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21st century life sciences are continuing to experience remarkable
development. On the other hand, the society we live in is facing a
multitude of problems, including global warming, loss of biodiversity,
increasing population, and a rapidly aging population. The Graduate
School of Life Sciences, through promotion of research and
education, strives to solve these problems and delve further into
exploration of life.

This graduate school comprises 3 majors: Integrative Life
Sciences: “aims to clarify the mechanisms that control the mind and
body”, Ecological Developmental Adaptability Life Sciences: “aims
to clarify the mechanisms that maintain life from cells and biological
organisms to ecosystems in changing environments”, and Molecular
and Chemical Life Sciences: “aims to clarify methods of controlling
life based on the working mechanisms of molecules within living
bodies”. In each of these majors, we cultivate global leaders with
a broad range of knowledge and research skills in life sciences,
who are active in various fields. We have also set up cross-sectoral
research majoring in “curriculums to foster human resources in
bioscience” to cultivate PhD graduates in the field of bioscience who
will be active in leadership positions in the industry.
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Dean, Graduate School
of Life Sciences,
Tohoku University

HIKOSAKA Kouki, Ph.D.
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In ecology, we have a term called “niche”. The word originally refers to a depression made in
a wall to hold ornaments or plants, but in ecology it is defined as the range of environments in
which individuals of a species can survive, grow, and reproduce. There are various environments
on earth, but most species cannot survive in all environments. Only those who can secure their
niche will survive.

“Niche” has become a term used in general society, such as a “niche industry”. However,
when “niche” is used in general society, | feel that it has the nuance of “narrow space”. “Niche”
as used in ecology does not necessarily have such nuances. Some organisms have wide niches
and are called “generalists”. Species that have only a narrow niche are called “specialists”.

Our Graduate School of Life Sciences aims to be a generalist in the life sciences. By
bringing together researchers (specialists) from a wide range of hierarchies, from molecules to
ecosystems, we cover all areas of life science. Not only do our individual researchers aim to
be on the cutting-edge, but we also aim to create new research areas through collaboration
by researchers from different hierarchies. We are pioneering a new niche that other research
institutions cannot occupy.

In 2024, Tohoku University was certified as a University for International Research Excellence.
The mission of Tohoku University is to contribute to the realization of a peaceful and just human
society through world-class research, cultivate a talented workforce, collaborate with diverse
partners in society, and embark on a variety of changes and challenges. Our Graduate School
of Life Sciences has also started working on hiring cutting-edge researchers, providing new
international education, and improving research facilities. We would like to continue to evolve
with the aim of producing even more impactful research results and nurturing students who will
contribute to society.

April 1, 2026
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Brain and Nervous System

E26) Professor By K 7} TANIMOTO Hiromu
_ HEHRS Associate Professor INEE M 2 KOGANEZAWA Masayuki
WmRITEN D BF Neuroethology ‘ !
Bh# Assistant Professor S ¥ = HUANG Tzu Ting
BhE Assistant Professor THOMA VLADIMIROS THOMA Vladimiros
_ E6) Professor nm N F BB TAKEUCHI Hideaki
DFITENDEF Molecular Ethology
Bh# Assistant Professor #® W+ M F KAJIYAMA Towako
. E6d Professor T = i K BB ABE Kentaro
Hmﬁﬁgﬁéﬁﬁ Brain Development
Bh# Assistant Professor 7 K ea AOKI Sho
% Professor B H @ — BB TSUTSUI Ken-ichiro
HR(VAATRAVIAVR)  Professor E 5 5 F HOSHINO Ayuko
XIS Associate Professor K B B i OHARA Shinya
Specially-appointed -
W, s = . FE N NAKAMURA Shinya
B iR S R T LB Systems Neuroscience HEERIR Associate Professor R OE B iny:
Specially-Appointed
1] pecialy-Apponts E OB F H WATANABE Hidenori
Senior Assistant Professor
Bh# (38) Assistant Professor X & = KIMURA Kei
Bh# (3%) Assistant Professor P fira | HUNG Shao-Min
Ry N — B EE Cellular Network
. K% Professor 2 B X 8l FUKUDA Mitsunori
Tpes 7 [ Membrane Trafficking Mechanisms
IRENR SRR AT ) 2 Bh# Assistant Professor v B ® F KASAHARA Atsuko
EE Professor 2 AKX @ W F SUGIMOTO Asako
HHEE (38) Associate Professor HE H & = HARUTA Nami
EHSALFZHR Developmental Dynamics Specially-Appointed Senior
FEY nE FHEFEAD PR H R & B TABARA Hiroaki
Assistant Professor
FH(IDATRIVIAVE)  Lecture X H & OHTA Midori
i Professor H O kK Z TAGUCHI Tomohiko
Assistant Professor 2B E KUCHITSU Yoshihiko
ISR EEEENE Organelle Pathophysiology B LEIRE
Specially-appointed
FHEBE pecialy-app ELEONORA ELEONORA Margheritis
Assistant Professor MARGHERITIS
Eed Professor mw H I MATSUI Ko
#B O] IR M BE 0 BF Super-Network Brain Physiology —
B Assistant Professor & B E F IKOMA Yoko
DMEEEI Ry D — 9 FEEE Developmental Regulation Network
Ee Professor FEXRZEF CHIBA Natsuko
= Cancer Biology Assistant Professor = & YOSHINO Yuki
7z 2 Bh# =
Bh# Assistant Professor B 2 " FANG Zhenzhou
WmABE Cooperative faculties
IR AR 20T Neuroanatomy EZed Professor KM HEH®Z OWADA Yuiji
AT LR EBRZ S Systems Neurophysiology i Professor g5 B B & TAKAHASHI Mayu
DFEEZDE Molecular Oncology ESed Professor H o # = TANAKA Kozo
RIEEYRNE Immunobiology ESed Professor IN R OE B OGASAWARA Koetsu
pab s tiliotasty/ ey g Neuronal Cell Biology B Associate Professor BN NIWA Shinsuke
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Ecological Developmental Adaptability Life Sciences

BESAFZ o RERE Biological Dynamics
Hi% Professor H & & & TAMURA Koji
B RENE Organ Morphogenesis B Assistant Professor + 3k g 3A UESAKA Masahiro
HE(IORTRAYIVR)  Professor BXKEBRBS KURANAGA Erina
Hi% Professor iE B =’ F UEDA Minako
B Assistant Professor S KIMATA Yusuke
YRR AR ) 57 Plant Gell Dynamics B Assistant Professor ;’E N i i MATSUMOTO Hikari
B Assistant Professor %/ K F K SUZUKI Hidemasa
#4% (B R =) Distinguished Professor g =K F F KYOZUKA Junko
REBNEL Speciall-appointed Assistant Professor 1NN /NI L | KOMATSU Aino
BB 5 Plant Development BN Specilly-appointed Assstant Professor HSAING-TING LEE Hsaing-Ting Lee
B Assistant Professor F |/ E £ TERANISHI Mika
FHEBIH Spéua”y_appmmed w® B W & YODA Akiyoshi
Assistant Professor
TEYECENRED B Plant Evolution Dynamics B Professor ZREBHZEF YASUI Yukiko
BEEEH B Environmental Genetics B Professor BN EW F OKUMURA Misako
BIENE N gliilrggsyensory and Developmental HEHIR Associate Professor B OH & 5 FUJIl Nobuharu
PEIYiA b e Adaptive Morphology Bh# (EIBR ) Disﬁ nauished zZ BB ANDO Toshiya
Assistant Professor
HERE 9”( FTIUR Eﬁ@ Ecological Dynamics
) iz Professor Z ik 2% HIKOSAKA Kouki
BREEREN T Functional Ecology Bh# Assistant Professor 7 B i & KAJINO Hirofumi
E26 Professor OB Om & KONDOH Michio
2 (38) Professor B H & FUJITA Kaori
Bh# Assistant Professor a ) &g 3 ISHIKAWA Kota
HEBEENE Ecological Integration BhE Assistant Professor H 2 & % TANABE Akifumi
Bh#E Assistant Professor SIOUD IMANE SIOUD Imane
BHEBhE Specially-2ppointed Assistant Professor ARSI 7 NI <1 < KOBAYASHI Chisato
EBNEL Speciall-appointed Assistant Professor m g = % KATO Mitsuho
E265 Professor i B & IE SATO Shusei
HEHT Associate Professor = H X = MITSUI Hisayuki
AL T H RN Symbiosis Genomics B# Ass?stant Professor B K B HASHIMOTO Shufﬁ
BhE Assistant Professor YUSDAR MUSTAMIN YUSDAR Mustamin
Bh# Assistant Professor Tt % 3 HANANO Shigeru
B Assistant Professor ABDELA ARGEN ADEM ABDELA Argen Adem
R Associate Professor KASS JAMIE MICHAEL KASS Jamie Michael
2 & OB B Macroecology B Assistant Professor EAVIEISTAON I;g MIRANDA Everton B.P.
Bh# Assistant Professor T E K B TAKESHIGE Shiori
E=2ES:NE Specially-appointed Assistant Professor £ B ® K YAJIMA Gota
JEHIT Associate Professor F OB OB E UNO Hiromi
7)|[,i§£ﬂ£ﬁ§ﬁj\§§ Watershed Ecology B Assistant Professor FAULKS LEANNE KAY FAULKS Lanne kay
BhE Assistant Professor W8 B MAKINO Wataru
LMY AMFI O REBRE Biodiversity Dynamics
KIS Professor L M o2 MAKI Masayuki
EYEL S RN B Plant Diversity and Evolution B Assistant Professor X Wb & R OHYAMA Motonari
Bh# Assistant Professor # = I B ITO Takuro
E6 Professor e B &= KUMANO Gaku
Hi% (38) Professor OB O & KONDOH Michio
s IR Associate Professor h—l| MINOKAWA Takuya
BAENSRIEN T Marine Biodiversity B# Assistant Professor i Ellj.*?j l%’i—;E ? IWASAKI Aiko
B Assistant Professor x B & F MORITA Shumpei
B Assistant Professor a8 5 % & FUKUMORI Hiroaki
SRRESY(FIVREBRE Eco-Socio Dynamics
T Ecosystem Functions g%%{ﬁ Yiéiting Pro.fessor fe & — BB TAYASU“Ichiro
BEEHIR Visiting Associate Professor A H R — BB ISHII Reiichiro
BEHE Specially-appointed faculties
HHEHIS Specially-appointed Professor B E z° MINAMISAWA Kiwamu
TIEMEY D Soil Microbiology EBIE Specially-appoined Assistant Pofessor " B == ITAKURA Manabu
HHEBN Specialy-appoined Assistant Professor KAREA OHKUBO Satoshi
HEBh Specilly-appointed Assisant Professor m oBE K B KATO Hiromi
WmAOBE Cooperative faculties
ERERVATLRIZNE Systems Bioinformatics Hi% Professor XK T B & KINOSHITA Kengo
NEHEDE Human Evolution E26 Professor rt B OB = SANO Katsuhiro

