artificial biosynthesis
system.

With the state-of-the-art infrastructure that we have developed, we
provide compounds to research institutes and industry, both domestic
and overseas.
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Discovery of an inhibitor of histone methyltransferase through a novel
assay system and its mode of action
Selective degradation of estrogen receptor (ER) can be induced by the inhibition

of Set 7/9 required for stabilization of ER which is involved in proliferation of
breast cancer cells.
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d Biomass Engineering Research Division

Turning carbon dioxide into resources and
contribution to social wisdom

Biomass engineering involves a new engineering concept in
developing technologies that integrate the increased production of
biomass from plants and its utilization. As an alternative resource to
petroleum, plant biomass is used to create fuels and chemical materials
in an effort to achieve aims such as innovation in production processes.
This commitment is helping to achieve a shift from a consumption
society to a sustainable society: the former requires the use of fossil
resources, while the latter uses recyclable plant biomass.

hed e
Research Results v ethatt 18 Fu ot o34

* Synthesis of spider silk-like polypeptides by chemo-enzymatic and

condensation reactions Production of polypeptides that mimic

the protein structure of spider silk
® Determination and comparative analyzed genomes of an
endosymbiont species of termite-gut cellulolytic protists for exploring
novel degradation genes

® Construction of an artificial metabolic pathway for isoprene synthesis
inacell

® Determination of draft genome sequence of rubber tree

© Production of aromatic polymers with high heat resistance from
vanillin a lignin metabolite

® Finding of homoeolog specific response in transcriptome associated
with a heat stress tolerance of Brachypodium hybridum, an allo
polyploid grass

Future Vision

© Discovery of useful genes for the improvement of plant biomass
productivity based on genome information of biomass plants

® Establishment of innovative cell material production process based
on synthetic metabolic design

* Development and improvement of the practical biopolymer materials
to meet the demands of society

* Promotion of international collaboration and company cooperation
researches to establish the open innovation
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Success in production of high heat resistant
polymer from vanillin a wood lignin derivative
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Drug Discovery Platforms Cooperation Division
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Facilities for HTS

Discovery of seed/lead
compounds by HTS for

development of new drugs

The increased availability of genomic sequence information has
already allowed the identification of numerous novel drug targets. The
next challenge lies in developing new technology and assays, to further
expand and exploit available genomic information obtained from basic
research, and begin translational programs that will lead towards actual
application and patient treatment. Academic drug discovery has
become a world-wide movement at universities and research
institutions, in response to which the RIKEN launched the Drug
Discovery and Medical Technology Platforms (DMP). Capitalizing on
RIKEN's excellent track record in basic science and technology,
including a vast library of bioactive natural products and state of the art
equipment for high throughput screening (HTS), our division aims at
making innovative contributions to the academic drug discovery effort.

Future Vision

© Stepping up from HTS to ultra-HTS in order to reduce the term and
cost for HTS

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

© Construction of unique chemical libraries for HTS
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Technology Platform Division

Advanced instruments for supporting researchers

Activation of the sustainable
resource science by supporting

and providing a research platform

The division consists of three supporting units providing a research
platform for CSRS activities. Through operation of NMR and MS
devices, the Molecular Structure Characterization Unit supports
structural elucidation and characterization of organic molecules. The
Biomolecular Characterization Unit provides advanced structural
characterization aiming to further understand the mechanism and
action of biological molecules. And finally the Mass Spectrometry and
Microscopy Unit analyzes plant metabolome and hormonome using
MS and specializes in bio-imaging using microscopy. The division
aims to develop the platform through industrial collaboration and

development of new technologies.

Future Vision

® Strengthening the activity of the proteome facility for the
collaboration research

* Promoting collaborations with academia and companies through
molecular characterization by instrumental analysis

* Development and provision of the cutting-edge technologies of
mass spectrometry of plant metabolite analysis and microscopy for
bio-imaging of plant cells
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Joint Research Centers
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RIKEN has agreements of MOUs with research institutions
overseas to establish joint research centers, and has been holding
joint symposiums and promoting exchanges of researchers and
technology. In the CSRS, we have established joint research
division and joint research unit as part of the two joint research
centers below and promotes research collaboration.
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Max-Planck Institutes(MPI)

MPI of Molecular Physiology

Prof. Herbert Waldmann

Biology Oriented Synthesis “BIOS”

RIKEN-Max Planck Joint Research Center for
Systems Chemical Biology

In addition to our unique chemical library (NPDepo) on the RIKEN side,
together we have different technologies to solve chemical biological issues,
such as technologies for glycoconjugation and molecular imaging, methods
for exploring specific interactions between ligands and proteins of interest,
and derivatization by chemical synthesis for making new compounds for
improved biological activity, opening the way to understanding various
biological phenomena as well as leading to drug discovery.

RIKEN

RIKEN-Max Planck Joint Research Division

for Systems Chemical Biology, CSRS
OBioprobe Research Group
Group Director Hiroyuki Osada
OBioprobe Application Research Unit
Unit Leader Nobumoto Watanabe

RIKEN Natural Product Depository “NPDepo”

MPI of Colloids and Interfaces
Prof. Peter H. Seeberger

Chemical Glycomics

Biofunctional Synthetic
Chemistry Laboratory

Chief Scientist Katsunori Tanaka

Disease Glycomics

Em-KRIBBE##HE > 5—

BEEDHTEARR (KRIBB) DT IALNAAQY Ry —LEH
U BAEYBROAEESYEICET 2R AN ERA TT>TVET,
HRYMEORR, B SR BED PR EERERE LT ERR.
EYPEVERHEL (FRRAEBRTREDEM PN RICES T I HILrA0
J—HREBUTRIES—ROAHZBELE T,

Anticancer Agent
Research Center

Microbial metabolomics
Isolation of microorganism
Purification of metabolites

Screening of lead conpounds

Dr. Jong Seog Ahn
Dr. Jae-Hyuk Jang

Dr. Young-Soo Hong
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compounds
know-how
human network

RIKEN-KRIBB Joint Research Center

CSRS is collaborating with the Chemical Biology Research Center of KRIBB
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.

RIKEN CSRS

Chemical Biology
Biop ining
Fun udy
Target cation
Biosyntesis

Dr. Hiroyuki Osada
Deputy Director of CSRS

Dr. Shunji Takahashi
RIKEN-KRIBB Joint Research Unit
Unit Leader
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The following icons which are indiccated in the laboratory
page represent a related “Interdisciplinary Project”.
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R&D Project of Nitrogen Utilization
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R&D Project of Metallic Elements Utilization
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R&D Project of Research Platforms




Gene Discovery Research Group
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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

Discovering important and
useful genes involved in
plant growth and
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environmental responses

productions of useful metabolites for the improvement of plant productivity.
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Plant hormone profiles in response to moderate dehydration str

—
=

[ [ nceds-2 |

20001 |- wT
15001 | - nced-2
1000

500

100

IR ! !
03612 24 48 72 03612 24 48 72

Dehydration (hr)

Temporal changes in ABA and JA-lle levels in WT and ABA
biosynthetic mutant (nced3-2) in response to moderate

dehydration stress

Research Subjects

* Discovery of genes, signaling molecules, transporters and metabolites
involved in dehydration stress and ABA responses

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

* Analysis of chloroplast functions in photosynthesis under stress conditions
and discovery of regulatory factors in C4 photosynthesis

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

* Comparative genomics and its application to crop improvement

* Plant chemical biology for promotion of photosynthesis and biomass
production

O O OR OR ORI

Research Results

* We analyzed the plant hormone profiles with respect to dehydration responses in
Arabidopsis thaliana wild-type (WT) plants and ABA biosynthesis mutants
(nced3-2). Our results revealed that ABA might be associated with JA
homeostasis under dehydration stress conditions through transcriptional
regulation of biosynthetic and catabolic genes, and that a reduction in ABA levels
up-regulates the JA-lle level.

* We demonstrated that the ABA transporter genes contribute improvement of
water use efficiency.

* By our plant chemical biology analyses, a novel biological activity that
non-proteinogenic amino acid, (2S,6S)-diamino-(5R, 7)-dihydroxy-heptanoic acid
(DADH) of in Streptomycin sp. SANK 6040. exhibited inhibitory activity of
hypocotyl elongation in Arabidopsis thaliana was revealed.

ABCG250E

Thermal images of AtABCG25-overexpressing plants
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Analysis of plant hormone profiles in response to

moderate dehydration stress.
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Overexpression of AtABCG25 enhances the abscisic
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Plant Productivity Systems Research Group
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Discovery and use of key
genes for low-input plant
production, and recovery

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.

and recycling of metals

JW—TF 1L 58— Group Director
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sgRNA and Cas9

expression vector

Efficient and heritable targeted mutagenesis method for metal tolerant
mosses using the CRISPR/Cas9 system

Research Subjects

 Identification of key genes linking nitrogen nutrition status to growth N)
regulation

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

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

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

Research Results

* We established heritable targeted mutagenesis method for metal tolerant mosses
using the CRISPR/Cas9 system.

* We demonstrated that root-type ferredoxin: NADP(H) oxidoreductase 2
contributes to detoxification of nitrite in A. thaliana roots.

* We demonstrated that a single genetic change in the circadian clock component
PRR enables us to engineer plants to produce more biomass and increase
abiotic stress tolerance.

G5 N AT
T
e
RENRZ | rappn
Felun
MOy MOy MH*
Cal rfarZ Col rinr2 Col rinr2

Detoxification of nitrite by NiR with electrons supplied from Fd-RFNR2
system

F RN / Publications

Nomura, T,, Sakurai, T., Osakabe, Y., Osakabe, K.,
Sakakibara, H.

Efficient and heritable targeted mutagenesis in
mosses using the CRISPR/Cas9 system.

Plant Cell Physiol. 57, 2600-2610 (2016)

Hachiya, T. et al.

Avrabidopsis root-type ferredoxin:NADP(H)
oxidoreductase 2 is involved in detoxification of nitrite
in roots.

Plant Cell Physiol. 57, 2440-2450 (2016)

Nakamichi, N. et al.

Improvement of Arabidopsis biomass and cold,
drought and salinity stress tolerance by modified
circadian clock-associated PSEUDO-RESPONSE
REGULATORS.

Plant Cell Physiol. 57, 1085-1097 (2016)
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Plant Immunity Research Group
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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

Understanding plant
immunity mechanisms and
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developing sustainable
disease resistant crops

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.
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Vascular connection between P. japonicum and Arabidopsis

Research Subjects

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

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

* To isolate novel genes/metabolites for pathogen virulence &

* To identify novel mechanisms for plant immunity &

Research Results

© Transcriptome analysis in the parasitic plant revealed YUC3 gene is important for
haustorium development.

* Genus-wide comparative genome analyses of Colletotrichum species reveal
specific gene family losses and gains during adaptation to specific infection
lifestyles.

© Haustorial hairs are specialized root hairs that support parasitism in the facultative
parasitic plant.

Haustorial hairs in P. japonicum

FEEAY / Publications

Ishida, J. K. et al.

Local auxin biosynthesis mediated by a YUCCA flavin
monooxygenase regulates the haustorium
development in the parasitic plant Phtheirospermum

japonicum.

Plant Cell 28, 1795-1814 (2016)

Gan, P. etal.

Genus-wide comparative genome analyses of
Colletotrichum species reveal specific gene family
losses and gains during adaptation to specific

infection lifestyles.

Genome Biol. Evol. 8, 1467-1481 (2016)

Cui, S. etal.

Haustorial hairs are specialized root hairs that support
parasitism in the facultative parasitic plant,

Phtheirospermum japonicum.

Plant Physiol. 170, 1492-1503 (2016)
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Metabolomics Research Group
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Developing integrated metabolomics
to explore mechanisms and regulation
of plant metabolite production

Metabolomics involves in the identification and quantification of all
metabolites in a cell, and correlating these to genomic functions. The
plant kingdom metabolome is extremely diverse chemically, with
estimates indicating as many as 200,000 different types of chemical
substances. The various compounds produced by plants are important
for the existence of the plant itself, and also play a vital role in our lives as

food, industrial materials, energy and medicines. Our group performs
cutting-edge metabolomics analyses by high-performance mass
spectrometry. These non-targeted metabolomic analyses are applied to
the identification of unknown gene functions and elucidation of metabolic
networks. We are investigating the basic principles behind the wide
variety of plant production functions, using Arabidopsis as a model. In the
field of Phytochemical Genomics we are also elucidating the production
systems for specialized plant products in crops, medicinal plants and
other useful plants at the genome level. Another important aspect of our
research is application of basic findings from these results to
development of sustainable resources.
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Top-down metabolomic approaches for nitrogen-containing metabolites

Research Subjects

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

* Application of the metabolomics platform to functional genomics and
biotechnology

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

* Biotechnology and synthetic biology for production of useful
compounds

Research Results

* Developing metabolomic approaches for nitrogen-containing metabolites

combined with mass imaging with FT-ICR-MS

 Identification of two P450 genes involved in the biosynthesis of toxic steroidal
glycoalkaloids and remarkable reduction of these toxic alkaloids by gene silencing

* Draft genome assembly and annotation of Glycyrrhiza uralensis, a medicinal
legume, for the basis of sustainable supply of crude drugs and discovery of useful

genes

The flowers of Glycyrrhiza uralensis. The root and stolons of this

medicinal plant are used as medicinal licorice.

OO
OO

FZEERN / Publications

d Nakabayashi, R., Hashimoto, K., Toyooka, K., Saito, K.
Top-down metabolomic approaches for

d nitrogen-containing metabolites.
Anal. Chem. 89, 2698-2703 (2017)

Umemoto, N. et al.

Two cytochrome P450 monooxygenases catalyze
early hydroxylation steps in the potato steroid
glycoalkaloid biosynthetic pathway.

Plant Physiol. 171, 2458-2467 (2016)

Mochida, K. et al.

Draft genome assembly and annotation of Glycyrrhiza
uralensis, a medicinal legume.

Plant J. 89, 181-194 (2017)
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Metabolic Systems Research Team
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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.
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rediction of a probable metabolic pathway @Construction of a mathematical model @Simulation of metabolic change
nalysis of metabolism as a system

Research Subjects

* Development of a metabolomics platform

* Mathematical modeling of metabolism using metabolome

datasets

© Elucidation of the regulatory mechanism of amino acid biosynthesis C ' N ' M.Y.
* Exploration of the relationship between development and metabolism \ C ' N'

* Useful material production in cyanobacteria using CO. as a resource \ C '

Research Results

* We have developed a web tool for reproducing the metabolic behaviors of
intracellular chemical reactions on a computer, calling it PASMet (Prediction,
Analysis and Simulation of Metabolic Reaction Networks).

* We have clarified that ACR11 is an activator of plastid-type glutamine synthetase

GS2 in Arabidopsis thaliana.

* We have clarified by metabolome analysis that primary metabolism is regulated
for the biosynthesis of secondary wall polymers during differentiation of

protoxylem vessel elements.
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FZEHX / Publications

Sriyudthsak, K., Mejia, R.F., Arita, M., Hirai, M.Y.
a PASMet: a web-based platform for prediction,

modelling and analyses of metabolic systems.
BIOJO;

Nucleic Acids Res. 44, W205-211 (2016)
Osanai, T., Kuwahara, A., Otsuki, H., Saito, K., Hirai,

ACR11 is an activator of plastid-type glutamine
synthetase GS2 in Arabidopsis thaliana.
Plant Cell Physiol. 58, 650-657 (2017)

Ohtani, M. etal.

Primary metabolism during biosynthesis of secondary
wall polymers of protoxylem vessel elements.

Plant Physiol. 172, 1612-1624 (2016)
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Glutamine synthetase GS2 of Arabidopsis thaliana is activated by ACR11.

(Osanai et al. (2017) Plant Cell Physiol.)

(upper left) Relative GS2 activity in the presence of ACR11 (lower left) The maximum velocity (Vimax) and the Michaelis

constant (Km) in the presence or absence of ACR11 (right) Schematic model of GS2 activation in A. thaliana by ACR11




A2FRO—LTBEHRMARF—L Metabolome Informatics Research Team

. — — YF —ATREAYRO—LOERT —FBIN. Ry NI — 8. ¥2aL—>3 . Our team develops software platforms necessary for metabolomic analyses,
X a '—J_‘ ax 7 A % i A ZD VNICRHBRERY IR FOREER B> TV e RBEN ORI E IC&IL Developlng SOf tware network analyses and computer simulations. We also design databases for more
WAVAN "7 I7¢E ? —BAN—A V4 DF—IR—REBRLUTWDBE LY TRz 7 BARBAEFHIEBLX Platforms and databases efficient identification of metabolites. Our developments will be applied to integrated
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MEF—7 Research Subjects FZEERNX / Publications

Wohlgemuth, G. et al.
SPLASH, a hashed identifier for mass spectra.
Nat. Biotechnol. 34, 1099-1101 (2016)

© AFRA—LIERENT

* Analysis and interpretation of metabolomic data

o XZRO—LBIFAOY 7 I T 7% » Software development for metabolome analysis and simulations . et
'sugawa, H. etal.

