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

biology and chemistry

Humankind now faces global-scale problems with the environment,
energy, food and infectious disease. Society demands creative
innovations that will contribute to resolving these problems based on
science and technology. The RIKEN Center for Sustainable Resource
Science, CSRS, was established in April 2013 to contribute to ‘green
innovation’ for sustainable production of food, energy and materials by
fusing RIKEN'’s expertise in fields of plant science, chemical biology
and catalytic chemistry.

Fusion of different fields is essential for innovating new technologies
to solve global-scale problems. CSRS aims to create, save and utilize
resources by integrating biological and chemical knowledge. We
promote four key projects to this end: Carbon utilization, Nitrogen
utilization, Metallic Elements utilization, and Research Platforms.

CSRS's mission is to enhance the use of biomaterials and
chemicals based on understanding the diversity of both
biological and chemical functions. In order to contribute to
society by developing biomass engineering, chemical and
energy production technologies, and sustainable
agriculture that maximize efficiency and reusability of
resources, which are gentle on the natural world
enabling a sustainable society.

Kazuo SHINOZAKI, Director of CSRS
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Fundamentals of the center; Core Research

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 projects across the core CSRS scientific fields. Scientists from plant

science, chemical biology and catalytic chemistry interact with one another to tackle challenges in science and technology

essential towards innovation for a sustainable future.

é] Carbon project

The Carbon project centers on creating useful materials
from carbon dioxide and oxygen in the atmosphere by
enhancing photosynthesis in plants and microorganisms or

developing catalysts with added chemical diversity.

4 3\

\. J

J;lj Nitrogen project

The Nitrogen project objective is to save in ways that reduce
the use of energy, water and resources with a focus on
nitrogen, phosphorous and water, especially for sustainable

crop production under adverse conditions.

G N

@ Metallic Elements project

The Metallic Elements project targets recovery and
replacement strategies to overcome scarcity of mineral and
metallic resources and promote clean chemistry without
loading the environment. Bioremediation is important for

clean and sustainable environment.

J

@ Research Platforms project

The Research Platforms project integrates research
infrastructure for discovery and use of metabolic networks,
novel metabolites, chemicals and natural products as
sustainable resources. Metabolomics and chemical screening
are key technologies.

Cooperative research for Biomass-Engineering and Drug Discovery Platform projects
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Two CSRS projects 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 A
&) Biomass Engineering Program Cooperation Division (BMEP)
BMEP conducts basic research geared toward consistent
problem-solving in areas ranging from efficient biomass
production by the functional improvement of plants to its
useful applications. Also BMEP is promoting collaborations

with domestic and foreign research institutes and industries.
A J

L?) Drug Discovery Platforms Cooperation Division
CSRS Drug Discovery Platforms Cooperation Division, the
Chemical Bank and Seed Compounds Exploratory Research
Unit, identify and provide promising bioactive small molecules for
the RIKEN Program for Drug Discovery and Medical Technology
Platforms, as well as for collaborators outside RIKEN.

Knowledge and Technology transfer; Translational Research

Outstanding core research in each specialized field and integrated knowledge obtained from interdisciplinary projects are

transferred to society by collaborating with industry. More than 30 collaborative research projects have started towards

realizing “open innovation” by proactively matching industry needs with research seeds from CSRS, in cooperation with the
Business Development Office of RIKEN Research Cluster for Innovation and the CSRS Planning Office. Collaboration with

other institutes and universities are also important means to extend center activities and encourage interaction with worldwide

research communities. Beyond various individual collaborations, CSRS promotes research networks, such as consortiums

and joint graduate courses with universities in Japan, as well as international collaboration. In particular, CSRS promotes

inter-ministry collaboration as a way of achieving innovation.
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\CJ R&D Project of Carbon Utilization
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Kazuo SHINOZAKI D.Sci.

EOKA D.Pharm.

Creation of useful materials from

carbon and oxygen in the atmosphere

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

We are working to develop enhanced photosynthesis by identifying regulatory factors for the production of various biomaterials. In addition, we are

developing not only plants that can effectively fix CO, for the production of useful materials, but also microorganisms and catalysts with added chemical
diversity. Our goal is to develop technology to allow us to freely produce useful resources from CO.. We are also developing novel catalysts that make it

possible to use atmospheric oxygen to engage in oxidation without putting a load on the environment.
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Pathway engineering of fumitremorgin biosynthesis

Re-distribution of carbon source during N starvation in
Synechocystis sp. PCC 6803

Research Results

* Comprehensive sequence analysis identifies DNA polymorphisms among
cassava varieties.

* Anew class of plant glycolipids essential for protection against phosphorus
depletion was identified and their structure was confirmed by organic
synthesis.

* Comprehensive analysis of the metabolism of nitrogen-deficient
Cyanobacteria uncovered the unique distribution of carbon metabolites
and energy sources.

* Pathway engineering method enables us to produce bioactive metabolites
and their intermediates selectively.

* Natural products isolated from physalis plants in combination with synthetic
compounds uncovered the mode-of-action of physalins.

* We opened the Chloroplast Function Database II: Database for nuclear gene
functions of chloroplast proteins

Future Vision

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

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

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

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

* Development of artificial photosynthesis (water splitting)
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Dinitrogen cleavage and hydrogenation by a trinuclear
titanium polyhydride

Breeding of useful plants
| and crops with low-input ‘
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Development of
novel methods
for N: fixation

Innovate current ammonia
synthesis method

laber-Bosch Process

H%E B Ph.D.

~ Ken SHIRASU Ph.D.

"‘g R&D Project of Nitrogen Utilization

BlI70219bY—4— / Vice Project Léader

miﬁ 19wt

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. N2O is a greenhouse gas with 300 times the effect of carbon dioxide (CO.), and so clearly, we need to develop

technology to reduce its emission.
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Mechanism of efficient nitrate uptake under N-limited
conditions

Research Results

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

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

* We identified a dual regulation system of cytokinin synthesis in response
to nitrogen nutrition.

* We identified three novel transcriptional factors that regulate plant stress
responses.

* We discovered a novel regulatory mechanism for plant disease responses;
alternative polyadenylation controls activity of transcriptional factors for
disease response

* We established screening systems for chemicals that inhibit pro- or
eukaryotic denitrification.

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

e 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

* |dentification of chemicals inhibiting pro- or eukaryotic denitrification



Recovery of rare metals

@ ERAFORROFFAMAIOS IV T—— @ R&D Project of Metallic Elements Utilization
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High performance
catalyst technology

High performance
catalyst

Recovery of rare metals
by plant and microbes,
and bioremediation

RIEICETZ5AT ICHFRMICEBRTFRZERL . FALET

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

FHEPBBSETRREEAVHEEMEI R IN AL ZERICI TS EIETRERMENEAESIN TN, UH U S ICEb N 2 & BT Chemical synthesis has brought us a variety of useful materials through the development of various catalysts. However, many of the metals used in
ROEZLFFIDOBEMTHD ERICZUVVWBRIFZDIEFEAEZRAICE> TV EBITR 7OV IV M TR INSRHEEBREDISHDE catalysts are rare and expensive, and Japan depends on imports of most of them.
e O EREDERZEIETEABIC. LN EETEMAESBZRAVWT. S5E . BWER, BUVBIRME R HAEOREREZTS. £, Zmihl 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.
ELTEEL WA ERLRESBZLNUCEAIAT A EHEELRI VY I VYDOVEDTH D, AT HRE DB CHMEMD O EYkic A ER L. BIEIC At the same time, we are working to develop novel highly active and selective catalysts by using readily available and inexpensive metals.
aEES5 2T ICRNICEREOINT 2RI OEBILERIET, COEMIE. B AE TERS N HEOKOBESMICHR I DERFTES, 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.
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o NEERFEERILAYICIERT 2HR L FRAEDRIF Auxin controls Cu-dependent cell differentiation in copper Development of new methods for radiocesium remediation

o BRI N U ZILA DX FIALR IS ORISR moss, Scopelophila cataractae and analy of r y ponents for phyto diation

Research Results

® We revealed that Cu mediates auxin to control cell differentiation in
S. cataractae.

* We isolated candidate chemicals which affect cesium uptake in plants.
* We developed catalytic amino- and carbo-trifluoromethylation of alkenes

® We developed a novel polymer-supported iron nanoparticle catalyst
for the instantaneous hydrogenation within 1 minute.

* We designed borylzincate complex, and developed novel borylation
reactions based on in situ-generated borylzincate complex.

Future Vision

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

e 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
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@ R&D Project of Research Platforms
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Establishment of research platform
for the discovery and utilization of sustainable resources

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

As 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.

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.

Research Results

® We established “S-Omics” strategy with FT-ICR-MS for comprehensive
analysis of sulfur-containing metabolites.

MorphoBase profiling ~ ChemProteoBase profiling

01

* We established an integrated analysis of seaweed components by
heterogeneous chemical measurements with network visualization.

® We isolated and determined the structure of pyrrolizilactone, and then
identified its molecular target.

® We established in vitro and in vivo systems for high-throughput assay to
detect non-covalent interactions between SUMO and SIM using
split-luciferase complementation.

Future Vision

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

20S core particle
of proteasome

B subunit pyrrolizilactone

* Advancing metabolomics technology with databases, analytical tools and
software

Identification of a molecular target of pyrrolizilactone by

phenotypic profiling systems * 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 a 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

* Discovery of useful genes for the improvement of plant biomass

mnHE EeEt

Minami MATSUI D.Sci.
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productivity based on genome information of biomass plants

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

* Development and improvement of the practical biopolymer materials to
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meet the demands of society
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* Promotion of international collaboration and company cooperation
researches to establish the open innovation

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
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® Construction of unique chemical libraries for HTS Facilities for HTS
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Plant Systems Biology of VIB, Belgium

The University of Tokyo
John Innes Centre and the Sainsbury Laboratory, UK L HBASASLEEGESAER | NSV RAT4—V T TEGDFHRER

Umea Plant Science Center, Sweden Graduate School of Bioagricultural Sciences / Institute of Transformative Bio-Molecules, Nagoya University
FRERBARIMASRAE

Nara Institute of Science and Technology

University of California at San Diego, USA MSET A AREEMLHETR

Agricultural Genetics Institute, Viet Nam Kihara Institute for Biological Research, Yokohama City University
IIATBUEN EERRRARME

Japan Agency for Marine-Earth Science and Technology
IRSIATBUEA _EI‘%&MJKE#EH%'&‘/&- ) _

Korean Research Institute of Bioscience and Biotechnology at Ochang, Korea Japan International Research Center for Agricultural Sciences
IRATBUEN  EREIMR AR

National Institute of Advanced Industrial Science and Technology
IRATBUEN  HMEERIZTRR

Forestry and Forest Products Research Institute
IRIATBUEN  BREEME R

National Institute of Agrobiological Sciences
MIATEAN B RQELHITHATTEME = |
National Agriculture and Food Research Organization
RATBUEN KEREMIR S R2—

Fisheries Research Agency

MEHIIHIE / Research Collaboration Agreement T Rk
Okayama University
Max Planck Institute of Molecular Plant Physiology, Germany 2] BEZBAZ SEtnRSHER
Max Planck Institute of Molecular Physiology, Germany Institute for Advanced Biosciences, Keio University
Lo . . ’ [3] #FEAZ
Leibniz Institute of Plant Biochemistry, Germany Kobe University
International Center for Tropical Agriculture, Columbia 4] kK v
Nanjing Forestry University, China University of Tsukuba
5] mmA%
(6]

&

China Agricultural University, China

Dalian University of Technology, China

B [

University of Toronto, Canada

CNCSNCGECRORCNONONCONONCNONRCRONC)

Universiti Sains Malaysia at Penang, Malaysia

B B &8 B

=

EHE A F e : Cooperative Graduate Schools

-
_‘J
1) BERMIKFEKF R Kihara Institute for Biological Research / Graduate School of Medical Life Science,
RREMFRER LR EREMIR Yokohama City University