RALKF REFBREDR AR
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ﬁ?‘f b?ﬂi%#%ﬁl Molecular and Chemical Life Sciences

TIHILNAAOY —FBEE Chemical Biology
DFIERICZDE Analytical Biooganic Chemistry gt Prof.essor ﬁ G M ARIMOTO Hirok.a.zu
Bh# Assistant Professor 5B K B TAKAHASHI Daiki
R 2 5 Biostructural Chermistry #Hi% Professor fE B & % UEDA Hirofumi
B Assistant Professor B R E & UMEHARA Atsushi
N Hi% Professor a o = ISHIKAWA Minoru
EENTBENE Bloactive Molecules Bh# Assistant Professor K E F N TOMOSHIGE Shusuke
ES 6 Professor X B — IE OHASHI Kazumasa
DFHBEEY D Molecular and Cellular Biology IS Associate Professor %z 7T B — YASUMOTO Ken-ichi
Bh# Assistant Professor F E F F CHIBA Shuhei
ISRRES D FRBRTDE Applied Biological Molecular Science 215 Professor B & B TANAKA Yoshikazu
DFRYNT— D FEEE Molecular and Network Genomics
Eesd Professor X H O #®w = NAGATA Yuji
WEYEILEL D Microbial Genetics and Evolution IS Associate Professor X ¥ = 1T OTSUBO Yoshiyuki
Bh# Assistant Professor F H B ¥ KISHIDA Kouhei
ESe Professor E O OE X WATANABE Masao
EMETE R T LD Plant Reproductive System EHB(VORTRLVMYL)  Associate Professor fn = B F INABA Yasuko
Bh# Assistant Professor # B e HAYASHI Maki
E e Professor A E & HIGASHITANI Atsushi
NFEGEENEF 'Q,"%i%fféyee”e“cs and BN Senyapinetisiaibosr BRAY 2R [ F HIGASHITANI Nahoko
B Assistant Professor SEKERCI KERIMAN SEKERCI Keriman
ES 6 Professor WO g + MAKINO Takashi
HEHIR (FF) Associate Professor il ICHINOSE Toshiharu
EFR(IOATRMYMYL)  Associate Professor T B ® F SATO Atsuko
LT ZORDE Evolutionary Genomics E= il Lecturer L B = YOKOYAMA Ryusuke
B Assistant Professor - EREEF BESSHO-UEHARA Kanako
Bh# Assistant Professor = =5 i IWASAKI Watal
Bh# (3k) Assistant Professor BPF-EERE 2 BESSHO-UEHARA Manabu
a9 TG A 5 5 i?ggtl\élt%icular and Physiological K% (3F) Professor A E K HIGASHITANI Atsushi
PEENEEY (M F SO RBRE Multilevel Biomolecular Structure and Dynamics
ED TS5 RN E '}"u?,'iﬁg',?s' Analysis of Biological % Prof.essor 5 B H:,E TAKAHA"SHI Satoshi
Bh# Assistant Professor F E B & ITOH Yuji
EEATRENESE  Juptmoeeves  FR X 2w
EHIS Associate Professor INFDHE R T KOWADA Toshiyuki
Bh# Assistant Professor IRANOVIANTI IRA Novianti
YR(IAATRAVIAVN)  Professor K B I A YONEKURA Koji
BEANZ X LTREEKDEF 2:%‘%:\'2" O"Ape”fgﬁt”ism Research IR Associate Professor E O H HAMAGUGHI Tasuku
E-iil Lecturer B 9\ #H x KUROKAWA Hirofumi
% Professor EREEF NANGO Eriko
DFHEBETR{L D BF Dynamic Structural Biology Bh# Assistant Professor BEE FUJIWARA Takaaki
B Assistant Professor H OB B TAGUCHI Masahiko
B Assistant Professor INE E M F KOJIMA Mariko
PPN Genome Informatics
- . . BEHZ Visiting Professor H H M & IKEDA Kazutaka
A2V A ERFDE Ormics and lformatics BREREHIT Visiting Associate Professor 1w ! i YAMAKAWA Hisashi
Wmhae Cooperative faculties
KR I HILINAA O —4BF  Chemical Biology of Natural Product ~ #(1% Professor + B\ = UEDA Minoru
L Rw o 2HIED B Redox Biology G Professor i 2 2 H MOTOHASHI Hozumi
DFRINMEZED B Bioorganic Medicinal Chemistry i Professor + H B T DOI Takayuki
RNA A EZHE RNA Physiology B Professor Esi B WEI Fan Yan
HEECZ AT AIVINE Functional Chemical Proteomics EHIE (ERRE#)  Associate Professor 1 B B — SATO Shinichi
ENEEE(LENEF Dynamic structural Biochemistry SIS (ERR )  Associate Professor BN OIE OKUMURA Masaki
Bt B HEER
B YER B Y — Asamushi Research Center for Marine Biology t >4 —#%&  Director e B = KUMANO Gaku
ARty —
Bt KRBZEENNEIZEE Y — Comprehensive Center for Brain Science Research and Education, Tohoku University
HWIER General Affairs Section
$ 7-}'% ﬁl‘s BHER Student Affairs Section
i SEHR General Accounting Section
EREIEE Asamushi Administrative Office
HEMR IR DEHEE Academic Support & Planning Office

RRE Public Relations Office




g&ﬁﬁ Academic Staff

263 Professor 26 (19)
JEHIS Associate Professor 9 (9)
AT Lecturer 1)
IE Assistant Professor 37 (12)
Ed=El¢ Visiting Professor 2
=S EHE Visiting Assosiate Professor 2
LD Specially-appointed Professor 1
T IS Specially-appointed Associate Professor 1
BT ST Specially-appointed Associate Lecturer 2
L e SiES Specially-appointed Assistant Professor 11

() Cooperative Faculties

1, April, 2026
#i‘t%{ Postgraduate Students
Male Female Total

BLREFLE Master's courses 130 (13) 71 (13) 201 (26)
BEREZE Doctoral courses 69(15) 32(13) 101(28)

%?E@tﬂ%lﬁl&@i&iﬁ Home country of International Students

() International Students
1, December, 2025

Bangladesh, Brazil, Canada, China, Ethiopia,
Finland, France, Germany, India, Indonesia,
Italy, Kazakhstan, Laos, Malaysia, Mexico,
Nigeria, Pakistan, Poland, Portugal, Singapore,
South Korea, Sweden, Taiwan, Thailand,
Turkey, United Kingdom, USA, Vietnam

1, December, 2025
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Department of Integrative Life Sciences

Multicellular organisms are the life forms wherein the basic
unit comprises many cells derived from an egg to form and

ZHEMIE. RICHET 22 OMREDPEREAER
W, —DOEFERBKL THEEZEDT 2EDUERTHD.

ThENOMRIE. EAEREDBIE TRBDEREIZHEOX
DAL - ZHALL . BEWVCHENER (RNT—T%FK)
THIEPARELTOMERHEDERICH D, KFIK
TlE ZZAEDDZEANO—ILT S [BH] ZF OIS, #H
fasEMP L aa il  DHHEADBEREBEL . FiRfivik
MEBREL7MFT - B E1T D,

fulfill the function of a single individual. Each of the cells un-
dergoes differentiation and diversification to fulfill independent
roles during the process of ontogeny, and the mutual inter-
action of these cells (network formation) is the foundation
of integrated function as an individual. We aim to clarify the
mechanisms by which cell populations (e.g., neural networks)
control life phenomena (e.g., brain functions), implementing
research and education, making full use of cutting-edge
technologies.
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TANIMOTO Hiromu KOGANEZAWA Masayuki HUANG Tzu Ting

F—7—F/
SR N TN A

Bh#

THOMA VLADIMIROS

THOMA Vladimiros

239023 vNIICHITBRIEOMIRDEE & IR - 1 OISERBOEA

INETICKRBRLUIZREBREMEL. FELL"BER"ICEDE
BYRTEEEDIEE BRITIELADN DM - HE R DA B
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FHaEO DI 2ERFEETY., FEEORRETIE. ZOES
ZBROMRERERF O 1—O L NIV TCIER T AN iR
DD HRL BIEF TR O TRIEDOEEERIEP B S ThH D
> 323N (Drosophila melanogaster) %> T fif &

HTWEY . FHS. IMESIDE DI DICRBA TLRIESN TLBDH,
N=/NI2ERHCEB L TRITL COET .. EBRFREL T 1T
BF-MP RS B o T IE BEETERENICALBIED.
TEBRATEBIA D728 VI b N—ROEEHSY —IILEHFEHITOT
WET . o, BPTEa LR B RDOIRAD/ICD . JURIRE
BIRERER DU T EBVERBROUE LT TOET,

_ Reward-DANs Punishment-DANs

£ UI7ERVT [HRROER|ERE A avrat N \INNOTCHRMERET BN —/ X HiEaf

Neural circuits for learning and memory in Drosophila

An associative leaming, in which an animal links sensory experiences
to salient life events such as encountering foods under starved condi-
tion, is one of our fundamental brain functions. The long-term goal of
our lab is to understand the neural mechanism underlying this asso-
ciative learing. Our current focus is to identify and functionally char-
acterize the neural circuits for memory formation, consolidation and
recall. To this end, we investigate associative memories in the fruit fly,
Drosophila melanogaster, by combining its powerful genetic tools,

techniques of quantitative behavioral analyses, and high-resolution
anatomical analyses of neurons. We also engage in the development
of new techniques for behavioral analysis and the application of new
genetic tools to push the boundaries of our analyses.Besides, we
investigate the ancestral nervous system using jellyfish Cladonema
pacificum to understand the role of molecules, neurons and circuits
in regulating adaptive behavior within a wider evolutionary context.
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TAKEUCHI Hideaki KAJIYAMA Towako

F—7—R/
MR, TENRIR, HREIG

V=vlEYavOaFEEREBEZDECNSKRIEZEHHTHEBDRER

2 DBYIF. HABRENS T F I FoThEDBREZ S
WA ETERBITHPRETHREDITHEERELET ., JDK
DITHEWS T F NN LU TREDSDHRIEREZTER D Ritkse
IV —=2wlEoay | EFENTOWETH, BICKOTREDH
HERLET, GIZIE APIADF AISETBRICFERHIHREY. Z
DEFHPMDF ADHEITE &SI ST RERIS T TIERVET .
Fo. TYE—DXAE FADRDEF 2B EICEERFEERL
Y, EBIC. DRV AEDEET—EORIRIL. BEOF#HEREL
TRFZ#HAN T H28EERERBNENZFTOTVET., JOXIE
V=BT av e e EZ<OBMICE LV TERLRREIER
TELTOWET D, TORFHEERISFEACHAINTOEREA.

