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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.
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Fiscal Year 2014 in Review
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The Center for Sustainable Resource Center brings
together RIKEN's expertise in three areas—chemical
biology, plant science, and catalytic chemistry. In the
area of chemical biology—a field that integrates the
separate fields of chemistry and biology—our aim is to
gain an understanding of biological phenomena and to
make it possible to manipulate biological systems from
the chemical approach. Thus, an important goal of
work in this area is to build links between researchers
in the two fields. In plant science a major keyword is to
build a system covering the entire process from
functional genomics to biotechnology applications. And
in the area of catalytic chemistry, we are promoting a
wide range of research with the aim to develop
chemical synthesis in a resource- and energy-saving
way. We have also expanded our participation in
large-scale national projects and collaborations with
both domestic and international partners.
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Achievements in Interdisciplinary Research
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Establishing interdisciplinary projects centered on
carbon, nitrogen, metallic elements and the creation of
research platforms as a means to promote sustainable
resource science was a new challenge for CSRS
researchers. But this challenge is paying off—taking
the new path while continuing to build on previous
research is leading to exciting new research results.
We plan to further expand our interdisciplinary projects
to strengthen collaboration with universities, institutes
under other ministries, and private companies, as well
as with other RIKEN organizations. A key to this is
enhancing translational research with researchers
from related ministries and industries. We believe that
RIKEN's research platform can become a driving force

for the creation of a world standard model.
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Future Perspectives
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CSRS was launched based on a 10-year plan. In the
first three years we have focused on establishing an
overall framework for the center. In the next phase we
will concentrate on achieving substantial research
results and managing the center in anticipation of our
mid-term evaluation, which will take place in the fifth
year. We spent the past two years in a sprint, so it is
time now to launch a steady stream of research
achievements, striking a balance between the core
research and interdisciplinary research. The
recruitment of excellent human resources along with
the establishment of a personnel system and research
system that can lead to new breakthroughs are
essential. In the future we plan to promote a scheme
under which people who have worked in RIKEN move
to other places around the world to pioneer new
research fields based on what they have discovered
while at RIKEN.
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BROENFRD B THHEYRIZE TN ADOY — BEAZDO3IDDNBEHEL EMEED SRS
HOBREERDID REERBEMA LYY —DREBLX U ARREAFLANLTRIGPREZIRAD— A EYFETIEE
MEFRTOBROANERZZFHE TICOLSICRBZFIO—FHE BN IRILF— RMBEDRRNEELWSEUE
RICAN> TIDHE ZET FBELBD > BB RNEE NS ENR/FTEEXT,

EmEE

BRI ZEUHETDRREEI IR
o ADIEINIE, BEHHEE BT AsEH
BORETT LYY —TIIEY DEEE
RICBbEGTFPREEYORREE
HTED BEINIT /AP AYRO—LA
DHIRZEIC HEREICEGSINEBWAE
EUPEEMTZE DEYOMEET>T
W&,

FIANNAAOI—

Y —TRRAEYERBHICUX
E-REIDUEYN\VIZEBELTVE
FALEY/NV I BRETIEEYRERE
T5CEMTEBTINNT LA DFL
NIVDFARICERDERZNY =L T &
e TERIIAADY —3EYF L Fe
EREERRBORILTVET,

gL

ANEHRDDEETEHODDYMEDE
EICIEMENEL>TVWET, BV —Tid
BEOEETOLALDHREENT RE
[CEUVWRISZ RS I 2HTRAIEDORR
ZED B IRIILF— ZMODFICE
LTWEET,

RIKEN created a center collecting three of its strong fields, Plant Science, Chemical Biology, and Catalytic Chemistry, to

elucidate the diversity of biological functions and chemical diversity. 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

CSRS has established four unique interdisciplinary pro ects 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.

s N\ N
‘SJ Carbon project _'ﬂ Nitrogen project

The Carbon pro ect centers on creating useful materials The Nitrogen pro ect ob ective is to save in ways that reduce

from carbon dioxide and oxygen in the atmosphere by the use of energy, water and resources with a focus on
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.
\. J \\ y,

{ B ( R

@ Metallic Elements project d Research Platforms project

The etallic Elements proect targets recovery and The Research Platforms proect integrates research

replacement strategies to overcome scarcity of mineral and infrastructure for discovery and use of metabolic networks,
metallic resources and promote clean chemistry without novel metabolites, chemicals and natural products as
loading the environment. Bioremediation is important for sustainable resources.  etabolomics and chemical screening

clean and sustainable environment. are key technologies.
\. J \\ J

Cooperative research for Biomass-Engineering and Drug Discovery Platform projects
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Two CSRS pro ects established as part of the RIKEN Research Cluster for Innovation are charged with exchanging
knowledge and discoveries between RIKEN and other institutions or companies.

s N N
‘EJ Biomass Engineering Program Cooperation Division (BMEP) ‘?J Drug Discovery Platforms Cooperation Division
B EP conducts basic research geared toward consistent CSRS Drug Discovery Platforms Cooperation Division, the
problem solving in areas ranging from efficient biomass Chemical Bank and Seed Compounds Exploratory Research
production by the functional improvement of plants to its nit, identify and provide promising bioactive small molecules for

useful applications. Iso B EP is promoting collaborations the RIKEN Program for Drug Discovery and  edical Technology

with domestic and foreign research institutes and industries. Platforms, as well as for collaborators outside RIKEN.
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Translational Research

utstanding core research in each specialized field and integrated knowledge obtained from interdisciplinary pro ects are
transferred to society by collaborating with industry. ore than 0 collaborative research pro ects have started towards
realizing open innovation by proactively matching industry needs with research seeds from CSRS, in cooperation with the
Business Development ffice of RIKEN Research Cluster for Innovation and the CSRS Planning ffice. 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 oint graduate courses with universities in apan, as well as international collaboration. In particular, CSRS promotes
inter ministry collaboration as a way of achieving innovation.
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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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Primary and secondary

CO;, O fixation
by catalysts

CO: fixation by catalysts Y&
_and clean oxidation
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Hiroyuki OSADA D.Agr.

s .(_:J R&D Project of Carbon Utilization
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Creation of useful materials from
carbon and oxygen in the atmosphere
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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

2%
Cholesterol s
- —

Toxic steroidal alkaloids
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Biosynthesis of steroids in plant and animal. SSR2 gene responsible for
biosynthesis of toxic steroidal glycoalkaloids in potato was identified
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Water splitting anzyme

Mr-ouide catalysts

Learning from nature toward efficient water splitting by Mn oxides under
neutral conditions

it possible to use atmospheric oxygen to engage in oxidation without putting a load on the environment.
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Schematic model of BSS1/BOP1 function in brassinosteroid signaling

Research Results

* Agene encoding a key enzyme for the biosynthesis of the toxic alkaloid in
potato was identified and applied to metabolic engineering.

* Achloroplast ascorbate (vitamin C) transporter was identified and found to be
required for tolerance to strong light stress.

© Brassinosteroid signaling factor BSS1 was shown to regulate plant height and
biomass production.

* We identified P450revl which is the key enzyme for spiroacetal modification
and elucidated co-crystal structure with its substrate RM-T.

* We developed the water splitting catalyst working at neutral pH based on the
regulation of proton-coupled electron transfer mechanisms.

© We developed a new method for the C-H carboxylation of aromatic
compounds by the combination of an aluminum base and 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 Oz as resources with minimal footprints on environments

* Development of artificial photosynthesis (water splitting)

15
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= _’:‘J R&D Project of Nitrogen Utilization

Original
catalysts

=

~ N: Fixation {';l'

L
Innovate current ammonia
synthesis method I

laber-Bosch Process {f -f'l
CHEH
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Ken SHIRASU Ph.D. Hitoshi SAKAKIBARA D.Agr. Minoru YOSHIDA D.Agr.

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 (NO3) are released into the atmosphere as nitrous oxide (N.O) through a
process called denitrification. N-O is a greenhouse gas with 300 times the effect of carbon dioxide (CO), and so clearly, we need to develop technology
to reduce its emission.

Research Results

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

. . 1 : .
Cold acclimation === Deacclimation
(Preparation for overwintering)

® We revealed the molecular mechanism that produces reactive oxygen species
to attack pathogens.

(Resume growing)

1) Cald acclimation
-related genes

* We identified ABCG14 as a gene essential for root-to-shoot translocation of
cytokinin.

* We identified a novel post-transcriptional regulation mechanism underlying

2T | ati I - . . . .
it cold acclimation and deacclimation in plant.

-regulated targets
® We revealed a molecular mechanism regulating symbiotic nitrogen fixation
3) Deacclimation under drought stress condition.
-related genes

Future Vision

RNA regulation during cold acclimation and deacclimation * 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

e |dentification of chemicals inhibiting pro- or eukaryotic denitrification

17
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Carbon-carbon bond cleavage and rearrangement of benzene
by a trinuclear titanium polyhydride complex
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Bioremediation
Recovery of rare metals

B ol Factory effluent

Recovery of rare metals
by plant and microbes,
and bioremediation

‘N_D R&D Project of Metallic Elements Utilization
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Efficient recovery and usage of useful metallic elements
without imposing a load on the environment

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

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

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

Research Results

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

* We developed the catalytic and migratory trifluoromethylations of
propargyl alcohols.

® We achieved extremely quick condensation of various carbonyl
compounds with diols by using a polymeric acid membrane catalyst
installed in a microflow device.

* We identified CsTolen A, as a chemical compound that renders plants
tolerant to cesium by inhibiting its entry.

® We revealed that copper regulated cellular differentiation is mediated by

® ® L "*ﬁ, auxin in the copper mosses, Scopelophila cataractae.
® L a® ey
e o a w4, o @
[ ] o)
Wy o
CsTolen A specifically binds to cesium in soils, resulting in Future Vision

reduction of cesium accumulation in plants e .
P © |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

19
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Establishment of research platform
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for the discovery and utilization of sustainable resources
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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 aresult, we expect the functions of metabolic products obtained from metabolome analysis to quickly become apparent, and to increase the
diversity of the Chemical Bank.
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Genome-wide association mapping of rice metabolome

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.

Diversification of compounds Profiling of isolated [ Molecular target analysis
by gene engineering compounds

tependoleE 11 ketopaspatine

Morphosiose profiing
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Linkage of biosynthesis and activity evaluation of biological
active compounds

Research Results

* We have conducted the metabolome genome-wide association study with
Japanese rice and elucidated the genome regions responsible for
accumulation of metabolites.

* We have developed the method of comparative analysis of chemical and
microbial profiles in estuarine sediments.

® We have isolated and determined the structures of RK-270A-C and
RK-1355A and B from microbial metabolites fraction library, and evaluated
their biological activities.

© We have built a platform that links biosynthesis and activity evaluation of
biological active compounds. Using our platform, we generated the
structural diversity of terpendole E-related compounds and evaluated the
biological activity by MorphoBase and ChemProteoBase.

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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_BJ Biomass Engineering Program Cooperation Division

Turning carbon dioxide into resources
and contribution to social wisdom

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

Future Vision

o Discovery of useful genes for the improvement of plant biomass ‘-’-1.' —
productivity based on genome information of biomass plants oo s “Q

Cellulose

Plants
® Establishment of innovative cell material production process based on

synthetic metabolic design

Life cycle of Fermentation/Gl
e Development and improvement of the practical biopolymer materials to bioplastics
meet the demands of society

* Promotion of international collaboration and company cooperation

) ; - Molded product
researches to establish the open innovation

Processing IEL L]

What is Biomass Engineering Research?
,_DJ Drug Discovery Platforms Cooperation Division

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 prr | @a Tl
s . - . - . P G e Muhiple sets
division aims at making innovative contributions to the academic drug Seipley ‘
T ey
discovery effort. - M e e
et st g
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® Stepping up from HTS to ultra-HTS in order to reduce the term and Kol s s B Sl
cost for HTS [ g, 7] ] -_ = )
® Promoting HTS using iPS and stem cells, and phenotypic HTS in " B . ‘_‘-—, .f'." ‘ =
order to find unique bioactive compounds i st

® Construction of unique chemical libraries for HTS Facilities for HTS
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[E R E International Collaborations Domestic Collaborations

MFEFHIIHE Research Collaboration greements MLk
kayama niversity
ax Planck Institute of olecular Plant Physiology, ermany EEEERAL St SRR
ax Planck Institute of  olecular Physiology, ermany Institute for dvanced Biosciences, Keio niversity
=k w=al
eibniz Institute of Plant Biochemistry, ermany ?oFb:iiversity
International Center for Tropical griculture, Columbia 2] SugA
Naning Forestry niversity, China niversity of Tsukuba
R

Plant Systems Biology of IB, Belgium

The niversity of Tokyo

RBEHBAFRZRERREIWMER / NSV RTA—Y T TEGHFHRRR

raduate School of Bioagricultural Sciences Institute of Transformative Bio olecules, Nagoya niversity
RREMBIARM AL RS
Nara Institute of Science and Technology
RMIIAY NREMEMER
Kihara Institute for Biological Research, okohama City niversity
MMITBUEN BRI

apan gency for arine Earth Science and Technology
IRIATBUEN  ERRMKEEME L 2— ’

apan International Research Center for gricultural Sciences
IRIATBUEA  ERRATR S MR ‘;
National Institute of dvanced Industrial Science and Technology #
MMATBUEN M ST ’
Forestry and Forest Products Research Institute )
IRIATBUEN  REEWE R ot
National Institute of grobiological Sciences N
WIATBUEAN R RAEERITRAMEME
National griculture and Food Research rganization
IRIATBUEN KEREMEE2—
Fisheries Research gency

ohn Innes Centre and the Sainsbury aboratory, K

E

me Plant Science Center, Sweden

=

China gricultural niversity, China

niversity of California at San Diego, S

gricultural  enetics Institute, iet Nam

[

Dalian niversity of Technology, China

niversity of Toronto, Canada

B

Korean Research Institute of Bioscience and Biotechnology at chang, Korea

CECHCNCNCNONONONONONCONONONONC)

E]

niversiti Sains  alaysia at Penang, alaysia

B E B [

Cooperative Graduate Schools

1 HRMIMAEAER
RREMFRAFR L ERARTR

Kihara Institute for Biological Research
okohama City niversity

raduate School of edical ife Science,

2 RAEBAFAFREGRIMEAR raduate School of Bioagricultural Sciences, Nagoya niversity
3 BREZERRFKRPRBER X7 7HER raduate School of ediaand overnance, Keio niversity
4 FAKRFEXFBRFEMAE raduate School of gricultural Science, Tohoku niversity
5 WRAZEKFB raduate School of gricultural and ife Sciences  raduate School of Science,
RELEGRIFMIRBEMIER The niversity of Tokyo
ELHAFEMRA Principal oint Research greements 6  FUBRFAFEBRBARIEMER raduate School of Science and Technology, Niigata niversity
@ Noble Foundation, lowa State niversity and niversity of California, Davis, S 7 BERFRFREIZMAR raduate School of Science and Engineering, Saitama niversity
® International Rice Research Institute, Philippines 8  REPRFAFTEFMRE raduate School of Science, Kyoto niversity
@ International aize and Wheat Improvement Center, exico 9 FFRFARFRIFAMAFR raduate School of Engineering, Toyo niversity
® Brazilian  gricultural Research Corporation, Brazil 10 RRIFERFARFZRMEAETIAMIAR Interdisciplinary raduate School of Science and Engineering, Tokyo Institute of Technology
@  ahidol niversity, Thailand 1 ITRRFAFRIZARER raduate School of Science, Rikkyo ~niversity
(@ Changchun Institute of pplied Chemistry, Chinese cademy of Sciences, China 10 EEEHAS AR TR raduate School of Engineering, Tokyo Denki niversity
© Peking niversity, China 13 RRERERAZAZRERFHRSHER edical Research Institute, Tokyo edical and Dental niversity
® CNRS niversit de Rennes , France 14 EPAFRRAZRETIZMER raduate School of Science and Engineering, Tokyo etropolitan niversity
O Emoy niversit, S 15 FEARFRFERBMABILMAR raduate School of dvanced Integration Science, Chiba niversity
@ niversity of Cambridge, K
16 ERIERFAFRIETAMAR raduate School of Engineering and Science, Shibaura Institute of Technology




FERER

Industrial Collaboration

TEYRZRTIRMFERRLYNT—7  Japan Advanced Plant Science Research Network

Yy —TRTREREZII LD NETICE IR CRITORMI 2B U, 284 OREEHRAMRZREL TVET,

We are conducting collaborative research with 28 companies with the aim of practical application of our knowledge and technologies.

