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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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What is the Graduate School of Life Sciences?

Greeting from the Dean

Organization

Data

Department of Integrative Life Sciences

Department of Ecological Developmental Adaptability Life Sciences

Department of Molecular and Chemical Life Sciences

Facility and Research Center

Bioindustry Human Resources Development Program

Supplement Data
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03

bl 2
REFREGRAMERIR

iR E5

Dean, Graduate School
of Life Sciences,
Tohoku University

HIKOSAKA Kouki, Ph.D.

[RILBARICEEER0ITIE, B2 ESBITNEES RV

Zhid, Lewis Carroll fE[#EDEDTUX | ICEIBTIHRDLEDEFAND—ETT
(FIE#—EB R)o COBRTIBLA, KIS0ERICIRIBENZDH [FRDOLEREHE] T
9 (Van Valen 1973). IREOZELXHREFEF ORISR T 7201 EMISEE
Ut R hidunid o, SHAUE #RICE-S>TLEILBLIEL, EVVWDHDTT, £
RIS, IRERL. IRIBIIRICHIEM SO T A, FROOF T IV ZDREGHL K
KE. BREEI)ECRENS WHICEER THID, WMISHBNENP WDICEETED,
EWVWHZEEFRZBIFEDHANICLTWET, £EHFFMREOEEMIZAICHICELT
WBEEAET,

K MER ZLU TR RELTRABIRIBEOE(LICSSSh D Db E LUK TV
T HAAMBPFMOBA MEFXMBOBEPUR. HBOWE. FHLLHR®
RARDHEELE, BRI EICEDAIELTVET, LLEDYS, BIETAMICIEE DY)
WHIEBA, 1XINTMDBVIERREHFEIEE. HRICEMTIFEEFT (B2
ETY,

RAKRFREFRESFEMERHE, RALKAICHTE2EGFEMEDOFiZHL = E
LT2001 FICERALENE U foo [Z2HEARERIE T B <A ] DAFRR%E 18 X 4 dnfic i
MEEW [RELESEEMESOREER] 2@ 2ERREEICHEETL, [7
SHIVINAARD —EF /ML B/ N= 32 | 2HEET 50 FILEEMFERNDIE
BNSIBRENTVET, D FPOEYBET. £EHICEHAHI TR TOEEBEMEXNRE
L. BRI D FENMZE. B2 7/ LT %, g2, REF £EF Et
FEITOPSTIOETIRILVIA R 2 FEMEL TV A EF LM RERDEBATY /ey
R AERI R A B2 ICIIAFICNE AN RFICHEVWIRBEMEEH S TVET,

FOLER. QBRI TISBELET, [EXrRIDBFIC TSN LS, DAl
EHEDTASRGES R RBIEESEBEAIC L TH AR EFBOKDHET,
b — I [HLVEE] kR THEEAD?

SHME6F4R1H



"It takes all the running you can do, to keep in the same place."

This is a quote by the Red Queen in Lewis Carroll's "Through the Looking-Glass, and What
Alice Found There." The "Red Queen's Hypothesis" was proposed based on this quote (Van
Valen, 1973). Organisms must continue to evolve, adapt to environmental changes, and compete
with their competitors. Failure to adapt may lead to extinction. In addition, we see various
changes in the surrounding environment, including climate change, the loss of biodiversity due
to environmental destruction, and the global coronavirus epidemic. These changes have shown
how fragile organisms can be. Therefore, it can be said that the importance of life science
research is increasing daily.

Universities, graduate schools, and researchers continue to evolve in response to
environmental changes. We constantly seek to change by introducing new knowledge and
technology, building and improving research facilities, restructuring organizations, and promoting
collaborations and exchanges. However, the objectives remain unchanged. They are to produce
high-impact research results and develop students who can contribute to society.

The Graduate School of Life Sciences at Tohoku University was established in 2001 as a core
center for life science research. It consists of three divisions: the Department of Integrative Life
Sciences, which aims to elucidate mechanisms that control the mind and body; the Department
of Ecological Developmental Adaptability Life Sciences, which analyzes the interaction between
environmental changes and organisms; and the Department of Molecular and Chemical Life
Sciences, which promotes innovation through chemical biology and genomic research. Our
graduate school covers various research fields, from molecules to the biosphere. We study
organic chemistry, molecular biology, genetics, genome science, cell biology, developmental
biology, ecology, and evolution. In addition, we lay particular emphasis on neuroscience and
ecology, which is different from that in other universities.

After the above quote, The Red Queen said, "If you want to get somewhere else, you must
run at least twice as fast as that!" Therefore, we will pursue new findings through further efforts.
Would you like to join us?

