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Contributing to a sustainable society through
research oriented towards “problem-solving”
based on the concept of developing
manufacturing methods with reduced
environmental impact

Since its establishment in 2013, RIKEN Center for Sustainable Resource
Science (CSRS) is a leader in creating a sustainable society through
transdisciplinary integration of plant science, chemical biology, catalytic
chemistry, and biomass engineering.

Using the Sustainable Development Goals (SDGs) and the Paris Agreement on
achieving zero greenhouse gas emissions as guidelines, we are promoting six
flagship projects; “Innovative Plant Biotechnology”, “Integrative Symbiological
Solutions”, “Metabolic Genome Engineering”, “Innovative Catalysts”,
“Leading-edge Polymers”, and “Advanced Research and Technology
Platforms”.

We aim to establish the new research field of “sustainable resource science
that will contribute to solving environmental problems and food-related issues.
Our ultimate goal is to create a future world in which people can continue to live
healthy and prosperous lives by carrying out “problem-solving” research and
contributing to a sustainable society based on the concept of developing
manufacturing methods with reduced environmental impact.

Kazuki SAITO
Director, CSRS
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Round-table talk on the collaboration between
the natural sciences and the humanities and social sciences

Eik 2021 F4BIBICTRIZEM -1/ R—=> a3V BEXRE | TH
UAREREANBCERRE, O—EHHESN, TAHE
SRZ2OAIRIRZEM LB OMFTERICEEFNDLSIC
BYFELIC2022F ICHIESNI-AREREROLE Y 3 VIlH,
F7A—NLaEVX RTAX SR ZEDEE HEIFONT
WETZI LB REZIFA M EREERBEWR L7 —
(LLTCSRS) Tld. "REERBZ, VLS LLABEIEY LD
5. AT aE B R BZ (LUTFSDGs) D 72D BEIZE (2, flEz Y
FIZ.3. IRTOANICBREBHUE. 7. TRILF—%HATRIIZ
LTOU—2 I 12, 2B EEDHSIEE. 3. KIEEHIZEHHN
BXARE N4 BOBNSETFAI. 15 EOENILTFAI)IZHR
BMEEHTIHFEE ZEHTUVET,

HARBLAXHSRSLOEED

EiE CSRSICIF.FREAXHRBZOFEMERF>TWLEAY
N=HVBRVDHIPRRT. SEROABEEEZRFTLTVWEEIAT
T2 TETIEE . BILEEIC.BARABZEAXHSBZELD
FEODERPSBOBEIIDVLWTISHEELIZVWERWET,

BT SDGSHAESHHLNTHOLRERANEZCT (o7 B
WETSETIHYRTHE ) TAICBAL T BREXR ARE L
TE MRELERE - BFLREOETHRBEREI D 272DT
T 201 3F N B IREF S TMIIRIRIBAR - U RTFHEY TARIZDE
BRI oY 74+ —AL"T72a—Fv— 7=, TlE. EICER
EOCHBBMIBRINTEZLHA.2015F A 5DSDGS~DELY)
HATIE XR - BROAEREN B> THRTFE)T1%
ERTLEARNLREELRRI A2EVEENE LI ZDIEN
BABZEAXUHRBZLDEEZRET HEE TG>T
BN ET O RTWHIETIRF Yy I7DOBETI bEbElE
RREN BETIRFYy I IIBLROEBEIOLEEZE
RLTWELZ2017ESHWLDBSDESDOXARTIRAOND LD
12758 T4 BOENSEFAIZIFTHR 2. HlEEE0
I T ITRTOANICRBRREBUEL.T12. 2(BEFEIDHE

21 RF BB

CIHFDFEEREIEHTHET L2021 F58121E. "7 548
J—-N\o25) — (MIREYBEZHFTTIRAR) 1 DRIEED
SNY-AYyIZANA—LEBELE /R ZEREEOETE
EteHBELTCERKRS > /RY Y4 HOPE FOR THE FUTURE
AT VFEL . CSRSPHERE AN TEEH/MEIRE
MzBRBLELIFICAFE VY —RETICFEERBOEF
AYN—=|Z&BYRIT+—R%35 EIF SDGsIZE DU /ZCSRS
DAL FRBEFINE/EMAELRBFRNBRRCERD
RyEYTZITODRELIELIEDIZ022FICIEZDREZS
FZCSRATELG>TWKHAR ) =5 —DA1cBH2025F 4 A
HoDORAPRAGFEICAITTHRAEZRZmLE LI,

FEIDDDBIMRAEBECLZDMDRAT — I RILT—T-5HBHD
FRELRAL REBRANBIIC BT ZBDE LI RN AE
TR ARy MRMLOER - VYA 7L A EEZ BT
DHSBRGERBLNILTHEN BB EZEREL DD
HOLIB2TeDTT IO LIRICEESEIREF LMD EL
T AMEERBZEAXH SR ZOELEIIUEIE RS EERL
TWBERVET,

2l BANZPEAXHESBZOERIIELZZHOBFOM
7o (L5 T2 R (interdisciplinary) & # T4, — . T 71—
Fr— TR DEBGEFHARELIT TR ESIZZDHE
DEFIERRT—IVRLT—DAREED-TBEERHY
(transdisciplinary) ; Ei# & W2 T, BA DK F —LIZSDGs
HEDONBZLUFIHS. TAY 7 b EIZEBRREESY S %<
BIL.BEBRICAIT-FEZERLTIERCOLNITTOE
DOT=LIZED > TV RN ET TICHEIZILTWE T ZD
AT SEIIBREENREELEVSZETRODRTYTIZHEA
TWBDHITTT L L. BERTIEETERAEED I YMILHR
DRDEILTERWEE FIICBEERNAEESARKDOND L
SN TLEVE LI ERICERBEDRAT—2RILY— B8
ATWBTO LS FEA WO BRZITONT AR
TUWEWEIRLHVET. SR BABFLEAXH SR ZDEE
HEEVRETE1-0IZIZ EFTIEIARAKDOZEINEEDHY I
RoC ERNAREERROEH Z2HBEBRLLTRHORLEN
HHEBVWEFT,EEORICEELIZVLWDIZ. BABRZFDO—ZD
MREN R LV EELFESHEIF200FEL500F72>72H
THDICH LT EICRBEZEMICINTLE AL SRIZOH
REDTREIIIOFEL 27N TEIE T ZNETNDIARED
BEORIZHIRFEEEEHETLHRITIIERY FEA.
FEBIRAE LB Ly 272k 512 SDGSEDER. $4h5

%?j(—?—i(—?—l@%ﬁ%ﬂiﬁ'ﬁiﬂ—?—ﬁﬁnﬂ Bi% | ELRIBMTRAT ERER
MR8, BEFIZERBE RH. JIEZEEICE I S ERRSEL0E R EZE
BERAEDE RN OMAZIT . AR AL ERDTFEDEHEICH TN,

CSRSt>9—F
Hik 1=

7Y R (nexus) ZIBME L TW ZENYRTFE T 26%E
ZBERIZIZEETY,

FiE BFEAVN—IZLDBIRIT7+—RATERLIZEL.SDGs
DI—=LERY—=T vy  EDIFT—E ML —RFT7I2D0WTUE,
i) EEIZEm LB T,

Bl ULolcARMEEN) TOIIL—TE2EATLEDRLDTT A
RLELZEROMAER LT TERNICERTBL AL OBE
BIEZ LT FREDNRMEEEAENREL HEIATY
ANRTH YAV RBHFDIG> T ERENEL VI
DRBLARE>TLWSFHERZRLE . SRIFEXDHR
ZIBELERTEZA ML’ HZHDZERBH (HRIZAN -
TRELTWADHS) —F—HRARIZEBVET,

BT SDGsA'ZZEXTEMLTE/IDE . FrvyFIE—DHD
HETLED ANXHSRFZN RV ZAZHMBL. ZNZERALT
HREHTOCERZHEAICHERLTWCZEIFTICKRE
TIERLAERBVET R i‘)ﬁ?’%ﬂ—?—t)\jﬂiAﬂ—T—liﬁﬁM\
ET.EEVERELEDRVEVITEEA,

FiE BRANZEAXHESBRZEDEEDSARTIL, "TELSI
(Ethical, Legal and Social Issue: @ 2 - 35H - (L R HUERRE) 4 H°
BoNBIENELRH)ET RZERDSISREIRT T
B ELTRITEDONINTEDTTH. ZNEITTIIHRLEN
FERBAERTEZREL(CEHE - BIRM 2522 ERME,
DEEMLRHBINODOHNEFT . EEZNTHLLLDOZEAIEL
TUWAHREIZALNS ZE T BENAEEZEDTWENT
EEEN

SDGsH|MKkESHOES 3D
EiE STRIZSDGSHIER ITARE2030FE X TlEE/- /24 TT

M RXISDGsDEY 3 AN ARIBRICOVLWTHEEE LI
WERBWET,

BT =% 3R

BT SDGSEEADEY #AIE. 201 5FRF =R LY 2023F DA H
BRLTLETIHNARDILT, BER%Z%<{Z5,. 2. §lE#E% 0
IUCBEEZEHDTHRELTWIET oD H, B IZE R
MHRBRICEATLE>TLET X7 TRILF—2HARIZZL
To) =213 [BREENICERNAS K2 B LTY
ZODBRRTIT S MRERDIFIBTNANTI VR T+ —X—> 5
V(EE)TT.bBAAN Y Y gy (B bRITLETH. S
BOBERDIFEAEIZ. ZDRT VR T —X =23 0% EIRHT
RITOMIENINTUCTLEI LML BBLTWLWSEIE
L\O'C{) ERMEFMCEZBIGE OV TLWAEFLREONET /oL

ZIE/ NI —TIE. 2020FEHB2022F (2T T8EILL EAER
BEEICRYFELIZ. 25 LIEEFZZO ESEIF L h%EER
BIEN KNIV RTA =X =2 avEET BHREDICHR>TNLE
F9,— A RARSDGSIZOWTId BEANABEELNZHZHER
TELRVLOLEL NTOEREFEZ TATHEIFTEVLER>TLE
ToZNUIEEDLOBRULDTIETERLTWDTIERWLWTLLD
Do

FiE 2030FICMIFCERLFEEATERYEERITIULWLITZR
WEWLDIZETTRIIEL.EBARICHTILTWAEFINH B L
WD FERICEELRH DAy -V T SHISMEREMT
EETWAIMFERELSDGSDERIZTHLTLAD TR WNT
L&D

BT eoREBRFEBICKEVTINRE ZRIERRELE,
MEEDOADIFRKRICE>TOT20BALZEFERDL4 DD |
IZHDIEF>TVET, ZHZHSDGsZER LTV D ATIEFMA
BIRICASTLETDT. SDXETIIRIRZH T,

B2l REZESHEFILTEELIETWZCE SETIZIO
FR20FRICHBERZRELTCZOEXIERTE RN -7
BEIIROBEEZZRELELLOE . EALAERABEILIZLTEE
DIFTIN. ZNTIEDFLWEEBA20I5F DN 5 EHEER
H7Z>7-Dik, "MIEROKE FREZ2ELNICINZ 5, "2 D7
HIZIR2 MBI DEFEEZTISHIKERDREMNRARDELES
EELOICLARCTIA DL, ARE RIBREELRAMEICEE
L7c2E T2 NUZL>T20304E, 2050F £ Tl % L7 TIE
SRVLADNBATEETIREISZTD2EN | SEIZRBIRE SHIC
BEL{ A>TV ETH IBEATEDOSNTLBEKRIEIKENTT,
SDGSIZEWTH AREDE T LWOETICAEEZETERT
20,0V YREESTHOL WL GERTERASTHEEIZIE.
CIETREIGDEVDEBEZLCASETWIENEETIE
BRUOHEBWET,

BEZRBERNZRNERBOR . X7« 7R - B EFEEBRBUA.
L E B RS EDERRB R RIEIFSDGSKIEICA D ST H—N
WHNFRZRLT—< & LT SDEsEIEDEBREHIAILN, BIE
BREICLZANF Y ADECZDAHZZXLIZET M EET Do




CSRSDOiRFE D75 A1

EiE SHEOCSRSOARDAMMEL LT TI7x5)—-
NI F) =  BARERIBIZICRY  HEREYBEHIFTS
RAESEZBAILYR/ =V AZA—-/ DRI
TERMBEHNEELEEZTWE T BIEBEPHMEY
ZERELTESTWAD T FIZIEEMZHRIEDIAR TS,
ZINHOOIREBICEB L. DB AN X LHEFIZANTES
IR E (Novel Entities) DI IERIA DA BR
PIVIILIREANDEELR/NRICINIONIBELE
R 2EYMOMT.OBAARBEEEDFEL KECEFKL
TOWCIEYRZOBE SIS —BIERZXRENREA %
BRI 2 RHRUITY,

BT WEYAREDNAFITABEDRRLTO(SNSBSAF
(Sustainable aviation fuel) ’fZE#E DB LTGERSN
TOWETHA INEITTIEELEAR DT ZNEEDDDD,
RIFVFLOWERZBEELTODRITNIERY ZFEASE
IFEARABIZEAXHSRZLOEE TRBLEZE(LTCE

Kazuki SAITO
Director, CSRS

Prof. Yasuko KAMEYAMA (left)

Professor at the Graduate School of Frontier Sciences, The University of
Tokyo and a Senior Principal Researcher at the National Institute for
Environmental Studies, specializing in international relations. She

studies international negotiations and systems associated with climate
change from the perspective of international relations and other points.
She also dedicates herself to collaborating with other academic fields,
including the natural sciences.
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Prof. Norichika KANIE (right)

Professor at the Graduate School of Media and Governance, Keio
University, specializing in international relations, including
international politics and multilateral negotiations. He studies
creating excellent practices of SDGs implementation, and the
changes in governance resulting from goal-setting and examining the
mechanisms behind those changes focusing on global governance
related to the implementation of SDGs.

The Basic Act on Science, Technology and Innovation and
the Act on RIKEN, National Research and Development
Institute were revised in April 2021. Since then, science and
technology that solely concern the humanities and social
sciences have been included in RIKEN'’s research coverage.
Makoto Gonokami, the president of RIKEN, has also

incorporated the global commons and the collaboration
with the humanities and social sciences into his vision. We
interviewed Professor Norichika Kanie and Professor
Yasuko Kameyama about the collaboration between the
natural sciences and the humanities and social sciences
and its future perspective.

Future Directions of Research at CSRS

Kanie: There has been no common language to discuss
sustainability between people in the science field and those
in the humanities field, or between researchers in academia
and people in business and local and national governments.
Since the Sustainable Development Goals were set up,
problem-solving has become easier, and places have been
created for researchers in the humanities field and the
science field to discuss specific issues to achieve
sustainability together.

Kameyama: The cooperation between the natural sciences
and the humanities and social sciences is achieved by an
interdisciplinary collaboration among researchers in different
academic fields. Further inclusion of various stakeholders
makes it a transdisciplinary collaboration. To further promote
the cooperation between the natural sciences and the
humanities and social sciences, they should share the same
guiding principles for solving specific issues. To consider the
whole picture of sustainability, researchers must align their
time frames and try to understand the relationship “nexus”
among SDGs.

Saito: Ethical, Legal, and Social Issues (ELSIs) are often
mentioned in the collaboration between the natural sciences
and the humanities and social sciences. Although scientists
are likely to consider the ELSIs as regulatory preventive
ethics, they are becoming aware of the significance of
aspirational ethics, which facilitates good decision-making
and behaviors to provide inspiration and motivation.

Collaboration between
the natural sciences and
the humanities and social sciences

Kanie: Efforts to address the SDGs as a whole have been
made less in 2023 than in 2015. The world tried to improve
the quality of the situations concerning “1. no poverty” and
“2. zero hunger” , although poverty and hunger are growing
rapidly. The goals of “7. affordable and clean energy” and
“13. climate action” have become too far to reach now.
Peace is a prerequisite for achieving the SDGs, but conflicts
broken out in many parts of the world have a substantial
negative impact on the fulfilling of the goals. On the other
hand, some countries are approaching the goals. In Norway,
the spread of electric vehicles exceeds 80%. Leaning from
such cases and considering how we can extend them will

become a driving force for accelerating transformation that is
indispensable now.

Kameyama: Take climate change as an example. The
greenhouse gas emission reduction targets were set for the
next 10 or 20 years and then pushed back if they were not
achieved. The Paris Agreement in 2015 was epoch-making
because ultimate goals were explicitly set out to achieve the
goal, such as limiting the range of global temperature rises to
2 degrees Celsius and requiring the substantial amount of
global greenhouse gas emissions to be net zero by the latter
half of the 21st century. The current numerical limitation of
the range of temperature rises is stricter than that decided in
2015, but it is of great significance to have set out the
indicators. In SDGs, it is also vital to form a consensus
among researchers on what is achieved by when and
disseminate the facts widely if the goals are not achieved.

Current Status and
Further Vision of SDGs

Saito: The “planetary boundaries” will be significant
indicators for the CSRS to decide on future research
directions. Then, research into the red and yellow zone areas
beyond limits that sustain the Earth’ s biosphere would
become crucial. Some specific examples include research on
biodiversity, novel chemicals, plants enabling agriculture that
minimizes environmental burdens, and reducing the
emission of CO, and greenhouse gases.

Kanie: Sustainable aviation fuels (SAFs) produced with
biomass materials such as plants are attracting attention, but
more is yet needed. We must develop new energy resources
in parallel to the development of SAFs. To do so, we should
further facilitate cooperation between the natural sciences
and the humanities and social sciences. In addition, it is
critical to show the whole picture of the future by suggesting
possible advancements of the current technology and
creating scenarios of what can be achieved by policy
development.

Kameyama: More people might engage in interdisciplinary
collaboration if young researchers can participate proactively
and their experience of managing part of some projects is
evaluated in their next career.

