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Dean, Graduate School
of Life Sciences,
Tohoku University

Asako Sugimoto, Ph.D.

<BRDODHZW> X <ARH>=?

L2 F1ET 1 (serendipity) EWVOEEEFE W ZEN HDITLLOIN? Uo7KB
EREBIEBHEVOTTY, [BOP I EVDONDHEER ] [ADEHEL TV EXIC, ZTheldhl
DfifEHZEHD%ER DI BEES] EVH/BRTT . EMTIFMEDELEDLEHLTH, &
FHOERBISEFELICLTEL TAETHEELEREERZLTOVET, 72821 R
ZIVCDORERTYE, 19145 MiEEEEL CWET LI YA —TLILTIS, FE e
BALTEATEZAHEDRBLTHEP BRL VBRI EICTY DEELZ, TP HED
BEERDOSEHERINOMEMB RV ERRTEZo0TEL-/2DTY, MEDEE
FRICHEZRAZE TUE S ARBVKSTHWER T TTH. FLIL TP ZD KB %
AKRERICDBETBIEN TEEDIE, FEPRVERNEH-TWDSIEVHY T A,
ThbbE, Lo TAETEIBEAEZEELD TR AL <BROEEV>SX<FHRH>
BDTY,

RIEKRZAZREGREMAREHL, 2001 FICKRIEKRZICHIIEGREHHFD
ERMESLOHBEORIZIMEAEL THISNEL - IEFEDEGRZMREDORER
BEREE SV S EEN =X IHIET 272010, FEE. [BERFHERZ].
[EREREFCHZ]. [P FAEZEMF] DIDDERUCEREKL. #Fi-HEZX2— EE->
72 ATY MRS HF- MR- 104 BEME R L SEMRFEET. MRS FHD
BRILE BEENF P TFEDNF - HRENZ - REEYF-EDFE-HERZE- 2
HMFFE T LMERF - EREFELEMF - LRI ERBEDHSD DN EFEHEE
LTWBEWSTHBRE CRHBINELA, FADEF-BF-FEF - BX- FHRIERIHE
ELEHEL. [CAMELED-ES TSR ATEEIICHEL TWET, 3510, EE
RCBETEIAMEER T 2-DDOFBHEMNE [NA1FAMEBERHDIF 2T L] %5
FEL7,

EBRFMERDOFHA)X 27 LATREGDMBERMER (CDIFBIET, HEED
<HBRN>BEHIPNBIETLED, SIS, SR TEMNEREPFE LR RLUIIERK
B43IET HREREEAHT<BROHEIVSDERI LN BT T, £HTF
MR THEI-DELTAET=<BEROHZVSXIBEN> 2RO THELAN?
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“Luck” X “Insight” = ?

Have you heard of the word “serendipity”? There is no appropriate Japanese word for
serendipity, but it roughly means "discovering unexpected things" or "finding valuable things not
sought for." Serendipity has often played important roles in innovative discoveries during the
history of life science research. Discovery of penicillin is an example. In 1914, Alexander Fleming,
who was cultivating bacteria, noticed that they were killed in the vicinity of mold that happened
to contaminate. This triggered the discovery of the world's first antibiotic penicillin from the mold
culture. There could have been many scientists who had contaminated mold with culturing
bacteria, but only Fleming, with his deep insight, could lead to the outstanding discovery from
the failed experiments. In other words, serendipity is not merely luck, but “luck” X (multiplied by)
“insight”.

The Graduate School of Life Sciences was founded in 2001 as a core base for fundamental
research and education in the life sciences field at Tohoku University. In order to meet the
dramatic development of life science research in recent years and the diversified social and
industrial needs, last year we reorganized and established three departments, "Integrative Life
Sciences," "Ecological Developmental Adaptability Life Sciences," and "Molecular and Chemical
Life Sciences." Research subjects range from molecules, cells, tissues, animals, and plants to
biological communities. Research fields include organic chemistry, structural biology, molecular
biology, cell biology, developmental biology, plant science, neuroscience, cognitive science,
genome informatics, ecology, and evolutionary biology. It is not an overstatement to say that
this covers the entire field of life sciences. We collaborate with researchers from medicine,
pharmacology, agriculture, and information science departments in the university, thereby
actively promoting interdisciplinary research. Besides, we also set up a "Bioindustry Human
Resource Development Curriculum" to train students who aim to work in the bioindustry.