April 1, 2024
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Integrative Life Sciences

Brain and Nervous System

Eed Professor AN b7a TANIMOTO Hiromu
L EHIR Associate Professor INE EH 2 KOGANEZAWA Masayuki
ETDIH Neuroetholoy Bh3K Assistant Professor &= F HUANG Tzu Ting
B Assistant Professor THOMA VLADIMIROS THOMA Vladimiros
BEEBAE Molecular Enaoay i Professor m AN &5 B TAKEUCHI Hideaki
Bh# Assistant Professor ® W+ fMmF KAJIYAMA Towako
B B S 5 55 Brain Development iR Professor = = K BB ABE Kentaro
Bh#K Assistant Professor F K p<3 AOKI Sho
E2 6 Professor B/ HE — B TSUTSUI Ken-ichiro
LNy Systems Neuroscience EHIR Associate Professor X B B i OHARA Shinya
IR Special-appoined Associate Pofessor h N E W NAKAMURA Shinya
Bh# (3%) Assistant Professor b N = KIMURA Kei
Ry N — OB EE Cellular Network
IREIE S BT DB Membrane Trafficking Mechanisms gt Frofessor & | ilé A FURUDA Mitsunor
Bh# Assistant Professor % B O® F KASAHARA Atsuko
HiZ Professor 2 AN @ F SUGIMOTO Asako
S S F S5 2T Developmental Dynarmics HEHIR (FF) Associate Professor B oHE N NIWA Shinsuke
B Assistant Professor HE HBH & = HARUTA Nami
B (YOA7RAVIAVR)  Assistant Professor X H x OHTA Midori
RN ERESE N Organelle Pathophysiology ESe Professor B Okx B TAGUCHI Tomohiko
B[O IR AN BE ) B Super-Network Brain Physiology i Professor LA = MATSUI Ko
B Assistant Professor 4 B OE F IKOMA Yoko
ﬁﬂ_’,*u fﬁ] * Y Kko—2 %E Developmental Regulation Network
SMEEBE S5 5 Gorm Gl Development iR Professor m B E X MATSUI Yasuhisa
Bh# Assistant Professor oS BB F HAYASHI Yohei
Eed Professor FERZEF CHIBA Natsuko
EREMFEDE Cancer Biology BhE#K Assistant Professor 5 B E & YOSHINO Yuki
Bh#K Assistant Professor Vil 2 B FANG Zhenzhou
'lﬁi'; jJ ?XE Cooperative faculties
HIRRELEYZNE Developmental Neuroscience Ee) Professor X B B F OSUMI Noriko
DFEBEZNET Molecular Oncology HiG Professor H & # = TANAKA Kozo
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Ecological Developmental Adaptability Life Sciences

BIES A+ A ERE Biological Dynamics
ESe Professor g’ FE F KYOZUKA Junko
B Assistant Professor = 5 HATA Yuki
ENREDT Plant Development B Assistant Professor VI VNI f KOMATSU Aino
Bh# Assistant Professor 5 K B = AOKI Natsumi
ES 6 Professor BEXKEERER KURANAGA Erina
R Bh# Assistant Professor 5 N NINOMIYA Komaki
BB RN Histogenetic Dynarmics Bh# Assistant Professor B B F E SEKINE Sayaka
B (3R) Assistant Professor F oM E 2 UECHI Hiroyuki
YR Organ Morphogenesis E85d Professor H & &%= & TAMURA Koji
Bh# Assistant Professor F kR O 3A UESAKA Masahiro
% Professor 8 A =E B F UEDA Minako
EY a5 5 Plant Gell Dynamics Bh# Assistant Professor X & #H B KIMATA Yusuke
Bh# Assistant Professor mw AR X MATSUMOTO Hikari
Bh# Assistant Professor B K F K SUZUKI Hidemasa
BIBILENE glig?ggsyensory and Developmental IS Associate Professor B oA @ A FUJII Nobuharu
KRS A SO REE Ecological Dynamics
A 4 5 Funstional Ecology ESe Professor Z IR = %_’;—Z HIKOSAKA Kouki
Bh# Assistant Professor N JC TOMIMATSU Hajime
IS Professor OB @ & KONDOH Michio
12 (%) Professor B W S FUJITA Kaori
HEERENE Ecological Integration Bh# Assistant Professor 2 — B KAWATSU Kazutaka
B Assistant Professor H & & % TANABE Akifumi
Bh# Assistant Professor DANSU EMMANUEL JESUYON Dansu Emmanuel Jesuyon
ES 64 Professor i B & IE SATO Shusei
I Associate Professor = H & = MITSUI Hisayuki
Bh# Assistant Professor &5 15 N BAMBA Masaru
H4ES )TN Symbiosis Genomics Bh# Assistant Professor B K 3 HASHIMOTO Shun
B Assistant Professor YUSDAR MUSTAMIN YUSDAR Mustamin
B Assistant Professor Tt % 3 HANANO Shigeru
Bh# Assistant Professor ABDELA ARGEN ADEM Abdela Argen ADEM
EHIS Associate Professor KASS JAMIE MICHAEL KASS Jamie Michael
I O%BENE Macroecology MIRANDA EVERTON Miranda Everton
B Assistant Professor BERNARDO PERERA DE Bermardo Pereira De
. N XIS Associate Professor F B #B UNO Hiromi
TR AERE D EF Watershed Ecology e Assistant Professor o5 # i MAKINO Wataru
B EIELERED Y Plant Reproductive Strategy IS Associate Professor B OHF B O# SAKAI Satoki
ST F IO RBE Biodiversity Dynamics
1% Professor 574 " z MAKI Masayuki
EYE S RED B Plant Diversity and Evolution B Assistant Professor K W & OHYAMA Motonari
Bh# Assistant Professor # = F B ITO Takuro
Y SRR S 5 SRR Eesd Professor F = J:7 CHIBA Satoshi
Bh# Assistant Professor X N - & KIMURA Kazutaka
E=6d Professor B B = KUMANO Gaku
24% (3%) Professor OB @ & KONDOH Michio
A B R B Marine Biodiversity IR Associate Professor E ) %‘) Il #7 #& MINOKAWA Takuya
Bh# Assistant Professor = B B F IWASAKI Aiko
Bh# Assistant Professor A H £ F MORITA Shumpei
Bh# Assistant Professor B2 HF X & FUKUMORI Hiroaki
HRRESY(MFIORERE Eco-Socio Dynamics
e BT Ecosystem Functions REHE Visiting Professor fe % BB TAYASU Ichiro
BREMEHIT Visiting Associate Professor A FH R — BB ISHII Reiichiro
BEHE Specially-appointed faculties
IS Specially-appointed Professor [ £ MINAMISAWA Kiwamu
L aiE: Speciall-appointed Assisant Professor R = =2l ITAKURA Manabu
TIEMED DB Soil Microbiology HHEBNE Special-appointed Assisant Professor % K F X SUZUKI Atsuo
L aiE Speciall-appointed Assstant Professor K RARE T OHKUBO Satoshi
RHEBIE Speciall-appointed Assistant Professor m g K B KATO Hiromi
WAk 4=] Cooperative faculties
ERER AT LRIZNE Systems Bioinformatics B Professor A T B B KINOSHITA Kengo
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D FEEEYEFTR Molecular

