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Sciences) J. [ B FH & AR TE T AL SEaFHIH O E
ZRREBT 5. A FIEZEMFEFE I (Molecular and Chemical Life
Sciences) | D3DNDHEH THERINTVWET, ThEZhOHEI TIL,
REMOME-MBELRL T FI7 YA I AT BRIV EIEE
MR NELS, SEIELHE CIEE TEBIO—/ W) —54—5BHKLET,
T EERICHVWUHEEBN G CEETIE L/ MFAMEBRT
B0 BRI G [NAFAMBERHVF 1T L] P EITISNT
WET,

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

Campus map
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Dean, Graduate School
of Life Sciences,
Tohoku University

SUGIMOTO Asako, Ph.D.
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ANTVWET, BRI ZHEMRRE RN 16.9% EHFRAICR TREL TEWLANILT
ITH HRRBOLFRERELRIIATH42.9% % H028.9%., ZHHELEERDH26%
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WEREDREEIRADZ SO LENSZ, [EmEidEh] EWOBWICEZI(ZE
BIZENKRDENTWET, BVWAEIALEDIC, Fl- kB ER T TV EEEL
AZLTVWET,
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Over the past two years, the novel coronavirus pandemic has made marked changes to the
nature of society and our daily lives, and life science research has played a major role in curtailing
its spread. Indeed, the identification of the new coronavirus led to the development of mMRNA
vaccines at an unprecedented rate, and this technological progress was largely possible because
the accumulation of many years of scientific knowledge was instrumental in facilitating it.

In addition to pandemics, modern society is facing various other challenges including global
warming and biodiversity loss due to environmental degradation. In the future, new difficulties
may arise that we have not anticipated. To be able to overcome these challenges, it is
essential to have life science researchers who are willing and equipped to seek answers to the
fundamental question “What is life?”

The Graduate School of Life Sciences at Tohoku University was established in 2001 as a core
center for life science research. The Department of Molecular Biology consists of three divisions:
“Integrative Life Science” where work is conducted on the “mechanisms that control the mind
and body”, “Ecological Developmental Adaptability Life Science” where “interactions between
environmental changes and biological activities” are analyzed; and “Molecular and Chemical Life
Science” where “innovation through chemical biology and genomics” is promoted. Our research
covers all layers of life, from molecules and cells to individuals and entire biological communities.
Two of the main strengths of the Graduate School are its coverage of a wide range of research
fields—including organic chemistry, cell biology, animal and plant science, neuroscience, ecology,
genome informatics, and evolutionary biology-and its aims to develop new research areas
through active interdisciplinary research.

In addition to its diversity of research areas, the Graduate School is also focused on achieving
diversity in human resources. Although the percentage of female researchers in Japan is currently
16.9%, which is a very low level by global standards, the percentage of female graduate students
in the Graduate School was 42.9% in the master’s course and 28.9% in the doctoral course, and
26% of the faculty members were female in Fiscal Year 2021. In addition, a substantial portion of
the curriculum is in English, and the School accepts international students from many countries
and regions. The appeal of the Graduate School of Life Sciences is that this mix of graduate
students and faculty members with diverse backgrounds constitutes a stimulating academic
environment that fosters cooperation and provides a wealth of opportunities to develop new
ideas and produce ground-breaking research that would be difficult for researchers to achieve
individually.

In this age of global challenges, it is very important that we do not restrict the way we address
the question “What is life?” | therefore look forward to continuing to take on new challenges with
what | anticipate may be the next generation of leaders in the life sciences.

April 1, 2022
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Brain and Nervous System