By acquiring state-of-the-art knowledge and skills in the new curriculum of the Graduate
School of Life Sciences, your “insight” will be refined. In addition, by interacting with diverse and
distinctive faculty members, the probability of “luck” that creates a discovery should rise. Why

do you not find your serendipity = “luck” X “insight” at the Graduate School of Life Sciences?

April 1, 2019
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Integrative Life Sciences

HBERY NT— VB Brain and Nervous System
_ Professor FAV.N W Hiromu Tanimoto
1 > N thol . 5 =
TREATEN I B eurostnology JE 2 % | Associate Professor A BEE Nobuhiro Yamagata
R T = Crawan ad Neurogenetics 4% (38) | Professor EX - Atsushi Higashitani
© JE 2 % | Associate Professor INEBH 2 Masayuki Koganezawa
Professor 2R R A BR Kentaro Abe
e A % B 5
B RESEE 73 BF rain bevelopmen Bh 2§ | Assistant Professor B JEsE Masashi Tanaka
E24 12 | Professor BHE—ER Ken-ichiro Tsutsui
MR AT LD EF Systems Neuroscience B 2 | Assistant Professor KE B Shinya Ohara
Bh# (FE) | Assistant Professor hR T Shinya Nakamura
TR Ry RO — D FEEE Cellular Network
WU = 2 | Professor EH a) Mitsunori Fukuda
Memb Trafficking Mechani
R RBRIT D B embrané fraficking Mechanisms Bh # | Assistant Professor mWH H= Takahide Matsui
E=4 2 | Professor EAREF Asako Sugimoto
KESAF IO AN Developmental Dynamics HEHIZ (38) | Associate Professor A3 Emh Shinsuke Niwa
B 2§ | Assistant Professor HEH &= Nami Haruta
. E=¢ % | Professor HO KZ Tomohiko Taguchi
iR RREPDH Organelle Pathophysiology Bh #{ | Assistant Professor [HERE Kojiro Mukai
Professor WH A Ko Matsui
N 3= Super-Network Brain Physiol # 24
KB R A BE D BF uper-etwork Brain Fhysiology Bh # | Assistant Professor B OKE Tomomi Tsunematsu
SbHEITE Ry kD — 0 B EE Developmental Regulation Network
y Professor mE BX Yasuhisa Matsui
» | G Cell Devel t A 5
MeBEREBS B erm Lef bevelopmen B 2§ | Assistant Professor oS BE Yohei Hayashi
E24 12 | Professor FEZET Natsuko Chiba
EEAEYZENE Cancer Biology B # | Assistant Professor = B Yuki Yoshino
Bh 2§ | Assistant Professor KK = Kei Otsuka
Professor IR FIE Toshihiko Ogura
R HEREH 1 Devel tal Neurobiol # 5 o
TR RRE R 0 B ovelopmental Neurabiology B 2§ | Assistant Professor AR Fan Atsushi Kubo
WMAOHE Cooperative faculties
R FEEEYZNEF Developmental Neuroscience EZ¢ % | Professor KpE BAF Noriko Osumi
DFEEZENE Molecular Oncology E2'¢ % | Professor jaa]==! = Kozo Tanaka
BETFEADE Experimental Immunology EZ'¢ % | Professor =5 217 Toshiyuki Takai