Chemical Life Sciences

TEHILNAA O —EEE Chemical Biology
E2 65 Professor — ARIMOTO Hirokazu
DFIBERILEDE Analytical Biooganic Chemistry ﬁ x 1%
Bh# Assistant Professor 2 B K B TAKAHASHI Daiki
. KIS Professor 4 3 SASAKI Makoto
S E 2N Biostructural Chemistry e rH
Bh# Assistant Professor R E & UMEHARA Atsushi
Hi% Professor A = ISHIKAWA Minoru
& 2 Bioactive Molecules / Associate Professor — SATO Shinichi
SEEDFERESE HERE (GR) T B
Bh# Assistant Professor X B F N TOMOSHIGE Shusuke
% Professor X B — IE OHASHI Kazumasa
DFHREEY DB Molecular and Cellular Biology B Associate Professor %z 3T W — YASUMOTO Ken-ichi
B Assistant Professor F T F F CHIBA Shuhei
TS 5 TR 5 Applied Biological Molecular Hi% Professor H & B M TANAKA Yoshikazu
Science Bh# Assistant Professor ol R = YOKOYAMA Takeshi
DFRYRNT—DERE Molecular and Network Genomics
Professor 7] - NAGATA Yuji
iz X H o# =
NN EHIZ Associate Professor T = 1T OTSUBO Yoshiyuki
WEYEITELDE Microbial Genetics and Evolution ! ?S L
BhEK Assistant Professor F H B ¥F KISHIDA Kouhei
B Assistant Professor STARILAZO LEONARDO STARI Lazo Leonardo
Hig Professor E 8 OFE Ok WATANABE Masao
TEYETE AT LD B Plant Reproductive System EIR(IOATRAVIAVE)  Associate Professor s =®= B F INABA Yasuko
Bh# Assistant Professor oS B © HAYASHI Maki
DN EEEENT l’\DA%eszi(z)LllloagryGenetics and wiz Professor B oA B & HIGASHITANI Atsushi
Hig Professor WO g + MAKINO Takashi
EHIR (FF) Associate Professor H 2 BB ICHINOSE Toshiharu
EHE(70ATRIVPAVE)  Associate Professor i B ® F SATO Atsuko
LS SO RN Evolutionary Genomics EA) Lecturer #w LB = YOKOYAMA Ryusuke
Bh# Assistant Professor BF-EREF BESSHO-UEHARA Kanako
B Assistant Professor = 5 i IWASAKI Watal
B () Assistant Professor BlpF-ER =2 BESSHO-UEHARA Manabu
EYD FETCHE Plant Molecular Genetics AR Associate Professor T B 2] KANNO Akira
B9 T B T4 57 Plant Molecular and Physiological AR Associate Professor H A # HIDEMA Jun
Adaptation B Assistant Professor % 7 OE & TERANISHI Mika
BN EY A F IO REEE Multilevel Biomolecular Structure and Dynamics
iz Professor B B B TAKAHASHI Satoshi
SERDFHAFIOANEG yﬂgggfg Analysis of Biclogical EHIR (FF) Associate Professor BN OIE & OKUMURA Masaki
B Assistant Professor B BE B & ITOH Yuiji
RS FAERE ) (5 55 Biofunctional Chemistry and Bz Professor XK E & MIZUKAMI Shin
© Nanobiotechnology EBUS Associate Professor JNFD B 21T KOWADA Toshiyuki
HB(IORATHRAVIYL)  Professor ¥ B2 I B YONEKURA Koji
BEANZZLHRERST o gf)‘;cgﬁt”'sm Research %ig (%) Professor = 1B I TAKAHASHI Satoshi
BT Associate Professor E O H HAMAGUCHI Tasuku
iz Professor mHBEREF NANGO Eriko
DFIERE R R D B Dynamic Structural Biology B Assistant Professor B E o FUJIWARA Takaaki
B Assistant Professor H O E = TAGUCHI Masahiko
) NGRS AR Genome Informatics
E=E¢) Visiting Professor DI == I = IKEDA Kazutaka
= . == Omics and Iformatics
vO A BRI DG BEEHEHIR Visiting Associate Professor W o0 YAMAKAWA Hisashi
iisWaE: 4= Cooperative faculties
KT I HILNAA O —4 B Chemical Biology of Natural Product (4% Professor + H = UEDA Minoru
L Ry 2HIED B Redox Biology E6d Professor AE (F D & MOTOHASHI Hozumi
DFRIGIEZED B Bioorganic Medicinal Chemistry Hi% Professor + H# B T DOI Takayuki
RNA£EZHE RNA Physiology E6 Professor i sE O WEI Fan Yan
(] e
RIEEEYRHENE Y — Asamushi Research Center for Marine Biology +>#—#&  Director BE ¥ = KUMANO Gaku
MRty y—
Bt KRBFEENME RS — Comprehensive Center for Brain Science Research and Education, Tohoku University
TSR General Affairs Section
HIE R Student Affairs Section