#)1—JLF
euglena Co., Ltd.

DOWAFR—ILTF 127 A (1) (#8) h %7
Dowa Holdings Co., Ltd. KANEKA CORPORATION
I—TLF ({5 SIRULY) OREHE,

EavyyITic&BEREHKOE NAARYIRFILOERRBIbICE T TEE

BLUFIER TR FRFE

Breed improvement and utilization of Disposal of waste containing heavy metal Developing of the advanced technologies
Euglena with moss toward the practical use of the biopolyester
TR8 L (iR

©euglena Co., Ltd. ©DOWA ECO-SYSTEM

©KANEKA CORPORATION

IRRRFT N ETE RIKEN Internal collaboration

Lty sy —TIIBRAOMEY Y —EOBERREHELTNET,
SAARZTEEHEEFI T A RE O EAN EEBORENTRE U R ICORF 2B EAE LT BN OE LY 7 - DR EE
MBI 1T > CWE T F e BIFDRE I 2R EMMRER T ER U IR RARDRIBICERDBATVET,

CSRS promotes collaboration within RIKEN. The Biomass Engineering Program Cooperation Division carries out interdisciplinary field research

with several centers in RIKEN as activity of the wisdom of individual researchers to be combined with the comprehensive power of an

organization and expand into social wisdom. Also we use the leading-edge research facilities of RIKEN for creation of new research results.

—— RERMAEROER —

Leading-edge research facilities

NAA) =Rt 58—
BioResource Center

ER/IRAT LR 42—
Q Quantitative Biology Center
: e (SN |

—

QBIC =

o=@

- —

CRImERME L 52—

Nishina Center for
Accelerator-Based Science

SPring-8
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BRIIENEUTc BN DIBYRIFARE [ERTIHO AR BYB BRI RATLARVZD/ VI\VEFRAT B ENTE Do FIFFTHSA
EDHEFARBEICLDBERAREITSENAREERDE U e Flo ARY NI =V IFEERNT DERNDRVWENFOMFTERE.
REBICEDDZSS U QWURZHE UTEMIARII 21 =T+ 2FIE SN ZEDBFENE T BB AR Y b T — T R
BIRERAREREE OFETEHEIN/EEZAAUTCEEETEESNTOET AR Y NI — DRI PIERBLRMREIE., FFHEH
BIREE BENLGZBCRROBEEL - BRI PN\A AT RIBERE BREERICEMRL. 7Y -1 /R—2 3V ([CET DEYRIFEMRE
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
The University of Tokyo

o

Bk : of (LSRR LA
Okayama University 7 RARRMZHRA LS 2— po s
4 RIKEN CSRS =
° =5 P2 (IR~ DakR
8 D= et A A
S _ w i ad Loy € 9ommswkn
oA BREMFRAR |
National Institute for =
Basic Biology TS DERTED
BREVWEDE:

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

Contact:

Secretariat of Japan Advanced Plant Science Research Network

(RIKEN Center for Sustainable Resource Science)

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

www.psr-net.riken.jp
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CSRS Advisory Council 2014
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| CSRSACZE

ZB&K Dr. Wilhelm GRUISSEM

gl&Z8RK Dr. Ben SHEN

Dr. Peter KUNDIG

£8 Dr. Dirk INZE
Dr. #H &
Dr. Anne OSBOURN
Dr. b4 K
Dr. B38 12
Dr. f#f} f2—EB
Dr. fielE i

| REZH
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EEOHRERMELTH D HLWH
RAELTHRVERRANEZEELA
FhIE RS20, CSRSTiTIhNTWS
HRDOHT, 1 ~ 24 DEFAIER 7O
YU MEERRAEDRE % D
BTENTES,
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The Center for Sustainable Resource Science Advisory Council, an international external review board, is held every 2-3 years to gain
advice and recommendations from prestigious researchers and leaders highly experienced in scientific governance. The first Advisory
Council was held from June 4th-6th, 2014 at the RIKEN Wako campus. The following is a list of main points addressed in the official report
from the advisory council, answering the terms of reference provided by the president of RIKEN and director of CSRS on research output,
organization, and future outlook.

| csSrRsSAC Members
Chair Dr. Wilhelm GRUISSEM

Vice Chair Dr. Ben SHEN
Dr. Peter KUNDIG

ETH Zurich (Swiss Federal Institute of Technology), Switzerland

The Natural Products Library Initiative, Scripps Research Institute Florida, USA
Swiss Chemical Society, Switzerland

Members  Dr. Dirk INZE
Dr. Akira ISOGAI
Dr. Anne OSBOURN
Dr. Daisuke UEMURA
Dr. Minoru ISOBE
Dr. Kenichiro ITAMI
Dr. Takao IKARIYA

VIB Department of Plant Systems Biology, Ghent University, Belgium
Nara Institute of Science and Technology

John Innes Center, UK

Kanagawa University

Emeritus, Nagoya University

Institute of Transformative Bio-Molecules (WPI), Nagoya University
Tokyo Institute of Technology

| Summary of recommendations

CSRS was created recently and is CSRS scientists must take CSRS combines world-class
advancing a new scientific field. It ownership of the strategy and research in plant science,

has a strong vision and clear mission.
Therefore it is now timely to develop a
convincing strategy and business plan
that fills the mission with scientific
directions and research content, and
that explains where CSRS is and
where it wants to be in five and ten
years.

CSRS scientists are actively

engaged in collaborations with
academia and the industrial sector.
They should prioritize the most effective
and productive collaborations that are
best aligned with the CSRS mission
and goals.

CSRS resources or new

resources should be dedicated to
strengthening and enhancing
chemistry and especially chemical
synthesis. Currently these areas are
understaffed to accelerate collaborative
research with plant groups and other
sciences.

business plan, and subscribe to the
mission and goals of the Center. CSRS
management is encouraged to engage
early career scientists in decision-making
processes, and CSRS early career
scientists are encouraged to proactively
vest themselves in the Center goals. The
future of CSRS will rely on them.

CSRS scientists have an excellent

understanding of various networks
including abiotic stress. They should now
connect  functional  networks  to
phenotypic output, taking full advantage
of chemical biology, small molecules, and
even catalysts. CSRS scientists are in a
worldwide unique position to explore
small molecules and their chemical space
for applications to societal problems.

Researchers from different groups

and disciplines across the two
campuses should be encouraged to
work together, and even be relocated,
for the future benefit of CSRS.

chemical biology and catalytic
chemistry that will have to re-establish
high international visibility as a new
research institution. One or two
innovative flagship projects anchored
in CSRS research can facilitate this
process.

CSRS should find a way to

better integrate the four key
projects and their interesting lines of
research and synergies such that this
integration spawns new disruptive
technologies. It should also ensure
that all CSRS projects are aligned
with the Center’s mission and goals.

CSRS needs to increase

greenhouse facilites and create
state of the art phenotyping facilities
here in Japan including field facilities.
An experimental biorefinery is also
much needed.
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News & Events

2014.04.02-03

2014.07.23

CSRSHIR7OY 1Y M R#BESR

IR A HERESEAT

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

2014.04.19

IEFR FEBER —IRARF
AT MBS

RIKEN Wako Campus Open Day
RIKEN Wako Campus

2014.04.21-22

$3ERIKEN-SNU7—9>3v7

IERT ISR

The 3rd RIKEN-SNU Workshop on Chemical Biology and
Sustainable Resource Science

RIKEN Wako Campus

2014.05.26-28

IBE 2 HMBIRERE 7 RNAFU—HI o0
RETSHRTI

RIKEN Research Cluster for Innovation Advisory Council
(RCIAC)

Keio Plaza Hotel

2014.06.04-06

CSRS 7RI Y—=hoo 2
LI 2 )

CSRS Advisory Council (CSRSAC)
RIKEN Wako Campus
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(IR) IKEMEME > 2— RIRKERFE

The 1st RIKEN-FRA-JAMSTEC Joint Workshop

National Research Institute of Fisheries Science, FRA

2014.07.25

NFRRAIN—2 3V EFOE F2ET—9avT
RRAF BHER2SHEHE

The 2nd Workshop Biomass Innovation Young Researchers
Auditorium, Faculty of Science, The University of Tokyo

2014.08.26-27

B2EEMETFRBHEY v —&IF—

FRRE FHEF /AR

2nd Plant Electron Microscopy Summer Seminar
Teikyo University Utsunomiya Campus

2014.09.06

P BEREERPT — AR

IERR HORBHRT

RIKEN Yokohama Campus Open Day
RIKEN Yokohama Campus

2014.09.20-21

WRMML YA I RATOY T« TRFFRULR
RN YA IVATOY T4 TREFR

School Festival of the Yokohama Science Frontier High
School

Yokohama Science Frontier High School

2014.10.14-16

$B4ECSJLFE 7T 2522014
K27 —R—IV R

4th CSJ Chemistry Festa
Tower Hall Funabori

2014.10.15-17

NFT w2014

N T MR

BioJapan 2014 World Business Forum
Pacifico Yokohama

2014.1111-13 2014.12.16
b7 ivd YAS GV e Ly 2o 2 CSRSEA&70Y 1Y MARFHEBES
AV E—AVFRUZIRRNA 2R A BT

RIKEN Advisory Council (RAC)
InterContinental Tokyo Bay

2014.11.12-14

FIVEDR AR 7172014
RREYIYA b

Agribusiness Creation Fair 2014
Tokyo Big Sight

2014.11.14

E2R=HBECER - KEREMR 22— - B HEFRREREE)
BgEI—9av7

BARXEUTZIVIN—7

The 2nd RIKEN-FRA-JAMSTEC Joint Workshop

Nippon Maru Memorial Park

2014.11.26

B2E R EREN TBMAER2014&BRTRAER
BRERXtE> 52—

2nd Meeting for the Next-generation Plant Factory 2014
Yokohama Media and Communications Center

2014.11.26

EET7— a7 [HENDKAMLARGEEKFIARE]
RRAF WERE—RA—I

International Workshop on Plant Water Stress Responses and
Water-Use Efficiency
Yayoi Auditorium, Ichijo Hall, The University of Tokyo

RIKEN CSRS Interim Progress Report on the Interdisciplinary
Research Projects = 2 >
RIKEN Wako Campus

2015.01.07
$B1EICSRS-ITOMERT—9ayv 7
LEEAFIRFEE RE - FHA-L

1st CSRS-ITbM Joint Workshop
Sakata & Hirata Hall, Science South Building, Nagoya University

e

2014.11.28 2015.02.05
wwI7aIs3>99-9av7 WY ITHIC S REREERWS 2V AI L
IEH HUREHRT 2N HOREERR

Plant Reprogramming Workshop
RIKEN Yokohama Campus

Plant Factory Symposium 2014
RIKEN Yokohama Campus

2014.12.03 2015.03.05

WEWRE VRS IL2014 BT FXRT1ILI—9avT
a7 35— BRT HREEA

Plant Science Symposium 2014 The 3rd Brachypodium Workshop
Kokuyo Hall RIKEN Yokohama Campus
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CSRS Seminars

Date
2014.05.22

2014.06.11

2014.07.10

2014.07.14

2014.07.23

2014.09.01

2014.09.08

2014.09.11

2014.09.16

2014.09.16

2014.09.24

2014.10.02

2014.10.06

2014.10.08

2014.10.15

2014.10.16

2014.10.16

2014.10.20

2014.10.23

2014.10.30

2014.10.30

2014.10.30

2014.10.31
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Title

Ecological implications of electron transfer between
microbes and conductive materials

Chelating sigma-Aryl Post-Metallocenes: Probing [C—
H---F-C] Contacts as Synthetic Models of Weak
Attractive Ligand-Polymer Interactions

Immortal Polymerization and its Applications for
Constructuring Topological and Functional Polymers

Speaker
Dr. Soichiro Kato

Prof. Michael C W Chan

Prof. Dongmei Cui

Affiliation

Bioproduction Research Institute, The
National Institute of Advanced industrial

Science and Technology

Department of Biology and Chemistry, City

University of Hong Kong

Changchun Institute of Applied Chemistry
Chinese Academy of Sciences, China

1,4-Butadiene and 3,4-Isoprene Copolymer with
Different Sequence Distribution Prepared by Sole Yttrium
Cationic Species

Prof. Bo Liu

Changchun Institute of Applied Chemistry
Chinese Academy of Sciences, China

Transition Metal Mediated Functionalization of C-H/B-H
Bonds of Carboranes

In Situ Characterization of Electrochemical Processes by
Various Synchrotron-based Techniques

Molecular mechanisms of mineral element distribution in
rice

Principles of Genetic and Chemical-Genetic Networks

Cyclic Nucleotide-Gated lon Channels- Insights from
mutant screen

Modeling stem cell networks to identify key regulators of
plant root development

The expression of alternative splicing and Long
intergenic non-coding RNAs in Arabidopsis root

Development of PI3K B-sparing inhibitor GDC-0032
(Taselisib)
Unlocking Plant Metabolic Diversity

Prof. Zuowei Xie

Dr. Takuya Masuda

Dr. Jian Feng Ma

Dr. Charles M. Boone

Dr. Keiko Yoshioka

Dr. Rosangela Sozzani

Dr. Masashi Yamada

Dr. Travis Remarchuk

Prof. Anne Osbourn

Chinese University of Hong Kong

Advanced Key Technologies Division,
National Institute for Materials Science

Institute of Plant Science and Resources,

Okayama University
Donnelly Centre for Cellular and

Biomolecular Research, University of
Toronto, Canada / Molecular Ligand Target

Research Team, RIKEN CSRS

Cell and Systems Biology, University of

Toronto, Canada

North Carolina State University, USA

Philip Benfey lab., Duke University, USA

Genenteck, Inc., USA

Norwich Research Park, Industrial
Biotechnology and Bioenergy Alliance,

John Innes Centre, UK

New approaches to the identification of cytochromes
P450 functions

Endocytosis and sterol biosynthesis in the induction of
Plant immunity

Understanding and Engineering Alkaloid Pathways

Prof. Daniele Werck

Prof. Adi Avni

Pro. Sarah E. O' Connor

Centre National de la Recherche
Scientifique, Strasbourg, France

Department of Molecular Biology and
Ecology of Plants, Tel Aviv University,

ISRAEL

The John Innes Centre, Department of
Biological Chemistry, Norwich, UK

Tomato trichome defensive metabolism: biochemical and
genetic dissection and evolutionary signatures

Getting information from the outside - signal perception
from the extracellular space (in plants)

Prof. Robert L. Last

Dr. Michael Wrzaczek

Department of Biochemistry and Molecular
Biology, Michigan State University, USA

Plant Biology, Department of Biosciences,

University of Helsinki, Finland

The Silver Birch Genome

A systems approach for the elucidation of the static and
dynamic gene regulatory networks

The role of ARF8 and ARF6 in late stamen development
in Arabidopsis

Dr. Jarkko Salojavri

Dr. Kengo Morohashi

Dr. Maura Cardarelli

Plant Biology, Department of Biosciences,

University of Helsinki, Finland

Cell Function Research Team, RIKEN

CSRS

IBMN/CNR, Rome, Italy

CULLIN neddylation is globally regulated during seedling
development in Arabidopsis thaliana

