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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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The Contributions of Scientific Technologies

to the Realization of a Sustainable Society
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Missions and Strengths
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Itami ITbM focuses on “molecules.” The larger goal is to
create innovative molecules capable of solving global-scale
issues such as food security and energy through integration
of synthetic chemistry, plant science, chronobiology,
bioimaging and other fields.

Shinozaki CSRS also has a mission to solve issues
related to the survival of the human race. It is promoting
interdisciplinary research projects, bringing together plant
science, chemical biology and catalytic chemistry under the

keywords “carbon,” “nitrogen” and “metallic elements.”
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Interdisciplinary Research Projects
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Itami One of ITbM’s unique characteristics is the “Mix-Lab”
approach. The aim is to remove to the largest extent
possible the walls between labs and between fields (which
often hinders joint research) by having researchers in
different fields share the same research space. Discussions
are not only about research; the environment makes daily
conversation easier, so ITbM is discovering innovative
molecules at a much faster speed than expected.
Shinozaki At CSRS, chemical biology and catalytic
chemistry work is done in Wako, while plant science
research is done in Yokohama. Because the research
bases are in different places, there are some difficulties
fostering discussions in the same place. To address this
issue, CSRS set up the Sustainable Resource Science
Building in Wako. Plant science has focused on the genetic
and genomic aspects of plant science, but we have also
introduced chemical biology and started to look for chemical
substances with new physiological functions—and are
gradually realizing results from this approach.
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Human resources development

Itami We consider the development of human resources
involves the raison d’étre of ITbM. If | foster someone better
than myself, it's a success; producing someone who is a
carbon copy of myself would be a failure. ITbM would like to
turn out as many world-class scientists as it can.
Shinozaki We already have many established research-
ers, so it can be expected that exposure to new fields will
create new leaders among them.

Industrial collaborations

Itami ITbM has received requests from industry asking for
joint research and to use our unique chemical library, but we
have yet to establish a systematic cooperation infrastructure.
Shinozaki CSRS has industry connections from former
organizations and support from the Planning Office, so
there has been good progress with industrial collaborations.

Internationalization

Itami ITbM basically uses English, including at meetings,
but it's actually quite difficult when it comes to conversations
about different fields.

Shinozaki It's the same at CSRS; we have difficulties
getting researchers to participate in seminars outside their
specialty. However, overseas conferences, etc. are in
English, so it is excellent training to hold seminars in English
here. The RIKEN president has placed great importance on
internationalization and CSRS needs to make efforts in this
area, including the hiring of foreign researchers.

Profile of Prof. Kenichiro Itami
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Obtained Ph.D. from Graduate School of Engineering, Kyoto University (1998).
Professor of Nagoya University (2008-), Director of ITbM, Nagoya University (2012-).
Research Fields: Organic Chemistry, Organic Synthesis, and Molecular Catalysis Chemistry.
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Itami In order to carry out our activities interactively, ITbM
has chosen to keep itself small. In order to establish fields
and do large research, ITbM would like to pursue
international collaborative research while coordinating in
various ways with CSRS. ITbM has the power of youth but
cannot become independent alone. For that reason, we feel
coordination with CSRS is very valuable and would like to
make it a focal point.

Shinozaki We have held a joint workshop twice. If a mutual
dispatch of human resources can be achieved, it will lead to
even stronger ties. If our two organizations can coordinate
and broadcast information to the world, we should be able to
develop avenues for new fields. | hope we can deepen our
coordination and cooperate on fusional research in
chemistry and biology that will help solve global-scale
issues.
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Plant Science
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About CSRS
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To achieve our center mission, each laboratory specializes in a certain

"Core Research" which is applied to "Interdisciplinary Research”
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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 towards innovation for a sustainable future.

IETAPE £ AP 2

{ 4 { N\ { 3\
.CJ REOBERMAERAME IOV _rﬂ ZERSFOEBRNHIERAME 7O /b _SJ Carbon project _'ﬂ Nitrogen project
EY DX GBS CRIECZEAVWT _BILRREERE ZRZAAUCEAER AIXILF—BOERNBTVE The Carbon project centers on creating useful materials The Nitrogen project objective is to save in ways that reduce
LVOERT 2 ERMZRMALE T, SSICHMRMEDRREICK 7 EHEIMORKEEREELE T FBRH(ER-UY) from carbon dioxide and oxygen in the atmosphere by the use of energy, water and resources with a focus on
N E{LRE PR EE S IEEY S C T T 3K i %6 PEREAEE T COEREN T AEY LR UET, enhancing photosynthesis in plants and microorganisms or nitrogen, phosphorous and water, especially for sustainable
- - developing catalysts with added chemical diversity. crop production under adverse conditions.
L% ping y ty. P p!
\ AN J \ W S\ J
s N T N\ e \By A
LM) EERFOBRBFERMR 7O /b \P) EEERRR EAMERER7OSIIb @ Metallic Elements project (P) Research Platforms project
EYC LD R BREINGENETFRU. L7 XY ILREDEU® EYORBREEHEEBORAICRAIRBHEEXFR The Metallic Elements project targets recovery and The Research Platforms project integrates research
REBEBERNORR - ERLZEEIEEDIC.ESOILER O— ARITEAERE L ET, &5 (CAEYEAEDRIE- 5k replacement strategies to overcome scarcity of mineral and infrastructure for discovery and use of metabolic networks,
TROEA%EEIZH LT EIR M OSHECLEARHE (BT AR Y E DR A ST, metallic resources and promote clean chemistry without novel metabolites, chemicals and natural products as
P 5 loading the environment. Bioremediation is important for sustainable resources. Metabolomics and chemical screening
7%
RETSEFNBMRERELET. clean and sustainable environment. are key technologies.
L L L 7 B\ J

Divisions
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“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.
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p
Biomass Engineering
Research Division

The division conducts basic research
geared toward consistent 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 domes-
tic and foreign research institutes and

-

‘?j Drug Disgovery Pl_atforms
Cooperation Division

Two Research Units of the Chemical
Bank and Seed Compounds Explor-
atory 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 support-
ing units providing a research platform
for CSRS activities. Furthermore the
division aims to develop the platform
through industrial collaboration and
development of new technologies.

industries.

BEULHRRICLSERES BFfEE

anslational Research

Knowledge and Technology transfer;

EMNHICRIFZERUITHRE AHFEMEOMATOY / MIRTHEONA RIS EEREDELZBU THENE
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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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Identification of ABA antagonists (RK438 and
RK460) using chemical array screening
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Comparison of ABA-induced leaf senescence and
gene expression between wt and SNAC-A mutant

_EJ R&D Project of Carbon Utilization
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Kazuo SHINOZAKI D.Sci.

Improvement of

€O, O: fixation §

photosynthesis ¥ - e by catalysts

CO: fixation by catalysts
_and clean oxidation

Primary and secondary
metabolites

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.

Fram Chemalithoalrtatraph

to Electralithoautotroph
Themalithoaunormophic Felil]-
oai R BN, B

Uphill ET powered by

PrF [bcl and rublsco) Fedon Tacsye

DorarhiB 0T caupled PAMT gereratian

IBioenergeﬂc membrane for electrolithoautotrophs

Research Results

* We identified novel abscisic acid antagonists from NPDepo library
using chemical array platform.

* We found a gene that prevents leaf senescence under prolonged
drought conditions.

* We discovered core gene for the medicinal properties of garlic.

* We elucidated the enzymes responsible for the biosynthesis of
atypical polyketide extender unit.

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

* We have achieved the regiospecific alkylative carboxylation of
ynamides with carbon dioxide and alkylzinc compounds by using a
copper catalyst.

Future Vision

* Discovery of candidate key genes and/or networks for C4
photosynthesis, chloroplast functions and metabolic processes

© Optimization for microalgae (and plant) photosynthesis and screening
of compounds for improvement of photosynthesis

® 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)
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A histone deacetylase inhibitor enhances
high-salinity stress tolerance in plants.
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The fission yeast S. pombe secretes NSF that induces uptake
of amino acids in the presence of high-quality nitrogen

.’:‘J R&D Project of Nitrogen Utilization

x 300 effective greenhouse
gas compared with CO:

Nitrous oxide ! A p Q

Development of £
novel methods e |

Breeding of useful plants ‘Ns i =
Il and crops with low-input i (@ A ( .
and high yield T

Development
for denitrification

. NOjreductase LT

i . Innovate current ammonia

Denitrification synthesis method
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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
(NO;3) are released into the atmosphere as nitrous oxide (N20) through a
process called denitrification. N2O 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.
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Synthesis of organic nitriles by dinitrogen activation and reaction
with acid chlorides over a tetranuclear titanium framework.

0
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Research Results

* We found that a histone deacetylase inhibitor enhances high-salinity
stress tolerance.

* We demonstrated that plant cells maintain their differentiated status by
PRC2-mediated epigenetic repression.

* We discovered a novel autoregulator called “Nitrogen Signaling
Factor (NSF)” that regulates nitrogen catabolite repression in yeast.

* We developed a new protocol for dinitrogen activation and
incorporation into organic compounds over a tetranuclear titanium
framework.

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

Cl
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» No H, acceptor
« Simple reaction condition
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» Wide substrate scope
* Exclusively para-seletivity
* Commercially available catalyst

IBoron-catalyzed aromatic C-H bond silylation with hydrosilanes
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\'ﬂ R&D Project of Metallic Elements Utilization

High performance
catalyst technology

High performance
catalyst

Bioremediation
3 Recovery of rare metals
.

Contaminated soil  Factory effuent

Recovery of rare metals
by plant and microbes,
and bioremediation

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.

Mimed hewey mwlal solebions

PP anabvibi b batajy

TR
% - irfaction poist

Selective metal recovery capability of F. hygrometrica
protonema cell under acidic condition

Research Results

® We have developed a novel boron-catalyzed protocol for aromatic
C-H bond silylation with hydrosilanes.

* We have developed a copper catalyst membrane-installed microflow
device and successfully applied it to Huisgen cycloaddition, enabling
completion of the reaction in a few seconds.

® We examined the mechanism of aminotrifluorometylation of olefins
and applied it to the synthesis of trifluoromethylated pyrrolidine.

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

* We found a selective metal recovery capability of F. hygrometrica
even under strong acidic condition.

Future Vision
© |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 novel catalysts for the transformation and
functionalization of inactive aromatic compounds

® Development of catalytic asymmetric trifluoromethylation reactions

17
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Targeting cholesterol in a liquid-disordered environment by
theonellamides modulates cell membrane order and cell shape
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_PJ 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
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.

IA snapshot of the MS-DIAL software for MS/MS analysis

Research Results

© We developed a new analysis program that comprehensively
captures small molecules.

* We identified a novel sulfur-containing metabolite from asparagus
with a possibly hypotensive activity.

* We developed a new method for data mining of metabolic biomarker.

* We found that theonellamides, natural products from marine
sponges, bind to membrane cholesterol and disturb cell membrane
order.

* We found that the mycotoxin tenuazonic acid is biosynthesized by a
novel type of secondary metabolism enzyme.