Hydrogen Rearrangement Rules: Computational

MS/MS Fragmentation and Structure Elucidation

Using MS-FINDER Software.

Anal. Chem. 88, 7946-7958 (2016)

o XFRO—LTF—IR—ZADHEE

(OROR O
(OROR O

* Integration of metabolic databases

Fukushima, A. et al.
F—Ll)—4— Team Leader A Research Results Comparative Characterization of the Leaf Tissue of
BH ER o . R . o Physalis alkekengi and Physalis peruviana Using
Masanori ARITA D.Sci. o YRAARY NLOHFRIE/ v 2 1—RSPLASHD R © Development of SPLASH, a hashed identifier for mass spectra RNA-seq and Metabolite Profiling.
Front Plant Sci. 7, 1883 (2016)
o EBEREY 77 MS-FINDERDFIH » Development of MS-FINDER, a structure elucidation tool
o IRAXFZEOREBRY NT— VT * Metabolic network analysis of Physalis and other plants
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(from Fukushima, A. et al. Front. Plant Sci. 2016)
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Environmental Metabolic Analysis Research Team

F—ARERERI 7 7O0—FIZKV)
BIERMS AT LDIERE
BFiaMziRkLEd

UF—LTIE INETE > TELNMREIC LB ED FREVEE. BT/ A
N RBEEDAICIZ BB TTRES SOMEYBEEODTEITESEL U\ A1
VIARTAVABEOT EA Y TARNT AV AEBEL IR ENBITICLD &
EP@EHBESYERB MBI 2HMUVWEES MR ZOBERZE S HIcEE
SROBHABINE BT Blcthic, RBRER EE (BHKELSLVOIE) 70t
2, BARBE OKERS L OFHZER) 20T PR RE L. INSOERFABICE
DIEBERS SO EREEE TN ICHET B,

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).
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Strategy of assigning metabolites by fragment assembly approach and
quantum chemical calculation

Research Subjects

FZEERX / Publications

Ito, K., Tsutsumi, Y., Date, Y., Kikuchi, J.

* Technological advancement of various spectrometric measurements M) P) Fragment Assembly Approach Based on

for complex biomolecular mixtures and microbiota

* Methodology development of data mining and accumulation of

databases for environmental measurements

Graph/Network Theory with Quantum Chemistry

M, P’ Verifications for Assigning Multidimensional NMR
Signals in Metabolite Mixtures.

» Sustainable utilization of land- and aquatic biomass based on studies N) C) ACS Chem. Biol. 11, 1030-1038 (2016)

of natural material cycles

* Symbiotic metabonomic analysis between animal and symbiotic

microbiota in relation to their food nutrients

Research Results

Chikayama, E., Shimbo, Y., Komatsu, K., Kikuchi, J.

a The effect of molecular conformation on the accuracy
of theoretical *H and **C chemical shifts calculated by

ab initio methods for metabolic mixture analysis.

J. Phys. Chem. 120, 3479-3487 (2016)

Misawa, T., Wei, F., Kikuchi, J.
Application of two-dimensional nuclear magnetic
resonance for signal enhancement by spectral

* We developed fragment-assembly method for automatic signal assignments of
metabolic mixture by a combination of graph and network theory.

* We showed the effect of metabolite conformation on the accuracy of theoretical
chemical shifts calculated by density functional theory, rather than basis sets and
theory levels on quantum chemistry calculation.

* Development of 2D version of sensitivity improvement by signal integration
(SENSI) enabled growth-dependent characteristics on metabolic mixture big data
from >1000 fishes.

i

Tralewting

integration using a large dataset of metabolic
mixtures.
Anal. Chem. 88, 6130-6134 (2016)
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More than 1000 wild yellowfin goby extracts were measured by 2D-Jres spectra,
then all big-data were conducted SENSI-2D approach for enhancement of S/N
ratio and obtaining CV values.




Plant Genomic Network Research Team

s/ LRBMEF—L

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
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Analyzing plant genomic
networks for environmental
stress adaptation and
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improved productivity

plant productivity by use of chemical compounds and transformation technology.
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Heat tolerance
UBP1b plays an integral role in plant heat stress tolerance via controlling

mMRNA stability.

F RN / Publications

Research Subjects

* Analysis of epigenetic, RNA and peptide regulation mechanisms c N) (P
in environmental stress adaptation \J J q

* Advancement of cassava molecular breeding by cutting-edge
technologies d

* Development of useful plant resources, such as increased stress
tolerance by chemical compounds, peptides and transformation d "“J LP]
technology

Research Results

* We found that UBP1b, a component of stress granule, functions in heat stress
and ABA responses.

* We found that SAHA, a histone deacetylase inhibitor, alleviates high-salinity
stress in cassava.

* We found that SAD1-mediated RNA metabolism is involved in heat stress
tolerance.

e ki e, i o e el i SENSN
A group photo of ILCMB members (with MEXT State Minister, Dr. Tsutomu
Tomioka) at Hanoi

Nguyen, C.C. etal.

Oligouridylate binding protein 1b plays an integral role

in plant heat stress tolerance.

Front. Plant Sci. 7, 853 (2016)

Patanun, O. etal.

The histone deacetylase inhibitor suberoylanilide
hydroxamic acid alleviates salinity stress in cassava.
Front. Plant Sci. 7, 2039 (2017)

Okamoto, M. et al.

Sm-like protein-mediated RNA metabolism is required
for heat stress tolerance in Arabidopsis.
Front. Plant Sci. 7, 1079 (2016)

20165%FEX*>/5— / FY2016 Members

Team Leader
Motoaki SEKI

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

Postdoctoral Researcher
Kaori SAKO
Hiroki TOKUNAGA

Technical Staff
Junko ISHIDA
Maho TANAKA
Satoshi TAKAHASHI
Seiko NOMURA
Chikako UTSUMI

Junior Research
Associate

Sultana RASHEED
International Program
Associate

Onsaya PATANUN

Student Trainee

Cam Chau THINGUYEN
Huong MAI NGUYEN
Ha THE VU

Yoshio TAKEI

Tomoe NAKAMURA
Yuji SUNAOSHI

Others

Chieko TORII
Kayoko MIZUNASHI
Yoshie OKAMOTO
Erika MORIYA
Akiko TAKASHIBA
Minako SUMITA




Rt RE R K F — L

Cell Function Research Team
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Uncovering the regulatory
network underlying

plant organ growth and
regeneration

We investigate how plants integrate developmental and environmental cues to
maximise organ growth under the changing environment. We also explore how
plants establish and maintain cellular differentiation status and how various stress
stimuli override the developmental commitments to undergo cellular reprogramming.
These strategies should allow us identify key modulators of organ growth and
reprogramming, thus providing molecular basis for crop improvement.

F—LY—45—Team Leader
2K BEF Phb.
Keiko SUGIMOTO Ph.D.
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ESR1-GFP

ESR1 promotes shoot regeneration from cut sites.

Research Subjects

* Molecular dissection of plant organ growth

* Molecular dissection of cellular reprogramming in plants

* Genetic manipulation of cellular differentiation in crops

Research Results

* We found that WIND1 directly activates ESR1 to promote shoot regeneration. mechanisms.

* We found that OBP4 directly represses RHL2 to block root hair growth.

* We characterised the epigenetic reprogramming that occurs in response to
wound stress.

OBP4-GR

OBP4 represses root hair growth.

FEER / Publications

Iwase, A. et al.

WIND1 promotes shoot regeneration through
transcriptional activation of ENHANCER OF SHOOT
REGENERATIONL1 in Arabidopsis.

Plant Cell 29, 54-69 (2017)

CEE

Rymen, B. et al.

ABA suppresses root hair growth through
OBP4-mediated repression of RSL2.
Plant Physiol. 173, 1750-1762 (2017)

Ikeuchi, M. et al.
Plant regeneration: cellular origins and molecular

Development 143, 1442-1451 (2016)
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Plant Symbiosis Research Team
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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.

Understanding
plant-microbe symbiosis
in order to establish
sustainable agriculture

MET—7
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The expression of the negative regulator gene in the nodule primordium

Research Subjects FEEMRY / Publications

Matolepszy, A. et al.
The LOREL insertion mutant resource.
Plant J. 88, 306-317 (2016)

* Elucidation of molecular genetic mechanisms in nodulation

* |dentification of molecular components in symbiotic nitrogen

fixation Shimoda, Y., Hirakawa, H., Sato, S., Saeki, K.,

Hayashi, M.

Whole Genome Sequence of the Nitrogen-Fixing
Symbiotic Rhizobium Mesorhizobium loti strain
TONO.

Genome Announc. 4, e01016 (2016)

GeE

* Application of root nodule symbiosis to cereals

Research Results Shimomura, A. et al.

Blue light perception by both roots and rhizobia
inhibits nodule formation in Lotus japonicus.
Mol. Plant Microbe Interact. 29, 786-796 (2016)

* We identified a negative regulator for nodule organogenesis.

* We identified the bacterial gene necessary for the symbiotic nitrogen fixation in
nodules.

* We generated taglines of Lotus japonicus.
20165EX>/\— / FY2016 Members
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wild type mutant

The phenotype of the bacterial mutant identified through the gene regulatory

network.
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Dormancy and Adaptation Research Unit
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Discovering genes and
chemicals that improve
seed quality and adaptation

responses

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

2=y M)—45— Unit Leader
W LE oy
Mitsunori SEO D.Sci.
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Research Subjects

 Identification and functional characterization of plant hormone transporters

* |dentification of factors involved in seed longevity

 Identification of metabolites involved in plant growth and stress responses

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

Research Results

* We identified SWEET proteins that function as GA transporters.

* We identified factors that are involved in the reduction of seed longevity by

priming.

* We revealed the roles of molybdenum cofactor sulfurase in stress responses.

e 10y il

EZEHX / Publications

Kanno, Y. et al.

AtSWEET13 and AtSWEET14 regulate
gibberellin-mediated physiological processes.
Nat. Commun. 7, 13245 (2016)

Seo, M., Kanno, Y., Frey, A., North, H.M., Marion-Poll, A.
Dissection of Arabidopsis NCED9 promoter regulatory
regions reveals a role for ABA synthesized in embryos
in the regulation of GA-dependent seed germination.
Plant Sci. 246, 91-97 (2016)

CEEE

Takeuchi, J. et al.

Abscinazole-E3M, a practical inhibitor of abscisic acid
8-hydroxylase for improving drought tolerance.

Sci. Rep. 6, 37060 (2016)
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Phenotypes of wild type (WT) and a double mutant defective
in GA transport (sweet13 sweet14 ; Double mutant)

Functional screening of GA transporters using yeast two-hybrid system with the GA
receptor complex
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Signaling Pathway Research Unit
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Understanding plant
responses to environmental
stresses for improvement of
crop productivity

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

2=yM)—4— Unit Leader
FL—=)TF7F¥Y PhD.
Lam-Son Phan Tran Ph.D.
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Representative metabolic changes in nodules of chickpea plants under
phosphate deficiency

Research Subjects

* Molecular elucidation of hormonal regulatory networks in plant responses

to drought and salt stress

* Mechanisms controlling nitrogen fixation in legumes under phosphate

deficiency

* Functional genomics of food crops for improvement of crop productivity in

adverse conditions

* Role of plant growth regulators in abiotic stress mitigation

Research Results

* We found that in chickpea the adaptation of symbiotic nitrogen fixation capacity
under phosphate deficiency is resulted from highly coordinated processes with an

extensive reprogramming of whole-plant metabolism.

* We discovered that the Orobanche aegyptiaca OaMAX2 and the Arabidopsis
AtMAX2 share conserved functions in both development and drought responses.

* We provided evidence that NO has capability to mitigate the adverse effects of
high salinity on chickpea plants by regulating levels of osmolytes and antioxidant

enzymes.

Before stress
Atmax2 OE

EEHX / Publications

Nasr Esfahani, M. et al.

& Adaptation of the symbiotic Mesorhizobium—chickpea
relationship to phosphate deficiency relies on

& reprogramming of whole plant metabolism.
Proc. Natl. Acad. Sci. USA 113, E4610-E4619 (2016)

& Li, W., Nguyen, K.H., Watanabe, Y., Yamaguchi, S.,
Tran, L.S.

@ 0aMAX2 of Orobanche aegyptiaca and Arabidopsis

AtMAX2 share conserved functions in both
development and drought responses.

Biochem. Biophys. Res. Commun. 478, 521-526
(2016)

Li, W., Herrera-Estrella, L., Tran, L.S.

The yin-and-yang of cytokinin homeostasis and
drought acclimation/adaptation.

Trends Plant Sci. 21, 548-550 (2016)
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Drought tolerance of Arabidopsis Atmax2 mutant plants was restored by
overexpression of the Orobanche aegyptiaca OaMAX2 gene (OE).
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Regulatory Network Research Unit
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Developing method for reducing
cesium uptake and elucidating
signaling cascades in response to
nutrient deprivation in plants

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. As an extension, we are studying on the
mechanisms of potassium and sodium transport in seaweeds which
grow high salt and low potassium condition. In addition, to establish a
new method of phytoremediation, chemical screenings to elucidate
the chemicals which affect cesium uptake in plants have been
conducted. Further characterization of selected chemicals are on-going
using multidisciplinary approaches including vesicle-micro-bioreactor
system. We are also intensively analyzing regulatory components of
cesium uptake that selectively inhibit/suppress/prevent uptake of
radiocesium from contaminated soil.

Ufco
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Wethyl Cysteinate
" ' 4 3
*¥he

Schematic representation of methyl cysteinate that helps to increase cesium
accumulation in plant roots

Research Subjects

* Dissection of signaling cascades in plant response to nutrient deprivation

* Development of rice with improved nitrogen-use efficiency and elucidation

of regulatory mechanisms of plant nutrient utilization

© Characterization of ion channels in plants and seaweed

* Development of methods to reduce cesium uptake in plants and analyses

of regulatory components for phytoremediation

Research Results

* We identified that methyl cysteinate binds with cesium in plant cells and improve

cesium phytoaccumulation.

* We elucidated roles of E3 ligases in nutrient deficient response in Arabidopsis

and rice.

* We demonstrated that a seaweed (Pyropia yezoensis) ammonium transporter
gene, PyAMT1, plays a role in enhancing potassium deficiency tolerance.

Rice FOX lines, CU149 and BM054 show the improved
growth in nitrogen deficient (-N) condition.

FZEERNX / Publications

Nl Adams, E. et al.

Anovel role for methyl cysteinate, a cysteine
N) derivative, in cesium accumulation in Arabidopsis

thaliana.
Sci. Rep. 7, 43170 (2017)
@

Hong, J., Adams, E., Yanagawa, Y., Matsui, M., Shin, R.
@ AtSKIP18 and AtSKIP31, F-box subunits of the SCF
E3 ubiquitin ligase complex, mediate the degradation
of 14-3-3 proteins in Arabidopsis.
Biochem. Biophysic. Res. Commun. 485, 174-180
(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.