FEBOMAETIE. DRV AAHEZDRBREDY —>vILED 3
COBEICEBL TMREED TOET ., BANICIE SR XAD
EFDRBREELOET 71y 2DMD > I TS A%
TERL . BEERTHEL( TERETHIET. BAFDY—+
IWEDIUNIINEDIHERA THEDEDICEDDDDEIRFEL T
WEZWEBATOVET . T, BInFREFEFBL T D %N
RICHIV ST LAX=D 2 TRRBEEERE DR FEIEFY —ILD
MEILICAINL CWET . LR, INEDMMFTERET HIET.
V=vIlED I OREAREZ DEANZHRAD XD ZZXLD
fERRZRREL TLET,

AEHDFREAZXNH T ZHUIZE
BESREVTIE AR FRE
REHICEEL T BIBEFLLT
BRI BEEDH BB

Exploring the Neural Geography and Evolutionary Diversity of Social Vision

Many animals make social decisions such as mating and aggressive
behaviors based on visual cues from other conspecifics. This brain
function of receiving social information from conspecifics through
visual signals is called "social vision", which has diverse character-
istics across species. For example, male sticklebacks develop red
nuptial coloration during the breeding season, and this color serves
as a visual signal that triggers aggressive behavior in rival males.
Female guppies select their mating partners based on the coloration
of males' tails. Furthermore, some fish species, including Japanese
medaka, possess sophisticated visual recognition abilities that allow
them to identify individuals by memorizing facial features. While such

social vision plays a crucial role in animal social behavior, its molec-
ular and neural basis remains largely unknown. In our laboratory, we
are creating single-cell atlases of the brains of Japanese medaka,
its closely related species, and zebrafish to identify species-specific
neuronal types and investigate how they are involved in species-spe-
cific social vision. Additionally, using gene editing techniques, we
have developed molecular genetic tools such as calcium imaging and
optogenetics in several medaka species. In the near future, we aim to
integrate these research approaches to understand the neural basis
of social vision and the mechanisms of its evolutionary diversification.

RAbRF RFEREGREMER 12
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TBEP T OEEFMBIKEDERENL T DI EDPDHOTEEL
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BRIESEHEE T, (TOWBICH T DRMEBHERE. WERCH
\T 2Bk RE DR E AR, IBEMRICH T DEMETFRRREHELR

EERE. MANRELTVET, MRFEELTE DFEDE
BOECAN . MR, JORER . MNA A—2 2T BTN
e ERAL. IhoDHEMZEREICANSIET. " EHD"
WBEZRAEDICT HIEEMEDBNELERY . FRAICIL. Ritkse
DOIRRIIBRZ RO DECBIC, MEEERIC T 2 FH% 8
EDRFEP. FEPR2LGHEBLRETDLVEVEE VAT LD
W ERRELET.

EIFVAFIVORE. FHAOHRMBREELMATA T AV VT ILE LB EERROMRES TR, A1 YIR

Understanding how our brain develops and changes.

Humans grow up under the influence of their environment and society
and, even into adulthood, we are continuously changing in response
to new information. Indeed, the nervous system of an animal is
formed not only by intrinsic factors such as genomic information, but
also by extrinsic factors such as environment, society, or parenting.
It is now becoming clear that the structure and function of the brain's
neural network plastically changes not only during development but
also in adults. Our laboratory studies the mechanisms behind brain
development and changes by examining the following systems:
songbird vocal communication, rodent leaming abilities, brain impair-

ment under pathophysiological conditions, and gene transcription
regulation in vivo. We use experimental methods in the fields of
molecular biology, cell biology, along with brain imaging and optoge-
netics to conduct behavioral analyses. We hope that our research will
contribute to a better understanding of the basal mechanism of brain
function and will serve as a foundation for the development of rem-
edies for brain disorders. We also will strive to establish an optimal
education system to improve the learning efficiency or to promote
healthy growth and development of animals.
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Understanding the structure and dynamics of the brain and mind

The understanding of higher brain function is the central theme of
science in the 21st century. To unvell the mechanisms of higher brain
function, we investigate the structure and function of the neural cir-
cuits and networks in the brain using state-of-the-art neuroscience
research methods.

1) Understanding the structure of the brain (molecular neuroanatomy):
We investigate the structure of the brain that underlies higher brain
function at a multi-scale level (cellular, local circuit, and inter-regional
network). To achieve this, we develop and use novel research tools,
such as visualization and manipulation of neural circuits based on cir-

cuit tracing using plasmid or virus vectors.

2) Understanding the dynamics of the brain (functional neurophysi-
ology): We investigate the functional dynamics of the brain, such as
temporal change in the neuronal representation of information, and
information processing on the local circuit and inter-regional network
level. To achieve this, we use various methods such as multiple unit
recording, electrocorticogram (ECoG) recording, and brain imaging
for monitoring neural activity, and drug microinjection and trans-cranial
magnetic stimulation (TMS) for manipulating neural activity.
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Membrane traffic: from molecular mechanisms to high order functions

Cells, the building blocks of all multi-cellular organisms, contain a
variety of membranous compartments (i.e., organelles). Although they
have unique functions, organelles do not function independently, and
frequently exchange information via “membrane trafficking,” in which
membrane-wrapped substances are transported between organ-
elles. Since a variety of human diseases are often caused by a loss
of proper membrane trafficking, understanding the molecular mecha-
nisms of membrane trafficking is one of the most important research
themes in biology and medical science. For membrane trafficking to
occur smoothly, “traffic controllers” must be present within the cells.
In our laboratory, we investigate the role of Rab GTPases, one of the

most important traffic controllers conserved in all eukaryotes, in mem-
brane trafficking. We attempt to uncover the molecular mechanisms
of membrane trafficking underlying various life phenomena (e.g.,
melanin transport in skin and hair pigmentation, neurite outgrowth in
neural network formation, epithelial polarity formation, and autophagy)
by using molecular biology, cellular biology, biochemistry, and molec-
ular imaging techniques. Shedding light on their role will lead to an
understanding of the molecular mechanisms of membrane trafficking
in high order functions.
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Genetic control of developmental processes and their evolution

Organisms develop intricate forms guided by their genetic programs.

Qur laboratory investigates the genetic control of developmental pro-

cesses and their evolution using the model nematode Caenorhabditis

elegans and related species. These organisms feature simple body
structures and compact genomes, making them ideal research tar-
gets.

1) Spatio-temporal regulation of microtubules: Microtubules, part of
the cytoskeleton, perform various functions such as facilitating
cell division, transporting intracellular material, and maintaining cell
shape. Our research unravels the spatiotemporal regulatory mech-
anisms that control the dynamic activities of microtubules during
cell division and in specific tissues, utilizing an integrative approach
covering molecular genetics, live imaging, and biochemistry.

2) Structural changes of chromosomes and trait evolution: Trait evo-

lution and speciation result from a combination of DNA mutations,
transposon transfer and amplification, and large-scale chromo-
some rearrangements. Our goal is to understand the relationship
between changes in chromosomal structure and trait evolution by
comparing and manipulating the genomes of C. elegans and its
related species. Additionally, a new area of chromosome biology
is explored by analyzing the molecular mechanisms underlying
programmed DNA elimination, a phenomenon observed in certain
nematode species where a portion of the chromosome is excised
and discarded during development. We are also conducting artifi-
cial evolutionary experiments by manipulating chromosome struc-
tures.
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Understanding how intracellular organelles are functionally integrated

Eukaryotic cells have a number of intracellular organelles with dis-
tinct functions. However, these organelles never function alone;
they cooperatively regulate cellular homeostasis, proliferation, and
differentiation, through a continuous exchange of soluble and mem-
brane-bound molecules via membrane trafficking and/or membrane
contact transfer. A failure in organelle cooperation often results in var-
ious human diseases. Our laboratory uses methods in biochemistry,
cell biology (organelle imaging), and molecular biology to identify novel

organellar proteins and lipids. With these methods, we aim to unveil
novel functions of organelles and the molecular mechanisms that reg-
ulate organelle cooperation. We especially focus on molecules that
reside on the cytoplasmic face of the organelles; the face that forms
physical contacts with other organelles. Our results will help develop
new treatments for diseases such as cancer and autoinflammatory
diseases that are caused by disrupted organelle cooperation.
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In search of the glial correlates of consciousness

Every scientific endeavor begins with observation. However, obser-
vation alone can only lead to a realization of correlation. Experimen-
tation is required to understand the observed causal relationships.
The brain is a complex multicellular organ. The human ‘mind" is
likely created by communication between brain cells. This notion is
derived from studies of correlation between cell activity and animal
behavior. Recently, tools were developed that give scientists specific
control of cell activity. For example, light-sensitive proteins found in
microorganisms, such as channelrhodopsin-2 (ChR2), can now be
genetically expressed in mammalian brain cells, which allows ex-
perimenters to optically control cell activity at will. We succeeded in

generating a cohort of transgenic mice with consistent expression of
a highly light-sensitive ChR2 protein. In addition, manipulation of the
activity of “non-excitable" glial cells in vivo has also become possible.
Our experiments show that selective optogenetic stimulation of glia
can lead to release of glutamate as a glio-transmitter, which induces
synaptic plasticity and can accelerate cerebellar-modulated motor
learning. This finding suggests that glia also participate in information
processing in the brain, a function once thought to be solely mediat-
ed by neuronal activity. We are actively using these optogenetic tools
to explore the causal relationship between brain activity and the func-
tioning of the mind.
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Genome instability and carcinogenesis

Approximately 5% -7% of all breast cancers are inherited, and the
two most important breast cancer susceptibility genes, BRCA1 and
BRCA2, were identified by linkage analysis of familial breast cancers.
Mutations of BRCA1 and BRCA2 have been identified in 25% of fa-
milial breast cancers. These breast cancers are collectively referred
to as Hereditary Breast and Ovarian Cancer Syndrome (HBOC). In
addition to hereditary cancer, it has been reported that BRCA1 is
involved in a subtype of sporadic breast cancer, triple-negative breast
cancer, and in the chemosensitivity of various cancers. BRCA1 is
also involved in many cellular processes, including DNA repair and
centrosome regulation. Defects in the regulatory mechanisms of the

centrosome and DNA repair result in defective mitoses, chromosome
segregation errors, and the accumulation of DNA damage, which are
significant sources of genome instability, and a hallmark of cancer.
QOur research specifically focuses on the functions of BRCAT in DNA
repair and centrosome regulation. To analyze the functions of BRCA1
and its related proteins, we performed cytological analyses, analyses
using genetically modified mice, and analyses of clinical specimens.
We believe that this research will contribute to the further understand-
ing of carcinogenesis and aid in developing novel cancer therapies.
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Our laboratory investigates how lipid nutrition and membrane lipid remodeling influence
neural plasticity, immune cell regulation, and intercellular communication within the tumor

microenvironment.