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
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13 cultivars of rice straw were analyzed with Nuclear magnetic
resonance (NMR) before and after dilute acid pretreatment, and then
were characterized general changes in the lignin and polysaccharide
components. URL: www.kobe-u.ac.jp/NEWS/info/2015_06_18_01
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surface of cellulolytic protists in the termite gut also contribute to

ISinge-ceH genome analysis reveals that symbiotic bacteria on the cell
lignocellulose breakdown.

_lﬂ Biomass Engineering Research Division

Water/Carbon dioxide

Biodegradation

Molded product

Bioplastics Synthesis

Photosynthesis \\.l“;
-*%
..f: N

Cellulose
Plants

Fermentation/Glycosylatiol

Life cycle of
bioplastics
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Material

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.

Research Results

© We updated sorghum database “MOROKOSHI" a grass biomass
plant.

© We elucidated chemical ingredients in rice straw.

® Symbiotic bacteria on the surface of protists in the termite gut
contribute to lignocellulose breakdown.

* We clarified similarities and differences in accumulated metabolites
for Brachypodium distachyon and wheat.

* We clarified the effects of water on the physical and structural
properties of silk materials.

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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The growth scale of Brachypodium distachyon (A), metabolite accumulation patterns (B) and quantitative profiles

(C)across different growth stages between Brachypodium and wheat
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Drug Discovery Platforms Cooperation Division

EBFIE / Division Director
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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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Gene Discovery Research Group

Discovering important and useful genes involved in

plant growth and environmental responses
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5@ / Publications

20155 EX//\— / FY2015 Members

4 Comparison of ABA-induced leaf
senescence and gene expression between
wt and SNAC-A mutant

Automated plant phenotyping system, p
RIPPS (RIKEN Plant Phenotyping System)

Research Subjects

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

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

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

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

Comparative genomics and its application to crop improvement \ C '
Plant chemical biology for promotion of photosynthesis and biomass production C’
Research Outline

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

Research Results

* We revealed that stress-responsive NAC transcription factors are involved in ABA-indiced
senescence.

* We developed an automatic phenotyping system to evaluate plant growth responses to a
wide range of environmental conditions.

* We elucidated the molecular mechanism of brassinosteroid mediated plant height
regulation through analyses of the BSS1, the responsible gene for a mutant hypersensitive
to brassinosteroid-biosynthesis inhibitor, Brz.
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Plant Productivity Systems Research Group

Discovery and use of key genes for low-input plant production,

and recovery and recycling of metals
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FEERX / Publications

Discovery of natural auxin with }

4 Novel cytokinin biosynthesis pathway in
distinct transport characteristics

phytopathogen R. fascians

Research Subjects

Identification of key genes linking nitrogen nutrition status to growth regulation

Functional analysis of key genes regulating plant productivity, especially 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
technology to clean-up heavy metal pollutants

O GRS

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

Research Outline

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

Research Results

* We identified novel cytokinin and its biosynthesis pathway in Rhodococcus fascians.

* We found that phenylacetic acid is an auxin which is not actively transported in the
gravitropic direction.

* We found that RFNR2 play a crucial role in reduction of toxic nitrite in roots.
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ERFMX / Publications

4 The haustorial hairs in a parasitic plant

20155 EX>/5— / FY2015 Members

Striga-infested field in Kenya P

Plant Immunity Research Group

Understanding plant immunity mechanisms and
developing sustainable disease resistant crops

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

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

To isolate novel genes/metabolites for pathogen virulence

(GRTROR S

To identify novel mechanisms for plant immunity

Lo L

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

Research Results

* We found that the haustorial hairs play an important role in parasitism.
* We identified receptors for germination stimulant in Striga.
* We identified a transcriptional factor that is required for resistance against Striga.
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Metabolomics Research Group

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

Research Subjects

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

Application of the metabolomics platform to functional genomics and biotechnology \ p'

Identification of plant genes and networks involved in biosynthesis of useful N) C
specialized (secondary) metabolites J J

Biotechnology and synthetic biology for production of useful compounds N' \ C '
2015%E*>/5— / FY2015 Members Research Outline
JW—T T 172~ Group Director Metabolomics involves in the identification and quantification of all metabolites in a cell,

and correlating these to genomic functions. The plant kihgdom 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.

FERY / Publications Research Results

* Identification of a novel sulfur-containing metabolite expected to lower blood pressure from
asparagus by sulfur-omics

* Revealing lipidome and transcriptome under heat stress in Arabidopsis thaliana

® Induced accumulation of glucuronosyldiacylglycerol under phosphorus deprivation is
common in major crops.

4 Integrated lipidome and transcriptome A novel sulfur-containing metabolite, p
under heat stress in Arabidopsis asparaptine, identified by sulfur-omics
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Metabolic Systems Research Team

Understanding plant metabolisms through metabolomics-based approaches

and improving plant production
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F—L)—4— Team Leader

Mass spectrometers for metabolome )
analysis (supported by JSPS Leading-edge
Research Infrastructure Program, JSPS
KAKENHI and CSTI SIP)

4 Growth of cyanobacteria in artificial
seawater and metabolite levels
(lijima et al. 2015 Front. Microbiol.)

Research Subjects

Development of a metabolomics platform a
Mathematical modeling of metabolism using metabolome datasets \CJ \’9 a
Elucidation of the regulatory mechanism of amino acid biosynthesis \ C ' 3 N'
Exploration of the relationship between development and metabolism \ C ' \ N'
Useful material production in cyanobacteria using CO; as a resource C '
Research Outline

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

Research Results

* We found that a change in the metabolite contents by polyploidization strongly depends on
species, organs, and physiological conditions.

* We successfully used seawater for freshwater cyanobacteria cultivation and enhanced
amino acid production.

* We clarified similarities and differences in accumulated metabolites for Brachypodium
distachyon and wheat by widely targeted metabolome analysis.
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FZERX / Publications

4 Upregulation of limonene biosynthesis in
red perilla (from Fukushima et al. PLOS One)

Metabolome Informatics Research Team

20155 EX>/5— / FY2015 Members

A snapshot of the MS-DIAL software for }
MS/MS analysis

Developing software platforms and databases
for metabolomics research

Research Subjects

Analysis and interpretation of metabolomic data

Software development for metabolome analysis and simulations

(OR OR O

Integration of metabolic databases

Research Outline

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

Research Results

* We clarified the difference between red and green perilla by transcriptome analysis.
* We developed a software platform to predict a molecular structure from its MS/MS spectra.
* We curated MS/MS spectra in the MassBank repository for a public spectral library.
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4 Advancement of analytical platform from
spectral pretreatment, data-driven
approach, and heterogeneous data
integration following its verification

Environmental Metabolic Analysis Research Team

Exploring sustainability of environmental metabolic system

20155 EX>/\— / FY2015 Members

Bird-eye-viewing of recent results for P
environmental metabolic analysis in
aquatic ecosystem, land ecosystem and
humanosphere

based on a data-driven approach

Research Subjects

Technological advancement of various spectrometric measurements for M) P
complex biomolecular mixtures and microbiota

Methodology development of data mining and accumulation of databases for ( M) ( P)
environmental measurements

Sustainable utilization of land- and aquatic biomass based on studies of natural N, C’
material cycles

Symbiotic metabonomic analysis between animal and symbiotic microbiota in \ p,
relation to their food nutrients

Research Outline

Our team intends to develop novel environmental analysis such as by a bird's-eye view of
metabolism caused by ecosystem biodiversity, based on technical advancements of our
NMR approaches toward metabolite and biomass mixtures, as well as inorganic elements
and microbial ecosystem analyses combined with bioinformatics and chemoinformatics
approaches. Namely, we promote both international and industrial collaboration in order to
contribute for effective utilization of chemical resources, by analyzing laboratory systems,
industrial (agriculture, forestry, and fishery) process, and natural environment (hydrosphere
and geosphere, as well as outer space).

Research Results

© Structure analysis of metabolic mixture in tree without using column purification

* Development of web-tool (SpinCouple) for analyzing metabolite mixtures via 2D-J resolved
NMR spectra

* Profiling planktonic biomass based on advanced multi-dimensional solid-state NMR

2) Land ecosystem

1) Agueatic ecosystem '
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4 A histone deacetylase inhibitor enhances

high-salinity stress tolerance in plants.

Plant Genomic Network Research Team

Analyzing plant genomic networks for environmental stress adaptation
and improved productivity

Research Subjects

Analysis of epigenetic, RNA and peptide regulation mechanisms in <) N) (P
environmental stress adaptation a J o

Advancement of cassava molecular breeding by cutting-edge technologies \ C '

Development of useful plant resources, such as increased stress tolerance <) N) (P
by chemical compounds, peptides and transformation technology

20155 E*>/5— / FY2015 Members Research Outline

We are analyzing novel epigenetic, RNA and peptide regulation mechanisms in
environmental stress adaptation and acclimation by integrated omics analyses. We are also
analyzing regulatory networks of tuber root formation by integrated omics analyses in
cassava, an important tropical crop for carbon utilization. We aim to develop useful plant
resources, such as increased stress tolerance and improved plant productivity by use of
chemical compounds and transformation technology.

Research Results

* We found that a histone deacetylase inhibitor, Ky-2, enhances high-salinity stress
tolerance.

* We found that AtXRN4-mediated mRNA degradation is linked to the suppression of heat
acclimation.

* We found that the expression of many genes with diverse functions is differentially
regulated in roots and shoots in response to drought stress.

5'-3" exoribonuclense
ALXENG

Heat stress-inducible genes
HSFA2, ERFE, WRKY33,

AtXRN4-mediated mRNA degradation is linked to WREK Y40, MBFIC

the suppression of heat acclimation.




Rt EE K F — L

EHORRPBEZHET S
SUFNRYRNT— D% ERALET

Cell Function Research Team

Uncovering the regulatory network

underlying plant organ growth and regeneration
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F—L)—4— Team Leader

WIND1 can substitute wound-induced p
cellular reprogramming and promote
subsequent shoot regeneration in

4 PRC2 mutations in Arabidopsis lead to the
development of embryonic structures from
mature root hair cells.

Research Subjects
Molecular dissection of plant organ growth
Molecular dissection of cellular reprogramming in plants

Genetic manipulation of cellular differentiation in crops

CeE

Research Outline

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

Research Results

* We demonstrated that plant cells maintain their differentiated status by PRC2-mediated
epigenetic repression.

* We showed that SIM and SMR proteins negatively regulate the plant cell cycle by inhibiting
the CYCLIN-CDK complex.