AREEBELEFAER

Ecological Developmental Adaptability Life Sciences

BT FI0 RBE

Biological Dynamics

E2'4 2 | Professor BIE = Junko Kyozuka
EYREDE Plant Development Bh 2§ | Assistant Professor B [EH Satoshi Naramoto
Bh 2§ | Assistant Professor IS BT Aino Komatsu
E=4 2 | Professor BXKEER Erina Kuranaga
PR iAD Wakad Histogenetic Dynamics B # | Assistant Professor e KE Daiki Umetsu
Bh#4 (FE) | Assistant Professor hg & —ER Yuichiro Nakajima
E=4 2 | Professor HE F= Hideyuki Takahashi
BELENE Plant Sensory and Developmental Biology JE 2 % | Associate Professor BH EA Nobuharu Fuijii
B 2§ | Assistant Professor IR BEE Akie Kobayashi
. E=4 % | Professor BN =5 Koji Tamura
BYREDE Organ Morphogenesis Bh #{ | Assistant Professor frEs R Gembu Abe
55%7"(7'5 71%@ Ecological Dynamics
ae ) E2Y % | Professor o5 2R 38 A BB Jotaro Urabe
KEEREDE Aquatic Ecology Bh 2 | Assistant Professor Logiig e Wataru Makino
" - ) E24 2 | Professor Bk EZ Kouki Hikosaka
AR B Functional Ecology Bh 2§ | Assistant Professor O E— Riichi Oguchi
N . ) E='¢ % | Professor SO HEE Masakado Kawata
ELEN S Evolutionary Biology Bh # | Assistant Professor FLILE—EA Shinichiro Maruyama
E=4 2 | Professor EE A Michio Kondoh
" _ ) JE 2 % | Associate Professor Dl ==Y ) Satoki Sakai
HALEEDIE Ecological Integration B 2§ | Assistant Professor EEE IFE Masahiro Aiba
Bh # | Assistant Professor JiE —p& Kazutaka Kawatsu
ZEMSAFIORERE Biodiversity Dynamics
E24 12 | Professor L8 i vl Masayuki Maki
B EL ZRRED B Plant Diversity and Evolution B 2§ | Assistant Professor KB EH Koji Yonekura
Bh 2§ | Assistant Professor K & Motonari Ohyama
LR REDE Conservation Biology E24 2 | Professor F= i Satoshi Chiba
E=¢ 2% | Professor REEY = Gaku Kumano
4% (FF) | Professor o5 2R3 A ER Jotaro Urabe
EFEEYZRED B Marine Biodiversity Y # $2 | Associate Professor EERSE Takuya Minokawa
Bh 2 | Assistant Professor HH Fay Satoshi Takeda
Bh [ | Assistant Professor AR Z;&H Ayaki Nakamoto
HRESY( TSI RERE Eco-Socio Dynamics
S RE RELRE N BT ‘ Ecosystem Functions ‘E B }ﬁ‘ Visiting Professor ‘ [==F-= &= ‘ Toru Nakashizuka
mAOBE Cooperative faculties
BRIV RATLRIZ DB ‘ Systems Bioinformatics ‘ EZ'¢ = ‘ Professor ‘ AT BE ‘ Kengo Kinoshita
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DFIEFEEYFER Molecular and Chemical Life Sciences