v
$ i‘% DB £EH R General Accounting Section
RBEBEI Asamushi Administrative Office




?&Eﬁ Academic Staff

iR Professors 25 (19)
B Associate Professor 12 (8)
= Lecturer 1(0)
BhEK Assistant Professor 38 (13)
B SIS Visiting Professor 2
&SNS Visiting Assosiate Professor 2
TS Specially-appointed Professor 1
W e I Specially-appointed Associate Professor 1
= Specially-appointed Assistant Professor 4

() Cooperative Faculties

1, April, 2024
?ﬂf’& Postgraduate Students
Male Female Total

ELREZE Master's courses 139 (17) 79 (10) 218 (27)
BLREFE Doctoral courses 60(8) 27(12) 87(20)

%?E@&%E&Uiﬂﬁ Home country of International Students

() International Students
1, December, 2023

Algeria, Bangladesh, Bolivia, Canada, China,
Cuba, Egypt, Ethiopia, Guatemala, India,
Indonesia, Malaysia, Nigeria, Russia, Sri
Lanka, Taiwan, Tanzania, Turkey, Ukraine,

USA, Vietnam

1, December, 2023
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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
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
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THOMA Vladimiros
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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
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ZHFL TS,

AEHDF ZEXZNH T ZHMUIZEL
BEIHREVWT 2L AN F X%
REMIEELC. BIBHEFELT
RIRTBERDF BB

Exploring the neural geography of the social brain using medaka fish

Among group-living animals, individuals appropriately tailor attitudes
and responses to other group members according to the social
context and external environment. At the simplest level, this behav-
ioral output can be described as approach and affiliation (positive
response) versus agonistic behavior and avoidance (negative re-
sponse). However, the neural substrate that works between sensory
input and behavioral output or the integrative circuits underlying be-
havioral-choice processes, are vast and mysterious. To address this
issue, we have focused on medaka fish, a model animal used mainly
in the field of molecular genetics. Previously, we demonstrated that
medaka females recognize familiar males following prior visual expo-
sure and that social familiarity influences female mating receptivity.

Medaka females exhibit a positive response (high receptivity) to famil-
iar males and a negative response (low receptivity) to unfamiliar males
(Okuyama et al., 2014, Yokoi et al., 2016, 2020). We also found that
medaka females use male faces for individual recognition (Wang and
Takeuchi 2017). We further established various behavior paradigms
to assess social interactions, such as schooling behavior (Imada et
al., 2010), mate-guarding (Yokoi et al., 2015, 2016, 2020), and so-
cial learning (Ochiai et al., 2013). Using these medaka systems, we
have identified internal factors (genes, neurons, and neuromodulatory
systems) essential for vertebrate social interactions (Okuyama et al
2014, Yokoi et al., 2015, 2020).