* We found that plant regeneration requires the WIND1-mediated cellular reprogramming.
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Plant Symbiosis Research Team

Understanding plant-microbe symbiosis
in order to establish sustainable agriculture
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Graphical abstract of how to identify p

4 Wild type (left) and the strigolactone
peptides in xylem sap

insensitive mutant (right) of Lotus japonicus

Research Subjects
Elucidation of molecular genetic mechanisms in nodulation
Identification of molecular components in symbiotic nitrogen fixation

Application of root nodule symbiosis to cereals

LEE

Research Outline

Nitrogen is the most heavily used fertilizer in the present agriculture. Its production and use
however damage the ecosystem due to the emission of greenhouse gases. Soil bacteria
called rhizobia infect legume roots, and fix atmospheric nitrogen in root nodules.
Consequently, if cereals such as rice, corn and wheat establish symbiosis with rhizobia, we
can dramatically reduce the use of nitrogen fertilizer, resulted in ecosystem-friendly,
sustainable agriculture. In order to achieve our goal, we aim to confer the ability to fix nitrogen
on cereals, by elucidating molecular-genetic and biochemical functions of nodulation and
symbiotic nitrogen fixation, as well as by investigating evolutionary aspects of
legume-rhizobia symbiosis.

Research Results

* We showed that infection of rhizobia to root epidermal cells is determined cell
non-autonomously.

* We established a method to identify peptides in xylem sap of soybean.

* We found that the perception of strigolactones was independent of the common symbiosis
pathway in arbuscular mycorrhiza symbiosis.

Collection of xylem sap

Identification of
long-distance mobile peptides
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Dormancy and Adaptation Research Unit

Discovering genes and chemicals that improve
seed quality and adaptation responses
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4 Plant hormone transport activities of Natural variation of seed longevity after 13

Arabidopsis NPF proteins

Research Subjects

Identification and functional characterization of plant hormone transporters

Identification of factors involved in seed longevity

Identification of metabolites involved in plant growth and stress responses

(Of R IR O

Development of a system to quantify hormones from a single cell

Research Outline

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

Research Results

* We identified several candidates for plant hormone transporters.
* We detected QTLSs related to longevity of Arabidopsis seeds after imbibition.

* We identified genes regulated by Arabidopsis ABA3 independently form its role in ABA
biosynthesis.

Imbibition Imbibition coT* Imbibition
4 C3days  22° C.12h IEEETR 22 c.7days

EE IMM M\W | TTTT—

Accessions
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Signaling Pathway Research Unit

Understanding plant responses to environmental stress for

improvement of crop productivity
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Loss-of-function of ARR1, ARR10, and p
Loss-of-function of ARR1, ARR10, and ARR12 genes results in impairment of
g P

ARR12 genes enhances drought tolerance.

Research Subjects

Molecular elucidation of hormonal regulatory networks in plant responses to drought N
and salt stress \J

Mechanisms controlling nitrogen fixation in legumes under drought stress \ N'

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

Role of plant growth regulators in abiotic stress mitigation |M'

Research Outline

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

Research Results

* We provided evidence that repression of cytokinin signaling through down-regulation of
type-B response regulators is one of the strategies plants use to cope with drought.

* We provided an insight into H,S-induced protective mechanisms of rice exposed to
cadmium stress.

* We discussed new research potential to understand the roles of strigolactones and
karrikins in plant adaptation to abiotic stresses.

0 0.5 2.0 10 uM (ABA)
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4 Isolation of cesium accumulators and
tolerance enhancers

Regulatory Network Research Unit

Developing method for reducing cesium uptake and
elucidating signaling cascades in response to nutrient deprivation in plants

20155 EX>/5— / FY2015 Members

Prediction of cesium binding sites on )
selected chemicals using Hokusai super
computer

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

OR SRR S

Research Outline

Potassium and nitrogen are major nutrients for plant growth, and lack of them has entailed
increased use of fertilizers. However, increased fertilizer usage does not result in comparable
production increase, and excess fertilizer run-off creates soil pollution. Growing ecological
awareness necessitates new solutions to increase agricultural production without
endangering the environment, and achieve food security via sustainable agriculture. As
solutions to these issues, we aim to elucidate the components of plant potassium sensing
and deficiency signaling in Arabidopsis using various approaches and develop rice plants
that efficiently utilize macronutrients and grow well under nutrient limited conditions. In
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.

Research Results

© Elucidation of chemicals which enhance cesium tolerance and/or accumulation in plants

* Isolation of rice FOX lines which grow well in nutrient limited condition and are tolerance to
biotic stresses

* Dissecting regulatory components of potassium deficient and cesium signaling in plants
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| Peptide identification and quantification

20155 E*>/5— / FY2015 Members

Marchantia polymorpha L. P

Plant Proteomics Research Unit

Dissecting plant-unique adaptation systems
by using advanced proteomics methods

Research Subjects

Exploration of novel key components of the plant immune system by proteomic \ Nl
approaches

Establishment of an advanced proteomics platform for collaborative research 'C '

Research Outline

Plants have evolved unique adaptation systems to tolerate various environmental
stresses. An understanding of the fundamental mechanisms underlying adaptation
processes is expected to provide novel ideas for improving plant functions. The main goal of
our unit is to dissect plant specific signaling networks essential for the adaptation system by
employing advanced proteomics methods.

Research Results

© Analyzed circadian dynamics of Arabidopsis phosphoproteome
* Demonstrate that chitin nanofiber has elicitor activity

* Contributed to Marchantia genome analysis
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Integrated Genome Informatics Research Unit

Discovering useful functions and traits in plants

based on genome information and bioinformatics
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IT infrastructure development for p
. - . comprehensive research using omics-wide
4 Post-translational modifications in algae

Research Subjects

Development of useful plant resources such as by improved usability and productivity \C '

Discovery of useful functions for metal recovery and environmental detoxification by
using a variety of bryophytes from the aspect of omics analysis @

IT infrastructure management and development of information platforms for project P)
promotion including database development and gene annotation enrichment

Research Outline

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.

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 and bryophytes.

* We have developed and managed the information infrastructure for comprehensive
research such as genome, transcriptome and metabolome analyses.
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Tenuazonic acid

Chemical Biology Research Group

Developing new techniques for chemical biology and
elucidating mysteries of complex biological systems

Research Subjects

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

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

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

20155 EX>/\— / FY2015 Members Research Outline

JN—T T 1L 8— “Group Director In order to promote research in chemical biology that aims to elucidate biological
phenomena using chemical compounds as starting materials, it is important to establish a
platform for chemical libraries. Our group constructs chemical libraries through the genetic
engineering of microorganisms and organic synthesis, as well as databases that describe the
chemical and biological information of the libraries. We explore useful bioactive compounds
in the chemical library and 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.

& / Publications Research Results

* We found the biosynthetic gene of mycotoxin, tenuazonic acid.

* We identified novel abscisic acid antagonists from NPDepo library using chemical array
platform.

* We found a novel anticancer compound, astellolide F, in chromatin-remodeling factor gene
disruptants of Aspergiflus oryzae in collaboration with Noda Institute for Scientific
Research.

4 Proposed model for tenuazonic acid
biosynthesis by the novel type of fungal Identification of ABA antagonists (RK438 )
NRPS-PKS hybrid enzyme and RK460) using chemical array screening
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Chemical Genomics Research Group

Exploiting methodologies to resolve environmental and
resource-related problems using chemical biology
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4 Regulation of cell migration by cortactin

Intra-species chemical communication for p
acetylation and its binding to Keap1 i

nitrogen metabolism

Research Subjects

Chemical regulation of the lipid metabolism for effective biofuel production
Chemical regulation of the nitrogen cycle for prevention of global warming

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

Development of screening systems that target protein-protein interactions

(OROR RO

Research Outline

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

Research Results

* We elucidated a novel molecular mechanism of cancer cell migration.

* We identified novel secreted oxylipins that regulate nitrogen catabolite repression in fission
yeast.

* We generated a novel fluorescent probe that allows visualization of histone H3 acetylation
in living cells.
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Molecular Ligand Target Research Team

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

MET—< Research Subjects
N a5k R, . Global analysis of chemical genetic interactions between molecular ligands and
BFUAY REZORA T RO SRS IREFROBRRIRT e) their target molecules e)
EEENER T 2L EYOIEFRERE OIREE @ Validating the mode of action of bioactive compounds @
BB FEENE T REEEEMEORE @ Identifyir:ﬁ bioactive chemical tools and therapeutic leads that target essential @
gene pathways
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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 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

Team Leader

molecular ligands and their targets are not uniform. Our team aims at developing innovative
techniques based on global analysis of yeast genetic interaction, which leads to quick and
accurate detection of ligand-target interactions.

PEAVES X / Publications Research Results
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* We established a high throughput chemical genomic screening pipeline.

* We performed the budding yeast chemical genomic profiling of compounds including the
RIKEN NPDepo compound library and the FDA-approved oncology drugs to predict the
cellular targets of the compounds.

* We constructed the essential gene haploinsufficiency profiling system in addition to the
non-essential gene chemical genetic profiling system.
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Natural Product Biosynthesis Research Unit

Exploring microbial gene resources and

elucidating biosynthetic mechanisms to produce valuable compounds
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4 Degradation of fatty acid and biosynthesis Proposed biosynthetic pathway of )

of 2-alkylmalonyl-CoA

Research Subjects

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

Evaluation of transcriptional regulators associated with secondary metabolite gene
clusters

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

Development of small molecules that enhance production of secondary metabolites

Construction of biosynthetic platforms using microorganisms

(OB OR OR OR O

Research Outline

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

Research Results

* We elucidated the enzymes responsible for the biosynthesis of atypical polyketide
extender unit.

* We constructed terpenoid biosynthetic platform using Actinomycetes.
* We identified the biosynthetic gene cluster for insecticidal okaramines.
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Total 191 subjects

Total 40,670 compounds
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4 Achievement of chemical library provision

Chemical Resource Development Research Unit

20155 EX>/5— / FY2015 Members

Conservation of chemical library P

Expanding and using chemical libraries
to accelerate chemical biology research

Research Subjects

Chemical library utilization

Q93
Q93

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

Research Outline

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

Research Results

* We identified that catechol compounds bind to tau protein and inhibit tau oligomer
formation by chemical array screening using NPDepo chemical library. These catechol
compounds reduce the levels of detergent-insoluble tau and neuronal loss.

* We constructed chemical beads immobilized hematoxylin derivative, which suppresses the
nulear import of HIV-1 Vpr and inhibits HIV-1 replication. Using the chemical beads, we
identified that the derivative bound to aH3 domain of Vpr.

* To ensure utilization and application of chemical library, we provided chemical compounds
and their information to domestic and international research institutes.
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4 Homology models of human (light blue)
and rabbit (wheat) APOBEC1 show
structural conservation relative to
APOBEC3G-CTD (light pink)

Bio-Active Compounds Discovery Research Unit

Developing platforms to discover andvalidate useful bio-active compounds

2015%FEX>/5— / FY2015 Members

Pin1 isomerize peptidyl prolyl bonds in a 3
phosphorylation dependent manner

for sustainable resource science

Research Subjects
Microbiological and chemical approaches for exploitation of novel bioprobes
Screening of bioactive compounds

Identification of molecular targets of bioprobes

(OROROR S

Mining and functional analysis of molecular targets

Hesearch Outline

We are developing platforms for discovery and validation of useful bio-active compounds
as research platforms for sustainable resources and their application. After development and
refinement of these platforms, we will identify bioactive compounds useful for improvement of
photosynthesis efficiency, 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 phosphorylation dependent protein-protein interaction. We are also
improving chemical array systems for discovery of novel bioactive compounds.