OIL PALM: PRODUCTIVE, VERSATILE AND GREEN

Studies on halogenated marine natural products as
inspired by their probable biosynthesis

Two Dicers DCL3 and DCL4 have different enzymatic
properties in Arabidopsis thaliana

Small RNA-directed control of the plant immune
response and its targeting by bacterial effectors
Aquaporins: how water channel proteins favour plant life
in an ever changing environment

CRISPR/Cas9 mediated gene disruption of a basal land
plant, Marchantia polymorpha

Dr. Giovanna Serino

Dr. Meilina Ong-Abdullah

Prof. David Christopher
Braddock

Prof. Toshiyuki Fukuhara
Dr. Lionel Navarro

Dr. Christophe Maurel

Dr. Shigeo Sugano

Genome modifications in the cricket, Gryllus bimacula-
tus, using CRISPR/Cas9 system

Perfluoroarylborane catalyzed frustrated Lewis pair

hy ilations: mechanism, ications and scope

New ligand platforms for organometallic approaches to
water splitting

Dr. Takahito Watanabe

Prof. Warren E. Piers

IBMN/CNR and Sapienza University,

Rome, Italy

Advanced Biotechnology & Breeding
Centre, Malaysian Palm Oil Board,

Malaysia

Department of Chemistry, Imperial College

London, UK

Tokyo University of Agriculture and

Technology

Institut de Biologie de I'ecole Normale

superieure, France

Centre National de la Recherche
Scientifique, France

University of Tokushima

Department of Chemistry, University of

Calgary, Canada

Host

Biofunctional Catalyst
Research Team

Advanced Catalysis Research
Group

Advanced Catalysis Research
Group

Biofunctional Catalyst
Research Team

Plant Productivity Systems
Research Group

Gene Discovery Research
Group

Gene Discovery Research
Group

Cell Function Research Team
Cell Function Research Team

Catalysis and Integrated
Reseach Group
Metabolomics Research
Group

Plant Immunity Research
Group

Metabolomics Research
Group

Plant Proteomics Research
Unit

Cell Function Research Team /
Dormancy and Adaptation
Research Unit / Plant
Proteomics Research Unit

Cell Function Research Team

Plant Immunity Research
Group

Catalysis and Integrated
Reseach Group

Cell Function Research Team

Plant Immunity Research
Group

Plant Genomic Network
Research Team

Gene Discovery Research

Group / Plant Genomic
Network Research Team

Advanced Catalysis Research
Group

Date
2014.11.18

2014.11.20

2014.11.26

2014.12.01

2014.12.02

2014.12.02

2014.12.11

2014.12.12
2014.12.17

2014.12.25

2015.01.26

2015.01.28

2015.01.29

2015.02.06

2015.02.09

2015.02.12

2015.02.16

2015.02.18

2015.02.23

2015.02.25

2015.03.06

2015.03.11

2015.03.19

2015.03.19

2015.03.20

2015.03.20

2015.03.27

2015.03.30

Title

RIKEN Epigenetics Seminar Series No. 4
A small RNA mediated regulation of a stress-activated
retrotransposon in Arabidopsis

SN1-type stereoselective organocatalytic reactions

Speaker
Dr. Hidetaka Ito

Prof. Pier Giorgio Cozzi

Affiliation

Faculty of Science, Hokkaido University

Department of Chemistry, University of

Bologna, Italy

Biomimetic Catalysis in Green Organic Transformations

From Conventional Ligands to Engineered Enzymes:
Rh(lll) Catalysis for C-H Activation

Proteomic characterization of the repertoire of
RNA-binding proteins

Quiescence or growth? How to build organelles?
Lessons from the analysis of leaf and chloroplast
development by light

The explanation for the pH-dependent recovery of
Photoactive Yellow Protein upon photoactivation

Histone mediated regulation of genome activity

(LR DT

BRI b2 BB —R (HUPEX) DISREZ OE
FARR

Electrochemical and Photoelectrochemical Solar to
Chemical Energy Conversion

Synthesis of Chiral Nitrogen-Containing Molecules via
Rh-Catalyzed Enantioselective Reactions

"RIPPS", an Automated System for Evaluating Plant
Environmental Stress Response

Smart Nanomaterials for Energy Saving and Environ-
mental Purification
XARRURAIHEN £ BERY AR A1y T > T HRED TR s
HTEBBRPFEOE

Genetic regulatory mechanisms of lateral root formation
in vascular plants

Chemistry of the lanthanoids involving the very bulky
tetraphenyl- and pentaphenyl-cyclopentadienyl ligands
Class B GPCR drug discovery: from serendipitous
findings to organized efforts

BEER LT AURTRAMRALZE (T2 0 b —>/R) DMBFISEREEE D
.20

Afew intrinsic factors affecting catalytic performance of
Ni/Al203 for syngas methanation

AHidden Role of Purine Intermediate Allantoin as a
Metabolic Signal on Stress Tolerance in Arabidopsis

plant-parasitic nematodes - a challenge for agriculture
and science

Symbiosis Between the Synthesis of Bioactive Natural
Products and New Reaction Development

Role of Receptor-Like Cytoplasmic Kinases in
plant-bacterial pathogen interactions

Prof. Jan-Erling Backvall

Prof. Tomislav Rovis

Dr. Koshi Imami

Dr. Enrique Lopez-Juez

Dr. Nur Alia Oktaviani

Prof. Frederic Berger

B R
AREH F-LE

Prof. Katsushi Fuijii

Prof. Hsyueh-Liang Wu

Dr. Miki Fujita

Prof. Minoru Kanehira (Ping
Jin)

BE AR

Prof. Hidehiro Fukaki

Prof. Peter Junk

Dr. Ming-Wei Wang

SHIEZ B

Prof. Guangwen Xu

Dr. Shunsuke Watanabe

Prof. Dr. Florian M. W.
Grundler

Prof. Jeffrey Johnson

Prof. Jian-Min Zhou

Department of Chemistry, Stockholm

University, Sweden

Department of Chemistry, Colorado State

University, USA

University of British Columbia, Centre for
High-Throughput Biology, Canada

Royal Holloway, University of London, UK

University of Groningen, Netherlands

Gregor Mendel Institute of Molecular Plant

Biology, Austria
SHIEF )

RIS ATRRM AN F 70771

TR 2~

Research Center for Advanced Science
and Technology, The University of Tokyo
National Taiwan Normal University

Gene Discovery Research Group, CSRS

Shanghai Institute of Ceramics, Chinese

Academy of Sciences, China

REARPACF AR TR P ERAR £
H—

Department of Biology, Graduate School

of Science, Kobe University

School of Pharmacy & Molecular Sciences,

James Cook University, Australia

The National Center for Drug Screening
and Shanghai Institute of Materia Medica,
Chinese Academy of Sciences, China

JEERFEFE

Institute of Process Engineering, Chinese

Academy of Sciences, China
Hiroshima University

Molecular Phytomedicine, INRES,

University of Bonn, Germany

Department of Chemistry, The University
of North Carolina at Chapel Hill, USA

Institute of Genetics and Developmental

Host

Plant Genomic Network
Research Team

Catalysis and Integrated
Reseach Group

Catalysis and Integrated
Reseach Group

Plant Proteomics Research
Unit

Gene Discovery Research
Group

Enzyme Research Team

Plant Proteomics Research
Unit

SRR )L —T
TEHIVT/ ZORRRIIV—T

Biofunctional Catalyst
Research Team

Advanced Catalysis Research
Group

CSRS Yokohama seminar
series organizers (Cell
Function Research Team)

Biofunctional Catalyst
Research Team

GU—VF/ BRAR T — L

CSRS Yokohama seminar
series organizers (Plant
Symbiosis Research Team)

Advanced Catalysis Research

Chemical Genomics Research
Group

IR BETRY )L —T
Advanced Catalysis Research

CSRS Yokohama seminar
series organizers (Cell
Function Research Team)
Plant Immunity Research
Group

Catalysis and Integrated
Reseach Group

CSRS Yokohama seminar

Biology, Chinese y of
ijing, China

Functional organization and developmental dynamics of
the Arabidopsis epigenome

Dr. Frangois Roudier

Institut de Biologie de 'ENS, France

Temperature signaling pathways in plant development Dr. Philip Wigge Sainsbury Laboratory, Cambridge
University, UK
Nature Plants: From Bench to Biosphere Ms. Anna Armstrong Nature Plants

Design and Application of Chiral Hydrogen Bond Donors
for Enantioselective Catalysis

Functional Analyses of Symbiotic genes in Bradyrhizo-
bium strain DOA9

Drugged plants talk: Generating new chemical tools for
dissecting plant signaling pathways

Extracellular ATP acts as a danger signal for damaged-
self recognition in plants

Functionalization of C-H/C-N Bonds of Carbodiimides:
Construction of Aza-heterocycles

Prof. Viresh H. Rawal

Dr. Panlada Tittabutr

Dr.Erich Kombrink

Dr. Kiwamu Tanaka

Prof. Wenxiong Zhang

Department of Chemistry, University of

Chicago, USA

Institute of Agricultural Technology,
Suranaree University of Technology,

Thailand

Chemical Biology, Max Plank Institute for
Plant Bleeding Research, Germany

Department of Plant Pathology,

Washington State University, USA
College of Chemistry, Peking University,

China

series ¢ i (Cell
Function Research Team)

Catalysis and Integrated
Reseach Group

Plant Symbiosis Research
Team

Synthetic Genomics Research
Team

Plant Proteomics Research
Unit

Advanced Catalysis Research
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Press Release Highlights
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Press Releases

| 2014.06.30 AECRBIBEMIERIZ F — L / Biofunctional Catalyst Research Team

FHEDKPSBFERVET AT AR 2%

Insights from nature for more efficient water splitting

DERMTOL-BIBHERAL)
OH,

CSRSERRARFDHEARIL—T (& PHRBICHEFEATIYVAVREOEF/Z7ANHE
BDYAIV T TBET DI EZRELDHE U COBRICEDIET ALV VAVREICIONZ
o BREADKSWVEEZTINU BEBY IV ERBIDET RIEY VAV ZE > THRIEDKES
_L, BUTBFERMOEHT CEICHRINUE L. ChICED V) —vTEERPEDKEBFRE UIckE
2, @ thEHTOr HERSWICBREATOFRMRHELSIC DB EENBFTEET,
%, ETHH

" %(15&59)) N The electron and proton transfer timing of artificial manganese catalyst at neutral p  is different. Based
on this discovery the research group devised a new strategy, and developed a mineral based catalyst
OH- OH that can efficiently split water into oxygen and hydrogen ions protons at neutral p . Thereby they
e-H* succeeded to achieve a significant improvement in the catalytic activity of manganese oxides. This
m finding is expected to contribute to using as a resource for generating renewable energy, which is one

e : of the foundations for sustainable human societies.
BERMCEBRILT A ETOHBRHTON-BFBBHOHE

Induction of concerted proton and electron transfer on the
surface of manganese oxide by the addition of base

< P BRE(F-LU—4—)
RyuheiN K R Team eader

Original article

Regulating Proton Coupled Electron Transfer for Efficient
Water Splitting by anganese xides at Neutralp .
Nature Communications 5, 0

WA R RSBREVY—F 7Y IAN P |
kira C | unior Research ssociate

I 2014.09.13 HEXRROI Y AME I IV —7 / Metabolomics Research Group

SrHAEDEEFTNHOA NESREFELEFZFE

Cutting cholesterol to make a safer potato

BATOREEETRRREAVEREETMICLD. Vr i EICAFNBEERAFOR oo -
ZUAZILAOA R (SGA) 1 DA SRICE b 2 BREET 'SSROEE T EREL X LT, COSSR2 ,dﬁj? —— o mdtomate

Potato, tomato

BIEFRIBZIH. BSVICSSR2BIG F R UICHIG FERZ Vv 11 ETIE SCAZEN IR ssR2 & motans
EPRBAI T ATECENBN LERWVEL L, SEORRE SROSSRABET &ML | ohom b
USGAD BB BZEIPZ eI v A EBBICOBN 2D TEET, b oo C'Wesw
Plant
n enzyme called sterol side chain reductase ~ SSR  which was responsible for the synthesis of ‘ Homo sapience
steroidal glycoalkaloids S in potatoes was discovered. Iso the research group created a variety of S5 oHeRza -
anosterol == _— .

potato with silenced expression of the SSR2 gene, and was able to reduce the levels of toxic glycoalka
loids without affecting the harvest yield of the plants. This result is expected to lead to breeding of potato
of reduced contentof S in the future.

Desmosterol Cholesterol

WENEBNOAT O RERBLUEHF7 VA0 NEARICE
DHBSSRABEF DEIE

Biosynthesis of steroids in plant and animal. Identification of
SSR2 gene responsible for biosynthesis of toxic SGA

« B MFEON—TF1Lo5—)
Kazuki S IT roup Director

Original article

Sterol Side Chain Reductase Is a Key Enzyme in the
Biosynthesis of Cholesterol, the Common Precursor of Toxic
Steroidal  lycoalkaloids in Potato.

The Plant Cell 26, 0

BH P EER) »
SatoruS W | Research Scientist

Date AN / Title

0 0.9 WURLESTAIA= ] OMXEESBEFERE
77 Key gene for cytokinin translocation identified

00 FOERORES T —2 DM EHEHTE "RABL
o Integrated evaluation and visualization of estuary sediment environmental analysis data

0 0. FERPBELENADEE DL EMTIRNOY ) R

enome analysis reveals how algae evolved into land plants

0 0. ~EXVLEBRIRLIAEMOMEENTORHORRUSHT TS TR

World first intracellular visualization of absorbed cesium distribution in plants

0 0.0 THEOKPOSBFERIET ATV AR R
"7 Insights from nature for more efficient water splitting

SO7)DRBISENT TUTICEBHIRBRBEEHR
New metabolic pathway in termite hindgut supported with symbiotic bacteria

BERTF [NtcAl Ik, T ROMETBRECAHSRICMI

rowth stimulation and metabolic alteration of cyanobacteria using transcription factor Ntc

HEMDROALEHIE S HHHHAHE AR

0 o8 Control mechanism for plant root size control elucidated
o 08 g ~EOIREBEEE EEETH
o Breaking benzene
0 0o, TYHTEOREFIAOANEEHERERTERE
o Cutting cholesterol to make a safer potato
0 00 g MWEURIEXZOYAIAZAIEDSICRERBEL T XPHENORMBEFIHNT S
o For legume plants, a new route from shoot to root
0 .0 g BAROTRNTSRMBORBYT NTEY /LT NEHERAT
T enome wide association study on all metabolites from apanese rice cultivars
0 o HEEHENOBRETRRES NHRBIEALZT
o Time lags identified between gene and protein expressions for overwintering plants
0 TERImEL /N E [HIK8] T ZVROT I/ BAEEENFE(
ik8 histidine kinase protein altered amino acid production in cyanobacteria
0 0.0 EROERICERFEHRTIOTHEE

ow vitamin C helps plants beat the sun

#RREE Y — > DR FIEERA B IR ERR

New method to improve the molecular structure of cell wall lignin

BAEIANTEFEMBEED DA N AR TERRIE T 27T

v b new method of detecting organelles on TE  images for better labor and cost efficiency
0 0 WISV RU P ANBIRIISEETEA Y 2FHEME
: Turning plant cell mitochondria into factories
0 00 BINGED [HE I IS LB EMESLHIHOHEAEFER
o Revealing the workings of a master switch for plant growth
0 0 BEFEYOMLASEEBIREHIE T DY) T A LR
. Plant fertility how hormones get around
0 00 T2 LEREEUBMNDRAHEIH S AL e ERR
o Protecting crops from radiation contaminated soil
00 TBMEROREARERREN