Saito: | have become more determined not only to contribute
to achieving specific targets of the SDGs but to consider how
we can contribute to the global commons, a resource shared
by humans globally. (Feb. 28, 2023)

07



o ¥—4#87+ About CSRS

ERENMARLIOIA. ZLTI/R=2arA,
ERBF2FAL. MERBRIEORBICETS
62NT75v Iy 7 7AST Ik

2015 EEERS T T AT e B R B1Z : The Sustainable Development Goals (SDGs); A #RIRE N, 2030 £ % TIZERTA
ZITOEBENRESNE Lo NS OMIKREDRELBRT B7-DICI1E, BFELEA/ R—2 a3 YOALRTRARTT IR
RERBZMR LS —TRE.INETES> TEILMARDEAZENL.SDGs D 7T DOBFRICEREZED T.6 DD T T v
JoyTTAY I b EHEEL TLWETHEYRE. FIAANA A0V — BELRE. NAATIXT2OESBRAWEIC

MA T — S RZRAIANIAEE) T/ LETR ERFERORMZEY) AN EMOLERZAHLTVEEXT,

From basic research to application and innovation:
Six flagship projects, using information science,
providing solutions to global issues

In 2015, the United Nations General Assembly adopted a set of 17 SDGs to be achieved by 2030. The power of science
and innovation is essential when addressing these global issues. CSRS leverages its strength in research and promote six
flagship projects focusing on seven goals. In addition to interdisciplinary research in plant science, chemical biology,
catalytic chemistry, and biomass engineering, CSRS adopts latest technology in data science, artificial intelligence (Al), and

genome analysis to produce innovative results.
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Innovative Plant
Biotechnology

Contributing to sustainable
production of foods
and biomass

HERIR

Y )a—v3vxX FigEEERY v —
Integrative Symbiological Legding-edge
Solutions olymers

Developing new polymers and
biopolymers with beneficial
functions

Contributing to sustainable
environmental protection by
symbiotic interactions

e il
7Y TA—L
Advanced Researchand
Technology Platforms

Building and using research and
technology platforms for
development of
new resources

RE#ET/L FoERR IR AL

IVI=ZFIVY IVIZFIVY
Metabolic Genome Innovative

Engineering Catalysts

Developing high-performance
catalysts for efficient utilization
of natural resources

Expanding production and use of
bioproducts from plants and
microorganisms

I\9F / Small Molecules =4 [ Data /Ly | Genome
L& - (K& - RTFR P OMET-5-4EMT -5 -ATHRE IEY/ LT/ LRE - BT/
Compounds / Metabolites / Peptides : Molecule data/ Genome data / Al : Epigenome / Genome editing / Synthetic genomics
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Blue letter: Project Leader / Division Director
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BT LFERAEF — L B =B Plant Genomic Network Research Team Motoaki SEKI
AR BB 3T F — L EK BF Cell Function Research Team Keiko SUGIMOTO
G EERHEY A+ Y HERTF—L N G :)::::tvaBtii(\)/; oo Plant Symbiosis Research Team Makoto HAYASHI
INA A EEBRARTF — L HH E— 8y Bioproductivity Informatics Research Team Keiichi MOCHIDA
D FEMEEFRF —L R Rt Molecular Bioregulation Research Team Shinya HAGIHARA
EMICEZETERRTF—L A E= Plant Chemical Genetics Research Team Masanori OKAMOTO
SEILHEIEFE Iy b WEEE L& Dormancy and Adaptation Research Unit Mitsunori SEO
REBIHEMEI=v b =S Environmental Response Research Unit Ryoung SHIN
By RBERRTIN—T BHE B Plant Immunity Research Group Ken SHIRASU
e HEBRIE EYMHERRT—L N7 e Integrative Symbiological ~ Plant Symbiosis Research Team Makoto HAYASHI
YWa=ra¥x B AT F— s St 5= Solutions Environmental Metabolic Analysis Research Team  Jun KIKUCHI
RAMEESHHARI=Y ~ =B8R Natural Product Biosynthesis Research Unit Shunji TAKAHASHI
REAYRAI I RAERITIL—T =1 WIS Metabolomics Research Group Kazuki SAITO
RE AT LHAEF—L EH Bx Metabolic Systems Research Team Masami HIRAI
m KRB I ML EREF—L SEEE BBE m Metabolic Genome Cell Factory Research Team Akihiko KONDO
IXIZPIVY TBYIEERETF — L R KB . . Engineering Plant Lipid Research Team Yuki NAKAMURA
b S PN A O BB T — L )l 2% ;;ii;l? ';,Ifogizl::'tl; Chemical Biology and Biosynthesis Research Team  Takayoshi AWAKAWA
RAYEBSBRARI=Y b =tE B Natural Product Biosynthesis Research Unit Shunji TAKAHASHI
FEERE AR L — = BER Advanced Catalysis Research Group Zhaomin HOU
i - B ARSI — HE B®F Catalysis and Integrated Research Group Mikiko SODEOKA
G i&fﬁﬂiﬁ%ﬁﬁa MRS HE S AL TR F — L SHLFYAYTSn G Innovative Catalysts Advanced Organic Synthesis Research Team Laurean ILIES
7)) =2 F ) BRI R TF — LA LA B— Green Nanocatalysis Research Team Yoichi YAMADA
LB T — A i BT Biofunctional Catalyst Research Team Ryuhei NAKAMURA
INATTSRFY VREF— L FAER = Bioplastic Research Team Hideki ABE
G SRR < — NAABDFHEF—L BA £7 G Leading-edge Polymers Biomacromolecules Research Team Keiji NUMATA
SoERRE AR IR R I —T & B8R Advanced Catalysis Research Group Zhaomin HOU
HAAYROIZZARETIL—T HEE = Metabolomics Research Group Kazuki SAITO
TIANT/ZORARIINL—T =H 18 Chemical Genomics Research Group Minoru YOSHIDA
REXTLHARF—L EH B Metabolic Systems Research Team Masami HIRAI
XZHRA—LBERHEF—L EH E&E Metabolome Informatics Research Team Masanori ARITA
BB T — L b = Environmental Metabolic Analysis Research Team Jun KIKUCHI
SEim R Al N - N N Advanced Research and .
@ 7Sy Tr—Ls NTIVHY FERMRT —LA Fr—LX-T—> @ Technology Platforms Molecular Ligand Target Research Team Charles M. BOONE
D FESEEFEF— L FRE Molecular Bioregulation Research Team Shinya HAGIHARA
TIAMNAAAY — - EERHFEF—L I ZE& Chemical Biology and Biosynthesis Research Team Takayoshi AWAKAWA
DNFEEBRITI=Y M L Molecular Structure Characterization Unit Hiroyuki KOSHINO
SN FET1I=y HE] B Biomolecular Characterization Unit Naoshi DOHMAE
BENT -BEMERFTI=v FEH BE Mass Spectrometry and Microscopy Unit Masami HIRAI
ey —ZERFEER L=y ~ El B2 Chemical Resource Development Research Unit Hiroyuki OSADA
B - B T 08 1 R P HH 1A  DrugDiscovery Platforms Minoru YOSHIDA
B IAILNY OEBEI= Y R EMA B2 e Cooperation Division Drug Discovery Chemical Bank Unit Hiroyuki OSADA
B — R EWIRRERI =Y =|H & Collaborations Drug Discovery Seed Compounds Exploratory Unit Minoru YOSHIDA
BIE{EFERI—v I\ #a T Drug Discovery Chemistry Platform Unit Hiroo KOYAMA
BH-KRIBBEEHAFZT L= afE B’z RIKEN-KRIBB Joint Research Unit Shunji TAKAHASHI
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Innovative Plant Biotechnology
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Arabidopsis mesophyll protoplast cell (left) restarts cell division when cultured under proper conditions (right).

Cbenm

o F/LREICKYEXREI—J LA EEHL . BEIREDE EXEEBZ
tx LT

o MELI-HRE(ERVONSSIAMNASDYTAT IV IZBWT A —
FOUERMNMESRBHACDERRIATY/ICREIER, ZDBREIC
BH2EELGEERFEHESMILIS

o EYDMIBRNEEEBEICRETIHAEBREFA LI,

o TH/—)LABIZK)KILFAEIMEESN ZIREAMNIAMEELEDH S
EEBESNICLT,

o JLIAOLFIAA P RBAERMASEIBEFTERD> O XFXF i
BERFZATF-GR 1 &R LT,

Atrace image of Euglena phototaxis

Contributing to sustainable food and biomass production
through development of plant trait improvement technologies

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

In addition, the project will use omics analysis to explore peptides
and other regulators and employ chemical biology approaches to
elucidate main factors leading to improvement of productivity and
functionality of foods and biomass. To ensure transfer of the results
in the field to the actual farmland under varying conditions, the
project will also use information science to store and analyze data
from multiple angles for trait improvement.
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Gsearch Results

o We demonstrated CRISPR/Cas9-mediated generation of
non-motile mutants improve the harvesting efficiency of Euglena
gracilis.

e In cell reprogramming from leaf mesophyll protoplasts, we have
revealed that auxin synthesis is an important step for resumption of
cell division and identified important transcription factors involved in
the process.

o We developed dyes for a rapid imaging of subcellular
compartments in plants.

o We revealed that ethanol treatment enhances drought stress
tolerance by inducing stomatal closure.

o We generated TF-GR lines, inducible transcription factor lines
using glucocorticoid receptor-fusion techniques in Arabidopsis.
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Ethanol enhances drought stress tolerance in plants.

Gture Vision

o Exploration of novel factors including transcription factors, small
functional molecules and peptides involved in environmental stress
responses and biomass production

e Data collection of interaction between living organism and
environment by analyses of the factors above

o Development of quantitative phenotyping technologies to analyze
plant’s environmental stress response, biomass production and
growth

e Promotion of research to create functionally improved plants by the
technologies such as genome editing and chemical biology

o Contribution to sustainable food and biomass production to meet
global warming by selection of genetic variants and optimization of
environmental and cultivation conditions
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Integrative Symbiological Solutions
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Chemotropism towards strigolactone in
the parasitic plant Phtheirospermum
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Visualization of microbiome-metabolome network in closed onshore aquaculture system

Developing scientific technologies based on symbiotic interactions

for solving global environmental problems

To solve environmental problems such as pollution and climate
change, we will elucidate symbiotic relationships in the soil and
hydrosphere. By utilizing symbiotic microbial functions, we will
develop sustainable and environmentally friendly agricultural and
environmental technologies that do not rely heavily on chemical
fertilizers and pesticides. We will also develop technologies to
monitor symbiotic dynamics in order to quickly recognize and
predict environmental changes. In addition, we aim to identify
symbiotic microorganisms that have the ability to produce unknown
useful substances, and to elucidate their biosynthetic mechanisms
and create useful compounds using genome mining, omics,
biochemistry, structural biology, and computational chemistry
approaches.

Gsearch Results

o We developed UniverSC, a universal single-cell RNA-seq data
processing tool.

e We visualized micribiome-metabolome network in closed onshore
aquaculture system.

o We found that roots of the Orobanchaceae parasitic plants exhibit
chemotropism toward host-derived strigolactones.

o We identified a fungus that overcomes the plant-derived antibiotic
rocaglate and revealed its mechanism.

o We identified a protein involved both in plant immunity and
symbiosis.
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Overview of UniverSC

Gture Vision

o Identification and characterization of secondary metabolite gene
clusters in symbiotic microbes

o Characterization of hydrosphere microbiome dynamics
e Molecular characterization of plant-microbe communications
e Understanding and application of nitrogen fixation

e Development and application of a comprehensive analytical
platform of environmental molecules
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Metabolic Genome Engineering
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GFP fluorescence in hairy roots. The liquid-cultured hairy roots transformed Complete bioconversion of butadiene from muconic acid with two kinds of artificial enzymes

with GFP gene were examined using a blue LED transilluminator.

Maximizing capacities of plants and microorganisms for chemical synthesis
in expanding the production and use of bioproducts

Departure from our dependence on fossil resources requires
creation of bioproducts essential to our lives through innovative
methods. Using genomic analysis data that are increasing
exponentially as well as synthetic biology, genome engineering,
and data science, the Metabolic Genome Engineering project will
artificially maximize capacities of plants and microorganisms for
chemical synthesis in developing and configuring sustainable
production systems.

The project will promote the synthesis of useful substances from
plants and microorganisms by taking on the challenge of
developing smart organisms through designing metabolic pathways
from the interactions of multiple cells, creating advanced forms of
breeding of plants and microorganisms that make up the production
systems, and synthesizing compounds that had been difficult to
develop using existing chemical synthesis. There are many
potential targets, including raw materials for the chemical industry,
functional foods, drugs, and raw materials for cosmetics.
Development of the technology base and partnership with the
industry is expected to bring about further advances in this field.

16

@search Results

e We succeeded in bioproduction of butadiene with a high yield by
developing an artificial enzyme with enzyme-creating technology.

o We established a simple method of hairy root creation using
Japanese pea cultivar and Rhizobium strain.

e We performed experiments to identify issues in developing a useful
material production system via synthetic biology using plant cells
as a host.

o We have identified novel drimenol synthase from marine bacteria.

o We developed an algorithm of metabolic designs, applying the
bioproductions of various useful compounds.
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A bifunctional drimenol synthase from marine bacteria

Gture Vision

o |dentification of plant genes and networks involved in biosynthesis
of useful specialized (secondary) metabolites, and applying them to
genome engineering and synthetic biology

e Search for plant bio-resources utilizable for useful compound
production

o Development of high functional enzymes catalyzing target
metabolic reactions, and building cell factories for production of
valuable chemicals

e Construction of microbial biosynthetic platform by metabolic
engineering and producing useful compounds by utilization of
genetic resources

o Methodological advances for better bio-production based on
black-box optimization by machine-learning
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Innovative Catalysts
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Selective synthesis of (a) NO, (b) N2O, and (c) NH«* from NO:" by optimizing the pH, electrode potential,

and pKa of a molybdenum sulfide catalyst
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Pd-catalyzed aerobic cross-dehydrogenative
coupling

Developing new catalysts for highly efficient use of natural resources

Transformation of our lifestyle to one without dependence on fossil
fuel is an important theme for bringing about a sustainable society.
Even though natural resources are finite, new beneficial resources
can be produced from natural resources through the actions of
highly functional catalysts. The Innovative Catalysts project will
develop advanced catalysts that enable efficient use of the
atmosphere, water, and earth crust resources of the global
environment to contribute to stable supply and recycling of
environmental resources.

Some of the focal points will be development of new catalyst
technology for synthesizing ammonia from nitrogen and hydrogen
under mild conditions and development of catalysts for synthesis
of carboxylic acids using carbon dioxide, which is considered as
the major cause of global warming, as raw material. In addition, the
project will develop catalysts for producing hydrogen and other
useful products through water splitting, biofunctional catalysts that
function in water, and catalysts that are based on cheap,
earth-abundant elements and that take the advantage of the
18

features of all available metals for chemical synthesis. Through
such innovation, the project will change the notion that “Japan is a
country poor in resources”.

@search Results

e We achieved the carboxylation of undirected alkenyl C-H bonds
with CO. by auto-tandem copper catalysis.

o We succeeded in the regulation of the electrocatalytic nitrogen
cycle using sequential proton—electron transfer.

o We developed Pd-catalyzed aerobic cross-dehydrogenative
coupling of persistent radicals with catechols.

o We found that haloalkylamides were readily converted to
hydroxyalkylnitriles in the presence of catalytic amount of
phenylboronic acid.

o We found that a molybdenum catalyst promotes the deoxygenative
coupling of carbonyl compounds.
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Auto-tandem copper-catalyzed carboxylation of undirected Alkenyl C—H bond
with CO2

Gture Vision

e Development of innovative catalysts for activation and utilization of
CO. and N

o Development of new catalytic reactions using O; as an oxidant

e Development of new catalysts based on element features for
synthesis of fine chemicals

o Exploration of water splitting systems powered by solar energy

e Development of reusable and recyclable catalysts
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Leading-edge Polymers
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Schematic illustration of spider silk database, Silkome. As examples of Silkome databse, the main page of

Silkome, materiomics, sequence data, and phylogenetic tree with protein information are shown.

Self-healing polyisoprene

Developing new polymers with beneficial functions improving efficiency
in the use of resources and creating new industries

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

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

o We synthesized tough and autonomous self-healing elastomers by
scandium catalyst-controlled polymerization of isoprene.

o We constructed a database that summarizes the sequences,
physical properties, chemical properties, and biochemical
properties of spider silks and their silk proteins, and built a platform
for material informatics of biopolymers.

o We found the substitution effect of aromatic unit on biodegradability
for aliphatic-aromatic polyesters.

o We elucidated the relationships between miscibility and
environmental degradability for biopolyester-based polymer blends.
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Evaluation of biodegradability for semi-aromatic polyesters with different
substitutions

Gture Vision

e Developments of new catalysts for the synthesis of copolymers
from polar and nonpolar olefinic monomers and creations of new
functional olefin polymers

e Creations of new functional polymers from bio-based olefinic
monomers

o Creations of super heat-resistant polymers from biomass chemicals

e Synthesis of high toughness thermoformable polymers exceeding
spider silks

o Creations of structural protein materials exceeding natural rubber
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Advanced Research and Technology Platforms
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Evaluation of BIONIC and the input networks at functional gene module detection in the

LSM2-7 complex
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SLC15A4 interacting proteins determined by proximity-dependent
biotinylation (BiolD) approaches

Advancing analytical technology and information platforms,
and leading innovation as a science and technology hub in Japan

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

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

22

@search Results

o We developed a general, scalable deep learning framework for
network integration called BIONIC (Biological Network Integration
using Convolutions), which uses a graph convolutional network to
embed genes and proteins from each input network into a common
feature space.

e We have developed a method to identify proteins that interact with
lysosomal membrane proteins using mass spectrometry and BiolD.

o We supported the isolation and structural elucidation of new
secondary metabolites, taslactams, biosynthesized by fungal
NRPS-PKS hybrid enzymes.

o We have reported theory and practice of metabolomics analysis
(sample preparation, extraction, data acquisition, and data
analysis) based on high-performance liquid chromatography-mass
spectrometry to explore metabolic diversity in plants.

e We improved correlative light and electron microscopy (CLEM) and
high-pressure freezing technique and identified a novel vacuolar
transport pathway in Arabidopsis root tips.

@w Evay
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CLEM image of ER bodies including red fluorescence protein-tagged
B-glucosidase by high-pressure freezing, confocal microscopy and CLEM

Gture Vision

e Advancement and application of the ER-MS?—based molecular
characterization method for in-situ identification and localization
analysis of diverse small molecules

o Establishment of a platform for chemical genomics network based
on cellular phenotypic data and its application to research digital
transformation

o Enlargement of proteome database and its use for searching new
ORFs and their functions

o Improvement of analytical methods for plant metabolomics based
on chemo-informatics and other techniques

e Development and improvement of optical and electron microscopy
applications such as fluorescence microscopy, CLEM, array
tomography and high-pressure freezing technique

7A¥x kY —%— / Project Leaders
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Masami HIRAI Ph.D.
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Naoshi DOHMAE ph.D.  Kiminori TOYOOKA Ph.D.
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Drug Discovery Platforms Cooperation Division
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Discovery of seed/lead compounds by HTS and
medicinal chemistry 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, state of the art equipment for high throughput screening
(HTS), and medicinal chemistry for hit-to-lead and lead optimization, our
division aims at making innovative contributions to the academic drug
discovery effort.