2) ZHEBRFARFEREGRFAMER Graduate School of Bioagricultural Sciences, Nagoya University

3) BEZRBAFRFEBRBER X7« 7R Graduate School of Media and Governance, Keio University

4) RAKFAZBRERAAAR Graduate School of Agricultural Science, Tohoku University

5) HRAFAFR Graduate School of Agricultural and Life Sciences / Graduate School of Science,
" o BRFEGRIZMAR BRI The University of Tokyo
HEIHZ / Joint Research Agreement 6) FRBAFARZREARIZMIR Graduate School of Science and Technology, Niigata University
) Noble Foundation, lowa State University and University of California, Davis, USA 7) BEXFAERIETZMAR Graduate School of Science and Engineering, Saitama University
( International Rice Research Institute, Philippines 8) WEAFARFBILAZIR Graduate School of Science, Kyoto University
® International Maize and Wheat Improvement Center, Mexico 9) FEAFXERIZMIAR Graduate School of Engineering, Toyo University
® Brazilian Agricultural Research Corporation, Brazil 10) HRIEAFAZRBAIZTSHMZIR Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology
(3 Mahidol University, Thailand 1) MBEKRFARFRIELHER Graduate School of Science, Rikkyo University
(@ Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, China 12) EREBEAS AR T SRR Graduate School of Engineering, Tokyo Denki University
©  Peking University, China 13) WRERERIAZAZREEZESMEER Medical Research Institute, Tokyo Medical and Dental University
@ CNRS-Université de Rennes 1, France 14) EAFRRAFZRE TR Graduate School of Science and Engineering, Tokyo Metropolitan University

Emory University, USA -

. v v 15) FERFAZRBMEEILMATIR Graduate School of Advanced Integration Science, Chiba University
@ University of Cambridge, UK

16) THIFAFAFRIETAMAR Graduate School of Engineering and Science, Shibaura Institute of Technology

3
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Industrial Collaboration

EYMRZRTIRMAHZRYNT =7 Japan Advanced Plant Science Research Network
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We are conducting collaborative research with 22 companies with the aim of practical application of our knowledge and technologies.

() 1—-JLF DOWAR—IT1J R (#k) (¥) hxH
euglena Co., Ltd. Dowa Holdings Co., Ltd. KANEKA CORPORATION
I—JLF (B IRULY) DR G- fifE- E3vs Y ITIC LB ERBHKINE NAARYIZRFIVDORAICAET e EE
BARL- B BRELEADFER TREATRAFE
Utilization of Euglena in food, fiber, feed, Disposal of waste containing heavy metal Developing of the advanced technologies
fertilizer and fuel with moss toward the practical use of the biopolyester

1 Lo sl

©euglena Co., Ltd. ©DOWA ECO-SYSTEM

©KANEKA CORPORATION

IZTRER A ETE RIKEN Internal collaboration
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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.
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Leading-edge research facilities
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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.
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Tohoku University
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Secretariat of Japan Advanced Plant Science Research Network
(RIKEN Center for Sustainable Resource Science)
1-7-22 Suehiro-cho, Tsurumi-ku, Yokohama, Kanagawa, 230-0045, Japan
E-mail: psr-net@psc.riken.jp

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

2013.04.01

2013.09.17-18

B REGRHNEMAE 2—RE
RIKEN Center for Sustainable Resource Science was established

2013.05.16-17
RIKEN CSRS#v7#71) ) —b
2R FE HORBHRA

RIKEN CSRS Kickoff Retreat
RIKEN Wako/Yokohama Campus

2013.05.22

ANhFLEFHRAMERENE BHIRBEERHHE
I2ER BURR A

Vietnamese Deputy Prime Minister visits
RIKEN's Yokohama Campus

RIKEN Yokohama Campus

2013.09.08-14
F12EEFALFBIEFE S VR TI L
—YBFSLNI—UavT—

AV S gul) i

The 12th International Wheat Genetics Symposium
— Satellite Workshop -
Pacifico Yokohama
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BHMCSRST—7 3y 7 i REDEREFD B X2FOIJ A
IERT HIRFRER

RIKEN CSRS Workshop: Metabolomics to

Better Understand Plant Specialized Metabolism

RIKEN Yokohama Campus

2013.09.25-28

I FN=AR)7—EREEH2013

BE EBAFR

International Conference on Bio-based Polymers 2013
Hanyang University, Korea

2013.09.28

IBH BURBERPT —RAR

IERT HIRF A

RIKEN Yokohama Campus Open Day
RIKEN Yokohama Campus

2013.10.10
RIKEN CSRS®REZVRIIL
A/ DY T 7 LAt 82—

RIKEN CSRS Inaugural Symposium
IINO Conference Center

2013.10.22

$E3ECSJLFE T 2522013
K27 —R—ILiRYE

3rd CSJ Chemistry Festa
Tower Hall Funabori

2013.10.23-25

2013.12.16-17

FIVESRARIH 7172013
RREYIHA b

Agribusiness Creation Fair 2013
Tokyo Big Sight

2013.11.06

AR/ N=2 3V EBEFOR
BIRT—92av7 ¥V IXTI—FT127
RRAZE HEBETRVIA

Kick-off Meeting of 1st Biomass Innovation

Young Researchers Workshop
Annex, Yayoi Auditorium, University of Tokyo

2013.11.22

EMEFEMREFT—U3v 72013
2N HERERRR

Electron Microscopy Workshop 2013 for Young Plant Biologists
RIKEN Yokohama Campus

2013.11.22-23

EIEHEMRNAMERY FT—7 2RI L
mERE

3rd Research's Network for Plant RNA Symposium
Hokkaido University

2013.12.04
2013EMRE S VRO IL
a3k

Plant Science Symposium 2013
Kokuyo Hall

BMEPY kJ—h2013
BH FIAEER

RIKEN BMEP Retreat 2013
RIKEN Wako Campus

2014.02.05
WY IDIBIC LB RMREERMT S RIIL
IERR HORERRRT

Plant Factory Symposium 2014
RIKEN Yokohama Campus

2014.02.27

BHR—2 v I AT 70 HE MABH=TRAERSTE
RIKEN-MPI Joint Workshop on the Forefront of
Metabolomics and Future Prospects

2R RIRFEEA

The 30th anniversary of the establishment of official ties with
the Max-Planck-Gesellschaft

RIKEN-MPI Joint Workshop on the Forefront of Metabolomics

and Future Prospects
RIKEN Yokohama Campus

2014.03.05-6

RE-BXT—I7 a7 iREOHEEER
—HRORBREFEBICAITT—
IEHT BURERAT

UK-Japan Workshop; Rhizosphere Interactions

— towards Global Food Security —
RIKEN Yokohama Campus
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CSRS Seminars

Date

2013.04.04

2013.04.09

2013.04.18

2013.04.19

2013.05.01

2013.05.13

2013.05.15

2013.05.21

2013.05.21

2013.05.23

2013.06.06

2013.06.14

2013.07.29

2013.08.01

2013.09.02

2013.09.03

2013.09.12

2013.09.18

2013.09.19

2013.09.25

2013.10.01

2013.10.01

2013.10.08
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Title
Intercellular Communication in Plant Tissue Patterning
Using Metabolic Profiling to Enhance Quality of Fruits
and Vegetables
RNAseq: technical advance and application in
developmental biology & immunity research
Metabolomics approaches to the study of enzymes and

microbial metabolisms

Analysis of the breadwheat genome using
whole-genome shotgun sequencing

Radical SAM enzymes in cofactor biosynthesis
Evidences supporting distinct function of cytosolic

glutamine synthetase and NADH-glutamate synthase
isoenzymes in rice

Speaker
Dr. Keiji Nakajima

Dr. Daryl Rowan

Dr. Yasunori Ichihashi
Dr. Shuta Asai

Dr. Natsumi Saito

Dr. Anthony Hall

Prof. Tadhg P.Begley

Prof. Tomoyuki Yamaya

Affiliation

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

The New Zealand Institute for Plant &
Food Research Limited

University of California, Davis, USA and
RIKEN

The Sainsbury Laboratory, UK and RIKEN

The Institute for Advanced Biosciences,
Keio University

Institute of Integrative Biology, University
of Liverpool, UK

Department of Chemistry Texas A&M
University, USA

School of Agri Science,

Host
Cell Function Research Team
Metabolomics Research
Group

Cell Function Research Team

Plant Immunity Research
Group

Synthetic Genomics Research
Team

Metabolomics Research
Group

Research

Tohoku University

Functions of the chloroplastic PEPC in primary
metabolism of rice

Current status of plant biotechnology in Vietnam and
perspectives

Gene network and reaction network reconstruction
methods toward the understanding of chemical
coevolution

How plants know when to flower: Transcriptional
regulation of CONSTANS in photoperiodic flowering in
Arabidopsis

Asia Cassava Molecular Innovation Network

Analysis of cell type specific splicing forms in the root
meristem in Arabidopsis

For identification of the molecular mechanism of
heterosis

The roles of Chloroplast Heat Shock Protein 90
(Hsp90C) in protein import and chloroplast biogenesis

Agreenp on the

concept

ital

Exploring Biochemical Diversity in Natural Products
Biosynthesis

Self Organization of Plant Microtubules

Anovel epigenetic regulator for heterochromatin gene
expression in Arabidopsis

Xylose metabolism in Arabidopsis

Dr. Mitsue Miyao-Tokutomi

Dr. Ham Huy Le

Dr. Masaaki Kotera

Dr. Shogo Ito

Dr. Manabu Ishitani

Dr. Masashi Yamada

Dr. Ryo Fujimoto

Dr. Hitoshi Inoue

Dr. Marcel Quint

Dr. Taifo Mahmud

Prof. Geoffrey O. Wasteneys

Dr. Taisuke Nishimura

Dr. Joshua L. Heazlewood

Functional Plant Research Unit, National
Institute of Agrobiological Sciences

Institute of Agricultural Genetics (AGlI),
Vietnam

Chemical Life Science Bioinformatics
Center, Kyoto University

Institute for Advanced Research, Nagoya
University

Agrobiodiversity Research Area,
International Center for Tropical
Agriculture (CIAT)

Biology Department, Duke University,
USA

Graduate School of Science and
Technology, Niigata University

Department of Biochemistry and
Molecular Biology, University of
Massachusetts, USA

Department of Molecular Signal
Processing, Leibniz Institute of Plant
Biochemistry, Germany

Department of Pharmaceutical Sciences,
Oregon State University, USA

Department of Botany, The University of
British Columbia, Canada

Bioscience and Biotechnology Center,
Nagoya University

Joint BioEnergy Institute, Lawrence
Berkeley National Laboratory, USA

Tracking protein turnover in plant cells and intact plants:
a new frontier in understanding the cost of plant growth

Characterization of Plant Glucosinolate Metabolic
Networks

Architecture and dynamics of mega-synthases involved
in primary and secondary metabolism

Silage - Raw Material for the Production of Amino Acids
Use it Before it is Hidden in the Wood

Identification of three hydroxyproline
O-arabinosyitrar in i

Prof. Harvey Millar

Dr. Sixue Chen

Prof. Sheryl Tsai

Prof. Elmar Heinzle

Plant Energy Biology, ARC Centre of
Excellence, The University of Western
Australia

Dept. Biology, Univ. Florida, USA
Molecular Biology and Biochemistry,
Chemistry, and Pharmaceutical Sciences,

University of California, Irvine, USA

Biochemical Engineering Institute,
Saarland University, Germany

Prof. Yoshikatsu Matsubayashi National Institute for Basic Biology

Group

Plant Genomic Network
Research Team

Metabolomics Research
Group

Plant Productivity Systems
Research Group

Plant Genomic Network
Research Team

Cell Function Research Team

Plant Genomic Network
Research Team

Plant Proteomics Research
Unit

Cell Function Research Team

Natural Product Biosynthesis
Research Unit

Cell Function Research Team
Cell Function Research Team

Plant Proteomics Research
Unit

Metabolic Systems Research
Team

Natural Product Biosynthesis
Research Unit

Synthetic Genomics Research
Team

Cell Function Research Team

Date

2013.10.22

2013.11.01

2013.11.12

2013.11.14

2013.11.18

2013.11.25

2013.11.26

2013.12.19

2014.01.15

2014.01.22

2014.02.12

2014.02.14

2014.02.17

2014.03.03

2014.03.11

2014.03.12

2014.03.20

2014.03.27

2014.03.31

Title

The System Strategic Approach for Crop Research:
Towards the Crop Yield Improvement