We focus on the structural and developmental basis of human or-
gans, while advancing research aimed at elucidating the molecular
and cellular mechanisms that underlie physiological and pathologi-
cal states. Our primary interest lies in the role of lipid metabolism in
regulating the homeostasis of the immune and nervous systems,
particularly in the context of energy metabolism, cell function, and
differentiation.

Furthermore, we are elucidating how dysregulation of lipid metabo-
lism contributes to the pathogenesis of neurodegenerative diseases,
malignancies, and chronic inflammatory conditions. By integrating
anatomical perspectives with contemporary life science approaches,
we aim 1o both deepen basic biomedical research and foster the
development of next-generation physician-scientists and biomedical
researchers.
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Elucidating Neural Mechanisms Transforming Visual Inputs into Eye Movement Outputs

Humans are often described as “visual animals,” relying on vision
for approximately 80-90% of the sensory information, and our brain
unconsciously switches between multiple types of eye movements.
For example, when an object suddenly appears, the eyes rapidly shift
their gaze through a fast eye movement called a saccade, bringing
the object onto the fovea of the retina. This is followed by fixation,
which stabilizes the gaze and allows detailed visual information to be
acquired accurately. During this period, eye movements toward other
stimuli are suppressed, enabling focused attention on the object of

interest. In addition, when tracking a moving object, smooth pursuit
eye movements allow the eyes to follow the target smoothly and con-
tinuously.

Qur research aims to clarify where and how visual information is pro-
cessed in the brain and transformed into appropriate eye movement
commands. Using non-human primates, we employ physiological
and anatomical approaches to identify the underlying neural circuits,
and try to elucidate the neural mechanisms that convert visual inputs
into eye movement outputs.
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The Origin of Genomic Instability and its Relevance to Cancer and Aging

QOur body comprises up to sixty trillion cells, all of which are derived
from one fertilized egg. Each cell in our body faithfully inherits genetic
information through the cooperation of a number of elaborate mech-
anisms. In contrast, most cancer cells show chromosomal abnormal-
iies and genetic mutations, which are caused by genomic instability,
a condition in which the mechanisms ensuring faithful transmission of
genetic information are impaired. Genomic instability is also reported
to be seen in Alzheimer’s disease and aging, although the underly-
ing mechanisms are not fully understood. We are investigating how

genomic instability occurs, and how it is related to cancer and aging.
We are addressing these questions from the molecular to the organ-
ismal level using cultured cells and mice, and a variety of techniques
including live cell imaging, biochemical analysis, and genomic and
epigenetic analyses. Through these approaches, we are aiming to
develop a strategy to prevent disease by increasing genome stability,
and to develop cancer therapies by targeting genomic instability.
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Elucidation of the pathophysiology, diagnosis, and treatment of cancer, autoimmune diseases, and allergies based on the immune system.

Living organisms are protected by the immune system, which begins
with the recognition of self and non-self, followed by activation or sup-
pression responses that work precisely to eliminate harmful agents.
The breakdown of the immune system can lead to not only diseases
and infections caused by external pathogens, but also autoimmune
diseases and allergies. Therefore, it is very important to understand
the activation and suppression mechanisms of the immune system,
which is crucial for maintaining our health. In our laboratory, we focus
on immune cells with cytotoxic functions, such as NK cells and T
cells. By utilizing in vivo, in vitro, and in silico techniques, we have
conducted not only the elucidation of the pathological mechanisms of

various diseases, including cancer, but also the development of new
diagnostic and therapeutic approaches.

The expression of cellular functions requires the transcription of
genetic information from DNA into RNA, which is then translated
into proteins. During our research on cell surface antigens, we dis-
covered that immune cells can acquire membrane molecules from
other tumor cells (a process known as “trogocytosis”), which occurs
independently of DNA-based genetic information. We have reported
numerous studies on this phenomenon. Through the application of
methods for controlling cells, we am to develop innovative therapies
for diseases involving immune cells.
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Neuronal morphogenesis and Cytoskeleton

The most immediately recognizable feature of neurons is their shape.
The elegant morphology of neurons has fascinated researchers for
many years. We focus on microtubules, a type of cytoskeletal struc-
ture, and molecular motor proteins, such as kinesins and dyneins, to
study the mechanism that regulates neuronal morphogenesis. Using
an interdisciplinary approach, we combine biophysics, which involves
measuring the properties of individual molecular motors and analyzing
or modifying them using Al and computational science; cell biology,
using cultured mouse hippocampal neurons and human iPS-derived
neurons; and genetics, employing C. elegans as a model organism.

(1) Mechanisms that regulate the localization of synapses and organ-

elles
Synapses always form at specific locations within the body. Organ-

elles such as synaptic vesicles and mitochondria accumulate in pre-
cise amounts at the necessary locations to perform their functions.
We aim to elucidate how the physical properties of individual molec-
ular motors—such as force and speed—are regulated to determine
the positioning of synapses and organelles in vivo.

(2) Regulation of neuronal morphology by microtubule-regulating kine-

sins

If microtubules are abnormally stabilized and become too long, axons
grow excessively, leading to neurodevelopmental diseases. We focus
on kinesins that regulate microtubule length to uncover the mecha-
nisms ensuring the proper formation and maintenance of neuronal
morphology.
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Our research interest (Organ morphogenesis; organ development, diversity and regeneration)

Developmental mechanism of organ morphogenesis in vertebrates

Organ morphology is established during embryogenesis by the de-
velopmental mechanism that is controlled by the genetic program
encoded in the genome. The mechanism causes cells to proliferate,
die, differentiate, and make tissue, giving rise to organs that have
functional morphology. Using vertebrate appendages (limbs/fins) and
reproductive organs as our model systems, we investigate the devel-
opmental mechanisms that are responsible for organ morphogenesis.
Species-specific organ morphology (e.g., the number of digits in

tetrapod limbs) is established by modification of the genetic program,
and the resultant developmental mechanism, during evolution. To
better understand the developmental aspects of the evolution of
morphology, we use a variety of vertebrate embryos (e.g., zebraf-
ish, Xenopus, newt, gecko, mouse, chicken, quail, and penguin) to
investigate how animals modify the developmental mechanism for
morphological traits.
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Live-cell analysis of intracellular dynamics to understand plant development

Flowering plants have various organs, but they all have originated
from a single-celled zygote. Using Arabidopsis thaliana, we estab-
lished a live-cell imaging system to visualize the intracellular dynamics
of the zygote. We found that the egg cell polarity is temporally disor-
ganized on fertilization and the new polarity is gradually established,
as microtubules and F-actins align in a zygote-specific manner. Var-
ious organelles, such as the nuclei and vacuoles, position along the
F-actin cables, resulting in an asymmetric cell division of the zygote

and thus the establishment of the apical-basal axis. Further, we found
that the inner—outer axis is formed during the subsequent embryo
patterning. Our laboratory utilizes this high-resolution, live-cell imaging
technique to understand the events in a living zygote and how the
intracellular dynamics result in the formation of a plant. We are also
in the process of identifying the key regulators of the individual intra-
cellular events to understand the molecular mechanisms controlling
plant ontogeny.
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Towards an Understanding of the Molecular Basis of Plant Architecture

The basic strategy underlying plant development is different from that
of animals. Plants start their life from a simple structure and continue
morphogenesis throughout their lifetime. The key to this lifecycle is
the activity of stem cells located in the meristem.

In principle, the meristem has an indeterminate activity and continues
to produce next-order meristems to establish an elaborate structure.
However, each meristem eventually proceeds to a final determinate
fate, the floral meristem, and becomes a flower for reproduction.
Thus, the timing of the change from the indeterminate to the deter-
minate phase is critical for plant architecture, in particular, for inflo-

rescence structure, and for successful reproduction. The aim of our
research is to understand the molecular basis of the regulation of
meristem phase change timing.

We use rice inflorescence development as a model system and have
identified several genes that play critical roles in this process. Current-
ly we are on the way to fully understanding the molecular and genetic
roles of these critical regulators. Furthermore, we use the bryophyte
Marchantia polymorpha, to reveal possible ancestral roles for these
regulators, as well as Arabidopsis, to understand their diverse roles in
development.
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Understanding the Dynamics of Plant Evolution at the Molecular Level

How has the remarkable diversity of life on Earth evolved? To address
this fundamental question at the molecular level, we conduct re-
search using plants as model systems. Sexual reproduction ensures
genetic diversity, and the modes of sex determination and their un-
derlying molecular mechanisms are highly diverse. Bryophytes, which
are the sister group to vascular plants, determine sex during the hap-
loid generation. Using the model liverwort Marchantia polymorpha,
a dioicous species with sex chromosomes, together with a closely
related monoicous species, we have conducted comparative ge-

nomic analyses to elucidate how sex chromosomes evolved during
the transition from dioicy to monoicy. In the Laboratory of Plant Evo-
lutionary Dynamics, we aim to understand the mechanisms that have
generated biological diversity through chromosomal and functional
genomic approaches. We also integrate fieldwork into our research
to uncover the survival strategies that sessile plants have acquired
to adapt to their environments, as well as the molecular mechanisms
underlying these strategies.
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Linking environmental cues to animal behavior and development

The environment surrounding an organism influences a wide range
of traits, including behavior, physioclogy, and development. We aim
to elucidate the molecular and neural mechanisms by which ani-
mals sense environmental information, integrate multiple cues, and
ultimately determine their phenotype. To this end, we use the nem-
atode Fristionchus pacificus, an established model in evolutionary
biology. In R pacificus, mouth morphology and feeding mode change
depending on environmental conditions experienced during devel-
opment. Our previous studies have shown that the light environment
contributes to the determination of mouth morphology, and further
suggest that this nematode possesses a unigue light-sensing mech-

anism distinct from those of other animals. By combining genetic
approaches such as forward genetic screening and genome editing
with molecular biology, imaging, and biocinformatics, we will identify
novel photoreceptors and examine their functions. We will also clarify
inter-tissue communication through which information is transmitted
from sensory neurons to cells forming the mouth, as well as the gene
expression and epigenetic regulation that support plasticity, thereby
uncovering how the environment shapes phenotype. The insights
gained will contribute to an evolutionary understanding of environ-
mental responses and may also enable the development of new
experimental manipulation tools.
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Mechanisms of Plant Responses and Adaptation to Terrestrial Environments