RAbRF RFEREGREMER 12



13

9N

Ao 1% HE FE1Z 57 B3

Big BhE
ZER fRKER R #
ABE Kentaro AOKI Sho

F—7—F/
FoE. AR AR, AT

A EDLSEBZAONL. ZDHIHZEET

ANEHEPEED OO EEZ TR, Fo. BICER LA
2EDTT . KR BABHYORERIL. 7/ LBFREEDAR
HOBRODARST . AERBE PR EREOMEERREDHE
HOBROZT TAESNET . T BAITEOTH. fiERyhNI—
TBEP T OEEFMBIKEDERENL T DI EDPDHOTEEL
Teo ADH T, BBRDPEGEEFII1 =7 —avihzsd
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, FRAOHEMEEREEMNAS A TIA—IVJICL SR EERROMEESLH. G:YVR

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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Understanding metabolo-epigenomic regulation in terms of germ cell development and inheritance

Germ cells are totipotent and form complete organisms after fertil-
ization. However, it is unclear how germ cells acquire the charac-
teristics necessary for this. Studies have demonstrated that various
environmental factors influence the epigenome in germ cells to affect
offspring phenotypes. Such data could inform novel understand-
ings of the causes and evolution of congenital diseases. There is a
causal correlation in the epigenetic and metabolic statuses of many
types of cells. We have shown that the epigenome and metabolism

of germ cells have distinct characteristics compared to the same
in somatic cells. Primordial germ cells in an embryo can easily be
reprogrammed-and their metabolic and epigenetic characteristics
changed-in cultured pluripotential stem cells. Our aim is to investigate
metabolo-epigenetic mechanisms with the goals of acquiring totipo-
tency in, inheriting environmentally induced nongenomic traits from,
and enabling reprogramming of germ cells.
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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
BRCAZ2, were identified by linkage analysis of familial breast cancers.
Mutations of BRCAT 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 BRCA1 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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Genome-editing in mice

Brain Development and Neurogenesis Underlying Brain Evolution and Mental lliness

Our brain is the center that controls a vast array of nervous and men-
tal functions, from sensory perception and motor control to leaming
and memory. A key question is: How is the brain formed during
embryonic and postnatal development? Elucidation of the molecular
mechanism for mammalian brain development is also key to under-
standing brain evolution and the cause of neurodevelopmental dis-
eases such as autism. Our laboratory is focused on this fundamental
and fascinating question, and uses state-of-the-art technologies such
as genome editing, next generation sequencing, and super-resolution
imaging. Our studies involve both mice and rats because they are
easy to handle in the laboratory, and are suitable as disease models.

Ongoing projects in the laboratory include 1) elucidation of the mRNA

transport machineries that exist within neural stem/progenitor cells
during corticogenesis, 2) understanding the effects of epigenetic
modification that occur as a result of sperm aging on brain develop-
ment and subsequent behavioral traits inherited by offspring, and 3)
examining the roles of functional fatty acids in the proliferation and
differentiation of neural stem cells and glial cells.

Our laboratory is participating in the Neuro Global Graduate Program,
and is ideally suited for students and young researchers who wish to
be trained and raised in an intemational atmosphere with foreign stu-
dents from all over the world.
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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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The aim of this major is to clarify the generation and mode
of life of organisms, the evolution mechanisms that have
created these organisms, the role of biological interactions,
and the effect of human activity on ecosystems by research-
ing the environmental response of the organisms and the
background adaptation mechanisms, through the layers of
life phenomena from genes to individuals, groups, and eco-
systems. We also aim to educate and foster graduates who
fully utilize the cross-sectoral knowledge and understanding
obtained through this study.
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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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Cellular behavior and homeostasis maintenance in epithelial morphogenesis

The development of multicellular organisms involves the collective
effect of multiple events at the single-cell level, such as proliferation,
differentiation, migration, and death. Programmed cell death, for ex-
ample, is a process by which cells are selected for death at set times
in development, allowing for the sculpting of tissue, and is used in the
adult organism to maintain homeostasis by eliminating cells that have
developed abnormalities. Cell death plays an important role in main-
taining the cellular population, not only by eliminating unneeded cells
at given sites and stages, but also in other functions, such as regu-
lating the proliferation and migration of neighboring cells. Such cellular
behaviors give rise to cell networks capable of organizing into tissues,

the study of which requires an experimental approach to spatiotem-
poral information in living systems, which can be obtained through
the real-time live imaging of biological phenomena. To study the coor-
dination of morphogenesis through live-imaging and genetic screens,
we use the fruit fly, Drosophila melanogaster, as our primary research
model, in order to take advantage of its utility in developmental stud-
ies and wealth of genetic data. Our research primarily focuses on
the morphogenetic processes involved in cellular migration and cell
death, such as the looping morphogenesis of fly male terminalia and
the abdominal epidermis rearrangement, in order to understand the
principles for morphogenetic dynamics.
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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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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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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, and field manipulative experiments.