\ture Vision

e Construction of unique chemical libraries for HTS

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

e Establishment of the platform for middle-molecular drug discovery
including proteolysis-targeting chimeric molecules
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EBP9E / Division Director

aH R meet
Minoru YOSHIDA D.Agr.

Facilities for HTS

- BRITZIE

Research Support

TR 77y 74 —L7 A7 b 2hRELT,
i E R, FHRERZER -SEL.
WENLARHEEZ /NNy 7Ty TLTVET

| 25T (ER)
RILE AT Ly
AZRO— LB BAZHA+
https://www.csrs.riken.jp/jp/
support/index.html
N SEMFEERN E (KR)
BT MR
HF B IR AT
| MR REATE (K

BENMEYRIRLEN RIPPS
(RIKEN Integrated Plant Phenotyping System)

| HEARH#EETOSSL (FIR)
tZYMELNDF
NAZN—=Ty hRG) ==
SUNTBEEBRF
A FEEEER

With the Advanced Technology Platform at the core,

CSRS utilize and advance analytical technology and
information platforms, and we are supporting the efficient
promotion of research both inside and outside of RIKEN CSRS

Plant metabolomic analyses
Plant hormone analyses

| Mass spectrometry in Yokohama on
H

E "

English site
https://www.csrs.riken.jp/en/

I Microscopy Room in Yokohama support/index-himi
Electron microscopes
Optical microscopes

I Plant Phenotyping Facility in Tsukuba

RIPPS (RIKEN Integrated Plant Phenotyping System)

l| Joint Research Promotion Program (JRPP) in Wako
Chemicals and small molecules
High throughput screening
Proteins and supermolecules
Molecular interactions
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Research Collaboration Agreements

The Sainsbury Laboratory, UK
Umea Plant Science Center, Sweden
Agricultural Genetics Institute, Vietnam

SHONORONONCNONONONC)

National Chung Hsing University, Taiwan

® @

(5
B)

®
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National Taiwan Normal University, Taiwan

VIB-UGent Center for Plant Systems Biology, Belgium

*,/’

>
©

7
CSRS

E|[RE ¥ International Collaborations

The Max Planck Institute of Molecular Plant Physiology, Germany
The International Center for Tropical Agriculture, Colombia

Terrence Donnelly Centre for Cellular and Biomolecular Research, University of Toronto, Canada
National Laboratory of Genomics for Biodiversity, Cinvestav, Mexico

Plant Resilience Institute, Michigan State University, USA

Biotechnology Center and College of Agriculture and Natural Resources,

Institute of Genomics for Crop Abiotic Stress Tolerance, Texas Tech University, USA

FrtEMARE

Principal Joint Research Agreements
The University of British Columbia, Canada
Universiti Sains Malaysia, Malaysia
University of Minnesota, USA

Indonesian Rubber Research Institute, Indonesia

A O R ORI >)

KTH Royal Institute of Technology, Sweden

Max Plank Institute for Plant Breeding Research, Germany

ANE¥E Domestic Collaborations
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Research Collaboration Agreements

Keio University

Graduate School of Science, Technology and Innovation, Kobe University
Tsukuba-Plant Innovation Research Center, University of Tsukuba
Institute of Transformative Bio-Molecules, Nagoya University

Yokohama City University

Plant Molecular Science Center, etc., Chiba University

Center for Bioscience Research and Education, Utsunomiya University
Forest Research and Management Organization

Kazusa DNA Research Institute

National Institute of Genetics

Kyushu University

Institute for Catalysis, Hokkaido University

Advanced Institute for Materials Research, Tohoku University

Tokyo Tech Academy of Energy and Informatics, Tokyo Institute of Technology
Institute of Industrial Nanomaterials, Kumamoto University

Research and Services Division of Materials Data and Integrated System, National
Institute for Materials Science

Principal Joint Research Agreements

Okayama University

The University of Tokyo

Graduate School of Bioagricultural Sciences, Nagoya University
Hokkaido University

Tokyo Institute of Technology

Kyoto University

Kyushu University

Nara Institute of Science and Technology

University of Tsukuba

Tohoku University

Kobe University

Osaka University

Japan Agency for Marine-Earth Science and Technology

Japan International Research Center for Agricultural Sciences
National Institute of Advanced Industrial Science and Technology
National Agriculture and Food Research Organization

Japan Fisheries Research and Education Agency
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EE ZE ¥ Industrial Collaborations

LI —TIETRELEZILH NI TIHE LM B CRMORALZBIE L 2D R EEHRAMTZRBELTVLET,

CSRS conducts collaborative research with 42 companies with the aim of practical application of our knowledge and technologies.

2

HIEOL(H)/ BAREF > (1)

BRILDOTRIAY T L DEYIZ KD RERR IR EEE

The Yokohama Rubber Co., Ltd.
Zeon Corporation

Efficient production of isoprene, a synthetic rubber material,

by organism

(¥R)2—o'v7
THREE 0D/ \A A BREHE FE D72 6 D B2 i B

© Euglena Co., Ltd.
Euglena Co., Ltd.

Technology development for renewable fuel production
increase from microalgae

HPTAAEEE RIKEN Internal Collaborations

Loy —TIE AREFOBANZHBORENTHEL ERH ORIV EAE LT BFOE LYY — DD BEMBEIAR LT
TWET E BRANMRE T 2R ECmMAREREFAL AN ERROBIHICEYBEATHET,
CSRS carries out interdisciplinary field research with several centers in RIKEN as activity of the wisdom of individual researchers to be combined

with the comprehensive power of an organization and expand into social wisdom.
Also we use the leading-edge research facilities of RIKEN for creation of new research results.
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R AEE (CPR)
Cluster for Pioneering Research

MR EMELY— (AIP)
Center for Advanced Intelligence Project

EMmERNZHR LYY — (MS)
Center for Integrative Medical Sciences

A AERI PR 4 — (BDR)
Center for Biosystems Dynamics Research

BRI 5 — (CBS)
Center for Brain Science

RIS RIS %> & — (CEMS)
Center for Emergent Matter Science

HEFIEMHEEY— (RAP)
Center for Advanced Photonics

ZRINEER B2 F 2> & — (RNC)
Nishina Center for Accelerator-Based Science

STERIZEE 5 — (R-CCS)
Center for Computational Science

BRI 2R 5 — (RSC)
SPring-8 Center

INAF ) =R A~ 5 — (BRC)
BioResource Research Center

SPring.. 8

>

SPring-8
.o"o‘o. ‘e
o.‘ )....

REmARELDER

Leading-edge research facilities

NMR

o SRC

Supercomputer Fugaku

As of Mar. 2023

HEEKZERE Joint Graduate School Program

EfftEARZRCDBEICEIS BMOMRENRZOEERRE LG >THEREZT o1 EMOMEZRICKZREZRITANTIHE

BEZTEMOHETY

This is one of the program in RIKEN that under agreements between RIKEN and universities in Japan, RIKEN researchers serve as visiting
professors and give lectures at universities, and also RIKEN researchers accept graduate students into their laboratories to give research

guidance.

BIEMIM RFERFEREDS/ RTLRIZMER  Graduate School of Nanobioscience, Yokohama City University

BREMZAFZARZREGERZMFEE  Graduate School of Medical Life Science, Yokohama City University

BERZFRZRETZHER  Graduate School of Science and Engineering, Saitama University

FERFERFZREMRERZHESR  Faculty of Life and Environmental Sciences, University of Tsukuba

RRENERRKFXERERZREMER  Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University

RHETHEKRZE  Tokyo Institute of Technology

RRAFARFERBFEDRIFHFIE  Graduate School of Agricultural and Life Sciences, The University of Tokyo

RRAFZARFREFXRMFE  Graduate School of Science, The University of Tokyo

RRBEEARZAZRTFZHER  Graduate School of Engineering, Tokyo Denki University

RR#MBIRFRFREITFMER  Graduate School of Science and Engineering, Tokyo Metropolitan University

RRERNKFRFREZMFEE  Graduate School of Science, Tokyo University of Science

EERFEARZRBE{LFBT  Graduate School of Chemical Sciences and Engineering, Hokkaido University

ZEHERZ KPP 2P MER  Graduate School of Bioagricultural Sciences, Nagoya University

CSRSKZREHBI7RAI I L

CSRS Graduate Student Training Program (CSRS-GSTP)

Lt y—TlIE BEFEAMPREROATEELBER LTI
O BB 7RI ILIIBRIICE)BEATHET,

2020548 &Y (CSRSICTEFE T 2R EZ IR E LIZCSRSKE
FRERBE 7N L% L.CSRSO T THROB Z il # %
ARBSE TV EFLRZE -RINEZRE - FHLTWIE
ZRELEY

20225 1. 1B L5R1244 (GSTPI) L2114 (GSTP2) . 1&
T ELFREI138 (GSTP) W RIS AT v HEEZIDERRL
iL/f:o

CSRS actively provides training programs with the aim of fostering
talented personnel and the next generation of scientists.

The CSRS Graduate Student Training Program (CSRS-GSTP) was
launched in FY2020 for graduate students enrolled in the CSRS.
Under the supervision of CSRS, this program aims to identify and
foster talented young scientists capable of contributing to the
advancement of science for the future.

In FY2022, nine online lectures were held for 4 doctor students
(GSTP1), 11 master students (GSTP2) and 13 doctor / Master
students (GSTP3).

2022FEEE S / FY2022 Lectures

May. 2022
Jun.

Jul.

Oct.

Nov.

Nov.

Jan. 2023

Feb.

Mar.

Introduction CSRS-GSTP
Sustainable Resource Science
So you wanna be a researcher?
Beginner's guide for presentation
Students’ presentation 1
Students’ presentation 2

Challenges to create new functional
biomass-based polymeric materials

NAFHDDIN) ZIET S
Engineering Biology

How | became a scientist
- A journey to science
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Ethanol increases high temperature tolerance and enhances drought tolerance in plants [\,._4

2022.06.22 / 2022.08.25

Arabidopsis

Heat stress Drought stress

EtOH

Water

SOARFAFIBIBITY/ =R EIZEDERA N LA
HDRA () YA XFIF BB T/ —ILik 51285
ZIRA P LRMEDRIL (B)

Ethanol enhances heat stress tolerance in plants (left)
Ethanol enhances drought stress tolerance in plants (right)

Original article

Ethanol induces heat tolerance in plants by stimulating
unfolded protein response.

Plant Mol. Biol. 110, 131-145 (2022)
Ethanol-mediated novel survival strategy against
drought stress in plants.

Plant Cell Physiol. 63, 1181-1192 (2022)

@4 LFEIRHFF—L / Plant Genomic Network Research Team

SOAMRFRAFIZIY/ — LB E L BLETRECRBEVOENE L ZBENICHETLEL
o NI Z M LRIGE (UPR) A EIRR LA HEDERICES L TWAIEARBINZEN
5 UPRIZBIH ZHRBNIBEEEPE R ARDBITZIT o1 4ER. T/ — LIRS IZEY) /INBIEZ LR
ISEMMBESNDZET BRI AMUEARILENEZEEZRRBLEL

FIo T/ =N EERS LSO XF IS ICEIBEINLRERLIZEER, ) [RILEEI MR ESI N,
HHIEA DK BEIMER. 2) T/ — LD FHEMAERIZE A FNTRBINAEPTI/BICE
BEINTER.) KB BRI RRODEV AAMMEREZEFRETHESI LI BEYRE
MHERF 4) LT3/ L— e EDBERRBEMHER. L Lo ESNAEREEICKY ZIEX
LMD B ESND XS LE LT,

AEREIL BENOE RN - RITEZRE T 2R MOMREICEMT 2L HFTEET,

The research group has discovered that the application of ethanol to plants enhances their
tolerance to high temperature stress. They investigated the effectiveness of the application of ethanol
to Arabidopsis thaliana under high temperature stress conditions. They comprehensively analyzed
quantitative changes of gene expression and metabolites. The results of the analysis suggested that
an endoplasmic reticulum stress response (unfolded protein response: UPR) is involved in the
acquisition of high-temperature stress tolerance. They next conducted drug treatment experiments
and analysis of mutants and found that ethanol treatment enhanced the endoplasmic reticulum stress
response, thereby enhancing high-temperature stress tolerance.

They also found that ethanol enhances the drought stress tolerance in plants through the following
mechanisms: 1. Induces stomatal closure, decreasing water loss in cells. 2. Ethanol is absorbed,
metabolized, and converted into amino acids and sugars. 3. A decrease in carbon dioxide intake due
to stomatal closure is compensated by gluconeogenesis, maintaining plant growth. 4. Plants
accumulate metabolites, such as glucosinolates that help tolerate drought stress.

These findings would contribute to the development of fertilizers and technologies to enhance
high-temperature tolerance and drought stress of agricultural products.

M5 / From left
BY BB (F—LY—%—)/ Motoaki SEKI (Team Leader)
A K (g2 8) / Daisuke TODAKA (Research Scientist)

JTEROBELNFYEZET —IR—X1L =3
Building a database of spider silk’s structure and physical property O

2022.10.13

Amino acid sequences of spider silk proteins Mechanical properties of spider silk

JERDEEENFYUEEE LT —FR—X
(Spider Silkome Database)

Spider Silkome Database contains sequences and
mechanical properties of spider silk proteins

Original article

1000 spider silkomes: Linking sequences to silk
physical properties.

Sci. Adv. 8, eabo6043 (2022)

INMAEDFHEF—L / Biomacromolecules Research Team

HRADIF S F AR TREINIZ|,000i 4B 27 TR HENICHFEL. 7DD S
HLUTRNADBIA A ST ERIVINIEDT I/ BREINEREWNELE LI F. ZNTho oD
SEG|IRFIREL. JERDFIRBERHOR, ¥ 72X () L 12BEOYMEEAEL. 73/
BEECS A EDRE IR T 2B E VL FT7-F —¥~_—XSpider Silkome Database ;& 1ER L& L
T2 EBIZ BRI VN VBEDBEEYEOHEBEEIZ VTR RIFSETET7I/BEF—T7%EE
THIEICRRIILELT,

ARRIGKRIZERDBEHENISBEMIRET SN/ I F I M EEERT AL ERME
DRIBICEBT 2L/ TEET,

The research group phylogenetically classified spiders collected from various regions of the world
and analyzed RNAs from spider cells to obtain amino acid sequences of spider silk proteins. They
gathered a dragline silk fiber from each spider and measured its 12 physical properties, including
tensile strength, extensibility, and toughness. And then, the researchers linked those properties to the
structural information, such as amino acid sequences, to create the Spider Silkome Database. They
also identified the amino acid motifs contributing to the toughness based on the association between
spider silk proteins' structures and physical properties.

These findings would contribute to creating materials for artificial spider silk with various material
properties designed rationally based on the information of natural spider silk.

Eh S / From left
JBHE E£Z(F—LY—%—)/ Keiji NUMATA (Team Leader)
Fil FFE (BEEXEMEE) / Kazuharu ARAKAWA (Senior Visiting Scientist)
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7'LRY1)—Z Press Releases

G: Z)W—7 T.F¥—A U 21=vbt RG: Research Group RT: Research Team RU: Research Unit U: Unit

Date TLRYY =244 ML / Titles of Press Release fHF=E / Labs
2022.04.04 BFOMEARTHHLVABREEXR EYRRERRT
New metabolic pathway for the synthesis of seed oil is discovered Plant Lipid RT
2022.04.08 ERNFERCREN BRI ZER SR BERRIERTTE G
A nitrogen-containing organic compound is synthesized from dinitrogen and carbon dioxide Advanced Catalysis RG
2022.04.11 BEZNLRBEROT O F > SIS % # YT/ LFERRE T
Unwinding the secrets of stress in plants could help feed the world during climate crisis Plant Genomic Network RT
2022.04.14 MRS T/ NG TITDRACZER | EEEDILIEHEEE RA A FHET U
Structure of photosystem | complex of primordial cyanobacterium Biomolecular Characterization U
2022.04.19 = CO: KA TOEYORREEICEES2EEFEHRR NAFEEBHIAET
Genes associated with plant growth enhancement under elevated CO: conditions is identified Bioproductivity Informatics RT
2022.05.16  H—KrH/Fa—7 THEYISEGFEEDAD 2"“& NAFBAFIRET
Plant gene delivery via carbon nanotubes -w Biomacromolecules RT
2022.05.18 KR - BRERZES ERLEMEROERRES RIBABEDFAET
A causal structure of insect symbiotic bacteria involved in carbon and nitrogen cycling Environmental Metabolic Analysis RT
2022.05.18 TEEHERROFLVLTAREREROER KRR ESBITERU
Identification of new terpene synthases of marine bacterial origin E@mn TN U
Natural Product Biosynthesis RU
Biomolecular Characterization U
2022.05.20 EYIRREFEDREELRHT LA B RERE G
How plants recognize pathogen-specific lipids Plant Immunity RG
2022.06.18  REANBEBEZLRERIMORRD ‘52; MR RERRE T
Excess nutrients suppress root hair growth i Cell Function RT
2022.06.21 EHBERNOEZ A FILEEIBS 125, TIHIT) IO RRR G
Tracking histone methylation in a living cell (e%) RlZEY —RMEEMRRER U
fREE - BEHR G
Chemical Genomics RG
Drug Discovery Seed Compounds
Exploratory U
Catalysis and Integrated RG
2022.06.22 I/ —AHEYDEEMIELROHEIEEFKR ¢ T& B Y7/ LFERME T
Ethanol increases high temperature tolerance in plants w 9 Plant Genomic Network RT
2022.07.27 REDHIERIZE T EEERDIER LT U
Origin of oxygen on ancient Earth Biomolecular Characterization U
2022.08.01 HIEYOMEBEDEAXN=RLEFKR RERTLART
New mechanism of sulfur reallocation in plants discovered Metabolic Systems RT
2022.08.02 e &8 A 7- DNA ZE B E D 34 % fZ B YT/ LFIRAFR T
Mystery of DNA arrangement for over a century finally solved Plant Genomic Network RT
2022.08.04 MEMRRED S DIEY IRE 4 HAEHERERRZT T

Plant regeneration from differentiated cells

Cell Function RT
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G:Z)W—7 T.F¥—A U 21=vbk RG: Research Group RT: Research Team RU: Research Unit U: Unit