Research Results

* Homology models of the HIV1 APOBECA1s indicated that their activities derive from
functional domains upon the infection.

* We isolated novel inhibitors of phosphorylation dependent peptidyl prolyl cis-trans
isomerase from RIKEN NPDepo chemical library.

* We identified novel inhibitors of tyrosine phosphatases and analyzed their mode of action.

a0 - 0 SRS

trans _— cis
kinases [ phosphatases
(CDK, MAPK) (Pp2A etc)

pTP T
trans cis
Pin1: Phosphorylation dependent
peptidyl prolyl cis-trans isomerase
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4 Scandium-catalyzed syndiospecific
polymerization of styrene with anisole
derivatives as chain transfer agents

Advanced Catalysis Research Group

20155 EX/\— / FY2015 Members

Copper-catalyzed regio- and stereospecific p
alkylative carboxylation of ynamides

Developing new catalysts for more efficient,
selective chemical transformations

Research Subjects

Activation and efficient use of dinitrogen

Activation and efficient use of carbon dioxide for organic synthesis

OR ORI

Organo rare-earth catalysts for precision polymerization and organic synthesis

Research Outline

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 valued fine chemicals, and (3) synthesis of fine chemicals and functional
polymer materials in an atom-economical fashion.

Research Results

® By using a scandium catalyst, we have achieved for the first time highly efficient
syndiospecific chain-transfer polymerization of styrene with anisoles as a chain transfer
agent.

® By using a copper catalyst, we have developed an efficient protocol for the alkylative
carboxylation of ynamides, which selectively gave non-symmetric a,f—dehydro—a—amino
acid derivatives.

® By using a rare earth catalyst, we have achieved for the first time the catalytic ortho—C—H

addition of pyridines to allenes.
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4 Cu-catalyzed aminotrifluoromethylation of

olefins

Catalysis and Integrated Research Group

Developing new transition metal-catalyzed reactions and
conducting integrated research of chemistry and plant science

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 trifluoromethylations

Development of asymmetric carbon-carbon bond-forming reactions

OROR OR RO

20155 EX>/\— / FY2015 Members Research Outline

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

Research Results

* We synthesized secreted fatty acids that regulate nitrogen catabolite repression in fission
yeast.

® We examined the mechanism of aminotrifluorometylation of olefins.
® We developed Pd-catalyzed enantioselective reactions of B-ketoamides.
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4 Structure of 1-C-Arylated C1-Carboranes
and Its HOMO Derived from “o=m
Conjugation”

Advanced Elements Chemistry Research Team

Exploring the science frontier through periodic table-wide chemistry
with molecules featuring element-based characteristics
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“Cation-Stitiching Cascade” in p
Cyclooctatin Biosynthesis Clarified by
Systematic Theoretical and Experimental

Research Subjects

Design of new ate complexes and their practical application for organic
synthesis \CJ \ND

Development of expanded phthalocyanines toward utilization of N’

near-infrared light

C-C cross-coupling without transition metal catalysts M'
O

Theoretical analysis of reaction mechanisms C ,

Research Outline

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

Research Results

e We clarified the conjugation between o-aromaticity of Cl-carborane anion and
Tr-aromaticity (“o—1 conjugation”) by the combination of experimental and theoretical
investigations.

® Our mechanistic study on cyclooctatin biosynthesis by means of theoretical calculations
combined with experimental methods clarified the unique cyclization pathway,
“cation-stitching cascade.”

* We developed an efficient polycyclic aromatic hydrocarbon (PAH)-catalyzed preparation of
stannyl lithium (Sn-Li).

Cation-
Stitching
Cascade
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4 Instantaneous Click Chemistry by a
Copper-Containing
Polymeric-Membrane-Installed Microflow
Catalytic Reactor

Green Nanocatalysis Research Team

Developing novel catalytic systems to create highly efficient,
safe and environmentally friendly chemical reactions

Research Subjects

Development of polymeric catalysts @ Q

Development of catalytic reduction/oxidation processes @) Q

Development of continuous flow-reaction systems @ Q

Development of novel platforms for heterogeneous catalysis @ Q

Development of new protocols of organic transformations in water @ Q
20155 FEX//\— / FY2015 Members Research Outline

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.

Research Results

® We developed a polymeric copper catalytic membrane-installed microflow device for the
first time. By using the microdevice, Huisgen cycloaddition, an important reaction for click
chemistry, was completed in a few seconds.

e A few mol ppm of the polymeric imidazole palladium catalyst that we have developed
promoted the Mizoroki-Heck reaction efficiently. We also clarify the catalytic structure as
well as the catalytic mechanism.

® The polymeric acid catalyst that we have developed promoted the esterification of oleic
acid to provide the biodiesel fuel efficiently.

ALK & s RE A

A Convoluted Polymeric Imidazole p
Palladium Catalyst: Structural Elucidation
and Investigation of the Driving Force for

the Efficient Mizoroki-Heck Reaction
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Decoupled electron and heat transfer at p
deep-sea hydrothermal vents

Biofunctional Catalyst Research Team

Seeking biological electron transfer to develop sustainable energy

and environmental technology

Research Subjects

Development of water splitting catalysts ‘CJ

Investigation of giant electro-ecosystems in a deep hydrothermal environment .M' C '

Microbial Electricity generation C '

Research Outline

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

Research Results

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

® We found the thermoelectric effects of minerals taken from the deep-sea hydrothermal
vents.

* We proposed the new model of chemical/thermal/electrical energy conversion at deep-sea
hydrothermal vents.

"Decoupled” Electron and Heat Transfer via Chimney Minerals
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4 RBBR assay for efficient lignin degradation
fungi

Biomass Engineering Research Division

Synthetic Genomics Research Group

Through analysis of the gene expression profile of biomass plants and utilization of
these information for the production of new materials through photosynthesis

20155 EX*>/5— / FY2015 Members

From analyses of gene expression profile p
during seed maturation in sorghum we found
some specific genes among gene families are

involved in starch biosynthesis
(indicated with asterisks).

Research Subjects

Research on genome 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) using Cyanobacteria

Research Outline

Our group’s goal is to produce new chemical materials in plants that connect to bioplastics
and biomass energy by using genome information of various organisms. For this purpose we
will search for and design genes, and synthesize new metabolic pathways for production of
new biomass resources.

Research Results

* We analyzed gene expression profiles during seed maturation in C4-photosynthetic grass
plant Sorghum.

® We have isolated and characterized a chemical that enhances cell wall thickness and
degradation.

® We isolated lignin-degradation fungi and characterized them.

Hamt map af tissue-spocific axpressian of genes
irwalved in starch Bicsyrthes|s pathwey.
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Life Cyele of
Brachypediun distaciyyon

4 Application of morphological-based
l growth scale to entire life of Brachypodium
=, distachyon
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Genome sequencing of polyploid p
Brachypodium and its ancestral parental

Biomass Engineering Research Division

Cellulose Production Research Team

Exploring useful genes for plant productivity and
developing technology to increase grass biomass

Research Subjects

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

Identification of useful genes for improving biomass productivity in grasses

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

Research Outline

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

Research Results

® To integrate growth stages between this model grass and major crops such as wheat, we
applied morphological-based growth scale to Brachypodium distachyon. We carried out
global identification of commonalities and specificities of stress induced metabolites
between Brachypodium and wheat at same growth stage.

* We identified changes in transcriptome under plant hormone treatments in Brachypodium
distachyon.

® We decoded the genome of polyploid Brachypodium and its ancestral parental species,
and clarified its characteristics.
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Biomass Engineering Research Division

Enzyme Research Team

Developing new biopolymers and applying them as
biomass-based functional and structural materials
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Schematic representation of the gene p
delivery strategy using engineered
4 Overview of the research strategy

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 Outline

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

Research Results
® We developed a method to introduce DNA into plant mitochondria.

® We successfully synthesized silk-like polypeptides by chemoenzymatic polymerization.
* We clarified the effects of water molecules on thermal and mechanical properties of silk.

Polycation: KHISHIKHKHIEHIKHIHICHKH (KH)

Cell Penetrating Paptide: KKLFKKILICYL (EP100)
plide: MLSL FFK (Cytcox)
L Cyteo i ‘ | BP100
Plasmid DNA Cytoox 1 H-DNA BP00-Cyteox
Complex 11-DNA Complex
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Biomass Engineering Research Division

Bioplastic Research Team

Creating new high quality plastic materials
made from biomass
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4 Aromatic polyester with fast crystallization Novel acrylic resins containing aromatic P

rate and without color

Research Subjects

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

New advanced methods for biomass-polymer synthesis

Research Outline

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

Research Results

® We developed the synthetic technologies of aromatic polyesters with excellent
processabilty.

* We developed the synthetic technologies of polymers from aromatic compounds with a,
B-unsaturated carbonyl group.

® We succeeded in syntheses of polymeric additives to improve the tear strength of
biopolyesters.

Catalyst

Initiator
Solvent »
Temperature
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Construction of Escherichia coli p
overproducing several
chorismate-derivatives

4 Outline of a computer simulation tool for
novel metabolic pathways

Biomass Engineering Research Division

Cell Factory Research Team

Developing optimal cell design for bioproduction and
evaluating plant biomass systems

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

2015%EX>/5— / FY2015 Members Research Outline

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

Research Results

® Development of a computer simulation tool of searching a novel metabolic pathway
® Construction of Escherichia coli overproducing several chorismate-derivatives
® Construction of an artificial metabolic pathway for isoprene synthesis in a cell
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4 Sequential monitoring of shoot biomass of
South Australian bread wheat under
salinity stress conditions
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Symbiotic roles of ectosymbiotic bacteria p
of termite-gut protists for efficient biomass
degradation

Biomass Engineering Research Division

Biomass Research Platform Team

Developing research platforms for plant biomass

to establish a sustainable society

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

Identification 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 Outline

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

Research Results

* We identified key genes which mediate salt stress resistance and biomass supply with the
integration analysis of transcriptome and phenome in bread wheat.

® We identified symbiotic bacteria on the surface of protists in the termite mediates
lignocellulose dissolution.

® We analyzed whole transcriptome analysis mediating plant hormones signaling in
Brachypodium.
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Total 35 subjects

Total 2,886 compounds
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4 Achievement of chemical library provision

Drug Discovery Platforms Cooperation Division

Chemical Bank Unit for Drug Discovery Platform

Proper management and provision of chemical compounds
to support research for drug discovery and development
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Chemical storages under a condition of low )
umidity

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 Outline

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

Research Results

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

© We supported cancer-drug discovery research adopted for the Japan Agency for Medical
Research and Development (AMED) Project for Development of Innovative Research on
Cancer Therapeutics (P-DIRECT).

* We have constructed chemical library of 10,000 compounds for HTS.
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Drug Discovery Platforms Cooperation Division

Seed Compounds Exploratory Unit for Drug Discovery Platform

Discovering seed and lead compounds

by HTS to develop new drugs
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{ HTS themes carried out in FY 2015,
categorized by assay methods

Research Subjects

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

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

Research Oudine

Our unit aims to identify seed compounds for drug development that are active on drug
target molecules, by HTS of large compound libraries.