Toward a plant derived fungicide

%=/ ab

EERMRERTR IV —T

Plant Productivity Systems Research roup

BRRBORMET —L

Environmental etabolic analysis Research Team

BRCHIEAF L=

Dormancy and daptation Research nit

HREREIRIR 1= v b
Regulatory Network Research nit

AAMEERIRRIZE F —

Biofunctional Catalyst Research Team

BIBHATRR T — L

Environmental etabolic analysis Research Team

R AT LHARTF— L
etabolic Systems Research Team

S EMREMRIIL—T

Plant Productivity Systems Research roup

SRR R —T

dvanced Catalysis Research roup

HAEXAROITAARIN—T
etabolomics Research  roup

SRR —T

Plant Productivity Systems Research roup

HAEXROITZARIN—T
etabolomics Research  roup

T LRBRRF— L

Plant enomic Network Research Team

RS ATLHAEF— L / MREEMRTF — L
etabolic Systems Research Team Cell Factory Research Team

HEERSERIR L —T

ene Discovery Research roup

BIERBAFE T —L

Environmental etabolic analysis Research Team

HEERRRR N —T

ene Discovery Research  roup

BESRRR T — L
Enzyme Research Team

(REFAEMBERMAE) /GRS /I AMAF— L

ntibiotics aboratory ~ Synthetic enomics Research Team

ERSHERZE L= b
Dormancy and daptation Research nit

HREREIRIR 1= b
Regulatory Network Research  nit

BFUANRHIRTEF — L

olecular igand Target Research Team



for Bioscience, Biotechnology, and Agrochemistry

= B Awards
Date # /Award HE | Awardee W= / Lab
2014.04.15  BEFERABOXEMLAAERY RFHITE WZRLF) RIE R F—LU—4— JU—>F RIS T —n
The Commendation for Science and Technology by the Minister of Education, Culture, Sports, Science  Yasuhiro UOZUMI Team Leader Green Nanocatalysis Research Team
and Technology (Research Category)
2014.05.29 = BATHRERHNE SBA £7 F—LU—4— BRARTF—L
The Sodiety of Polymer Science, Japan (SPSJ) Award for Encouragement of Research in Polymer Science ~ Keiji NUMATA Team Leader Enzyme Research Team
20140529 WHFHR Polymer Journal XHE-BALA>H BE £5] FoLU—S— BRAETF—
The Society of Polymer Science, Japan (SPSJ) Awam for the Outstanding Paper in Polymer Journal, Keiji NUMATA Team Leader Enzyme Reseavch Team
sponsored by ZEON
2014.05.30 ﬁ{ CABAHEE S (JACH)  $53[E Hi{L ARt IR i B BRIRIZRE SEERBEANRIR )L —T
Japan Association for Chemical Innovation (JACI), The 3rd Award for Encouragement of Research for  Yoshinori ENDO  Postdoctoral Researcher Advanced Catalysis Research Group
Chemical Innovation
20140531 FIPEATHREMEIST ACT-C HF=ERLEHEFRERH WM B— BIF—LU—4& JY—>F)) 5T — L
Japan Science and Technology Agency, JSTACT-C the 3rd Meeting Best Presentation Award Yoichi YAMADA  Deputy Team Leader Green Nanocatalysis Research Team
B RE _F—LU—4—
20140606 FEOAEBIMIZAHR SRT (Starch Round Table) B MOtOaId SEKI Team Leader ) LRRRF — s
e SRT (Starch Round Table) Award wiE 5 MRE Plant Genomic Network Research Team
Yoshinor UTSUMI™ Research Scientist
B NS Et B
’ HEBSERR L —7
HE =R MK Gene Discovery Research Group
Miki FUJITA “Research Scientist
E#EME_JN—TFL I8~ . o L—
Kazuki SAITO ~ Group Direcior e 7e7§g,gﬁ?eroup7
o — 5 R JN—TFAL I8~ STEMBERRT N —T
2014.06.17 Eé\h\/y{:nefémarggzéﬁ,ﬁ%ﬁir?ggﬁers Hitoshi SAKAKIBARA ' Group Director Plant Productivity Systems Research Group
BRE JL—TTLI8— N—7
Ken'SHIRASU  Group Director ﬁgz%g?ﬁ%emork Research Group
T EEX FoLU—S— KRBT LFAERF — L
Masami HIRAI Team Leader Metabolic Systems Research Team
B REg  F—LU—4— 1Y) LRRART — L
Motoaki SEKI Team Leader Plant Genomic Network Research Team
Ha Bin —8— AR > 2—
Yuji KAV\?IEIIYA Coordlnalor gg%g;ﬁﬂ;ﬂ%t/ﬁ
20140821 BEXREMIRA TEYFSR HHE I F—Ll)—4— BRYT /ST AHRF —L
Japanese Society of Plant Cell and Molecular Biology (JSPCMB) Award for Technical Advance Minami MATSUI Team Leader Synthetic Genomics Research Team
20140822 chEHL¥R HEBEHRERLS BBR JN—TF1LU8— SEEREEARIZT )L —T
Chinese Chemical Society Ya(}Zeng Huang Award in Organometallic Chemistry Zhaomin HOU - Group Director Advanced Catalysis Research Group
20140913  ARERYSE ERFIH E#EME_JN—TFL I8~ BAXSROIYARFRIN—T
The Japanese Society of Pharmacognosy, The PSJ Award Kazuki SAITO Group Director Metabolomics Research Group
B R ERMR .
Yasunari FUJITA szmng Scientist
BEE 42 MRR .
s01a0013 EAMBMER 20142 IPR Most-Cited Paper % Mild FUJITA Research Scientst i e .
2014 Most-cited Paper Award Journal of Plant Research S —t SN —T TR —
Kazuo SHINOZAKI Group Director
s 7 BEMRE
Kazuko SHINOZAKI - Visiting Scientist
20140919  IAVRERIVAITL EHERRE—H B WA NbEAT SR LARRSETF —L
Best Poster Awards at the Annual Meeting of the Society of lodine Science: Yiilta SAKAI Part-ime Worker Advanced Elements Che""SW Research Team
2014.09.21 i inali i { #HOE RRIMES
B R D vl e Eeoule g el zn e A o e R ocoairescarcher AR e Fich Group
20140926 WAFEE EHRAAZ—E B X KPREVY—F 7V ITAh INATZAFVIRRF— s
The Society of Polymer Science, Japan, SPSJ Symposium on Macromolecles Poster Award Yuta TABATA " Junior Research Associate Bioplastic Research Team
JNFa1—A%  Tth Negishi-Brown Le e BRBR JN—TF1LI5— pl
il 7S TN s BB B o itan o e
0141015 Egss AHLESS ANSRICFHRSARI—K b A S g e CFRIRT — L
Poster Awards at the 61st Symposium on Organometalic Chemistry, Division of Organometallic Firoki MINAMI ' Part-tme Worker Advanced Elements Chemistry Research Team
Chemistry, The Kinki Chemical Society
20141018 jEmfpsimnys REHE WEA® 1—vh)—4— BILHIERRZ 1=V
Japanese Soclety for Chemical Regulation of Plants (JSCRP) Young Investigator Award Mitsunori SEO  Unit Leader Dormancy and Adaptation Research Unit
20141018 jampessEmss  KAA—E =1l it BHEE BSHEAR L=V~ i
Japanese Society for Chemical Regulation of Plants (JSCRP) Poster Award Shinya MIYAKAWA  Student Trainee Dormancy and Adaptation Research Unit
20141108  RRMMHIES GlycoTOKYO 2014 R T3 B HREAERR iR BamRI N —7
Japan Consortum for Glycobiology and Glycotechnoclgy, GlycoTOKYO 2014 Incentive Award Go HIRAI "Senior Research Scientist Catalysss and Integrated Research Group
H A HiEE § AT T — L
Shogo MORI™ Student Trainee Biofunctional Catalyst Research Team
BAfLFS EFRAL—RKE - —
20141010 2 Chemical Saciey of Japan (GSJ) Poster Presentation Award 2014 for Excellent Research R N AR e— SRR —
Advanced Elements Chemistry Research Team
AR AN /N—b21T
Daisuke KURAUCHI Pan -time Worker
Thieme Chemistry Journal Award 2015, Thieme Chemistry T IR -RAMEIIN—T
20141130 33panese Society for Chemical Regulation of Plants (JSCRP) Poster Award TR BB ren scienit Cataiyis and Inegrated Research Group
20141204 Asian Core Program Lectureship Award, BAZiiRHES WA B— BIF—AU—4— Y= BT T — I
o Asian Core Program Lectureship Award, Japan Society for the Promotion of Science (JSPS) YYoichi YAMADA  Deputy Team Leader Green Nanocatalysis Research Team
20141217 FO0E BRREMCIRRS ERMAR WO R KPR UF—FFUS T SRR T — L
e Best Presentation Award, SSPC Akira YAMAGUCHI Junior Research Associate ~ Biofunctional Catalyst Research Team
FXUAMARRIGS AAASTIO— I —T7F = AR —7
20150214 3 R{aSFellow, e s g%ip‘ﬁﬁe%m Catalysis and Integrated Research Group
BARE(FR JrO— e Bl a— i 28—
0150217 jeppA Fel\ow Japan Society for Bioscience, Biotechnology, and Agrochermistry B e BB oty Director LEAIEEARE
20150210 ARARLEHS ARAR(LLEHN HAK B HEA ) B EATRS L —7
o Incentive Award in Synthetic Organic Chemistry, Japan Yoshihiro SOHTOME Research Scientist Catalysis and Integrated Research Group
20150325 EARER WEH . AE R BIF—LU—S— SRR T —
o The Pharmaceutical Society of Japan Award for Young Scientists Ryo TAKITA  Deputy Team Leader Advanced Elements Chemistry Reseatch Team
‘?;J%Zsﬁ IIIAKAN%Hggﬁor Research Scientist
AERASERZR L —7
BARZE(YS BBBRXE Wk 50k HRIHEE Gene Discovery Research Group
2015.03.26  The Excellent Paper Award Published in Bioscience, Biotechnology, & Biochemistry, The Japan Society Ayumi YAMAGAMI " Postdoctoral Researcher

REAWMZ IN—TTALI8—
Hiroyuki OSADA Group Director

TIANIAFOT—HARITN—T
Chemical Biology Research Group

WH B F—LU—4—
Minami MATSUI Team Leader

BRY /ST AARF —L
Synthetic Genomics Research Team

[Laboratories

MRREAN—JIHBWMESNTOBTRT7 A
BT AT OV IV MR B LOEEEFIERLET .

The following icons which are appeared in the laboratory
page represent a related “Interdisciplinary Project” or
“Cooperation Division”.

REOBEROFEAMAR 7O LI
R&D Project of Carbon Utilization

ZRFO/ROGIEFAMAR 7O 0
R&D Project of Nitrogen Utilization

ERATFOERGFEFAME 7O

R&D Project of Metallic Elements Utilization

ERERER-FAMEER IOV

R&D Project of Research Platforms

C'u@[z,b

INA AT AT FEREERR

Biomass Engineering Program Cooperation Division

B AR B A IS AR

Drug Discovery Platforms Cooperation Division

& &
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ERLHEZR OBEFERRLET

Gene Discovery Research Group

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

i~

HZIRRUABARGEICB DB IR T >V URERF R OB EY ORTR T

BIRA N LA, A FIBSEOE LT 20 FEBEADERE ALY ARBED
1EYINDIGFA

ERABREOHIENCE I 2B G TR JURZE T COX AR EADRERH
BREVY—R ERBRRTRMEFNALICTRER T ORR

IAAAR= DT BB MR DEE

| BT/ LRIR I LB EMNDICRRMZ B U EMSITR

JW—TF 1L I8~ Group Director
Rl —if mymt
Kazuo SHINOZAKI D.Sci.

CobiEE

BT IHINAADT — I EBRAR VT - —REMRER T DR FERF T

MABE

LTI —TTIIEYDEENR LICEDLZYOAXFTXF AP TOEE IR R D
BIRFORRE(Y VT RH/NY =) EHEH TV, ELICEY OERIAR LICEb B EE
R R DBEFORR RBRROZEER/IRICUTRARDEERERETEDL
SIRHTHEREE S LT E RS BIch DI R FEET 5. £ RENEPERE
IS, ESICHBEEEICRS I 28T ThSORRZRE I 2HHEF. >V FIUE
ERFREDRREBEED 2. NSEFAL T HERDORVELRFRREEPEGTE
NEDFFEZ Yo EYORFEMIECKFIBMEOM L S5 EREREDR L%
BT INSOMAMRERICREDOH EEZR/N\RICLUTRADNENESNZ YD
RRICHE5 I 2EBRMERFAET 5.

MEER

o YT INIVINAAOY —RRICED. T Z2/ X704 RERIZERFBSS1 I L B1EY)
BRI,

o HNEBMIEDBIEBIRICH T2/ B RIER B OB ER L 2SN Ui,
o IEYIOKEED Y MO —)LEBIRETZ BB TIT SRR 2T ARIPPSZMF U,

o EETIRB TR 27 TV Y VBER A K FIAMER LICFE 5T B EBEML
feo

BR signaling factor BSS1 overexpression
suppressed the plant height (left) and BSS1
knock-out increased the plant height (right)

WidType  bssldD  BSSLOX  WidType  BSSIKnockout
551

‘dominant mutan) over expressed
ransformant)

Research Subjects

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

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

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

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

Development and maintenance of imaging facilities for cellular functions including
microscope and electron microscope

Comparative genomics and its application to crop improvement

R ORORORCROR T

Plant chemical biology for promotion of photosynthesis and biomass production

Research Outline

Our group is discovering plant genes of which functions are linked to quantitative
improvements in plants and those with new functions for minimizing the effects of the
environmental stresses to achieve maximum productivity. Other targets of research include
not only genes that respond to environmental changes, stimuli and adaptation but also genes
involved in photosynthesis and productions of useful metabolites. Our group explores key
genes contribute to improved productivity and abiotic stress tolerance based on genomics
including transcriptome and metabolome analyses, and are analyzing regulatory factors and
signaling factors controlling gene expression in response to abiotic environmental stresses.
We also explore genes involved in metabolic regulation for the improvement plant
productivity.

Research Results

* We found BR signaling factor BSS1 that regulates plant height by plant chemical biology.
* We showed that endomembrane compartments vary for growth phases in tobacco cells.

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

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

RIPPS (RIKEN Plant Phenotyping System): this
system controls individual soil moisture in
continuously rotating 120 pots by a combination
of automatic weighing and watering system, and
monitors each plant size and expansion rate

FEEHR / Publications

Shimada, S. et al.

Formation and dissociation of BSS1 protein complex regulates
plant development via brassinosteroid signaling.

Plant Cell 27, 375-390 (2015)

Toyooka, K. et al.

Wide-range high-resolution transmission electron microscopy
reveals morphological and distributional changes of
endomembrane compartments during log to stationary
transition of growth phase in tobacco BY-2 cells.

Plant Cell Physiol. 55,1544-1555 (2014)

Miyaji, T. et al.

AtPHT4;4 is a chloroplast-localized ascorbate transporter in
Arabidopsis.