Date TLRYY =244 ML/ Titles of Press Release ffF=E / Labs Date TLRYY—Z %4 ML / Titles of Press Release fAFRE / Labs
2022.08.05 EYDEFERICELIFREFE2HR BEDT - BHEERT U 2022.12.14 REHIFOH LLVMERX A =X LD TIANTI IV REAR G
Novel factors involved in land plant spermatogenesis identified Mass Spectrometry and Microscopy U Elucidation of a new action mechanism of immunosuppressants DFIAYRERAE T
Chemical Genomics RG
Molecular Ligand Target RT
2022.08.10 BREES/BEIIXOHER LA 20, |6, 1 EAEHERERER T
Monitoring and regulating marine oligochaete by measuring electrical signals (G REABONAET = Py P
9 gueing 9 Y ¢ 9 - E s Biofunctional Catalyst RT 20221220 A THE, ORGBEHIT IO/ LEFIZE) 2 o djmrie | | L HEXFROZ 2R G
Environmental Metabolic Analysis RT Successful chromosome-scale genome sequencing of the herbal drug “licorice” -w —’\’\f vl 2= Metabolomics RG
. 5 - ) = I e
2022.08.18  FEBYHNELIELTZXN=XLOEH 2 0 TEY SRR G 2022.12.27 iﬁl’fﬁ‘“wﬁf / S heiahb gh‘ ﬁfbllré‘7xﬁjgg
How parasitic plants approach hosts elucidated -w Plant Immunity RG 00d fences make good neighbors emical enomics
2023.01.06 T TLREIZE D L C-H BReE L RIGDRFIZKTH L FoEMRREARIEINR G
N N B A ~ N 7z
2022.08.24  {HRY) FEENA #VX’&EM&T%*E/J Pyt D/Jﬁ*—l’&ﬁgﬁj . ML T Novel C-H functionalization reaction with tandem catalyst developed (@) Advanced Catalysis RG
Toray Invents 100% Bio-Based Adipic Acid from Sugars Derived from Inedible Cell Factory RT
Biomass, Scaling Up for Application to Eco-Friendly Nylon 66
2023.01.10 KA E DB EOREEE % P MR T
* The metabolic mechanism for the initiation of photosynthesis elucidated Cell Factory RT
2022.08.25 I8/ —LH BRI EEZEHB 2 FHR BT/ LFEBRRFR T
Ethanol enhances drought tolerance in plants Plant Genomic Network RT
2023.01.12  TIL—H—RK DrpDEEERDILERES T W v BREARBOWIFET
Estimation of symbiotic environments in seagrass bottom sediments for “blue carbon” o Environmental Metabolic Analysis RT
2022.09.09 T/ LRETEXAR IR LS DOIEHIZET) INAAEEBRAERT
Generation of non-motile Euglena gracilis by genome editing HEN - BEHMEERT U
Bioproductivity Informatics RT 2023.01.12  SRRRMIREDOH LLVAREEHZMAR TINNT) IO RRE G
Mass Spectrometry and Microscopy U A new candidate therapeutic for sickle cell disease developed Chemical Genomics RG
2022.09.12  EYIOHKEEALLIESEEATF R FEP| OBREZBESHNC INAFEEFEBRIFE T 2023.01.16  KHDEE - &HEHREIH%HRE EE 12 = BRY/ IURFEG
Function of a short peptide FEP1 involved in regulating iron accumulation in plants Bioproductivity Informatics RT Unknown transcriptional/post-transcriptional regulatory mechanisms elucidated % (ee] Synthetic Genomics RG
2022.09.13 =R AYOBIRI LT (T SR AR SE T 2023.01.20 ERBICEDVARY —LEARBEEER T OBRIE LR T P a2 MR G
Selective chemical conversion of nitrogen compounds E Biofunctional Catalyst RT Translational activation mechanism of ribosome biogenesis-related genes at . Synthetic Genomics RG
photoreception =
2022.09.13 FRIDMED O BIEEE DY B % iR 88 BEDT - BHEERET U m w
3 S — 3 3 2 15 oiwe VAN P C
Mechanism of forming the nine-fold centriole structure Mass Spectrometry and Microscopy U 2023.01.23 7)1::! .// .I/ hﬁﬁﬁ@%?@&ﬂ@’\@ﬁﬁk’&ﬂi‘% 4 i BENH - EMERET U .
Visualization of transport of glucosinolate hydrolase to vacuoles -w Mass Spectrometry and Microscopy U
2022.09.26 EE{%@'&%%T#'H‘/7 b?@ﬁ%(:{ﬁlﬁ %i&%ﬁéﬁﬂt%ﬁﬂx G 2023.01.30 A LF OB SEE NI ZEEAEE INAA SR T
Success in developing self-healable polyisoprenes Advanced Catalysis RG Pigments responsible for Euglena’s eyespot apparatus identified Bioproductivity Informatics RT
2022.09.30 I/ N\BEZEET I "FNARTTI—, ZRFE NFBRFHET 2023.02.01 TEYIHEE DA BRI IFE R LA DB R L TEIC 2, TEYIREE T
Organellar glue: new technique to stick organelles together Biomacromolecules RT Enzymes in chloroplasts and endoplasmic reticulum work in cooperation (4 Plant Lipid RT
in the synthesis of plant lipids hd
2022.10.13 TERDBEENEYMEET —IR—1E NFBRFRET
Building a database of spider silk’s structure and physical property Biomacromolecules RT 2023.02.21 STI/NOTITDHACER | BER ISiA BEGHROIAEERHA £ THT U
Three-dimensional structure of photosystem | monomer Iron-stress-induced-A Biomolecular Characterization U
supercomplex in a cyanobacteria
2022.10.13 YRR E S RO L 2B RO % R EYREEAR T
Functionality of a key enzyme in plant lipid synthesis elucidated Plant Lipid RT
v ofa ey enzyme in plantlipid sy . 20230228  MMOBREBELHET EREERSD By LRBHRE T
Discovery of enzymes that control organ regeneration in plants Plant Genomic Network RT
2022.10.18 —DOOEYMIEE NI E 3 RITTHER INMABAFHRT
3D reconstruction of a whole plant cell Biomacromolecules RT £023.02.28 BRESHEN L - Y RRERD LTSS EMRBHE G
Survival competition between plants and filamentous fungi mediated by translation Plant Immunity RG
inhibitors
2022.10.25 YL SN TH, HEOEEE LTI BEEAa% EE A RETAZT T
Mechanism of wound-repairing and organ-reconnecting in cut plants Cell Function RT
2023.03.14  STING RIEEZ 7 FILOKIED FHE LT U
Molecular machinery that terminates STING inflammation signaling Biomolecular Characterization U
2022.10.28 ZRRE S TO7ATILEA D HEROBEINES L —RKBADFE TIHIT/ IR G
Influence of secondary metabolite siderophore on adaptive growth and primary DFIVHYFENAET
metabolism of fission yeast Chemical Genomics RG 2023.03.31 B CO, RETArABNILS "avkh), BROEGFERER INAFEEBRMAE T
Molecular Ligand Target RT Discovery of Koshihikari-derived gene that increases rice yield in high CO- environment Bioproductivity Informatics RT
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CSRS Seminars
T S N N S N

2022.05.13  Terpenoid indole alkaloid biosynthesis inCatharanthus Dr. Kotaro Yamamoto Yokohama City University Metabolomics RG
roseus

2022.06.03  Single-cell and spatial dissection of plant-microbe Dr. Tatsuya Nobori Salk Institute, USA Plant Immunity RG
interactions

2022.06.17  Metal-catalyzed carbonylative polymerizations - A Prof. Li Jia The University of Akron, USA Advanced Catalysis RG
quest for sustainable commodity plastics

2022.06.22  Molecular Genetics of Arbuscular Mycorrhizal Prof. Uta Paszkowsk University of Cambridge, USA Plant Immunity RG
Symbiosis in Cereals

2022.06.29  Genomics and ecology of fruit tree-pest interactions Dr. Amandine Cornille CNRS / Université Paris-Saclay, France  Plant Immunity RG

2022.07.05 Photoenzymatic Catalysis - Using Light to Reveal Prof. Todd K. Hyster Cornell University, USA Advanced Organic Synthesis RT
New Enzyme Functions

2022.07.12  Quantum Supremacy at Electrified Solid-Liquid Dr. Ken Sakaushi National Institute for Materials Science Biofunctional Catalyst RT
Interfaces

2022.07.20 Measurements of surface and internal structures and Dr. Keisuke Miyazawa Kanazawa University Plant Immunity RG
physical properties of biological samples by
super-resolution atomic force microscopy

2022.08.23  Evolution of NPR proteins: salicylic acid receptors Dr. Hirofumi Nakagami Max Plank Institute for Plant Breeding Plant Immunity RG

Research, Germany

2022.09.30  The unexpected finding of the transplastomic tobacco Dr. Toru Terachi Kyoto Sangyo University Biomacromolecules RT
plant having a bipartite chloroplast genome and the
development of a plasmid shuttle vector for
chloroplast transformation

2022.10.04  Searching for New Reactivity: Iron-Catalyzed Prof. Hao Xu Brandeis University, USA Catalysis and Integrated RG
Selective Nitrogen Atom Transfer

2022.11.15  Stereoselective synthesis & catalysis with reactive Prof. Jerome Lacour University of Geneva, Switzerland Catalysis and Integrated RG
metal carbenes and ylides

2022.11.22  Adaptation strategies in a clonally evolving fungal Prof. Antonio Di Pietro University of Cérdoba, Spain Plant Immunity RG

pathogen
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2022.11.22 RN OEATIRS @ FRERTU
XL FREEIEAEY ERNAZK AR (NMIJ CRM 6204-b) 0 B —BR B4 EEERMHR AT
R
RO Y ORBBENT LB E L% RTHPLC> T A I—Ho kA tt
AT LDRFE
2022.11.25  Tailoring Organosodium Reagents for Arene Prof. Eva Hevia University of Bern, Switzerland Advanced Organic Synthesis RT
Functionalisation
2022.11.25  Lighting up Bio-Molecules with Fluorescent Chemical Prof. Ankona Datta Tata Institute of Fundamental Research,  Catalysis and Integrated RG
Tools India
2022.11.28  Developments in Photocatalytic Hydrophosphination Prof. Rory Waterman University of Vermont, Burlington, USA Advanced Catalysis RG
2022.12.06  Eco-redox model: Towards a fundamental understand- Dr. Mayumi Seto Nara Women's University Biofunctional Catalyst RT
ing of ecological metabolism
University of Toronto, Canada
2022.12.12  Natural products and metabolism: in vivo screens in Prof. Andy Fraser Chemical Resource
C.elegans and in vitro structure-switching aptamer Development RU
sensors
University of Bologna, Italy
2022.12.16  Carbo- and nickel-catalyzed CO: valorization: new Prof. Marco Bandini Advanced Organic Synthesis RT
perspectives in organic synthesis
Roskilde University, Denmark
2023.01.17  The Sabatier principle as a tool for the discovery and Dr. Jeppe Kari Biofunctional Catalyst RT
engineering of industrial enzymes
Max-Planck-Institute for Terrestrial
2023.02.06  Bringing inorganic carbon to life: From new-to-nature Prof. Dr. Tobias J. Erb Microbiology, Germany Biofunctional Catalyst RT
carboxylases to artificial chloroplasts
University of Minnesota, USA
2023.02.20  How can plants stay in this world while their pathogens Prof. Fumiaki Katagiri Plant Immunity RG
can evolve much faster?
University of Potsdam, Germany
2023.03.07  Revealing cambium stem cell behaviours during Dr. Dongbo Shi Cell Function RT
secondary growth in Arabidopsis
Chiba University
2023.03.08  Genome editing by direct introduction of Cas9/sgRNA Dr. Yuki Yanagawa Synthetic Genomics RG
into plant cells by a temperature-controlled atmospher-
ic-pressure plasma
University of Alberta, Canada
2023.03.16  From Conducting Polymers to Mild Semiconductor Prof. Eric Rivard Advanced Catalysis RG

Synthesis in Solution: Main Group Chemistry at Work
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G:Z)W—7 T.F¥—A U 21=vbk RG: Research Group RT: Research Team RU: Research Unit U: Unit

Date & /Awards ZE& /Awardees ff%RZE / Labs
2022.04.01 HABRXLER FEYIRE THBE FL)—F— RFRTLHART
Hot Topics Award, Japan Society for Bioscience, Masami HIRAI Team Leader Metabolic Systems RT
Biotechnology, and Agrochemistry
1EBE DB TUZALRT Y7 |
Muneo SATO Technical Staff |
FE ¥E HEMEE REAEITHAET
Shigeharu MORIYA  Senior Research Scientist Environmental Metabolic Analysis RT
20220401 55 30 EARRR MM 24 A EF F-LU—5— TR EER T
The 30th Kihara Memorial Foundation Academic Award Keiko SUGIMOTO Team Leader Cell Function RT
2022.05.12 HAEHFEFS F 37 BHRXE LM A ERERED BED - BEHEERTU
The Japanese Society of Microscopy Award for the Kiminori TOYOOKA  Senior Technical Scientist Mass Spectrometry and Microscopy U
Scientific Paper (FUNDAMENTALS) in 2022
2022.05.18 A BHRE REMEE PR RIE F—LU—5— TEYREERZ T
Outstanding Research Award, Minstory of Science and Yuki NAKAMURA Team Leader Plant Lipid RT
Technology, Taiwan
2022.09.01 BFREYNAFTI/OY—FR wHXE P BEWMRE HEXYRAIZ 2R G
The JSPB Excellent Paper Award Ryo NAKABAYASHI Visiting Scientist Metabolomics RG
FEMNE JL—"TFrL09—
Kazuki SAITO  Group Director
HERLF 77=HLRy7I BEEDW - BEREERIT U
Noriko TAKEDA-KAMIYA  Technical Staff Il Mass Spectrometry and Microscopy U
HEY FAIRME
Tetsuya MORI  Expert Technician
2/ A LRERED
Kiminori TOYOOKA  Senior Technical Scientist
WA & F7-hLRIv7I XZRO—LIEHRAR T
Yutaka YAMADA Technical Staff | Metabolome Informatics RT
®BlE B2 REREVY—F - 7VYSIAH RESZTLART
Mai UZAKI  Junior Research Associate Metabolic Systems RT
2022.09.13 BEAREYNAATI/ O —F5 PEBFERE ZERH A BHEE RESRTLIFRT
The JSPB Outstanding Student Presentation Award Hiromitsu TABETA  Student Trainee Metabolic Systems RT
2022.09.18 2022 FEBAXBYZR FAE (FKifLHE) L/ NE L&A BEN - BHEREET U
The BSJ Special Prize Kiminori TOYOOKA  Senior Technical Scientist Mass Spectrometry and Microscopy U
20220920 £ 12[EKEE REFE BH £8 F-LU-—5— NABAFHRET
12th Frontier Salon Nagase Prize, Grand Prize Keiji NUMATA  Team Leader Biomacromolecules RT
2022.11.03 kIhH&E TR IIN—TFaLoy— TIHNT/ IO RMARE G
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Person for Cultual Merit

Minoru YOSHIDA  Group Director

Chemical Genomics RG

Date & /Awards ZE#& /Awardees %= / Labs
2022.11.03  Best Scientist Award, Research.com World 2022 Ranking Bl —i  FFRIEER CSRS
Best Scientist Award, Research.com World 2022 Ranking Kazuo SHINOZAKI  Senior Advisor CSRS
2022.11.07 E A EIT7yREFHHS BFSOBEXRE HE RE ERRZSIMRE fRiE - MAHRG
The 45th Fluorine Conference of Japan Excellent oral presentation Takuma TAGAMI  Special Postdoctoral Researcher ~ Catalysis and Integrated RG
award
2022.11.12 BAT7I/BFR FRE 251 E BEMR FRATEARARFT
JSAAS Award for Distinguished Investigator Naoshi DOHMAE  Deputy Division Director Technology Platform Division
2022.11.15  Highly Cited Researchers 2022 HEE NS ry—F CSRS
Highly Cited Researchers 2022 Kazuki SAITO  Director CSRS
&l —i AR
Kazuo SHINOZAKI  Senior Advisor
HEE Altvs—k
Ken SHIRASU  Deputy Director
WE e 1=vh)—%— B HIERR 9T U
Mitsunori SEO  Unit Leader Dormancy and Adaptation RU
Lam-Son Phan Tran HEF&EMRE NAAEEBEMRT
Lam-Son Phan TRAN  Senior Visiting Scientist Bioproductivity Informatics RT
iR 15 BHEETEMRE BED - BHEEET U
Hitoshi SAKAKIBARA  Senior Visiting Scientist Mass Spectrometry and Microscopy U
NIE EETF FFIRMWE
Mikiko KOJIMA  Expert Technician
I f2e ZHEMEE MEATROIIIME G
Takayuki TOHGE Visiting Scientist Metabolomics RG
2022.12.07 BERERZEHE RV — - 771 7L RREEE TN AR _EREFRE fRiE - MAHMR G
Shintaro KAWAMURA  Senior Scientist Catalysis and Integrated RG
2023.01.13  Thieme Chemistry Journals Award T HE EBRMRE HEEEBMERILEMET
Thieme Chemistry Journals Award Sobi ASAKO  Senior Scientist Advanced Organic Synthesis RT
2023.02.15 H5EBAARF—T A/ R—>avKE BH ER F-L)—5— NABHFHET
BPRINBCRIBELYREE Keiji NUMATA Team Leader Biomacromolecules RT
5th Japan Innovation Prize (JOIP) Minister of Science and
Technology Policy Award
20230220 BEH HEEMNE wri—K CSRS
Shimadzu Award Kazuki SAITO Center Director CSRS
2023.0323 HALFREERE ®EEBR IIWV—"TTeLo5— e RERREITZ G
The Chemistry Society of Japan Award for Honorary Membership Zhaomin HOU  Group Director Advanced Catalysis RG
2023.03.23 HRLFER EHHE EFOEE LERARE HEAREREMET

The Chemical Society of Japan Award for Young

Sobi ASAKO  Senior Scientist

Advanced Organic Synthesis RT
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—a—X&M1X2F News & Events

2022.04.20-21

2021 FEECSRSHERES

Froa4v

FY2021 CSRS Annual Progress Report Meeting
Online

2022.04.23

B X —RAR
I FAEER ) A 51>
RIKEN Wako Campus Open Day
RIKEN Wako campus / Online

2022.07.07

CSRSIMRER 7RI IL YTV AZII R,
XYIFXTI—T4VT

e

CSRS Accelerated Priority Program

“Single Cell Omics” Kick-off Meeting
Online

2022.10.22

B EtX —RAR

IBHT BIRSEER ) 51V

RIKEN Yokohama Campus Open Day
RIKEN Yokohama campus / Online

2022.11.04

2022 F ECSRSHEHRE=

FoIA4v

FY2022 CSRS Interim Progress Report Meeting
Online

2022.11.21
CSRSD#t 5t E8& D

"Highly Cited Researchers 20221258

Eight CSRS researchers have been selected for
Highly Cited Researchers 2022

2022.12.06
EYIRIZES R 12022
—EYBRZ TR HEREADE—
HRRE ) A1

Plant Science Symposium 2022

The University of Tokyo / Online

2023.01.06

CSRSINEE 2 7045 L Carbon Neutrality and Beyond,
FyOATI—F4Y

AVS1>

CSRS Accelerated Priority Program

“Carbon Neutrality and Beyond” Kick-off Meeting
Online

2023.02.02-03

WNKRZIRNF =S RT LT AU RRE 5 —
Xy oFTI—0>avT

TINKZE ) Fo54>

Center for Energy Systems Design, Kyushu University
Kick-off Workshop

Kyushu University / Online

MEIEDLZZHRABEBDCSRSR Y Y72 BNT S
FEICTVEMELELIZ MEEZ XA EX
BRI MRREEZZADEBERY V74—
DAL EBREDRHLHMBIEDTERVWBREZBN
LTLED,

We produced videos introducing the diverse staff
of RIKEN CSRS such as research support staff,
and administrative staff who support the research
environment.