Research Results

® We developed assay methods of HTS for the compounds active on a total of 9 target
molecules in the RIKEN Program for Drug Discovery and Medical Technology Platforms
(DMP), the Japan Agency for Medical Research and Development (AMED) Project for
Development of Innovative Research on Cancer Therapeutics (P-DIRECT), and
collaborative studies.

* We conducted HTS campaigns for the compounds active on a total of 26 target molecules
in the RIKEN DMP, the AMED P-DIRECT, and collaborative studies. Among them, we
completed HTS of 20 targets, and identified hit compounds that might have direct activities
on each of the targets.
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Technology Platform Division

Molecular Structure Characterization Unit

Developing technologies and platforms forstructure characterization

by NMR and MS analyses
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Identification of cytoprotective p
4 Structural revision of brominated lysophospholipids from sea cucumber

sesquiterpenoids aldingenins A and B

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 Outline

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

Research Results

* We determined the structures of lysophospholipids with cytoprotective and antioxidant
activity from sea cucumber.

® We revised the structures of sesquiterpenoids aldingenins A and B by computational
evidence.

® We developed a superconducting bulk magnet for high resoluton NMR and MRI
measurements.
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4 Modified EF-P peptide was detected larger
by 146 Da than the theoretical mass value
of unmodified peptide by MALDI TOF-MS
analysis.

(Yanagisawa, T. et al. 2016 PLoS One)
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Sugar composition analysis showed that p
modified EF-P peptide is rhamnosylated
(Yanagisawa, T. et al. 2016 PLoS One)

Technology Platform Division

Biomolecular Characterization Unit

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

Research Subjects

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

Identification and characterization of RNA by mass spectrometry

Research Outline

Our unit provides high quality structural characterization methods to the field of biological
science, aiming to further understand the mechanism and action of biological molecules. We
manage specialized and technical instruments including protein chemical analyses, mass
spectrometry. Our challenge to research, develop and fine-tune novel characterization
methods for biological molecules, is an endless yet rewarding process.

Research Results

* We identified that Neisseria meningitidis EF-P is modified with rhamnose, and found that its
modification is essential for cell viability.

* We identified the methylation site of p21 protein promoted by PRMT6, and revealed that its
modification regulates p21 cytosolic localization.

* We found that human matricellular protein CCN1 is fucosylated by POFUT2 and CCN1
fucosylation is required for its extracellular secretion.

N. meningitidiz EF-P peptide
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o NMREFRSEICETBTF LY EINLY Y OFT B REEFRR U,
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=R U,

tissues and cells

4 Mass spectrometers for metabolomic and Correlative light and electron microscopy p

hormone analysis, and microscopies for

Technology Platform Division
Mass Spectrometry and Microscopy Unit

Providing mass spectrometric and
microscopic platforms for plant science

Research Subjects

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

Microscopic analyses of plant tissues and cells

20155 EX//\— / FY2015 Members Research Outline

Mass spectrometric and microscopic analyses are fundamental analytical technology in
plant science and sustainable resource science. Our unit develops and executes the
analyses based on mass spectrometry for the study of plant metabolome and hormonome
and on microscopy for the ultrastructural observation of the plant cells.

Research Results

* Assessing metabolomic and chemical diversity of a soybean lineage representing 35 years
of breeding

* |dentification of novel role of ethylene and gibberellins in regulation of tomato fruit set

* Development of correlative light and electron microscopy for GFP-labeled organelles using
FE-SEM

to observe GFP-labeled organelles
embedded in resin using FE-SEM
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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

Dalian University of Technology, China

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

=

FRACKRF AR AR

Graduate School of Agricultural Science, Tohoku University

BEERAY
Keio University

MERFEAFR TR

L

Graduate School of Engineering, Kobe University

FIRARZ
University of Tsukuba

L [

HERMIASE  AREVLMRHR

Kihara Institute for Biological Research, Yokohama City University

EMERREN HMEEIER

&

Forestry and Forest Products Research Institute

=

ALK

Okayama University

RRKZE

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

Hokkaido University

RRIEXE
Tokyo Institute of Technology

RERZE
Kyoto University

FUMAKEE
Kyushu University

B 0D E @ 2

EHERF

ZEBRYE NIVARTF—XTATERDFHREM
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 ERERMKEEMEL 2—
Japan International Research Center for Agricultural Sciences

EMRRBEN EERNREMIR
National Institute of Advanced Industrial Science and Technology

ENARRREN RELEWERMAR
National Institute of Agrobiological Sciences

ERRREAN  RE RRERRLITEGMFHEE

National Agriculture and Food Research Organization

EMERFEEN KEREMEL> 22—
Fisheries Research 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) RRIFAFAZMRSEIZMER Interdisciplinary Graduate School of Science and Engineering, 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



Industrial Collaborations

FERER

TEYRZRTIRMFERRLYNT =7 Japan Advanced Plant Science Research Network

LYYy —TRITREEZI LD NETICE IR CRITORMI 2B U 39D REEHRAMRZRBEL TVET,

CSRS conducts collaborative research with 39 companies with the aim of practical application of our knowledge and technologies.

BRI ZESE (F)
PR RICR T DR F IR e BRI R ESADER

#®1—-JLF
-5 LF (0% SRULY) DRIEHE. BEOTIER

© euglena Co., Ltd. © Japan Tobacco Inc.

euglena Co., Ltd. Japan Tobacco Inc.
Utilization of genetic research related to crop improvement

Breed improvement and utilization of Euglena
towards grain production

IRRRFT N ETE RIKEN Internal collaborations

Lty —TRAREDBAN ZEBOBENTHAEL LM ICORITIMOEAL LT EROE LYY —LOF FEMAHRE
T TWET H e BIFAMRE § BRI R E L ZEA U BRI R R DRIHICED 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 resullts.

— RERMAEROERN —

o Leading-edge research facilities
ARMERFMR L 2— -

= Center for Emergent Matter Science 3

Y
RIRERZ > 5 — ‘:{,/ HEBT TSRS
Nishina Center for Accelerator-Based Science % &, Center for Advanced Photonics
istiNA

AR R A £ & — SPring. 8 q EHSAT LR 2~
SPring-8 Center @ Quantitative Biology Center
QBiC

SPring-8

GCSRS

Sence
FAT7YA T ABMBBMFT > 2~ . o ® f’c I"'a RER MR 82—
Center for Life Science Technologies LT 0‘ & @E Brain Science Institute
st
NAFYY =2t R~ p ++4 HAERENFMR L 2—
BioResource Center [ ] 0 Center for Integrative Medical Sciences
B

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
EHELTVWEET,

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.

LE (&)

Tohoku University

LEHEXE

Nagoya University

REKE

Kyoto University

R IR R
AFERAZ
Nara Institute of
Science and Technology

HEKZ
I University of Tsukuba
REASF
o 4 The University of Tokyo
o I
I L 24 ]
[N e o ?Eﬂ’.?—iﬂﬁ?}i
PN REGRHMZMA L 54—
Okayama University . gy RIKEN CSRS
2 -
ot ERAEWETE
National Institute for
Basic Biology

BREVWEDE:

EPRFRERFRILRRY NT—IBBF
(BRILPFARAT BB EREIEMR Y5 —)
T230-0045 ##/ || REETHEERKARLE1-7-22
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

2015.04.15-16
2014FECSRSHRE 7OV 1Y M RBESR
IR AL MR EEA

FY2014 RIKEN CSRS Annual Research Project Progress Report
RIKEN Wako/Yokohama Campus

2015.04.18
IZRR FNTER — AR
el b S

RIKEN Wako Campus Open Day
RIKEN Wako Campus

2015.07.05-09

F26EEROM XFATHESH

TIVANL-F Ayl KXY

The 26th International Conference on Arabidopsis Research
Palais des congrés de Paris, France

2015.07.07-08
$¥4EJACI/GSCYVRIIL
—RBARFE—IERE

The 4th JACI/GSC Symposium
Hitotsubashi Hall, Hitotsubashi University

2015.08.29

B #HRE —RAR
IR HORERAT
RIKEN Yokohama Campus Open Day
RIKEN Yokohama Campus

102

2015.09.02

Fov—9-BX ARI=7—92av7

B BURBEM

Denmark-Japan Mini Workshop on lon Transport Proteins
RIKEN Yokohama Campus

2015.09.24-26
SIEEMEBTEY v—t3IF—
B BURBER

The 3rd Plant Electron Microscopy Summer Seminar
RIKEN Yokohama Campus

2015.10.14-16
AT w2015
N T4 IR
BioJapan 2015
Pacifico Yokohama

2015.11.09

BART FFRT1ILT—92avT
IR SURR R

The 4th Brachypodium Workshop
RIKEN Tsukuba Campus

20151117
CSRSEFHMAET—I>av7
B BURBER

CSRS Early Career Workshop
RIKEN Yokohama Campus

2015.11.18-20
FUVEDRARIHE 772015 i 7
RREVIYA b .

Agribusiness Creation Fair 2015
Tokyo Big Sight

2015.11.24-25

IEHRERES R L [Towards Increased Plant
Productivity through Understanding of Environ-
mental Responses and Epigenetic Regulation]
IEHT HORBE PR

RIKEN International Symposium "Towards Increased Plant
Productivity through Understanding of Environmental
Responses and Epigenetic Regulation"

RIKEN Yokohama Campus

2015.11.26
2015 ECSRSHR7OY 1/ hhRRESR
IERR RS

FY2015 RIKEN CSRS Interim Progress Report on the Interdis-
ciplinary Research Projects
RIKEN Wako Campus

2015.11.30-12.02

SEOmEHF THRE

EREBERERAE

World Engineering Conference and Convention 2015
Kyoto International Conference Center

- T

2015.12.02

EMEFE S R IIL2015
RRRFFERE —FA—N

Plant Science Symposium 2015

The University of Tokyo, Yayoi Auditorium, Ichijo Hall

2015.12.11
ANT-FIVTA—F L
HERERU > 2—

Yokohama Agriforum
Yokohama Media and Communications Center

2015.12.21
SEIE=tRRIGEM - KEREMA L 2 — - BE WA RHERE)
EEI—IavT

2R AR

The 3rd RIKEN-FRA-JAMSTEC Joint Workshop
RIKEN Wako Campus

2015.12.24

55 1 EERRR-JL K-EERETR [RIRIIR ] BRI RIIL
()N TPLY A B~

The 1st RIKEN-Hokkaido Univ.-AIST Joint Symposium
lino Conference Center

2016.01.07
#H2ECSRS-ITbM&RT—av 7
2R FE T

The 2nd CSRS-ITbM Joint Workshop
RIKEN Wako Campus

2015.12.04

IBFRS AR T L [E16ESH - BT E L ORI
IRRR MR R

RIKEN Symposium "The 16th Analytic Technologies and

Forefront of Chemistry"
RIKEN Wako Campus

2016.02.22-23

BEILXZEIPSR X AMAZEIMI X EBHRCSRS 2RI IL
2R BB

IPSR (Okayama Univ.)-IMI (Kyushu Univ.)-RIKEN CSRS Joint
Symposium

RIKEN Yokohama Campus
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CSRS Seminars