Nature Commun. 6, 5928 (2015)

20144E*>/5\— / FY2014 Members

Group Director
Kazuo SHINOZAKI

Senior Research Scientist
Takashi KUROMORI
Kiminori TOYOOKA
Shozo FUJIOKA

Takeshi NAKANO

Keiichi MOCHIDA

Research Scientist
Yuriko OSAKABE
Miki FUJITA
Fumiyoshi MYOUGA
Kaoru URANO
Takanari TANABATA
Fuminori TAKAHASHI

Technical Scientist
Mayuko SATO

Postdoctoral Researcher
Hironori TAKASAKI
Babak BEHNAM

Technical Staff
Yukiko KAMIDE
Noriko TAKEDA
Saho MIZUKADO
Mayumi WAKAZAKI
Eriko SUGIMOTO
Chihiro OHASHI
Kei HASHIMOTO
Minami SHIMIZU
Yukiko UEHARA
Saya KIKUCHI
David GIFFORD
Tomoko MORI
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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

IGV—=TF1L o8- Group Director
MR 19 @y
Hitoshi SAKAKIBARA D.Agr.

MART—7

ERREEIARICHE U B IR T ORI LR W)
YA A =2 EA—F 2> OREICEREHIEIRAEDIRARIC L DB L B AER_ETZT m
ATENOESERESSUEEON THRORBLESEHCREAOLE (M)

T/A079ERWVCAR AR T X 59 F RO <J

MAEBE

YT —T TR YEEEPIRILF —EEICRIDEYMEROEEREICED MR
FRZET>TN2. EREBOWMENLARICE LB FHEERE Y. EYRILE T
REBICUTCEERIE. > > I MEEES AT LAORAC EEER EAOFIRRK
MOMRRMAEED TS, X ATEY DS IRIEICER Ulc R B ITHRM M - BT AE
REITS. INSOMFREEL T BR. KE ZBTROBROFERRMOM IR
Z1T30

AR
© YA I =V DR St EBADHERE R BEFABCCLAZRE Uc,

° ANLAFRFE TIER T 2ECOATINE UIAR DB RAIERHN 25 A U,

o RYEYY T OMITIGE UIMREDMED A —F VN U THIIS N2 I EZBASHC
ULfeo

Chloronema

Low Cu High Cu
(Normal site) (Copper-polluted site)
Asexual reproduction Auxin t
(Pratonemal gemma formation) x

‘ v > ‘4"

Colonization

i

Dispersal

Hypothetical model of copper mosses Scopelophila cataractae habitat expansion
into Copper- polluted environments

Research Subjects

Identification of key genes linking nitrogen nutrition status to growth regulation

Functional analysis of key genes regulating plant productivity, especially genes ‘NJ
involved in cytokinin and auxin metabolisms, and transport

N
Elucidation of molecular mechanisms underlying hyper-tolerance and

hyper-accumulation of heavy metals in bryophytes and application of this to \AB
technology to clean-up heavy metal pollutants

Elucidation of molecular basis for C4 photosynthesis and related traits using Setaria .EJ
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

 |dentification of a gene essential for root-to-shoot translocation of cytokinin.
* We found that there are two distinct modes of root growth responding to stress and high COz.

* We revealed that copper regulated cellular differentiation is mediated by auxin in the
copper mosses, Scopelophila cataractae.

abcg14(shoot)

Model for preferential root growth under low pH and high CO: condition

FE / Publications

Ko, D. etal.
Arabidopsis ABCG14 is essential for root-to-shoot
translocation of cytokinin.

Proc. Natl. Acad. Sci. U.S.A. 111, 7150-7155 (2014)

Hachiya, T. et al.
High CO: triggers preferential root growth of

Arabidopsis thaliana via two distinct systems under

low pH and low N stresses.
Plant Cell Physiol. 55, 269-280 (2014)

Nomura, T. et al.

Copper mediates auxin signalling to control cell
differentiation in the copper moss, Scopelophila
cataractae.

J. Exp. Bot. 66, 1205-1213 (2015)
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Plant Immunity Research Group

Understanding plant immunity mechanisms and
developing sustainable disease resistant crops

JIW—TF 1LY B%— Group Director

BE & pPho.
Ken SHIRASU Ph.D.

MART—7
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MEER

o IEHEEERREER URREZERY BHEAZRALI,
° MEETLT V9 —DRRIEEREZ BB L,
o A=K7 7Y —DFHEEEERE UTco

& (T
Immune receptors \

(EFR/FLS2)
6. Immunity
PAMP
& e H,0,
0, 07 6. Stop entry of bacteria

5, ROS production by stomatal closure

2. Complex activatio
3. BIK1 activation

a

. BIK1-mediated RBOHD phosphorylation

Molecular mechanism for pathogen perception leading to production of reactive oxygen species

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

(N O ORI

To identify novel mechanisms for plant immunity

Research Outline

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 plantimmunity 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 revealed the molecular mechanism that produces reactive oxygen species to attack
pathogens.

* We revealed the virulence mechanisms of pathogen effectors.
* We revealed a novel function of autophagy in plants

GUS staining in three-week-old Arabidopsis leaves containing PR1
promoter fused GUS (PR1::GUS) at 1 and 2 day post inoculation (dpi) with
Hyaloperonospora arabidopsidis (Hpa) Emoy2 and at 6 dpi with Hpa Waco9

FE / Publications

Kadota, Y. etal.

Direct regulation of the NADPH oxidase RBOHD by
the PRR associated kinase BIK1 is required for ROS
bu and plant immunity.

Mol. Cell 54, 43-55 (2014)

Asai, S. etal.

Expression profiling during Arabidopsis/downy mildew
interaction reveals a highly-expressed effector that
attenuates responses to Salicylic Acid.

PLoS Pathogen 10, €1004443 (2014)

Yoshimoto, K. et al.

Quality control of plant peroxisomes in organ specific
manner via autophagy.

J. Cell Sci. 127, 1161-1168 (2014)
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Plant Genomic Network Research Team

Analyzing plant genomic networks for environmental stress adaptation

and improved productivity

F—L)—4—Team Leader
B JREA et e
Motoaki SEKI Ph.D.
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t!ranslauan I translation
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MRNA Masked mRNA

Post-transcriptional regulation

RNA regulation during cold acclimation and deacclimation

Research Subjects

Advancement of cassava molecular breeding by cutting-edge technologies C I
Analysis of RNA regulation mechanisms in environmental stress adaptation N'
Development of useful plant resources, such as increased stress

tolerance by use of chemical compounds and peptides, and by N I C I P I
transformation technology

Integrated Omic analysis of epigenetic regulation mechanisms in abiotic P l
stress adaptation

Advancement of plant transcriptome and epigenome analyses A\ P’

Research Outline

We are analyzing novel epigenetic and RNA regulation mechanisms in environmental stress
adaptation and acclimation by cutting-edge genomic approaches. We aim to develop useful
plant resources, such as stress-tolerant plants by use of chemical compounds etc. We are
analyzing regulatory networks of starch biosynthesis and tuber root formation by integrated
omics analyses in cassava, an important tropical crop for carbon utilization, and aim to develop
useful cassava plants, such as improved plant productivity. We also collaborate with other
research teams inside and outside the center on transcriptome and epigenome analysis using
cutting-edge genome technologies.

Research Results

© Comparative analysis between transcriptome and proteome indicated novel
post-transcriptional regulation mechanism during cold acclimation and deacclimation.

© Transcriptome analysis identified rice small open reading frames (SORFs) upregulated in
response to Fe deficiency or excess.

* We advanced collaborative research towards molecular breeding of useful cassava plants
in collaboration with domestic and oversea researchers.

Cassava Collaborative Research at ILCMB

FE / Publications

Nakaminami, K. et al.

Analysis of differential expression patterns of mMRNA
and protein during cold- and de-acclimation in

Arabidopsis.

Mol. Cell. Proteomics 13, 3602-3611 (2014)

Matsui, A. et al.

tasiRNA-ARF pathway moderates floral architecture in

Arabidopsis plants subjected to drought stress.
BioMed Res. International 2014, 303451 (2014)

Bashir, K. et al.

Transcriptomic analysis of rice in response to iron

deficiency and excess.
Rice 7, 18 (2014)
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Cell Function Research Team

Uncovering the regulatory network underlying
plant organ growth and reprogramming

F—L')—4— Team Leader
2K BF Php.
Keiko SUGIMOTO Ph.D.
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LEC2 WIND1 + LEC2

Sequential activation of WIND1 and LEC2 promotes somatic embryogenesis

Research Subjects

Molecular dissection of plant organ growth

Molecular dissection of cellular reprogramming in plants

OB ORd

Genetic manipulation of cellular differentiation in crops

Research Outline

What controls ‘size’ in biological systems is a fundamental question, but the intrinsic
mechanism that mediates this control remains largely unknown. The goal of our research is to
unravel genetic mechanisms that determine cell and organ size in plants and to explore new
strategies to improve yield and quality of economically important plant species. Cell and organ
size in plants are defined by highly dynamic, intersecting signaling pathways that involve genetic,
hormonal and environmental cues. We identify sets of genes that act in these pathways and
unravel complex regulatory networks that control size in higher plants.

Research Results

* We identified a new regulator of root hair growth that acts in the stress response.
* We showed that wounding stimulus is required for the cell fate change during regeneration.

* We found that WIND1 increases the regeneration competency in Arabidopsis and
rapeseed.

Control WIND1 activation

WIND1 activation increases the regeneration competency in rapeseed

FE / Publications

Iwase, A. et al.

WINDZ1-based acquisition of regeneration competency
in Arabidopsis and rapeseed.

J. Plant Res. 13, in press (2015)

Iwase, A. et al.

Arabidopsis WIND1 induces callus formation in
rapeseed, tomato and tobacco.

Plant Signal. & Behav. 8(12): 27432 (2014)

Breuer, C, Braidwood, L, Sugimoto, K.
Endocycling in the path of plant development.
Curr. Opin. Plant Biol. 17, 78-85 (2014)
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NIN transcription factor
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NF-Y transcription factor CLE peptides

b

Nodulation

Elucidation of molecular genetic mechanisms in nodulation M
Identification of molecular components in symbiotic nitrogen fixation ‘NJ
Application of root nodule symbiosis to cereals y

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.

We showed that the transcription factor NIN in nodulation antagonistically functions with
nitrate responses.

We identified that the positive regulator of nodulation NIN also systemically inhibits
nodulation.

We found that the common symbiosis genes necessary for generation of calcium spiking
are only required in the epidermis of roots.

Soyano, T., Shimoda, Y., Hayashi, M.

NODULE INCEPTION Antagonistically Regulates
Gene Expression with Nitrate in Lotus japonicus.
Plant Cell Physiol. 56, 368-376 (2015)

Soyano, T., Hirakawa, H., Sato, S., Hayashi, M.,
Kawaguchi, M.

NODULE INCEPTION creates a long-distance
negative feedback loop involved in homeostatic
regulation of nodule organ production.

Proc. Natl. Acad. Sci. USA 111, 14607-14612 (2014)

Hayashi, T. et al.

Rhizobial infection does not require the cortical
expression of upstream common symbiosis genes
responsible for the induction of Ca?* spiking.
Plant J. 77, 146-159 (2014)
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Dormancy and Adaptation Research Unit

Discovering genes and chemicals that improve seed quality

and adaptation responses

2=y PM)—4— Unit Leader
R AE ey
Mitsunori SEO D.Sci.

HMET—<

IR ILE S B ORIE S BB AT N W)
BRI I8 B3 Tk - RS ) W)
BTEHICESTIRTORE OO
—MRD S OREIILE S HHTEORT e)

HMREBE

U0 =y NTIIETRER, H3F X LGB ICRRS NS EY OBEIGRIG O S g %
BHSMCT BT ET>TND CNSOEBERICEELRREIZRcT DS TL
27TV (ABA) YRL YUY (GA) Y+ RAEVER (JA-lle) iR EDIEMRILEV ICER
U ZOEEREH S OERXHEE ORFRICED ATV & SITEIEH AL Z R HIEIC K
D EEAPE SR EIEEFOMREEENICRRYT 2 T B OEEEPEE#EINN
=2 BEAMBIFICEDET,

MAEBR

o YOARXFTIFNPFY VIO BHABA, GA JA-lez 8k § 2B ZBE S UTc,
o VYSIA—HIINS AN RITIHE UTcABAB S UUA-leDig Nz R U,
o TIA IV IBROBFEMNIRVY O XF XS BERRRZRE U,

@ Target and material

@ Sampling by Nano-ESI tip

[}

s

JA-lle

Ly )

S, A A
0 % XL
o
ABS5500 Triple-Quad Orbitrap Velos pro ", ﬁ‘ o D-ABA
(high sensitivity) {high resolution) ) [
Cedhclle

Single cell analysis of ABA and JA-lle

Research Subjects

Identification and functional characterization of plant hormone transporters N' 'M'
Establishment of technologies and methodologies to study transporter functions N' |M'
Identification of factors involved in seed longevity N' |M'

Development of a system to quantify hormones from a single cell P P '

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 found that Arabidopsis NPF proteins transport ABA, GA and JA-Ile.

* We detected stress-inducible accumulation of ABA and JA-lle from single cells of Vicia faba.

* We identified Arabidopsis natural variations that have longer seed longevity after priming.

Effect of Hod datartoratl

1t (CDT) on Col and a long-life accession

Without treatment |

CDT treatment

Col Long-life accession

Identification of a long-life accession

FE / Publications

Saito, H. etal.

The jasmonate-responsive GTR1 transporter is
required for gibberellin-mediated stamen development
in Arabidopsis.

Nat. Commun. 6, 6095 (2015)

Yamaguchi, N. et al.

Gibberellin acts positively then negatively to control
onset of flower formation in Arabidopsis.

Science 344, 638-641 (2014)

Takeuchi, J. et al.

Designed abscisic acid analogs as antagonists of
PYL-PP2C receptor interactions.

Nat. Chem. Biol. 10, 477-482 (2014)
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Signaling Pathway Research Unit

Understanding plant responses to environmental stress for
improvement of crop productivity

2=y M)—4—, Unit Leader

FL—=)TF7F+¥2 PhD.
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Scheme representing the possible sequence of events leading to reduced N.
fixation in chickpea nodules subjected to drought stress

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

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

Role of plant growth regulators in plant responses to heavy metal stress

GeEE

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

Research Results

* We found that the inhibition of respiration, nitrogen accumulation and an imbalance in cell
redox status resulted in reduced symbiotic nitrogen fixation in chickpea under drought.

* We characterized the CaNAC gene family in chickpea to study their evolution and identify
candidate genes for engineering improved drought-tolerant chickpea plants.

* We revealed that calcium improved growth and seed quality of mustard plants by
enhancing photosynthesis, increasing the activities of the antioxidant enzymes and
improving the uptake of essential elements.

Caleiume—| Cd stress

Mitigation effect of calcium on mustard plants under excessive cadmium

FE / Publications

Ahmad, P. et al.

Alleviation of cadmium toxicity in Brassica juncea L.
(Czern. & Coss.) by calcium application involves
various physiological and biochemical strategies.
PloS One 10, e0114571 (2015)

Esfahani, M. N. et al.

Mechanisms of physiological adjustment of N fixation
in chickpea (Cicer arietinum L.) during early stages of
water deficit: single or multi-factor controls.

Plant J. 79, 964-980 (2014)

Ha, C. V. etal.

Genome-wide identification and expression analysis
of the CaNAC family members in chickpea during
development, dehydration and ABA treatments.
PloS One 9, e114107 (2014)
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Regulatory Network Research Unit

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

2=y PM)—4— Unit Leader
B 1 PhD.
Ryoung SHIN Ph.D.
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CsTolen A reduces Cs* uptake in soil grown plants

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 various systems

Development of methods to reduce cesium uptake in plants and analyses of
regulatory components for phytoremediation

GEGEE

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 grow well under
nitrogen-limited conditions and efficiently utilize other macronutrients. In addition, to establish a
new method of phytoremediation, chemical screenings to elucidate the chemicals which affect
cesium uptake in plants have been conducted. We are also intensively analyzing regulatory
components of cesium uptake that selectively inhibit/suppress/prevent uptake of radiocesium
from contaminated soil.