Speaker

Dr. Treenut Saithong

Affiliation

King Mongkut's University of Technology
Thonburi (KMUTT), Thailand

Deciphering the complex of gene regulatory network in
plant via systems biology approach: aim to understand
the regulation of starch biosynthesis pathway in cassava

Using cell wall integrity research to facilitate bioenergy
production from lignocellulosic biomass

Dr. Saowalak Kalapanulak

Dr. Thorsten Hamann

King Mongkut's University of Technology
Thonburi (KMUTT), Thailand

Department of Biology, Norwegian
University of Science and Technology

Cell walls and plant development : examples in
Arabidopsis and Brachypodium

Dr. Herman Hofte

Institut Jean-Pierre Bourgin, INRA Centre
de Versailles-Grignon, France

Recent insights into expansin action: alpha, beta and
bacterial

DNA methylati

and TE ics in

Biochemical genomics of polyketide biosynthesis in
Cannabis and Humulus

Dr. Daniel Cosgrove

Prof. Tetsuji Kakutani

Dr. Jonathan Page

Department of Biology, Penn State
University, USA

Department of Integrated Genetics,
National Institute of Genetics

National Research Council of Canada &
University of Saskatchewan Saskatoon,
SK, Canada

Applying metabolomics approaches to improve plants
and their products

Analyses for gene expression regulated by high-order
information of genetic sequences

The role of GA in seed dormancy loss

Cell Wall Chemotyping for Functional Genomics

Site-directed genome engineering of higher plants by
genome editing tools, ZFN, TALEN, and CRISPR/CAS9

The mechanistic bases for microRNA-mediated
translational repression in plants

Genetic Analysis of RNA-Silencing Pathway in
Arabidopsis Thaliana

Circadian Clocks and Signalling in Arabidopsis
The shape and the function of root-associated bacterial
community in a natural habitat

Cyanobacterial photoresponsive sysmtems and their
application to optogentics and bioimaging

The use of transcriptomics and metabolomics for
pathway discovery in the lignin field

Bryophytes as bio-indicators in the Amazon Forest
Technologies and Their Applications in Crop Improve-
ments

Mammalian genome engineering with the CRISPR/Cas
system

Recent Progress in Organic Photovoltaics to Achieve
Efficiency beyond 10%

A functional genomics approach to improving microbial
fermentation

Prof. Robert Hall

Dr. Shuntaro Takahashi

Dr. Camille M. Steber

Dr. Lorenz Gerber

Dr. Yuriko Osakabe

Dr. Hiro-oki Iwakawa

Dr. Tatsuo Kanno

Dr. Alex A.R. Webb

Dr. Ryohei Thomas Nakano

Dr. Rei Narikawa

Dr. Ruben Vanholme

Dr. Charles Zartman

Dr. Caixia Gao

Dr. Fei Ann Ran

Dr. Doo Kyung Moon

Dr. Jeff Piotrowski

Plant Metabolomics, Wageningen
University, Netherlands

Frontier Institute for Biomolecular
Engineering Research, Konan University

Department of Crop and Soil Sciences,
Washington State University, USA

Umea Plant Science Centre, Swedish
University of Agricultural Sciences,
Sweden

Gene Discovery Research Group, RIKEN
CSRS

Institute of Molecular and Cellular
Biosciences, The University of Tokyo

Agrogenomics Research Center, National
Institute of Agrobiological Sciences

Department of Plant Sciences, University
of Cambridge, UK

Max Planck Institute for Plant Breeding
Research, Cologne, Germany

Graduate School of Arts and Sciences,
University of Tokyo

VIB Department of Plant Systems Biology,
Ghent University, Belgium

National Institute of Amazonian Research
(INPA), Brazil

Institute of Genetics and Developmental
Biology, Chinese Academy of Science

Broad Institute of MIT and Harvard, USA
Department of Materials Chemistry and
Engineering, Konkuk University, Korea

Great Lakes Bioenergy Research Center,
University of Wisconsin, USA

Systems level insights from large-scale analysis of
genetic interactions in yeast

New frontiers between plant responses to stress and
development and applications for health and fuel
production

Dr. Chad Myers

Dr. Alessandra Devoto

Department of Computer Science and
Engineering, University of Minnesota,
USA

School of Biological Sciences, Royal
Holloway - University of London, UK

Host
Metabolomics Research

Group / Metabolic Systems
Research Team

Cellulose Production
Research Team

Plant Genomic Network
Research Team

Metabolomics Research
Group

Enzyme Research Team
Dormancy and Adaptation
Research Unit

Cellulose Production
Research Team

Plant Genomic Network

Research Team

Synthetic Genomics Research
Team

Synthetic Genomics Research
Team

Plant Immunity Research
Group

Plant Immunity Research
Group

Synthetic Genomics Research
Team

Metabolomics Research
Group

Biomass Research Platform
Team

Plant Genomic Network
Research Team / Gene
Discovery Research Group

Bioplastic Research Team

Molecular Ligand Target
Research Team

Plant Genomic Network
Research Team
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Press Releases

2013.06.28 SR EEARIERZE S )L—7 / Advanced Catalysis Research Group

ERDTOUREKF TR FETRER
—ERICZ<HAEhB 7 EZT7OH LV AEEDHREICEEZRLS—

Splitting and Hydrogenating Molecular Nitrogen at Ambient Temperature and Pressure
— Developing a new synthesis method for ammonia, a key industrial chemical —

1 AR —TE HIclc AR LI ZERBOFIVERUMEEYIC. BRAFERBR- BEETIHDAZE 2
FR-ERBAETMU. ER - KREEDOER KR ICRIHUEUlc. COFEHRF BIRILF—TT
1 YEZF AT B UWEREDHENBN S EPFTEX I K SEARLLEERF IV ERY

15 RMEEYIR FEBICEVRINEES LTS 10, BROBELRIGE T TR HRERERIGADER
»o8 HIFTEET,
=0 gg;mu - ; ;05* . Anovel multi-metallic titanium polyhydride compound that can cleave dinitrogen bonds and make nitrogen-
vt hydrogen bonds at ambient temperature and pressure was created successfully by the research group. This

result offers hope for developing a new method of ammonia synthesis that uses less energy. Not only does
it hold promise for nitrogen fixation, but also for new catalytic reactions, as the multi-metallic titanium polyhy-
dride compound has high reactivity.

BRESEB/F HVERIMEBMORE7OER
Reaction process of nitrogen and multi-metallic titanium
polyhydride compound

<R & BRON-TF1Lo58—)
Zhaomin HOU (Group Director)
Original article ) L 4E B BER(LRmEs)
Dinitrogen Cleavage and Hydrogenation by a - . Takanori SHIMA (Senior Research Scientist)
Trinuclear Titanium Polyhydride Complex. £ B DEBINER)
Science 340, 1549-1552 (2013) Shaowei HU (Postdoctoral Researcher)

2013.11.26 4 EBREERRFL S )V —7 / Plant Productivity Systems Research Group

WEPHRIVE YA HAZ O [E] DERMZAZA
—Y A IV FFODI=EHEDBEMERD—F—

Importance of Plant Hormone Cytokinin “Quality” Revealed
— Cytokinin side-chain modification defines hormone function —

HRIIW—TE NIV RETFY ) BYA M=V EZERT 2cHDORHENZIB S ERBEET
"CYP735A &L T 1 ZREL. ZDEREERBMT Uic& 2B AZBT A M+ =V BELTEZE R E M EE D
BRERIERAZFDODIT U AIBIEMORNT A M=V ISR ZDLSBRIEBIFRNC EZREILDHF
UTco W b =2 ORIBHERA DRIV EY DIERZEHIET 2 EMNBESINCRS eI ET SR REY
DIFE(CEFTARATRARICEN B DEEIRFTEET,

Genes responsible for making side-chain modifications to synthesize trans-zeatin (tZ)-type cytokinins,
CYP735A1 and CYP735A2, were identified. Characterization of mutants deficient in CYP735A activity
revealed that tZ-type cytokinins promote shoot growth, whereas cytokinins without the side-chain modifica-
tion do not. These results demonstrate that the side-chain modification of cytokinin is important for plant
growth regulation. We expect that this discovery leads to the development of novel technologies to increase

BERCAZRIY A M D RIBEC R RGFOLE
Comparison of wild type (lft) and a mutant deficient in tZ-type  hiomass production and crop harvests.

cytokinin (right)

MR B (ON—TF 1L os—)
Hitoshi SAKAKIBARA (Group Director)

Original article

Side-chain Modification of Cytokinins Control
Shoot Growth in Arabidopsis.
Developmental Cell 27, 452-461 (2013)

AP EB (FRR) >
Takatoshi KIBA (Research Scientist)
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Date

2013.04.09

2013.04.10

2013.04.19

2013.06.15

2013.06.20

2013.06.21

2013.06.27

2013.06.28

2013.07.08

2013.07.31

2013.07.31

2013.08.05

2013.08.26

2013.09.03

2013.09.11

2013.09.12

2013.09.20

2013.09.30

2013.10.09

2013.10.10

2013.11.15

2013.11.19

2013.11.26

2014.01.14

2014.01.16

2014.01.23

2014.01.27

2014.02.17

2014.03.13

2014.03.24

2014.03.29

AN/

MR ES T T2 Y BRDISERERR & R FURI R
SnRK2 Kinases in Plant Stress Signaling

EYIFREOAZISEEEIR DD DMEDHEEED TS

Synthesis of very-long-chain fatty acids in the epidermis controls plant organ growth by restricting cell proliferation

R TOBRIEBEEN UIEORRXD = A LEEH

Uncovering a signaling mechanism behind coordinated proliferation of leaf cells

EMOBVEEREAICIEMRNADHIEIHEN EZ

Regulation of mMRNA Metabolism Is Essential for Plant Development and Regeneration

=t WA E R XOpy. S Rl

Returning to Soil: Building a Method for Degradation and Metabolism Evaluation of Biomass

HEMODNAZTH 12§ %177 7') [PromoterCAD | % Bi%E
Plant DNA Designing Web Application: PromoterCAD

AR VRIT THERO KL IKRILAIRE RIS

New iron catalyst promises green future for hydrogenation

BRAFOYIMFEKFE IR HETRER

Splitting and Hydrogenating Molecular Nitrogen at Ambient Temperature and Pressure

BRRZBOTHEORB BRI  RBOFBEARY

Comprehensive Analysis of the Metabolism of Nitrogen-deficient Cyanobacteria that Resolves a Metabolic Contradiction

B TRRIN B OMHRERBRFIEDLSLIEE S DD
Functions that MUNC13-like Protein Plays in Plants

HBMORE LERORELDEIRM DL < HEHEHR

Clarifying the drought tolerance mechanism by which plants evolved onto land

YRR OINI N 7 EIE T RE S E AR

Elucidation of a mitochondrial gene regulation mechanism unique to plants

HENOAN KT BISEZRET T D3 DDHAGETERF ZFKR

Three New Transcription Factors That Regulate Stress Response in Plants

SBRADIH S 2R0KEFIA L/ Bt B BT

Successful fuel-cell power generation from seabed hydrothermal vents

TV ROKFREERZ 2L LML BT EITHI

Cyanobacteria hydrogen production more than double

FryYN\OFRHEREICE T ZDNAES D& VBRI KU RE

Comprehensive sequence analysis identifies DNA polymorphisms among cassava varieties

ZIRTINMRIFIC KB T /IO — 2D AAEETHlF = a iR

A structural evaluation method for lignocellulose using a multidimensional NMR method

HLODADFIRAEREDORFE

Development of a new drug for molecularly targeted cancer therapy

EHESEDOHRFEA D =X LERR

Anew plant disease control mechanism

EFIVEBRIEMI S NDED Y OEIEFHEiEED 0000 LRI

An overhaul of the gene structure for Brachypodium distachyon in more than 9,000 locations

TEROEH A D1 ORIRETHREET 5/ N5 D7) LR AR

Palladium-nanoparticle catalyst with quantitative production developed

BOSEHIBFNTNZEICE

Potential Path to an Easy-to-Grow Dream Tomato

HEIARINES [HA MDA =2 | D[R] OEEERA
The Importance of Plant Hormone Cytokinin “QUALITY” Revealed

TEERORR B EHROR AT Z SR

Integrated Analytical Technology for Complex Systems of Organic and Inorganic Mixtures in Seaweed

TR/ AROBBERDEALELRAN ZANDEEEHD

High accumulation of flavonoids increases resistance to oxidative and drought stress

HKERMICED/\AF T IAF VI DEENETHREELNIER

Bioplastic productivity levels via photosynthesis among the world’s highest

HENOTBEAN IS BHLLV7TO—F

Anew approach to countering plant environmental stresses
TUEDINAF T IRAF VI EENIMEE
Threefold increase in cyanobacteria bioplastic production

BB RE R URREE SR § AR AR

Missing link in plant immunity identified

BCHISEZR 9 > AT LOERHIEYRE L DREESTVE!