Hi% Professor VN b2} TANIMOTO Hiromu
R B 5 NeUrahoey HEHIR Associate Professor oA/ B R YAMAGATA Nobuhiro
HEHIZ Associate Professor INE EH 2 KOGANEZAWA Masayuki
B Assistant Professor THOMA VLADIMIROS THOMA Vladimiros
Hi% Professor " N F B TAKEUCHI Hideaki
DFTED Molecular Ethology BhE Assistant Professor Z & =3 ANSAI Satoshi
4% (JOATRAVMYL)  Professor ElimdHp o= KAMIKOUCHI Azusa
R LR 5 5 rain Development Hi% Professor = = i K BR ABE Kentaro
Bh# Assistant Professor F K ped AOKI Sho
Hi Professor & H @ — BB TSUTSUI Ken-ichiro
MR AT LD E Systems Neuroscience B Assistant Professor X B B OHARA Shinya
B Assistant Professor N E W NAKAMURA Shinya
MRy N — O REE Cellular Network
IREIE S BT DB Membrane Trafficking Mechanisms e Frofessor B H X Al FUKUDA Mitsunor
Bh# Assistant Professor W H & = MATSUI Takahide
B S S AT Developmental Dynamics HiZ Professor 2 AN @ F SUGIMOTO Asako
HEHE (3R) Associate Professor B oHE N NIWA Shinsuke
MR NREREESH Organelle Pathophysiology 6] Professor B O kR B TAGUCHI Tomohiko
B Assistant Professor | H E A B MUKAI Kojiro
Hi% Professor w FH N MATSUI Ko
FB[O] IR AN RE 0 BF Super-Network Brain Physiology Bh¥ Assistant Professor W kK E TSUNEMATSU Tomomi
B Assistant Professor 4+ B OE F IKOMA Yoko
SMEEIE Ry ND— O FEE Developmental Regulation Network
Hi% Professor w B B X MATSUI Yasuhisa
ML B A E D B Germ Cell Development B Assistant Professor ® B HAYASHI Yohei
B Assistant Professor BHRAsTF TANDO Yukiko
Hi% Professor FEREF CHIBA Natsuko
EREYT N Gancer Biology Bh# Assistant Professor 5 B F & YOSHINO Yuki
E6 Professor IO OE OGURA Toshihiko
TR LR E O B Developmental Neurobiology Bh# Assistant Professor 2 R il KUBO Atsushi
Bh# Assistant Professor VNIV N 2 MATSUMOTO Ken
Ak 4 =| Cooperative faculties
HRAEEEYEHE Developmental Neuroscience E2650 Professor K B B F OSUMI Noriko
DFEBEFEHET Molecular Oncology BiR Professor H R # = TANAKA Kozo
BLFEADE Experimental Immunology Big Professor 5 7 2 17 TAKAI Toshiyuki
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Ecological Developmental Adaptability Life Sciences

BES 1+ REBEE Biological Dynamics
i Professor g’ F F KYOZUKA Junko
Bh# Assistant Professor N B KOMATSU Aino
EYRENE Plant Development Bh# Assistant Professor & M ® KAMEOKA Hiromu
Bh# Assistant Professor MIAO YILING MIAQ Yiling
B Assistant Professor H K F K SUZUKI Hidemasa
ES 64 Professor BEXKEERER KURANAGA Erina
AR Histogenstic Dynamics Bh# Assistant Professor B E K B UMETSU Daiki
Bh# Assistant Professor B B F =E SEKINE Sayaka
Bh# Assistant Professor Z— @& I ¥, NINOMIYA Komaki
SIS 5 E'.i?é gSyensory and Developmental %éz ?(j) :rofes.sor H A B ,l=.L_=\ HIGASHITANI Atsushi
7 ssociate Professor B A @ A FUJII Nobuharu
ESesd Professor B & £ A TAMURA Koji
BREDH Organ Morphogenesis Bh#L(3F) Assistant Professor R 2 3 2 SHIOMI Kozue
E265 Professor £ H = # F UEDA Minako
TEY g BE D 5 Plant Cell Dynamics Bh# Assistant Professor X & # B KIMATA Yusuke
Bh# Assistant Professor mw oA X MATSUMOTO Hikari
ERYNFIUREE Ecological Dynamics
KEARE S5 Aquatio Ecology E ey Professor AN ?B URABE Jotaro
Bh# Assistant Professor L4 b MAKINO Wataru
i EE A BB Functional Ecology Hi% Professor Z IR = %_Q HIKOSAKA Kouki
Bh# Assistant Professor =N JC TOMIMATSU Hajime
ES 6 Professor Al O O£ KAWATA Masakado
Bl S5 Evolutionary Biology B Assistant Professor A E — Bf MARUYAMA Shinichiro
HR(YORTFA VYL Professor B A = FUJITA Kaori
EHR (J0ATRAUMYN) - Associate Professor T B % F SATO Atsuko
ES6d Professor rOBE O & KONDOH Michio
AR Associate Professor BHOH OB & SAKAI Satoki
B Assistant Professor Jn =2 — B KAWATSU Kazutaka
REERENET Ecological Integration Bh# Assistant Professor H & & % TANABE Akifumi
B Assistant Professor KE D M D OHNO Yukari
Bh# Assistant Professor £ H & OSADA Yutaka
Bh# Assistant Professor 'R E E SHINOHARA Naoto
ES e Professor 1 B & IF SATO Shusei
SH ) S5 Symbiosis Genomics JEHIF Associate Professor = H R = MITSUI Hisayuki
Bh# Assistant Professor = 15 N BAMBA Masaru
B Assistant Professor B K s HASHIMOTO Shun
SRS M F IO RERE Biodiversity Dynamics
% Professor 574 w 2 MAKI Masayuki
TEBYEL S RIED BT Plant Diversity and Evolution B# Assistant Professor K W & OHYAMA Motonari
B Assistant Professor B HE # B ITO Takuro
SRR ST Gonservation Bioloay E2657 Professor F =T JiF CHIBA Satoshi
Bh# Assistant Professor FOH OE & HIRANO Takahiro
ES 64 Professor B B &= KUMANO Gaku
1% (F8) Professor OBE O & KONDOH Michio
EBIEEYZRED B Marine Biodiversity AR Associate Professor ES - BIEE MINOKAWA Takuya
B Assistant Professor = I BE F IWASAKI Aiko
Bh# Assistant Professor # B B F MORITA Shumpei
HRESYAFIORAERE Eco-Socio Dynamics
e B 5 Ecosystem Functions REHIZ Visiting Professor fe & — BB TAYASU Ichiro
REHHT Visting Associate Professor A H R — BB ISHII Reiichiro
HEHE Specially-appointed faculties
TR Specially-appointed Professor B = ) MINAMISAWA Kiwamu
HHEBNE Special-appointed Assisant Professor R A =2l ITAKURA Manabu
TIEMEY D Soil Microbiology SRR Specly-appointed Assistant Poessor - FERNANDES SIQUEIRA ARTHUR - FERNANDES SIQUEIRA Arthur
Lo EaiE: Speciall-2ppointed Assistant Pofessor KAERE A OHKUBO Satoshi
KHEBhE Specily-appoited Assisant Pofessor N KATO Hiromi
i WaE:4=] Cooperative faculties
ERBEERATLRIZNE Systems Bioinformatics 2% Professor X T & & KINOSHITA Kengo
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Organization