Research Results

* CsTolen A (Cs* tolerance enhancer A) that renders plants tolerant to Cs* by inhibiting Cs*
entry into roots via specific binding to the ion was isolated from chemical screening.

© For developing the new method to extract radiocesium from contaminated soil, various
modified K* transporter/channel plants were analyzed.

* Nitrogen efficient use rice lines were isolated. Further characterization is in progress.
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Finding the best ion channels/transporters which accumulate more
Cs*in plants using various approaches

FE / Publications

Adams, E., Chanban, V., Khandelia, H., Shin, R.
Selective chemical binding enhances cesium

tolerance in plants through inhibition of cesium uptake.

Sci. Rep. 5, 8842 (2015)

Akamatsu, M. et al.

Intracellular Imaging of cesium distribution in
Arabidopsis using cesium green.

ACS Appl. Mater. Inter. 6, 8208-8211 (2014)

Adams, E., Diaz, C., Hong, J.-P., Shin, R.

14-3-3 proteins participate in light signaling through
association with PHYTOCHROME INTERACTING
FACTORSs.

Int. J. Mol. Sci. 15, 22801-22814 (2014)
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Plant Proteomics Research Unit

Dissecting plant-unique adaptation systems
by using advanced proteomics methods

2=y PM)—4— Unit Leader
Rl BAE @t (SIAHIIVR)
Hirofumi NAKAGAMI Ph.D.
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Research Subjects

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

OR

Establishment of an advanced proteomics platform for collaborative research

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

* Identified components required for chitin recognition in Marchantia.
* Analyzed proteome dynamics during cold-acclimation and de-acclimation in Arabidopsis.
* Identified components of OsPtila complex required for immune system in rice.

LC-MS system for peptide identification and quantification

Infected Marchantia polymorpha L

FE / Publications

Mogami, J. et al.

Two distinct families of protein kinases are required for
plant growth under high external Mg2+ concentrations
in Arabidopsis.

Plant Physiol. 167, 1039-1057 (2015)

Nakaminami, K. et al.

Analysis of differential expression patterns of MRNA
and protein during cold- and de-acclimation in
Arabidopsis.

Mol. Cell. Proteomics 13, 3602-3611 (2014)

Matsui, H. et al.

Plasma membrane localization is essential for
OsPtila-mediated negative regulation of immune
signaling in rice.

Plant Physiol. 166, 327-336 (2014)
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Metabolomics Research Group

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

JIW—TF 1LY B%— Group Director

ik 1F =xmt
Kazuki SAITO Ph.D.
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Data processing, datab: integration

Systems biology
(hypothesis generation)

Reverse genetics/biochemistry/chemistry,
mathematical modeling

General strategy for multi-omics-based functional genomics and biotechnology

Research Subjects

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

Application of the metabolomics platform to functional genomics and biotechnology P '

Identification of plant genes and networks involved in biosynthesis of useful
specialized metabolites \".‘J \EJ

Biotechnology and synthetic biology for production of useful compounds N' C '

Research Outline

Metabolomics involves in the identification and quantification of all metabolites in a cell, and
correlating these to genomic functions. The plant kingdom metabolome is extremely diverse
chemically, with estimates indicating as many as 200,000 different types of chemical
substances. The various compounds produced by plants are important for the existence of the
plant itself, and also play a vital role in our lives as food, industrial materials, energy and
medicines. Our group performs high-throughput metabolomics analyses by high-performance
mass spectrometry. These non-targeted metabolomic analyses are applied to the identification
of unknown gene functions and elucidation of metabolic networks. We are investigating the basic
principles behind the wide variety of plant production functions, using Arabidopsis as a model. In
the field of Phytochemical Genomics we are also elucidating the production systems for
specialized plant products in crops, medicinal plants and other useful plants at the genome level.
Another important aspect of our research is application of basic findings from these results to
development of sustainable resources.

Research Results

* We have identified a gene encoding a key enzyme for the biosynthesis of the toxic alkaloid
in potato.

* We have identified a pollen-specific flavonoid and its biosynthetic gene in Arabidopsis
thaliana.

* We have conducted the metabolome genome-wide association study with Japanese rice
and elucidated the genome regions responsible for accumulation of metabolites.

-Chasenne

u-Solanine

Concantestan (mg per g |
=

s ey

Identification of SSR2 gene responsible for biosynthesis of toxic steroidal glycoalkaloids and
lowering the toxin contents by gene silencing in potato

FE / Publications

Matsuda, F. et al.

Metabolome-genome-wide association study dissects
genetic architecture for generating natural variation in
rice secondary metabolism.

Plant J. 81, 13-23 (2015)

Yonekura-Sakakibara, K. et al.

A flavonoid 3-O-glucoside-2"-O-glucosyltransferase
responsible for terminal modification of pollen-specific
flavonols in Arabidopsis thaliana.

PlantJ. 79, 769-782 (2014)

Sawali, S. et al.

Sterol Side Chain Reductase 2 is a key enzyme in the
biosynthesis of cholesterol, the common precursor of
toxic steroidal glycoalkaloids in potato.

Plant Cell 26, 3763-3774 (2014)
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Metabolic Systems Research Team

Understanding plant metabolisms through metabolomics-based approaches
and improving plant production

F—L)—4 — Team Leader
TH EBX wteE:e
Masami HIRAI Ph.D.
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Rre37 acts as an activator of sugar catabolism and PHB production in
cyanobacteria (Osanai, T. et al. 2014 Plant Physiol. )

Research Subjects

Development of a metabolomics platform d
Mathematical modeling of metabolism using metabolome datasets 3 ‘r:IJ d
Useful material production in cyanobacteria using CO; as a resource ‘EJ
Elucidation of the regulatory mechanism of amino acid biosynthesis ‘CJ ‘rg
Exploration of the relationship between development and metabolism Q ‘lﬂ

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 successfully engineered cyanobacterial metabolism to promote production of useful
materials such as amino acids and bioplastic.

* We developed algorithms for mathematical modeling of metabolism using metabolome
data.

* We found a novel mechanism for regulation of amino acid biosynthesis.

metabolic behaviours of
unmeasurable metabolites
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Metabolic behaviours and responses of unmeasurable metabolites can be predicted using
U-system approach (Sriyudthsak, K. et al. 2014 BMC Syst. Biol.)

FE / Publications

Sriyudthsak, K. et al.

A U-system approach for predicting metabolic
behaviors and responses based on an alleged
metabolic reaction network.

BMC Syst. Biol. 8, Suppl 5: S4 (2014)

Osanai, T. et al.

Metabolomic analysis reveals rewiring of
Synechocystis sp. PCC 6803 primary metabolism by
ntcA overexpression.

Environ Microbiol. 16, 3304-3317 (2014)

Osanai, T. etal.

Pathway-level acceleration of glycogen catabolism by
a response regulator in the cyanobacterium
Synechocystis species PCC 6803.

Plant Physiol. 164, 1831-1841 (2014)
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Environmental Metabolic Analysis Research Team

Exploring sustainability of environmental metabolic system

based on a data-driven approach

F—L')—4— Team Leader
W F mray
Jun KIKUCHI Ph.D.
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Advancement of analytical platform from spectral pretreatment, data-driven
approach, and heterogeneous data integration following its verification

Research Subjects

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

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 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

* Biogeographic typing methods were proposed based on data-driven approach of chemical
and microbial profiles sampled from aquatic environment.

* Analytical platform for chemical diversity of seaweeds was proposed to evaluate precious
marine biodiversity in Japan.

* New insights into symbiotic function of termite were proposed based on analysis of
cellulose metabolism.

1) Aquatic ecosystem '

2) Land ecosystem

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

FE / Publications

Asakura, T., Date, Y., Kikuchi, J.

Comparative analysis of chemical and microbial
profiles in estuarine sediments sampled from Kanto
and Tohoku regions in Japan.

Anal. Chem. 86, 5425-5432 (2014)

Wei, F, Ito, K., Sakata, K., Date, Y., Kikuchi, J.
Pretreatment and integrated analysis of spectral data
reveal seaweed similarity based on chemical diversity.
Anal. Chem. 87, 2819-2826 (2015)

Tokuda, T. et al.

Metabolomic profiling of **C-cellulose digestion in a
lower termite: insights into symbiont function.

Proc. Royal Soc. B 281, 20140990 (2014)
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Metabolome Informatics Research Team

Developing software platforms and databases

for metabolomics research

F—L)—4—Team Leader
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Masanori ARITA D.Sci.

MET—~

AZIRO—LIERENT

XYIRA—LFETAOY 7o 7%

OR OR O

AIRA—LTF—IR—ADHE

MREBE

HF—LATRXYRA—LDERT —F@IT. RYNT—O@IF ¥ Zal—>av it
BREBY TR T ORFEEL 3> TN, Klc RBEYOREICRILOT —IN—R%
BEUTWS MR LY 77 BIARBABFNERB U ATRO—LNFVZIY
Th—LF—YBALMENDY AT LANERERIET S,

MEBR

o YOAXFRAFERRICBIF2REY—BDOT—IN—REHBELT,
o BEANMT—YZSREMITIRAZDY TNIL T Ty N7 A —LEBEU,
o ELDOBETHEEY X LHER U ERINICAS N Ui,

Fukushima A et al. Plant Physiol. 2014;165:948-961
©2014 by American Society of Plant Bislogists.

Screen shots of MeKO pages illustrating information on selected mutants

Research Subjects

Analysis and interpretation of metabolomic data

Software development for metabolome analysis and simulations

ORORO

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

* Development of a metabolite profiling database for knockout mutants in Arabidopsis
(MeKO)

* Development of software environment for mass spectral data
© Finding optimization criteria of circadian rhythms acquitted through evolution

TR
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Screenshot of the MRMPROBS chromatogram viewer

FE / Publications

Fukushima, A. et al.

Metabolomic characterization of knockout mutants in
Arabidopsis: development of a metabolite profiling
database for knockout mutants in Arabidopsis.

Plant Physiol. 165, 948-961 (2014)

Tsugawa, H., Kanazawa, M., Ogiwara, A., Arita, M.
MRMPROBS suite for metabolomics using large-scale
MRM assays.

Bioinformatics 30, 2379-2380 (2014)

Hasegawa, Y., Arita, M.
Optimal implementations for reliable circadian clocks.
Phys. Rev. Lett. 113, 108101 (2014)
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Integrated Genome Informatics Research Unit

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

2=y PM)—4— Unit Leader
BH B oy
Tetsuya SAKURAI Ph.D.
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The Plant Protein Annotation Suite database (Plant-PrAS; http://plant-pras.riken jp/)

Research Subjects
Development of useful plant resources such as by improved usability and productivity

using a variety of bryophytes from the aspect of omics analysis

IT infrastructure management and development of information platforms for project

O

Discovery of useful functions for metal recovery and environmental detoxification by M)

STUEIITE T ! ) .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 plant proteins,
and promoted the annotation for unknown genes.

* We have promoted the genome and transcriptome analyses for useful plants such as
cassava and bryophytes.

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

IT infrastructure development for comprehensive research using omics-wide information

FE / Publications

Kurotani, A. et al.

Plant-PrAS: A Database of Physicochemical and
Structural Properties and Novel Functional Regions in
Plant Proteomes.

Plant Cell Physiol. 56, e11 (2015)

Tokmakov, A. A. etal.

Bioinformatics Analysis and Optimization of Cell-Free
Protein Synthesis.

Methods Mol. Biol. 1118, 17-33 (2014)
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Chemical Genomics Research Group

Exploiting methodologies to resolve environmental and
resource-related problems using chemical biology

JW—TFF 1LY 58— Group Director
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Identification of inhibitors for SUMO-SIM interaction using the ALPHA technology-based assay

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

ORORGR O

Development of screening systems that target protein-protein interactions

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 identified compounds that inhibit SUMO-dependent protein interaction using newly
developed assay systems.

* SIRT2, which had been identified as protein deacetylase, was recently reported to
deacylate long chain acyl-proteins. We elucidated the molecular mechanism of deacylation
by SIRT2 based on co-crystal structure of SIRT2 with an acyl-peptide.

* We found a role of balance between exocytosis and endocytosis in the efficacy of
ergosterol-targeting antifungal antibiotics.

SIRT2 + Myristoyl lysine peptide + NAD*

SIRT2 + Myristoyl lysine peptide

Co-crystal structure of SIRT2 and myristoyl lysine peptide in the absence
(left) or presence (right) of NAD*
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Voet, A, Ito, A., Hirohama, M., Yoshida, M., Zhang, K. Y.
Discovery of small molecule inhibitors targeting the
SUMO-SIM interaction using a protein interface
consensus approach.

MedChemComm 5, 783-786 (2014)

Kumar, A, Ito, A., Hirohama, M., Yoshida, M., Zhang, K. Y.
Identification of sumoylation inhibitors targeting a
predicted pocket in ubc9.

J. Chem. Inf. Model. 54, 784-793 (2014)

Nishimura, S., Tokukura, M., Ochi, J., Yoshida, M.,
Kakeya, H.

Balance between exocytosis and endocytosis
determines the efficacy of sterol-targeting antibiotics.
Chem. Biol. 21, 1690-1699 (2014)
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Chemical Biology Research Group

Developing new techniques for chemical biology and
elucidating mysteries of complex biological systems
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RK-1355A and B, novel quinomycin derivatives isolated from a microbial metabolites
fraction library based on NPPIot screening

Research Subjects

Expansion of the database of the chemical bank, “Natural Products Depository P) C,

(NPDepo)”
GJO)
GO

Expansion of the chemical library using genetic engineering and synthetic
chemistry

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

Research Outline

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.

Research Results

* We expanded our original database “Natural Products Plot (NPPIlot)” and our chemical
library. Using NPPIot, we isolated novel compounds (RK-1355A and B), and determined
their structures.

* We improved our original methods for identifying target proteins of bioactive compounds,
such as ChemProteoBase, a ribosome display and a chemical beads. Using our
technology, we elucidated the mechanism of NPD926-induced cell death.

* We constructed a terpendole E-overproducing strain by gene engineering, and isolated
11-ketopaspaline, a novel and potent derivative of terpendole E. We analyzed the effect of
terpendole E and 11-ketopaspaline by ChemProteoBase.

Elucidation of of

aarnur g1+ Bachein L
463,53, 2004

heLgsh Cell death

Target identification of NPD926 using ChemProteoBase and
photo-cross-linked chemical beads
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Lim, C. L. etal.

RK-1355A and B, novel quinomycin derivatives
isolated from a microbial metabolites fraction library
based on NPPIlot screening.

J. Antibiot. 67, 323-329 (2014)

Kawamura, T., Kondoh, Y., Muroi, M., Kawatani, M.,
Osada, H.

A small molecule that induces reactive oxygen
species via cellular glutathione depletion.

Biochem. J. 463, 53-63 (2014)

Tarui, Y. etal.

Terpendole E and its derivative inhibit STLC- and
GSK-1-resistant Eg5.

ChemBioChem 15, 934-938 (2014)
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Chemical Biology Research Group

Molecular Ligand Target Research Team
Exploring target molecules and mode-of-action of bioactive compounds
through global analysis of chemical genetic interactions

F—L')—4— Team Leader
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Charles M. BOONE Ph.D.
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Chemical genomics pipeline

Research Subjects

Global analysis of chemical genetic interactions between molecular ligands and their P
target molecules \J

Validating the mode of action of bioactive compounds d

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

Research Outline

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

Research Results

* We performed the budding yeast chemical genomic profiling of approx. 14,000 chemical
compounds including the RIKEN NPDepo compound library to predict the cellular targets
of the compounds.

* We developed a high throughput chemical genomic profiling system using the fission yeast
Schizosaccharomyces pombe as well as the budding yeast Saccharomyces cerevisiae.