Plant Mol. Bio. Rep. 35, 343-354 (2017)
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. . Yamada, K., Saijo, Y., Nakagami, H., Takano, Y.
o JOTAZY A2 B Ui iEY) e S 2T L DR & * Exploration of novel key components of the plant immune system by & Regulation of sugar transporter activity for
proteomic  approaches : ) ) o
antibacterial defense in Arabidopsis.
o B TOFAS Y IEHORT a * Establishment of an advanced proteomics platform for collaborative Q Science 354, 1427-1430 (2016)
research
Yamada, K. et al.
The Arabidopsis CERK1-associated kinase PBL27
connects chitin perception to MAPK activation.
EMBO J. 35, 2468-2483 (2016)
: MABR Research Results
§ ) " . s 4 - . - ~ Harashima, H. et al.
2=y PM)—%— Unit Leader ° Eﬁ%ﬁﬁiﬁﬁ#@;ﬁ‘&%ﬂﬂ?é;tfﬁ FRIE ORI IMHT 52 A5 » Revealed that plants regulate sugar transporter activity to limit bacterial growth. Modulation of plant growth in vivo and identification of
rht AR 1+ (XA YA IUR) e ) o . ) kinase substrates using an analog-sensitive variant of
Hirofumi N GAMI Ph.D o BRI L BT BENSMAPE S — B DEMAL AR £ — DR © Revealed the kinase cascade which links the chitin receptor to MAP kinase CYCLIN-DEPENDENT KINASE A:1.
AKA( .D. ¥ 7Jx\t:bfca EiE ; i activation. BMC Plant Biol. 16, 209 (2016)

 Identified substrates of the plant growth-related protein kinase.
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Infected sugar transporter mutant Substrate and phospho-site identification
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Integrated Genome Informatics Research Unit

T/ LEREERLT.
RIRICIRIIDIEH DE AHEED
REREMRLET

FATHA TV AMRDHEHEICIZEY B R EMEN N T 27 70— FH
BETHO. NITEKENDZIREBT —F EZNERBINT 21D DB FEDEE
PIEREMDRDENZ. YFFERIZ Y ME EWERDE UL REMED S/
LWSAFRO—A. 71/ —ALICEZDT—FRIFIEIT TR FNSOHFTRED
F=IR=2{tH LORITBREORRGEDIERERBIHEHEELTN\D. 51T,
INSOEREBEEN VBT FEOREERIET,

Discovering useful functions
and traits in plants based on
genome information and
bioinformatics

The importance of utilizing information technology for life science and sustainable
resource science has increased. Information integration through genome and
phenome is important for understanding these science fields. Our research unit
promotes analyses with large-volume and various information as well as
implementation of an analytic pipeline that is accessible to effective results. We also
provide databases and an analysis environment for omics research. Furthermore,
we are challenging ourselves to construct an integrated analytical approach which is
a synthesis of the technologies and information infrastructure.

2=y M)—4—Unit Leader
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Tetsuya SAKURAI Ph.D.

MET—~
o EYEROMHEOTE, EEEE LICEY SR Q
o ATENOY ARESICE T SRR, BT 5 @

HERTSE

o F—IN—RFRE BEFRIETROWEFICLIERERHARE. KB a
FAIBEB DN

MABR

° TEEYERICEITZY Y/ VEOYBRNE S OEENEEZ FRIU K
HERANBEF DERD T EHEE LT,

° EEEY. DT EY. FYEOERIBRIRRDIDDT /L NFVRAIVTR—1A
BRI LT,

o BMEREFEITO AV ABTEOSIENMREHE LT,

Algal Protein Annotation Suite: A database of comprehensive
annotation in algal proteomes

Research Subjects

* Development of useful plant resources such as by improved usability

and productivity

EZEHN / Publications

Kurotani, A., Yamada, Y., Sakurai, T.
Q Alga-PrAS (Algal Protein Annotation Suite): A
Database of Comprehensive Annotation in Algal

© Discovery of useful functions for metal recovery and environmental Proteomes.

detoxification by using a variety of bryophytes from the aspect of

omics analysis

© IT infrastructure management and development of information
platforms for project promotion including database development and

gene annotation enrichment

Research Results

* We have predicted the physicochemical and structural properties of major plants
and algae proteins, and promoted the annotation for unknown genes.

* We have promoted the genome and transcriptome analyses for useful plants

such as medicinal plants, bryophytes and crops.

* We have developed and managed the information infrastructure for

\ M' Plant Cell Physiol. 58, e6 (2017)

Mochida, K. et al.

a Draft genome assembly and annotation of Glycyrrhiza
uralensis, a medicinal legume.

Plant J. 89, 181-194 (2017)

Maruyama, K. et al.

Design of an optimal promoter involved in the
heat-induced transcriptional pathway in Arabidopsis,
soybean, rice and maize.

Plant J. 89, 671-680 (2016)
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IT infrastructure development for comprehensive research using
omics-wide information
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Chemical Biology Research Group
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In order to promote research in Chemical Biology that aims to elucidate biological
phenomena using chemical compounds as starting materials, it is important to

Developing new teChniques establish a platform for chemical libraries. Our group constructs chemical libraries
fO r Ch Cmi Cal b i Ol o gy an d through the genetic engineering of microorganisms and organic synthesis, as well as
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elucidating mysteries of

complex biological systems

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.
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Research Subjects

FZEEHNX / Publications

Kawatani, M. et al.

* Expansion of the database of the chemical bank, “Natural Products P) C)
Depository (NPDepo)”

Proteomic profiling reveals that collismycin Ais an
iron chelator.
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Target identification of collismycin A by proteomic profiling

* Expansion of the chemical library using genetic engineering and P) C) Sci. Rep. 6, 38385 (2016)
synthetic chemistry

* Exploration of bioactive small molecules and development of new P) (N Kawamura, T. et al. o
analytical techniques for target identification Proteomic profiling of small-molecule inhibitors

reveals dispensability of MTH1 for cancer cell
survival.
Sci. Rep. 6, 26521 (2016)

Research Results Hasebe, F. et al.
Amino group carrier protein-mediated secondary

metabolite biosynthesis in Streptomyces
Nat. Chem. Biol. 12, 967-972 (2016)

* Using proteomic profiling, we found collismycin A acts as a specific iron chelator.

* We discovered novel MTH1 inhibitors from NPDepo library using chemical array
platform.

* We discovered Streptomyces secondary metabolite pathway mediated by

amino-group carrier proteins in collaboration with the University of Tokyo. 2016EEX>/S— / FY2016 Members
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Discovery of new MTHL1 inhibitors using chemical array screening
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Chemical Genomics Research Group
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Exploiting methodologies to
resolve environmental and
resource-related problems

using chemical biology

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

Research Subjects

© Chemical regulation of the lipid metabolism for effective biofuel production C '

* Chemical regulation of the nitrogen cycle for prevention of global warming N) oxysporum.
J. Chem. Inf. Model. 57, 203-213 (2017)
* Chemical regulation of epigenetics such as protein methylation, acetylation, P
and SUMOylation \.) Vo, TV. etal.

* Development of screening systems for active compounds that target

protein-protein interactions

Research Results

* Based on its crystal structure of NirK, nitrite reductase involved in the production !
of greenhouse gas nitrous oxide, we designed new compounds potentially bind to fission yeast.
NirK, and identified active compounds that inhibit the enzyme activity.

* More than 2,000 protein-protein interactions in fission yeast were newly identified
from genome-wide 2-hybrid screening using its proteome consisting of

approximately 5,000 proteins.

* We analyzed cytopathic effects of ZIKA virus proteins using fission yeast as a
surrogate host.

FEZRX / Publications

Matsuoka, M. et al.
Discovery of Fungal Denitrification Inhibitors by
Targeting Copper Nitrite Reductase from Fusarium

A Proteome-wide Fission Yeast Interactome Reveals
p, Network Evolution Principles from Yeasts to Human.
Cell 164, 310-323 (2016)

Li, G. etal.
Characterization of cytopathic factors through

genome-wide analysis of the Zika viral proteins in

Proc. Natl. Acad. Sci. USA 114, E376-E385 (2017)
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SFVHVRENMRF—L Molecular Ligand Target Research Team
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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

Exploring target molecules
and mode-of-action of
bioactive compounds

through global analysis of

LEEREWN77O0—FITKY)
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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

NeRAWTEBRERES I EHTREEBBEND FEEPNCHDERICRET
b %BEY.

chemical genetic interactions interaction, which leads to quick and accurate detection of ligand-target interactions.

F—L')—45 = Team Leader
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Charles M. BOONE Ph.D.
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Functional signatures of the RIKEN NPDepo compound
collection

Research Subjects

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

* Validating the mode of action of bioactive compounds \ P '
 Identifying bioactive chemical tools and therapeutic leads that target P
essential gene pathways \.)

Research Results

* We designed and constructed a diagnostic set of 310 yeast mutants for high
throughput screening of compounds, leading to high confidence target biological
process predictions.

* We defined the functional diversity for the RIKEN NPDepo compound collection
by the yeast chemical genomic screening pipeline.

* We have set up a quantitative system for measuring the fitness of heterozygous
diploid mutants for drug-induced haploinsufficiency and temperature-sensitive
haploid mutants for comparisons of genome-wide yeast synthetic genetic
interaction data.

FEFRX / Publications

van Leeuwen, J. et al.

Exploring genetic suppression interactions on a global
scale.

Science 354, aag0839 (2016)

Costanzo, M. et al.

Aglobal genetic interaction network maps a wiring
diagram of cellular function.

Science 353, aaf1420 (2016)

Dickinson, Q. et al.

Mechanism of imidazolium ionic liquids toxicity in
Saccharomyces cerevisiae and rational engineering
of a tolerant, xylose-fermenting strain.

Microb. Cell Fact. 15, 17 (2016)
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Natural Product Biosynthesis Research Unit
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Exploring microbial gene
resources and elucidating

biosynthetic mechanisms to
produce valuable compounds

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.

2=y M)—4"—, Unit Leader
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Shunji TAKAHASHI D.Sci.

MET—7

© BIEF AP ROBERITICL D EREEE R OMEMRBEN DL a
BRI ERSA

o TRBEBRIBIET I IRY — IS 2EE SR TR O é)
° S/LRSIBRITED RIS NIRIBEET 7 TR —DSOFRREKH
YIDLERE \J

o CRIBENOLEEESDZNHTFORIE &
o MEMERRLIERRT Y N7 A —LOHE @
MEKRR

° RUTFRIEAYDERRICEDZH LWAILRF VI BERZFHR U,
o MELDIFREAF TRV BRILEREFRKR U,
° RREY /L& DDiels-Alderases& {5 F (fsa2) DREQY ZRIE Uizo

Reductase/carboxylase dependent pathway
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Two pathways for alkylmalonyl-CoA biosynthesis

Research Subjects

© Elucidation of biosynthetic machinery of bioactive microbial metabolites by c

genetic, biochemical and structural analyses

© Evaluation of transcriptional regulators associated with secondary

metabolite gene clusters

* Production of novel secondary metabolites from unknown gene clusters

unveiled by genome sequence analysis

* Development of small molecules that enhance production of secondary

metabolites

© Construction of biosynthetic platforms using microorganisms

Research Results

* We discovered a new carboxylase involved in polyketide biosynthesis.
* We discovered a novel sesquiterpene cyclase from Aspergillus oryzae.

* We identified Diels-Alderase gene (fsa2) homologs from fungal genomes.

FEERY / Publications

Ray, L. etal.
A crotonyl-CoA reductase-carboxylase independent
pathway for assembly of unusual alkylmalonyl-CoA

C) polyketide synthase extender units.
Nat. Commun. 7, 13609 (2016)

a Shinohara, Y., Takahashi, S., Osada, H., Koyama, Y.
Identification of a novel sesquiterpene biosynthetic
N' machinery involved in astellolide biosynthesis.

Sci. Rep. 6, 32865 (2016)

@ Jang, J.-P. etal.

RK-1441, a new benadrostin derivative produced by
Streptomyces sp. RK88-1441.
J. Antibiot. 70, 102-104 (2017)
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Chemical Resource Development Research Unit
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Expanding and using

chemical libraries to

accelerate chemical biology

research

Achemical 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.

-
A=y N)—4—Unit Leader
RE #2 mewt
Hiroyuki OSADA D.Agr.

MET—7

o LBYTA TS —DBHER BIOID]

- wEEERRR s anomsREtcssmREe (P (<) (N)

MAEBR

o RBRZEDHAMR TRAMAYDIZT—AXA—ISA(TIV—DRI)—=
VU FEERFE L NPBA3DHFHRENAR (ent-NP843) A'MDM2(c 313 2 FAETE
MRy ZEEASMC U,

°© RIRKZEDQHRFAFZ TSNAP23Y v/ I EICHEAT 21LEYELTMF286%
NPDepoft &E¥Z1 75U —hSEE L. DL EYHSNAP23DHAEZ EE L.
ARV D EEINS B2 RN BB EEASHITUTc,

cALBEYTT S ) —DEWEBOH. ERAOHREEICLEMETNSDE
HERMUI.

Total 196 subjects Total 12,559 compounds

Achievement of chemical library provision

Research Subjects

* Chemical library utilization

* Research promotion by structure-activity relationship analysis

and optimization of chemical structures

Research Results

FEERY / Publications

Noguchi, T. et al.

@ ‘C ' \ N' Screening of a virtual mirror-image library of natural

products.

\ P' C ' N' Chem. Comm. 52, 7653-7656 (2016)

Kunii, M. et al.

Opposing roles for SNAP23 in secretion in exocrine
and endocrine pancreatic cells.

J. Cell Biol. 215, 121-138 (2016)

* We have developed a screening strategy for mirror-image library of natural Kondoh, Y. et al.

products and identified that enantiomer of NP843 (ent-NP843) has inhibitory
activity against the interaction between MDM2 and p53.

* We found that the SNAP23-binding compound MF286 promoted insulin secretion
and improved glucose tolerance by inhibiting formation of the SNARE complex

that includes SNAP23.

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

institutes.

Conservation of chemical library

Comparative chemical array screening for p38y/d
MAPK inhibitors using a single gatekeeper residue
difference between p38a/B and p38y/5.

Sci. Rep. 6, 29881 (2016)

20165%EEX>/N— / FY2016 Members

Unit Leader
Hiroyuki OSADA

Technical Staff
Hiroyuki HIRANO
Yuta IWAI




EREHMERFEMAI=VH

Bio-Active Compounds Discovery Research Unit
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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
discover and va.lidate useful compounds useful for improvement of photosynthesis efficiency, N 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
Sustainable resource science phosphorylation dependent protein-protein interaction. We are also improving

Developing platforms to

bio-active compounds for

chemical array systems for discovery of novel bioactive compounds.
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MAT—~
o FULWA AT O—THREDHOMEYZ L FZHNT7 TO—F

° EEEEMEDORRIMR

° EEEEME DR FORE

OROR ORI

© FRA TR DRIRE TN S OEAERRITIFT

MEER
o UYVBALKEFRAEEMERRAICLDH UL PN EEYEZ RH U,

. é)@fb@?CK] SEMREENUGERRO U0V 3V %FE I YEER
ULfeo

e N TUTEELTHSNETILTAR— MSBIRND AR BRIE S EEZ B
(079

L] g T LR

.w'r_:__ ‘1_; .q}_l-‘.,l_‘jv}:'_
A

B mﬁﬂ ailpl ul.;l

prmmammmy

L) LEFS

Research Subjects

* Microbiological and chemical approaches for exploitation of novel bioprobes \ N'
© Screening of bioactive compounds \ C '
 Identification of molecular targets of bioprobes @

* Mining and functional analysis of molecular targets @

Research Results

 Identification of Novel Pin1 inhibitors through high throughput screening system
* |dentification of stem cell reprogramming inducer through the inhibition of CK1

* |dentification of artesunate as a selective inhibitor of cancer stemness
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Identification of Cancer Stem Cell Inhibitors

EZEHX / Publications

Watanabe, N., Osada, H.

Small molecules that target phosphorylation
dependent protein-protein interaction.
Bioorg. Med. Chem. 24, 3246-3254 (2016)

Ursu, A. et al.

Epiblastin A Induces Reprogramming of Epiblast
Stem Cells Into Embryonic Stem Cells by Inhibition of
Casein Kinase 1.

Cell Chem. Biol. 23, 494-507 (2016)

Subedi, A. et al.

High-throughput screening identifies artesunate as
selective inhibitor of cancer stemness: Involvement of
mitochondrial metabolism.

Biochem. Biophys. Res. Commun. 477, 737-742
(2016)
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Advanced Catalysis Research Group
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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.
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Copper-catalyzed one-pot coupling of CO, Bx(pin). and aldehydes

Research Subjects

© Dinitrogen activation and efficient transformation Nl

® Using carbon dioxide as a building block for organic synthesis C '

* Organo rare-earth catalysts for precision polymerization and organic M]
synthesis

Research Results

* We have achieved the efficient and selective conversion of dinitrogen to nitriles at
a multinuclear titanium framework.

* 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.

® We have achieved for the first time the simultaneous chain-growth and step-growth

polymerization of methoxystyrenes, which afforded novel macromolecules
containing multiple branches of unique alternating anisole-ethylene sequences.
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Titanium-mediated synthesis of nitriles from N and acid chlorides

FZEERX / Publications

Guru, M. M., Shima, T., Hou, Z.

Conversion of Dinitrogen to Nitriles at a Multinuclear
Titanium Framework.

Angew. Chem. Int. Ed. 55, 12316-12320 (2016)

Carry, B., Zhang, L., Nishiura, M., Hou, Z.
Synthesis of Lithium Boracarbonate lon Pairs by
Copper-Catalyzed Multi-Component Coupling of
Carbon Dioxide, Diboron, and Aldehydes.
Angew. Chem. Int. Ed. 55, 6257-6260 (2016)

Shi, X., Nishiura, M., Hou, Z.