TININAAOD —FBEE

Chemical Biology

' YN ) , ) _ 2 2 | Professor B H— Hirokazu Arimoto
AFRBILEDE Analytical Bioorganic Chemistry Bh | Assistant Professor —JIhEn Kaori Itto
PTVERVIN . ) E2d #2 | Professor EL4R Makoto Sasaki
EMBELENH Biostructural Chemistry Bh 2 | Assistant Professor BR EE Atsushi Umehara
BN TR Bioactive Molecules 8 Professor al & Minoru Ishikawa
% 1% | Professor X —IF Kazumasa Ohashi
DFHEEY DB Molecular and Cellular Biology JE 2 1% | Associate Professor 25T — Ken-ichi Yasumoto
Bh 2 | Assistant Professor LT FRR Kazunari Yamashita
% | Professor HAe B Yoshikazu Tanaka
5 i Applied Biological Molecular Sci & &
ISFRER D FRENT D EF pplied Biological Molecular Science JE 2 1% | Associate Professor NI BR Tomohisa Ogawa
DFRYNT— D FERE Molecular and Network Genomics
P — N ) _ Professor B M= Masataka Tsuda
Bizn Microbial Genet d G B ‘ ==
WAEMEEDE croblatiaenetics and aenomics JE 15 | Associate Professor KIE =17 Yoshiyuki Otsubo
2 % | Professor E s Kiwamu Minamisawa
WEY LN Microbial Symbiosis H 2 | Associate Professor =H a=E Hisayuki Mitsui
Bh 2§ | Assistant Professor BR 2 Masayuki Sugawara
_ Professor L IEk Masao Watanabe
B BED Plant Molecular Breed % 5 z
ENDFEEDH ant Moleediar Breeding JE 2 1% | Associate Professor =5 1] Akira Kanno
Professor =S Atsushi Higashitani
E2d % e ES 9
JE 2 1% | Associate Professor HEME #b Jun Hidema
DFEBEECEEDE Molecular Genetics and Physiology JE 2 1% | Associate Professor ik BIF Shusei Sato
Bh 2y | Assistant Professor H EE Mika Teranishi
Bh#% (FE) | Assistant Professor KE (R— Yasukazu Daigaku
N ., - ) _ Professor WE RE Takashi Makino
E&E S Evolut G . & =
SELT ) 2O ANE volutionary Genomics E & Lecturer Bl RS Ryusuke Yokoyama
FEENIBESY 1 IO RERE Multilevel Biomolecular Structure and Dynamics
E=4 2 | Professor =% 4 i Satoshi Takahashi
HERDFIALFIORNE Molecular Analysis of Biological Functions Bh 2 | Assistant Professor B EA Kiyoto Kamagata
Bh 2§ | Assistant Professor INFE I3 Hiroyuki Oikawa
EX4 1% | Professor KE HE Shin Mizukami
AR FHEREFITE 0 BF Biofunctional Chemistry and Nanobiotechnology JE 2 1% | Associate Professor wWH #535 Toshitaka Matsui
Bh 2 | Assistant Professor INFORE T Toshiyuki Kowada
E24 1% | Professor TRE X Keniji Inaba
EERDFIEEDE Structural Biology JE 3 12 | Associate Professor = /N Hiroshi Kadokura
Bh 2§ | Assistant Professor JEER B Satoshi Watanabe
WA EL A BER RS M B EE Microbial Evolution and Function Research
E24 2 | Professor KHE OB Yuji Nagata
N = B Lecturer KB KM Hirokazu Yano
% & Be E Microbial Evoluti d Function R h o L S
EYEL AR TR oroblal bvolution and Funetion Researc Bh 2 | Assistant Professor N Hiromi Kato
Bh 2 | Assistant Professor EEEIEE Yukari Sato
) NG R Genome Informatics
R EHIF | Visiting Professor Ei N Daisuke Shibata
IR EREDE Omics and Imformatics B E#HIF | Visiting Professor R#E BR3A Takahiro Nagase
R E A | Visting Associate Professor )| s Hideki Hirakawa
WmAhHE Cooperative faculties
RIRTIHILINAADOS —4EF | Chemical biology of Natural Product 24 % | Professor +H = Minoru Ueda
DFRALFDEF Bioorganic Medicinal Chemistry 2 1% | Professor +H BT Takayuki Doi
L Rwo ZHIED 2P Redox Biology # 12 | Professor KIBIFDH Hozumi Motohashi
FHRERE N BT Cellular Function E2¢ 2 | Professor iyl EF Keiko Nakayama
M EHERR
RS HENEE Y T — Asamushi Research Center for ‘ s —E ‘ Director feE = Gaku Kumano ‘

Marine Biology

mEtysy—

RIERFSENMBRAHE L 5 —

Comprehensive Center for Brain Science Research and Education, Tohoku University ‘

B R
B
=EHR
RREBE

General Affairs Section
Student Affairs Section
General Accounting Section

A

Asamushi Administrative Office
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FUHNFIVBREDAXXBEDKIE. EMDEEBFSEERKR. B
DEXT HMEERICEML . TOREFHRNMEADIET. HE
BATALEL TROEAEETD. LHL. BRICTFET DRIEDS
DH. EDEDICL TRAICET DIIEFERMTE DD T D
BEEBIITATH o, AMEIE. HVF2HFIaTDOFBHDIKE
BERAE (PAG) D BHETHREL TAEHL WA ADKEHOE
BRODFENEEITTRED L. ROITBZ B DEREEHTT
(HVC) ANR=/NIVERET B ET ZOIMTHK T H1BIRAVRER
RIGEEHVCICR L. ZDROMRDOEMERENT DI EEFRREL
Too RRDOEENRER EADN—/NIVHDIF BN/EEE
=BT DEMREDERBTERHACFEEL TVBHEND, AAAED
fERIE FITPIULDERICEHF S T HRMATE DEROHEHRICE
3T BERAFDPDVICRDERFEIND.