Aacquisition of a programmed cell death system was the key to plants coming ashore!

VI =B AR E LT A T ZAF VI DMENERE

Lignin-derived microbial production of bioplastics

FRFEE /L
HRRERFRZE L —T

Gene Discovery Research Group
AEREERZR L —T

Plant Productivity Systems Research Group
KRB AT LHARF— L

Metabolic Systems Research Team

T O—-2EEMEF— L
Cellulose Production Research Team

BIBHARRR T — 4

Environmental Metabolic Analysis Research Team
ARG /XY ARRF —

Synthetic Genomics Research Team

GU—=>F JHRRR T — L

Green Nanocatalysis Research Team

SEHERBERIRAAZE L —T
Advanced Catalysis Research Group
KRB AT LHARF—L

Metabolic Systems Research Team

eIz N —7

Plant Immunity Research Group

180T LERRR T — L

Plant Genomic Network Research Team

T O—-2EEREF—L
Cellulose Production Research Team

Rz N —7

Plant Immunity Research Group

EARBERIRAAT T — L

Biofunctional Catalyst Research Team

KRB AT LHARF—L

Metabolic Systems Research Team

BEY/ MERIMRIZ YN

Integrated Genome Informatics Research Unit
BISHARRR T — L4

Environmental Metabolic Analysis Research Team
TIANNAAOS—REIIN—T

Chemical Biology Research Group

SRR N —7

Plant Immunity Research Group

INAAYARRESE T — L

Biomass Research Platform Team

D) =27 IR T — s

Green Nanocatalysis Research Team
HAXEROITAMRIN—T
Metabolomics Research Group

SRR —T

Plant Productivity Systems Research Group

RIBHAFRTF — L
Environmental Metabolic Analysis Research Team

HEXSROIYARMRIN—T
Metabolomics Research Group
ARG /XY ARARF —

Synthetic Genomics Research Team
RREIT IV

Signaling Pathway Research Unit
R AT LHARF— L

Metabolic Systems Research Team

IRz N —7

Plant Immunity Research Group

TO—-2EEREF—L
Cellulose Production Research Team

BRI T — L

Enzyme Research Team
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Awards

SZH#E / Awardee

2013.04.04 EFE Bashir KHURRAM

= 5
‘Young Scientist Award of Japanese Society of Soil Science and Plant Nutrition

L AfE HEMEE
Kiminori TOYOOKA
Senior Research Scientist
BARB TUZHINARYT
Kei HASHIMOTO
Technical Staff

2013.04.11

- s FN-o—5 0 EIRRIRER

Foreign Postdoctoral Researcher

WR= /Lab

18T LRERRRF — L
Plant Genomic Network
Research Team

FEHE— HEMRE
Keiichi MOCHIDA
Senior Research Scientist

PERMABONMRFIRERY, EFHFEH HHRBRT HEMRR
2013.04.16 The Young Scientists' Prize of the Commendation for Science and Technology by the Satoko YOSHIDA
Minister of Education, Culture, Sports, Science and Technology Senior Research Scientist

IR% H# WRE
YYoshihiro SOHTOME
Research Scientist

2013.06.13

ESARADPAR FIREGERAR HREME HHR JN—TTFaLI8—

2013.06.13 The 3rd Takashi Tsuruo Award of the Japanese Association for Molecular Target Minoru YOSHIDA
Therapy of Cancer Group Director

BB HE HMRBE
Atsushi FUKUSHIMA
Research Scientist

BAlMES BRI (5 B DA
The Botanical Society of Japan Special Award (Technical Category) Soeni%r?:iesearch Seientist
TS F—LU——
Jun KIKUCHI

Team Leader

2013.09.11

2013.09.14

2013.09.18

Y GEMERIIN—T
Plant Immunity Research
Group

TINNG IR ARERIIN—T
Chemical Genomics Research
Group

INAA AR T — L
Biomass Research Platform
Team

BARNAAN—ZRIT—ERRH  RAZ—RE B X KERVY—F 7SI INMATSAFVIRETF—L

2013.09.27 The 4th International Conference on Biobased Polymer (ICBP2013) Yuta TABATA
Poster Paper Award Junior Research Associate

2013.11.01 Kiyoshi MASHIGUCHI

£|

FEBEICSHLFETTRA52013 HEFHKAK WO % et
2013.11.11 CSJ Poster Presentation Award 2013 for the Most Excellent Research Akira YAMAGUCHI
Student Trainee

A =L FHEE
Hideshi OOKA
Student Trainee

HOR BRSNS
Special Postdoctoral Researcher

Bioplastic Research Team

AESRERIR IR F —
Biofunctional Catalyst
Research Team

2013.11.11
JER#® N—hRA7—
Yu KITAZAWA
Part-time staff

$#BEICCEOCA / NICCEOCA-4  FY7a7 OIS LLYFv— s T8 8BS ERMER

2013.11.28 , , . Takanori SHIMA
Asian Core Program Lectureship Award of 8th ICCEOCA and NICCEOCA-4 Senior Research Scientist

B 1=y —4—
2013.11.30 Ryoung SHIN
Unit Leader
E 5 DR RRMRR
2013.12.03 FEZEEFRYS FEEARMGEES Shaowei HU

Chinese Consul General in Osaka Award of Association of Chinese Alumni in Japan Postdoctoral Researcher

AL F—Al)—8—

2014.02.20 Masanobu UCHIYAMA
Team Leader
FH B EHEMARR
2014.02.20 FHRERCER BHRERARERE Go HIRAT

Incentive Award in Synthetic Organic Chemistry, Japan Senior Research Scientist
BARE TUZHINAREYT
Kei HASHIMOTO
Technical Staff

2014.03.08

BRNE JL—T FqLU8—

_ Kazuki SAITO

.iJEI m%ﬁ?#% ?grmgﬁ logy (JSPP) PI: d Cell Physiology Award ft Sroup Director
2014.03.19 Japanese Society of Plant Physiology lant and Cell Physiology Award for n = =

the Paper of Excellence éﬁhiﬁge;r;#ik;o Kﬁ@%{%ﬂ?ﬁg
Senior Visiting Scientist
BEBZ 1=y —4—
Shunji TAKAHASHI
Unit Leader

2014.03.27
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SEEBERIR IR I —T
Advanced Catalysis Research
Group

SERERBERIEIIZE L —T
Advanced Catalysis Research
Group

AR RRERRIN—T
Catalysis and Integrated
Research Group

HEXROIV ZRMRIIN—T
Metabolomics Research Group

[Laboratories

MREXN—JIBHESNATOBTFR7IIAVIE.
BEY 2RMA 7OV T MIRB L OEREFIZRLET .
The following icons which are appeared in the laboratory
page represent a related “Interdisciplinary Project” or
“Cooperation Division”.

O
W
O
O
O
O

REOBEROFFEAME /O LI
R&D Project of Carbon Utilization

ZHRFOBEROFEFAME 7O LI
R&D Project of Nitrogen Utilization

ERTHROBROFERME 7O LIH

R&D Project of Metallic Elements Utilization

ERERRR EAMEAEE /O

R&D Project of Research Platforms

INA AT AT EHERPT

Biomass Engineering Program Cooperation Division

RIS ERRMTEMEE R

Drug Discovery Platforms Cooperation Division




HERRMARIN—T

EYOLEEMED L RELEICEHETS
EELHEZFOETF2RELET

Gene Discovery Research Group

Discovering important and useful genes involved in plant growth

and environmental responses

JIW—TF 1L 8= Group Director
G —1 mret
Kazuo SHINOZAKI D.Sci.
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IR R OABAIGE B BHIERE T 27 I URERF R OREHEY DRFRE BT .’ﬂ

BRI A N LAME, KFIEREOR LICET 20 FEBAORHE LT A RBED ‘,:‘J
EINDIGH

ERMEONEICET SRETRIFE SRED T TOR SRS A0 (C)

ERIEDY—2 CFRRERITERAUFRRET OBR )
AR A= 7 B R S *)
LY LI S B DISERE BIE U BT <J

e S

YT —TTIE BYOEEMR EICBhY O+ XF AT PIEY TOEBIMERE% 15D
BIETFORR(Y =T ARANY—)EEHT WD, EITEY D EMNRE LI 2 EE
B OBGTFORR RERROREZ R/ RICLUTRRBROEEEZRIETESL
SHHMEREE RS UTAEMZER T BIch DI RERMBRZIT 5. SRR EPERE
IS, SSICHEREEEICEE T 2EETF. TNSORBEREITIHERAF. V7 HIUs
ERFREDRREBITEED D CNSEFALTCHEORWEG FRIFEPEETFE
NEOHFRZT IO NEYORRMIECKFIAEDRE L S5ICIEHAREEDR 2z
BiE . INSOMEBREREICREOHEZR/N\RICLTRRODINENEZSNZEYD
FRICES T 2EBRMEMAT 2.

LTS

o HERBBD SREIIANT T VY VBROEBES 7 IUREN$H S L EHSMC UTc,
o PTVIVBREHER THBNCEDIBIEF DRRIGEICL BRI AR FZRE LT,
© ABAY T FIUREDHDIBHIHTY 12—/ THESNRK2OEE P TREFZRE Uico

o EigjAY VI UEMN20000% 1 — NEGFOEERFEZNELRERT —IN—RZA
EJ0 N

ABA biosynthesis induced
in vascular tissue
enhances stomatal closure

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

ORORORCRIR O

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 that there is intertissue signal transfer of ABA from vascular cells to guard cells.

* We identified a cis-acting element involved in dehydration stress response of NCED3
gene.

* We searched substrates of the SnRK2 protein, a part of the central ABA signaling module.

* We opened a database on the collection and phenotype analysis of about 2000
Arabidopsis nuclear genes encoding chloroplast proteins for the systematic analysis
of chloroplast functions involved in photosynthesis (Chloroplast Function Database II).

S

=

Wide-range high-resolution
TEM image acquisition and
tiling system

FEEHX / Publications

Kuromori, T., Sugimoto, E., Shinozaki, K.
Intertissue signal transfer of abscisic acid from
vascular cells to guard cells.

Plant Physiol. 164, 1587-1592 (2014)

Behnam, B. et al.

Characterization of the promoter region of an
Arabidopsis gene for 9-cis-epoxycarotenoid
dioxygenase involved in dehydration-inducible
transcription.

DNA Res. 20, 315-324 (2013)

Umezawa, T. et al.