Simultaneous Chain-Growth and Step-Growth
Polymerization of Methoxystyrenes by Rare Earth
Catalysts.

Angew. Chem. Int. Ed. 55, 14812-14817 (2016)
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Catalysis and Integrated Research Group

B ERMEERODHMRRIE
DREFEEZEBPRIZED

AEMFRICERVEAET

BREERNZICET . EBEEMELZAVIFRRICOMAELS EYRIFEE
{EZEDRMERRICEDBATND ST WEOWES. iz ) FRERZFA
U BME RIS THRETS 2F 52 L. RRERCSBEROBHERIC
B2 2BET. T BEARARLFZEERETIRAEROEAYE
NOZEHO AR UCBBRIGICE > TERTE (LAY PIEYBED RAHE
YOEMEREDRRICHIDMAA TS AFICHEY — KR BIEY I EY. 811
[EX T DHEBED RO EDEZ NI ENS, FNSDFEREZHEMICRRT Z2E
ICHPBU TN, S50, YRR Y5 — DIEYOHED R Z L2 OEEIE
(=t e ==

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.
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A practical alkene perfluoroalkylation by using perfluoro acid anhydrides

Research Subjects

* Analysis of the mode-of-action of physalins — plant oxygenated steroids

® Synthesis of unique glycolipids
 Utilization of O for oxidation reactions

® Development of catalytic fluoroalkylations

* Development of asymmetric carbon-carbon bond-forming reactions

Research Results

® Apractical perfluoroalkylation reaction of unactivated alkenes with acid
anhydrides as the perfluoroalkyl source was developed.

® We achieved utilization of molecular oxygen as an oxidant in copper-catalyzed

pyrazole synthesis. 2016EE X/ N— / FY2016 Members
* We contributed to transcriptome analysis and metabolite profiling by providing Group Director
leaf tissue of Physalis alkekengi and Physalis peruviana as well as isolated Mikiko SODEOKA
oxysteroids.
Senior Research Scientist
Go HIRAI
Kosuke DODO

EZE#X / Publications

Kawamura, S., Sodeoka, M.

Perfluoroalkylation of unactivated alkenes with acid
anhydrides as the perfluoroalkyl source.

Angew. Chem., Int. Ed. 55, 8740-8743 (2016)

Pinner, F,, Sohtome, Y., Sodeoka, M.
Solvent-dependent copper-catalyzed synthesis of
pyrazoles under aerobic conditions.

Chem. Commun. 52, 14093-14096 (2016)

el

Fukushima, A. et al.

Comparative characterization of the leaf tissue of
Physalis alkekengi and Physalis peruviana using
RNA-seq and metabolite profiling.

Front. Plant Sci. 7, 1883 (2016)
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Technical Staff
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Selective, but diverse synthetic manipulation using molecular oxygen
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From the perspective of establishing a recycling-based society, it has become
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chemistry.
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== - * Design of new ate complexes and their practical application for Tezuka, N. etal
o BRE7— MEKDOBERET EFRARADIGA C l .Ml or agic synthesis P p pp C ' .M, Direct Hydroxylation and Amination of Arenes via
9 Y Deprotonative Cupration.
N NP o . [ * Development of expanded phthalocyanines toward utilization of J. Am. Chem. Soc. 138, 9166-9171 (2016)
o AFRNEDEREER LR YO 7 = DFF N l near-infrared light N .
3 . » Wang, D.-Y. etal.
o EREBREZAVEWIORNYTY VT RIGORF .MI © C-C cross-coupling without transition metal catalysts .M’ Stille Coupling via C-N Bond Cleavage.
Nature Commun. 7, 12937 (2016)

o FH{LR RICEEICET 2 IERNER CJl M ® Theoretical analysis of reaction mechanisms C M

! - : J d J d Kitazawa, Y. et al.

, “Naked" Lithium Cation: Strongly Activated Metal
F—LY—4— Team Leader Cations Facilitated by Carborane Anions.
Al B ey J. Org. Chem. 82, 1931-1935 (2017)
Masanobu UCHIYAMA D.Pharm. MERR Research Results

o SO AENT CE T HBERICEEKBE /7 /&5 B AT ZHEHER  Direct hydroxylation/amination of aromatic compounds have been achieved
LT, based on the characteristic of copper element. )
20165E */\— / FY2016 Members
o NEMLRRZE-EBERFBADUMAEN U0y T VI RIisEEFE U, * We have developed novel Stille cross-coupling via C-N bond cleavage. Team Leader
o NILRS VP =AYV ERAWSZET UFILNFAY DERERIGE%ES | EH U,  Unprecedented reactivity of a “naked" lithium cation with carborate anion has Masanobu UCHIYAMA
been realized. Deputy Team Leader
Ryo TAKITA
Senior Research Scientist
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Direct Hydroxylation and Amination of Arenes via Deprotonative Cupration Stille Cross-coupling via C-N Bond Cleavage
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Green Nanocatalysis Research Team
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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 addition 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.

F—LY—4— Team Leader
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Flow esterification to synthesize biodiesel fuel FAME

Research Subjects

© Development of polymeric catalysts
* Development of catalytic reduction/oxidation processes
® Development of continuous flow-reaction systems

® Development of novel platforms for heterogeneous catalysis

Catalyst
® Development of new protocols of organic transformations in water @ Q Heterocycles 95, 715-721 (2017)

Research Results

* We developed a polymeric acid catalyst for esterification and transesterification.
It was applied not only to batch reactions but also to flow ones. Biodiesel fuel Backbone.

FAME was synthesized by using this method.

® We succeeded in determination of the structure of our convoluted polymeric
copper catalyst. We also exhibited safe Huisgen cycloaddition of gaseous

acetylene by using our polymeric Cu catalyst.

* We developed homochiralphosphine palladium catalysts and determined their
structure. They were applied to the asymmetric Suzuki-Miyaura coupling to give Team Leader Technical Staff
the corresponding biaryl products with high enantiomeric excess.

MPPI-Cu (0.25 mol %)

F RN / Publications

Baek, H., Minakawa, M., Yamada, Y. M. A., Han, J.,

& Q Uozumi, Y.

In-Water and Neat Batch and Continuous-Flow Direct
M) cl Esterification and Trar ification by a Porous
Polymeric Acid Catalyst.

Sci. Rep. 6, 25925 (2016)
OJO)

Yamada, Y. M. A. etal.

MI C I Huisgen Cycloaddition with Acetylene Gas by Using
an Amphiphilic Self-Assembled Polymeric Copper

Uozumi, Y., Matsuura, Y., Suzuka, T., Arakawa, T.,
Yamada, Y. M. A.

Palladium-Catalyzed Asymmetric Suzuki-Miyaura
Cross Coupling with Homochiral Phosphine Ligands
Having Tetrahydro-1H-imidazo[1,5-ajindole

Synthesis 49, 59-68 (2017)
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Huisgen cycloaddition of gaseous acetylene and organic azides by using our

convoluted copper catalyst
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Biofunctional Catalyst Research Team
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Seeking biological electron

transfer to develop
sustainable energy and

environmental technology

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

F—LY—45—Team Leader
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Dissimilatory ammonia synthesis triggered by geo-electrical current

at the deep vents

Research Subjects

* Development of water splitting catalysts

® Investigation of giant electro-ecosystems in a deep hydrothermal M] cl dissimilatory ammonia synthesis with geoelectrical

environment

© Microbial Electricity generation

Research Results

* We found that Mo sulfides function as bio-inspired electrocatalysts for

dissimilatory ammonia synthesis.

* We identified the molecular mechanisms of water splitting catalyzed by sub-10

nm-sized Mn oxide catalysts.

* We succeeded to detect the legitimate intermediated for water splitting by highly
efficient Ir oxide electrocatalysts.

FEEARX / Publications

Li, Y., Yamaguchi, A., Yamamoto, M., Takai, K.,
C l Nakamura, R.
Molybdenum sulfide: a bioinspired electrocatalyst for

current.
J. Phys.Chem. C 121, 2154-2164 (2017)

Jin, K. etal.

Mechanistic investigation of water oxidation catalyzed
by uniform, assembled MnO nanoparticles.

J. Am. Chem. Soc. 139, 2277-2285 (2017)

Ooka, H. etal.

Legitimate intermediates of oxygen evolution on
iridium oxide revealed by in-situ electrochemical
evanescent wave Spectroscopy.

Phys. Chem. Chem. Phys. 18, 15199-15204 (2016)
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Molecular mechanism of water oxidation catalyzed by sub-10

nm-sized Mn oxide catalysts
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Biomass Engineering Research Division

Synthetic Genomics Research Group
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Through analysis of the gene
expression profile of biomass
plants and utilization of these
information we produce new
materials through
photosynthesis

Our group has been working on development of polycistronic expression system
for new synthetic metabolic pathways in plants and production of bioplastics through
photosynthesis using plants and cyanobacteria. We are aiming at new chemicals
production through photosynthesis by designing new synthetic pathways in plant and
cyanobacteria using genomic information of various organisms.

JW—TF 1LY 84— Group Director
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Circos of Hevea brasiliensis genome

Research Subjects

® Research on gene expression profile of important C4-biomass plant "Sorghum
and gene analysis for the improvement of plant biomass

® Research on the establishment of system for the regulation of multiple gene

expression in plants

* Research on exploration of chemicals for plant biomass production increase by

chemical biology

® Research on chemical production (PHA) through Cyanobacteria

Research Results

® Determination of draft genome sequence of Hevea brasiliensis.

* |dentification of chemical that enhances degradation and saccharification of plant

cell wall.

 |dentification of specific chemical that inhibits blue-light signal transduction in

plant.

Shade avoidance response by blue-light

FEFRX / Publications

" Lau, NS. et al.

The rubber tree genome shows expansion of gene
family associated with rubber biosynthesis.

Sci. Rep. 6, 28594 (2016)

Okubo-Kurihara, E. et al.

Modification of plant cell wall structure accompanied
by enhancement of saccharification efficiency using a
chemical, lasalocid sodium.

Sci. Rep. 6, 34602 (2016)

Ong, WD. 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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Biomass Engineering Research Division

Cellulose Production Research Team
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Exploring useful genes for

plant productivity and

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

developing technology to
increase grass biomass

plants. Furthermore, we are promoting applied researches for plants for biomass
resources in collaboration with universities and institutes.
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Bd21 Bd3-1
(Susceptible) (Resistant)

Bd3-1 is resistant to sheath blight disease.

Research Subjects

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

 |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 homoeolog specific response in transcriptome associated with a
heat stress tolerance of Brachypodium hybridum, an allo polyploid grass.

* We identified marker genes responsive to defense-asscociated phytohormones
and sheath blight disease resistant accessions in Brachypodium distachyon.

* We promoted applied researches for grass plants for crop and biomass
resources such as barley, wheat and sugarcane in collabolation with universities
and institutes.

&

A sugarcane cultivar (left) and one of the ancesteral species,
S. officinarum (right)

FEZRX / Publications

Mochida, K. et al.

Draft genome assembly and annotation of Glycyrrhiza
uralensis, a medicinal legume.

Plant J. 89, 181-194 (2017)

Takahagi, K. et al.

Analysis of single nucleotide polymorphisms based
on RNA sequencing data of diverse bio-geographical
accessions in barley.

Sci. Rep. 12, 33199 (2016)

Kouzai, Y. et al.

Expression profiling of marker genes responsive to
the defence-associated phytohormones salicylic acid,
jasmonic acid and ethylene in Brachypodium
distachyon.

BMC Plant Biol. 16, 59 (2016)
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Biomass Engineering Research Division

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

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

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

® Synthesis of spider silk-like polypeptides by chemo-enzymatic and condensation

reactions.

® Successful delivery of DNA into human mitochondria.

* Develop a stabilization method for proteinases to enhance their

hydrolysis/aminolysis activities.
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In-vitro efficient gene delivery into human mitochondria

FEZRX / Publications

Tsuchiya, K., Numata, K.

Chemical synthesis of multiblock copolypeptides
inspired by spider dragline silk proteins.

ACS Macro Lett. 6, 103-106 (2017)

Chuah, JA., Matsugami, A., Hayashi, F., Numata, K.
Self-Assembled Peptide-Based System for
Mitochondrial-Targeted Gene Delivery: Functional

and Structural Insights.

Numata, K.

Biomacromolecules 17, 3547-3557 (2016)
Yazawa, K., Sugahara, M., Yutani, K., Takehira, M.,
Derivatization of Proteinase K with Heavy Atoms

Enhances Its Thermal Stability.
ACS Catal. 6, 3036-3046 (2016)
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Biomass Engineering Research Division

Bioplastic Research Team
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Creating new high quality
plastic materials made from
biomass

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

Research Subjects

* Design of biopolyesters for advanced materials

® Synthesis and molecular design of novel biomass-polymers

* New advanced methods for biomass-polymer synthesis

Research Results

* We succeeded in producing the aromatic polymers with very high heat resistance

from lignin metabolite.

* We succeeded in syntheses of polymeric additives to improve both the tear

strength and ductility of biopolyesters.

* We developed the synthetic technologies of polymers with high molecular weights

from a,B-substituted olefin monomers.

FERX / Publications

Hiroe, A. et al.

Uniformity of monomer composition and material
properties of medium-chain-length
polyhydroxyalkanoates biosynthesized from pure and
crude fatty acids.

ACS Sus. Chem. Eng. 4, 6906-6911 (2016)

Ushinmaru, K., Mizuno, S., Honya, A., Abe, H., Tsuge, T.
Real-time observation of enzymatic
polyhydroxyalkanoate polymerization using
high-speed scanning atomic force microscopy.

ACS Omega 2, 181-185 (2017)
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Improvement of tear strength and ductility of biopolyesters by addition
polymeric additive
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Postdoctoral Researcher
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Boyang GUO

Senior Visiting Scientist
Tadahisa IWATA

Seiichi TAGUCHI
Ken-ichi KASUYA
Takeharu TSUGE

Manami HYAKUTAKE

Technical Staff
Reiko KIUCHI
Mizue YUKI

Masayo SEKIMOTO

Student Trainee
Tatsuya GOTO
Yuusuke ENOKIDA
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Biomass Engineering Research Division

Cell Factory Research Team
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Developing optimal cell
design for bioproduction
and evaluating plant
biomass systems

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.

F—L1)—4— Team Leader
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Artificial metabolic pathway design and construction for bio-isoprene
production

Research Subjects

* Developing methods for designing a microbial cell factory

© Building cell factories for production of valuable chemicals

® Evaluation of grass biomass by using NMR

Research Results

* Development of a computer simulation tool of searching a novel metabolic

pathway

® Construction of Escherichia coli overproducing maleic acid

© Construction of an artificial metabolic pathway for isoprene synthesis in a cell cyanobacteria.
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FEEX / Publications

Shirai, T., Osanai, T., Kondo, A.

Designing intracellular metabolism for production of
target compounds by introducing a heterologous
metabolic reaction based on a Synechosystis sp.
6803 genome-scale model.

Microb. Cell Fact. 15, 13 (2016)

Sasaki, K. etal.

Toward the complete utilization of rice straw: Methane
fermentation and lignin recovery by a combinational
process involving mechanical milling, supporting
material and nanofiltration.

Bioresour. Technol. 216, 830-837 (2016)

Ueda, S. etal.
Anionic metabolite biosynthesis enhanced by

potassium under dark, anaerobic conditions in

Sci. Rep. 6, 32354 (2016)
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Construction of the platform of Escherichia coli for various aromatic-based

compounds
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Biomass Engineering Research Division

Biomass Research Platform Team
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Developing research
platforms for plant biomass to

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

EREHEHELET establish a sustainable society

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.
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Synteny analysis of two genomovars of an
endosymbiont species of termite-gut cellulolytic protists

reveals decay of a defense system against foreign DNA

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 stress
tolerance using a reverse genetic approach

® Construction of integrated-meta databases to deploy biomass production and
increase yield

 |dentification of important and useful genes to contribute to efficient
woody-biomass degradation based on meta-genomics and single-cell genomics
analyses of complex bacterial communities especially in the termite intestine

® Consolidation and analysis of metabolic profiling related to biomass and
metabolism

Research Results

* We succeeded the generation of knockout mutants of Brachypodium with
CRISPR/Cas9 genome editing methods.

® We successfully determined and comparatively analyzed genomes of an
endosymbiont species of termite-gut cellulolytic protists for exploring novel
degradation genes.

® We proposed african soil improvement method in terms of microbial metabolism
and physicochemical properties by incorporation of torrefied biomass.