Experimental pipeline for high-throughput chemical genomic profiling

G profiles are
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S. cerevisiae chemical genomic profile
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Piotrowski, J. S. etal.

Plant-derived antifungal agent poacic acid targets
B-1,3-glucan.

Proc. Natl. Acad. Sci. USA 112, E1490-1497 (2015)

Piotrowski, J. S. etal.

Chemical genomic profiling via barcode sequencing to
predict compound mode of action.

Methods Mol. Biol. 1263, 299-318 (2015)

20145 EX*>/\— / FY2014 Members

Team Leader
Charles M. BOONE

e ut Team Leader

Yoko YASHIRODA

Postdoctoral Researcher
Jacqueline Mary Elizabeth Kane BARBER
Sheena Claire Leoncio LI

Technical Staff
Yumi KAWAMURA



FIANNAAOS—-REITN—T Q\
XAMESHHAELI= Vb A
MAEMEBETFERERRL. \é 0\,-)
BERMELEICET CEARBEERALEY

Chemical Biology Research Group

Natural Product Biosynthesis Research Unit

Exploring microbial gene resources and elucidating biosynthetic mechanisms
to produce valuable compounds
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P450rev[J\&’<

Substrate binding pocket of P450revI-RM-T complex

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
Identification of metal binding natural products

Construction of biosynthetic platforms using microorganisms

CeebiL

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 platiorms and efficiently produce valuable
natural products using genetic resources from nature.

Research Results

* We identified key P450 enzyme involved in spiroacetal modification and elucidated
co-crystal structure with its substrate RM-T.

* We identified a new enzyme involved in the control of the stereochemistry in the decalin
formation during fungal tetramic acid biosynthesis.

* We isolated new oxindole derivatives from Streptomyces sp. RK85-270.
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Kato, N. et al.

Anew enzyme involved in the control of the
stereochemistry in the decalin formation during
equisetin biosynthesis.

Biochem. Biophys. Res. Commun. 460, 210-215
(2015)

Jang, J.-P. etal.

RK-270A-C, new oxindole derivatives isolated from a
microbial metabolites fraction library of Streptomyces
sp. RK85-270.

J. Antibiot. 68, 293-295 (2015)

Takahashi, S. etal.

Structure-function analyses of cytochrome P450rev!
involved in reveromycin A biosynthesis and evaluation
of the biological activity of its substrate, reveromycin T.
J. Biol. Chem. 289, 32446-32458 (2014)
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Chemical Biology Research Group

Chemical Resource Development Research Unit
Expanding and using chemical libraries
to accelerate chemical biology research
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Research Subjects

Chemical library utilization

0 JO O
0O O

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

Research Outline

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

Research Results

* We provided the chemical library stored in NPDepo and explored HIV-1 Vpr inhibitor.

* We registered new oxindole derivatives isolated from a microbial metabolites fraction, and
expanded our chemical library.

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

w

Conservation of chemical library
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Jang, J.-P. etal.

RK-270A-C, new oxindole derivatives isolated from a
microbial metabolites fraction library of Streptomyces
sp. RK85-270.

J. Antibiot. 68, 293-295 (2015)

Choi, S. B. etal.

In silico investigation of a HIV-1 Vpr inhibitor binding
site: Potential for virtual screening and anti-HIV drug
design.

Mol. Infomatics 33, 742-748 (2014)

Maeda, K. etal.

Effects of acivicin on growth, mycotoxin production
and virulence of phytopathogenic fungi.

Lett. Appl. Microbiol. 59, 377-383 (2014)
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Chemical Biology Research Group
Bio-Active Compounds Discovery Research Unit

Developing platforms to discover and validate useful bio-active compounds
for sustainable resource science
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Plasmodium
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APAD* APADH + H*
NBF NBT
Diaphorase

High throughput assay of malaria parasite growth based on their LDH activity

Research Subjects

Microbiological and chemical approaches for exploitation of novel bioprobes
Screening of bioactive compounds
Identification of molecular targets of bioprobes

Mining and functional analysis of molecular targets

OROR ORI

Research 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

* We identified growth inhibitors of malaria parasites and showed their mechanism of action.

* We analyzed the structure activity relationship of HIV-1 Vpr inhibitors.

* We isolated novel inhibitors of tyrosine phosphatases from RIKEN NPDepo chemical
library.

Binding conformation of coumarin-based compounds with
HIV-1 Vpr at its active site
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Hayase, H. etal.

Inhibition of malaria parasite growth by quinomycin A
and its derivatives through DNA-intercalating activity.
Biosci., Biotech., Biochem. 79, 633-635 (2015)

Choi, S. B. etal.

In silico investigation of a HIV-1 Vpr inhibitor binding
site: Potential for virtual screening and anti-HIV drug
design.

Mol. Infomatics 33, 742-748 (2014)
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Advanced Catalysis Research Group

Developing new catalysts for more efficient,
selective chemical transformations
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Carbon-carbon bond cleavage and rearrangement of benzene by a trinuclear titanium hydride

Research Subjects

Activation and efficient use of dinitrogen ‘lﬂ

Activation and efficient use of carbon dioxide for chemical synthesis _EJ

Development of single-site rare-earth catalysts for precision polymerization and fine M)
chemical 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

* We achieved the carbon-carbon bond cleavage and rearrangement of benzene at ambient
temperature by using a multimetallic titanium hydride cluster.

* We established the highly enantioselective C-H addition of pyridines to 1-alkenes by using
anovel chiral rare-earth metal catalyst.

* We developed a new method for the C-H carboxylation of aromatic compounds.
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Highly enantioselective C-H bond addition of pyridines to alkenes catalyzed by a novel
chiral half-sandwich scandium complex
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Ueno, A. et al.

Copper-Catalyzed Formal C-H Carboxylation of
Aromatic Compounds with Carbon Dioxide through
Arylaluminum Intermediates.

Chem. Asian. J. 10, 1010-1016 (2015)

Song, G., O, W. W. N., Hou, Z.

Enantioselective C-H Bond Addition of Pyridines to
Alkenes Catalyzed by Chiral Half-Sandwich
Rare-Earth Complexes.

J. Am. Chem. Soc. 136, 12209-12212 (2014)

Hu, S., Shima, T., Hou, Z.

Carbon-Carbon Bond Cleavage and Rearrangement
of Benzene by a Trinuclear Titanium Hydride.

Nature 512, 413-415 (2014)
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Catalysis and Integrated Research Group

Developing new transition metal-catalyzed reactions and
conducting integrated research of chemistry and plant science
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- Contribution to drug and agrochemical discovery

Catalytic introduction of trifluoromethyl group

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
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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 wel clarified. Furthermore, this group
will also contribute to enhancing collaboration between plant/microbiology research and chemical
research activities inside CSRS.

Research Results

® We established synthetic methodology of glucuronosyl diacylglycerol derivatives with a
poly-unsaturated fatty acid chain isolated from plants.

* We developed catalytic and migratory trifluoromethylations of propargyl alcohols.

* We developed inhibitors of VHR, a member of dual-specificity protein phosphatases, with
better inhibitory activity compared with RE12.
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Synthesis of GICADG and development of VHR inhibitors

FEERX / Publications

Egami, H., Sodeoka, M.

Recent Progress on Trifluoromethylation of Alkenes
with Concomitant Introduction of Additional Functional
Groups.

Angew. Chem. Int. Ed. 53, 8294-8308 (2014)

Egami, H. etal.

Dual Catalysis with Copper and Rhenium for
Trifluoromethylation of Propargylic Alcohols: Efficient
Synthesis of a-Trifluoromethylated Enones.

Chem. Eur. J. 20, 12061-12065 (2014)

Thuaud, F. et al.

RE12 derivatives displaying Vaccinia H1-related
phosphatase (VHR) inhibition in the presence of
detergent and their anti-proliferative activity against
Hela cells.

Bioorg. Med. Chem. 22, 2771-2781 (2014)
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Advanced Elements Chemistry Research Team

Exploring the science frontier through periodic table-wide chemistry
with molecules featuring element-based characteristics
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Trans-Diborylation Reaction of Alkynes based on “Pseudo-Intramolecular” Strategy

Research Subjects

Design of new ate complexes and their practical application for organic synthesis M’ .CJ
Development of expanded phthalocyanines toward utilization of near-infrared light ‘NJ
C-C cross-coupling without transition metal catalysts |MI

Theoretical analysis of reaction mechanisms M' C '

Research Outline

From the perspective of establishing a recycling-based society, it has become more important
to freely 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

* We developed trans-diborylation reaction of alkynes based on “pseudo-intramolecular”
strategy.

* We developed the first example of an aromatic benziphthalocyanine with an 187-electron
structure, and found that its aromaticity and near-IR absorption can be controlled by
chemical modification and by variation of the solvent.

* We synthesized a unique two-coordinate linear dimesitylborinium cation that impresses
with extraordinary Lewis acidity and oxophilicity.
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Chemical Structures of Benziphthalocyanine and the Picture
of the Compound Dissolved in Different Solvents
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Nagashima, Y., Hirano, K., Takita, R., Uchiyama, M.

Trans-Diborylation of Alkynes: Pseudo-Intramolecular

Strategy Utilizing Propargylic Alcohol Unit.
J. Am. Chem. Soc. 136, 8532-8535 (2014)

Toriumi, N. et al.

187 Tautomeric Benziphthalocyanine: A Functional
Near-IR Dye with Tunable Aromaticity.

Angew. Chem. Int. Ed. 53, 7814-7818 (2014)

Shoji, Y., Tanaka, N., Mikami, K., Uchiyama, M.,
Fukushima, T.

Atwo-coordinate boron cation featuring C-B(+)-C
bonding.

Nature Chem. 6, 498-503 (2014)
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Green Nanocatalysis Research Team

Developing novel catalytic systems to create highly efficient,
safe and environmentally friendly chemical reactions
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Catalytic Transfer Hydrogenation by Quatermetallic Alloy Nanoparticles of Ni/Ru/Pt/Au

Research Subjects

Development of polymeric catalysts @ ‘CJ
Development of catalytic reduction/oxidation processes @ d
Development of continuous flow-reaction systems @ ‘EJ
Development of novel platforms for heterogeneous catalysis @ d
Development of new protocols of organic transformations in water @) Q

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

* Quatermetallic alloy nanoparticles of Ni/Ru/Pt/Au were prepared and found to promote the
catalytic transfer hydrogenation of non-activated alkenes bearing conjugating units, where
the composition metals, Ni, Ru, Pt, and Au, act cooperatively to provide significant catalytic
ability.

* Condensation of a variety of carbonyl substrates with diols proceeded in the presence of
water in a catalytic polymeric acid membrane-installed microflow device to afford the
corresponding acetals in up 97% yield for residence times of 19 to 38 s.

© Allylic arylation of allylic acetates by sodium Tetraarylborates with ppb to ppm mol loadings
of a palladium NNC-pincer complex catalyst in methanol at 50 °C afforded the
corresponding arylated products in high yield with total turnover number of up to 500 000
000 and turnover frequency of up to 11 250 000 h™".

Condensation of Carbonyls with Diols by a Catalytic Polymeric Acid Membrane-Installed
Microflow Device

FEERX / Publications

Hamasaka, G., Sakurai, F., Uozumi, Y.

A palladium NNC-Pincer Complex: An Efficient
Catalyst for Allylic Arylation at Parts per Billion Levels.
Chem. Commun. 51, 3886-3888 (2015)

Minakawa, M, Yamada, M. A. Y., Uozumi, Y.

Driving an Equilibrium Acetalization to Completion in
the Presence of Water.

RSC Advances 4, 36864-36867 (2014)

Ito, Y., Ohta, H., Yamada, M. A. Y., Enoki, T., Uozumi, Y.
Transfer Hydrogenation of Alkenes with a Ni/Ru/Pt/Au
Heteroquatermetallic Nanoparticle Catalyst:
Sequential Cooperation of Multiple Nano-Metal
Species.

Chem. Commun. 50, 12123-12126 (2014)

20145 E4>/5— / FY2014 Members

Team Leader
Yasuhiro UOZUMI

e ut Team Leader
Yoichi M. A. YAMADA

Postdoctoral Researcher
Takuma SATO
Heeyoel BAEK

Technical Staff
Aya OHNO
Rikako ISHII



EHEEMRMRFT— L

THETFRHEIEREL.

Bl R RIRIEI RN F—HMZRIHLET

Biofunctional Catalyst Research Team

Seeking biological electron transfer to develop sustainable energy
and environmental technology

F—LI1)—4— Team Leader
f BT it GE)
Ryuhei NAKAMURA D.Sci.

MAET—<

HABPSIICEE IS RRE DRI Q
SEBEICA BERBAERROEE 0O
WO BT BB AR U B Q
MABE

LF—LTREREEEICER UCEM R OB B ICERZOEOZEFAUIH
RBTRIF—ERNEEEIATLADOEERICIDIBATNG EFRICIE HAEYPIE
METHAINZMERIS. BF 7O #E, B APREEGRE. S5ICIEKE
HKDENENEBEICEDERBIRILF—BREYATLZFIA, F 3R UIHLWA
RREFRL. TR —PEROEIH. ZOEEMNEDOR L 2EIE UAERZIT>TW5,

MEBR

o TORVHEBFBEIOHIEICK DR TIRENT 2V HY Rk DR AR LT,
o RERISTRET IBIICL > THRENT 2 B IRREE R REREE U .
° IO ENEEFIAUEIX MEFSRIEEZ AR U,

I

organics

Mn-oxide catalysts

Water splitting by MnO, at neutral pH

Research Subjects

Development of water splitting catalysts C l
Investigation of giant electro-ecosystems in a deep hydrothermal environment \ MI ‘(.:J

Microbial Electricity generation ‘EJ

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 developed the water splitting catalyst working at neutral pH based on the regulation of
proton-coupled electron transfer mechanisms.

* We found the non-biological pathway for CO, fixation triggered by electrical current
generation in deep hydrothermal environments.

® We developed the light-induced cell aggregation of microalgae towards economically
feasible biofuel production.
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Cell culture of Euglena

Ground state

Green lightin solar radiation, which was originally wasted energy in
photosynthesis, can be used as the energy source for cell aggregation.

Light-induced cell aggregation towards economically feasible biofuel production

FEERX / Publications

Yamaguchi, A. et al.

Proton-Coupled Electron Transfer for Efficient Water
Splitting by Manganese Oxides at Neutral pH.

Nat. Commun. 5, 4256 (2014)

Yamaguchi, A. et al.

Electrochemical CO. Reduction by Ni-containing Iron
Sulfides: How Is CO: Electrochemically Reduced at
Bisulfide-Bearing Deep-sea Hydrothermal
Precipitates?

Electrochim. Acta. 141, 311-318 (2014)

Ooka, H. etal.

Light-induced Cell Aggregation of Euglena Gracilis
towards Economically Feasible Biofuel Production.
RSC Advances 4, 20693-20698 (2014)
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Biomass Engineering Program Cooperation Division
Cellulose Production Research Team
Genetic engineering of the plant cell wall

for useful woody biomass
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Woody cell differentiation

The expression of VND7, a master regulator of woody cell differentiation, is
regulated by multiple classes of transcription factors

Research Subjects

Development of “Super trees” (transgenic trees with improved woody biomass
production)

Evaluation of “Super trees”

Analysis of the regulatory system for woody biomass production at molecular levels

Research Outline

Our aim is research and development of super trees characterized by improvements in
quantitative and qualitative productivity of woody biomass of cellulose and other substances. By
employing genetic modification, we offer high productivity, high glycosylation properties
(degradability), high resistance to environmental stress, high-yielding profitability and other
useful characteristics to fast-growing trees, namely poplar and eucalyptus. In this way we
cooperate with universities, both within Japan and overseas, in studying usefulness obtained by
genetically modified (GM) trees.