Owing to their sessile nature, plants are unable to move to a new
habitat once established. However, terrestrial plants have evolved
unique abilities to mitigate environmental stresses and adapt to their
surroundings. Our research is aimed at understanding the relationship
between plant growth and development, and environmental cues
such as gravity, water, and light. Important findings include 1) that the
gravi-response is involved in the unilateral placement of peg formation
in cucumber seedlings, and in the circumnutation of shoots and roots

in various plant species, and 2) that plant roots show hydrotropism
in response to moisture gradients, which, together with gravitropism,
plays an important role in regulating root growth orientation in order to
efficiently obtain water. We use molecular, physiological, genetic, and
cytological analyses to understand these regulatory plant response
mechanisms. We also conduct spaceflight experiments to test hy-
potheses developed to explain the effect of gravity on plant growth,
and to understand the effect of microgravity on plant development.
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Uncovering the principles of the formation and evolution of biological forms

Earth is filled with organisms with a remarkable diversity of sophis-
ticated body forms. These range from conspicuous macroscopic
morphologies, such as the powerful wings of a soaring condor, to
functional microscopic structures, exemplified by the photonic crys-
tals embedded in the iridescent feathers of peacocks. Across many
biological scales, living organisms have evolved sophisticated body
forms.

In the laboratory of adaptive morphology, we use insects as model
systems to investigate how diverse constraints have shaped the
evolution of body forms. We focus on body morphologies that are
both beautiful—because they are subject to geometric and physico-
chemical constraints—and adaptive —because they are shaped by

environmental pressures and historical contingencies. Our goal is to
clarify at the molecular level how the interplay among these different
constraints drives the evolution of diverse biological forms.

Using the diverse color patterns of ladybird beetles and the evolution
of metallic photonic crystals formed by weevils as model systems, we
combine genomic approaches to uncover how the constraints un-
derlying adaptive morphological evolution have been encoded in the
genome. Furthermore, by using genome editing to manipulate this
information, we aim to establish an approach for experimentally re-
constructing and observing evolutionary processes in the laboratory,
thereby providing direct empirical insight into the evolution of adaptive
forms.
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From molecule to ecosystem: observation, analysis, and prediction of plant functions

Plant photosynthesis is the source of energy and carbon skeleton
for all organisms on the earth. The Laboratory of Functional Ecology
investigates plant functions, such as photosynthesis, stress toler-
ance, growth, reproduction, biomass production, competition, and
coexistence, from the molecular to the ecosystem level. We address

questions such as "what traits are necessary to adapt to a certain
environment?” "what is the ecological significance of a certain trait?"
and "what and how traits should be changed to improve biomass
production?" In particular, we are interested in plant responses to
global change.
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Eco-complexity and Adaptation: Toward an Integrative Understanding of Ecosystems

The ecosystem is extremely large and complex. A number of diverse
organisms, and various non-living components, interact with each
other through complicated dynamics to generate the different orga-
nizational levels of population, community, and ecosystem. Further-
more, living organisms, the essential components of ecosystem, are
not static, but their morphology, behaviors, and interactions continu-
ously change over time driven by evolutionary processes.

Many fundamental questions remain to be answered: How and why
are organisms so diverse? What are the roles of evolutionary and
ecological processes in the emergence and persistence of ecological
systems”? What keeps the ecosystem functional in nature”? How can
we cope with the “balance of nature™?

In our laboratory, multiple approaches are used to understand eco-
logical systems, including observations or experiments in the field or
laboratory, data analysis using mathematical or statistical tools, and
conceptual modeling.

Our interests encompass a breadth of different areas in basic and
applied ecology, such as (1) understanding the structure and dy-
namics of ecosystems, (2) establishing a data-driven ecology model
based on large data sets (e.g. environmental DNA (eDNA) data,
ecological databases), (3) contributing to the realization of sustain-
able, Nature-Positive Human Society and (4) developing a theoretical
framework for forecasting and controlling ecological dynamics.
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Laboratory of Symbiosis Genomics

Inspired by Prof. Hitoshi Kihara's words “The History of all Organ-
isms is inscribed in the Chromosomes,” we are trying to understand
the history of organisms inscribed in their genetic information. Our
research targets include symbiotic plant-microbe interactions in the
narrow sense and symbiotic environmental interactions in the broad
sense. We aim to explore the complex inter-related network of or-
ganisms and their surrounding environments through the genomics
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approach including population and comparative genomics.
References: 1) Shah N et al. (2020) Nature Communications 11,
Article number: 253. 2) Bamba M et al. (2020) FEMS Microbiology
Ecology 96, fiaa202. 3) Kamal N et al. (2020) DNA Research 27,
dsaa015. 4) Kusakabe S et al. (2020) Microbes and environments,
35: ME19141. 5) Akyol TY et al. (2019) Microbes and environments,
34:23-32.
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Understanding biodiversity at large scales through predictive modeling in space and time

Global declines of biodiversity caused by human-driven changes to
land use and climate threaten extinction of species and loss of eco-
system functions vital to human well-being. At the same time, there are
large gaps in knowledge regarding biodiversity around the world. How
is biodiversity distributed? How do human actions affect it? What are
the effects on ecosystems and human society when it changes? The
field of macroecology addresses these questions through research of
the pattems and processes of species and ecological communities at
large scales (in space, time, and species). Recent revolutions for this
field in big data and modeling now give us many of the tools we need
to answer pressing questions about global change and biodiversity.

Our laboratory uses geospatial analysis and statistical modeling to
investigate biodiversity at regional and global scales through time. This
includes predicting where species ranges may move due to climate
change, investigating the biogeographic effects of species interac-
tions, determining invasion risk of alien species, inferring provisions of
ecosystem services, and mapping hotspots of biodiversity to guide
conservation priorities. We also develop open programming tools and
interactive applications for macroecology that advance the field with
new methods and improve accessibility for complex and reproducible
workflows.
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Unveiling ecosystem processes of watersheds at the interface of land and ocean

The forest, stream, and marine ecosystems within a watershed are
intricately interconnected. Water, sediment, and wood regimes origi-
nating from the forest significantly influence stream and coastal envi-
ronments. Numerous animals, including fishes and shrimps, migrate
between the ocean and streams, while aquatic insects, amphibians,
birds, bats, and mammals traverse between forests and streams.
These migratory animals serve to bridge two spatially distinct ecosys-
tems by transporting resources and/or interacting with other commu-
nity members. Dynamic and heterogeneous watershed landscape
allow diverse organisms to co-exist in nature.

While the spatial couplings of ecosystems are often considered sur-
prising, they are supported by ecosystem processes facilitated by

watershed connectivity. We investigate these ecosystem processes
within watersheds using field-based approaches such as direct ob-
servations, surveys, field manipulative experiments, as well as molec-
ular approach.

Unfortunately, the majority of ecosystems on our planet have been
degraded. However, biota have evolved and adapted to thrive in nat-
ural environments. By studying how biota live and interact with each
other in natural ecosystems, we aim to better understand nature and
provide essential foundational information for humans to coexist with
nature. Our research group visits pristine natural ecosystems around
the world to study the broader scope of nature, collaborating with
scientists from various backgrounds.
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Using multidisciplinary approaches to study diversity and evolution of plants

Land plants have highly diversified in every place on the earth. To
analyze the mechanisms underlying the origin of plant diversity and
to describe it from the viewpoint of natural history, we employ a multi-
disciplinary approach based on molecular phylogenetics, population
genetics, morphology, taxonomy, and dendrochronology.

In particular, we are currently focusing on population/species level
genetic differentiation in wild Asian plants, phylogeny of some angio-
sperm groups, natural hybridization between Japanese plant species,
coevolution of plants and animals/ fungi, plant taxonomical and flo-
ristic studies in East Asia, and estimation of past climate fluctuations
using tree-ring dating.

We are also studying conservation bioclogy of wild threatened plants
in Japan and, based on our results, we are performing ex situ con-
servation of the plants at the Tohoku University Botanical Garden.
Our laboratory includes staff from the Tohoku University Botanical
Garden in Kawauchi, Sendai and a branch garden in Mt. Hakkoda,
Aomori. These two gardens are blessed with a natural richness, of-
fering good opportunities for plant biology studies. On the Kawauchi
campus, we have a large herbarium (Tsuda Memorial Herbarium) in
which over 300,000 specimens, including approximately 100 Holo-
types, are deposited.
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Analysis of Embryonic Development and Population Maintenance in Marine Animals

Marine environments are populated by various animals, that represent
almost all phyla and range from the simplest to the most complex
body plan. Our laboratory is located in the Mutsu bay area in the
north of Japan, which is known to have the richest variety of marine
life in the Tohoku area. Benefitting from such a location, we study a
variety of local marine animals. We are interested in a broad range of
topics in marine biodiversity, including molecular and cellular mech-
anisms and evolutionary aspects of animal development, as well as
species distribution and community composition associated with
environmental factors and species interactions. Specific areas of our
research are; 1) the molecular and cellular mechanisms of morpho-
genesis of medusa tentacle branching in the jellyfish; 2) an evolution-

ary developmental analysis of germline segregation mechanisms in
animals including tunicates and jellyfish; 3) the molecular and cellular
mechanisms of germ line regeneration in ascidians and sea urchins;
4) a developmental analysis of the metamorphosis and the adult
morphogenesis of sea urchins, with a particular focus on the diges-
tive tract and skeleton; 5) an ecological study of the resistance and
resilience of rocky intertidal communities after large, infrequent natural
disturbances; 6) species diversity and evolutionary history of marine
gastropod molluscs. These studies will provide novel and surprising
insights in understanding the many different aspects of marine biodi-
versity.
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How Human Activity Affects Ecosystems and Biodiversity

Ecosystems are formed by the interaction between biological com-
munity and environment and have wide variations in both structure
and function. Recently, changes in climate and land-use have great-
ly affected the ecosystem and biological diversity, and therefore
changed the relationship between ecosystems and human beings.