Genetics and phosphoproteomics reveal a protein
phosphorylation network in the abscisic acid
signaling pathway in Arabidopsis thaliana.
Science Signal. 6, rs8 (2013)

20134EE A /N\— / FY2013 Members

Group Director
Kazuo SHINOZAKI

Senior Research Scientist
Takashi KUROMORI
Kiminori TOYOOKA
Shozo FUJIOKA

Hiroshi ABE

Takeshi NAKANO
Takuya ITO

Keiichi MOCHIDA

Research Scientist
Yuriko OSAKABE
Miki FUJITA
Fumiyoshi MYOUGA
Kaoru URANO
Mieko HIGUCHI
Hiroshi MAGOME
Takanari TANABATA
Kumiko KONDO
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
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EEMEMAIN-—T
EROEIANSEEPSBOBERICELD
BETFERDHLET

Plant Productivity Systems Research Group

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

JIW—TF 1L 8= Group Director

WE Y mt@ms

Hitoshi SAKAKIBARA D.Agr.
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Structural variations of
cytokinins are important
for shoot growth regulation

Research Subjects

Identification of key genes linking nitrogen nutrition status to growth regulation

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

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

Research Outline

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

Research Results

* We found dual regulatory systems of nitrogen-dependent cytokinin de novo synthesis.

* We revealed the importance of structural variations of cytokinins for shoot growth
regulation.

* We identified UGT74D1, a key enzyme in the main IAA inactivation pathway.

Identification of a key enzyme
DAL T in the main IAA inactivation
pathway

FEEHX / Publications

Tanaka, K. et al.

UGT74D1 catalyzes the glucosylation of
2-oxindole-3-acetic acid in the auxin metabolic
pathway in Arabidopsis.

Plant Cell Physiol. 55, 218-228 (2014)

Kiba, T., Takei, K., Kojima, M., Sakakibara, H.
Side-chain modification of cytokinins control shoot
growth in Arabidopsis.

Dev. Cell 27, 452-461 (2013)

Kamada-Nobusada, T., Makita, N., Kojima, M.,
Sakakibara, H.

Nitrogen-dependent regulation of de novo
cytokinin biosynthesis in rice: the role of glutamine
metabolism as an additional signal.

Plant Cell Physiol. 54, 1881-1893 (2013)
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Plant Immunity Research Group

Understanding plant immunity mechanisms
and developing sustainable disease resistant crops

JIW—TF 1L 8= Group Director

BE & PhD.
Ken SHIRASU Ph.D.
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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

To identify novel mechanisms for plant immunity

R OR IR O

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 plant immunity by isolating defense mutants in model plants.
We also collaborate with the Metabolomics Research Group to isolate small molecule
compounds involved in disease resistance.

Research Results

* We found that the RNA-binding protein FPA regulates flg22-triggered defense responses
and transcription factor activity by alternative polyadenylation.

* We showed that bHLH transcription factors JA-ASSOCIATED MYC2-LIKE 1, JAM2
and JAM3 are negative regulators of jasmonate responses.

* Comparative genomic and transcriptomic analyses revealed the hemibiotrophic stage
shift of Colletotrichum fungi.

Colletotrichum fungus
germinates on the host

FEEHX / Publications

Lyons, R. et al.

The RNA-binding protein FPA regulates
flg22-triggered defense responses and
transcription factor activity by alternative
polyadenylation.

Scientific Reports 3, 2866 (2013)

Sasaki-Sekimoto, Y. et al.

bHLH transcription factors JA-ASSOCIATED
MYC2-LIKE 1, JAM2 and JAM3 are negative
regulators of jasmonate responses in Arabidopsis.
Plant Physiol. 163, 291-304 (2013)

Gan, P. et al.

Comparative genomic and transcriptomic analyses
reveal the hemibiotrophic stage shift of
Colletotrichum fungi.

New Phytologist 197, 1236-1249 (2013)
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Plant Genomic Network Research Team
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Analyzing plant genomic networks for environmental stress adaptation
and improved productivity

MAT—~= Research Subjects FEH / Publications
Jung, J.H. et al.
S A gy mh s - " . = 5 . . . The cold signaling attenuator high expression of
RECHBIZEMZAVNF vy I\ D FREDHE ‘(.:J Advancement of cassava molecular breeding by cutting-edge technologies ‘(.:J osmotically responsive gene activates flowering
locus C transcription via chromatin remodeling
i BRIBEZ ML EIGICBS 9 2RNATIEEE DR N I Analysis of RNA regulation mechanisms in environmental stress adaptation N I under short-term cold stress in Arabidopsis.
Plant Cell 25, 4378-4390 (2013)
L&Y ARTF R EIRE T OERIC L2 EREYEIR (X ML AMME Development of useful plant resources, such as increased stress
Y - @) DEH M .C.J d tolerance by use of chemical compounds and peptides, and by Nl ‘CJ P l é?:fts/;;;zgsaévo\ved in land plants as ke
e BSIC vy - |17 PN Pl transforrmation technology regu\Zlors of intrinsic desiccatior?tolerance‘ !
REANLAEIGICES T 3TEY 2371y THIEBIMORE A I v AT Integrated Omic analysis of epigenetic regulation mechanisms in abiotic stress Pl Nature Commun. 4, 2219 (2013)
adaptation i T etal
) { & TBYINS VRO T N —La TS LR O \ PI ravama, - ot ,
1 N Advancement of plant transcriptome and epigenome analyses \P I Poly(A)-specific ribonuclease directly regulates the
a— poly(A) status of mitochondrial MRNA in

Arabidopsis.
Nature Commun. 4, 2247 (2013)

F—L)—5— Team Leader

Research Outline
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BY R 1+ gE)
Motoaki SEKI Ph.D.

38

BRERDT/LAHZTECED REIANL RIS -JHLICEIZIEY L RT v P
RNADHIEMEEZ BB S M U AL BB EDTERICK DT3B BIEYEROBIHIEDR
HEBE T Fr v P/ (RROERILICERRBAFEY) OREA Iy RBITICKD R
RERPT YTV AROHIERY NT—0ZB5MN U EERR LR EDEREMER
DRIBEDRFEZBE T, Fle. REMDY/LANENFEEBVWTNIVRIUT—LE
FUTET/ LRITICRY 2HRMREHET B,

MEER

o BEENYY 04 XFXF DR AN AMHEE M5 TEZIEEBSMT LIz,
o ENAOHEE EHRALTERF vy H/\OSFERICH IR EHEE LT,
© tasiRNA/ KR A DR BAN LA T COZMICER THDEEASHICU .

tasiRNA pathway involved
in pollination under
drought stress

WT dry rdr6 dry

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. 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

* We revealed that acetate enhances drought stress tolerance in Arabidopsis.

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

* We revealed that tasiRNA pathway is involved in pollination under drought and
high-salinity stress.

Introduction of cassava
collaborative research to
Vietnamese Deputy Prime Minister
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Cell Function Research Team

Uncovering the regulatory network underlying plant organ growth

‘&l’ld réprogramin i ng

F—L)—5— Team Leader

& BF pPhD.
Keiko SUGIMOTO Ph.D.
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Loss of HPY1 causes
severe dwarfism in
Arabidopsis.

Research Subjects

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

Genetic manipulation of cellular differentiation in crops

CEE

Research Outline

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 demonstrated that HPY 1 mediates the transition from proliferation to differentiation.
* We demonstrated that trihelix proteins redundantly repress cell expansion.

* We demonstrated that Arabidopsis WIND1 induces callus formation in crops.

Arabidopsis WIND1 induces
callus formation in tomato.

FE5HX / Publications

Braidwood, L., Breuer, C., Sugimoto, K

My body is a cage: Mechanisms and modulation
of plant cell growth

New Phytol. 201, 388-402 (2014)

Ikeuchi, M., Sugimoto, K., Iwase, A.

Plant callus: mechanisms of induction and
repression

Plant Cell 25, 3159-3173 (2013)

Iwase, A. et al.

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

Plant Signal Behav. 8, e27432 (2013)
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Dormancy and Adaptation Research Unit

Discovering genes and chemicals that improve seed quality

and adaptation responses

2=y M)—4&— Unit Leader
B LE wtaEy)
Mitsunori SEO D.Sci.
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Identification of hormone transporters
by using yeast two-hybrid systems
with receptor complexes

Research Subjects

Identification and functional characterization of plant hormone transporters ‘rﬂ LM)
OO
OO

Development of a system to quantify hormones from a single cell \ P l

Establishment of technologies and methodologies to study transporter
functions

Screening of potential hormone transport inhibitors

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 developed yeast systems to identify transporters of ABA, GA and JA-lle.
* We identified proteins capable of transporting ABA, GA and JA-lle.

* We detected ion peaks corresponding to ABA by single cell mass-spectrometry analysis
of guard cells.

1
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Detection of ABA from

“an! apciere pumis a single guard cell

FEEHX / Publications

Léran, S. et al.

A unified nomenclature of NITRATE
TRANSPORTER 1/PEPTIDE TRANSPORTER family
members in plants.

Trends Plant Sci. 19, 5-9 (2014)

Kanno, Y., Kamiya, Y. Seo, M.

Nitrate does not compete with abscisic acid as a
substrate of AtNPF4.6/NRT1.2/AIT1 in Arabidopsis.
Plant Signal. Behav. 8, 26624 (2013)

Yano, R., Takebayashi, Y., Nambara, E., Kamiya, Y.
Seo, M.

Combining association mapping and
transcriptomics identify HD2B histone deacetylase
as a genetic factor associated with seed
dormancy in Arabidopsis thaliana.

Plant J. 74, 815-828 (2013)
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Signaling Pathway Research Unit

Understanding hormonal regulatory networks in response to abiotic stress
and conducting translational genomics for legumes

2=y M)—4&— Unit Leader
FL—=)2TF7F¥ PhD
Lam-Son Phan TRAN Ph.D
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Model for the role of cytokinin
signaling under drought and/or

salt stresses

Research Subjects

Molecular elucidation of hormonal regulatory networks in drought and salt stress N
responses J
Mechanisms controlling nitrogen fixation under drought and low phosphorus N
stresses J

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

Role of plant growth regulators in plant response to heavy metal stress |Ml

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

* |dentification and functional analyses of His-containing phosphotransfers (AHPs) and
type-B response regulators involved in regulation of salt and drought stresses.

® Determination of regulatory function of strigolactone in salt and drought stress
responses.

* Elucidation of mechanisms regulating nitrogen fixation in Medicago truncatula and
chickpea under normal and phosphorus deficiency.

Positive regulatory role of strigolactone (SL) in drought response

FEEHX / Publications

Ha, C.V. et al.

Positive regulatory role of strigolactone in plant
responses to drought and salt stress.

Proc. Natl. Acad. Sci. USA 111, 851-856 (2014)

Sulieman, S., Ha, C.V., Schulze, J., Tran, LS.
Growth and nodulation of symbiotic Medicago
truncatula at different levels of phosphorus
availability.

J. Exp. Bot. 64, 2701-2712 (2013)

Nishiyama, R. et al.

Arabidopsis AHP2, AHP3 and AHP5 histidine
phosphotransfer proteins function as redundant
negative regulators of drought stress response.
Proc. Natl. Acad. Sci. USA 110, 4840-4845 (2013)
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Regulatory Network Research Unit

Developing new methods to remove radiocesium
and elucidating signaling cascades in plant response to nutrient deprivation

2=y M)—4&— Unit Leader
H % PhD.
Ryoung SHIN Ph.D.
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Cesium tolerant chemical screening

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 new methods for radiocesium remediation and analyses of
regulatory components for phytoremediation

OROR IR

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.
Also, we are intensively analyzing regulatory components of cesium uptake to develop
plants which selectively and efficiently absorb cesium from contaminated soil. In addition,
chemical screenings to elucidate the chemicals which affect cesium uptake in plants has
been conducted. From the results obtained, we aim to establish a new method of
phytoremediation.

Research Results

* Upstream components of a high affinity K uptake system were elucidated.

* New chemicals and phytoremediation methods were developed to remove
radiocesium.