BAEIZ TV English website
https://www.csrs.riken.jp/jp/ https://www.csrs.riken.jp/en/
activities/diversity/people/ activities/diversity/people/
index.html index.html

38

Laboratories

MEER—JIBHINTWBTIT7IIVIE
SELTWET7Iv 7Yy 7 7av 7 hELVEM%ERLET,

The following icons on the laboratory page
represent flagship projects or division involved in.

EHBEYNTF

Innovative Plant Biotechnology

HE-REYVa—23vX

Integrative Symbiological Solutions

A N 7y ) D 4

Metabolic Genome Engineering

FTEMERET =TI

Innovative Catalysts

AR v —
Leading-edge Polymers

FWRRMW TSI Y b7+ —L

Advanced Research and Technology Platforms

BUZE - EEAR B 1T B B8 i AR T

Drug Discovery Platforms Cooperation Division

00060000
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Plant Immunity Research Group
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Phtheirospermum roots responding to strigolactone derivative

Understanding plant immunity
mechanisms and developing sustainable
disease resistant crops

@search Subjects

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

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

e To isolate novel genes/metabolites for pathogen virulence

o To identify novel mechanisms for plant immunity

40

Our group’s 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 aim to isolate
small molecule compounds involved in disease resistance.

(nn

o NYVYARBRDOBFEBYORABERRDOIN)TZ7 I LTE
FEEZRTIEERR LI

o NEREGERDR 74 TEEZRHIEIRBENREENEICE
BTHBH LRI

o EYHERMERLEYOHI L —MIMEZRORREORREZD
DFEBEROMLI

Chemotropism towards strigolactone in Phtheirospermum

Gsearch Results

o We found that roots of the Orobanchaceae parasitic plants exhibit
chemotropism toward host derived strigolactones.

o We showed that receptor that recognize sphigolipid base derived
from oomycete pathogens are important for disease resistance.

e We identified a fungus overcomes the plant-derived antibiotic
rocaglate and revealed its mechanism.

FEFHX / Publications

Ogawa, S. et al.

Strigolactones are chemoattractants for host tropism in

Orobanchaceae parasitic plants.
Nat. Commun. 13, 4653 (2022)

Kato, H. et al.

Recognition of pathogen-derived sphingolipids in Arabidopsis.
Science 376, 857-860 (2022)

Chen, M. et al.

A parasitic fungus employs mutated elF4A to survive on
rocaglate-synthesizing Aglaia plants.

eLife 12, 81302 (2023)
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Group Director
Ken SHIRASU Ph.D.

20225EFE X >1X— [/ FY2022 Members

Group Director
Ken SHIRASU

Senior Research Scientist
Yasuhiro KADOTA
Takayuki MOTOYAMA

Senior Scientist
Shuta ASAI

Research Scientist
Nobuaki ISHIHAMA
Sachiko MASUDA
Naoyoshi KUMAKURA

Postdoctoral Researcher
Yu AYUKAWA

Kazuki SATO

Satoshi OGAWA

Max FISHMAN

Bruno Pok Man NGOU

Technical Staff

Kaori TAKIZAWA
Ryoko HIROYAMA
Noriko MAKI

Arisa SHIBATA

Student Trainee

Erika IINO

Yuki TANAKA
Katsuma YONEHARA

Assistant
Yoko NAGAI
Mika FUJITA
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Metabolomics Research Group
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Natural and induced mutations in ERF199 and ERF189 transcription factor genes,
which reside on NIC1 and NIC2 locus, respectively, result in low-nicotine
phenotypes in tobacco. Deletions, insertions, and substitutions were found in the

mutant alleles.

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

@search Subjects

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

e Application of the metabolomics platform to functional genomics
and biotechnology

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

e Metabolic genome engineering and synthetic biology for production
of useful compounds

42

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

(@enn

o YNIADKBEYT/LENEZBVWTEZIF EEOD FTEBEBAL.
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BESMAZ2ERELIAYROIIIER (B 7ILRAR ME. 7—
SIS T — YT DEFRmERERA RS LI

Circos plot depicting genomic features of Glycyrrhiza uralensis.

From outer to inner circles: 1, eight chromosomes scaled in Mb length,
assembly gaps have been shown in black color lines on individual
chromosomes; 2, repetitive sequences; 3, distribution of HC gene
models; 4, intra-synteny blocks.

Qsearch Results

o We have succeeded to develop ultra-low nicotine tobacco
(Nicotiana tabacum) plants, elucidating the genomic basis of
nicotine regulation. This study contributes to easy and fast
molecular breeding of tobacco containing the addictive substance
at very low levels.

e The chromosome-scale genome assembly of an important
medicinal plant, licorice (Glycyrrhiza uralensis) has been achived,
and gene clusters containing the genes in the biosynthesis of
glycyrrhizin have been identified. This research is expected to be
useful for biotechnological improvement of licorice and the
production of medicinal components.

o We have reported theory and practice of metabolomics analysis
(sample preparation, extraction, data acquisition, and data
analysis) based on high-performance liquid chromatography-mass
spectrometry to explore metabolic diversity in plants.

FE/X / Publications

Shoji, T. et al.

Natural and induced variations in transcriptional regulator genes
result in low-nicotine phenotypes in tobacco.

Plant J. 111, 1768-1779 (2022)

Rai, A. et al.

Chromosome-scale genome assembly of Glycyrrhiza uralensis
revealed metabolic gene cluster centred specialized metabolites
biosynthesis.

DNA Res. 29, dsac043 (2022)

Mori, T. et al.

A liquid chromatography-mass spectrometry-based metabolomics
strategy to explore plant metabolic diversity.

Methods Enzymol. 680, 247-273 (2023)
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Group Director
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Senior Scientist
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Advanced Catalysis Research Group
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Auto-tandem copper-catalyzed carboxylation of undirected Alkenyl C—H bond with CO-

Developing new catalysts for
more efficient, selective
chemical transformations

@search Subjects

e Precision olefin polymerization by unique rare-earth metal catalysts

e Innovative organic synthesis based on new catalyst and reaction
designs

e Small molecule activation and transformation by molecular
multimetallic hydride clusters

44

Our group aims to develop new generations of catalysts, which
are superior or complementary to existing ones, for the synthesis of
fine chemicals and functional polymers and for the efficient use of
untapped resources. Our research interests include: (1) precision
copolymerization of non-polar and polar olefins for the synthesis of
new functional polymers by unique rare-earth metal catalysts, (2)
development of regio-, stereo-, and enantioselective and atom-,
operation-efficient chemical transformations for the synthesis of fine
chemicals by designing new catalysts and new reactions, and (3)
activation and transformation of small molecules such as N, CO,

and CO, by synergistic molecular multimetallic polyhydride clusters.
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o YUFLBRIFMEARVT RAEEZDEL LBV TIILTZIILC-HES
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Self-healing polyisoprene

Gsearch Results

o We achieved the carboxylation of undirected alkenyl C-H bonds
with CO, by auto-tandem copper catalysis.

e We achieved the activation and functionalization of N, with CO. in a
dititanium dihydride framework, affording isocyanate species
through N=N and C=0 bond cleavage and N=C bond formation.

o We synthesized tough and autonomous self-healing elastomers by
scandium catalyst-controlled polymerization of isoprene.

FE/X / Publications

Sahoo, H., Zhang, L., Cheng, J., Nishiura, M., Hou, Z.
Auto-Tandem Copper-Catalyzed Carboxylation of Undirected
Alkenyl C—H Bonds with

CO: by Harnessing B-Hydride Elimination.

J. Am. Chem. Soc. 144, 23585-23594 (2022)

Zhuo, Q. et al.

Dinitrogen Cleavage and Functionalization with Carbon Dioxide in
a Dititanium Dihydride Framework.

J. Am. Chem. Soc. 144, 6972-6980 (2022)

Wang, H. et al.

Making Polyisoprene Self-Healable through Microstructure
Regulation by Rare-Earth Catalysts.

Angew. Chem. Int. Ed. 61, €202210023 (2022)
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Group Director
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The chemoproteomics using propargylamine to detect blue-light-damaged proteins in live cells

Developing new transition metal-catalyzed

reactions and conducting integrated
research of chemistry and plant science

@search Subjects

Development of catalytic fluoroalkylations

Development of asymmetric carbon-carbon bond-forming reactions

Utilization of O, for oxidation reactions

Computational analysis of transition metal-catalyzed reactions

Development of new probe molecules and their application to
biological research

46

Our group focuses on developing new transition metal-catalyzed
reactions, and on conducting integrated plant science and
chemistry research with emphasis on sustainable resource
science. In particular, we aim to develop transition metal-catalyzed
asymmetric carbon-carbon bond-forming reactions, reactions
utilizing molecular oxygen, and reactions for the synthesis of
fluorine-containing molecules. In addition, we further examine the
functions of our original catalytic reaction products. Furthermore,
this group will also contribute to enhancing collaboration between
plant/microbiology research and chemical research activities inside
CSRS through development of new modulators of plants and
microorganisms and elucidation of their action mechanisms.
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Pd-catalyzed aerobic cross-dehydrogenative coupling

Gsearch Results

o We demonstrated a novel proteomics approach to mapping
blue-light-damaged proteins marked with propargylamine in live
cells by using Raman imaging.

o We clarified the mechanism of the facial selectivity switching in
Ni—catalyzed Michael reactions.

o We developed Pd-catalyzed aerobic cross-dehydrogenative
coupling of persistent radicals with catechols.

FE/X / Publications

Toh, K. et al.
Chemoproteomic Identification of Blue-Light-Damaged Proteins.
J. Am. Chem. Soc. 144, 20171-20176 (2022)

Sohtome, Y. et al.

Experimental and Computational Investigation of Facial Selectivity
Switching in Nickel-Diamine—Acetate-Catalyzed Michael
Reactions.

J. Org. Chem. in press

Sugawara, M. et al.

Pd-catalyzed Aerobic Cross-Dehydrogenative Coupling of
Catechols with 2-Oxindoles and Benzofuranones: Reactivity
Difference Between Monomer and Dimer.

Chem Asian J. 17, 202200807 (2022)
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Chemical Genomics Research Group
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A critical role of BGLT3 long non-coding RNA in reactivation of fetal globin gene expression
upon inhibition of G9a by a specific and low-toxic G9a inhibitor RK-701

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

@search Subjects

o Development of screening systems for bioactive compounds that
target protein-protein interactions

e Development of comprehensive methodologies for target
identification of bioactive compounds

e Chemical regulation of epigenetics by controlling protein
methylation, acetylation, and acylation

o Chemical regulation of metabolism for effective bioenergy
production

48

Identification of novel small molecular ligands is essential to
understand diverse biological phenomena and to control the
biological systems by chemical methods. This project focuses on
the development of useful molecular ligands that are expected to
contribute to an advance in environmental and resource sciences
by employing chemical libraries that consist of microbial
metabolites and/or synthetic compounds. In particular, we search
into novel active compounds by constructing a variety of phenotypic
screening systems using genetically modified animal, plant and
yeast cells, and in vitro screening systems using various target
proteins that include enzymes for metabolism and epigenetics. In
addition, we construct new platforms for developing high
throughput screening systems. Our goal is to identify and provide
unique molecular ligands that are useful for chemical biology
research that aims to exploit new areas of environmental and
resource sciences.
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Hismet-HP1aCD, a FRET probe that can monitor the histone H3K9me3 binding to
HP1a chromodomain, was developed (A). Pseudocolor images (B) and the time
course (C) of emission ratios in the nuclei of COS7 cells expressing Hismet-HP1a
CD show a step-wise change due to methylation of histone H3K9me3 followed by
phosphorylation of histone H3S10 during mitosis.

Gsearch Results

o RK-701, a safe and specific inhibitor of a histone methyltransferase
G9a, strongly induces expression of fetal y-globin gene expression
by activating a non-coding RNA BGLT3, suggesting that RK-701
will be a novel therapeutics for sickle cell disease.

e We have successfully developed a fluorescent probe that can
detect histone H3K9 methylation and its interaction with the
heterochromatin protein HP1a, revealing dynamic changes in
methylation and HP1a during mitosis.

o FKBP12, the target protein of the immunosuppressor FK506,
negatively regulates the function of threonine deaminase Tda1,
thereby suppressing the biosynthesis of isoleucine.

FE/X / Publications

Takase, S. et al.

A novel and specific G9a inhibitor unveils BGLT3 IncRNA as a
universal mediator of chemically induced fetal globin gene

expression.

Nat. Commun. 14, 23 (2023)

Sasaki, K. et al.

Visualization of the dynamic interaction between nucleosomal
histone H3K9 tri-methylation and HP1a chromodomain in living

cells.

Cell Chem. Biol. 29, 1153-1161 (2022)

Sasaki, M. et al.

FK506 binding protein, FKBP12, promotes serine utilization and
negatively regulates threonine deaminase in fission yeast.

iScience 25, 105659 (2022)
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Synthetic Genomics Research Group
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Schematic model showing the generation of the DEX-inducible TF-GR lines and flow diagram of the screening of TF-GR

lines for light-signaling mutants

Contributing sustainable production of
useful biomass materials with genome
information and gene expression profile

@search Subjects

o Analysis of mechanism for plant’s response to light environment
e Research on plant biomass improvement through chemical biology

e Genome and expression studies and gene transformation of
Sorghum a C4 photosynthesis crop

e Research on the improvement of plant biomass production through
analysis of gene expression profile and genome of Para-rubber
tree

50

Our group conducts on research for elucidation of central genes
that connect to biomass increase through the study on the control
of gene expression respond to light environment. We also analyse
useful plant genome including Para-rubber tree and sorghum, a C4
photosynthesis crop. We will contribute sustainable production of
useful biomass materials through these researches.
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Schematic model showing signals that increase translational
efficiency of ribosome-related genes upon blue light reception

Gsearch Results

o We found that the increased translational efficiency of
ribosome-related genes after blue light receiving in Arabidopsis
seedlings are not only related to blue light signaling functions via
CRY and HY5, but also to chloroplast functions.

o We found that aberrant transcripts derived from intergenic splicing
are selectively eliminated at the first plant light perception.

e We generated TF-GR lines, inducible transcription factor lines
using glucocorticoid receptor fusion techniques in Arabidopsis.

FE/X / Publications

Akagi, C. et al.

Translational activation of ribosome-related genes at initial
photoreception is dependent on signals derived from both the
nucleus and the chloroplasts in Arabidopsis thaliana.

J. Plant Res. 136, 227-238 (2023)

Kurihara, Y. et al.

Intergenic splicing-stimulated transcriptional readthrough is

suppressed by nonsense-mediated mMRNA decay in Arabidopsis.
Commun. Biol. 5, 1390 (2022)

Shimada, S. et al.

A collection of inducible transcription factor-glucocorticoid receptor

fusion lines for functional analyses in Arabidopsis thaliana.

Plant J. 111, 595-607 (2022)
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Metabolic Systems Research Team
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A photo of C. roseus (upper left), fluorescent microscopic image of C. roseus
leaf (right) and its magnification (lower left). Two types of fluorescent idioblast
cells are indicated by purple arrows and orange arrowheads.

Understanding the mechanisms and
physiology of plant metabolism and
improving production of useful materials

@search Subjects

e Elucidation of the regulatory mechanism of amino acid biosynthesis

o |dentification of genes involved in biosynthesis/degradation of plant
specialized metabolites

o |dentification of metabolic pathways regulating plant development

e Data mining from metabolome data through machine learning and
mathematical modeling

52

Metabolism is the basis of life and is finely regulated. Plant
metabolism and its regulation are complicated, because plants
produce primary metabolites as well as diverse specialized
metabolites. Since ancient times, humans have used plant
metabolites for nutrients, medicine, flavors, etc. We aim to
understand the mechanisms and physiology of plant metabolism
and improve plant productivity of useful metabolites based on our
findings. We identify genes involved in biosynthesis/degradation of
amino acids and their derivative specialized metabolites and
elucidate regulatory mechanism. We also develop metabolomics
techniques and exploit mathematical modelling and machine
learning for data mining from metabolome data.
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Models of glutathione degradation and glucosinolate/camalexin
biosynthesis under sulfur-sufficient (top) and -deficient (bottom)
conditions

Gsearch Results

o We established a simple method of hairy root creation using
Japanese pea cultivar and Rhizobium strain.

o We clarified that a cytosolic enzyme GGP1 degrades glutathione
and has dual roles in primary and secondary sulfur metabolism in
Arabidopsis thaliana.

o We clarified that two types of idioblast cells of Catharanthus
roseus, which accumulate alkaloids and have different
morphologies, differ in the time of acquisition of alkaloid
accumulation capacity.

FE/X / Publications

Uchida, K., Hirai, M.Y.

A simple method for creating transgenic pea hairy roots using a
Japanese pea cultivar and a Japanese Rhizobium radiobacter
strain.

Plant Biotechnol. 40, 1-4 (2023)

Ito, T. et al.

Gilutathione degradation activity of y-glutamyl peptidase 1
manifests its dual roles in primary and secondary sulfur
metabolism in Arabidopsis.

Plant J. 111, 1626-1642 (2022)

Uzaki, M. et al.

Differential regulation of fluorescent alkaloid metabolism between
idioblast and lacticifer cells during leaf development in
Catharanthus roseus seedlings.

J. Plant Res. 135, 473-483 (2022)
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MS-DIAL, an integrated platform for metabolomics

Developing software platforms and
databases for metabolomics research

@search Subjects

o Analysis and interpretation of metabolomic data
o Software development for metabolome analysis and simulations

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

Qsearch Results

e We continued development of MS-DIAL software.

o We performed international standardization of metabolite
nomenclature.

o We predicted retention-time of peptide secondary metabolites.