We study the structure and function of ecosystems by analyzing the

distribution, structure, and function of ecosystems and their changes.
In particular, we focus on exploring 1) the structure and function of
ecosystems using stable isotope signatures, 2) the responses of
ecosystems and their biodiversity to external environmental changes
including climate change, and 3) the evaluation of ecosystem ser-
vices and conditions for their sustainable use.
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Establishing a “Cool Earth” using Soil and Symbiotic Microorganisms

The recent extreme weather events are a result of global warming.
Anthropogenic greenhouse gases other than CO,, such as nitrous
oxide (N,O) and methane (CH,), are markedly emitted from agri-
cultural lands during food production. Revolutionizing of agricultural
systems to prevent global warming is required for human survival on
earth. Our previous laboratory “Microbial Symbiosis” showed that
the rhizosphere N,O emissions can be reduced by rhizobia with N,O
reductase and CH,-oxidizing, N,-fixing bacteria in paddy rice roots.
Based on these results, we are conducting a collaborative research

with domestic and overseas researchers forming a research hub
for establishing a “Cool Earth” as a Moonshot Project. Soil micro-
organisms can reduce greenhouse gases, and through our better
understanding of the soil ecosystem in terms of microorganisms and
environment, we can maximize the capacity of soil microorganisms to
reduce greenhouse gases and achieve our goal of a “cool earth” us-
ing soil-microorganism-plant systems. There are only about 10 years
remaining before reaching the drastic critical point of global environ-
mental changel!
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Bioinformatics Linking Diverse Data and Biological Systems

The current trend in life sciences is towards an explosion of data,
which is occurring at every level of life, i.e. at the molecular, cellular,
tissue, and organ levels. This data explosion has been caused due
to the development of advanced experimental technologies. For
example, thousands, or tens of thousands of individual genomes,
are being sequenced all over the world. Gene expression data and
protein structure and function data have are also being rapidly accu-
mulated. In addition, cellular and organ-level data, such as brain neu-
rological activities and images of organ development are also being
obtained. The development of biobanks, which contain both clinical

and biological data obtained from human subjects, paves the way for
the development of personalized medicine, in which the best thera-
py is selected for each individual. Such "big data” provides us with
an opportunity to understand life more extensively, but to extract as
much knowledge as possible, information science must play a crucial
role in creating a tailor-made analysis of these diverse types of data.
Thus, the role of bicinformatics in biology is now increasing. We are
developing methods to analyze biological data based on information
theory to understand life systems in order to help people live healthier
lives.
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Insights from studies on human evolution

The first genus Homo appeared at ~2.4 Ma in East Africa, and there-
after their human descendants evolved into Homo sapiens at ~ 300
ka. Through a long evolution process, humans gradually developed
their cognition and technologies. We are investigating the temporal ad-
vances in technologies and functions of prehistoric stone tools and the
relationship with human evolution.

Currently, we are conducting field research in Mongolia to find and
excavate sites with remains from H. sgpiens and archaic humans such
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as Neanderthals and Denisovans. We are analyzing macro- and micro-
scopic traces on stone artifacts using multiple microscopy techniques
to reconstruct past human behaviors related to manufacturing and tool
use. We will evaluate technological and cognitive differences between
H. sapiens and archaic humans to better understand the reasons why
H. sapiens was able to increase its population size while archaic hu-
mans went extinct.
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The aim of this major is to approach essential understanding
of life phenomena by clarifying the mechanisms at work in
living bodies ranging from low-molecular-weight compounds
o highly polymerized compounds such as nucleic acids and
proteins. This major proactively incorporates an interdisciplin-
ary approach combining chemistry and biology. We conduct
research and impart education aiming to develop a meth-
odology to enable healthy control of life phenomena, using
fundamental knowledge obtained at the molecular level.
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Chemical Biology for Drug Discovery

The Arimoto Group studies biologically active small molecules that
contribute to human healthcare. Research in the lab is currently fo-
cused on three major areas: 1) regulatory mechanism of autophagy
through nitric oxide signaling in an innate immune response to bac-
terial infection, 2) development of antibacterial agents against vanco-
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mycin-resistant strains, and 3) organic synthesis of natural products.
We utilize diverse chemical and biological techniques, including
eukaryotic and bacterial cell cultures, biochemistry, molecular biology,
organic synthesis, and nuclear magnetic resonance spectroscopy.
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Innovative Total Synthesis and Functional Analysis of Structurally Complex Alkaloids

Natural products exhibit highly selective and potent biological activ-
iies based on their highly evolved molecular architectures. For this
reason, natural products have historically provided numerous useful
substances that enrich human life, including pharmaceuticals, agro-
chemicals, and fragrances.

However, many natural products possess valuable biological activities
yet are available only in extremely small quantities from nature. As
a result, their functions remain insufficiently understood, and many
such compounds remain unexplored. The practical supply of these
natural products through chemical synthesis is therefore essential for
advancing drug discovery and life science research.

In our laboratory, we aim to achieve the total synthesis of alkaloids
possessing complex and unique structures that have not yet been
synthesized. In addition, we develop original synthetic methodologies
that can surprise the global community of organic chemists, enabling
the rapid and large-scale synthesis of valuable compounds for drug
discovery research. Furthermore, inspired by the structures of natural
products, we also pursue the creation of artificial bioactive molecules
that do not exist in nature.

Through the chemical synthesis of natural products and our own
designed molecules, we aim to contribute to the advancement of life
science and drug discovery research.
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Novel strategies for small molecule drug discovery

Traditional small molecule drug discovery strategies rely on the “lock
and key” theory, which specifies that small molecule drugs bind to
target proteins and modulate their functions. However, many dis-
ease-related proteins, including substrate binding proteins, aggre-
gation-prone proteins, and protein-protein interactions cannot be
predicted by the lock and key mechanism. Therefore, we discovered
novel strategies that employ methods of organic chemistry, and mo-
lecular and cellular biclogy to regulate these proteins.

We developed a novel strategy for small molecule drug discovery,
in which, degradation of target proteins is based on the use of small
hybrid molecules composed of a ligand for the target protein and
another for ubiquitin ligase. These hybrid small molecules direct the

ubiquitin ligase towards the target protein, leading to selective degra-
dation by the ubiquitin-proteasome system. In addition, we demon-
strated that this strategy could be an effective therapeutic approach
for neurodegenerative diseases.

Aqueous solubility is essential for drug candidates, and improving
agueous solubility of bioactive compounds is a major concern for
medicinal chemists. We have proposed strategies for improving
agueous solubility by modifying molecules using certain methods that
would decrease intermolecular interaction. Our results indicate that
these strategies can increase the aqueous solubility of molecules
although their hydrophobicities increase concomitantly.
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Molecular mechanisms responding to mechanical stress and energy stress

We are investigating the molecular mechanisms involved in the
body's response to environmental stresses, including mechanical
forces and energy stresses. It is well known that muscles and bones
are properly maintained by exercise and other forces, and that blood
vessels physiologically respond to shear stresses caused by blood
flow. Furthermore, mechanical responses in epithelial cells are also
involved in morphogenesis of epithelial tissues. Molecular mecha-
nisms of cellular response to energy stresses, such as hypoxia and
limitation of glucose, are important in the control of apoptosis.

In our study of mechanical responses, we are examining molecular
mechanisms of the actin cytoskeleton and intermediate filament reor-

ganization following application of mechanical stresses. In particular,
we focus on the spatio-temporal regulation activities of Rho small G
proteins in the intermediate filaments.

Under hypoxic conditions, a large number of genes are induced by
hypoxia inducible factors (HIFs) to facilitate adaptations to the low-ox-
ygen environment. Prolyl hydroxylase domain-containing proteins
(PHDs) regulate the amount of the HIFs in response to oxygen levels.
Therefore, PHDs act as an oxygen sensor. Our recent research has
identified novel roles of PHDs in the intracellular signaling pathway of
stress responses. We focus on the crosstalk between hypoxia re-
sponse and other signaling pathways.
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Structural basis of proteins and its application

Our research aims to elucidate the molecular mechanisms of pro- 1. Elucidation of the mechanism of bioactive molecules obtained from
teins, particularly those relating to diseases, from a structural view- marine organisms

point. Furthermore, we apply the revealed molecular characteristics to 2. Structural and functional analysis of new antibiotics for measuring
design novel functional materials. The following are current projects. infectious diseases

3. Study of the translational regulatory mechanism

4. Study of the molecular mechanisms of toxic proteins in pathogenic
microorganisms

5. Structure and functional analysis of proteins relating diseases

6. Structure based functional alteration of proteins
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Microbial adaptation and evolution mechanisms and their applications

Some bacteria can degrade anthropogenic pollutants. We aim to
comprehensively understand the adaptation and evolution mecha-
nisms of such bacteria at the protein (enzyme), gene, genome, cell,
consortium, and environmental levels and to develop new technolo-
gies to effectively utilize unexplored microbial functions.

Microbiology, molecular genetics, cell and molecular biclogy, protein
engineering, genomics, and ecology techniques are used to under-

stand and elucidate the mechanisms of regulatory networks, reorga-
nization of genetic information and horizontal gene transfer as well as
to develop and explore new genetic resources. Other developments
focus on novel methods and elemental technologies for genome
analysis and DNA analysis, respectively, and the development of
more efficient research using computer programming-based analysis
tools and research support systems.
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Brassica rapa

Arabidopsis thaliana

Brassica oleracea (var. italica, capitata)

Cycas revoluta Symplocarpus renifolius
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Toward a Comprehensive Understanding of Plant Reproductive Systems that enable Selfing and Outcrossing

Plants have thrived on earth by employing growth and reproductive
strategies adapted to their environment. An integral aspect of their
reproductive strategy involves the presence of hermaphrodite organs,
having both female pistils and male stamens within a single flower.
Hermaphrodites are capable of self-fertilization, ensuring subsequent
generations can reproduce autonomously, while facilitating reproduc-
tion through crossbreeding with other individuals, thereby maintaining
genetic diversity. Throughout the evolutionary process, plants have
developed various reproductive systems tailored to their environment
by modulating the balance between selfing and outcrossing in her-
maphrodites through alterations in reproductive organ structure and
molecular-level signal transduction systems. Consequently, a diverse

array of reproductive systems, such as self-incompatibility, dichoga-
my, and dioecy, which promote outcrossing, are established.