Torrefied biomass was effective as a soil improvement,
increasing water retention and structural stability, enhancing
plant growth, and controlling soil metabolites and microbiota.

FEERX / Publications

Takahagi, K. et al.

Analysis of single nucleotide polymorphisms based
on RNA sequencing data of diverse bio-geographical
accessions in barley.

Sci. Rep. 6, 33199 (2016)

Izawa, K. et al.

Comparison of intracellular “Ca. Endomicrobium
trichonymphae” genomovars illuminates the
requirement and decay of defense systems against
foreign DNA.

Genome Biol. Evol. 8, 3099-3107 (2016)

Ogura, T. etal.

Improvement of physical, chemical, and biological
properties of aridisol from Botswana by incorporation of
torrefied biomass.

Sci. Rep. 6, 28011 (2016)
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Drug Discovery Platforms Cooperation Division

Chemical Bank Unit for Drug Discovery Platform
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Proper management and
provision of chemical
compounds to support
research for drug discovery
and development

This unit takes the role of chemical bank in the RIKEN program for Drug Discovery
and Medical Technology Platforms (DMP); we store compounds synthesized or
purchased in the process of exploration and structure optimization of drugs and
supply them for the purpose of validation of biological activity, toxicity or safety. In
cooperation with the Chemical Resource Development Research Unit, we also
construct and provide a chemical library for drug-discovery screening to the Seed
Compounds Exploratory Unit for Drug Discovery Platform and other researchers. We
have constructed the database for management of chemical library to provide
compounds efficiently.

831 =yMJ)—4—  Unit Leader
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P-DIRECT/
P-CREATE,

61

Achievement of chemical library provision

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

20165EX>/5— / FY2016 Members

Unit Leader
Hiroyuki OSADA

Deputy Unit Leader
Yasumitsu KONDOH

Senior Research Scientist
Takeshi SHIMIZU

Technical Staff
Hiroyuki HIRANO
Yuta IWAI

® 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 completed preparation of chemical library of 9,280 DMP compounds for HTS.

Chemical storages under a condition of low humidity
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Drug Discovery Platforms Cooperation Division

Seed Compounds Exploratory Unit for Drug Discovery Platform
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DlSCOVCl‘ lng seed and lead The seed compounds exploratory unit for drug discovery aims to identify seed
Compounds by HTS to compounds for drug development, which are active on drug target molecules,

develop new drugs through HTS of large compound libraries.
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HTS themes carried out in FY 2016, categorized by assay methods

Research Subjects 2016%EEX*>/5— / FY2016 Members
. B L Unit Leader
® High throughput screening (HTS) using in vitro and cell-based Minoru YOSHIDA
assay systems
Deputy Unit Leader
® High content screening based on cell imaging Tetsuo ONUKI
Senior Research Scientist
® HTS for compounds that recover yeast phenotypes induced by Ken MATSUMOTO
expression of human genes Kenji OGAWA
Ryogo HIRATA
Research Scientist
Koushiki MINO
Research Results Norio KUDO
* We developed assay methods for HTS of compounds active on a total of 4 target Technical Staff
molecules in the RIKEN program for Drug Discovery and Medical Technology Iku KUWAHARA
Platforms (DMP), the Japan Agency for Medical Research and Development Mari AGAWA
(AMED) Project for Cancer Research and Therapeutic Evolution (P-CREATE), Seiji MATSUOKA
and collaborative studies. Yui KASHIMA
Michiru IWASHITA
® We conducted HTS campaigns for the compounds active on a total of 8 target Mayumi ARATA
molecules in the RIKEN DMP, the AMED P-CREATE, and collaborative studies. Haruna NISHIMURA
Among them, we completed HTS of 4 targets, and identified hit compounds that Takeshi SONODA
might have direct activities on each of the targets. Yui MAZAKI
Akiko NAKATA
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Technology Platform Division

Molecular Structure Characterization Unit
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Developing technologies
and platforms for structure
characterization by NMR
and MS analyses

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

2=y M)—4— Unit Leader
B LhE mewt
Hiroyuki KOSHINO D.Agr.

proposed structure for aromin
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Structural revision of aromin to montanacin D by total synthesis

revised structure = montanacin D

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

» The structure of an antitumor acetogenin with a bis-THF ring system, aromin, was
revised to be a THP acetogenin, montanacin D by total synthesis of the proposed

structure for aromin.

« We've shown utility of filed-ionization GC/MS for analysis of poly-unsaturated fatty

acid.

» We determined the structures of several biologically active new natural products

including coralmycins.

| @1 Iy

F RN / Publications

Takahashi, S. et al.

Total synthesis of the proposed structure for aromin
and its structural revision.

J. Org. Chem. 81, 11222-11234 (2016)

Furuhashi, T. et al.

Biodisel and poly-unsaturated fatty acids production
from algae and crop plants — a rapid and
comprehensive workflow for lipid analysis.
Biotechnol. J. 11, 1262-1267 (2016)

Kim, Y. J. etal.

Isolation of coralmycins A and B, potent anti-Gram
negative compounds from the myxobacteria
Corallococcus coralloides M23.

J. Nat. Prod. 79, 2223-2228 (2016)
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Takashi NAKAMURA

Molecular mass measurement facilitated by field ionization (FI) GC/MS
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Technology Platform Division

Biomolecular Characterization Unit
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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.
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Structural analysis based on crystal structure and amino acid composition
analysis revealed the mechanism of amino acid transport by YddG.
(Tsuchiya, H. et al. 2016 Nature)

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 determined the crystal structure of amino acid transport protein YddG, and
revealed from the results of amino acid composition analysis that its dynamic
structural changes cause amino acid transport.

* We identified the O-GIcNAcylation at the Serine 40 of histone H2A as a novel
epigenetic modification correlated with the emergence of embryonic animals in
the evolution process.

* We developed the rapid, simple and comprehensive analytical method for
N-termini of histone including lysine 9 of histone H3 (H3K9) modifications which is
important for gene transcription, revealed that the trimethylation of H3K9 is
specifically increased in mouse testis.

FEERY / Publications

Tsuchiya, H. et al.

Structural basis for amino acid export by DMT
superfamily transporter YddG.

Nature 534, 417-20 (2016)

Hirosawa, M. et al.

Novel O-GlcNAcylation on Ser(40) of canonical H2A
isoforms specific to viviparity.

Sci. Rep. 6, 31785 (2016)

Kwak, HG., Dohmae, N.

Characterization of post-translational modifications on
lysine 9 of histone H3 variants in mouse testis using
matrix-assisted laser desorption/ionization-in source
decay.

Rapid Commun. Mass Spectrom. 30, 2529-2536
(2016)
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Senior Technical Scientist
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Kowashi WATANABE

Postdoctoral Researcher
Ho-Geun KWAK

Technical Staff
Masami KOIKE

Our analytical method based on matrix-assisted laser desorption/ionization in
source decay enabled us to sequence histone H3 N-termini including H3K9
modifications. (Kwak, HG., Dohmae, N. 2016 Rapid Commun. Mass Spectrom.)
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Technology Platform Division

Mass Spectrometry and Microscopy Unit

MR ZMADIZHD
BENTE SO BEMBEEERTO
M ERERELET

2N EBEHBEATSREERRZIROIT THIEYR Z OEBRERT
B TH Do L1y FTEABEYIAYRO—LELVORILE S —LADBEIFTDIHD
B B35 ONTHEY AR D BIAEHE E BRAT O < 5d D BEMIER FRAT D IR AT ELAR R 5
EERBATEBLELTNS,

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.

2=y M)—45— Unit Leader
i NF mpwt
Kazuki SAITO Ph.D.

MAT—7
o EENMEHCLBEYIASRO— LI

o BEDWETICIDEYINILE BT

o TEYIHBRE KOOSR RT

MAEBER

o BEDREELC-FTICR-MSIC &> TV =V DEMBERBEY OMBN 7O 77
AUV IERIN UTco

o R7SDEYRILVEY DT OBBEERITICELDEREMIEOSRGEICRITZ
ANV EA—F I VOB EIZBSMNC Uz,

o GFPEEEH Ui/ \ R EZ BN REEEBE FEMR CIRZ2X-BF1HE
BEMEEZRFE L A =D — LB R MirrorCLEM Z EfiUTeo

Ryo Hakabayashi et al, J, Nutr, 2098, 148:3373 4028
D016 by Armmrics . o

Sulfur omics on the Allium plants

Research Subjects

® Plant metabolomic analyses by mass spectrometry
® Plant hormone analyses by mass spectrometry

* Microscopic analyses of plant tissues and cells

Research Results

* Comprehensive profiling of sulfur-containing metabolites in garlic by ultra-high

resolution LC-FTICR-MS

 |dentification of cytokinin-auxin interaction in regulation of cambial cell division in

popular

* Development and launched a product “MirrorCLEM” of correlative light and
electron microscopy for GFP-labeled organelles using FE-SEM

Algnm e ef thve light mizrascope
Insage with the SEM stage
1 5EM stage coniral

ImponiExpert and cvariay Mayuko SATO
.

EZEHX / Publications

Nakabayashi, R. et al.

Chemical assignment of structural isomers of
sulfur-containing metabolites in garlic by liquid
chromatography-Fourier transform ion cyclotron
resonance-mass spectrometry.

J. Nutr. 146, 397S-402S (2016)

Immanen, J. et al.

Cytokinin and auxin display distinct but
interconnected distribution and signaling profiles to
stimulate cambial activity.

Curr. Biol. 26, 1990-1997 (2016)

Takahashi, T. et al.

Delineation of six species of the primitive algal genus
Glaucocystis based on in situ ultrastructural
characteristics.

Sci. Rep. 6, 29209 (2016)

20165 EA>/\— / FY2016 Members

Unit Leader
Kazuki SAITO

Deputy Unit Leader
Hitoshi SAKAKIBARA
Masami HIRAI

Senior Research Scientist
Kiminori TOYOOKA

Special Postdoctoral Researcher
Yuki HAMAMURA

Technical Scientist
Mikiko KOJIMA

impert afiight __ L X

microscope image

Capturs of Hght

e —_— ———p

i ) Transfer of

SPHECEm N On
Light Microsoope, @ dedioated jig

Fluonesoerine Miorosoope.

Carifocal laser microssope sto,

Overview of the MirrorCLEM System

i Technical Staff

Makoto KOBAYASHI
Tetsuya MORI

Muneo SATO

Ryosuke SASAKI
Mayumi WAKAZAKI
Yumiko TAKEBAYASHI
Kei HASHIMOTO




[ P& 5

International Collaborations

EAEE

Domestic Collaborations

MEHIME | Research Collaboration Agreements

SHENONONONONCNONONONC

Max Planck Institute of Molecular Plant Physiology, Germany
Leibniz Institute of Plant Biochemistry, Germany
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

Universiti Sains Malaysia, Malaysia

E4HFAAZ / Principal Joint Research Agreements

(A]
(6]
®
®
e
(-]
(C]
(H]
(]
(U]

lowa State University, USA

International Rice Research Institute, Philippines
Mahidol University, Thailand

Chinese Academy of Sciences, China

University of California, Davis, USA

Nanjing Forestry University, China
CNRS-Université de Rennes 1, France

Emory University, USA

University of Cambridge, UK

Amazonas State University, Brazil

MERHIHE / Research Collaboration Agreements

=

BREZEBAF
Keio University

MEREXERT MR

]

Graduate School of Engineering, Kobe University

RIRKE
University of Tsukuba

@ B [

BERMMI A AREMLAWEHR

Kihara Institute for Biological Research, Yokohama City University

[

EAERRIEN HRMIEE I

Forestry and Forest Products Research Institute

=

ALK

Okayama University

RRKZE

The University of Tokyo
BEBRFREREDRAMITR .
Graduate School of Bioagricultural Sciences;'N
LmEXRS

Hokkaido University

HRIEAZ

Tokyo Institute of Technology

RERZE

Kyoto University

FUMAKEE
Kyushu University

B 0D E @ 2

EHERF

BEEBAFE NIV ARTA—TATEGHFHERR
Institute of Transformative Bio-Molecules, Nagoya University

LS
agoya University

ot
ef” RRRRARMA RS

Nara Institute of Science and Technology

EXAREREN BEHREEEE
Japan Agency for Marine-Earth Science and Technology

ENARRREN EREMKEEMEL 42—
Japan International Research Center for Agricultural Sciences

EMERMBIEN ERRMHEEMER

National Institute of Advanced Industrial Science and Technology

ENARRREN RELEWERMAR
National Institute of Agrobiological Sciences

EFRRREAN RE RRERLITHE G MFHEE

National Agriculture and Food Research Organization

ESIMRRFEN KEMRK-HEHIE
Japan Fisheries Research and Education Agency

B B @ B @ B

Cooperative Graduate Schools

1) HERMIAFKZREDENAMAR,
TSI AT LEMAR (RREY AT

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

2) REBRFEAXFREGRIMAR Graduate School of Bioagricultural Sciences, Nagoya University
3) WRARZEKFB Graduate School of Agricultural and Life Sciences / Graduate School of Science,

RPEDRAMARIRERMAR

The University of Tokyo

4) BERFAFRETZMATR

Graduate School of Science and Engineering, Saitama University

5) REREXFREBZMFAE Graduate School of Science, Kyoto University
6) RRIFAFMHEBIFR School of Materials and Chemical Technology, Tokyo Institute of Technology
7) MBRFRFREBZMRAE Graduate School of Science, Rikkyo University

8) RRBHAZAZRTHMER

Graduate School of Engineering, Tokyo Denki University

9

RARERER KA AR ESE AR MR

Medical Research Institute, Tokyo Medical and Dental University

10

BMAPRRALRETLMAFR

Graduate School of Science and Engineering, Tokyo Metropolitan University
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Industrial Collaborations

FERER

TEYRZRTIRMFERRLYNT =7 Japan Advanced Plant Science Research Network

Yy —TRITEEZIFIUD. INETICE IR CRITORMI 2B U 461 DR HRAMRZRELTVET,

CSRS conducts collaborative research with 46 companies with the aim of practical application of our knowledge and technologies.

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

BRI ZESE (F)
PR RICR TR F IR e BRI RSO ER

© Japan Tobacco Inc.
The Yokohama Rubber Co., Ltd.

Zeon Corporation Japan Tobacco Inc.

Efficient production of isoprene, a synthetic rubber material, Utilization of genetic research related to crop improvement
by organism towards grain production

IRRRFT N ETE RIKEN Internal collaborations

Lty —TRAREDBAN ZEBOBENTHAEL LM ICORITIMOEAL LT EROE LYY —LOF FEMAHRE
T TWE T F e BIFAMRE § DRI R E L ZEA U BRI R RDAIHICED A TNE 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.

— RERMAEROERN —
o Leading-edge research facilities
AFEMERFMR L 2—
= Center for Emergent Matter Science
CEMS
Y
ZRINESRMAR > S— 4 HEBFTEMERE
Nishina Center for Accelerator-Based Science % &, Center for Advanced Photonics
NiSHINA
CENTER
AR H A & — SPring. 8 RS AT LR 2~
SPring-8 Center @ Quantitative Biology Center
QBiC
SATIA L ABBEIT L 5~ . o0, @ ) BRI AT~
Center for Life Science Technologies LT ‘0 & @E Brain Science Institute
ST
NAFYY =L R~ P ++4 HAERENFRR L 2—
BioResource Center [ ] 0 Center for Integrative Medical Sciences
RIKEZH
BRC
K computer
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TR RHAITIER R Y NT— D IREICRITER RO/ DN\ EBREUTHRN T LRIV OB REER U TE9 DOM ISR
BY2REHm-REFE T Y N4 — Lz &l EPEFIT D ELID AREN TV ERALPT WIRREZABNICIRET 28N T
RIuSNE U ERANDEYRAAERE G RIERDOHAMER NEY BRI ATLRVOZD/ DI\ ZFBT 5 ENTE Do, BT R
EDHEFARBEICLDBERAREITSENAREERDE Uce  Flo ARY NI =V IFEERNT DBV RWENFOMFTEE.
REBICEADZSS U QOWRZHE UTEMIARII 2 =T 2FIER SN B IENBHINE T BB AR Y b7 — T IR
BIRERAREREE OFETEHEIN/BEZAAUTCEEETEEINTOE T AR Y NT—I DRI PER S LRREIE. FFHH
BAREE. BENLGZBCRROBEEL - BRI P/N\A AT IBERE BREERICEMRL. 7Y -1 /R—2 3V ([CET DEYRFEMRE
EHELUTVWEE T, (RBEF2016FEEZEH > TR TUE U SERIERICHARXEBZToCWEEYT, S% post-psr-netrikenjp)
The project started in FY2010, supported by the Ministry of Education, Culture, Sports, Science and Technology (MEXT). It is intended
to enable plant science researchers to access leading-edge experimental instruments, facilities and technical supports. This network
consists of 9 top-level research institutes in Japan and is aiming to contribute to sustainable and low carbon society.