SDFIEEEYEFTR Molecular and Chemical Life Sciences

TIAINAAOY —EEE Chemical Biology

o7

AFHRLENT  wowcasomccrensn L R R
h a2 H T Biostructural Chemisiry Hig Professor B 4 K 3 SASAKI Makoto
Bh#E Assistant Professor Bwm R E & UMEHARA Atsushi
Eed Professor a ) = ISHIKAWA Minoru
SEMEDFEIRED BT Bioactive Molecules Bh# Assistant Professor XK & & N TOMOSHIGE Shusuke
B (38) Assistant Professor i B Hm — SATO Shinichi
i Professor X B — IE OHASHI Kazumasa
DFHREEY) DB Molecular and Cellular Biology TR Associate Professor Z g M — YASUMOTO Ken-ichi
Bh# Assistant Professor F T F F CHIBA Shuhei
IS D FRITDE Applied Biological Molecular Science i Frofessor I ':E Ll TANAKA Yoshikazy
Bh# Assistant Professor w0 B = YOKOYAMA Takeshi
DFRYNT— O ERE Molecular and Network Genomics
WE%;%{EE‘“{,%E? Microbial Genetics and Evolution ot Professor X H B :_ NAGATA Y
HEHIR Associate Professor X ¥ =E= T OTSUBO Yoshiyuki
E2es) Professor E O OE K WATANABE Masao
B FBEENE Plant Molecular Breeding HEHEIR Associate Professor = B BH KANNO Akira
ERR(JAATRIVIAVE)  Associate Professor s E B F INABA Yasuko
Hi% Professor B oA E & HIGASHITANI Atsushi
DFECEEDE Molecular Genetics and Physiology /3% Associate Professor H £ B #t HIDEMA Jun
B Assistant Professor X B/ OE &£ TERANISHI Mika
Eed Professor L - A o MAKINO Takashi
E- il Lecturer # bW B = YOKOYAMA Ryusuke
LT 2O RNES Evolutionary Genomics Bh# Assistant Professor ~ Bll Af - £ JE Z= F BESSHO-UEHARA Kanako
B Assistant Professor a5 = i IWASAKI Watal
Bh# (38) Assistant Professor H 2 BB ICHINOSE Toshiharu
BB ESY A F IO REEE Multilevel Biomolecular Structure and Dynamics
PN Ny P m%%ﬂmwmm%WMI #& mm@r = ﬁ _ B Mmmm%mm
SRR Associate Professor #w O FE A KAMAGATA Kiyoto
% Professor K E X MIZUKAMI Shin
R FREBEHIEI D BF Eggﬁ?&zgﬂn%:‘:grywy and SRS Associate Professor w H B 5 MATSUI Toshitaka
Bh# Assistant Professor JVFD B 2 17 KOWADA Toshiyuki
Hi% Professor g OE O OR INABA Kenji
g Structural Biology EHZ Associate Professor M A& N KADOKURA Hiroshi
HEHIR (38) Associate Professor BN IFE OKUMURA Masaki
Bh# Assistant Professor E OB iy WATANABE Satoshi
4% () Professor 5 1B B TAKAHASHI Satoshi
BEANZ X LFERERDE ggy;yéﬂewln?chanism Researchand sy 54 Associate Professor SE O H HAMAGUCHI Tasuku
HR(IORTRAY VR Professor ¥ &2 I B YONEKURA Koji
) LB Genome Informatics
I Ormice and Imformatics BEH®R Visiting Professor EON o= R HIRAKAWA Hideki
ES=E ¢ Visting Professor el m =& IKEDA Kazutaka
WmhHE Cooperative faculties
KR T I HILINAAOT —4BEF  Chemical biology of Natural Product 2§42 Professor + @ = UEDA Minoru
DFRIGIEED B Bioorganic Medicinal Chemistry B Professor + H#H B T DOI Takayuki
L Ry 2HIEDEF Redox Biology Hi% Professor KXEF(F D H MOTOHASHI Hozum
SRR RE D BF Cellular Function iR Professor ol B OF NAKAYAMA Keiko
Y
Asamushi Research Center for Marine Biology t>%—#&  Director e B} = KUMANO Gaku