Our laboratory focuses on self-incompatibility, a pivotal component of
plant reproductive systems, to elucidate the molecular mechanisms
governing selfing and outcrossing in plants utilizing genetic and physi-
ological methodologies. Through this research, we am to deepen the
comprehensive understanding of plant reproductive strategies. Our
findings are anticipated to contribute to breeding efforts and ecosys-
tem maintenance in the future.
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Study of genetic mechanisms underlying biological reactions

We conduct molecular genetic and physiological research to elu-
cidate gene function across various biological responses including
aging, drugs, and temperature disturbances using model organisms
such as cultured cells, the nematode Caenorhabditis elegans, and
the plant Oryza sativa.
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Comparative genomics to understand evolution

While rapidly accumulating life information such as genome se-
quences and gene expressions owing to technological innovation,
finding biological significance from the vast amounts of data is in-
creasingly important in the future. We conduct evolutionary analyses
of genes and genomes for understanding the genetic background
of interesting phenotypes by using such large-scale life information.
In particular, we work on the influence of duplicated genes on dis-
ease phenotypes and ecological characteristics. One increasingly
popular hypothesis is that dosage balance constraints are a major
determinant of duplicate gene retention. We tested this hypothesis
and showed that ohnologs, which are duplicated genes generated

by whole genome duplications, have rarely experienced subsequent
small-scale duplication and are also refractory to copy number vari-
ation (CNV) in human populations, and are thus likely to be sensitive
to relative quantities. We also showed that non-ohnologs neighboring
ohnologs are unlikely to have CNVs, resulting in ohnolog-rich regions
in vertebrate genomes being CNV deserts. Our results suggest that
the genomic location of ohnologs is a determining factor in the reten-
tion of CNVs and that dosage-balanced ohnologs are likely to cause
the deleterious effects of CNVs in these regions. We propose that
investigating CNV of genes in CNV deserts is an efficient means to
find disease-related CNVs.



MWD FiE o I8 59 5

F—7—F/
1B#. SEHMR- RATRIGE, BRI BIT R

BRGR)

P
Ry EBE
HIGASHITANI Atsushi

EMOKBENMREROEVIZREL YD) T ARBHRRICH T -0 FllleEEZRE

&M SRBRERFHRFERNICEN T DIRBEDOHTEX (1) SR UV-BICEBFINHRTIBEE T DIEEKRE
TWET . ADFTIE KGHICEENDRIRUV-BISHT BIG (2) BFZERMICENLT BT —RUV-B AT BRETTO
- REEEEEROIC. MORERFEDESNRRE (KBERN UV-B IS 1A%

AR RE. EHRE)  BINICE CHIEICEDHIEE. X, (3) FERFZFNABLLEENES UV-BOESRIEANAIC
SOAXF XS EZITEFEOERTILiEEMRIC. 2 FHREY X9 2RE DICE T
FABEPNGRITEERIELEMRHFTERFALTOET. L (4) RIBEISHERICHT D UV-BIZAAEUVREDIEE

T YOI SERREL D T AEREOAREEIER T 5% (5) BRI PHEHRICE D DNA BEICK2ERTFH
BIELTVWET., TRMAREELUTICRLET.

EZdozmALE, BEHNEHNEUV-B
DEERIEZ SR

DNAIBISZ(E1E 9 B3R (OsPHR) DHifEASTE

UV-BIC &2 THRIICHIR I 5 0sPHRODAFEA A RBRIHZ ML ATFICHITBUV-BAZEAE
B t?‘ﬂﬂﬂ@l’\li K> RU 75,&;\@@;1}; UVBIAHDNAIBIS 22189 SB35 (CPDICCHERSR) D&M EUV-BIRHME . UVRSDILEERRAT ==

SF - HEE - EEL NIV TOBESHBRIT

FMRREICEEL IR RBR DA X—D EETERO— B

Elucidation of environmental resilience mechanisms of plant focusing on solar UV radiation

Plants inhabit an environment characterized by the dynamic variation 1. Elucidating repair mechanisms of UV-B-induced damage in organ-
of diverse environmental factors across both time and space. Our elles and UV-B-tolerance mechanisms in plants.

research in this domain is concentrated on the response, disruption, 2. Investigating UV-B adaptation strategies in response to non-uni-
and repair mechanisms associated with ultraviolet-B radiation (UV-B) form spatio-temporal UV-B radiation, visible light, and temperature
from sunlight. We employ a multidisciplinary approach, specializing variations.

in molecular cell biclogy and physiological analysis, to investigate the 3. Analyzing plant responses to combined environmental stresses
combined effects of UV-B radiation and other environmental factors of low gravity and high UV-B radiation using space environments
such as solar visible light, temperature, and gravity. Utilizing model (International Space Station).

plants such as rice, Arabidopsis, and liverwort, we aim to unravel the 4. Studying the role of the UV-B photoreceptor UVR8 in environmen-
intricate mechanisms underlying adaptive responses and resilience to tal adaptation strategies employed by plants.

environmental stress, advancing our understanding of plant resilience 5. Investigating DNA damage mutagenesis induced by ultraviolet light
mechanisms. and radiation exposure.

QOur major research projects are listed below.
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Nanosecond-resolved fluorescence correlation spectroscopy for the observation of the ultrafast dynamics of biomolecules.
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Single-molecule fluorescence spectroscopy for the measurement of structural changes in biomolecules.

Dynamics of protein and RNA based on single-molecule fluorescence spectroscopy

Proteins and RNAs perform various functions by folding into their
specific structures. By investigating their dynamics in the folding pro-
cesses, we can understand the roles of proteins and RNAs in cells.

To investigate the dynamics of proteins and RNAs in vitro, we devel-
oped a unigue spectroscopic method, nanosecond fluorescence
correlation spectroscopy (ns-FCS). Ns-FCS enables us to charac-
terize the dynamics of biomolecules in a wide time domain, from
nanoseconds to milliseconds, in single measurements. We also

developed a variant of single-molecule fluorescence spectroscopy,
the alternating laser excitation (ALEX) system, to obtain the structural
information of biomolecules. ALEX measurements enable us to reveal
structural changes and the folding mechanism of various proteins.
Recently, we are interested in the proteins and RNA derived from
SARS-CoV-2. Understanding their dynamics, structure, and function
will aid the development of effective inhibitors of their function, leading
to new drugs against COVID-19.
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Development of functional molecules to image and regulate biomolecules in living samples

In a living body, various cell types interact with many other molecules.
In a single cell, various molecules such as proteins, nucleic acids,
and sugars function by interacting with each other. To understand
the precise biological functions occurring within a cell, it is important
to investigate the activities or behaviors of these target molecules in
living systems, where all of these interactions with other biomolecules
are maintained. Using organic chemistry, macromolecular chemistry,
and biochemistry, we design and synthesize functional molecules,
apply them to image behaviors or activities of target biomolecules,
and then regulate the functions of these targets by utilizing light. For

example, we develop fluorescent probes that detect specific biolog-
ical activities such as enzyme activity. We also develop technology
that uses photoregulation with caged or photochromic compounds to
control enzyme or receptor functions. By combining these functional
compounds with fluorescence microscopy, we aim to clarify essential
mechanisms in life and diseases. This chemistry-based biological
research is called chemical biology, and one of the exciting features
of this research is that we can tailor functional molecules to a specific
purpose.
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Advanced cryogenic electron microscopy of proteins and organic molecules

Proteins and organic molecules comprise complex 3D structures
responsible for their functions and properties. To elucidate working
mechanisms and detailed properties of these complex molecules, we
analyze their 3D structures at higher resolutions and accuracy using
advanced cryogenic electron microscopy (cryo-EM). We have also
been developing related technologies including automated artificial
intelligence data collection and analysis.

As electrons strongly interact with samples, direct imaging of a single
protein molecule is possible. Thus, single particle analysis can pro-
vide high-resolution structures and their atomic coordinates via the
image analysis of frozen-hydrated protein complexes and membrane
proteins. This method can also be used to study conformational

changes in buffer solutions and fluctuations, thereby revealing the
structural dynamics. Moreover, small crystals of target molecules
including pharmaceuticals yield diffraction patterns, and electron 3D
crystallography can visualize individual atoms and detailed chemical
properties. Automated cryo-electron tomography is used to examine
cell organelles and larger heterogeneous samples.

Thus, our study reveals the detailed structural mechanisms of pro-
teins and organic molecules, focusing particularly on the hydrogen
atoms and charges, which are critical in stabilizing structures and ful-
filing functions. Complementary to cryo-EM, we also use synchrotron
radiation and X-ray free-electron lasers to achieve our goals.
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a) B EIEERIEBENDSG] A setup for time-resolved serial femtosecond crystallography (TR-SFX), A.M. Wolff et al., Nat. Chem. 15, 549 (2023)

(
(b) &>\ ERERDEE Photograph of protein crystals
(c) BEDEIEERBEER A schematic figure of TR-SFX

Dynamic, in-function protein structure visualization at the atomic level and structural information-based new protein molecule design

Proteins are essential biomolecules to life phenomena, such as cell signal-
ing, In vivo catalytic reactions, storage, and transport. Three-dimensional
protein structures are closely related to the corresponding functions, and
how proteins structurally change when they function has been a hotspot
topic of interest. However, new techniques would be required to capture
fast-time scale (femto-to-milliseconds) protein movements at an atomic
level.

In our laboratory, we are developing time-resolved experiment techniques

using quantum beams (e.g., X-ray free-electron laser and synchrotron radi-
ation) to visualize actual chemical reactions and protein structural changes.
These methods enable the observation of movements and changes as “a
molecular movie”. We elucidated the reaction mechanism of light-sensi-
tive proteins used in an optogenetics tool and captured the intermediate
structures of enzymes that catalyze unique reactions. Furthermore, based
on the obtained dynamic structural information, we aim to design protein
molecules rationally and create molecules with new functions.
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Utilizing genome analysis and post-genomic research to understand life phenomena

As our laboratory is located in the Kazusa DNA Research Institute
(Kisarazu, Chiba), we can benefit from the wealth of research re-
sources that the institute has accumulated. We have been working
on omics studies of various plants (crop), animals, and bacteria. In
particular, we use a next-generation sequencing platform to obtain
genome and transcriptome data for analyses of the genome struc-
tures and gene expression, analysis of the relationship between DNA
polymorphism and phenotype of the organisms, metagenome analy-
sis to understand bacterial flora in soil, and environmental DNA anal-
ysis of fleshwater/seawater to reveal biota. In addition, we construct

databases to share valuable information all over the world. Moreover,
We are developing next-generation endoproductome technology to
comprehensively analyze various types of metabolites produced by
plants, animals, and microorganisms using the latest mass spectrom-
etry.