(This project has been closed in FY2016. From FY2017 each organization provides their technical supports individually.)

Ritxz

Tohoku University

LEHEXF

Nagoya University

REPKF

Kyoto University

FRERBFHEN
KERAZ
Nara Institute of
Science and Technology

REKZ
I University of Tsukuba

REAHE
The University of Tokyo

P—

¥ B )
-~ . BT
o - REERREHR L 5 —
ayama University . y RIKEN CSRS
ot EREVETHER
National Institute for
Basic Biology

BREVWEDE:

EPRFRERFRILRRY NT—IBBF
(BRILPFARAT BB EREIEMR Y5 —)
T230-0045 ##/ || REETHEERKARLET1-7-22
E-mail: psr-net.psc@riken.jp

Contact:

Secretariat of Japan Advanced Plant Science Research Network

(RIKEN Center for Sustainable Resource Science)

1-7-22 Suehiro-cho, Tsurumi-ku, Yokohama, Kanagawa, 230-0045, Japan
E-mail: psr-net.psc@riken.jp

www.psr-net.riken.jp
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News & Events

2016.04.07-08
20154 ECSRSHME 7O I M RBESR

IRRE AN RERFBHEET

FY2015 CSRS Annual Research Project Progress Report
RIKEN Wako/Yokohama Campus

2016.04.23
IEHE AT RFT —RAR
IERT ISR
RIKEN Wako Campus Open Day
RIKEN Wako Campus
np

2016.06.17

S FHERIT2016: MSENMRDEREE XL
IEHT RSB

Molecular Structure Characterization 2016 : Basics and
Practical Application of MS and NMR
RIKEN Wako Campus

2016.06.29-07.03
F27TEERS O XFATHRESHE
#[E Gyeongiu Hwabaek International Convention Center

The 27th International Conference on Arabidopsis Research
Gyeongiu Hwabaek International Convention Center, Korea

2016.07.20
ERXBHFBAESN N FLREEEFHAERN
(EWMFEOERARMEIR) Z7HH

Japanese State Minister of the MEXT visited AGI where
RIKEN is part of an International Joint Research Laboratory
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2016.08.08-10
B2ECSRS7 KINAH ) — - ho
HH BIRE KRR

The 2nd CSRS Advisory Council
RIKEN Yokohama Campus

2016.08.22

BAEENEEY v—t3IF—

PERPOYAIAIN=Y

The 4th Plant Electron Microscopy Summer Seminar
Kanagawa Science Park

2016.09.10
2R BERME —RRAR
B HURBER

RIKEN Yokohama Campus Open Day
RIKEN Yokohama Campus

2016.10.28
BF—iEt 2 —RHPLTHHEICRE

Dr. Kazuo Shinozaki, CSRS Director, designated Person of
Cultural Merit

2016.11.02

2016FECSRSMAE 7O 1/ bHRMMRESR
b0 o S

FY2016 CSRS Interim Progress Report
RIKEN Wako Campus

2016.11.02
BER—Et 4 —RPEBRREELRE

Dr. Kazuo Shinozaki, CSRS Director, awarded "Medal with

Purple Ribbon"

2016.11.29-12.02

Cold Spring Harbor Asia Conference
RERIMABRERECERRHS

Cold Spring Harbor Asia Conference

Awaiji Yumebutai International Conference Center

2016.12.07
IR R 2016
RRAFIREHRE —FA—I

Plant Science Symposium 2016
The University of Tokyo, Yayoi Auditorium, Ichijo Hall

2016.12.14-16
FIVESRARIHKT 172016
RREVIYA b

Agribusiness Creation Fair 2016
Tokyo Big Sight

2016.12.16
SB1TE R - BRI LR ORT R
bl S

Frontiers on Chemistry and Analytical Technology (XVII)
RIKEN Wako Campus

2017.01.12
#3ECSRS-ITbM&ERT—av7
LEHEAY

The 3rd CSRS-ITbM Joint Workshop
Nagoya University

2017116

CSRSO##EE94D [Highly Cited Researchers
2016/ ICEEH

CSRS researchers have been selected for Highly Cited
Researchers 2016

2017.02.27-28
IBRRERRS RO I L
[Environmental Stress Adaptation and Memory in
Plants]
ERR HRBEA
RIKEN Symposium "Environmental Stress Adaptation and

Memory in Plants"
RIKEN Yokohama Campus

ERECRBEFIIAH T

BORF v NAOMAED REEPTIFEE
ICHEE, B OMERREBNALEDD. 2
MBEBERBICRIAICDOVTELEDIRUM
T9.

The RIKEN Yokohama Science Café
Science Café sends researchers out to
libraries, science museums and other public
locations to talk about cutting-edge science
topics. Participants can discuss about science
with researchers in a friendly atmosphere.

el

A BT ERREAEHIMRR

2017.01.12
ERASEFHELR
Hosei Univ. Girls’ High School

Momoko IKEUCHI

Special Postdoctoral Researcher

2017.01.26
BLEAR &L

Hibiya Library&Museum Hibiya Library&Museum

R E 1Zvh)—4—
Mitsunori SEO
Unit Leader

PIE B3L BARR
Yasuhiro KADOTA
Research Scientist
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Press Release Highlights

| 2016.05.20

SEEMRERIERMZG / Advanced Catalysis RG

HREME R T —DHUWEBIEZRRE

A new method for synthesis of functional polymers

V. T
5 E—N(ePolePl]
(o] o n

H@\N C-H Polyaddition Pa -
\‘_Q_\ s
A g
Divinylbenzene: O Q
Yitrium Catalyst M

o
4

+ Polymer composed of polar and nonpolar units.

+ Porioct alternating copolymar

JD
Dimethoxybenzene

«100% atom amiciency.
~High regiosalectivity

BEEMRICEDIANF NV ESTAENOREREERIE
of and diene

using rare earth
metal catalysts

Original article
C—HP ition of Dil to Ur Dienes by Rare Earth Catalysts.
Journal of the American Chemicaf Society. 138, 6147 (2016)

I 2016.06.24 / 2016.10.24

CSRS(& A LIEMELZANTIZILAFINVEYD 1 BTHD IARF
INVEYEITACEMD S BIERYME —IHE T lc, IXRF IR E
VESESFERRIARBRORAICER UIHUWREHEAE S
MIBFEERRLE U COFEEAVSIET UF UL AV BIBD
BB LR ZRET DS EIERRIV— DAL BT TCEET,

CSRS and the Organometallic Chemistry Laboratory researchers have
developed an efficient route for the synthesis of alternating copolymers
containing dialkoxybenzene and various hydrocarbon backbone units
through C-H bond addition to C=C double bonds by using rare earth metal
catalysts. This method does not generate any byproduct and will be useful for
synthesis of various polymer materials that would be capable of providing
overcharge protection for rechargeable lithium-ion batteries.

RZ 705 ) Lige
Decoding draft genome

BT /XY AFMEG
Synthetic Genomics RG

RKADL(NZAL/F)
Hevea brasiliensis, natural rubber tree

CSRSENL—YPRIZRZE AT
TP TEKAVSNTBRRIME00E L
SREORARILUGIL/ F) DT/ s
RHEITVN 93. 7% L DEEFIEHRE
BETIEDBNRSTN/LEBBT
I LR LT RSNy LWEH
(S RATLDEEEPRHIEOWRICIE
BICEETHBEEBIC RRILEED
B GERICEDET,

NFALIXDT ) LER
Circos of Hevea brasiliensis genome

CSRS and Universiti Sains Malaysia
have succeeded in decoding the
genome sequence for Hevea brasilien-
sis, the natural rubber tree native to Brazil. The study reports a draft genome
sequence that covers more than 93% of expressed genes, and pinpoints
regions specific to the biosynthesis of rubber. These findings are expected to
improve latex production, a vital industrial crop and also improve its quality.

HAXAFROIVAMEG / ENO—REEMAT / S84/ LiEHRMAEY
Metabolomics RG / Cellulose Production RT /
Integrated Genome Informatics RU

EE[ISNVHE]
Glycyrrhiza uralensis, Chinese licorice

CSRS, FEKRH . @AAREKRKE
FEARBEEPNZERLEETHD
HEGvYY)ohTRbEBEEENS
TOZIHE D27/ LEGETVHEE
SNTNBY /LA XDI45% AL
27/ LEEERBTEICHILE L,
TR HEODFEEICLZ2ENR
L BB L A LTOREESR
EDENEWRADEECLELHRA
BEFORRICET DEHHTEXT,

IINHEDTE
The flowers of Glycyrrhiza uralensis

CSRS researchers have decoded the genome of Glycyrrhiza uralensis, or
Chinese licorice, a plant that is important for its use in Chinese medicine and
as a natural sweetener. By comparing the genome to published sequences of
other legume species, they predicted that the plant's genome coded just over
34,000 proteins. This research contributes that the draft genome sequence
will facilitated the identification, isolation, and editing of useful genes to
improve the agronomic and medicinal traits of licorice through molecular
breeding.

Original article
The rubber tree genome shows expansion of gene family associated with rubber biosynthesis.
Scientific Reports. 6, 28594 (2016)

Original article
Draft genome assembly and annotation of Glycyrrhiza uralensis, a medicinal legume.
The Plant Journal. 89,181 (2016)
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I 2016.11.02

EGHI{EFAZEU / Dormancy and Adaptation RU

SWEET& NI EBEMFRIVED [ONLY | EdnE

SWEET proteins transport the plant hormone gibberellin

SWEETY /W BISEDOEXGE L TN TUTHSBmEEYE TLEFELTVWERIDA INETHED
XA EUTERASNTER U CSRS.RILARFEBEMARERRIE, YO XFXFDSWEET13,
SWEET14EWS VBN EFREF MRAR TEFM - REREERET ZEHRILES IR
LU ZEBERNBD ACEEAE THBIEERB UK Ulc. S BMHRICB T2 I YUY OFMR
WA HERLSEBIET EYORRPEFHESF RIERLEREICIV I A—ILIBILIcLD 18
MORBERIC DD SRR B OFIRA IREIC 22 LB TER T,

RIKEN CSRS, Tohoku University and Tokyo Metropolitan University has discovered SWEET proteins that
transport the plant hormone gibberellin. SWEET proteins have been characterized as sugar transporters
from bacteria to higher organisms, but the team’s findings reveal the first time that SWEET proteins
transport compounds other than sugars. This discovery has future promise for developing new growth
regulation technologies for increased plant yields by controlling local distribution of gibberellin in plants to
allow precise control of plant growth, seed germination and flowering.

Original article
AtSWEET13 and AtSWEET14 regulate gil i diated phvsiological
Nature Communications. 7, 13245 (2016)

LAY =R

i Pl
- i —

il i

] B i o

SO/ XFXFOFERBLVUSWEET 13, SWEET 14
ERBICRBLEZEERGDET

Phenotypes of wild type (WT) and a double mutant defective
in GA transport (sweet13 sweet14; Double mutant)

Press Releases

G:J)V—7 T:F—I U:1=v/RG: Research Group RT: Research Team RU: Research Unit U: Unit

Date KA / Title
2016.04.12 DS LGBEL CEMERERAWEEERIT

Structural analysis of metabolites in complex mixtures without column purification

2016.04.13  UFULRIRIEEMDH LV ERIEERFE

A new synthesis method for lithium borate compounds

2016.04.26 "BELNYNICEFNZEMRRSZIMO—IL T PBEFEHRR
Discovery of the gene controlling toxic constituents in 'green tomatoes'

2016.05.18 EIAERMLEBHIFRELR T AT IULRIEOMIEZRF

Esterification catalyst with no need for byproduct processing

2016.0520 HHEEMARUT—DHLWERIEER
A new method for synthesis of functional polymers

2016.0527 {EMIORBICEZER LS E2S/ LREBIRTORHL

Genome editing technology to improve plant environmental response

2016.06.02 NI ZINAOTILFIACEMORBIBGERE
A Practical Method for Perfluoroalkyl Compound Synthesis

2016.06.09 LI OMEFIECT S/ BREFIDIARIZ M
Amino acid sequences are key to the properties of silks

2016.06.17  HFAL/NAF T A% Ve HERR O DHELFFEE
Torrefied biomass improves poor soil

2016.06.24 KAILDNI TN/ LEREG:
Where do rubber trees get their rubber?

2016.06.24 1EHTIVAOAROEERST I/ BRAHBROIRMA FEUICER T 5 CERSMIC
Plant alkaloid productivity from convergent evolution of metabolizing enzymes

2016.07.07 FAMENORASZEREXD =X LD HEH
Elucidation of a part of the intrusion organ generation mechanism of parasitic plant

2016.07.20 KFEBMT BMRT DRET/\AFTSAF VI RBDIEFEIRTH
Success increasing production of bioplastic raw materials by hydrogen synthesis gene modification

2016.07.21 Jt-EFAARISAMERE (CLEM) A2 27 A [MirrorCLEM ] %7
Launch of the MirrorCLEM System for Correlative Light and Electron Microscopy

HAFE / Lab

BURERBAFET

Environmental Metabolic Analysis RT
SRR G

Advanced Catalysis RG

R 27 LHRT

Metabolic Systems RT

JU—>F BERRRT

Green Nanocatalysis RT
SEHEMBERMRAIRG
Advanced Catalysis RG
HEERRIMRG

Gene Discovery RG

AR BERRG

Catalysis and Integrated RG
BESRRAART

Enzyme RT

BURRBSET

Environmental Metabolic Analysis RT

BT/ IV ARG
Synthetic Genomics RG

HEXROIVAARG
Metabolomics RG
TSI G

Plant Immunity RG
R#S AT LBRT
Metabolic Systems RT
BTSSR

Mass Spectrometry and Microscopy U
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Press Releases

CSRS Seminars

Date
2016.07.26

2016.08.18

2016.08.23

2016.09.01

2016.09.12

2016.09.13

2016.09.26

2016.09.26

2016.10.01

2016.10.03

2016.10.11

2016.10.21

2016.10.24

2016.11.02

2016.11.17

2016.11.25

2016.12.14

2016.12.21

2016.12.26

2017.01.11

2017.01.17

2017.01.17

2017.01.19

2017.01.19

2017.02.02

2017.02.23

2017.02.24

2017.03.06

2017.03.27
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AN / Title
BORVIYHTE
Non-poisonous potatoes
BATFR/ AT TSAFVIEEES MmO AR
Marine photosynthetic purple bacteria produce high molecular weight bioplastics
KIMEDONENETFD
New flavonoids protect plants from damaging UV rays
EFRNEOBVNAFTZAFVY
Bioplastics with high biocompatibility
BRAEEMMIHIRODR | FEICIAH/LIED IR TV IIEMESRR
Discovery of new epigenetic modification by sugar linked to evolution of placental animals
BRAFHOEE NI EER
Direct conversion of dinitrogen to nitriles

BRRAICBI BT I/ BF YT I NGEEN U TR RMHERORER

Newly discovered Streptomyces secondary metabolite pathway mediates amino-group carrier proteins

HREAFTIAVEERBETFORR

A new sesquiterpene biosynthesis gene

C-NfE&YIMEStilehy 7> S
Stille coupling with C-N bond cleavage

AV AV ERELTVBAY NI ADHEEERR
Opposing roles for SNAP23 in secretion in exocrine and endocrine pancreatic cells

M OHREE N Z

Modifying the cellular wall of plants

DB EXIEEDYHHBIZE R

Scientists show how plants turn a “light switch” on and off

ARHE DY/ LRFICAT)

Scientists decode the genome of Chinese licorice

BRI EY [INLVY | OFRFEFKT

SWEET proteins transport the plant hormone gibberellin
R CHEYMOBETF AV FHT YA RIEEIC

An optimal promoter is activated at high temperatures

EMSRAL TEIRRBESATBDICL TER TS

Repelling plant pathogens through starvation

ENOFEAFRIBRAEWERE

Blue light-specific elongation compound in plants identified

BRI L — I LS &7 [N A NTBE DEFEICHRT
Bioproduction of succinate using Euglena gracilis from carbon dioxide
Rl —> a2V EMEIATSY -V ERR

Easy Metabolic Simulations with PASMet

DK FRZFORRIBERIBORR

A new growth promotion mechanism in times of water deficit

HLOAIRFZIABERDFER

Discovery of a new carboxylase

EMPBO TEREBESESHES

Discovery of wound-induced shoot regeneration pathway

AT MR DK FRERRE RIS

Manganese oxide nanoparticles exhibit new catalytic pathway

LHEHFETIEDRERD

A chemical method for synthesizing spider-silk-like material

KA LBEER-REETIROBET R

A gene expression analysis of high latex-yielding and disease-resistant natural rubber cultivars
T3/ ESEEHNEN D) LRI E R

Amino acid derivative helps promote phytoaccumulation of cesium

R (BEEE) ZMSUDRTHERETRUEL?