mELy Sy —

RIEARZIENNNANE L5 —

Comprehensive Center for Brain Science Research and Education, Tohoku University

TSR General Affairs Section
BHR Student Affairs Section
SEHR General Accounting Section
EREB Asamushi Administrative Office




?&Eﬁ Academic Staff

263 Professors 26 (20)
HEHE Associate Professor 9 (9)
B Lecturer 1 (0)
Bh# Assistant Professor 35 (17)
REHT Visiting Professor 3
BEREHR Visiting Assosiate Professor 1
FHEBIR Specially-appointed Professor 1
EBN Specially-appointed Assistant Professor 4

() Cooperative Faculties

1, April, 2022
#ﬂf%{ Postgraduate Students
Male Female Total

ELREFE Master's courses 116 (12) 87 (11) 203 (23)
BLREFE Doctoral courses 60(10) 24(14) 84(24)

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

() International Students
1, November, 2021

Algeria, Bangladesh, Bolivia, Canada, China,
Cuba, Egypt, France, Germany, Guatemala,
India, Indonesia, Malawi, Malaysia, Nepal,
Nigeria, Pakistan, South Korea, Sri Lanka,
Taiwan, Tanzania, Turkey, Ukraine, USA,
Vietnam

1, November, 2021
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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.

Yoo Ao



"

9N

o

HEITEN 75

g IR e
AR A W EBR INEEHEZ

TANIMOTO Hiromu YAMAGATA Nobuhiro KOGANEZAWA Masayuki
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Bh#

THOMA VLADIMIROS

THOMA Vladimiros
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INETICRBLEREBREZRAL. FELE "R ICEDE
BYRTEEEDIEE BRICIEADN DN -(HE R DA B
RIEED—DTY . ZDERMLBIED—imaiBDRikaED . 2D
FHaEO DI 2ERFETY., FEEORRETIE. ZOES
ZBOMBREREEF O 1—O L NIV TR AL il
DB D HRL BEF TR TRIEDOEEERIEP B S TH D
> 3237 /NT (Drosophila melanogaster) %> T fif &
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BF-HMP RS B o T I BEBRTERENICALSIED.
TEBRATERBIA D7z VI b N—ROEEHSY —IILEHFEHITOT
WET, FopEr] BH 4T, KRB REERZ RE T /20,
57 EBVEREBBEITROILE LT TVET,

B ARE T BN~/ NS AHERE

Neural circuits for learning and memory in Drosophila

An associative learning, in which an animal links sensory experienc-
es 1o salient life events such as encountering foods under starved
condition, is one of our fundamental brain functions. The long-term
goal of our lab is to understand the neural mechanism underlying this
associative leaming. Our current focus is to identify and functionally
characterize 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-resolu-
tion anatomical analyses of neurons. We also engage in the develop-
ment of new techniques for behavioral analysis and the application of
new genetic tools to push the boundaries of our analyses.
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TAKEUCHI Hideaki ANSAI Satoshi J:} I | I*-l &’j‘g
KAMIKOUCHI Azusa

B ZEFIREICT RO EREDERAZBET

INETOURBICRENICEDDMMEIFENPEEEREZH
DISEATEce LPLIEFDITBEERZDERICE DT, L<OD
DRIE (T vE—=PTTUYR) HEGRIMEN LB EREREIN
BENZFF D EDDHOTE . AMEDH TIE. RIRMOLRE
ISRENICED D IHERIBEMAT 2T, HBEMFENLERRD
SZDEAMRREWDZEEBEL TS, INETICHFER
FOTETINEY THD/NERIR (AN ICEBL. BT, 4=
EE . XADEBEBER. 7 AORBEEITE. RERANITE
EEEBNT DITHRBREMILLc. TOMR. AL DI MHEZR

DFBRENEFOTHY BRBNICE D BELHRTHERT
ZEEFERUIz, BIAIE. XAXLNERIER IO A RAERE
IR [RHo/eFd Al E[RESHF A ZR 2T T piEZRE
HBFEELTERTDEAD DD, FLEREELIMEBREES
WFEFEHEAADE. INSO/RTHICEDLDEEFP=1—
B2 OREICHIL TS, SERAZDOERMIDE N DL
AXATENBIRICEI D DA BERAIZHE DRI DK RICEP B E
ZHFL TS,

AZHDF ZEXZDH T ZHMUIZEL
BEHREVWT 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 social
learning (Ochiai et al., 2013). Using these medaka systems, we have
identified internal factors (genes, neurons, and neuromodulatory sys-
tems) essential for vertebrate social interactions (Okuyama et al 2014,
Yokoi et al., 2015, 2020).