Songbirds (Passeri) can precisely imitate the song of others and
transmit the song across generations, similar to human culture.
However, it is unknown how songbirds (and their brains) choose
an appropriate song to imitate amongst environmental sounds. By
using a songbird species, the zebra finch, we found that dopamine
neurons in the midbrain periaqueductal gray (PAG) of juvenile
birds facilitate song imitation by detecting an appropriate tutor and

releasing dopamine into a sensorimotor cortex (HVC) to confer
selective response to the song on HVC neurons. Notably, the dense
dopamine projection from the midbrain to motor-related areas is
also found in primates including humans—other rare animals that
can imitate others. Our results may provide insights into the origin of
imitative behaviors, which have contributed to the development of
technology and culture in human societies.

Tanaka M, Sun F, Li'Y, Mooney R (2018) A mesocortical dopamine circuit enables the cultural transmission of vocal behaviour. Nature 563, 117-120.

HATKELTHLEXZMIFL TEZTEV S FEM R OBEFORE

TP ETT T 27z DICISIKDPRIRTED . BRILKIFZDEFIC
BYEEZRIET . BE7IOTREDERICIE. MEICKRDEKRD
BA—NNCE DS OLHOKDE S BICh e o T 9 DD d 5.
ZD&DB. —MREVRA XDEE CERVBERIRIE CHETF CEX
DEHREARELT DFEAR] DPHENT D, FEA RIE KL
OERISELTESE X ZHMEI Y. KEDOELAHHSEDHIET
WRZERL. 7T 2. BA4lE. COMRKREDDERICED
LHERFSD1 (SEMIDWARF1) ZEEL/z. SD1 &, iE¥DE
N RSEDEEATF DRI [NV | ZE N T DB
FEEF THY . KEICHDELORBRERICEOVTHOBICHE
BEL TV EDHOMICE DTz, F/z. SD1 BEFICHAONDFEE
A RFFRIEERIE. A ROBEITHNWTIFEL TVERICHEL.
FEAXOBRICHAINZZEEBODITE DT,

Water is essential for the survival of plants. However, abundant
water threatens their survival, sometimes leading to drowning and
death. In south-east Asia, periodic flooding occurs in the rainy
season. The water depth reaches several meters above ground
level and continues for several months. Certain rice varieties,
such as deepwater rice, survive periodic flooding and subsequent
oxygen deficiency by activating internode growth of stems to keep

above the water. We identified the gibberellin biosynthesis gene,
SD1 (SEMIDWARF1), as being responsible for submergence-

—~KE
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x
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) _
3
—KE
¢ FE AR HENBKRIE LT
M X0
i
3 BEOA R (ABO1 FRET6E5)
Lo EEAR (NUT5720F
= XBIBCO285) R AT
at. OBEHN58HE& CEIK
01 2 3 4 5 6 7 8 Lrn
(o ER)

induced internode elongation. When submerged, plants carrying
the deepwater rice—specific SD1 haplotype amplify a signaling relay
in which the SD1 gene is transcriptionally activated by an ethylene-
responsive transcription factor, OsEllL1a. The SD1 protein directs
the increased synthesis of gibberellins, largely GA4, which promote
internode elongation. An evolutionary analysis shows that the
unique haplotype of deepwater rice SD1 was from wild rice around
Bangladesh where deepwater rice is used in the rainy season.

Kuroha T, Nagai K, Gamuyao R, Wang R. D, Furuta T, Nakamori M, Kitaoka T, Adachi K, Minami A, Mori Y, Mashiguchi K, Seto Y, Yamaguchi S, Kojima M, Sakakibara H, Wu J, Ebana K,
Mitsuda N, Ohme-Takagi M, Yanagisawa S, Yamasaki M, Yokoyama R, Nishitani K, Mochizuki T, Tamiya G, McCouch R. S, Ashikari M (2018) An Ethylene-Gibberellin Signaling Underlies