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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Evolution of plant reproductive strategy

| specialize in evolutionary ecology with a particular focus on why plants
have evolved certain ecological traits from an adaptive perspective.
| 'am particularly interested in the evolution of reproductive strategies
in plants, which encompasses the production of flowers, attraction
of polinating insects, and successful fruition of seeds. This process
exhibits remarkable diversity among plant species, with various mys-
terles embedded within it. My goal is to elucidate the adaptive reasons
underlying the diversity of reproductive strategies observed in plants.
Why do different species adopt varying reproductive strategies? | am
to answer such questions by employing a combination of theoretical
analysis using mathematical models and empirical research conducted
through field investigations.
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Additionally, I have authored numerous books on effective paper wirit-
ing and presentation skills, specifically tailored for young researchers
embarking on writing their papers. | also deliver on-site lectures on en-
hancing paper writing and presentation skills.
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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 biology 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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From evolution and ecology to conservation

How and why did biological diversity evolve as it has and how is that
diversity maintained? By answering these questions, we can learn
the value and the functions of biological diversity and ecosystems.
Gaining a deeper understanding of the mechanisms of evolution and
the functions of ecosystems will lead to the development of methods
for predicting the future of ecosystems and for properly maintaining
them. The goals of the Laboratory of Conservation Biology are to
understand the value and the functions of biological diversity and
ecosystems, to develop methods to protect these, and to advance
appropriate conservation activities.

Our focus is on an endemic biota that has evolved within a closed
system, including an oceanic island and inland lake. We investigate
processes of speciation and radiation in this natural laboratory. We
are researching food web structures, using stable isotopic analysis
and genetic analyses, in wetland ecosystems, which include rice
fields, inland saline lakes, and freshwater lakes. \We have investigated
how biological interactions maintain community composition, includ-
ing host-parasites and bacterial communities, and we have contribut-
ed to the conservation of wetland ecosystems.
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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 mecha-
nisms and evolutionary aspects of early embryonic 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
morphogenesis of tail shaping in the ascidian embryo, and tentacle

branching in the jelly fish; 2) an evolutionary developmental analysis
of germline segregation mechanisms in tunicate embryos; 3) devel-
opmental and evolutionary analysis of embryogenesis based on a
comparison between direct and indirect development in sea urchins;
4) an ecological study about the resistance and the resilience of the
rocky intertidal community after the 2011 off the Pacific coast of To-
hoku Earthquake to reveal the effect of a large infrequent disturbance
on community compositions and biodiversity. 5) species diversity and
evolutionary history of marine gastropod molluscs. These studies will
provide novel and surprising insights in understanding the many dif-
ferent aspects of marine biodiversity.
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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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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 biclogy. 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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Marine natural products have great potential for use as pharmaceutical agents, agrochemicals, and chemical
probes for biological studies. Our research projects have focused on the total synthesis of complex marine
natural products with potent biological activity. We are pursuing research projects in chemical biology, includ-
ing the design and synthesis of artificial analogues of natural products to improve their biological activity, and
to provide understanding of the mechanism of action for the naturally occurring molecules.

Natural products, secondary metabolites produced by organisms,
have long been an important source of agrochemicals and potential
therapeutic drugs for human diseases, and are well-known chemical
probes for cell biology and physiology. More recently, due to their
novel structure and potent biological activity, natural products of ma-
rine origin have interested many researchers in the life sciences, in-
cluding synthetic chemists, biochemists, and pharmacologists. How-
ever, the inherent molecular complexity and low natural abundance of
many of these compounds have precluded their supply for extensive
biological studies. Therefore, total synthesis of these compounds is

required to provide a sustainable supply to further investigate and
exploit their biological functions. Our research group focuses on the
total synthesis of structurally complex marine natural products that
have potent biological activity for their stereochemical analysis and
extensive biological studies. Our efforts are also directed towards the
design and synthesis of structurally simplified analogues that retain
the original biological functions and might otherwise be inaccessi-
ble. These studies will enable the preparation of novel bio-functional
molecules for ultimate use in the investigation of broader questions in
biology or medicine.

RALXF REREGREMER 44



45

TEAWNAFOTI —BE

aED FEIRR T H

9N

F—U—F/
BIEALZ, 7 I 1 A0V — DFRE

#iz ABUEGR B
all & e fR— RXE FN

ISHIKAWA Minoru SATO Shinichi TOMOSHIGE Shusuke

B FRIRICHT HHFEDRE

BN FEESGERBREER /NIEORBGRIE. [H#EHRR]] (CHIA
SNET D BN FRIFEISEREEL /N EOWEERIHDERC
T ZO [RERRENE] ORNBINZN—FHT. ES5LL 8] D
KERODEINTE REARINE BRI INTE-BINJE
BAEWGRE)ICDOWTE RERERE /NTEPRFESNTLBICH
HHHOOTRIEDHINBINSDRONDHIRIRTYT . CORBELARRRT
N AERERCZE FRREDFEEmEHCL T BD FRIE
OFLWFERREZBRLET. BRFIC. COFEEZRBAD DT
IANNAFOT—ICRELET.