Loss of shoots, then roots start photosynthesis?

ZREETREYOARO— LRI FHERS

A new metabolome analysis approach for nitrogen (N)-containing metabolites

HEMIF2ODRLZISEEWIBIC IS TERAN RIS T B EEL TS

Two distinct response mechanisms for low-temperature stress in plant

HRE / Lab
HEALAROIY ARG
Metabolomics RG

BERMIZET
Enzyme RT

HEALAROIVZAEG
Metabolomics RG

BESRRRT
Enzyme RT

LD FRITU

Biomolecular Characterization U

SEHEMBERIRARZRG
Advanced Catalysis RG

TINNIAAOT—FRRG / HEERFRRG
Chemical Biology RG / Gene Discovery RG

TINNIAFOT—FRG / RARWEEHARU
Chemical Biology RG / Natural Product Biosynthesis RU
SEAERAETTRILARZT

Advanced Elements Chemistry RT
TIANINAAOI—HARG

Chemical Biology RG

BT /XU ZRRG / INA AT ARREBET
BUBGHAMMTRRRT

Synthetic Genomics RG / Biomass Research Platform T
Environmental Metabolic Analysis RT

BRIV ARG

Synthetic Genomics RG

FEXROITAMAG / LIVO—REEMET

ey / LiERmzEU
Metabolomics RG / Cellulose Production RT

Integrated Genome Informatics RU

ST
Dormancy and Adaptation RU

AERAFRZEG

Gene Discovery RG
BT O7AIVAMEU
Plant Proteomics RU

ARG /U AWRG
Synthetic Genomics RG

KRB AT LRRRET / MBREERRET
Metabolic Systems RT/ Cell Factory RT

KRBT LFART / X2RO—LIEHREART
Metabolic Systems RT / Metabolome Informatics RT

HEERIRIRG
Gene Discovery RG

KWEBRIRRU / 5 IHNI M FAOT—HRG
Natural Product Biosynthesis RU / Chemical Biology RG

HREERRERRZT
Cell Function RT

EABEERIRIAZE T
Biofunctional Catalyst RT

BESRRRT
Enzyme RT

BT/ IV ARG

Synthetic Genomics RG

RAERRETRAZEU

Regulatory Network RU

HRERRERRAT

Cell Function RT

HAEXEROITAARG / RS- BHGEERTU
Metabolomics RG / Mass Spectrometry and Microscopy U

HEERIRIRG
Gene Discovery RG

2016.04.25

2016.05.18

2016.05.18

2016.06.03

2016.06.16

2016.06.28

2016.07.05

2016.07.06

2016.07.06

2016.07.07

2016.07.11

2016.07.11

2016.07.22

2016.07.29

2016.08.31

2016.09.14

2016.09.27

2016.09.28

2016.09.29

2016.09.30

2016.10.06

2016.10.06

2016.10.07

2016.10.14

Exceptionally Simple Olefin Ligands for Broad-Scope
Asymmetric Catalysis

Molecular phenology: an in natura study of gene
functions

EWEERADFOTIAIVINAAOT—

Stress-induced plant cell reprogramming: Epigenetic
regulations?

Symbiotic use of pathogenic system: Rhizobia use type
1l secretion system to activate leguminous symbiosis

signaling

Visible Light Photoredox-Catalyzed i it

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

Speaker

Prof. Ming-Hua Xu

Prof. Hiroshi Kudoh

I E— iR

Dr. Akira lwase

Dr. Shin Okazaki

Dr. Geraldine Masson

Reactions

Synthetic metabolism and the impact of biotechnology
on sustainability

Anovel transfactor complex controlling meristem
regeneration following DNA stress

The N-terminus of the bacterial Type Il effector AvrRps4
functions in effector-triggered immunity

Visualization and Quantification of single RNA molecules
in Arabidopsis thaliana

Learning the Language of the Chloroplast: Retrograde
Signals That Regulate Stomatal and ABA responses

Control of entry and progression through meiosis

Structural proteomics, metabonomics and ecomics in
RIKEN

Plant-microbe interactions: hormones and the art of
self-control

Striga/sorghum arms race during domestication as
revealed by Dual RNA-sequencing

The Transcriptional Dynamics of Vascular Regeneration
Manganese-Group Metal Catalysis for Transformations
of Inert C-H Bonds

Rational design of chemical probes for the validation of
new drug targets

Interplays between quantum effects and dynamic
fluctuations in photosynthetic light harvesting

Chemical array as a tool of chemical biology

Ubiquitination and Phosphorylation - Coordinating
Cellular Signalling

Design and Synthesis of Latent Catalysts for Ring
Opening Metathesis Polymerization

Pi - I gene exp ion in plant
immunity

Chemical communication in fission yeast

Dr. Patrik Jones

Dr. Lieven De Veylder

Dr. Morgan K. Halane

Dr. Susan Duncan

Prof. Barry Pogson

Dr. Arp Schnittger
Dr. Shinichiro Komaki

Dr. Jun Kikuchi

Dr. Eloise Foo

Dr. Steven M. Runo

Dr. Charles Melnyk

Prof. Congyang Wang

Prof. Stefan Knapp

Prof. Akihito Ishizaki

Dr. Yasumitsu Kondoh

Dr. Marco Trujillo

Dr. Ezat Khosravi

Dr. Steven H. Spoel

Dr. Yoko Yashiroda

Affiliation

Shanghai Institute of Materia Medica,
Chinese Academy of Sciences, China

Center for Ecological Research, Kyoto

University
IEERFRF AR

Cell Function RT, RIKEN CSRS

Graduate School of Agriculture, Tokyo
University of Agriculture and Technology

Institute de Chimie des Substances
Naturelles, CNRS, France

Department of Life Sciences, Imperial

College London, UK

VIB Department of Plant Systems Biology,

Ghent University, Belgium

Plant, Insect and Microbial Sciences,

University of Missouri, USA

Computational and Systems Biology, John

Innes Centre, UK

College of Medicine, Biology and
Environment, Australian National
University, Australia

Department of Developmental Biology,
Biocenter Klein Flottbek, University of

Hamburg, Germany

Environmental Metabolic Aanalysis RT,

RIKEN CSRS

School of Biological Sciences, University

of Tasmania, Australia

Biochemistry and Biotechnology

Department Kenyatta University, KENYA

The Sainsbury Laboratory, University of

Cambridge, UK

Institute of Chemistry, Chinese Academy

of Sciences, China

Nuffield Department of Clinical Medicine,

University of Oxford, UK

Theoretical and Computational Molecular
Science, Institute for Molecular Science

Chemical Biology RG / Chemical Bank
Unit for Drug Discovery Platform, RIKEN

CSRS

Leibniz Institute of Plant Biochemistry,

Germany

Chemistry Department, Durham
University, UK

University of Edinburgh, UK

Chemical Genomics Laboratory, RIKEN

CSRS

Advanced Catalysis RG
CSRS Yokohama Seminar
Series (Cell Function RT)
g - BEPIR G

CSRS Wako Seminar Series
(Enzyme RT)

CSRS Yokohama Seminar
Series (Plant Symbiosis RT)
Catalysis and Integrated RG
CSRS Yokohama Seminar
Series (Metabolomics RG)

CSRS Yokohama Seminar
Series (Cell Function RT)

Plant Immunity RG
CSRS Yokohama Seminar
Series (Plant Symbiosis RT)

Gene Discovery RG

CSRS Yokohama Seminar
Series (Cell Function RT)

CSRS Wako Seminar Series
(Biofunctional Catalyst RT)

CSRS Yokohama Seminar
Series (Plant Symbiosis RT)

Plant Immunity RG

CSRS Yokohama Seminar
Series (Cell Function RT)
Advanced Catalysis RG
Seed Compound Exploratory
Unit for Drug Discovery
Platform

Biofunctional Catalyst RT
CSRS Wako Seminar Series
(Natural Product Biosynthesis
RU)

Plant Immunity RG

Green Nanocatalysis RT

Plant Immunity RG

CSRS Wako Seminar Series
(Natural Product Biosynthesis
RU)

m



£3F—

CSRS Seminars

Date

2016.10.17

2016.10.17

2016.10.18

2016.10.28

2016.11.08

2016.11.09

2016.11.10

2016.11.11

2016.11.17

2016.11.21

2016.11.21

2016.11.22

2016.11.24

2016.11.25

2016.11.25

2016.11.28

2016.12.05

2016.12.06

12

Title

Multi-step termination of floral stem cells in Arabidopsis

The genetic architecture and molecular basis of
intermediate nonhost resistance to stripe rust in
Brachypodium

Molecular Design and Synthesis at the Interface of
Chemistry, Biology and Medicine

Nitrogen Nutritional Signals Controlling Plant Root
Growth Behavior

How convection, electrons, protons and photons drive
carbon fixation engines into being

Protein interactions in carrier protein dependent
pathways

Targeted nucleotide editing with a hybrid system of
CRISPR/Cas9 and activation-induced cytidine
deaminase

Manipulation of localized auxin biosynthesis by CRISPR
and its applications in modifying plant developmental
processes

Catalysis with Silicon and Boron

Hamessing Targeted Proteomics to Enhance Yield,
Salinity Tolerance and Thermal Tolerance of Wheat

Discoveries through Total Synthesis of Natural Hybrid
Chlorofusin

How distress signals affect growth in plants: Biotechnol-
ogy for health and fuel production

Reprogrammed modular polyketide synthase as a tool to
produce chemicals through Biology

Publishing at Cell Press and Current Biology

Alkyne-tag Raman Imaging & Screening: Novel
Technologies for Mapping Small Molecules in Cells and
Proteins

Phytochromes Function as Thermosensors in
Arabidopsis

Speaker

Prof. Toshirolto

Mr. Jan Bettgenhaeuser

Prof. Iwao Ojima

Dr. Hideki Takahashi

Dr. Michael Russell

Prof. Micheal Burkart

Dr. Keiji Nishida

Dr. Yunde Zhao

Prof. Martin Oestreich

Dr. Nicolas L. Taylor

Prof. Zhu-Jun Yao

Dr. Alessandra Devoto

Dr. Satoshi Yuzawa

Dr. Anne Knowlton

Dr. Kosuke Dodo

Dr. Philip Wigge

Affiliation Host

Nara Institute of Science and Technology / CSRS Yokohama Seminar
Series (Cell Function RT)

National University of Singapore,
Singapore

Matthew Moscou Group, The Sainsbury
Laboratory, Norwich, UK

Institute of Chemical Biology and Drug
Discovery, Stony Brook University, USA
Michigan State University, USA

Jet Propulsion Laboratory, NASA/
California Institute of Technology, USA

Professor of Chemistry and Biochemistry, ~ Natural Product Biosynthesis

University of California, San Diego, USA|

Kobe University

Section of Cell and Developmental
Systems RG)

Department of Chemistry, Technical
University of Berlin, Germany

ARC Centre of Excellence in Plant Energy  Plant Genomic Network RT

Biology & School of Chemistry and
Biochemistry, The University of Western
Australia, Australia

School of Chemistry and Chemical
Engineering, Nanjing University, China

Royal Holloway University of London, UK CSRS Yokohama Seminar
Series (Cell Function RT)

Biological Systems and Engineering,
Lawrence Berkeley National Laboratory,
USA

Scientific editor at Current Biology in
London, UK

Catalysis and Integrated RG, RIKEN
CSRS/ Synthetic Organic Chemistry
Laboratory, RIKEN

Sainsbury Laboratory, University of
Cambridge, UK

Impact of DNA methylation dynamics on reproductive
success

Dr. Daniel Bouyer

Institut de Biologie de 'ENS, CNRS,
France

Chromatin-based regulation of plant cell differentiation:
the underground side of Polycomb complexes

Dynamics of self-organization: a kick-start followed by
co- ordinated assembly of regulatory interactions

Dr. Frangois Roudier

Dr. Kalika Prasad

Ecole Normale Supérieure de Lyon /
Institut de Biologie de 'ENS, CNRS,
France

School of Biology, Indian Institute of
Science Education and Research, India

De novo root organogenesis in plants: From wounding to
cell fate transitio

Regulation of receptor kinase-mediated immune
signaling

Dr. Lin Xu

Prof. Cyril Zipfel

Institute of Plant Physiology and Ecology,
Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences,
China

The Sainsbury Laboratory, UK

Design Principles and Self-Assembling Properties of a
Plant Extracellular Interactome

Dr. Youssef Belkhadir

Gregor Mendel Institute of Molecular Plant
Biology GmbH, Austria

Deciphering the subversion of plant cellular functions by
Ralstonia solanacearum type-|ll effectors

Dr. Alberto Macho

Shanghai Center for Plant Stress Biology,
CAS, China

Cell-to-cell communication during pathogen attack

Dr. Christine Faulkner

John Innes Centre, UK

Heat stress-induced chromatin dynamics in Arabidopsis
thaliana

Dr. Jasmin Bassler

Gregor Mendel Institute of Molecular Plant
Biology GmbH, Vienna, Austria

Plant Immunity RG

Catalysis & Integrated RG
CSRS Yokohama Seminar
Series (Metabolomics RG)

Biofunctional Catalyst RT

CSRS Yokohama Seminar
Series (Cell Function RT)

CSRS Yokohama Seminar
Biology, University of California San Diego, Series (Plant Productivity
USA

Advanced Catalysis RG

Advanced Catalysis RG

Chemical Biology RG

CSRS Yokohama Seminar
Series (Cell Function RT)

CSRS Wako Seminar Series
(Biofunctional Catalyst RT)

CSRS Yokohama Seminar
Series (Cell Function RT)

CSRS Yokohama Seminar
Series (Cell Function RT)

CSRS Yokohama Seminar
Series (Plant Immunity RG)

Date

2016.12.08

2016.12.08

2016.12.09

2016.12.13

2016.12.19

2016.12.19

2016.12.20

2017.01.17

2017.01.19

2017.01.24

2017.01.30

2017.02.01

2017.02.03

2017.02.08

2017.02.16

2017.02.23

2017.03.07

2017.03.14

2017.03.21

2017.03.24

2017.03.24

2017.03.27

Title

Mechanisms for Reorientation of Cortical Microtubule
Arrays in Response to Blue Light

Gut Reactions: Chemical Discovery in the Human
Microbiome

Evolution of root nodule symbiosis in legumes

PROTAC : Induced protein degradation as a therapeutic
strategy

A Feedback system between A Secreted Peptide and
Auxin patterns the Leaf Margin Development

The Application of Genomics to Assess Cassava
Germplasm for Crop Improvement

Design of Organoboron Featuring Unique Electronic
Property

Phosphate status-dependent control of interactions with
endophytic Colletotrichum fungi in Arabidopsis thaliana

Efficient Separation and Transfer of Photogenerated
Charges - the Key Scientific Issue of Solar Energy
Conversion

Adaptation of plants to aquatic environments: Studies on
heterophylly and vegetative propagation in semi-aquatic
plant, Rorippa aquatica

A global genetic interaction network maps a wiring
diagram of cellular function

Balancing the effects of hormones in transcriptional
regulation of phytochemicals

Photoactivation and inactivation mechanisms of plant
cryptochromes

ABC transporters are major players in plant hormone
transport

Failure is the mother of success -Leaming from 3 failures
in plant fertilization-

Chemistry-based approach to plant hormone signaling

Antifungal nucleosides: Mechanism of biosynthesis and
potentials for genomics-guided discovery

Lotus-Rhizobit iosis is
Nod factor receptor

by the novel

Molecular dialog between plants and microbiota at a
distance — private or public?