Adaptation of Rice to Periodic Flooding. Science 361, 181-186.
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EREYDOERBREEODLRBHIIEAN S EVNDE /NI EIC
DNADEZ DWW [XRULAV— L] OEEGEDDRD. BIRER
DEH. ZAHEL (EEF) BETIE EAR v RO EWDRY
INTEICEKY . XOLFY — LD ARG EREEBRT DRIEHE
ZB. EAN ROV HIRAEEEISEMARAICTFET DEA
NHBNUTRDDE H3.3DXILHAY — LD AR
5 L. HIRA. UBN1. CABIN1 D55 2. AMF IS X RS mIEE
Rt CEMBREMRZE U ERBRICKY HIRAD=8FEBED AN
H3.3%° CABIN1 EDHEEERICAR THBHI L& LIz 2D
EEDOHIRAIZEGE LEETELDDNANTINTHEAL TELD
BN EETEL THRRESE DT SV hN T3 —LELTDERE|IZIE
S2EVWDETIVEREL,

Eukaryotic chromatin consists of a repeat of nucleosomes, in
which DNA is wrapped around a protein called a histone octamer.
An octamer contains two molecules of each core histone,
H2A, H2B, H3, and H4. Inheritance, expression, and repair of
eukaryotic genetic materials all involve chromatin remodeling. The
assembly involves histones and a group of proteins called histone
chaperones. Histone chaperones are associated with histones and
stimulate a reaction involving histone transfer without being part of
the final product. The HIRA complex is a histone chaperone for the

H3.3 variant, mediating its incorporation at transcribed regions and
DNA repair sites. The HIRA complex comprises HIRA, UBN1, and
CABIN1. We found that HIRA acts as a trimer, as revealed by the
X-ray structural analysis and biochemical assay. Furthermore, we
demonstrated that HIRA trimerization is essential for H3.3 deposition
and interaction with its partner protein CABIN1. The homotrimeric
HIRA may act as a platform for multiple interactions among the
components of transcription or repair machinery present at DNA
bubble structures.

Ray-Gallet D*, Ricketts M. D*, Sato Y*, Gupta K, Boyarchuk E, Senda T, Marmorstein R, Almouzni G# (2018) Functional activity of the H3.3 histone chaperone complex HIRA requires
trimerization of the HIRA subunit. Nature Communications 9, Article number: 3103 (*:co-first author, #:corresponding author)

AEETHERINI

HEORBEZE(CEVMZOET ILEY E L THEIL

RC. ILHVA(C. elegans) l$EBREDBH TILLANS
NTOWBETIVEYTHY) . SEIEREERRERICEIL TE .
AMETIE. FEEDAFIIDIEIOFER SN/ C. TLHY
AR BREWIHRE C. 1/EF—4&(C. inopinata) DEEIEIT D7z,
BIFRRONCEIZC. A/ EF—&FEC. TV AEHB L THRYAX
P2ERELAEBTAVNBRELELED, 27/ LEIZREL
BRMTL7eRER. C. A1/ EF =R XA FIvIRYT /) L aS =
BRIV ARI U DERFEL. RET(CZREM T 2ZBMER
FEDPBPLTNWBEWDIZEVWDALDICE D7z, EHIC, EIETF
BACE S FIRRERIE L E DB FRIERMOMILICHK Iz, C.
A EF—BEENEDZOTETINREL TERT ALK, B
MOEACPEZIRIEEE AL T L ADBRAHIRIEBNICES I EHER
FEns,

C. elegans is a model organism widely used in life science research
and has contributed to various essential discoveries. We found a
sister species to C. elegans from fig syconia on Ishigaki Island and
named it C. inopinata. Interestingly, C. inopinata is twice as large in
body size as C. elegans, and the life cycle of these species differs
significantly. Comparative analysis of the whole genome sequences

between C. inopinata and C. elegans revealed some interesting
differences: the C. inopinata genome contains a notably higher

5, Adults

C. 1/ EF—9DEFER

number of transposons, which might have caused dynamic genome
evolution; the number of receptor genes that sense environmental
changes is significantly reduced in C. inopinata. \We also established
genetic engineering techniques, including transgenesis and gene
knockdown in C. inopinata. With these interesting characteristics
and resources, C. nopinata can prove to be an excellent model
system for evolutionary biology.