RIERZ REFREMRPHER 12
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WBZRAEDICT HIEEMEDBIELEY . FRAICIL. Ritkse
DOIRIIBRZ RO DECBIC, MEEERIC T 2 FH% 8
EDRFEP. FEPR2GHEBLRETDLVEVEE AT LD
W ERRELET.
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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 learning 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
pbrain function and will serve as a foundation for the development of
remedies for brain disorders. We also will strive to establish an opti-
mal education system to improve the leaming efficiency or to promote
healthy growth and development of animals.
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TSUTSUI Ken-ichiro OHARA Shinya NAKAMURA Shinya

MO OB EBREICE D <HDOENFIRE DL
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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 unveil 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 organelles.
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 mo-
lecular 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 regulation of cellular behaviors during animal development

During animal development, cells divide, change their shapes, and
migrate to form a complex body structure. To study these dynamic
cellular behaviors, we use the nematode, Caenorhabditis elegans
as a model system. Using gene manipulation and live imaging tech-
niques, we aim to understand how cellular dynamics are regulated
genetically and molecularly. We currently focus on multiple micro-
tubule functions, and analyze their temporal and spatial regulation

during cell division and morphogenesis of sensory neurons. Another
topic of interest is how the shape and size of cells that comprise
specific organs (e.g., gonads and intestine) are regulated coordinate-
ly during development. Finally, to understand how changes of the
genome sequence lead to evolution of cellular dynamics, we aim to
establish a new research field called “evolutionary cell biology”, using
C. elegans and other closely related nematodes.
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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

Five to seven percent of all breast cancers are inherited, and the
two most important breast cancer susceptibility genes, BRCA1 and
BRCA2, were identified by linkage analysis of familial breast cancer.
Mutations of BRCA1 and BRCA2 have been found in 25% of he-
reditary breast cancers. Recently, these breast cancers have been
named Hereditary Breast and Ovarian Cancer Syndrome (HBOC).
BRCA1 was widely reported in newspapers and TV after a famous
American actor had a prophylactic mastectomy after being diagnosed
as a BRCA1 mutation carrier. In addition to hereditary cancer, it has
been reported that BRCA1 s involved in a subtype of sporadic breast
cancer, triple-negative breast cancer, and in chemosensitivity to vari-
ous cancers.

BRCA1 is involved in many cellular processes, including DNA repair
and centrosome regulation. Defects in the regulatory mechanisms of
centrosome and DNA repair result in defective mitoses, chromosome
segregation errors, and the accumulation of DNA damage. These are
significant sources of genome instability, a hallmark of cancer.

QOur research specifically focuses on the functions of BRCA1T in DNA
repair and centrosome regulation. To analyze the functions of BRCA1
and its related proteins, we perform cytological analyses, analyses
using genetically modified mice, and analyses of clinical specimens.
This research will contribute to the further understanding of carcino-
genesis and aid in developing novel cancer therapies.
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Transcriptional control driven by the Mechano (wheel) and Genome (chain) is our ma-
jor target of our research. Using zebrafish and mouse as model animals, we are ex-

ploring fundamental mechanisms of life.

Skeletal muscles and bones of astronauts atrophy under micro-grav-
ity conditions in outer space. Our hearts monitor blood pressure and
respond to it to maintain the circulatory homeostasis. In these biolog-
ical phenomena, physical forces generated by gravity and heartbeat
play critical regulatory roles. Exercise also prevents obesity and even-
tually cures type Il diabetes, highlighting a tight link between exercise/
force and energy metabolism.

If this is the case, how do cells and tissues sense physical forces and

respond to them by converting the physical inputs into biochemical
outputs? Despite the potentially high impact on medical science, the
molecular mechanisms underlying these phenomena are largely un-
known. We are exploring the molecular mechanisms of this system,
namely, mechanotransduction, to find out new therapeutic methods
and drug targets. We hope that our approach will pave the way to
understanding the basic aspects of biological events and medical
sclences.
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Genome-editing in mice

Brain Development and Neurogenesis Underlying Brain Evolution and Mental lliness

Qur brain is the center that controls a vast array of nervous and men-
tal functions, from sensory perception and motor control to learning
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.