* |solation of rice with improved nitrogen use efficiency.

nitrogen use efficiency

Isolating rice with improved

FEEHX / Publications

Akamatsu, M. et al.,

Intracellular Imaging of cesium distribution in
Arabidopsis using cesium green.

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

Adames, E., Abdollahi, P., Shin, R.

Cesium inhibits plant growth through jasmonate
signalling in Arabidopsis thaliana.

Int. J. Mol. Sci. 14, 4545-4559 (2013)

Hong, J. et al.

Identification and characterization of transcription
factors regulating Arabidopsis HAKS.

Plant Cell Physiol. 58, 1478-1490 (2013)
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Plant Proteomics Research Unit

Dissecting plant-unique adaptation systems
by using advanced proteomics methods

2=y M)—%— Unit Leader
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Hirofumi NAKAGAMI Ph.D.
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Cell death upon pathogen
infection on a leaf surface

Research Subjects

Exploration of novel key components of the plant immune system by proteomic N
approaches J
Establishment of an advanced proteomics platform for collaborative research C I

Research Outline

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

Research Results
* Analyzed phosphoproteome dynamics of several plant species upon pathogen infection

 |dentified a novel factor which regulates cell death upon pathogen infection

* Revealed that the chitin responsive pathway is conserved in Marchantia

Marchantia polymorpha L.

FEEHX / Publications

Nakagami, H.,

StageTip-based HAMMOC, an efficient and
inexpensive phosphopeptide enrichment method
for plant shotgun phosphoproteomics.

Methods Mol. Biol. 1072, 595-607 (2014)

Kondo, Y. et al.
Plant GSK3 proteins regulate xylem cell

differentiation downstream of TDIF-TDR signaling.

Nat. Commun. 5, 3504 (2014)

Fujita, S. et al.

An Atypical Tubulin Kinase Mediates
Stress-Induced Microtubule Depolymerization in
Arabidopsis.

Curr. Biol. 23, 1969-1978 (2013)
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Metabolomics Research Group

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

JIW—TF 1L 8= Group Director

B T mrwt
Kazuki SAITO Ph.D.
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Research Subjects

Improving metabolite peak annotation in metabolomics by empirical and P
bioinformatics strategies J
Application of the metabolomics platform to functional genomics and P]
biotechnology

Identification of plant genes and networks involved in biosynthesis of useful
specialized metabolites

O JO
O JO

Biotechnology and synthetic biology for production of useful compounds

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 established an “S-Omics” strategy with FT-ICR-MS for comprehensive analysis
of sulfur-containing metabolites.

* We have identified a new class of plant glycolipids that is essential for protection
against phosphorus depletion.

* We have elucidated enhancement of oxidative and drought tolerance in Arabidopsis by
overaccumulation of antioxidant flavonoids.

General strategy for multi-omics-based { ics and bii

Biosynthesis of ly-di: glucur yldiacylgly lin A

FEEHX / Publications

Nakabayashi, R. et al.

Enhancement of oxidative and drought tolerance
in Arabidopsis by overaccumulation of antioxidant
flavonoids.

Plant J. 77, 367-379 (2014)

Okazaki, Y. et al.

A new class of plant lipid is essential for protection
against phosphorus depletion.

Nat. Commun. 4, 1510 (2013)

Nakabayashi, R. et al.

Combination of liquid chromatography-Fourier
transform-ion cyclotron resonance-mass
spectrometry with *C-labeling for chemical
assignment of sulfur-containing metabolites in
onion bulbs.

Anal. Chem. 85, 1310-1315 (2013)
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Metabolomics Research Group

Metabolic Systems Research Team
Understanding plant metabolisms through metabolomics-based approaches
and improving plant production

—I1)—%4— Team Leader
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Cyanobacteria and thier metabolic
pathway of bioplastic production
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Research Subjects

Development of a metabolomics platform P '
Mathematical modeling of metabolism using metabolome datasets P I C I N I
Useful material production in cyanobacteria using COz as a resource C I

Elucidation of the regulatory mechanism of amino acid biosynthesis

0O JO
0O JO

Exploration of the relationship between development and metabolism

Research Outline

Metabolism is finely regulated in a complicated way, as it comprises the basis of life. By
providing nutrient and functional compounds, plant and bacterial metabolisms are an
especially important base, 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. Using our findings, we also aim to improve plant and bacterial
productivity of useful metabolites.

Research Results

* We successfully improved hydrogen and bioplastic production in cyanobacteria by
over-expressing the transcription factor SigE.

* We revealed that AN3 protein is responsible for signaling between clonally distinct
cells in leaves and coordinates proliferation between clonally independent leaf cells.

* We established full-length cDNA libraries of the Brassicaceae vegetable kale, and
identified BoMYB29 as a transcription factor regulating biosynthesis of health-promoting
metabolites.

Epiclenmal cells Mesophyll celis

Irmabibe ANG

abile AN

AN3 protein is produced specifically
in leaf mesophyli cells, and then
moves into epidermal cells.

FEERY / Publications

Osanai, T. et al.

Pleiotropic effect of sigE overexpression on cell
morphology, photosynthesis, and hydrogen
production in Synechocystis sp. PCC 6803.
Plant J. 76, 456-465 (2013)

Kawade, K. et al.

ANGUSTIFOLIAS signaling coordinates
proliferation between clonally distinct cells in
leaves.

Current Biol. 23, 788-792 (2013)

Araki, R. et al.

Novel bioresources for studies of Brassica
oleracea: identification of a kale MYB transcription
factor responsible for glucosinolate production
Plant Biotechnol. J. 11, 1017-1027 (2013)
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Metabolomics Research Group

Environmental Metabolic Analysis Research Team
Exploring environmental metabolic system sustainability

using a data-driven approach
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Use of the trans-omics analysis tool “ECOMICS” to evaluate biomass structure
and its metabolic process by paddy-field microbiota

Research Subjects

Technological advancement of various spectrometric measurements for DIM
complex biomolecular mixtures and microbiota

Methodology development of data mining and accumulation of databases P] M]
for 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

* We described a method for evaluation of biomass degradation and metabolism.

* We developed a method for lignocellulose structural evaluation based on multi-dimensional
NMR approaches.

* We proposed an integrated analytical technology for complex systems of organic and
inorganic mixtures in seaweed.
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Structure and ition of i can be by
solid-state and solution-state multi-dimensional NMR.

FEEHX / Publications

Ito, K., Sakata, K., Date, Y., Kikuchi, J.
Integrated analysis of seaweed components in
seasonal fluctuation by data mining across
heterogeneous chemical measurements with
network visualization.

Anal. Chem. 86, 1098-1105 (2014)

Komatsu, T., Kikuchi, J.

Comprehensive signal assignment of '*C-labeled
lignocellulose using multidimensional solution
NMR and 'C chemical shift comparison with
solid-state NMR.

Anal.Chem. 85, 8857-8865 (2013)

Ogura, T, Date, Y., Kikuchi, J.

Differences in cellulosic supramolecular structure
of compositionally similar rice straw affect biomass
metabolism by paddy soil microbiota.

PL0S ONE 8, €66919 (2013)
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Metabolomics Research Group

Metabolome Informatics Research Team
Developing software platforms
and databases for metabolomics
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Statistical evaluation of peak quality

Research Subjects

Analysis and interpretation of metabolomic data
Development of software for metabolome analysis and simulations

Integration of metabolic databases

ORORO

Research Outline

Our team develops software platforms necessary for metabolomic analyses, network
analyses and computer simulations. We also design databases that help more efficient
identification of metabolites. The developed software will be applied to integrated analysis
of metabolomic and transcriptomic data collated by other teams to enable systematic
understanding of plants.

Research Results

* Development of a software environment for the metabolome analysis of multiple reaction
monitoring (MRM) assays

* Database for metabolomic characterization of knock-out mutants in Arabidopsis

* Development of MassBank database

= e =

Main cycle to generate metabolomic data

FEEHX / Publications

Fukushima, A. et al.

Metabolomic Characterization of Knock-Out
Mutants in Arabidopsis - Development of a
Metabolite Profiling Database for Knock-Out
Mutants in Arabidopsis (MeKO).

Plant Physiol. 165, 948-961 (2014)

Tsugawa, H. et al.

MRMPROBS: a data assessment and metabolite
identification tool for large-scale multiple reaction
monitoring based widely targeted metabolomics.
Anal. Chem., 85, 5191-5199 (2013)

Fukushima, A.

DiffCorr: an R package to analyze and visualize
differential correlations in biological networks.
Gene 518, 209-214 (2013)
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Metabolomics Research Group

Integrated Genome Informatics Research Unit
Discovering useful functions and traits in plants based
on genome information and bioinformatics

2=y M)—4&— Unit Leader
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Tetsuya SAKURAI Ph.D.
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Genome-wide discovery and information resource development of
DNA polymorphisms in cassava

Research Subjects

Development of useful plant resources such as by improved usability and c
productivity J
Elucidation of the molecular basis for C4 photosynthesis C I

Discovery of useful functions for metal recovery and environmental detoxification by M
using a variety of bryophytes from the aspect of genomics

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

Research Outline

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

Research Results

* We identified more than 10 thousand DNA polymorphisms among cassava varieties and
promoted a research platform for cassava molecular breeding.

* We elucidated correlations between predicted protein disorder and post-translational
modifications in plants.

* We integrated phenotypic information of Arabidopsis mutants as the RARGE Il database
using controlled vocabularies.
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Correlations between protein disorder and post-translational
modifications in plants
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Kurotani, A. et al.

Correlations between protein disorder and
post-translational modifications in plants.
Bioinformatics 30, 1095-1103 (2014)

Akiyama, K. et al.

RARGE II: An Integrated Phenotype Database of
Arabidopsis Mutant Traits Using a Controlled
Vocabulary.

Plant Cell Physiol. 55, e4 (2014)

Sakurai, T. et al.

Genome-wide discovery and information resource
development of DNA polymorphisms in cassava.
PLoS One 8, e74056 (2013)
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Chemical Genomics Research Group

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

JIW—TTF 1L 8= Group Director
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Dawidiin

Spectomycin B1 and Davidiin as inhibitors of SUMO E2 and E1, respectively

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

CEL

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 established screening systems for compounds that interfere with bacterial or fungal
denitrification.

* We identified small molecule inhibitors of protein SUMOylation from plants and
microorganisms.

* We established in vitro and in vivo systems for high-throughput assays to detect non-
covalent interactions between SUMO and SIM using split-luciferase complementation.

Sprit Luciferases (inactive)

Scheme of the split luciferase complementation assay for detecting SUMO-SIM interaction

FEEHX / Publications

Takemoto, M. et al.

Inhibition of protein SUMOylation by davidiin, an
ellagitannin from Davidia involucrata.

J. Antibiot. 67, 335-338 (2014)

Hirohama, M. et al.

Assay methods for small ubiquitin-like modifier
(SUMO)-SUMO-interacting motif (SIM) interactions
in vivo and in vitro using a split-luciferase
complementation system.

Anal. Biochem. 448, 92-94 (2014)

Hirohama, M. et al.

Spectomycin B1 as a novel SUMOylation inhibitor
that directly binds to SUMO E2.

ACS Chem. Biol. 8, 2635-2642 (2013)
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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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2-dimensional distribution
map of metabolites based on
their physico-chemical
properties; polarity and
molecular weight, NPPlot
(Natural Products Plot)

Research Subjects

Construction of the chemical bank, “Natural Products Depository (NPDepo)” d d

Expansion of the chemical library using genetic engineering and synthetic
chemistry d d

Exploration of bioactive small molecules and development of new analytical P] Nl
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 collected UV and mass spectra derived from about 400 natural products from
NPDepo by using a DAD-LC/MS system, and expanded our original database, “Natural
Products Plot (NPPlot)” including the obtained spectral data.

* We synthesized bioactive compounds and their derivatives (e.g., plant PKS inhibitors) by
using organic synthetic methods and expanded the chemical library.

* For identifying target proteins of bioactive compounds, we developed a 2D-DIGE based
proteome analysis, “ChemProteoBase” and a ribosome display technique using a cell free
protein synthesis system.