Exploring Transition Metal Catalysts for Making and
Breaking Polymers

Computational Mass Spectrometry: How informatics
assists metabolite identification and omics research

Innovative antibiotics from microorganisms: Some case
studies

Speaker

Dr. Masayoshi Nakamura

Prof. Emily P. Balskus

Dr. Makoto Hayashi

Prof. Craig M. Crews

Dr. Toshiaki Tameshige

Dr. Luis Augusto Becerra
Lépez-Lavalle

Prof. Rei Kinjo

Dr. Kei Hiruma

Prof. Hongxian Han

Dr. Seisuke Kimura

Dr. Charles Boone

Dr. Ling Yuan

Prof. Dr. Yoshito Oka

Dr. Enrico Martinoia

Dr. Ryushiro Kasahara

Dr. Shinya Hagihara

Dr. Kenichi Yokoyama

Dr. Ei-ichi Murakami

Dr. Ryohei Thomas Nakano

Prof. Zhibin Guan

Dr. Justin van der Hooft

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

Affiliation

David Ehrhardt Laboratory, Carmnegie
Institution for Science, USA

Department of Chemistry and Chemical
Biology, Harvard University, USA

Plant Symbiosis RT, RIKEN CSRS

Yale Center for Molecular / Departments of
MCDB, Chemistry, Pharmacology, Yale
University, USA

Institute of Transformative Bio-Molecules,
Nagoya University

Agrobiodiversity Research Area,
Intemational Center for Tropical
Agriculture, Colombia

Nanyang Technological University,
Singapore

Graduate School of Biological Sciences,
Nara Institute of Science and Technology

Dalian National Laboratory for Clean
Energy, Dalian Institute of Chemical
Physics, Chinese Academy of Sciences,
China

Kyoto Sangyo University

Molecular Ligand Target RT, RIKEN CSRS

University of Kentucky, USA

Fuijian Agriculture and Forestry University,
PR.China

University Zurich, Switzerland

Institute of Transformative Bio-Molecules,
Nagoya University

Institute of Transformative Bio-Molecules,
Nagoya University

Duke University Medical Center,
Department of Biochemistry, USA

Department of Molecular Biology and
Genetics, Aarhus University, Denmark

Department of Plant Microbe Interactions,
Max Planck Institute for Plant Breeding
Research, Germany

Department of Chemistry, University of
California, USA

University of Glasgow, Scotland

Dr. Steffen Neumann

Institute of Plant Biochemistry, Halle,
Germany

Dr. Juho Rousu

Aalto University, Finland

Dr. Reza Salek

Prof.Dr. Rolf Miller

European Bioinformatics Institute, UK"

Helmholtz Institute for Pharmaceutical
Research, Saarland, Germany

Host

CSRS Yokohama Seminar
Series (Cell Function RT)

Chemical Genomics RG

CSRS Wako Seminar Series
(Enzyme RT)

Chemical Biology RG

CSRS Yokohama Seminar
Series (Plant Immunity RG)

CSRS Yokohama Seminar
Series (Plant Genomic
Network RT)

Advanced Catalysis RG
Plant Immunity RG

Biofunctional Catalyst RT

CSRS Yokohama Seminar
Series (Cell Function RT)

CSRS Wako Seminar Series
(Molecular Ligand Target RT)

CSRS Yokohama Seminar
Series (Metabolic Systems
RT)

Synthetic Genomics RG

CSRS Yokohama Seminar
Series (Plant Productivity RG)

CSRS Yokohama Seminar
Series (Cell Function RT)

CSRS Wako Seminar Series
(Catalysis and Integrated RG)
Chemical Biology RG

CSRS Yokohama Seminar
Series (Plant Symbiosis RT)
Plant Immunity RG

Advanced Catalysis RG

Metabolome Informatics RT

Natural Product Biosynthesis
RI
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=, s Award
X BH aras
G:J)V—7 T:F—L U:I1=vk/RG: Research Group RT: Research Team RU: Research Unit U: Unit
Date # / Awards ZH#E / Awardees FAZEE / Labs Date # / Awards FH¥E / Awardees HHFEE / Labs
2016.04.04  AIMBE(American Institute for Medical and Biological Rk RE F-LU—4— HRSAEERRT 2016.11.17  Clarivate Analytics Highly Cited Researcher 2016 e i ta—k REERMEME > 2—
Engineering) Fellow of Institute Akihiko KONDO Team Leader Cell Factory RT Clarivate Analytics Highly Cited Researcher 2016 Kazuo SHINOZAKI Director CSRS
AIMBE(American Institute for Medical and Biological Engineering)
Fellow of Institute EENE Bl a—K
Kazuki SAITO Deputy Director
2016.04.06 BARZ¥S 2016FEARNYIRH JHREB BT BlIF—LU—5— DFUHNRAIRAZET N N
Hot Topics Award at Annual Meeting of Japan Society for Bioscience, ~ Yoko YASHIRODA Deputy Team Leader Molecular Ligand Target RT WA BR 3T Rx—5—
Biotechnology, and Agrochemistry Yuji KAMIYA Coordinator
T3 Bl FEMER AR-BAEHIZG . _
Go HIRAI Senior Research Scientist Catalysis and Integrated RG R JN—TFLo2— LEAERRTG
Hitoshi SAKAKIBARA Group Director Plant Productivity Systems RG
W BT JL—TT1LI8— N —
Mikiko SODEOKA Group Direcor BAR JL—TF7 o5~ BREMTRG
Ken SHIRASU Group Director Plant Immunity RG
EH ¥ iU TINNG IZYXFRRG N g
- . . : ) BRI F—Ll)—8— BT/ LFRRRT
Hiroshi HIROTA Research Collaborative Advisor Chemical Genomics RG Motoaki SEKI Team Leader Plant Genomic Network RT
= 5 )L—T 5. — N -
’\cllu_Bi ﬁYO7S J:IDZE{ 1/7D_5 } Lam-Son Phan Tran 1=vhJ—%&— RIEHEREU
noru roup Director Lam-Son Phan TRAN Unit Leader Signaling Pathway RU
AR SLHEL] ey . E %2 MRE BHERIRAIRG
Yayoi HONGO Visiting Scientist Molecular Structure Characterization U Miki FUJITA Research Scientist Gene Discovery RG
i B SERRS . NG EHDTF HED HEAMT FHIAATU
Takemichi NAKAMURA * Senior Research Scientist Mikiko KOJIMA Technical Scientist Mass Spectrometry and Microscopy U
RHE#Z Bt s—kK REBERBSMIE > 2— 2016.11.30 SESOEBANFAMFRFR EFRAL—H BSH HH T MER BT /IU ARG
Hiroyuki OSADA Deputy Director CSRS The Poster Awad, The 39th Annual meeting of The Molecular Yuko MAKITA Research Scientist Synthetic Genomics RG
Biology Society of Japan
2016.04.15 5510E BEFEMO[EINKILR EFE - 8 A HHRERR SR SBIMERARATU
10th Science and Technology beautiful panel exhibition, best award Kiminori TOYOOKA Senior Scientist Mass Spectrometry and Microscopy U 2016.12.01 SEIEAADFAEMFRES EBHAALZ—H 7k BE SEMRE TIHNGIIY ARG
The Poster Awad, The 39th Annual meeting of The Molecular Akihiro ITO Senior Research Scientist Chemical Genomics RG
{oBE T BRER Biology Society of Japan
Mayuko SATO Technical Scientist
2016.12.02 Cold Spring Harbor Asia Fellowship Award ERYE MEE HHRHERERAZET
HHBRT FEMEE TEMRIZAFRG Cold Spring Harbor Asia Fellowship Award Akira IWASE Research Scientist Cell Function RT
Satoko YOSHIDA Visiting Scientist Plant Immunity RG i =
2017.02.16 FHRBFEFHAMIFHRE W BF JIN—TTF1LvE— AR BATRG
e ZEMEE Synthetic Organic Chemistry Award, Japan Mikiko SODEOKA Group Director Catalysis and Integrated RG
Cui Songkui Visiting Scientist . N . - Lo
2017.02.22 FpR284fE (546 BIRSLBATESFME HHE JIN—TTLI5— TIRNG I XRRG
20160420 THOSEERIAHHATOMRISAERSY EEReEy it B F—L—s— AR R T Princess Takamatsu Cancer Research Fund Prizes Minoru YOSHIDA Group Director Chemical Genomics RG
The Commendation for Science and Technology by the Minister of Ryuhei NAKAMURA Team Leader Biofunctional Catalyst RT _ _
Education, Culture, Sports, Science and Technology 2017.02.26 FR2OFEAAERFRA/NE Bk AFE Bt a—kK REGRMPAR 42—
The Young Scientists’ Prize JNM Award 2017 Kazuki SAITO Deputy Director CSRS
;. = %=1 A X AROS 70
20160422 EHIFIRES B 2Zvh—s— ReRpE AU s A e el LEPBIEIRUEE
Nagase Foundation Award Shunji TAKAHASHI Unit Leader Natural Product Biosynthesis RU ami enior Visiting Scientist elabolomics
5 = B BZ FRIBEMAR XERO—LIERIAE T — L
2016.06.24  IPGSA (The International Plant Growth Substances R TL—T74L o5 LEBERRG Shigehiko KANAYA Senior Visiting Scientist Metabolome Informatics RT
Association) Silver Medal Hitoshi SAKAKIBARA Group Director Plant Productivity Systems RG
IPGSA (The International Plant Growth Substances Association N — s N
e (e ! Sbl 2017.0317 BAIEWEIEYS PCPRAYE A BA O—TR—s— BRERREHR L 2 —
JSPP Plant and Cell Physiology Award Yuji KAMIYA Coordinator CSRS
2016.08.22 27th International Conference on Magnetic Resonance in Nur Alia Oktaviani #55#f5t & BESRRART wE e EEIEHES ARG
Biological Systems Young Investigator Award ) Nur Alia OKTAVIANI Postdoctoral Researcher Enzyme RT Hiroyuki KASAHARA Seniior Visiting Scientist Plant Productivity Systems RG
27th International Conference on Magnetic Resonance in Biological
Systems Young Investigator Award MHREF SO HILARYT]
_ _ _ ‘Yumiko TAKEBAYASHI  Technical Staff |
2016.09.30 FEIET EA>TANT AV AR REFHREETF) WO ¥ HRmES IR ARG
39th Chemoinformatics Symposium Young Scientist Lecture Award Shigeru YAMAGUCHI Postdoctoral Researcher Catalysis and Integrated RG RERFE FU/-HIARYTI
Noriko TAKEDA Technical Staff ||
2016.10.06 2017 Arthur C. Cope Scholar Awards wE 87 JN—TFALIE— g BEMEG
2017 Arthur C. Cope Scholar Awards Mikiko SODEOKA Group Director Catalysis and Integrated RG BRBF TIZHIVAZYTL HAXRROIVAAEG
Satoko SUGAWARA  Technical Staff | Metabolomics RG
2016.10.30  Asian Core Program/Advanced Research Network R MRE SEHEMBERRRRRG
Lectureship Award : Liang Zhang Research Scientist Advanced Catalysis RG 2017.0324 FR29FEAAEFRHE B ANE @tra—k BRERRFME L 42—
Asian Core Program/Advanced Research Network Lectureship Award The Pharmaceutical Society of Japan Award '17 Kazuki SAITO Deputy Director CSRS
2016.11.03  SKIRRE e —i -k RBEERREME > 2— 2017.0330 BALFREITHERFR ERWEE (FM) IR KRR AR AR RATRG
Medal with Purple Ribbon Kazuo SHINOZAKI Director CSRS CSJ Presentation Award 2017 Shintaro KAWAMURA Research Scientist Catalysis and Integrated RG
2016.11.03 XALIHHE S —1 L s—E EIE RIS 2 — 2017.0330 BALFRFEITERFR FAWRH M BHEE ARREERRRIZET
Person of Cultural Merit Kazuo SHINOZAKI Director CSRs CSJ Student Presentation Award 2017 Toru HAYASHI Student Trainee Biofunctional Catalyst RT
20161115  201BEAFTARY7> 5 K5 5R BHREa AR 2017.03.31 BAEFRI17TER FAEFHKE (OHEFEROE) FAA &K BAFHHEN/ N—h&1~— FeERBETRICERET

14

Daiwa Adrian Prize 2016

Nobuaki SHONO  Postdoctoral Researcher

Biofunctional Catalyst RT

Best student presentation award, The 137th Annual meeting of The
Pharmaceutical Society of Japan

Yuta OKAMOTO Part-time Staff

Advanced Elements Chemistry RT
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HE % Organization

t>4&—& / Director Bltz>%4—F& / Deputy Director O—F4%—2%&— / Coordinator
Tl —ift / Kazuo SHINOZAKI RH #2Z / Hiroyuki OSADA &R $27] / Kenji SHINOHARA
FH% A2 / Kazuki SAITO A BR / Yuji KAMIYA
& BE / Zhaomin HOU

— PHAERISERRZEY)L—7 / Gene Discovery Research Group M5 — 1 / Kazuo SHINOZAKI
— AEEHEERZES)L—7 / Plant Productivity Systems Research Group R 5 / Hitoshi SAKAKIBARA
— EMRERFES ) —7 / Plant Immunity Research Group 378 B / Ken SHIRASU
— WEXZAROIVAMES I —7 / Metabolomics Research Group 7% F1Z / Kazuki SAITO
— SoEtEERIERZE S )L—7 / Advanced Catalysis Research Group & BR / Zhaomin HOU
— AbE - BEHAFRSIL—7 / Catalysis and Integrated Research Group #iE #F / Mikiko SODEOKA
— TIhINAF0P—FRESI—7 / Chemical Biology Research Group R #7% / Hiroyuki OSADA
— & XDNG/IURRESIV—T / Chemical Genomics Research Group H 72/ Minoru YOSHIDA
— KRB RFLWHEF—L / Metabolic Systems Research Team S B2 / Masami HIRAI
— Xx&R0—LEHRIZEF—L / Metabolome Informatics Research Team A IE# / Masanori ARITA
— RS F — L / Environmental Metabolic Analysis Research Team Ftth 3% / Jun KIKUCHI
— &9/ LRBMFEF — L / Plant Genomic Network Research Team [ JREA / Motoaki SEKI
— #RAMEEERIZEF — L / Cell Function Research Team #7 BEF / Keiko SUGIMOTO
— HEMHEMFEF —L / Plant Symbiosis Research Team #% %/ Makoto HAYASHI
— FoEtEETRILFEMAF —L / Advanced Elements Chemistry Research Team Pl Bf / Masanobu UCHIYAMA
— JU—>F /i F — L / Green Nanocatalysis Research Team ¥ K / Yasuhiro UOZUMI
— AERBRERIERAZEF — L\ / Biofunctional Catalyst Research Team ch#f B85 / Ryuhei NAKAMURA
— SFVHUNEMRZEF — L / Molecular Ligand Target Research Team F¥—IJVX - F—> | Charles M. BOONE
— ERCHIEZE =Yk / Dormancy and Adaptation Research Unit #E L6 / Mitsunori SEO
— FIRMEGFAZ L= b / Signaling Pathway Research Unit SL—J> - T7> - F> / Lam-Son Phan TRAN
— #EEREEAZE 1= / Regulatory Network Research Unit & 1%/ Ryoung SHIN
— #E7 07437 AWMEI=vh / Plant Proteomics Research Unit chfs A58 / Hirofumi NAKAGAMI
— H®ET/ LIEHRMFE IV, / Integrated Genome Informatics Research Unit 13 #th / Tetsuya SAKURAI
— XRAMEARMFI=vb / Natural Product Biosynthesis Research Unit 48 2= / Shunji TAKAHASHI
— {L&#)Y—RABIFFE L= b / Chemical Resource Development Research Unit M #7Z / Hiroyuki OSADA
— AEIEEMMEIRRMAE LD / Bio-Active Compounds Discovery Research Unit i&i# 187T / Nobumoto WATANABE
— 2# -KRIBB E##E 1=k / RIKEN-KRIBB Joint Research Unit 1% #2= / Shunji TAKAHASHI
— INAFY AT / Biomass Engineering Research Division #33F B/ Minami MATSUI
BT /39 AHRFE I IV—7 / Synthetic Genomics Research Group #23F 3/ Minami MATSUI

I O—REEmMFEF—L / Cellulose Production Research Team #H B— / Keiichi MOCHIDA
BRRRF — L / Enzyme Research Team SBEA £7]/ Keiji NUMATA
INMATSAFYIMFEF—L / Bioplastic Research Team P& 5% / Hideki ABE

MR EMZEF — L / Cell Factory Research Team SR BB / Akihiko KONDO

AT AR ERF — L / Biomass Research Platform Team 5 — 1 / Kazuo SHINOZAKI

— RIS - ERRETEAREERPT / Drug Discovery Platforms Cooperation Division % %2 / Minoru YOSHIDA
': R IHIVN VBB =Y / Chemical Bank Unit for Drug Discovery Platform &M #Z / Hiroyuki OSADA
RIS —NMEEWMIRREM I = Vb / Seed Compounds Exploratory Unit for Drug Discovery Platform #H 2/ Minoru YOSHIDA

— $%HTEA&ERPT / Technology Platform Division R #72 / Hiroyuki OSADA
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