INETOMAEZDBNALET, DD EBRAZ/NY
BEDHFDEEDFICIOTHEO DT FEMELELZ. ZOFFEZE
BT BERERAETIICHEL V., BRTHOMMELMER
DIRAZINTBORD ELBIEHRLELT, ©O—DDMFTL.
LEMOFRNBEBELRET 20 FREATT . DFEMBEIERZE
DEEDRFRECK) —RFETH2MEMFNEETHDHLE
MOKABECEREOmAER LEE/ I EERLELL, LS
WOEORINMERFICHELICAEEEAET .

TEEDFEEDFOMEHMEE 5 FiEt - ARER - EMEEFMEBELCT. RIEOHLWFERFEEEELTVWET,

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.



F—7—F/
TERRBETERL., MEREMED ML, (LTt

e o FELHE

e
B B

KANNO Akira

ENDIERET R EHEEDMMEZBETFLNILTERZAN L. ZDELZRS

EMRBICLOTRARHREDIZBL TVET, ZOOSHREIZED
FOBBLEFICEOTELDDTLEDD. FBEORH TIIEDREF e
BOEGTFERMEL. TORREBREERONICT HEEDIC. EMOELD
BETOZHRMEDEDINELT=DODERFL NI THOMT Bl %
BfEL T T OMEETOTVET.

(1) Z> BB BT HIER B MDD FHIERR

TURENOTERE DT RIZZESET. BISEOPRICAET BEFE
WENBIEHF ERBICE O TEDPAELEBROTVET, BIITESRE

TERHEMIC BT BT B D FHENEARRR

ERICED DA RERFROBTET. BRTBEOD FHREORRIC
BRJHEATOET,

@) T ANTHACE VT DI ERERBOBRRAE T DA

FANTAAGBEC IO THED D DN TV S ERIEN THY). 3
FEZOMREERTFORBEICHIILELZ, BIcBI- CNEDBEF DR
BRI T 22 EICKY TANTHADEREREORICEE
ATOVET . FMERKT ANSH ST OELL e EDRR
SO THY Ao B R DEERBIC DV TIIEL TVET,

T RAINGH R B MR TEREAE DRREAC Z DiE(E

Molecular analysis and evolution of floral organogenesis and sex differentiation

Plants have various forms of flowers depending on the species. What
genetic factors contribute to this floral diversity? In our lab, we aim
to uncover the genes responsible for floral organogenesis, elucidate
their expression patterns and functions, and gain insights into how
floral diversity has evolved at the molecular level across plant species.

(1) Molecular mechanism of floral architecture in orchid plants.
Orchids exhibit remarkable diversity in floral organ morphologies, par-
ticularly in structures such as the lip, located at the center of the flow-
er, which vary significantly among species. We are currently analyzing
the genes underlying floral organogenesis to elucidate the molecular
mechanism of lip formation in orchids.

(2) Molecular mechanism and evolution of sex determination in aspar-
agus and related species.

Asparagus is a dioecious plant characterized by separate male and
female individuals. Recently, our laboratory successfully isolated key
sex determination genes in asparagus. To elucidate the molecular
mechanism of the sex determination, we are analyzing the expression
patterns and function of the sex determination genes of asparagus.
Given that dioecy in asparagus has evolved from hermaphrodite an-
cestors, we are investigating the evolutionary mechanism underpin-
ning this transition within the genus Asparagus.
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Elucidation of environmental resilience mechanisms of plant focusing on solar UV radiation

Plants inhabit an environment characterized by the dynamic variation
of diverse environmental factors across both time and space. Our
research in this domain is concentrated on the response, disruption,
and repair mechanisms associated with ultraviolet-B radiation (UV-B)
from sunlight. We employ a multidisciplinary approach, specializing
in molecular cell biology and physiological analysis, to investigate the
combined effects of UV-B radiation and other environmental factors
such as solar visible light, temperature, and gravity. Utilizing model
plants such as rice, Arabidopsis, and liverwort, we aim to unravel the
intricate mechanisms underlying adaptive responses and resilience to
environmental stress, advancing our understanding of plant resilience
mechanisms.

QOur major research projects are listed below.

1. Elucidating repair mechanisms of UV-B-induced damage in organ-
elles and UV-B-tolerance mechanisms in plants.

2. Investigating UV-B adaptation strategies in response to non-uni-
form spatio-temporal UV-B radiation, visible light, and temperature
variations.