FE/X / Publications

McDonald, J. G. et al.
Introducing the lipidomics minimal reporting checklist.
Nat. Metab. 4, 1086-1088 (2022)

Mori, T., Rai, A., Tsugawa, H., Yamada, Y., Saito, K.

A liquid chromatography-mass-spectrometry-based metabolomics
strategy to explore plant metabolic diversity.

Methods Enzymol. 680, 247-273 (2023)
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Environmental Metabolic Analysis Research Team
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Materials informatics approach has been developed for structure-property relationship in biodegradable polymers.

Exploring sustainability of
environmental metabolic system
based on a data-driven approach

@search Subjects

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

e Methodology development of data mining and accumulation of
databases for environmental measurements

e Sustainable utilization of land- and aquatic biomass based on
studies of natural material cycles

e Symbiotic metabonomic analysis between animal and symbiotic
microbiota in relation to their food nutrients

56

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

Gsearch Results

e We have developed materials informatics approach for
structure-property relationship in biodegradable polymers.

o We have visualized micribiome-metabolome network in closed
onshore aquaculture system.

o We have featured extraction of salmons among fish diversity by
data science approach.

FE/X / Publications

Shima, H. et al.

Identification of salmoniformes aquaculture conditions to increase
the creatine and anserine levels using multiomics dataset and

nonnumerical information.
Front. Microbiol. 13, 991819 (2022)

Yokoyama, D., Suzuki, S., Asakura, T. Kikuchi, J.
Microbiome and metabolome analyses in different
closed-circulation aquarium systems and their network
visualization.

ACS Omega 7, 30399-30404 (2022)

Miyamoto, H. et al.

A potential network structure of symbiotic bacteria involved in
carbon and nitrogen metabolism of wood-utilizing insect larvae.

Sci. Total Environ. 836, 155520 (2022)
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Plant Genomic Network Research Team
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Ethanol enhances heat stress tolerance in plants.

Analyzing plant genomic networks for
environmental stress adaptation and
improved productivity

@search Subjects

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

e Advancement of cassava molecular breeding by cutting-edge
technologies

o Development of useful plant resources, such as enhanced stress
tolerance and increased plant productivity by chemical regulation
and transformation technology

58

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

Gsearch Results

o We revealed that ethanol treatment enhances drought stress
tolerance by inducing stomatal closure.

o We revealed that ethanol treatment enhances heat stress tolerance
by inducing unfolded protein response.

o We revealed chromatin landscape regulated by MeJA and HDAG in
plant stress response.

FE/X / Publications

Bashir, K. et al.

Ethanol-mediated novel survival strategy against drought stress in

plants.

Plant Cell Physiol. 63, 1181-1192 (2022)

Matsui, A. et al.

Ethanol induces heat tolerance in plants by stimulating unfolded

protein response.

Plant Mol. Biol. 110, 131-145 (2022)

Vincent, S. et al.

Jasmonates and histone deacetylase 6 activate Arabidopsis
genome-wide histone acetylation and methylation during the early

acute stress response.
BMC Biol. 20, 83 (2022)
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Cell Function Research Team
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Arabidopsis mesophyll protoplast cell (left) restarts cell division when cultured under proper conditions (right).

Uncovering the regulatory network
underlying plant organ growth
and regeneration

@search Subjects

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

o Molecular manipulation of organ regeneration in crops

60

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

(nn

o MELIHRR(ERTANSZNALDTATZIVTIEWT A —
FOUABMHRASRBRADERRRT YT ICRBIER. ZDBIRIC
BO2EELGERFEHLMILI,

o REBBRDFMICHE W Trihelix8EsBEE FT#HSGTLI £DF I A°RSLAER
ERFOBGFRREZIHTEIETREMBOBRZETCIA
BlEEFERLI

° WENBVWAEFTRERGFT(ERS CRE) CRALIERCEES
EPMEET B, ZD—RIG LRI T RHAZE N LIDEEFH
RGBS BRSNS THE e RIELT,

Nutrient rich condition inhibits root hair growth.
GTL1 and DF1 function in this regulation.

Gsearch Results

o In cell reprogramming from leaf mesophyll protoplasts, we have
revealed that auxin synthesis is an important step for resumption of
cell division and identified important transcription factors involved in
the process.

e We have discovered that the trihelix transcription factors GTL1 and
DF1 are required for proper termination of root hair growth under
nutrient rich condition through the suppression of RSL4 gene
expression.

o Relatively high growth temperature conditions (around 5°C higher
than the optimum temperature) promote callus formation and shoot
regeneration. We discovered that this is partly due to the release of
gene expression suppression mechanism mediated by histone
variant H2A.Z.

FE/X / Publications

Sakamoto, Y. et al.

Transcriptional activation of auxin biosynthesis drives
developmental reprogramming of differentiated cells.

Plant Cell 34, 4348-4365 (2022)

Shibata, M. et al.

Trihelix transcription factors GTL1 and DF1 prevent aberrant root

hair formation in an excess nutrient condition.

New Phytol. 235, 1426-1441 (2022)

Lambolez, A. et al.

Warm temperature promotes shoot regeneration in Arabidopsis

thaliana.

Plant Cell Physiol. 63, 618-634 (2022)
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Plant Symbiosis Research Team
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Interaction of NHL13a with symbiotic receptors and downstream targets

Understanding plant-microbe symbiosis
in order to establish
sustainable agriculture

@search Subjects

o Elucidation of molecular mechanisms in nodulation
o Identification of molecular components in infection by rhizobia

o Application of root nodule symbiosis to cereals

62

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

Gsearch Results

o We developed UniverSC, a universal single-cell RNA-seq data
processing tool.

o We identified a protein involved both in plant immunity and
symbiosis.

o We found LTR retrotransposons that are activated and transposed
by hybridization.

FE/X / Publications

Battenberg, K. et al.
A flexible cross-platform single-cell data processing pipeline.
Nat. Commun. 13, 6847 (2022)

Yamazaki, A., Battenberg, K., Shimoda, Y., Hayashi, M.
NDR1/HIN1-Like Protein 13 Interacts with Symbiotic Receptor
Kinases and Regulates Nodulation in Lotus japonicus.

Mol. Plant Microbe Interact. 35, 845-856 (2022)

Battenberg, K., Hayashi, M.

Evolution of root nodule symbiosis: Focusing on the
transcriptional regulation from the genomic point of view.
Plant Biotechnol. 39, 79-83 (2022)
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Advanced Organic Synthesis Research Team
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SpiroBipyridine: a powerful ligand that accelerates catalysis

Exploring next generation
organic synthesis for
an environmentally sustainable society

@search Subjects

e Direct and selective functionalization of organic molecules
e Catalysis with Earth-abundant metals

e Organic synthesis with organosodium

64
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Our team aims at the development of “next generation synthesis”
and its utilization for the creation of functional organic molecules.
Our vision of “next generation synthesis” is inspired by the highly
efficient reactions the Nature uses: direct and highly selective
coupling of organic molecules without prefunctionalization with
reactive groups. We envision that by precise design of ligands,
efficient and selective catalysts enable the rapid assembly of
complex functional molecules from simple building blocks. We are
also interested in the development of sustainable catalysis based
on Earth-abundant metals such as iron and molybdenum, and the
utilization of organosodium compounds for organic synthesis.
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Molybdenum-catalyzed deoxygenative coupling of carbonyl compounds

Gsearch Results

o We developed a spirobipyridine ligand that accelerates
iridium-catalyzed borylation of arenes.

o We found that a molybdenum catalyst promotes the deoxygenative
coupling of carbonyl compounds.

e We investigated transition-metal-catalyzed coupling of
organosodium compounds.

FE/X / Publications

Banerjee, S., Kobayashi, T., Takai, K. Asako, S., llies, L.

Molybdenum—Quinone-Catalyzed Deoxygenative Coupling of

Aromatic Carbonyl Compounds.
Org. Lett. 24, 7242-7246 (2022)

Asako, S., llies, L.

Iron-Catalyzed Enantioselective C—H Functionalization.
Handbook of CH-Functionalization, Ed.: D. Maiti, John
Wiley&Sons, Inc. (2022)
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Green Nanocatalysis Research Team
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Ni(acac).-catalyzed Bachwald-Hartwig type reaction with phenyboronic acids

Can we develop suitable catalysts
towards green sustainable chemistry?

Gsearch Subjects

e Development of self-organized catalysts of polymer ligands and
metal species

o Development of spatial catalysts where micro/nano space materials
and catalytic molecules/clusters are merged

o Development of electromagnetic waves-activated catalysts

66

“Can we show the general methodology for development of
highly active & reusable catalysts?”, “If we can develop ultimately
highly active catalysts, can they promote unrealized reactions?”, “If
we cover catalysts with light, what reactions will be promoted?”, and
“Can we develop suitable catalysts towards green sustainable
chemistry?” It is our mission in our team to show our answers
against the above-mentioned questions. For this purpose, we will
develop self-organized catalysts of polymer ligands and metal
species, spatial catalysts where micro/nano space materials and
catalytic molecules/clusters are merged, and electromagnetic
waves-activated catalysts.
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Conversion of haloalkylamides to hydroxyalkyInitriles catalyzed by
phenylboronic acid

Gsearch Results

o We found that haloalkylamides were readily converted to
hydroxyalkylnitriles in the presence of catalytic amount of
phenylboronic acid.

e We found that the Bachwald-Hartwig type reaction selective for aryl
iodide proceeds by using Ni(acac). as a catalyst and phenylboronic
acids as an activator. Some products were found to have antifungal
activity.

o We developed the microwave irradiation selective hydrogenolysis
of iodoarenes using triethanolamine as a sacrificial reducing agent
in the presence of silicon nanowire array palladium catalyst.

FE/X / Publications

Sen, A, Muranaka, A., Ohno, A., Yamada, Y. M. A.
Oxygen transfer reaction of haloalkyl amides catalyzed by
phenylboronic acid.

Commun. Chem. 6, 29 (2023)

Dhital, R. N. et al.

Phenylboronic Ester-Activated Aryl lodide-Selective
Buchwald-Hartwig Type Amination towards Bioactivity Assay.
ACS Omega 7, 24184-24189 (2022)

Matsukawa, Y., Yamada, Y. M. A.
Microwave-Assisted Hydrogen-Free Reductive Deiodination of
lodoarenes with Silicon-Nanoarray Palladium-Nanoparticle
Catalyst.

Synlett 33, 777-780 (2022)
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Biofunctional Catalyst Research Team
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By optimizing the pH, electrode potential, and pKa of the molybdenum sulfide catalyst, we were able to realize selective

synthesis of (a) NO, (b) N20, and (c) NH4* from NO2".

Understanding biological electron
transfer is critical to develop
a sustainable energy strategy

@search Subjects

o Development of water splitting catalysts

e Investigation of giant electro-ecosystems in a deep hydrothermal
environment

o Microbial electricity generation

68

We work on the development of biologically inspired catalysts
and their application to energy conversion and production systems.
Specifically, we aim to understand nature’s ingenuity towards
multielectron transfer catalysis, electron/proton transport, metabolic
regulation, responsiveness to external stimuli, and energy
management in deep sea environments to develop novel materials
and systems necessary to effectively manage renewable energy
sources.
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Marine earthworms (Thalassodrilides cf. briani) collected from an aquaculture
environment (left) were transferred into an electrochemical reactor and the electric
signals were monitored (right).

Qsearch Results

o We succeeded in the regulation of the electrocatalytic nitrogen
cycle using sequential proton—electron transfer.

e We succeeded in real-time monitoring of the electric signals of the
activity of marine earthworms in aquaculture environments.

o We successfully cultivated electroautotrophic microorganisms using
the naturally occurring electromotive forces at a deep-sea
hydrothermal vent.

FE/X / Publications

He, D. et al.

Regulation of the electrocatalytic nitrogen cycle based on
sequential proton—electron transfer.

Nat. Catal. 5, 798-806 (2022)

Shono, N. et al.

Tracing and regulating redox homeostasis of model benthic
ecosystems for sustainable aquaculture in coastal environments.
Front. Microbiol. 13, 907703 (2022)

Yamamoto, M. et al.

In situ electrosynthetic bacterial growth using electricity generated
by a deep-sea hydrothermal vent.

ISME J. 17, 12-20 (2023)
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Molecular Ligand Target Research Team
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Chemical-genetic profiles of jervine, D75-4590, NP329, NP293, calcofluor white, and tunicamycin using a nonessential deletion collection of the budding

yeast mutants. Blue, negative chemical-genetic interactions.

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

chemical genetic interactions

@search Subjects

e Global analysis of chemical genetic interactions between molecular
ligands and their target molecules

e Validating the mode of action of bioactive compounds

o |dentifying bioactive chemical tools and therapeutic leads that
target essential gene pathways

70

Bioactive molecular ligands with unique physiological effects
must have specific cellular targets. Target identification is critical for
elucidating the mechanism of action of molecular ligands and for
drug discovery. However, drug target identification has been
extremely difficult, because the interactions between molecular
ligands and their targets are not uniform. Our team aims to develop
innovative techniques for target identification based on the global
analysis of yeast chemical-genetic and genetic interactions, leading
to quick and accurate elucidation of ligand-target interactions.
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Candida growth assay with NPD827 in combination with fluconazole and Model
of NPD827 mechanism of action

Gsearch Results

o We developed a general, scalable deep learning framework for
network integration called BIONIC (Biological Network Integration
using Convolutions), which uses a graph convolutional network to
embed genes and proteins from each input network into a common
feature space.

o We screened NPD827, as the most active hit with enhanced
activity against Candida albicans in combination with the
conventional antifungal fluconazole and found its unusual mode of
action which involved disruption of membrane homeostasis.

o We revealed that jervine, a jerveratrum-type steroidal alkaloid,
inhibited the biosynthesis of -1,6-glucan based on the
chemical-genetic profiling.

FE/X / Publications

Forster, DT. et al.
BIONIC: biological network integration using convolutions.
Nat. Methods 19, 1250-1261 (2022)

Revie, NM. et al.

Targeting fungal membrane homeostasis with
imidazopyrazoindoles impairs azole resistance and biofilm
formation.

Nat. Commun. 13, 3634 (2022)

Kubo, K. et al.

Jerveratrum-type steroidal alkaloids inhibit 3-1,6-glucan
biosynthesis in fungal cell walls.

Microbiol. Spectr. 10, 0087321 (2022)
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Bioproductivity Informatics Research Team
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Genetic variation of a barley diverse panel illustrated based on an

exome-sequencing of a barley diverse panel

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

®search Subjects

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

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

e Enhancement of biomass by modification of the metabolism and
cellular system in grasses and microalgae
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Our team aims to develop plants with improvements in the
quantitative and qualitative productivity of cellulosic biomass. By
using model grass, we carry out gene discovery to improve
biomass productivity and environment adaptability in plants.
Furthermore, we are promoting applied researches for plants for
biomass resources in collaboration with universities and institutes.
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Atrace image of Eugelna phototaxis

‘search Results

o We revealed genetic associations with ten agronomic traits in
Eastern landraces through wxome-wide variation analysis in a
diverse barley panel.

o We demonstrated CRISPR/Cas9-mediated generation of
non-motile mutants improve the harvesting efficiency of Euglena
gracilis.

o We found that zeaxanthin is required for eyespot formation and
phototaxis in Euglena gracilis.

FE/X / Publications

Kim, J. S. et al.

Exome-wide variation in a diverse barley panel reveals genetic
associations with ten agronomic traits in Eastern landraces.

J. Genet. Genomics 50, 241-252 (2023)

Ishikawa, M. et al.

CRISPR/Cas9-mediated generation of non-motile mutants to
improve the harvesting efficiency of mass-cultivated Euglena
gracilis.

Plant Biotechnol. J. 20, 2042-2044 (2022)

Tamaki, S. et al.

Zeaxanthin is required for eyespot formation and phototaxis in
Euglena gracilis.

Plant Physiol. 191, 2414-2426 (2023)
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Biomacromolecules Research Team
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Schematic illustration of spider silk database, Silkome. As examples of Silkome databse, the main page of Silkome, materiomics,
sequence data, and phylogenetic tree with protein information are shown.

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

@search Subjects

e 3D structures and polymerization mechanisms of biopolymer
synthases

e Search and development of microorganisms, polymerases, and
depolymerases

o Design and biosynthesis of bio-inspired functional peptides

e Biopolymer production and plant modifications via plant
biotechnology
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We aim to search for, create and develop new functional
enzymes (polymerase and protease) as well as new
microorganisms (phototrophic bacteria) to contain developed
enzymes based on the relationship between structures and
functions of biopolymer synthases. The final goal of our laboratory
is to design and develop novel functional enzymes to produce
biopolymers such as poly (hydroxyalkanoate) (PHA) and
polyamide/polypeptide, which can be used as structural materials.
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Gene delivery system into plant mitochondria using carbon nanotube with functional
peptides. The experimental scheme (a), penetration pathway to plant mitochondria
(b), an atomic force microscopy image (c) and a molecular simulation snap shot of
carbon nanotube/peptide complexes (d).

Gsearch Results

o We constructed a database that summarizes the sequences,
physical properties, chemical properties, and biochemical
properties of spider silks and their silk proteins, and built a platform
for material informatics of biopolymers.

o To efficiently introduce exogenous DNA into the nucleus and
chloroplasts of plant cells, we developed a new low-toxicity method
using a zwitterionic liquid.

e By combining carbon nanotubes and functional peptides, we
successfully introduced genes into plant mitochondria with high
efficiency and quantitatively evaluated their expression.

FE/X / Publications

Arakawa, K. et al.

1000 spider silkomes: Linking sequences to silk physical

properties.

Sci. Adv. 8, eabo6043 (2022)

Miyamoto, T. et al.

Relaxation of the plant cell wall barrier via zwitterionic liquid
pretreatment for micelle-complex-mediated DNA delivery to specific

plant organelles.

Angew. Chem. Int. Ed. 61, €202204234 (2022)

Law, S. S. Y. et al.

Polymer-coated carbon nanotube hybrids with functional peptides
for gene delivery into plant mitochondria.

Nat. Commun. 13, 2417 (2022)
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Bioplastic Research Team
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Evaluation of biodegradability for semi-aromatic polyesters with different substitutions

Creating new high quality plastic
materials made from biomass

@search Subjects

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

e New advanced methods for biomass-polymer synthesis

76

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

Gsearch Results

o We succeeded in the biosynthesis of novel bio-polythioester.

o We found the substitution effect of aromatic unit on biodegradability
for aliphatic-aromatic polyesters.

o We elucidated the relationships between miscibility and
environmental degradability for biopolyester-based polymer blends.

FE/X / Publications

Sasanami, Y. et al.

Purification and Characterization of an Enzyme that Degrades
Polyamide 4 into gamma-Aminobutyric Acid Oligomers from
Pseudomonas sp. TNN1.