Date

2015.04.08

2015.04.08

2015.04.20

2015.05.28

2015.06.04

2015.06.15

2015.07.07

2015.07.10

2015.07.22

2015.07.31

2015.08.10

2015.08.21

2015.08.31

2015.09.08

2015.09.11

2015.09.17

2015.10.02

2015.10.05

104

Title
R2R3-MYBs and MYC/bHLH transcription factors in the

regulation of Trp-derived secondary metabolites in A.
thaliana

Universal Fluorescent Probe Platform for Aimost
Everything
Mechanisms of nonhost disease resistance and its

potential application strategies in plant disease
resistance breeding

Noncovalent and Reversible Covalent Interactions:
Fundamental Studies and New Applications

Genetics of root branching

The endodermis: A tale of two cell types

Speaker

Dr. Henning Frerigmann

Prof. Young-Tae Chang

Dr. Seonghee Lee

Prof. Mark S. Taylor

Prof. Tom Beeckman

Dr. Niko Geldner

Affiliation

Metabolic Systems RT, RIKEN CSRS /

Botanical Institute and Cluster of

Excellence on Plant Sciences, University

of Cologne, Germany

Department of Chemistry, National
University of Singapore, Singapore

Strawberry Molecular Genetics and

Genomics Gulf Coast Research and
Education Center, Institute of Food and
Agricultural Science, University of Florida,

USA

Department of Chemistry, University of

Toronto, Canada

Department of Plant Systems Biology, VIB
/ Department of Plant Biotechnology and
Bioinformatics, Gent University, Belgium

Plant Cell Biology lab, DBMV, University of

Lausanne, Switzerland

"Metabolic Rewiring - fREIZ D ERRIF)
ISRMEERAHYICELZTEIVAEHELDOFE  RAHZT %E BEERBA TP
BIRRICBFBHMFLRTFRRMEEYDEAR ALE R HRRZEYEETF RS — Ml

Improving the Precision of CRISPR/Cas9 nucleases
through Protein Engineering

Mechanisms in fertilization and subsequent zygotic
dev inar i using in
vitro fertilization system with rice gametes

How do host plants establish secure symbioses with
microbial partners?

Cross-talks between the control of flowering time and the

response to salinity stress in Arabidopsis

Dark Energy Ecosystem: Looking through the modern
deep ocean to the ancient and the extraterrestrial ones

HAEMEDS R TT T ILIHEELDS FHE

Prof. Scot A. Wolfe

Prof. Takashi Okamoto

Dr. Tomomi Nakagawa

Prof. Dae-Jin Yun

Dr. Ken Takai

THE EHR

HEET 2EEPT

Department of Molecular, Cell, and Cancer
Biology, University of Massachusetts

Medical School, USA

Tokyo Metropolitan University

National Institute for Basic Biology /
Nagoya University

Division of Applied Life Science (Brain
Korea 21 program), Gyeongsang National

University, Korea

Japan Agency for Marine-Earth Science

and Technology

BILRFRA R TR

V2 HEITNA DHAEMEY) RIEREBEHECFD
ZEET

Epigenetic control of genes and transposable elements
in Arabidopsis

Mitochondrial DNA Mutations and Ageing: Insights from
in silico modeling and analysis

Nanostructured surfaces for improved activity and

selectivity for electrochemical carbon dioxide reduction

ARole for Jasmonates in the Release of Dormancy by
Cold Stratification in Wheat

Transport properties of PIN proteins and regulation by
AGCVIII kinases: a structure function approach

HH 1§ ARSI

Dr. Hidetoshi Saze

Prof. Rudiyanto Gunawan

Dr. Joel W. Ager lII

Dr. Frank Gubler

Dr. Ulrich Hammes

REEMERIATEA BRI

Okinawa Institute of Science and
Technology Graduate University

Institute for Chemical and Bioengineering,

ETH Zurich, Switzerland

Solar Energy Materials Research Group,
Lawrence Berkeley National Laboratory,

USA

CSIRO Agriculture, Canberra, Australia

Cell Biology and Plant Biochemistry,
University of Regensburg, Germany

Host

CSRS Yokohama seminar
series (Metabolic Systems RT)

Chemical Biology RG
CSRS Yokohama seminar

series (Plant Proteomics RU)

Advanced Elements
Chemistry RT

CSRS Yokohama seminar
series (Cell Function RT)

Plant Immunity RG

TINIVT/ U ARG

Catalysis and Integrated RG

CSRS Yokohama seminar
series (Dormancy and
Adaptation RU)

Plant Immunity RG

Gene Discovery RG

CSRS Wako seminar series
(Biofunctional Catalyst RT)

TEANT/ ZURRRG

Plant Genomic Network RT

Metabolic Systems RT

Biofunctional Catalyst RT

CSRS Yokohama Seminar
Series (Dormancy and
Adaptation RU)

Regulatory Network RU

2015.10.08

2015.10.09

2015.10.19

2015.10.19

2015.10.20

2015.11.05

2015.11.05

2015.11.18

2015.11.20

2015.12.10

2016.01.13

2016.01.14

2016.01.19

2016.02.25

2016.02.26

2016.03.08

2016.03.11

2016.03.14

2016.03.15

2016.03.17

2016.03.28

New Bioscience Research at BASF

Enhanced salinity tolerance in Arabidopsis by
overexpression of an endogenous peptide elicitor,
AtPepl

How a stressed out endoplasmic reticulum network
deals with virus infection

Chemistry of Carbon Dioxide Dianion

Multiple proton-coupled electron transfer in electrocatalysis

A spectral network-based strategy for identification of
metabolites

Sustainable Gold Catalysis

YVIGEIAY REETO—T L 28Y / TEYEEA
TEAIINAADY —

Strigolactones in plants: from biosynthesis to functions
Interorganellar communication in plant cells: stromules
and plant immunity

Punctuality of the rice circadian clock under fluctuating
field conditions

Bioinspired Asymmetric Catalysis with Peptides

Prospecting with Gold: Gold-N-Heterocyclic Carbene

Genus Vigna -the Wild and Sexy-

Synthesis and Application of Fused N-Heterocycles in Pd

and Cu Catalysis

TFAVINTIVERER ~HAREFESERORE~

BB AT ME-E R ENRENTET 2F/ 7>

G:J)V—7 T:F—Is / RG:Research Group

Dr. Christophe Reuzeau

Dr. Yube Yamaguchi

Prof. Jeanmarie Verchot

Prof. Jun Okuda

Prof. Marc Koper

Dr. Eisuke Hayakawa

Prof. Norbert Krause

iE EE R

Dr. Sander van der Krol

Dr. Eunsook Park

Dr. Jun Matsuzaki

Prof. Helma Wennemers

Prof. Steve Nolan

Dr. Ken Naito

Prof. Jin Kyoon Park

s B

hOEE FH Bt

Affiliation

CropDesign N.V., a BASF Plant Company,
Belgium

Graduate School of Life and Environmen-
tal Sciences, Osaka Prefecture University

Entomology and Plant Pathology,
Oklahoma State University, USA

Institute of Inorganic Chemistry /
Organometallic Chemistry at RWTH
Aachen University, Germany

Leiden Institute of Chemistry, Leiden
University, Netherlands

Innovation Center for Medical Redox
Navigation, Kyushu University

Organic Chemistry, Dortmund University of
Technology, Germany

RAKRFRFERBARFTEUCFEER

Wageningen UR, Netherlands

Plant biology and the genome center,

University of California, Davis, USA

National Institute of Agrobiological
Sciences (NIAS)

ETH Zurich, Organic Chemistry,
Switzerland

Chemistry Department, College of
Science, King Saud University, Saudi
Arabia

Genetic Resource Center, The National
Institute of Agrobiological Sciences (NIAS)

Department of Chemistry, Pusan National
University, Korea

HMEXEAFHRER PR

D 1t of Microbial Patf

YYale University School of Medicine, USA

MENBRROEREEHETT DS

C of Rare-and Alkaline-Earth Metals for
Catalytic Intermolecular Olefin Hydrophosphination and
Hydroamination Reactions

fEE D EE

Prof. Alexander Trifonov

Department of Molecular, Cellular and
Developmental Biology, Yale University,
USA

Institute of Organometallic Chemistry of
Russian Academy of Sciences, Russia

Rhizosphere communication in arbuscular
symbiosis in rice and maize

Proton-coupled electron transfer in organic synthesis

Functional assessment of multiple populations of
root-associated rhizobia from non-leguminous plants

Dr. Uta P

D 1t of Plant University

Prof. Robert Knowles

Dr. Ryohei Thomas Nakano

of Cambridge, UK

Department of Chemistry, Princeton
University, USA

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

RT: Research Team RU: Research Unit

Biomass Engineering
Research Division

CSRS Yokohama Seminar
Series (Plant Genomic
Network RT)

Plant Immunity RG

Advanced Catalysis RG

Biofunctional Catalyst RT

Metabolomics RG

Catalysis and Integrated RG

AR - BETAZG

CSRS Yokohama Seminar

Series (Cell Function RT)

Plant Immunity RG

Metabolic Systems RT

Catalysis and Integrated RG

Advanced Catalysis RG

Plant Immunity RG

Advanced Catalysis RG

TV = F/ BIEHRT

TENIWT/ZYZHEG

Advanced Catalysis RG

Plant Immunity RG

Catalysis and Integrated RG

Plant Immunity RG
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Press Release Highlights

LAY =2

Press Releases

| 2015.06.30

HRAHRERRZR F — L / Cell Function Research Team

YOS LEEMEMFI DB F AH = X L D— i % AZEA

Discovery of a mechanism that represses plant totipotency

3s )

;. >,

]

Y A\ o
)

PRC2ZERFDIREICH R S N FtkiE

Embryoids from root hairs of PRC2 mutant

Original article

PRC2 represses dedifferentiation of mature somatic cells in
Avrabidopsis.

Nature Plants 1, 15089 (2015)

I 2015.09.25

¥4 XFZXFDPRC2 (Polycomb Repressive Complex 2) &\ 5 /N EEERDIEEEHR
BURPRC2ZE Rk T3 REMITN IR D2 ZHB U RER ORISR THENILAERERZR
Y2 EEFRRUE U E5IC. COPRC2ERGDREMII T MAFMER T —EIERBIC
MEUTAREMRN HILALERERFERZ LTS EEASMNCLE UTc. S8 SR OB VAR
EBICLBEYDOBEREANDERNIRETEET,

PRC2 (Polycomb Repressive Complex 2) loss-of-function mutants complete cell differentiation but later
develop somatic embryos and callus (unorganized cell mass). Researchers also determined that the
mutants form callus after undergoing initial normal differentiation accompanied by endoreduplication.
These findings are expected to contribute to efficient tissue culturing for plant production and other
applications.