Target prediction of small
molecules by proteomic profiling
using 2D-DIGE (ChemProteoBase)

ChemProieoBase

FEEHX / Publications

Futamura, Y. et al.

Identification of a molecular target of a novelfungal
metabolite, pyrrolizilactone, by phenotypic profiling

systems.
Chembiochem, 14, 2456-2463 (2013)

Nogawa, T. et al.

Pyrrolizilactone, a new pyrrolizidinone metabolite

produced by a fungus.
J. Antibiot. 66, 621-623 (2013)

Wada, A., Hara, S., Osada, H.

Ribosome display and photo-cross-linking
techniques for in vitro identification of target
proteins of bioactive small molecules.

Anal. Chem. 86, 6768-6773 (2014)
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Global analysis of chemical genetic interactions between molecular ligands and P’
their target molecules

Validating the mode of action of bioactive compounds ‘F_’J

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

Small molecular ligands with unique activities must have specific target molecules that
existin 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.

We developed a high throughput chemical genomic profiling system using the budding
yeast Saccharomyces cerevisiae.

We performed chemical genomic profiling of bioactive compounds within the RIKEN
NPDepo compound library to predict the cellular targets of the compounds.

Fung, S.Y. et al.

Unbiased screening of marine sponge extracts for
anti-inflammatory agents combined with chemical
genomics identifies girolline as an inhibitor of
protein synthesis

ACS Chem. Biol. 9, 247-257 (2014)

Deshpande, R. et al.

A comparative genomic approach for identifying
synthetic lethal interactions in human cancer.
Cancer Res. 73, 6128-6136 (2013)
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Yoko YASHIRODA
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Yumi KAWAMURA
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Chemical Biology Research Group

Natural Product Biosynthesis Research Unit

Exploring microbial gene resources and elucidating biosynthetic mechanisms
to produce valuable compounds

|

2=y M)—4&— Unit Leader
=g B mtoep
Shunji TAKAHASHI D.Sci.
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Novel reveromycin derivatives

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

CElb L

Research Outline

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

Research Results

* We succeeded in creating novel reveromycin derivatives.
* We identified the ftmD mutation responsible for loss of fumitremorgin biosynthesis.

* We succeeded in cloning the verticilactam biosynthetic gene cluster and its heterologous
expression.
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Fumitremorgin biosynthesis

EER / Publications

Nogawa, T. et al.

Creation of novel reveromycin derivatives by
alcohol-added fermentation.

J. Antibiot. 66, 247-250 (2013)

Kato, N., Suzuki, H., Okumura, H., Takahashi, S.,
Osada, H.

A point mutation in ftmD blocks the fumitremorgin
biosynthetic pathway in Aspergillus fumigatus
strain Af293.

Biosci. Biotech. Biochem. 77, 1061-1067 (2013)

Nogawa, T. et.al.

Pyrrolizilactone, a new pyrrolizidinone metabolite
produced by a fungus.

J. Antibiot. 66, 621-623 (2013)
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Chemical Biology Research Group

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

2=y M)—4&— Unit Leader
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Hiroyuki OSADA D.Agr.
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Research Subjects

Chemical library utilization

O OO
OO

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

Research Outline

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

Research Results

* We provided the chemical library stored in NPDepo and explored trichothecene
3-O-acetyltransferase inhibitors.

* We provided the chemical library stored in NPDepo and explored MDM2/MDMX-p53
interaction inhibitors.

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

Conservation of chemical library

FEEHX / Publications

Nakajima, Y. et al.

Identification and characterization of an inhibitor of
trichothecene 3-O-acetyltransferase, TRI101, by
the chemical array approach.

Biosci. Biotechnol. Biochem. 77, 1958-1960 (2013)

Hirohama, M. et al.

Spectomycin B1 as a novel SUMOylation inhibitor
that directly binds to SUMO E2.

ACS Chem. Biol. 8, 2635-2642 (2013)

Kondoh, Y., Osada, H.

High-throughput screening identifies small
molecule inhibitors of molecular chaperones.
Curr. Pharm. Des. 19, 473-492 (2013)
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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

2=y M)—4&— Unit Leader
EE 5T mrwt

Nobumoto WATANABE D.Sci.
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Identification of inhibitors of phosphorylation dependent protein
ubiquitination using a novel high throughput screening system

i pT RN

Research Subjects

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

Identification of molecular targets of bioprobes

CE

Mining and functional analysis of molecular targets

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, Ny 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 established a screening system for inhibitors of phosphorylation dependent protein
ubiquitination and isolated inhibitors of p27 ubiquitination.

* We established novel high throughput screening systems for inhibitors of protein
kinases and phosphatases.

* We improved the chemical array technique and identified novel inhibitors of p38y/& MAP
kinases.
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Identification of novel p38 y/ inhibitors using improved chemical array
techniques

EER / Publications

Qoi, L-C. et al.

Identification of small molecule inhibitors of p27+®!
ubiquitination by high-throughput screening.
Cancer Sci. 104, 1461-1467 (2013)

Kasahara, K. et al.

Pl 3-kinase-dependent phosphorylation of
Plk1-Ser99 promotes its association with 14-3-3y
and is required for metaphase-anaphase
transition.

Nat. Commun. 4, 1882 (2013)

Zimmermann, T. J. et al.

Boron based inhibitors of acyl protein thioesterase
1and 2.

ChemBioChem 14, 115-122 (2013)
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Advanced Catalysis Research Group

Developing new catalysts for more efficient,
selective chemical transformations

JIW—TFF 4L 2— Group Director
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Dinitrogen ge and hy ion through the

of multiple metal sites

Research Subjects

Activation and Efficient Use of Dinitrogen

Activation and Efficient Use of Carbon Dioxide for Chemical Synthesis

Precision Copolymerization by Single-Site Rare-Earth Catalysts

G LE

Research Outline

Our group aims to develop new generations of catalysts, complementary or superior to
existing ones, for application in efficient utilization of untapped resources and the synthesis
of fine chemicals and functional polymer materials. Particular interests are directed to: (1)
activation and utilization of N2 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 high-value added fine chemicals, and (3) synthesis of high-performance
polymer materials by selective copolymerization of commodity monomers having different
properties.

Research Results

® Dinitrogen cleavage and hydrogenation has been achieved at ambient temperature and
pressure by using a polynuclear titanium hydride cluster.

® The regio- and stereoselective methylative- and hydrogenative carboxylation of
various alkynes with CO. have been achieved.

® The alternating copolymerization of IP with HPD has been achieved for the first time.
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EERY / Publications

Shima, T. et al.

Dinitrogen cleavage and hydrogenation by a
trinuclear titanium polyhydride complex.
Science 340, 1549-1552 (2013)

Takimoto, M., Hou, Z

Cu-Catalyzed Formal Methylative and
Hydrogenative Carboxylation of Alkynes with
Carbon Dioxide: Efficient Synthesis of a,
B-Unsaturated Carboxylic Acids.

Chem. Eur. J. 19, 11439-11445 (2013)

Guo, F., Nishiura, M., Li, Y., Hou, Z.
Copolymerization of Isoprene and Nonconjugated
a,w-Dienes by Half-Sandwich Scandium Catalysts
with and without a Coordinative Side Arm.

Chem. Asian J. 8, 2471-2482 (2013)
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Catalysis and Integrated Research Group

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

JIW—TFF 4L 2— Group Director
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Mikiko SODEOKA D.Pharm.
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Structure and mode-of-action relationships of plants steroids

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

ORORORORG

Research Outline

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

Research Results

® \We revealed structure-activity and structure-mode-of-action relationships using natural
and synesthetic analogues of physalin.

® \We developed a catalytic amino-trifluoromethylation of alkenes.

® \We developed catalytic carbo-trifluoromethylations of alkenes.

detn 1% o e e W of phe s e S

CFy of £F,, gresp n-sqa:un-——
T e R
]
L ]
l"‘f M8
L Carbonfsimnsth dstias
n
(O
= - - .
R
DLy v DR
T ArrinwiniFsrerityia e [
a1
|,=.ﬂ|. e, 'b\.a.'-

Catalytic difunctionalization strategy to introduce trifluoromethyl group

FEEHX / Publications

Ozawa, M. et al.

Contribution of Cage-Shaped Structure of
Physalins to Their Mode of Action in Inhibition of
NF-kB Action.

ACS Med. Chem. Lett. 4, 730-735 (2013)

Egami, H., Kawamura, S., Miyazaki, A., Sodeoka, M.
Trifluoromethylation Reactions for the Synthesis of
B-Trifluoromethylamines.

Angew. Chem. Int. Ed. 52, 7841-7844 (2013)

Egami, H., Shimizu, R., Kawamura, S., Sodeoka, M.
Alkene Trifluoromethylation Coupled with C-C
Bond Formation: Construction of
Trifluoromethylated Carbocycles and
Heterocycles.

Angew. Chem. Int. Ed. 52, 4000-4003 (2013)
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Advanced Elements Chemistry Research Team

Exploring the science frontier through periodic table-wide chemistry
with molecules featuring element-based characteristics

F—L)—5 = Team Leader
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Masanobu UCHIYAMA D.Pharm.
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Schematic lllustration of Borylation Reactions Promoted by in situ-Generated
Borylzincate Species

Research Subjects

Design of new ate complexes and their practical application for organic
synthesis \’Yn _CJ

Development of expanded phthalocyanines toward utilization of near-infrared light NI

C-C cross-coupling without transition metal catalysts Ml
Theoretical analysis of reaction mechanisms MI C I
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 designed a borylzincate complex, and developed novel borylation reactions based
on an in situ-generated borylzincate complex.

® We developed the cross-coupling reaction of aryl halides with organozinc reagents
without adding transition metal catalysts.

e We revealed the origin of chemo- and regioselectivity nickel-catalyzed [3+2+2]
cyclization by theoretical investigations.
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Nagashima, Y., Takita, R., Yoshida, K., Hirano, K.,
Uchiyama, M.

Design, Generation, and Synthetic Application of
Borylzincate: Borylation of Aryl Halides and
Borylzincation of Benzynes/Terminal Alkyne.

J. Am. Chem. Soc. 135, 18730-18733 (2013)

Komagawa, S., Wang, C., Morokuma, K., Saito, S.,
Uchiyama, M.

Mechanistic Origin of Chemo- and Regioselectivity
of Nickel-Catalyzed [3+2+2] Cyclization Reaction.
J. Am. Chem. Soc. 135, 14508-14511 (2013)
Minami, H., Wang, X., Wang, C., Uchiyama, M
Direct C-C Bond Construction from Arylzinc
Reagent and Aryl Halide Without an External

Catalyst.
Eur. J. Org. Chem, 35, 7891-7894 (2013)
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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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A silicon nanowire
array-supported Pd
nanoparticle catalyst

Research Subjects

Development of polymeric catalysts @ ‘(.:J
Development of catalytic reduction/oxidation processes @J ‘(.:J
Development of continuous flow-reaction systems @ d
Development of novel platforms for heterogeneous catalysis @ Q
Development of new protocols of organic transformations in water @ ‘cj
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) versatle and environmentally benign catalytic reactions, and (3)
instantaneous catalytic molecular transforming systems, through, in addition to minute
structural design of polymeric metal, organometallic and organic molecular catalysts,
driving and controlling synergistic reactions with cooperation of catalysts using either or
both reaction media and equipment.

Research Results

® \We developed a novel silicon nanowire array-supported palladium nanoparticle catalyst
for the Mizoroki-Heck reaction that was promoted with less than 1 mol ppm Pd.

e We developed a novel polymer-supported iron nanoparticle catalyst for the
instantaneous hydrogenation within 1 minute.

® We developed a phenol resin-type organic acid catalyst for the esterification of carboxylic
acids and alcohols without removal of water.

A polystyrene-polyethylene
glycol resin-supported Fe
nanoparticle catalyst

FEEHX / Publications

Yamada, Y. M. A,, Yuyama, Y., Sato, T., Fujikawa,
S., Uozumi, Y.