Kanzaki N, Tsai J. |, Tanaka R, Hunt L. V, Liu D, Tsuyama K, Maeda Y, Namai S, Kumagai R, Tracey A, Holroyd N, Doyle R. S, Woodruff C. G, Murase K, Kitazume H, Chai C, Akagi
A, Panda O, Ke Huei-Mien, Schroeder C.F, Wang J, Berriman M, Sternberg W. P, Sugimoto A#, Kikuchi T# (2018) Biology and genome of a newly discovered sibling species of
Caenorhabditis elegans. Nature Communications 9, Article number: 3216 (#:co-corresponding author)
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BAEE T ABHEYDEHEEVDA L=

AL

~IRAE MY VINVEBEIHRELERES T2 EHADHEKE~

RAE I AR ORICRATZZ AL IR CHERKZR
E2ZAT D72 BA R BTN ARMEMOEB ICKELEmT 5. L
MU FEDBERE DA A X @FEEFFE DR ERDHEAETERN
MR (HETNE) DEDOHMONTWED ZOANZXAIFR
fREACdh o7z, AT TIE. IRWEDIEN AN DRKERFICIEL MR

ENLTHBAT1 DDA/ E NopP . Ri2BRE A1 XED
HRERHMEDRRATHBIEaFHR Lz, /oo X1 XD NopP D
T2 BEREDEWVEIRIUME A /N E RJ2ICKVEBEL . iRk E
BR(ITIUR—FEMEE) RSB I EICKVIFTEDORA
BICKDEEZIEMRL TODIEZROMIC LTz, AR 1B
RIREDDOF aFoRES AT LaHERDOBERICOFAL TS
CEEEMTTEY . BY—EDOHREDIRREE . ¥ ARHEY)
Since the rhizobia form nitrogen-fixing root nodules on leguminous
plants, they significantly contribute to the growth of leguminous
crops such as soybeans. It has been known that a specific rhizobial
strain is not able to form nodules on a particular genotype (e.g.,
Rj2) soybean cultivar, but the molecular mechanism of symbiotic
incompatibility remained unknown. In this study, we identified a

type lll-secretory protein NopP as the determinant of symbiotic
incompatibility with Rj2-genotype soybeans. Moreover, we revealed

DFRAAIRICB I DRNEFBANDEMDPHFEND.

A UsDA122 122nopP,,, B

Rj24 14X
T s S

Nod&F
(HERF)

NopP Rj2

(R60/R67/H173) +

IJ1953—
I | Bwres | |

(A) AFIEEnopPEHDIRFIE (USDAL22) &, ZDEEFENE
FnopPI= T LI=RHAIE (122n0pP; ) ZHEFELIZR2 A X.
(B) BALMZHESARAIEE R2 FAXDHEEFRFEHEAN=X L.

that Rj2-genotype soybeans monitor the specific variants of NopP
and reject rhizobial infection via a strong plant immune response
(effector-triggered immunity) mediated by a plant resistance
protein. The result supports that the plant immune system that
protects plants from the pathogen is also used for the selection of
symbiotic bacteria. This finding would contribute to understanding
the coevolution of plants and microorganisms and the sustainable
cultivation of leguminous crops using root nodule bacteria.

Sugawara M, Takahashi S, Umehara Y, lwano H, Tsurumaru H, Odake H, Suzuki Y, Kondo H, Konno Y, Yamakawa T, Sato S, Mitsui H, Minamisawa K (2018) Variation in bradyrhizobial
NopP effector determines symbiotic incompatibility with Rj2-soybeans via effector-triggered immunity. Nature Communications 9, Article number: 3139

EREGCTFRROEGENHOFHIADEHRSZEET

TvE—lE. FADHDRF CEMBAEE/NE—2E5. XA
REBFOA ARSI, F ADHE/NE—UNIH U TREDSF
HERT o Flo FADKE/NZ—2PE UK T DAADIF A
BATEHREDDHY. SOIC. BRICOEREDHDIEHFENT
WD, INBDZEDD. BRDEBWDF ADKEIIH T B AADEF

A BEGA . BREXADIFH. EOICH ADBFBDZHKMEDNE

WSRO GO TELL TEFIREMD IS SN TE D REED
Bz TOED O, AT T KoY —THh2#EA T
ICEBL. BEHERBIOEBRONIRIEDEVDORAICEOT
EUBHUA T VBEFORREOEFMED EFLEREHD
LTWBZeaRliz, OIS F TV VBEFRIREDENEEN
ICIBUTZBEDEWE. JYE—DFADF L > D BISHT HAAD
FHDEWNCEDDEERODICLT.