4EDS
E#l T (RR)
A BT (F—L—4—)
R BT (BRI R)

From left;

Akira IWASE (Research Scientist)

Keiko SUGIMOTO (Team Leader)

Momoko IKEUCHI (Special Postdoctoral Researcher)

S HEERIERZ F — L / Biofunctional Catalyst Research Team

BERTEEZIHEMENHTHE

A bacteria's double life: living off both iron and electricity

CSRSEHRRAZ . 51 A& TRILF—E LU THIFY % Acidithiobacillus ferrooxidans h¥, #- 4>®
BVBRE TICEWT MR ETEL. MR EN O BB SEF %3 ER< ZETNADHZEDH L. L
ATV EEN U BILRRD SERYZ BT DN/ DO LERE LD U AR
(3 BROHEAEYEICH IR EOBYEHEX X BE3DIRILF—THBIEERLEULS
BORBRICLNZBERICKE U ERB THIBIERRERE T 2 L CEBLMREICRDEF

TELY,

Cells of the Acidithiobacillus ferrooxidans (A. ferrooxidans), a chemolithoautotrophic bacterium known
to oxidize iron ions, proliferate and generate the NADH by extracting electrons from the electrode
outside of body, and also A. ferrooxidans synthesizes organic substances from carbon dioxide through
the rubisco protein. This research showed that the electricity could be the third energy following to the
light and chemicals to support the food chain on the earth.

Acidithiobacillus ferrooxidans

Original article

From chemolithoautotrophs to electrolithoautotrophs: COz
fixation by Fe(ll)-oxidizing bacteria coupled with direct uptake
of electrons from solid electron sources.

Front. Microbiol. 6, 994 (2015)

A B (F—LU—4—)
Ryuhei NAKAMURA (Team Leader)

Date

2015.04.01

2015.04.08

2015.04.28

2015.05.05

2015.05.15

2015.05.25

2015.05.26

2015.06.18

2015.06.25

2015.06.30

2015.07.06

2015.07.15

2015.07.31

2015.08.05

2015.08.06

2015.09.25

2015.10.27

2015.10.30

2015.11.04

2015.11.10

2015.11.12

2015.11.13

2015.11.27

2015.12.24

2016.01.05

2016.01.18

2016.02.04

2016.02.04

2016.02.26

2016.03.07

2016.03.15

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

AN / Title
YNFLDOFT—EN—A[MOROKOSHI| &2/N\—Ta> 7y
Morokoshi sorghum database upgraded
HKERNEROKIE S RO
Seawater successfully used for freshwater cyanobacteria cultivation

BENHREOH OB EEB/-DI B BLEREETEHR

New enzyme gene required for the formation of specific configurations of microbial secondary metabolites

ERRDES FALAMERBNIIRA BT 70T S LR

New analysis program comprehensively captures small metabolites
BR7 VIR EEHAY HERTEFNMRARIT

Profiling of plankton whole-cells using multidimensional solid-state NMR

BERRYEA X ZINGAL AT O— KA UBRROBF ZEL 9

Theonellamides, natural products from marine sponges, bind to membrane cholesterol and disturb cell membrane order

hF LRSI BBREMEET 2R EMERBMEHER

Newfound sulfur-containing metabolite inhibits enzyme that raises blood pressure
TROSHRDALRRIRR L ORERAICART)

Elucidation of chemical ingredients in rice straw
BAILIOTBBAEDEDORNA—F U EHKR

A common auxin that does not respond to gravity's pull in land plants

MO CLEEENHIDS F XD =X LO—i %A

Discovery of a mechanism that represses plant totipotency

>O7VEAQREENDOREFERED) Y/ LIV O—ARRIHS

Symbiotic bacteria on the surface of protists in the termite gut contribute to lignocellulose breakdown

SFIDEDTHEALFOBEHARBMOIE R AR RE AR

Clarification of similarities and differences in accumulated metabolites for Brachypodium distachyon and wheat

TN ORFHFEOLBHE R

New strigolactone receptor advances knowledge of how germination is induced in parasitic plants

ZV Y OEMBAEBREGDBIZTERR

Core gene for the medicinal properties of garlic discovered

IALFDEANATED XD =X L%FEA
Further understanding of salt stress tolerance mechanisms in wheat

BRTESDHENEND TIHE
Electron-munching bacteria

PUBT X7V VBROEERERTFERE
Secrets of a rice-killing fungal toxin

T 7T VREERMICB <AL A ERE

Novel abscisic acid antagonists identified

TR A A —H— BT FERIF

New method for data mining of metabolic biomarker

HHRSHOTL—F OEZEHRH

Deepening understanding of the brakes on cell division

AT FMEEMO BB I ERLESR DAL

Elucidation of key enzymes involved in the formation of atypical polyketide extender unit

FEREHPENORREFINT DH/HEREHR

A new mechanism in chloroplast-controlled plant growth

REIDZIRICLZEORH(BIILICBIDB/ETF EFHR

Agene that prevents leaf senescence under prolonged drought conditions

EYICTENESA B AN ERR

Chemical compound improves resistance to salinity stress.

HEMOBRICH T SPHCED AN = X LR

Initial plant response mechanism to high temperatures elucidated

IA XA W ADRRRER DA X = X LR
A new mechanism of intercellular transmission of the AIDS virus

SV TOKOR B ERRA

Understanding how silk is affected by water

A ZDEHBAN A% B LY 2HHEORFE

A new method for increasing heat stress tolerance in rice plants
BEO7I/BRALERINT HILEMERR

Novel oxylipins modulate amino acid uptake in fission yeast
BERRARERIE DR /RSN EFR

Anew medicinal target for meningococcal disease

BRI ARIEMORHLVVEREERRFR

New method for the synthesis of organosilicon compounds

HFE
BT /I ARG
Synthetic Genomics RG
KRB AT LIART
Metabolic Systems RT

RAWERRMFEU
Natural Product Biosynthesis RU

XEARO—LIERIET

Metabolome Informatics RT
BURRBORAET

Environmental Metabolic Analysis RT
TINNG IR ARG

Chemical Genomics RG

HAEXROIVAARG
Metabolomics RG

HRRRAEEERIRT / RIBHSORIRT

Cell Factory RT /Environmental Metabolic Analysis RT

AEEMRERZRG
Plant Productivity Systems RG

HRRMEERTZET
Cell Function RT

INAFARRREET

Biomass Research Platform T

T O—REERRT

Cellulose Production RT

T SRREAIRG

Plant Immunity RG
HEXLROIV ARG
Metabolomics RG

INAATARRFEET
Biomass Research Platform T

EABRREARRIAZET

Biofunctional Catalyst RT
TIANIAAOT—FRG
Chemical Biology RG
TIANIAFOT—FRG
Chemical Biology RG
BRIERBARZET

Environmental Metabolic Analysis RT

HRRMRRERIZET
Cell Function RT

KAMERHMAU / FIANNAF0OP—HRG
Natural Product Biosynthesis RU / Chemical Biology RG
TEEHIERZEU / FEXSZROIT ARG
Dormancy and Adaptation RU / Metabolomics RG
THEERRARFG

Gene Discovery RG

1T ) LEBRMRET / r3IhINGT IV ARG
Plant Genomic Network RT / Chemical Genomics RG
HREERFREG