We also process an enormous amount of information that has been
obtained from the aforementioned analyses to obtain a holistic under-
standing of the crops, animals and microbes, in addition to identifying
the active ingredients and essential genes.
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Chemical Biology Inspired by Natural Products

Natural products are very useful tools in chemical biology research.
Our research group has a strong interest in the following two topics
in plant chemical biology: 1) tuning the biological function of natural
products using stereo chemical isomers, and 2) chemical and bio-
logical studies on the circadian rhythmic behavior of plants, a phe-

nomenon referred to as nyctinasty. Using these two independent ap-
proaches, both from the chemical aspect and the biological aspect,
will provide significant advances in understanding of this intriguing
phenomenon.
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Life is nothing but an electron looking for a place to
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Redox metabolism underlying gene expression regulation

Life is nothing but an electron looking for a place to rest. These are
the words of Albert St. Gerge, the Hungarian biochemist who won the
1937 Nobel Prize for the discovery of vitamin C. He expressed that
the movement of electrons, or redox reactions (redox reactions), is the
most fundamental activity of life. Disturbance of redox homeostasis
causes stress in the organism and induces a response to it. Recogniz-
ing that extending healthspan is an extremely important issue for med-

icine in today's rapidly aging society, our laboratory aims to understand
the stress response mechanisms of living organisms to determine how
they adapt to their environment and maintain life.

Following three main projects are going on in my lab.

(1) Cancer malignancy driven by NRF2

(2) Physiological and pathological roles of supersulfides

(3) Stress response by metabolism
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Synthesis of Biological Active Natural Product Derivatives

Natural products are very attractive chemical sources in the discov-
ery of potentially bioactive compounds that have unique structures.
Based on the three-dimensional structure of the natural products, it is
important to develop methods for the synthesis of a variety of natural
product analogues, in order to develop more potent and/or more
selective compounds, elucidate structure activity relationships, syn-
thesize molecular probes to elucidate their mode of action, and for
analysis of their pharmacophores.

In this laboratory, we study a novel transition-metal catalyzed cy-

clization reaction that can lead to the formation of heterocyclic rings.
Using this approach, we can achieve the total synthesis of natural
products which have novel structures and unique biological activities.
Following this, we are able to synthesize analogues, evaluate their bi-
ological and physiological properties, determine the structure-activity
relationships, and perform a conformational analysis to identify the
active conformation. In addition, we use flow synthesis to efficiently
prepare key synthetic intermediates.
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Understanding the complexity of life and developing treatments for diseases via RNA modification

Living organisms are made up of a complex array of biomolecules, in-
cluding proteins, DNA, and RNA, which undergo a variety of chemical
modifications in order to acquire new functions and exert control over
the higher functions of cells and organs. External chemical, physical,
and biological stresses, as well as intemal factors, such as genetic
variations and aging, can disrupt the state of these modifications,
causing the onset of disease and disrupting biological functions. Our
research focuses on RNA modifications in particular. By employing
state-of-the-art mass spectrometry technology and RNA analysis
methodologies, we aim to investigate how RNA modifications regulate
physiological functions, such as metabolism and immunity. Additionally,

we explore how the dysregulation of RNA modifications contributes to
aging-related diseases, such as diabetes and inflammation using cells,
animal models, and human subjects as research materials. Notably,
the new generation of vaccines that contain chemically modified mRNA
has been a driving force in the control of the COVID 19 pandemic. This
underscores the essential nature of RNA and its modifications, which
are key to understanding the complexity of life, as well as in the de-
velopment of next-generation medicine. Our team conducts research
every day with the hope of contributing to a better understanding of
life and the development of new treatments for diseases through RNA
and its modifications.
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Development of Protein Chemical Modification Methods and Their Application to Proteomics Research

Today, we live in an era where the human genome has been decod-
ed, revealing what proteins are expressed in our bodies. Recently,
we're even beginning to understand the three-dimensional structures
these proteins adopt. However, to truly comprehend human diseases
and the mechanisms of life itself, we must understand how proteins
actually behave within living systems—and here, many mysteries re-
main unsolved.

For instance, crucial questions persist: What kinds of post-trans-
lational modifications do proteins undergo after being synthesized
from DNA and RNA? Which proteins interact with each other, and

under what circumstances? Much of this dynamic protein landscape
remains unexplored. To tackle these challenging biological questions
that cannot be easily addressed through traditional biological ap-
proaches alone, we take a unique strategy —developing innovative
tools grounded in organic chemistry.

Proteomics is the comprehensive study of all proteins present in an
organism, encompassing both the scientific field and the technologies
used to analyze them. Our research group integrates cutting-edge
chemical methodologies with biological systems, aiming to observe
and control protein states within living cells and organisms.
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Understanding the protein behavior that induces various diseases

Approximately one-third of all biosynthesized proteins are inserted
into the endoplasmic reticulum, one of organelle, where they under-
go post-translational modifications such as disulfide bond formation
and glycosylation. Cells have highly conserved protein quality control
mechanisms govermed by chemical modifications. Our laboratory aims
to achieve a comprehensive understanding of protein folding in living
organisms. We also tackle to elucidate the mechanisms of various
misfolding diseases, such as Parkinson's disease, Alzheimer's disease,
and diabetes, which are caused by a dysfunction of our body's protein
folding support system.

To understand this protein quality control mechanism, my research
group has pioneered the discovery of a new compartment within the
endoplasmic reticulum, the protein quality control granule. This discov-
ery demonstrates the compartmentalization of the endoplasmic reticu-
lum. Further research into these compartments within the endoplasmic
reticulum is desired.

Although we am to have our research published in leading international
journals, our primary goal is to educate students develop themselves
by enjoying science purely and enabling them to play an active role in
academia and society.
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Asamushi Research Center for Marine Biology

In 1924, the Asamushi Center was established as an extension
facllity of the Tohoku Imperial University's Biological Institute, in order
to contribute to basic marine biology research and provide marine
biology courses for students. It was established in the Asamushi
hot spring resort, an area along Mutsu bay in the northern end
of Japan's main island. This location was chosen by the founder,
Prof. Hatai, from amongst several other candidates, as it was the
richest place for marine life in the Tohoku area. With the benefit
of such a location, many local marine invertebrate species (e.g.,
Hydrozoa, Brachiopoda, Mollusca, Echinodermata, Hemichordata,
and Urochordata) have been used over the years for research and
education. The center itself has experienced several changes since
its establishment, including a large-scale renovation (1986-1987)
of the research building, the dormitory, and the boathouse, as well
as a renaming of the faclility, with the latest renaming occurring in
2011 following its qualification by the Ministry of Education as a
Joint Usage/Education Center. Through the years, reflecting Prof.
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Hatai's and others’ ambitions, intentions and desires, the center
has accomplished numerous research achievements, welcomed
a countless number of international and domestic researchers,
and provided marine biology courses for students, from Tohoku
University and other places (mainly from the Tohoku area).

The Asamushi Center’s current research projects can be mainly
grouped into two areas: developmental biology and behavioral
ecology. In the developmental biology unit, we are interested in
understanding molecular and cellular mechanisms, as well as
evolutionary aspects, of early development (e.g., embryogenesis,
morphogenesis) of marine invertebrates). The ecology unit utilizes
ecological studies to elucidate the process of determining the
diversities and adaptation to environmental changes or disturbances
of marine benthic organisms. Our strong belief is, and always has
been, that the key to unraveling the mystery of life phenomenon
and evolution lies in the sea, where life began, through the study of
marine animals.
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Comprehensive Center for Brain Science Research and Education, Tohoku University

Tohoku University boasts of many brain science researchers who
carry out excellent research activities in a wide variety of subjects.
Research in these areas is conducted with diverse perspectives
that go beyond the traditional walls of “science” and the “humanities”
and use a wide range of research methods to understand the
working and mechanisms of the brain. The results of this high level of
international research are continually being disseminated globally.
The Comprehensive Center for Brain Science Research and
Education was established in December 2010 to promote the
development of human resources and brain science research at
Tohoku University by providing a stable educational structure and
encouraging the pursuit of research by researchers, undergraduate
and graduate students, and faculty members from a variety of
schools and graduate schools within the university. The Center was
established by an organization of brain science researchers, mainly
from the medicine and life science fields. The Center has become a
university-wide community of researchers of different fields, including
the humanities, the sciences, engineering, agriculture, and the
pharmaceutical sciences.

Activities at the Center aim to accomplish the following three major
objectives:

1.Consistently provide comprehensive knowledge of brain
science to undergraduate and graduate students, promote the
development of human resources, and send researchers and
individuals capable of succeeding in the global arena into the
research community and into society.

2.Fully maximize the potential of the university, which is host to many
excellent researchers, and promote joint interdisciplinary research
beyond departmental boundaries within the university as well as
international collaborations with researchers outside the university.

3.Disseminate the results of advanced research to the community,
as well as throughout Japan and abroad, and benefit society with
the Center’'s achievements.

Through these initiatives, we strive to make significant contributions
to the development of brain science in Japan.
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in industries based on the state-of-the-art of basic life sciences

We are faced with never experienced issues such as global

warming, loss of biodiversity due to environmental destruction, and

rapid decline of birthrate and aging, which require countermeasures.

There is also a need for people involved in the strategic development

of science and engineering in the industry, and development of

human resources that help create innovation.

In April 2018, the Graduate School of Life Sciences was reorganized

to meet the latest trends in life sciences and the demands of

modern society. Besides, a new human resources development
program (Figure) was also started. The Bioindustry Human

Resources Development Program, one of the endeavors among

them, is aimed at nurturing the following values to meet the above

social demands:

- Apart from having a high level of expertise and ability to conduct
research, students should also have an international perspective,
strong communication skills, a sense of bioethics, information
ethics, environmental ethics, and social responsibility.

- High-quality PhDs who can actively participate not only in
educational institutions such as universities and public research
institutes but also in the bioindustry, including overseas. High-
quality PhDs who can be active internationally in a leadership-
oriented position will be responsible for constructing a sustainable

natural symbiosis society utilizing nature and life.

Therefore, we have set up a "Bioscience Human Resource
Development Curriculum” in addition to subjects, to acquire the
fundamental and expertise of life science and the ability to conduct
research. In the master's course, all graduate students must take the
"Bioethics theory," "Research ethics / social responsibility theory,"
"Basic theory of bioindustry," and "Environmental management
course". In the doctoral course, all graduate students must take
"Innovation seminar (exercise)" and discuss the concepts and minds
necessary for action in the society and industry. Students learn
about entrepreneurship in "Entrepreneurial support” and practice
corporate activities at domestic and/or overseas companies
through an internship at "Bioindustry practical subjects." Those who
complete all credits of this curriculum and receive a doctoral degree
will be awarded an Open Badge (a digital certification of international
standards).

We also have set up a career support room to support the course
after graduation. Through the issuance of a guide and through
seminars and interviews by career counselors, we advise on various
routes including universities, public research institutes, civil servants,
and companies.
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