QOur 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 international 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 mecha-
nisms. In contrast, most cancer cells show chromosomal abnormali-
ties 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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Regulatory mechanism underlying immunological memory and its relation to disease

Immunological memory is one of the prominent characteristics of our
immune system. Employing this phenomenon, humans have devel-
oped "vaccination" to avoid suffering from severe infectious diseases.
However, we still do not know exactly how the memory is established
and maintained at the molecular and cellular levels. Currently, the ma-
jor component maintaining immunological memory is considered to
be antibody producing long-lived plasma cells (LPC), which interact
with stromal cells in specific tissues, such as bone marrow. Although
this interaction is constituted by a few types of receptors, such as

chemokines and cytokines, involvement of other types of receptors
and the mechanisms by which LPC live long is obscured. Therefore,
we have not been able to regulate the longevity of LPC. Our labora-
tory is working to elucidate the molecular mechanism for longevity of
LPC, particularly focusing on immune regulatory receptors, and this
could lead to the development of strategies that enable antigen-spe-
cific deletion of harmful immunological memory (e.g., allergies, auto-
immunity), augmentation of specific memory in elderly persons, and
avoiding the chronic settling of leukemic cells in bone marrow.
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Department of Ecological Developmental
Adaptability Life Sciences

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
pbackground 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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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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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., zebrafish,
Xenopus, newt, gecko, mouse, chicken, quail, and penguin) to in-
vestigate how animals modify the developmental mechanism for mor-
phological 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 established a
live-cell imaging system to visualize the intracellular dynamics of the
zygote. We found that the egg cell polarity is temporally disorganized
on fertilization and the new polarity is gradually established, as micro-
tubules and F-actins align in a zygote-specific manner. Various or-
ganelles, 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 intracellular events to
understand the molecular mechanisms controlling plant ontogeny.
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How Species are Linked, and Why Communities Differ Among Aquatic Habitats

Communities in lakes, rivers, and coastal areas are composed of a
variety of species, which are linked to each other through space and
trophic interactions. When we compare communities in these aquatic
habitats, it is not unusual to observe large variations. Why are the spe-
cies compositions so different even among similar aquatic habitats?
To uncover the mechanisms responsible for creating different aquatic
communities, and to understand the function of genetic and species
diversity in these mechanisms, we study the life history strategies of
aquatic species, the spatial and temporal dynamics of populations,
and trophic interactions through field works, laboratory experiments,
and theoretical modelings.

Currently, we are studying the recovery processes of tidal flat com-

munities disturbed by tsunamis, caused by the Great East Japan
Earthquake, to examine the ecological importance of deterministic and
stochastic factors in community assembly. Using planktonic organisms
with short generation times, we also study the roles of genetic and
species diversity in populations and in trophic dynamics, the function
of biological interaction in community stability, and the role of ecological
stoichiometry in shaping ecosystems.

With these studies, we are examining how aguatic communities are
changed by local environmental disturbances, such as eutrophication,
as well as global changes, such as increased atmospheric CO2 and
temperature, to find a way to mitigate these changes.
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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 en-
vironment?” "what is the ecological significance of a certain trait?" and
"what and how traits should be changed to improve biomass pro-
duction?" In particular, we are interested in plant responses to global
change.
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From Genomics to Ecology: Uncovering the Evolutionary Mechanisms of Biodiversity

Our research explores how and why biodiversity has evolved and
is maintained. In particular, we focus on why some organisms can
evolve to adapt to various environments while others cannot. Spe-
cies that can adapt to various changing environments might have
some genetic and genomic basis that confer high evolvability. Various
approaches, from genomics to macroecology, are used to address
these questions. In particular, we are trying to understand the genetic

basis for rapid evolution and the adaptive capacity to respond to en-
vironmental changes, the thermal evolution of ectothermic organisms,
the evolutionary responses to recent climate changes, the relation-
ships between gene duplication and diseases, and the evolution
of symbiosis. In addition, we are studying biodiversity conservation
measures that apply to evolutionary theories and mechanisms.
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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 ap-
plied ecology, such as (1) understanding the structure and dynamics
of ecosystems, (2) establishing a data-driven ecology model based
on large data sets (e.g. environmental DNA (€DNA) data, ecological
databases), (3) understanding the evolution of plant reproductive
strategies (floral sexual allocation, coevolution of flower visitors, and
seed production) and (4) developing a theoretical framework for fore-
casting 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,
dsaa0156. 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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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 conser-
vation 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 leamn
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.

Qur 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. These studies will pro-
vide novel and surprising insights in understanding the many different
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 change!
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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 tallor-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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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.

RIERZ REFREMRPHER 46



47

TEAIWNAFOYI —BE

aED FEIRR T H

4N

F—U—F/
BIEALZ, 7 I M A0V — DFEE

iR Bh# B (GR)
all ® RE FN Gk fR—
ISHIKAWA Minoru TOMOSHIGE Shusuke SATO Shinichi

BAFRIRICHT HHFEDRE

EDFEREROEBEEL NEORRIE. [N ICHIX
SNET D BN FRIEISERBEIES /NI EDHKEREH IR T
T D [RERNEE| ORHEIDZN—HT ESLWL [#] D
RERDAINE FEARVINVE - BEERINTE- BV INJE
BEARBE)ISOWTE RRREL /NTEDPFESNTLDICE
DPDOOETRIEDKIDBIDDIENDDBRIRTT . CORBEZFRT
N EFEREZEED FlRREYZZmBCL T B FAIE
DHLWFERRERELET. BIFIC, COFFERMMD DT
IHNAAOT—ICRFALET.