Gene Discovery RG

TINNIAFOT—HEG

Chemical Biology RG

BESRRIRT

Enzyme RT

HREERRRRG

Gene Discovery RG

TIANG /XY ZRRG
Chemical Genomics RG

LB FHRU

Biomolecular Characterization U

SEHEBERMRRRRG
Advanced Catalysis RG
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=, i Award
X BH aras
G:J)V—7 T:F—IL U:1=vIk/RG:Research Group RT: Research Team RU: Research Unit U: Unit
Date & / Awar ¥ / Awardees HAZE / Labs ZH#E / Awardees
2015.0407 BARECFR2015FEAS MYIRH REBA BEWER RWEBRREU 20150826 BEAMEMREYSR WHRREEHRESR BEFRIH RE BT ek MR G
Hot Topics Award at Annual Meeting of JSBBA 2015 Keita AMAGAI Visiting Scientist Natural Product Biosynthesis RU The Poster Award, Plant Fungal Pathogen Workshop of the PSJ Ayako TSUSHIMA  Student Trainee Plant Immunity RG
K BT TOZHNREYT
Noriko SHIBAZAKI  Technical Staff 2015.00.04 F26EFHANHES EHK WA 2 AHEE TIDNIAMFOT—HEG
BRE FIZHALARYT Incentive Award, the 26th Workshop for discovery of new drugs Kai YAMAMOTO Student Trainee Chemical Biology RG
Hiroshi TAKAGI  Technical Staff
BE RS 1-yN)—4— 20150005 BAEYMESS THEE Lff AR HRERE BRI BHFEAERU
Shunji TAKAHASHI  Unit Leader Hirase Award 2015 of The Japanese Society of Plant Morphology Kiminori TOYOOKA Senior Research Scientist Mass Spectrometry and Microscopy U
ek BT HRD
EM T I—TFLoR— BRI AOS—FEG Mayuko SATO Technical Scientist
Hiroyuki OSADA Group Director Chemical Biology RG " "
20150926 BARE(LFR MRXHAR EFEFHERH B A wieE HREERISERRG
- . The Poster Award, Kanto branch meeting of the JSBBA Shota TANAKA Student Trainee Gene Discovery RG
2015.04.13 EOEFIFAFAMD[EI SRR EFE b N BT SRR o v
9th Science and Technology beautiful panel exhibition, The Best Award Kiminori TOYOOKA Senior Research Scientist Mass Spectrometry and N . = . . —
& 2 Microscz T Y 2015.11.05 Asian Core Program Lectureship Award BHR BIF-LU—4— SFERBETRICARZET
{ERE BT RN ) ) Py Asian Core Program Lectureship Award Ryo TAKITA Deputy Team Leader Advanced Elements Chemistry RT
Mayuko SATO Technical Scientist
wl REEE FH=HNRASTT 20151107 $54ENVMRE#SR HFHAS—EHHE (BIEJEOL RESONANCER) VA Thst ASBREUY—F7US TAh BRRHSHHAT
Mayumi WAKAZAKI  Technical Staff The Best Poster Award and JEOL RESONANCE Award for Young Scientists, ~ Takanori KOMATSU Junior Research Associate  Environmental Metabolic Analysis RT
The 54th Annual Meeting of the NMR Society of Japan
HEFE R HRRRE HERAERRG
Misao ITOUGA Senior Research Scientist Plant Productivity Systems RG 20151107 HE54EINMREAS BEFRAL—8 0 IEE BUFES BERBONIET
gk BER. TOZHINAREYT Poster Award for Young Scientists, The 54th Annual Meeting of the NMR Society of Japan ~ WEI Feifei Postdoctoral Researcher Environmental Metabolic Analysis RT
Yukari KATO Technical Staff
2015.11.18 Highly Cited Researcher 2015 H’is —i tr—kK BRIEERREMR > 2—
2015.04.23  The Inhoffen Medal, Helmholtz Centre for Infection Research RE #z Ets—k RIEERBPRE > 52— Highly Cited Researcher 2015 Kazuo SHINOZAKI  Director CSRS
The Inhoffen Medal, Helmholtz Centre for Infection Research Hiroyuki OSADA  Deputy Director CSRS HiEHNE Bt 4—F
Kazuki SAITO Deputy Director
2015.04.30 ASPB's Top Authors s it s—R RIEERMARR > 82— WA B T R—%—
ASPB's Top Authors Kazuo SHINOZAKI Director CSRS Yuji KAMIYA - Coordinator
HiEE Bt iR N .
Kazuki SAITO Deputy Director MR 19 IIN—TF1LIE— : iﬁﬂﬁﬁﬂxﬁ
PN = Hitoshi SAKAKIBARA  Group Director Plant Productivity Systems RG
Yuji KAMIYA  Coordinator N .
BRE JN—TF 58— HEMGRRREG
. _ Ken SHIRASU  Group Director Plant Immunity RG
HRS IL—T7 L5 ARG ’ Y
Hitoshi SAKAKIBARA Group Director Plant Productivity Systems RG N e
" v T EE F—AU—S— RS 257 LEET
_ _ . Masami HIRAI Team Leader Metabolic Systems RT
s fgz BEHRE HAEXSROIYAMFEG
Takayuki TOHGE Visiting Scientist Metabolomics RG B R F—Ll—s— 95 ) BREET
N Motoaki SEKI Team Leader Plant Genomic Network RT
20150507 BAMEYFSR HFREHH BT ERRPRRIERE HERRHRERRZET
BSJ Young Botanist Prize Momoko IKEUCHI  Special Postdoctoral Researcher ~ Cell Function RT BEER MEa TSEERISERREG
Miki FUJITA Research Scientist Gene Discovery RG
2015.05.29 ICRR2015 Excellent Poster Award AHEE XX BREE EBHFHERU
ICRR2015 Excellent Poster Award Fumio YATAGAI Research Consultant Biomolecular Characterization U 20151119 BAEHE SijiRESE WHE B— BIF—LU—4— H—>F JBiRRZET
The Pharmaceutical Society of Japan Award for Divisional Scientific Promotions Yoichi YAMADA Deputy Team Leader Green Nanocatalysis RT
20150529 BAFER BEFAAL—H MBh FIZ BHEE INAATSAFVIRET
SPSJ Symposium on Macrolecules Poster Award Hidehito HATANAKA = Student Trainee Bioplastic RT 2015.11.30 BAREEFSESTEIAS Best Papersi 2 8 HiE8 T ) LRIRET
The Best Paper Award, The 87th annual meeting,The Genetics Society of Japan Jong-Myong KIM  Research Scientist Plant Genomic Network RT
2015.06.01 BARZFERE HHE J—TFL 5~ TINNGTIZYIRRG B R F—LU—48—
Japan Academy Prize Minoru YOSHIDA Group Director Chemical Genomics RG Motoaki SEKI Team Leader
20150602  ASPB Corresponding Membership Award i t5—R REERNERE £ 5— 20151205 Banyu Chemist Award LAREH HRA AIR-RAREIZG
ASPB Corresponding Membership Award Kazuo SHINOZAKI Director CSRS Banyu Chemist Award Yoshihiro SOHTOME  Research Scientist Catalysis and Integrated RG
y " 5 s | = = Y i i il ienti £ = —
20150611 HIEEAPARTRIARS ST SR EHREH IR A BRI TIHIIAFOI—TEG 20160119 W Rl CleliC B Ce s RSN GELSUGUEl » % WA corch scienit AN D SR
The Lecture Award, The 19th Workshop of the Japanese Association for Tatsuro KAWAMURA  Special Postdoctoral Researcher Chemical Biology RG The 8th Korea-Japan Chemical Biology Symposium Young Scientist Awart . EE D) RESEEE Cje” = Eflicasio00Y)
Molecular Target Therapy of Cancer BEE AFREVY—FTVIIAL
Takeshi MIYAZAWA Junior Research Associate
2015.06.12 FR26EEEADADFIRARTSR MEERME R RE MIEE TIANINAAOT—HARG g : N 5 =
) ’ 2016.01.22 Thieme Chemistry Jouranals Award 2016 TAX B HHEE AR BEMREG
Incitement Award of the Japanese Association for Molecular Target Therapy of Cancer Yushi FUTAMURA Research Scientist Chemical Biology RG Thieme Chemistry Jouranals Award 2016 Yoshihiro SOHTOME Research Scientist Catalysis and Integrated RG
2015.07.17 FEOIEBAFHRRERR VIV IO T ANERE JBHE £5) F—LU—4— BERIZET 2016.01.22 SCIND B4 s ~
Bl ’ : .01 SIVIN— > 52— 2 > h—
The Young Scientist Lecture Award, The Society of Polymer Science, Japan Keiji NUMATA Team Leader Enzyme RT ﬁgﬁa :ilver( Medal ) f?hagoin :(JJU gepf/ Director ?gﬁ?ﬁﬂ;—ﬂ% &
2015.07.23 BAFESR /MF BAFHRE BEFHREERHEHE JBA EF F-LU—4— BRMET 2016.03.06 IMPACT L F(EF1 8 BEE— F—L—4— I O—AEERET
Forum on Biopolymers Science, Society of Polymer Science Young Scientist Lecture Award  Keiji NUMATA Team Leader Enzyme RT The IMPACT Serendipity Award Keiichi MOCHIDA Team Leader Cellulose Production RT
2015.08.11 BEZAMEMMIESFENFSR ERE FARE ¥= FiRB HAEXROIIZARG 2016.03.19 BAEMERFRE EHENE Bt s—R REERMEME L 2—
The JSPCMB Award for Young Scientists YYozo OKAZAKI Research Scientist Metabolomics RG JSPP Award Kazuki SAITO Deputy Director CSRS
2015.08.21 ISMAR Student Travel Stipend MR T KREBREVY—F TV IS RGBT 2016.0327 BABRECFRIFHIE RE#z Bta—K REGRMFME 2 —
ISMAR Student Travel Stipend Takanori KOMATSU  Junior Research Associate Environmental Metabolic Analysis RT The Japan Bioscience, Biotechnology and Agrochemistry Society Special Award Hiroyuki OSADA Deputy Director CSRS
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Organization

t>4&—E&K / Director

R —1f / Kazuo SHINOZAKI
glt>%—& / Deputy Director
KM #2Z / Hiroyuki OSADA
F#E M= / Kazuki SAITO
& BR / Zhaomin HOU

O—7 '« %—~4&— / Coordinator
&R f27] / Kenji SHINOHARA
A BiR / Yuji KAMIYA
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___ H4EEBASERRZLS L —T / Gene Discovery Research Group
7l —i / Kazuo SHINOZAKI

| 4EHEEME S IL—7 / Plant Productivity Systems Research Group
IR ¥9 / Hitoshi SAKAKIBARA

| tE¥H%EME S —7 / Plant Imnmunity Research Group
B78 B / Ken SHIRASU

| HAX&AROIYAMESIL—7 / Metabolomics Research Group
F#E 13/ Kazuki SAITO

| JeiErRERIERIZR S )L—7 / Advanced Catalysis Research Group
& BE / Zhaomin HOU

| misg - BAFZES L —7 / Catalysis and Integrated Research Group
i #F / Mikiko SODEOKA

| TIANAFOP—MESIL—7 / Chemical Biology Research Group
KH #2 / Hiroyuki OSADA

| TIHING/IHRFRES IV —T / Chemical Genomics Research Group
ZH & / Minoru YOSHIDA

| B> RAFT LMEF—L / Metabolic Systems Research Team
FH B / Masami HIRAI

| *&ARO0—LIEHRMAEF—L / Metabolome Informatics Research Team
A H IE#R / Masanori ARITA

| BREBEAHSHEZEF—L / Environmental Metabolic Analysis Research Team
F#th 32 / Jun KIKUCHI

| @S/ LREBRMRF—L / Plant Genomic Network Research Team
JBA / Motoaki SEKI

| #ERIEEEERZ F — L / Cell Function Research Team
A BT | Keiko SUGIMOTO

| #3ERREF — L / Plant Symbiosis Research Team
#k 3 / Makoto HAYASHI

| SeEmEETR{LFE/MIEF — L / Advanced Elements Chemistry Research Team
MLl EZfé / Masanobu UCHIYAMA

| JU—>F /sEMEF— L / Green Nanocatalysis Research Team
fAfE K / Yasuhiro UOZUMI

| AEAiEeAIERZEF — L / Biofunctional Catalyst Research Team
F#F 8 / Ryuhei NAKAMURA

| AFUHNZRFFEF — L / Molecular Ligand Target Research Team

F¥—JX - 7= | Charles M. BOONE

| | #ESHERZE =k / Dormancy and Adaptation Research Unit

R & / Mitsunori SEO
| RIRFAEFMFE L =vh / Signaling Pathway Research Unit
FL—J> - T7> - F¥ | Lam-Son Phan TRAN
| #RERERAZ 1=V / Regulatory Network Research Unit
B3 1% / Ryoung SHIN
| #7057 AI7AMEI=YH / Plant Proteomics Research Unit
R BASE / Hirofumi NAKAGAMI
| #%&45/ LIEHMEI= v / Integrated Genome Informatics Research Unit
183 #4h / Tetsuya SAKURAI
| RAMEARME L=V / Natural Product Biosynthesis Research Unit
&% 8= / Shunji TAKAHASHI
LEM) ) —ABFEMAEL=vh / Chemical Resource Development Research Unit
| &M #Z / Hiroyuki OSADA
| 4IEEMMERRMAEI=Yb / Bio-Active Compounds Discovery Research Unit
%58 57T / Nobumoto WATANABE
| N\A(FAYATEmMFEBF] / Biomass Engineering Research Division
#A3 5 / Minami MATSUI
| A4S /I ARSIV —7T / Synthetic Genomics Research Group
#A%F  / Minami MATSUI
| EAO—REEMFEF—L / Cellulose Production Research Team
#H B— / Keiichi MOCHIDA
| EBSRMEF—L / Enzyme Research Team
BE 7] / Keiji NUMATA
| INMATSRAFVIEF—L / Bioplastic Research Team
Pl 355 / Hideki ABE
| #EBaEEMEF—L / Cell Factory Research Team
3T FREE / Akihiko KONDO
L N FTRAIRREEF— L / Biomass Research Platform Team
I —H / Kazuo SHINOZAKI
B - ERERTELERERF / Drug Discovery Platforms Cooperation Division
#H #& / Minoru YOSHIDA
| BUSESIHINVHEMT =y / Chemical Bank Unit for Drug Discovery Platform
H # / Minoru YOSHIDA
L AU —RMLAWiRRESR T = v / Seed Compounds Exploratory Unit for Drug Discovery Platform
#H #& / Minoru YOSHIDA

AT EAZEBPT / Technology Platform Division
KH #Z / Hiroyuki OSADA
| S FEEfET 1 =Y / Molecular Structure Characterization Unit
#EF [KF / Hiroyuki KOSHINO
| 4@ FRF 1=k / Biomolecular Characterization Unit
3 & / Naoshi DOHMAE
L BEEF - BHEEAZT 1= / Mass Spectrometry and Microscopy Unit
T F13 / Kazuki SAITO
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