Polym. Degrad. Stab. 197, 109868 (2022)

Ceneviva, LVS. et al.

Poly(3-mercapto-2-methylpropionate), a Novel a-Methylated
Bio-Polythioester with Rubber-like Elasticity, and Its Copolymer
with 2-Hydroxybutyrate: Biosynthesis and Characterization.
Bioengineering-Basel 9, 228 (2022)
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Cell Factory Research Team
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An efficient design producing 2,3-butanediol from glycerol with a recombinant Bacillus subtilis

Designing and constructing
optimal cell factories for
valuable chemical compounds

@search Subjects

o Building cell factories for production of valuable chemicals
e Developing in silico tools for designing artificial metabolic pathways

o Developing high functional enzymes catalyzing target metabolic
reactions
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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.
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Complete bioconversion of butadiene from muconic acid with two kinds of artificial
enzymes

Qsearch Results

o We developed an algorithm of metabolic designs, applying the
bioproductions of various useful compounds.

o We constructed a Bacillus subtilis efficiently producing
2,3-butanediol from glycerol by a practical metabolic design using a
genome-scale model.

e We succeeded in bioproduction of butadiene with a high yield by
developing an artificial enzyme with use of enzyme engineering
technology.

FE/X / Publications

Shirai, T., Kondo, A.

In Silico Design Strategies for the Production of Target Chemical
Compounds Using lterative Single-Level Linear Programming
Problems.

Biomolecules 12, 620 (2022)

Fujiwara, R. et al.

G6P-capturing molecules in the periplasm of Escherichia coli
accelerate the shikimate pathway.

Metab. Eng. 72, 68-81 (2022)

Vikromvarasiri, N., Noda, S., Shirai, T., Kondo, A.

Investigation of two metabolic engineering approaches for
(R,R)-2,3-butanediol production from glycerol in Bacillus subtilis.
J. Biol. Eng. 17, 3 (2023)
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Molecular Bioregulation Research Team
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A synthetic dye for rapid starch staining

Regulation of plant physiology
with synthetic molecules

@search Subjects

e Precise control of plant hormone signaling
o New methodology for regulating plant reproduction

o Development of new technology in chemical biology

80
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Although increasing global food supply is the critical issue for
sustainable society, crop yields are growing too slowly to meet the
expected food demand. We are rather facing many problems such
as climate change, which will make it challenging to produce
enough food. Our team aims at solving these issues by chemical
biology approach. We search key genes for stable food production
through forward and reverse chemical genetics. The compounds
obtained from chemical screening will be structurally optimized
through chemical synthesis and applied to regulate physiological
functions of plants. Our goal is to go beyond the limitation of current
plant science and agriculture by combining synthetic chemistry and
plant biology, and to explore new field of sustainable resource
science.
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Chemically induced dimerization system using auxin receptor pair

Gsearch Results

o We developed a fluorescent molecule that illuminates starch
granules.

e We developed dyes for a rapid imaging of subcellular
compartments in plants.

o We established controlled gene expression in plants.

FE/X / Publications

Kusano, S., Nakamura, S., lzumi, M., Hagihara, S.
Development of 1,8-Naphthalimide dyes for a rapid imaging of

subcellular compartments in plants.

Chem. Commun. 58, 1685-1688 (2022)
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Plant Lipid Research Team
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A microscope image showing specific sub-organelle localization of
LPPe1 (green) within the chloroplasts (magenta)

A lipidomic approach to addressing
plant growth and development

@search Subjects

o Lipid-mediated mechanism in plant growth and developmental
control

o Physiological significance of molecular diversity in the membrane
lipid profiles

e Spatiotemporal (4-D) lipidomics -An effort to address the
subcellular dynamics of plant lipid metabolism at spatiotemporal
resolution-

e Utilization of photosynthetic assimilates through the lipid metabolic
engineering

82

We are investigating how lipids control plant growth and
development. Lipids play diverse roles in energy storage, cellular
membrane integrity and signal transduction. Under the concept of
“Spatiotemporal (4-D) lipidomics”, we precisely address the
molecular dynamics of lipid metabolism and underlying mechanism
in growth control. Our basic research will form the basis of
knowledge-based metabolic engineering strategy to efficiently
convert photosynthetic assimilates into industrially valuable lipids,
which contributes to the development of carbon-neutral society.
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Arabidopsis wild-type plant (left) and transgenic plant
partially disrupting LPAT2, a major enzyme for lipid
biosynthesis

Gsearch Results

o We revealed that a pair of enzymes at chloroplast and ER
cooperate in ER-localized lipid biosynthesis.

e We demonstrated an enzyme function in plant lipid biosynthesis
pathway.

o We discovered a new metabolic pathway for plant seed oil
production.

FE/X / Publications

Nguyen, V. C., Nakamura, Y.

Distinctly localized lipid phosphate phosphatases mediate
endoplasmic reticulum glycerolipid metabolism in Arabidopsis.
Plant Cell 35, 1548-1571 (2023)

Barroga, N. A. M., Nakamura, Y.

LYSOPHOSPHATIDIC ACID ACYLTRANSFERASE 2 (LPAT2) is

required for de novo glycerolipid biosynthesis, growth, and

development in vegetative and reproductive tissues of Arabidopsis.

Plant J. 112, 709-721 (2022)

TAN, Y.-R., Nakamura, Y.
The importance of Arabidopsis PHOSPHOLIPID

N-METHYLTRANSFERASE in glycerolipid metabolism and plant

growth.
J. Exp. Bot. 73, 2971-2984 (2022)
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Plant Chemical Genetics Research Team
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N-hydroxypipecolic acid is drastically accumulated during powdery mildew infection in wheat.

Contributing sustainable crop productivity

and improvement of environmental stress
adaptation through elucidation of
plant hormone functions

Gsearch Subjects

o Elucidation of plant hormone metabolic regulations and signaling

e Search of new hormone-like molecules in plants

o Molecular breeding of crops by modifying plant hormone action

e Development of small molecules that regulate plant hormone action

o |dentification of key genes for improving crop productivity

84

The Green Revolution in crops is an effective use of gene
mutation that altered the gibberellin action of plant hormones.
Bioactive small molecules including plant hormones exhibit various
physiological actions and are involved in plant growth and
adaptation to environmental stress. Further elucidation and
utilization of plant hormone functions are necessary to develop
crops that can grow with less environmental impact under global
climate change. In addition, we also explore key genes for plant
growth and environmental stress adaption and aim to improve food
productivity by applying the scientific knowledge to practical crops.
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cyp707a quadruple mutant exhibits sterility due to
abnormal development of stamens.

Gsearch Results

o We found that inactivation of abscisic acid is required for the
efficient pollination in Arabidopsis.

o We found that there is no antagonism between abscisic acid and
salicylic acid in wheat.

o We found that N-hydroxypipecolic acid plays an important role
during powdery mildew infection in wheat.
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Chemical Biology and Biosynthesis Research Team
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The structures of the bioactive compounds produced in the microbial host

Production of novel bioactive
compounds with biosynthetic ways

@search Subjects

o Redesign of biosynthetic machinery
o Alteration of enzyme function

e Functional elucidation of bioactive compounds

86

Our laboratory aims to contribute to solving social issues such as
the decrease and depletion of natural resources and to advance
environmental resource science research through research on
chemical biology and biosynthesis, including research on new
useful natural products using biosynthetic methods. We analyze the
biosynthesis pathway of bioactive substances and construct
substance production systems in microbial hosts. We create
non-natural compounds by modifying biosynthetic pathways and
enzyme functions in the production system. We also analyze the
mechanism of action of the bioactive compounds and obtain new
knowledge in chemical biology.
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The cryo-EM structure of the enzyme which accepts 3-NAD and
SAM as substrates for secondary metabolite biosynthesis

Qsearch Results

o We solved the structure basis of the enzyme which accepts 3-NAD
and SAM as substrates.

e We constructed the production system of bioactive meroterpenoids
in the microbial host to produce two novel compounds.

o We constructed the production system of bioactive indole
terpenoids in the microbial host and identified one novel
a-ketoglutarate oxygenase.

FE/X / Publications

Awakawa, T., Liu, W., Bai, T., Taniguchi, T., Abe, I.

Orthoester formation in fungal meroterpenoid austalide F
biosynthesis.

Philos. Trans. R. Soc. Lond., B, Biol. Sci. 378, 1871, 20220037
(2023)

Awakawa, T., Mori, T., Ushimaru, R., Abe, I.
Structure-based engineering of a-ketoglutarate dependent
oxygenases in fungal meroterpenoid biosynthesis.

Nat. Prod. Rep. 40, 46-61 (2023)

Zhou, L., Abe, I., Awakawa, T.
Biosynthesis of dihydroxyardeemin by heterologous expression.
Tetrahedron 127, 133095 (2022)
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Dormancy and Adaptation Research Unit
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Quantification of auxin (indole-3-acetic acid) from maize coleoptiles

Discovering genes and chemicals that
improve seed quality and
plant adaptation responses

@search Subjects

e |dentification and functional characterization of plant hormone
transporters

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

o |dentification of factors involved in seed dormancy, germination and
longevity

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

88

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, gibberellin, jasmonates and auxin
are regulated. We will optimize plant adaptation responses by
genetic and chemical regulation of hormone transport and
biosynthesis.
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NPF5.1 is expressed in the seed coat.

Qsearch Results

o We revealed that the ABA importer NPF5.1, which is expressed in
the seed coat of Arabidopsis, regulates seed germination.

o We revealed natural variation in plant hormone contents among
Arabidopsis accessions.

o We quantified plant hormones from very small plant tissues using
nanoLC-MS.

FE/X / Publications

Zheng, L. et al.

Seed dormancy 4 like1 (SFL1) of Arabidopsis is a key regulator of

phase transition from embryo to vegetative development.
Plant J. 112, 460-475 (2022)

Shimizu, T., Kanno, Y., Watanabe, S., Seo, M.
Arabidopsis NPF5.1 regulates ABA homeostasis and seed
germination by mediating ABA uptake into the seed coat.
Plant Signal. Behav. 17, 2095488 (2022)

Delfin, J. et al.

AtGH3.10 is another jasmonic acid-amido synthetase in
Arabidopsis thaliana.

Plant J. 110, 1082-1096 (2022)
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Environmental Response Research Unit
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Plant nutrient use efficiency, seaweeds
survival mechanism, developing methods
for removal of unwanted metals from
the environment

Qsearch Subjects

o Dissection of signaling cascades in plant response to nutrient
deprivation

e Improvement of plant nutrient use efficiency in response to nutrient
limitation

e Understanding of marine macroalgae life in the marine environment

e Establishment of remediation methods for land contaminated with
unwanted metals using plants and chemical compounds
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A selenium accumulating enhancing chemical,
C9HBN20S improves the plant selenate
tolerance response via an Arabidopsis
BETA-GLUCOSIDASE 23 protein.

Potassium is one of major nutrients for plant growth, and lack of it
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. In parallel, we are
using a marine red macroalga, Pyropia yezoensis (susabinori) in order
to understand the mechanisms that enable seaweeds to survive in
salty condition and to compare these mechanisms with those of the
land plant Arabidopsis thaliana in terms of Na*/K* homeostasis. In
addition, to establish a new method of phytoremediation, chemical
screenings to elucidate the chemicals which affect cesium and heavy
metals uptake in plants were conducted and the characterization of
selected chemicals are on-going using multidisciplinary approaches.
As an extension, the roles of these selected chemicals for the removal
of unwanted metals contamination are studying. We are also
intensively elucidating regulatory components of unwanted metals
uptake that selectively inhibit/suppress/prevent uptake of metals from
contaminated soil.

i
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Growth response of Arabidopsis wild-type Col-0 and the changes in the gene
expression profiles of root tissue under low K content and Cs treatments

Qsearch Results

o We revealed that the divergence of mechanisms underlying low K
and Cs stress may be linked to changes in ABA perception and
signaling through Arabidopsis transcriptomic analysis.

e We demonstrated that a selenium accumulating and tolerance
enhancing chemical, COH8N20S, improved selenium tolerance
and accumulation via an Arabidopsis BETA-GLUCOSIDASE 23
protein.

e We elucidated the mode-of-actions of growth-enhancing phenolic
compounds.

FE/X / Publications

Park, C.-J., Shin, R.

Calcium channels and transporters: Roles in response to biotic
and abiotic stresses. Front.

Plant Sci. 13, 964059 (2022)

Moon, J.Y., Miyazaki, T., Muroi, M., Watanabe, N., Shin, R.
Isolation of novel chemical components and their target proteins
in plants under selenium stress.

Methods Enzymol. 680, 421-438 (2022)

Kim, Y.-A., Moon, H., Shin, R., Park, C.-J.

Rice nucleus-encoded thylakoid protein, OsY3IP1, confers
enhanced tolerance to saline and alkaline stresses in rice.
Rice Sci. 29, 225-236 (2022)
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Natural Product Biosynthesis Research Unit
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Analysis of lucilactaene biosynthesis

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

@search Subjects

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

e Evaluation of transcriptional regulators associated with secondary
metabolite gene clusters

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

o Development of small molecules that enhance production of
secondary metabolites

o Construction of biosynthetic platforms using microorganisms
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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.

o SEFHEBROFM LV ERAFTIARVAREREFKE L,

e Fusarium sp. RK97-94 MO OIS S5 TV FEBHREEMLZD
EYEEEFIE LT

e Streptomyces sp. SN-593% FHLT 2R R E BB DRENT. IHDF1L
BYEEZZRRBEEFTE. ROTARVEBRRT Iy b7+ — Lt
%[/7:0

A bifunctional drimenol synthase from marine bacteria

Gsearch Results

o We have identified novel drimenol synthase from marine bacteria.

e We have isolated a novel lucilactaene derivative from Fusarium sp.
RK97-94 and evaluated their biological activity.

o We used Streptomyces sp. SN-593 to analyze secondary metabolic
biosynthesis, induce secondary metabolic production by small
molecules, and establish a terpene biosynthetic platform.

FE/X / Publications

Vo, N.N.Q., Nomura, Y., Kinugasa, K., Takagi, H., Takahashi, S.
Identification and characterization of a bifunctional drimenol
synthase of bacterial origin from Aquimarina spongiae.

ACS Chem. Biol. 17, 1226-1238 (2022)

Adel, |. et al.

Isolation of new lucilactaene derivatives from P450
monooxygenase and aldehyde dehydrogenase knockout
Fusarium sp. RK97-94 strains and their biological activities.
J. Antibiot. 75, 361-374 (2022)

Takahashi, S.

Studies on Streptomyces sp. SN-593: reveromycin biosynthesis,
B-carboline biomediator activating LuxR family regulator, and
construction of terpenoid biosynthetic platform.

J. Antibiot. 75, 432-444 (2022)
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Formation of mutual network and
promotion of chemical biology study

Gsearch Subjects

o Target identification of bioactive compounds
e Screening and isolation of novel bioactive microbial products

o Understanding of biosynthetic mechanism of microbial secondary
metabolites
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Our unit is collaborating with Anticancer Agent Research Center
of KRIBB directed by Dr. Jong Seog Ahn on the integrative research
of bioactive compounds derived from microorganisms. The goal of
this joint team is the discovery of drug candidate compounds
through the chemical biology research from the chemical studies
such as screening, isolation and structure determination to the
biological studies such as biosynthesis, evaluation of biological
activity, and the understanding of the mechanism of action.
Exchange and long-term stay of researchers will promote the
formation of a human network.
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Qsearch Results

o We held the 4th RIKEN-KRIBB Chemical Biology Joint Symposium.
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Drug Discovery Chemical Bank Unit
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New antimalarials identified by iHOPE screening

Support the research for drug discovery
by providing well managed

chemical library and the compound
screening technology

esearch Subjects

e Storage and provision of chemical libraries for drug-discovery
e Development of technologies for target identification and HTS

o Construction of database for management of chemical library
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This unit acts as a chemical bank in the RIKEN program for Drug
Discovery and Medical Technology Platforms (DMP). We store
compounds synthesized or purchased in the process of exploration
and structure optimization of hit compounds and supply the
compounds for validation of biological activity, toxicity or safety. In
cooperation with the Chemical Resource Development Research
Unit, we construct and provide a chemical library for drug-discovery
screening. We are constructing databases for the management of
the chemical library to provide compounds efficiently. We will
contribute to the drug seed screening through the technology
development for the target identification and the high throughput
ligand identification.

(nn
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(NPEdia assay database) #H & I BB Z 175 — % EE L1,

NPDepo and DMP chemical libraries in storage

Gsearch Results

o We identified a B-carboline compound as a new antimalarial. SAR
study of this compound provided a potent derivative, which
exhibited significant in vivo antimalarial effects.

e We developed a deep learning-based network integration algorithm
that can predict relevant chemical—genetic interactions and link
compounds to their cellular targets.

o In order to make effective use of the compound library, we
constructed Targeted library using the information of our biological
evaluation (NPEdia assay database).

FE/X / Publications

Cho, N. et al.

New antimalarials identified by a cell-based phenotypic approach:

Structure-activity relationships of
2,3,4,9-tetrahydro-1H-B-carboline derivatives possessing a 2-
((coumarin-5-yl)oxy)alkanoyl moiety.

Bioorg. Med. Chem. 66, 116830 (2022)

Revie, N.M. et al.

Targeting fungal membrane homeostasis with
imidazopyrazoindoles impairs azole resistance and biofilm
formation.

Nat. Commun. 13, 3634 (2022)

Forster, D.T. et al.
BIONIC: biological network integration using convolutions.
Nat. Methods 19, 1250-1261 (2022)
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D rug Discove ry Seed Com pou nds Explorato ry U n it A r.10vel and specific G9a inhibitor unveils BGLT3 IrTcRNA asa
universal mediator of chemically induced fetal globin gene
expression.

Nat. Commun. 14, 23 (2023)
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CHEUTBIERBONII LIS EN S BRI MIRE DFHAREL L ACS Med. Chem. Lett. 13, 1077-1082 (2022)
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A critical role of BGLT3 long non-coding RNA in reactivation of fetal globin gene expression upon inhibition of Binding kinetics analysis of the extracellular domain of a lectin receptor—like kinase Senior Visiting Scientist Ta!ekoo WAKANA
G9a by a specific and low-toxic G9a inhibitor RK-701 RDA2 with 9-methyl-4,8-sphingadienine by surface plasmon resonance. Kenii OGAV!\J/A Toshie KAIZUKA
Dotted lines represent fitting curves. Sy .
o Keiko MORONAGA
V|§|t|ng Scientist Kaori SATO
Hiroki KOBAYASHI Rika KAWAMURA
Senior Technical Staff Makiko ITO
Koushiki MINO Assistant
Shin-ya OKAMOTO Hiroko ISHIWATA
H 1 The Drug Discovery Seed Compounds Exploratory Unit aims to
Discovering seed and lead compounds Th ‘ . @search Results
b HTS t d | d identify seed compounds for drug development, which are active on
y 0 deve Op new rugs drug target molecules, through HTS of large compound libraries. e RK-701, a safe and specific inhibitor of a histone methyltransferase

G9a, strongly induces expression of fetal y-globin gene expression
by activating a non-coding RNA BGLT3, suggesting that RK-701
will be a novel therapeutics for sickle cell disease.