INETOMAEZOMNALET . OEDIE ERRIRAL> /8T
HOHFwZBEDFICLOTIBDDFEERELEL/C. JOFFE
FRWT. BERNBIZETIIISHEL L #RTHHRER MRS
DIRRAZINTBORD EBBIEZRLEL T, ©EO—DDMFTUL.
LEMDOURRNBEEZRET 2D TR TI . D FHEMEIEREHR
DEEBRFREHCK) —RFETHMENLFHNEETHHE
YMOKBECREREOmAER LSE/HIEERLELL. LS
WOEORINMERFICHELICAEEEAET .

TEEDFEEDFOMEHMEE 5 it ARER - EMEEFMEBRLT. RIEOHLWFEREEEELTVWET,

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 biology 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.

Agqueous 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 al-
though 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.

RIERZ REFREMRPHER 48



49

TEAIWNAFOYI —BE

Iy m i 'I:ﬁi ﬁ % ﬁ’q’: *ﬁ ﬁ Eig :;:;T-;ﬁmﬁ X R AR,

BERERZ

#ig Bh#
He R Bl KA
TANAKA Yoshikazu YOKOYAMA Takeshi

MAEERRICZH U EREROER EZ DG

ADEF Tl IEBICEET B8 /NI EEFROELTRRATRENE (D BREMENDERL /NI ED D FHEIEDRERA
BAFILEYICEREST. TONFRIEES 5 4 BFIRHEER (2) EXD FaF|BUIHREERR T FEDRFE

e X #RiERIBERIT AL DRFERDD F RN FEER O CRHA (3) pIFZ B U2 R B BEE O A OB E e
TBHIEEBRL TS, Fie. EDITROTEEZE D LIISH (4) IBEBRICIIHL cEOEOHEEENE
MEBEFAL LB, LR T—YZLUI ISR (5) RIMEXIIRICENT /o3RI E M A DORBE AR

(B) R  DBIERBIEMHAE DAZR

X RERAEERANTEICEWREL: TUAB BEBDIBE () L7 71 A B FIRHEREN TR ICEVREL LAY — LESHOEE ()

Structural basis of proteins and its application

Our research aims to elucidate the molecular mechanisms of pro- 1. Study of the molecular mechanisms of toxic proteins in pathogenic
teins, particularly those relating to diseases, from a structural view- microorganisms

point. Furthermore, we apply the revealed molecular characteristics to 2. Application of the structure determination method on a biomacro-
design novel functional materials. The following are current projects. molecule

3. Structure and functional analysis of proteins relating diseases

4. Structure based functional alteration of proteins

5. Structural and functional analysis of new antibiotics for measuring
infectious diseases

6. Study of the translational regulatory mechanism
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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 biology, 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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Comprehensive Understanding Complex Traits for the Molecular Breeding in Plants

To date, the genome editing is possible in angiosperms. In order
to use this tool, it is necessary to comprehensively understand the
complex traits behind plant morphogenesis and reproduction. We
are interested in discovering the underlying molecular mechanisms
that control these complex traits. In the Laboratory of Plant Molecular
Breeding, we are studying the molecular mechanisms of the genes
encoding key factors for these complex traits by interdisciplinary
methods. Ultimately, we aim to carry out molecular breeding for these
targeted complex traits in higher plants.

One area of focus is pollen-stigma interaction, especially self-incom-
patibility (Sl) in Brassica species. Our work on Sl has been extensively
published in excellent journals (ref 1 to 5). Other areas of interest are

the molecular mechanisms of floral diversification in cycad, one of
gymnosperm (ref 6), non-grass monocots (lily, tulip, orchid, etc.) and
sex determination of the dioecious Asparagus species including gar-
den asparagus (ref 7 to 11).

References: 1) Takada et al. (2017) Nature Plants 3: 17096, 2) Yasu-
da et al. (2016) Nature Plants 3: 16206, 3) Tarutani et al. (2010) Na-
ture 466: 983-986, 4) Tsuchimatsu et al. (2010) Nature 464 1342-
1346, 5) Takasaki et al. (2000) Nature 403: 913-916, 6) Ito-Inaba et
al. (2019) Plant Physiol. 180: 743-756. 7) Mitoma et al. (2019) Plant J.
99:439-451, 8) Mitoma et al. (2018) Euphytica 214:154, 9) Harkess
et al. (2017) Nat. Commun. 8:1279,10)Abdelrahman et al. (2017)
Sci. Rep. 7:2608,11) Otani et al. (2016) Sci. Rep. 6:24549.
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Genomic Mechanisms Underlying Response and Adaptation to Various Environments

Qur research aims to elucidate the mechanisms underlying adapta-
tion responses to diverse environmental stimuli. We perform integra-
tive research using a combination of approaches: molecular, cellular,
physiological, genetic, and genomic. Within the laboratory, graduate
school students will engage in collaborative experiments and discus-
sion.
QOur laboratory currently focusses on the following areas:
(1) The molecular mechanisms of muscle breakdown using C. ele-
gans.
(2) Plant reproductive development and its injury in response to en-
vironmental stress.