Research Results

* We identified novel transcription factors that regulate the expression of VND7, a master
switch of woody cell differentiation.

© Through the overexpression of Arabidopsis stress-related genes in poplar, we successfully
increased the tolerance of poplar for drought and salt stresses.

* We revealed that organogenesis in vitro requires more snRNA than does normal seedling
development in plant.

Adventitious root Relative amounts
induction at 28°C of U4snRNA
o, 5 70 0 s w0

WT

srd2-1
srd2-1/AtSRD2
srd2-1/PtSRD2
srd2-1/NtSRD2-1
srd2-1/NiSRDZ2-2

sra2-1/0sSRD2
srd2-1/PpSRD2

srd2-1/HsSNAP50

Higher levels of snRNA are required for plant organogenesis in vitro

FEERX / Publications

Endo, H. etal.

Multiple classes of transcription factors regulate the
expression of VASCULAR-RELATED
NAC-DOMAIN7, a master switch of xylem vessel
differentiation.

Plant Cell Physiol. 56, 242-254 (2015)

Ohtani, M. et al.

Cell dedifferentiation and organogenesis in vitro
require more snRNA than does seedling development
in Arabidopsis thaliana.

J. Plant Res. 128, 371-380 (2015)

‘Yamaguchi, M. et al.

Arabidopsis NAC domain proteins
VND-INTERACTING1 and ANAC103 interact with
multiple NAC domain proteins.

Plant Biotechnol. in press
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Biomass Engineering Program Cooperation Division

Synthetic Genomics Research Team

Analysis of biomass plant genome expression profile and utilisation of

these information for the production of new materials through photosynthesis
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MORQKOSHI
Sorghum transcriptome database

RIKEN full-dength 6ONA clone and RNA-Seq data in Sorghum bicolor

Sorghum bicolor is a highly productive crop, grawn for food, feed, fiber and
biotuel, Sorghum blcoior BTx23 geneme was determina in 2000 and i s
important to prapare a primary ganomic resources for tha further underatanding of

“This tima, we
construciod a narmalized fullengih cONAs iaeary from five growth stages of whiole
Plant body and three groath stagos of panicies and oblained 38,851 high qually
oxprensod saquance tage (ESTS).
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and stoms) iy

* MOROKDSHI s Sorghum in Japanese.

MOROKOSHI Sorghum transcriptome database

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) through Cyanobacteria

Research Outline

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

Research Results

* We made and opened a comprehensive database containing of full-length cDNAs and
transcriptomes of "Sorghum™ a C4 photosynthesis biomass model plant.

® Established polycistronic expression system that can not be suppressed by co-expression
of anti-silencing gene.

* We developed gDB-Seq method that can analyze ultimate recognition sites of transcription
factors on the plant genome.
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Sequencing by NGS

gDNA Binding sequencing (gDB-seq)

FEERX / Publications

Makita, Y. et al.

MOROKOSHI: Transcriptome Database in Sorghum
bicolor.

Plant Cell Physiol. 56, €6 (2015)

Kurihara, Y., Okubo-Kurihara, E., Matsui, M.
Polycistronic expression of RNA silencing suppressor
protects its own mRNA from RNA silencing.

Plant Biotechnol. 32, 1-7 (2015)

Kurihara, Y. et al.

Next-Generation Sequencing of Genomic DNA
Fragments Bound to a Transcription Factor in Vitro
Reveals Its Regulatory Potential.

Genes 5, 1115-1131 (2014)
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Biomass Engineering Program Cooperation Division

Enzyme Research Team

Developing new biosynthesized functional polymers and
applying them as biomass-based materials
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Gene introduction into plant mitochondria via functional peptides

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

* Developed a peptide-based gene introduction into plant mitochondria
® Successful synthesis of adhesive peptide via chemoenzymatic polymerization
* Revealed the biochemical properties of polyhydroxyalkanoate synthase from cyanobacteria
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Chemoenzymatic synthesis of copolypeptides containing lysine and DOPA

FEERX / Publications

Chuah, J.-A., Yoshizumi, T., Kodama, Y., Numata, K.
Gene introduction into the mitochondria of Arabidopsis
thaliana via peptide-based carriers.

Scientific Reports 5, 7751 (2015)

Numata, K., Baker, P.-J.

Synthesis of adhesive peptides similar to those found
in blue mussel (Mytilus edulis) using papain and
tyrosinase.

Biomacromolecules 15, 3206-3212 (2014)

Numata, K., Motoda, Y., Watanabe, S., Osanai, T.,
Kigawa, T.

Co-expression of two polyhydroxyalkanoate synthase
subunits from Synechocystis sp. PCC 6803 by cell
free synthesis and their specific activity for
polymerization of 3-hydroxybutyryl-CoA.
Biochemistry in press
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Biomass Engineering Program Cooperation Division

Bioplastic Research Team
Creating new high quality plastic materials

made from biomass
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Thermal properties and crystalline structure of alternating copolyester

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 enable 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 elucidated the relationship between crystal structure and thermal properties for
alternating copolyesters with high melting temperature.

* We developed the synthetic and processing techniques for aromatic polymers prepared
from lignin metabolites.

® We developed the synthetic technologies of polymers from a, S-unsaturated carbonyl
compounds.
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High performance aromatic polymers from lignin metabolites

FEERX / Publications

Jiang, N., Abe, H.

Miscibility and Morphology Study on
Crystalline/Crystalline Partially Miscible Polymer
Blends of 6-arm Poly(L-lactide) and Poly
(3-hydroxybutyrate-co-3-hydroxyvalerate).
Polymer in press

Hyakutake, M., Tomizawa, S., Mizuno, K., Abe, H.,
Tsuge, T.

A Common Active Site of Polyhydroxyalkanoate
Synthase from Bacillus cereus YB-4 Is Involved in
Polymerization and Alcoholysis Reactions.

Appl. Microbiol. Biotechnol. in press

Tabata, Y., Abe, H.

Synthesis and Properties of Alternating Copolymers of
3-Hydroxybutyrate and Lactate Units with Different
Stereocompositions.

Macromolecules 47, 7354-7361 (2014)
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MREEMEF—L (&) Cell Factory Research Team
NAFATOZTavVICRBLEMBORKEE Developing optimal cell design for bioproduction and
YR OF MM ORI ZBELET evaluating plant biomass systems

MET—7 Research Subjects EEHK / Publications
Osanai, T. et al.

P n=1s . A . . Alteration of cyanobacterial sugar and amino acid

b 1) —E0=4:

WEYEILT 7 N —REUEDORR Developing methods for designing a microbial cell factory metabolism by overexpression hiks, encoding a
KaiC-associated histidine kinase.

HRCAMELEESTZEILTI7IN)—DHEE Building cell factories for production of valuable chemicals Environ Microbiol. in press (2014)

. . Evaluati f bi b ing NMR Noda, S. et al.
NMRZRWCEA) A A DT valuation of grass biomass by using Evaluation of Brachypodium distachyon L-tyrosine

decarboxylase using L-tyrosine over-producing
Saccharomyces cerevisiae.
PLOS One in press (2014)

HMABE Research Outline
NAARRECBEEROREE UCERT 3. B E- 70X AR NOBIFENEE Cost reduction of raw materials and processes is needed in order to use biomass as an 20145 EX*>/\— / FY2014 Members
—_ ) =4 —
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ik B Ixst 2D FREE — IR BT 2 E LD EROEM TE IR N T O R E— typically complicated and costly, into a bio-process that is innovative, consistent, less costly and Akihiko KONDO
Akihiko KONDO Ph.D. LU EIZ R TR TR E— (L E N S —B /(AT Ot X OB REEET, energy-saving. This will be achieved by optimizing, in an integrated manner, a plant's capacity to Senior Research Scientist
produce and degrade cellulose and the process of microorganisms' degrading and synthesizing Tomokazu SHIRAI
biomass. Postdoctoral Researcher
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MABRR Research Results
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Biomass Engineering Program Cooperation Division

Biomass Research Platform Team

Developing research platforms for plant biomass
to establish a sustainable society
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Establishment of useful bioresources for biomass research

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 continued development of platforms for Brachypodium and grass biomass research,
and provided informatics platforms of genome and transcriptome analyses for researchers
inside and outside RIKEN.

® We developed advanced genome and transcriptome analytical technologies for termite
symbiotic system, and continued gene searches, characterizations and applications of
saccharification enzymes and activity-enhancing factors.

* We demonstrated AtGolS2-expressing transgenic Brachypodium displayed significantly
improved drought tolerance, increasing with increased expression of AtGolS2.

b

Transformation (left) and gain of function effect of Arabidopsis AtGolS2 on drought tolerance in
Brachypodium (right)

FEERX / Publications

Himuro, Y. etal.

Arabidopsis galactinol synthase AtGolS2 improves
drought tolerance in the monocot model
Brachypodium distachyon.

J. Plant Physiol. 171, 1127-1131 (2014)

Tsukagoshi, H. et al.

Structural and biochemical analyses of glycoside
hydrolase family 26 B-mannanase from a symbiotic
protist of the termite Reticulitermes speratus.

J. Biol. Chem. 289, 10843-10852 (2014)

Onda, Y. etal.

Transcriptome analysis of thermogenic Arum
concinnatum reveals the molecular components of
floral scent production.

Scientific Reports in press
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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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B8 =y PM)—4— Unit Leader
b A AR
Tamio SAITO D.Agr.
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Chemical storages under a condition of low humidity
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Storage of chemical libraries for drug-discovery Termio SATTO

Others

Yuta IWAI
Distribution of chemical libraries for HTS to explore drug seeds Chikako NISHIKAWA

Using Cheminformatics modules to analyze chemical structures

Research Outline

Our unit takes the role of chemical bank in 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. 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 develop software modules to select and search
chemical information and compounds based on structural similarity, and improve the system to
provide compounds efficiently.

Research Results

® We accepted 10,000 chemical compounds for drug discovery, and prepared database
collecting their information on IDs, vials, tubes and plates to handle them properly.

* We purchased chemical compounds selected for structure optimization, and provided their
solutions.

* We suggested and synthesized lead candidates possessing similar structure to screening
hits and seed compounds.
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Drug Discovery Platforms Cooperation Division

Seed Compounds Exploratory Unit for Drug Discovery Platform
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Discovering seed and lead compounds by

HTS to develop new drugs
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HTS themes carried out in FY 2014, 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 Outline

The seed compounds exploratory unit for drug discovery 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 5 target
molecules in the RIKEN program for Drug Discovery and Medical Technology Platforms,
the MEXT program for Development of Innovative Research on Cancer Therapeutics, and
collaborative studies.

* We conducted HTS campaigns for the compounds active on a total of 22 target molecules
in the RIKEN program for Drug Discovery and Medical Technology Platforms, the MEXT
program for Development of Innovative Research on Cancer Therapeutics, and
collaborative studies. Among them, we completed HTS of 13 targets, and identified hit
compounds that might have direct activities on each of the targets.

20145 E X /\— / FY2014 Members

nit Leader
Minoru YOSHIDA

e ut nitLeader
Tetsuo ONUKI

Research Scientist
Norio KUDO
Koshiki MINO

S ecial Technical Staff
Masako ABE

Technical Staff
Reika OKAMOTO
Iku KUWAHARA
Mami YOSHIMURA
Seiji MATSUOKA
Mari FUJIMOTO
Hiroki KORENAGA
Takeshi SONODA

105




sk Organization

___ HEEBIRERIZRS )L—7 / Gene Discovery Research Group
s —1# / Kazuo SHINOZAKI

| 4EHEERMZES)L—7 / Plant Productivity Systems Research Group
IR 19 / Hitoshi SAKAKIBARA

|tz )L—7 / Plant Inmunity Research Group
E7R 5 / Ken SHIRASU

| TIHIVGTIIHAMRES IV —T / Chemical Genomics Research Group
H # / Minoru YOSHIDA

| SeEtaEmIEZR S )L—7 / Advanced Catalysis Research Group
& BR / Zhaomin HOU

| A% - BRA#ES I —7 / Catalysis and Integrated Research Group
#FE #F / Mikiko SODEOKA

| 145/ LRIBAREF — L / Plant Genomic Network Research Team
B3R5 / Motoaki SEKI

| #HAatEERZEF —L / Cell Function Research Team
27 BF | Keiko SUGIMOTO

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

| SoEEETRILFEMEF — L / Advanced Elements Chemistry Research Team
Ll 324 / Masanobu UCHIYAMA

| JV—>F/RRER%EF — L / Green Nanocatalysis Research Team
FfE FIK / Yasuhiro UOZUMI

| AEAEEERIEMZE F — L / Biofunctional Catalyst Research Team
A B / Ryuhei NAKAMURA

| ESHEMEI=vh / Dormancy and Adaptation Research Unit
= J# / Mitunori SEO

N v | RIRFEIAE L=V b / Signaling Pathway Research Unit
t>%—%& / Director Sb—Y> - 77> - F4> [ Lam-Son Phan TRAN
TEIB —1#t / Kazuo SHINOZAKI | HaESAEIMZEE I =Y / Regulatory Network Research Unit
- . £ 4 / Ryoung SHIN
Blt>%—& / Deputy Director | #Em707+3IJAMEI=Vh / Plant Proteomics Research Unit
RH #2 / Hiroyuki OSADA e 3458 / Hirofumi NAKAGAMI
ik f1= / Kazuki SAITO HEALAROIVAMES IV —7 / Metabolomics Research Group
1% BR / Zhaomin HOU F#kE M2 / Kazuki SAITO
| R RTLHAEF—L / Metabolic Systems Research Team
a—F1%—%&—/ Coordinator T3 B2 / Masami HIRAI
A FEA / Yuji KAMIYA | BRERBISEMZEF—L / Environmental Metabolic Analysis Research Team
it 5% / Jun KIKUCHI

| *&KRO0—L1E#RMEF —L / Metabolome Informatics Research Team
% IE#R / Masanori ARITA

| &5/ LESRMAEI= Y / Integrated Genome Informatics Research Unit
15+ #th | Tetsuya SAKURAI

| #3Ih14O0>—mESIL—7 / Chemical Biology Research Group
KH #72 | Hiroyuki OSADA

| A FUHURERRZRF —L / Molecular Ligand Target Research Team
F¥—JVA - 7—> | Charles M. BOONE

| RAWESRWMEI=YH / Natural Product Biosynthesis Research Unit
1% 2= / Shunji TAKAHASHI

| k&%) —ZBIRMFE L=V / Chemical Resource Development Research Unit
RH #Z | Hiroyuki OSADA

| EEEEMERFMI L=V / Bio-Active Compounds Discovery Research Unit
758 83T / Nobumoto WATANABE

INA AT AT EEHERFT / Biomass Engineering Program Cooperation Division
AR 7 / Minami MATSUI

| I O—REEMEF—L / Cellulose Production Research Team
Hi# # / Taku DEMURA

| AT /IUAMAEF—L / Synthetic Genomics Research Team
#F @ / Minami MATSUI

| E¥SR#A%EF—L / Enzyme Research Team
SBE %7 / Keiji NUMATA

| INMFTSAFYIMREF—L / Bioplastic Research Team
BB 3 / Hideki ABE

| #iR4ERERZEF —L / Cell Factory Research Team
SR BB / Akihiko KONDO

L /NAAYRHFEESEF— L / Biomass Research Platform Team
BT — it | Kazuo SHINOZAKI

| BUSE - BRI ATEAEMERPT / Drug Discovery Platforms Cooperation Division
=M #& / Minoru YOSHIDA

| BISE4 3D/ HEMI = / Chemical Bank Unit for Drug Discovery Platform
7R B / Tamio SAITO

| RIS —REAWIEHEEI =Yk / Seed Compounds Exploratory Unit for Drug Discovery Platform
#H #& / Minoru YOSHIDA

106