QsearCh SUb]eCts e We designed and synthesized benzylpiperazine derivatives that
penetrate into the central nervous system using a hybrid strategy of
combining HDACS6 inhibitors and brain-penetrant histamine H1
receptor antagonists.

e High throughput screening (HTS) using in vitro and cell-based
assay systems
* High content screening based on cell imaging o As a member of a joint research group that discovered the receptor
e HTS for compounds that recover yeast phenotypes induced by for sphingolipids, which triggers defense responses to a pathogen
expression of human genes of potato late blight, we succeeded in demonstrating the binding
between sphingolipids and the receptor by surface plasmon
resonance analysis.
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Drug Discovery Chemistry Platform Unit
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Drug discovery process

Pursuing small molecule drug discovery
and targeted protein degradation

Qsearch Subjects

e Small molecule drug discovery and targeted protein degradation

100
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As a part of the drug discovery efforts at RIKEN, our group’s
research is focused on 1) small molecule drug discovery, 2)
targeted protein degradation, and 3) chemistry-related general
support for the drug discovery efforts of our collaborators at various
academic and governmental research institutions in Japan. We
specialize on programs with novel therapeutic targets or mode of
action, and strive to quickly develop structure-activity relationships
on HTS hits in a wide range of therapeutic areas including
intractable cancers, rare diseases, difficult-to-cure viral diseases.
While identification of a preclinical candidate is the ideal outcome,
validation of novel therapeutic targets is also an important part of
our efforts.
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Targeted protein degradation

Gsearch Results

o Preclinical development of a small molecule anti-cancer drug
candidate is in progress.

o Preclinical development of a small molecule Sickle cell disease
drug candidate is in progress.

o Next generation drug discovery Al platform development is in
progress.

FE/X / Publications

Takase, S. et al.

A Specific G9a inhibitor unveils BGLT3 IncRNA as a universal
mediator for chemically induced fetal globin gene expression.
Nat. Commun. 14, 23 (2023)

Shibata, N., Cho, N., Koyama, H., Naito, M.

Development of a degrader against oncogenic fusion protein
FGFR3-TRACCSS.

Bioorg. Med. Chem. Lett. 60, 128584 (2022)

Koda, Y. et al.

Design and synthesis of Tranylcypromine-derived LSD1 inhibitors
with improved hERG and microsomal stability profiles.

ACS Med. Chem. Lett. 13, 848-854 (2022)
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Molecular Structure Characterization Unit
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Structures of taslactams A-D and key 2D NMR correlations of taslactam A to determine the structure

Developing technologies and platforms
for structure characterization
by NMR and MS analyses

@search Subjects

o Development of new methods and technologies for NMR and MS
analyses

e Organic molecular characterization and structural determination by
spectroscopic analysis and organic synthesis

e Research supporting activity and collaborative research with NMR,
mass spectrometry, other spectroscopic methods and quantum
chemical calculations

e Synthesis of bioactive natural products in aid of the structural and
biological activity studies

102

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

Gsearch Results

o We analyzed the absolute configuration of a chiral wedge-like
hexahedral hydrocarbon by CD spectroscopy and quantum
chemical calculations.

e We supported the isolation and structural elucidation of new
secondary metabolites, taslactams, biosynthesized by fungal
NRPS-PKS hybrid enzymes.

o We elucidated the structures of biologically active norditerpenoids
from Kuji amber.

FE/X / Publications

Takebe, H., Muranaka, A., Uchiyama, M., Matsubara, S.
Studies for absolute configuration of chiral
2,6-cuneanedicarboxylic acid esters.

Chem. Lett. 51, 754-755 (2022)

Motoyama, T. et al.

Fungal NRPS-PKS hybrid enzymes biosynthesize new g-lactam
compounds, taslactams A-D, analogous to actinomycete
proteasome inhibitors.

ACS Chem. Biol. 18, 396-403 (2023)

Kanehira, R., Tonouchi, A., Konno, K., Koshino, H., Hashimoto, M.
Isolation of cyclohumulanoids from Daedaleopsis tricolor and their
biosynthesis based on in silico simulations.

Tetrahedron 123, 133006 (2022)
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FE/X / Publications

Shimada, Y. et al.

Post-translational amino acid conversion in photosystem Il as a
possible origin of photosynthetic oxygen evolution.

Nat Commun. 13, 4211 (2022)
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Biomolecular Characterization Unit

o = B o — PN _ e . Nakayama, H., Nobe, Y., Koike, M., Taoka, M..
9 V1) \750)%%% EEJ’\'C\ H1=y M ERRROBAIET ERRD WERITEORMR EE% Liquid Chromatography-Mass Spectrometry-Based Qualitative
Eﬁiﬁ%@%‘:_ﬁ-i l) i-;— PREBTOLBMREZTOTLEEEREDDFTHREIZI Y o PSIERAEDBERELEDETAN =L LDBITERERBRRED Profiling of mRNA Therapeutic Reagents Using Stable
BIIAGBEROBETHY ITXEHEYERELDHDL, FDYINTE R ERIE L. Isotope-Labeled Standards Followed by the Automatic
N ) o _ o T e Quantitation Software Ariadne.
DEEXEMIZTARDIET. EULBETFEORIG. EVEHEGE e MRNAEEE RO HEBITICE T 2RMATREENMTELZRRE L Anal. Chem. 95, 1366-1375 (2023)
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o SRS TFOBRBIENE SR EERT PRI A A A PROERESo-c i N., Dohmae, N.
e e s ToTW3, Identification of the interacting partners of a lysosomal membrane
* ERDTOERNBRITEOMR protein in living cells by BiolD technique.

o RNAOBEE N 1T STAR Protoc. 3, 101263 (2022) *equal contributor
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PSII Mutants Regain Oxygen-Evolving Capacity upon Light Irradiation Schematic of quality assessment of mRNA pharmaceuticals Makoto KAWATANI Akina KAWATA
Oxygen-evolving ability of PSII active center mutants were restored by The proposed method has allowed one to quantitatively characterize structures that Tamayo OISHI
photoirradiation. We revealed that this mechanism is due to post-translational play critical roles in mRNA's function, i. e. 5-Capping, modified nucleosides on Senior Technical Scientist
conversion of amino acids by mass spectrometry. internal sequence, and poly(A) tail, even for more-than-megadalton mRNA. Takehiro SUZUKI Assistant

Technical Scientist AU OO

Miwako ASANUMA

Technical Staff
Masami KOIKE
Hiroko TSUCHIDA

To resolve the mystery Of Our unit provides high quality structural characterization methods Qsearch Results
. . to the field of biological science, aiming to further understand the
bIOIOglcaI phenomenal mechanism and action of biological molecules. We manage e We found the mechanism of restoration of oxygen-evolving
we examine the protein structure specialized and technical instruments including protein chemical capacity in PSII mutants and proposed the a possible origin of
photosynthetic oxygen evolution.

analyses, mass spectrometry. Our challenge to research, develop

and fine-tune novel characterization methods for biological * We have developed the isotope-dilution mass spectrometry method

for characterizing mRNA pharmaceuticals.

. molecules, is an endless yet rewarding process.
search Su b]ects o We have developed a method to identify proteins that interact with

o . lysosomal membrane proteins using mass spectrometry and BiolD.
o Development and application of analytical methods for structural

details on biological molecules
o Development of quantitative analysis of biomolecules

o Identification and characterization of RNA by mass spectrometry
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Mass Spectrometry and Microscopy Unit
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CLEM image of ER bodies including red fluorescence protein-tagged -glucosidase by
high-pressure freezing, confocal microscopy and CLEM

Providing mass spectrometric,
microscopic, and phenotyping platforms
for plant science

@search Subjects

e Plant metabolomic analyses by mass spectrometry
e Plant hormone analyses by mass spectrometry
o Microscopic analyses of plant tissues and cells

e Plant growth analysis by automated plant phenotyping system

106

Mass spectrometric and microscopic analyses and plant
phenotyping are fundamental analytical technology in plant science
and sustainable resource science. Our unit develops and executes
the analyses based on mass spectrometry for the study of plant
metabolome and hormonome, on microscopy for the ultrastructural
observation of the plant cells, and on automated plant phenotyping
system for plant growth analysis.
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Automated chemical application system working with the plant
phenotyping system RIPPS

Gsearch Results

e As an integrated omics approach, we analyzed metabolic changes
in cassava root tubers, and showed that substances related to
starch biosynthesis and sucrose metabolism and nucleotides were
changed during tuberous root development.

o Hormone profiling of pea epicotyls grown under microgravity
conditions revealed that interaction between auxin and cytokinin is
involved in the automorphogenesis and growth inhibition.

e We improved correlative light and electron microscopy (CLEM) and
high-pressure freezing technique and identified a novel vacuolar
transport pathway in Arabidopsis root tips.

o We developed an automated chemical application system that
works with the plant phenotyping system RIPPS.

FE/X / Publications

Utsumi, Y. et al.

Integrative omics approaches revealed a crosstalk among
phytohormones during tuberous root development in cassava.
Plant Mol. Biol. 109, 249-269 (2022)

Yamazaki, C. et al.

Comprehensive analyses of plant hormones in etiolated pea and
maize seedlings grown under microgravity conditions in space:
Relevance to the International Space Station experiment “Auxin
Transport”.

Life Sci Space Res (Amst). 36, 138-146 (2022)

Toyooka, K. et al.

Endoplasmic reticulum bodies in the lateral root cap are involved
in the direct transport of beta-glucosidase to vacuoles.

Plant Cell Physiol. in press (2023)

Bashir, K. et al.

Ethanol-mediated novel survival strategy against drought stress in
plants.

Plant Cell Physiol. 63, 1181-1192 (2022)
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Unit Leader
Masami HIRAI Ph.D.
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Unit Leader Technical Staff
Masami HIRAI Makoto KOBAYASHI
Yumiko TAKEBAYASHI
Muneo SATO
Mayumi WAKAZAKI
Noriko TAKEDA
Technical Scientist Kouji TAKANO
Mayuko SATO Yumi GOTO

Marie SAKUMA
Visiting Scientist

Tomoko SUZUKI Part-time Worker
Expert Technician TUkO SAITO
o Chieko KOMORI
Ll NOULLA Masami NANRI
etstya MORI Toshiyo MOTOJIMA
yosukeioASAK| Kiyoko MOROHOSHI
Mieko NODA

Senior Technical Scientist
Kiminori TOYOOKA
Miki FUJITA
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Chemical Resource Development Research Unit
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Lonidamine induces the anticancer activity of surrounding non-transformed cells.

Expanding and using chemical libraries
to accelerate chemical biology research

@search Subjects

e Expansion and utilization of chemical library in NPDepo

e Exploring of bioactive small molecules and their mode of action
study

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

108

Achemical library is an indispensable tool to promote research on
the regulation of cell functions and drug-discovery empowered by
chemical biology. Our unit manages and enhances the NPDepo
chemical library having the databases of its chemical and biological
information. We explore useful bioactive compounds by our original
phenotype- and target-based screening systems (iHOPE and
chemical array), and elucidate mechanisms of action of hit
compounds. We provide chemical libraries and their information to
inside and outside RIKEN, promoting close collaborations with
researchers in chemical biology and sustainable resource science.
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Melabiostin is a novel inhibitor of melanin synthesis in plant pathogenic fungi.

Gsearch Results

o Melabiostin was generated from a hit of chemical array screening
for scytalone dehydratase inhibitors. This compound suppresses
melanin biosynthesis in wild type and MBI-resistant Pyricularia
oryzae and infection of rice with both strains.

e Lonidamine was identified as a compound that induces the activity
of surrounding non-transformed cells to inhibit the focus formation
of RASG12D-transformed cells.

o In the course of screening from a chemical library of the RIKEN
Pioneering Research Project “Chemical Probe,” we found N-aryl
aniline derivatives as potent antifungals.

FE/X / Publications

Motoyama T. et al.
Identification of scytalone dehydratase inhibitors effective against
melanin biosynthesis dehydratase inhibitor-resistant Pyricularia
oryzae.

J. Agric. Food Chem. 70, 3109-3116 (2022)

Aoyama M. et al.

Lonidamine and domperidone inhibit expansion of transformed
cell areas by modulating motility of surrounding nontransformed
cells.

J. Biol. Chem. 298, 102635 (2022)

Dhital RN. et al.

Phenylboronic ester-activated aryl iodide-selective
Buchwald-hartwig-type amination toward bioactivity assay.
ACS Omega, 7, 3109-3116 (2022)
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Unit Leader
Hiroyuki OSADA D.Agr.
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Unit Leader
Hiroyuki OSADA

Temporary Employee
Nobumoto WATANABE

Technical Staff
Harumi AONO
Hiroyuki HIRANO
Yuta IWAI

Emiko SANADA

International Program Associate
Xintong LIU

Student Trainee
Hiroyuki UNO

Part-time Worker
Mari SHIME
Akiko YOSHIOKA

Assistant
Madoka KAI
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> %—& / Director gl %—E& / Deputy Director

FBE 12 / Kazuki SAITO HZE & / Ken SHIRASU i #F / Mikiko SODEOKA
& BK / Zhaomin HOU iRk BBZ / Akihiko KONDO

—  {EYIRERZEIIL—7" / Plant Inmunity Research Group

— HWAXYROISRMHFESIL—7" / Metabolomics Research Group

I SEEEREERNIERAZE 2L —7" / Advanced Catalysis Research Group

—  fbiE - B3R SIL—7 / Catalysis and Integrated Research Group

— FIHLF/ZORMESIL—7" / Chemical Genomics Research Group

— BT/ IORRRIIL—7" / Synthetic Genomics Research Group

— KEIRTLHAEF—L / Metabolic Systems Research Team

—  X¥RO—LIEHRIAFEF—L / Metabolome Informatics Research Team

— BEARHSFAZEF—L / Environmental Metabolic Analysis Research Team
—  {EMT/LFRIAEF—L / Plant Genomic Network Research Team

— HEIEEEERAZEF —L / Cell Function Research Team

—  HEYIHEMFF—L / Plant Symbiosis Research Team

—  HEEEHEA L% F—L / Advanced Organic Synthesis Research Team
— YU —F/ iR F —L / Green Nanocatalysis Research Team

— S RBRERIERRZRF —L / Biofunctional Catalyst Research Team

—  SFVHYFERNHAZFEF—L / Molecular Ligand Target Research Team

HZ7H B / Ken SHIRASU

B f1Z / Kazuki SAITO

& BE / Zhaomin HOU

R #F / Mikiko SODEOKA
= H % / Minoru YOSHIDA
#A 7@ / Minami MATSUI

3 B2 / Masami HIRAI

HH EMR / Masanori ARITA
Fgih )= / Jun KIKUCHI

B9 JREA / Motoaki SEKI

12 EBF / Keiko SUGIMOTO
K &k / Makoto HAYASHI
2L - A4)IT>a / Laurean ILIES
L %— / Yoichi YAMADA
A BEF / Ryuhei NAKAMURA

F+—JLX - 7—> / Charles M. BOONE

— N MFEEFIRAFTF—L / Bioproductivity Informatics Research Team FrH BM— / Keiichi MOCHIDA

ZMTEEEE Request for donations

— NM1FESFHFEF—L / Biomacromolecules Research Team SBH =8 / Keiji NUMATA

— NAMFTSRFy K F—L / Bioplastic Research Team FER €= / Hideki ABE

— HHRR4EERFEF —L / Cell Factory Research Team SERE PR / Akihiko KONDO

SDGsADE#ICEIF BB E RIS ARURAE S HEICR T 35S =]y =]
HiZeE OSSN IE. ENA DFFZEE DISHIBE. KFFRENDHE 7055 LD ; -"'
R LU EDBTRA T tHFRICHERS CIBBE BRSSO SH LM

NEOHEIZBIRLE Y, BROBHIVTZE - CH 1z EEORLEIFET,
HEEHART 12021418120 - 20254:3H31H

B L2 —R—LANRX—IN\DFZDIGE
FEVE—DRETEA NV NEDTER
COR—ERDA VD FIVI ) —T 4T A— RDHEEE

—  SFEMEEFIF—L / Molecular Bioregulation Research Team FRR Rt / Shinya HAGIHARA

— tEMBEEMFF—L / Plant Lipid Research Team FfY &8 / Yuki NAKAMURA

— EYMEFEEEFEMRFRF—L / Plant Chemical Genetics Research Team M4 2% / Masanori OKAMOTO

—  TIANAFAS— L GHiRERF—L / Chemical Biology and Biosynthesis Research Team %) 2% / Takayoshi AWAKAWA

— RAVESRKRMAFEL=v / Natural Product Biosynthesis Research Unit S5 # = / Shunji TAKAHASHI

—  BUE . EERITELEEEELEFT / Drug Discovery Platforms Cooperation Division =H # / Minoru YOSHIDA

Philanthropy Program “RIKEN CSRS for SDGs”

we will support the research activities of researchers, promote exchanges between
domestic and international researchers, and develop researchers by building and
providing educational programs for graduate students, and through these efforts, we
will establish a world-first academic field of "sustainable resource science"

Donation call duration: January 12, 2021 - March 31, 2025

— BUESIAINCOERI =y / Drug Discovery Chemical Bank Unit R #2 / Hiroyuki OSADA

— RIE—FLEMHEFREE L=y | / Drug Discovery Seed Compounds Exploratory Unit %M #& / Minoru YOSHIDA

— BIE{bFEREI=v / Drug Discovery Chemistry Platform Unit I\ #5 / Hiroo KOYAMA

— BT ESEERFS / Technology Platform Division M %F / Mikiko SODEOKA

Privileges: Donors’ names on the Center’s website
Direct information about Center’s events
Original greeting cards by the Center

— SFiEERET=vF / Molecular Structure Characterization Unit #EF [RE / Hiroyuki KOSHINO

— & maFEHT1=v / Biomolecular Characterization Unit 7 & / Naoshi DOHMAE

— EE2T - BEMEREI=v / Mass Spectrometry and Microscopy Unit F# B2 / Masami HIRAI

— L&YY /—REFMFTL=> / Chemical Resource Development Research Unit R #%~ / Hiroyuki OSADA
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