(8) Repalr mechanisms of UVB-induced damage in organelles and
UVB-tolerance mechanisms in plants.

(4) Molecular mechanisms of DNA damage repair caused by UVB
and ionizing radiation in plants.

(5) Phenotypic plasticity controlled by genetic and environmental
factors in plants.

(6) Molecular mechanisms of plant organelle degradation by auto-
phagy in response to environmental stress.
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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.
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() A2 NTENOESREHEERTI2—HFEIEDNEE  Single-molecule fluorescence system for the observation of the ultrafast dynamics of proteins.
(/) X B: DNA #5& %> /X780 DNA LNDZEEEIZR Observation of the dynamics of DNA binding proteins

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 biology, and one of the exciting features
of this research is that we can tailor functional molecules to a specific
purpose.
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Structural and mechanistic basis of cellular systems for protein quality control

Cells have evolved elaborate internal mechanisms for maintaining the
protein homeostasis. It has recently been found that disulfide bond
formation and metal ion binding play essential roles in these mecha-
nisms. The Laboratory of Biomolecular Structure aims to utilize all the
techniques of structural biology, biochemistry, proteomics, and cell
biology to thoroughly investigate the systems that promote proper

folding of newly synthesized proteins and maintain the homeostasis
of metal ions including calcium and zinc ions. It is expected that the
achievement of this research will help elucidate molecular level mech-
anisms of various diseases caused by misfolded proteins accumulat-
ing in cells.
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Advanced cryogenic electron microscopy of proteins and organic molecules

Proteins and organic molecules comprise complex 3D structures
responsible for their functions and properties. To elucidate working
mechanisms and detailed properties of these complex molecules, we
analyze their 3D structures at higher resolutions and accuracy using
advanced cryogenic electron microscopy (cryo-EM). We have also
been developing related technologies including automated artificial
inteligence 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 vyield diffraction patterns, and electron 3D
crystallography can visualize individual atoms and detailed chemical
properties. Automated cryo-electron tomography is used to examine
cell organelles and larger heterogeneous samples.

Thus, our study reveals the detailed structural mechanisms of pro-
teins and organic molecules, focusing particularly on the hydrogen
atoms and charges, which are critical in stabilizing structures and ful-
filing functions. Complementary to cryo-EM, we also use synchrotron
radiation and X-ray free-electron lasers to achieve our goals.
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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, and metagenome

analysis to understand bacterial flora in soil. In addition, we construct
databases to share valuable information all over the world. Moreover,
we use mass spectrometry to exhaustively analyze various chemical
substances produced by living organisms (metabolomics).

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

nomenon referred to as nyctinasty. Using these two independent ap-
proaches, both from the chemical aspect and the biclogical aspect,
will provide significant advances in understanding of this intriguing
phenomenon.
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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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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.

CEBDBEANSE (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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From Gene Function and Cellular Function to Elucidation of Pathophysiology

We, as multicellular organisms, are composed of a cell population
that originated from one fertilized egg. Our cells share the same ge-
nome, but differentiate into different cell types, and together constitute
the individual. Diseases, or disorders, arise as a consequences of
failure in differentiation by various genetic or environmental factors, or
as an abnormal response to them.

In our laboratory, we explore molecules related to cell proliferation,
differentiation, and oncogenesis, and are attempting to elucidate their
molecular function. We approach these questions from two differ-
ent directions. First, we focus on molecules which are expected to

function in cellular proliferation, differentiation, or pathogenesis, and
study their molecular mechanisms to understand their role in the cell
or in the body. Second, we comprehensively analyze human tissue
samples, especially human cancer samples, in order to identify new
disease-related genes or disease-related molecular networks. As it
is often difficult to show a causal relationship between gene expres-
sion and phenotype, we use multiple biochemical and cell biology
approaches to understand the biological system in a physiological,
or a pathological situation, including the use of in vivo studies using
disease-models in mice.
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Asamushi Research Center for Marine Biology

In 1924, the Asamushi Center was established as an extension
facility 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, Crustacea, 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 facility, with the latest renaming occurring in 2011
following its qualification by the Ministry of Education as a center of
education. Through the years, reflecting Prof. Hatai's and others’
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ambitions, intentions and desires, the center has accomplished
numerous research achievements, welcomed a countless number
of international and domestic researchers, and provided marine
piology 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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- Fostering human resources that can be active

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 "Bio 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.”
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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