A Palladium-Nanoparticle and
Silicon-Nanowire-Array Hybrid: A Platform for
Catalytic Heterogeneous Reactions.

Angew. Chem. Int. Ed. 53, 127-131 (2014)

Hudson, R., et al.

Highly Efficient Iron(0) Nanoparticle-Catalyzed
Hydrogenation in Water in Flow.

Green Chem. 15, 2141-2148 (2013)

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

Direct Dehydrative Esterification of Alcohols and
Carboxylic Acids with a Macroporous Polymeric
Acid Catalyst.

Org. Lett. 15, 5798-5801 (2013)
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Biofunctional Catalyst Research Team

Seeking biological electron transfer to develop sustainable energy

and environmental technology
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Electricity generation in a
deep-sea hydrothermal vent

Research Subjects

Development of water splitting catalysts C I
Investigation of giant electro-ecosystems in a deep hydrothermal environment .MI C '

Microbial Electricity generation ‘Cj

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 demonstrated generation of electricity by an environmental fuel cell in a deep-sea
hydrothermal vent.

e We identified the novel pathway for bacterial extracellular electron transport
mediated by bound flavin semiquinones.

® \We revealed the bacterial ability to utilize semiconductive minerals as an electrical conduit
to facilitate long-distance extracellular electron transport.

Microbial long-distance
electron transport mediated
by semiconductive minerals

FEEHX / Publications

Okamoto, A., Saito, K., Inoue, K., Nealson, H. K.,
Hashimoto, K., Nakamura, R.

Uptake of Self-secreted Flavins as Bound
Cofactors for Extracellular Electron Transfer in
Geobacter Species,

Energy Environ. Sci., 2014, 7, 1357-1361 (2014)

Yamamoto, M. et al.

Generation of Electricity and lllumination by an
Environmental Fuel Cell in Deep-Sea Hydrothermal
Vents.

Angew. Chem. 52, 10758-10761 (2013)

Okamoto, A., Hashimoto, K., Nealson, H. K.,
Nakamura, R.

Rate enhancement of bacterial extracellular
electron transport involves bound flavin
semiquinones

Proc. Natl. Acad. Sci. USA 110, 7856-7861 (2013)
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Biomass Engineering Program Cooperation Division
Cellulose Production Research Team
Genetic engineering of the plant cell wall

for useful woody biomass

F—L)—5— Team Leader

| mtoey
Taku DEMURA Ph.D.

82

MRT—=

BRMEZN S U BRI R AR (Z—/ C—HK) ORF
A—) AR DHERERHAT

RE/\AAYZRDEEFNES AT LDDFLARILTORER

MEBE

TILO—RBEDKRE/NAAYZDER - EHBEEED T £ U X—/S—BARDHE
FREBNE LT\ BIEFRRZICE>T BREBMATHZRISR5WICI—HVICE
AN B (B0 R BREX N AME. SINEEREOERATREE NS5 L. 5
SNIcEGFHEBEZ (GM) BARDEREICOVWT. BERAOARZ L BE LRI SHEESR
W9 %o

MEER

o BYFREESVEELENICIEMRNATIEEENEBE THIILERB U,
o RE/N\AAYZXDEIENFHET ZY N7 A — L&,

o NACEHER FIcLBARE/\A AVREEYRT LD E HEYB TEAICREFES LTV
BIEEFKR U

2'C—=22°C 22°C—28°C

The pre-mRNA
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stopped growing and died
after exposure to higher
temperature.

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 revealed that mMRNA metabolism regulation is essential for plant development and
regeneration.

® \We established a comprehensive analysis platform to evaluate woody biomass.

® \We revealed evolutionary conservation of a woody biomass production system by
specific NAC transcription factors.
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Xu, B. et al.

Contribution of NAC transcription factors to plant
adaptation to land.

Science 343, 1505-1508 (2014)

Goué, N. et al.

Secondary cell wall characterization in a BY-2
inductive system.

Plant Cell, Tissue and Organ Culture 115, 223-232
(2013)

Ohtani, M., Demura, T., Sugiyama, M.
Arabidopsis ROOT INITIATION DEFECTIVE 1, a
DEAH-box RNA helicase involved in pre-mRNA
splicing, is essential for plant development.
Plant Cell 25, 2056-2069 (2013)
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Biomass Engineering Program Cooperation Division
Synthetic Genomics Research Team
Producing useful materials using the genome

and greenhouse gas as resources
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Production of Bioplastic in
Cyanobacteria by
photosynthesis

Research Subjects

Production of Biomass Plastics and new materials using plants
Phenome analysis for biomass control using model plants and crops

Collection of tools for gene design

Research Outline

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

Research Results

® We succeeded in production of Bioplastic in Cyanobacteria by photosynthesis only.

e We succeeded to identify chemicals that enhance plant cell wall thickness and
saccharification.

e We collected Sorghum full-length cDNAs and performed transcriptome analysis. We
identified new transcription units.

* Mewhy found slisrreme 755 = Mrwiy found qpheng e

Sorghum database

FEEHX / Publications

Nyok-Sean, L., Foong, C.P,, Kurihara, Y., Sudesh,

K., Matsui, M.

RNA-seq analysis provides insights for

understanding photoautotrophic

polyhydroxyalkanoate production in recombinant

Synechocystis sp.
Plos ONE 9, 686368 (2014)

Cox, R.S. et al.

PromoterCAD: Data-driven design of plant

regulatory DNA.

Nucleic Acids Res. 41, W569-574 (2013)

Higuchi-Takeuchi, M., Matsui, M

Screening for gene function using the FOX
(full-length cDNA overexpressor gene) hunting

system.

Methods Mol Biol. 1056, 201-210 (2013)
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Biomass Engineering Program Cooperation Division

Enzyme Research Team

Developing new biosynthesized functional polymers
and applying them as biomass-based materials

|\l J
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Biosynthesis and material design of biopolymers
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Biosynthesis and material design of biopolymers
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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

e Established a microbial method to synthesize biopolyesters from lignin derivatives.

e Established a technique to introduce RNA into intact plants via gene carrier peptides.

® Successfully developed the strongest silk-based hydrogel.

Silk hydrogels with a secret strength: weaving pectin

into silk-based hydrog p
properties

FEEHX / Publications

Tomizawa, S., Chuah, J.-A., Doi, Y., Numata, K.
Understanding the limitations in the biosynthesis of
polyhydroxyalkanoate (PHA) from lignin
derivatives.

ACS Sustainable Chem. Eng. 2, 1106-1113 (2014)

Numata, K., Ohtani, M., Yoshizumi, T., Demura, T.,
Kodama, Y.

Local gene silencing in plants via synthetic dsRNA
and carrier peptide.

Plant Biotechnol. J. DOI: 10.1111/pbi.12208

Numata, K. et al.

Silk-Pectin Hydrogel with Superior Mechanical
Properties, Biodegradability, and Biocompatibility.
Macromol. Biosci. 14, 799-806 (2014)
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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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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 succeeded to synthesize alternating copolyesters with high melting temperature.

e \We succeeded to produce aromatic polyesters with high strength and high heat
resistance from lignin metabolite.

® \We developed a synthetic system of biomass acrylic resins from crotonate derivatives.

H,ﬂ_bq_

Vanillin-base polyester

Thermal properties of polyesters
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wm High strength and high heat
Tensile h: 120 MPa resistant aromatic polyester
Young's m i 4 GPa from lignin metabolite
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Alcoholytic Cleavage of Polyhydroxyalkanoate
Chains by Class IV Synthases Induced by
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Appl. Environ. Microbiol. 80, 1421-1429 (2014)

Tabata, Y., Abe, H.

Effects of composition and sequential structure on
thermal properties for copolymer of
3-hydroxybutyrate and lactate units.

Polym. Degrad. Stab. 98, 1796-1803 (2013)
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Effect of glycerol and its analogs on
polyhydroxyalkanoate biosynthesis by
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Polym. Degrad. Stab. 98, 1586-1590 (2013)
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Biomass Engineering Program Cooperation Division

Cell Factory Research Team
Developing optimal cell design for bioproduction
and evaluating plant biomass systems
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Tyramine production in yeast with a plant gene
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Research Subjects

Developing methods for designing a microbial cell factory

Building cell factories

Evaluation of grass biomass by using NMR.

Research Outline

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

Research Results

® We succeeded in designing a novel metabolic pathway in a cell for methacrylate
production.

® We functionalized tyrosine decarboxylase of a Brachypodium gene in yeast.

® \We evaluated biomass plants for biorefinery use by using NMR analysis.
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NMR results of a biomass plant.
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Shirai, T. et al.

Evaluation of control mechanisms for
Saccharomyces cerevisiae central metabolic
reactions using metabolome data of eight
single-gene deletion mutants.

Appl. Microbiol. Biotechnol. 97, 3569-3577 (2013)

Suzuki, H. et al.

Sequence diversity and gene expression analyses
of expansin-related proteins in the white-rot
basidiomycete, Phanerochaete carnosa.

Fung. Genet. Biol. DOI: 10. 1016/j.fgb. 2014. 05.
008

Noda, S. et al.

Creation of endoglucanase-secreting
Streptomyces lividans for enzyme production
using cellulose as the carbon source.

Appl. Microbiol. Biotechnol. 97, 5711-5720 (2013)
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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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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 production and

metabolism
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Mochida, K. et al.

Large-Scale Collection and Analysis of Full-Length
cDNAs from Brachypodium distachyon and
Integration with Pooideae Sequence Resources.
PL0S ONE 8, 75265 (2013)

Otagiri, M. et al.

Heterologous expression and characterization of a
glycoside hydrolase family 45
endo-B-1,4-glucanase from a symbiotic protist of
the lower termite, Reticulitermes speratus.

Appl. Biochem. Biotechnol. 169, 1910-1918 (2013)

Komatsu, T., Kikuchi, J.

Comprehensive signal assignment of “C-labeled
lignocellulose using multidimensional solution
NMR and **C chemical shift comparison with

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

e We analyzed Brachypodium full-length cDNAs, and established a database on cDNA
information, improved structural gene annotation as well as deposited the clone set to the
RIKEN Bio Resource Center for open public use.

® We isolated an endo-B-1,4-glucanase gene homolog of a glycoside hydrolase family
from a symbiotic protistan community of Reticulitermes speratus.

® We developed a multidimensional solution NMR method using various pulse programs for
structural characterization of lignocellulose, and successfully assigned 119 of the signals
in the 13C-HSQC spectrum.

High-performance enzymes
for biomass degradation from
termite-gut symbionts
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solid-state NMR.

Anal. Chem., 85, 8857-8865 (2013)
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Drug Discovery Platforms Cooperation Division

Chemical Bank Unit for Drug Discovery Platform
Providing a proper chemical library and compounds

to support research for drug discovery and development
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Research Subjects

Storage of chemical libraries for drug-discovery
Distribution of chemical libraries for HTS to explore drug seeds

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 promoted ligand screening for drug targets, and provided hits and their related
compounds.

® We supported cancer-drug discovery research adopted for P-DIRECT.

® We proposed and supplied lead candidates for anti-HBV drugs.

FEEHX / Publications

Hirohama, M., et al.

A. Spectomycin B1 as a novel SUMOylation
inhibitor that directly binds to SUMO E2.
ACS Chem. Biol. 8, 2635-2642 (2013)

Noguchi, T., et al.

Affinity-based screening of MDM2/MDMX-p53
interaction inhibitors by chemical array:
identification of novel peptidomimetic inhibitors.
Bioorg. Med. Chem. Lett, 23, 3802-3805 (2013)
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Drug Discovery Platforms Cooperation Division
Seed Compounds Exploratory Unit for Drug Discovery Platform

Discovering seed and lead compounds

by HTS to develop new drugs
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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 compounds active on a total of 7 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 compounds active on a total of 27 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 these, we completed HTS for 17
targets, and identified hit compounds that might have direct activities on each of the
targets.

HTS themes carried out in
FY 2013, categorized by
assay methods.
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