3. Analyzing plant responses to combined environmental stresses
of low gravity and high UV-B radiation using space environments
(International Space Station).

4. Studying the role of the UV-B photoreceptor UVR8 in environmen-
tal adaptation strategies employed by plants.

5. Investigating DNA damage mutagenesis induced by ultraviolet light
and radiation exposure.
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() A2 NTEOESREHEERTI2—HFEIEDNEE  Single-molecule fluorescence system for the observation of the ultrafast dynamics of proteins.
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Dynamics of protein folding, phase separation and DNA binding based on the ad-
vanced methods of single-molecule fluorescence spectroscopy and imaging

Proteins perform various functions by folding to their specific struc-
tures, by associating each other to form liquid-like droplets and/or
translocating along DNA. By investigating the dynamics of proteins in
these processes, we can understand the roles of proteins in cells.

In the first project of our laboratory, we develop unique spectroscopic
methods for the detection of fluorescence signals from single pro-
teins, and investigate the dynamics of protein folding and association.
In addition, we are constructing the single-molecule sorting system
for the design of new proteins.

In the second project, we aim to elucidate the functions of DNA-bind-
ing proteins by developing technologies for measuring, regulating,
and designing them. For example, we visualize the dynamics of
DNA-binding proteins along DNA using single-molecule fluorescence
microscopy. We also investigate the phase separation of DNA-bind-
ing proteins by designing peptides that bind to their disordered re-
gions. In addition, we aim to improve the function of genome editing
proteins.
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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 bioclogy, 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 artficial
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.

RALXRF RFREGRFEMER 56



7 F eI LT B

Bz B %
mER BETF BR EE BHO BEE

NANGO Eriko FUJIWARA Takaaki TAGUCHI Masahiko

F—7—K/
YOS T, tEREEARRT. A TG

SVINVENRET IBREDBEZRFLNILTRAL., i3 FOREHIENT

KNG B MRBRImE. EENMERICEEDERRREX
ABDEERERBRME T, B2/ \EDILFIEIEITZ DIEEER
<BERELTHY. TOHEEEHRETDRICEDIOBBEDE AL
TODPEEDPFF N TERUIz. LDL (EROBRM T 2/ &
DEEDEE AT —I (T TLNI~IUR) TE<KHFERFOEEE
TEHMICIRA DI EIFRE TL Iz, BMRETIE. XIREHREFL—
Y— WHEHBEDBFE—LERWT. &/ \JEDHFTERISEI S

TWREEEACCEER A PIRL T 27c D DB BIRER DA
RICRAATVET, COHFERLBE [DFBIE] CLTEEP
EAEBRR T DIENTERT . KBRS, CDTHEICE) SREEY —
WBREISIEAEN TV HEZEL Y NTADRISHBERSHICL
e AZ—UBRICE MR T 2BROPEMABEERA YT DT
EICHIILTWETY . o, BONBBEBREERICA> /N ED
FORIEBRIRET CHEREE O DD FORITERELEFT,

(a) BAEIERBREBNOA| A setup for time-resolved serial femtosecond crystallography (TR-SFX), A.M. Wolff et al., Nat. Chem. 15, 549 (2023)

(b) Z> I E#ERDEE Photograph of protein crystals
(c) D EIEEBRBER 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 technigues

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 biclogy: 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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Regulation of Gene Expression in Response

Organisms maintain their lives in the presence of constant interactions
with their environments. Accordingly, environmental exposures are crit-
ical determinants of aging processes. Most environmental factors trig-
ger redox disturbances leading to protein carbonylation, lipid peroxida-
tion, and thiol oxidation. Sulfur is involved in many of the non-enzymatic
reactions that are caused by environmental stresses. The KEAP1-
NRF2 system is a sulfur-employing defense mechanism; KEAP1 is a
sulfur-based redox sensor, and NRF2 is a sulfur-regulating effector. Our
laboratory focusses on the KEAP1-NRF2 system and explores new
principles in redox regulation underlying the pathogenesis of aging-re-
lated diseases. Our ultimate goal is to contribute to the achievement of
healthy aging. Current projects in our lab are as follows.

CEBDBEANASE (B T).

to Environmental Stresses

(1) Identifying the transcriptional regulatory mechanisms used by the
redox-responsive transcription factor NRF2.

(2) Exploring the molecular mechanisms of organismal aging induced
py redox imbalance.

(8) Understanding the molecular mechanisms of the response to ex-
ercise and its anti-aging effects.

(4) Exploring the role of sulfur metabolism and cancer malignancy
driven by NRF2.

(5) Exploring the regulatory mechanisms of mitochondrial function and
energy metabolism controlled by NRF2.
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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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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. Building on
the philosophy of the Tohoku Neuroscience Global COE Program:
‘Basic & Translational Research Center for Global Brain Science,” a
global COE program from the Ministry of Education, Culture, Sports,
Science and Technology implemented at Tohoku University from
2007 to 2011, 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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