Male guppies have exaggerated and diverse body colors, and
females exhibit a preference for some components of male color
patterns. These male colors and female preference vary among
and within wild populations. Inter-individual variation in color vision
has also been reported in the guppy. Therefore, it has been
hypothesized that the variation in color vision causes variation in
female preference for male color patterns, but this has not been
tested yet. The study showed that the expression levels of multiple
opsin genes varied between individuals with different LWS-1
genotypes. In addition, rearing light environments also affected

the expression levels of opsin genes. The study also showed that
females with higher opsin gene expressions exhibited stronger
preferences for brighter orange spots. Results of this study suggest
that the difference in light sensitivity is mediated by both genetic
and plastic changes in opsin gene expression and causes variation
in female preference for male sexual colors. These interactions
between visual property and mate choice might be the driving force
behind the evolution of extreme diversity in male guppy sexual
colors.

Sakai Y, Kawamura S, Kawata M (2018) Genetic and plastic variation in opsin gene expression, light sensitivity and female response to visual signals in the guppy. Proceedings of

National Academy of Science of the United States of America 115, 12247-12252
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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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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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How do the genes and circuits shape animal behavior and how do they evolve?

This laboratory is devoted to the study of the molecular and cellular
basis of innate behavior. Our favorite organism to study is the fruit fly
Drosophila, which is highly amenable to genetic analysis. We suc-
ceeded in isolating a mutant strain, satori, the males of which engage
in homosexual courtship. The satori mutants harbor a mutation in the
gene fruitless, which encodes a set of transcription factors that are
translated only in the male, not the female, neurons. We discovered
that the presence or absence of Fruitless proteins determines the
sex-based difference in the structure and survival of fruitless-express-
ing neurons. A specific set of male-specific neurons, once produced,
respond to the key stimuli, and initiate male courtship. We are in the
process of unraveling the entire circuitry for courtship. During this

process, we have obtained evidence that both genetic predisposition
to homosexual preference and social factors are involved in determin-
ing male fly sexual orientation; satori mutant males kept in isolation
show a striking reduction in male-male interactions. Our neural activ-
ity recordings have suggested that decision-making neurons in the
pbrain must leam not to perform fruitless courtship attempts, and this
process was impaired in the satori mutant. We will use optogenetic,
electrophysiological, and molecular biological techniques to deter-
mine the mechanism by which the neurons are tuned to respond to
appropriate courtship targets.

RIERZ REFREGRPHER 14
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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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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.

RILRZ REFREGRPHER 16
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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.

RIERZ REFREGRPHER 18
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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 unvelil
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.



F—7—F/
SFTRCE TITHR AT I RT 4V

TITHEEZENTIED. CCAHDRZEHRY
BB 9 SRR LD EDIIAEZTDRFIELZL TLBDDH,
TNEFMICHNTITEIS, DOREDPRATLBHEZEATNE
T MEMEOR TIE. > F 7 AREEVDF T BERRIER
BHPITONTOET, EI2D. e LR THDE, HREFER
BIVTFEWRBRDHY . U7 DIEDD . #HEIVHEZ<BED
REVDTT . BEDIVEBDMAEDS. J') 7 [EHEDEB) I
DLRIGLTWBZEPRDIEL Tz, ol KHZERBLTHRADEES)
ZHIETEDDFed UPISRRSE, JUPEERMISERIBT

N

8 [B] Bt Aot 1% HE 79 55

2§23 Bh#
wH s B K=
Ko Matsui Tomomi Tsunematsu

ELHRICIERMED DI EDTRENE L2, ¥UAUCHEEEREER S
TBHE MREOEBEBIIEAERTEEZ T RODIC, TUT7 DEED
BANCHFENDENSMEDHVET . FREHC KO T ERAICK
DB, BHTT . DOEOEHERLEEDVEDTD
BDEMIC TUTISFHELTOWBODOLNENDTY, #iEET
TOETHESOPURYIDHY. taiE-J) 7 HREE LB
BEEEZZD. BABRILIEIC—BORRMECEMSELEATDE
WDRERIC, FA7ZBIEHREL TOVET

B4 DREREETERIESEBREATIHEIL, £Z VBV I XDMAEEN LT 71/ —TRIFT 5, BREDESEEL TOOIFRERHT,

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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Uncovering the characteristics of germ cells and pluripotent stem cells

Our goal is to elucidate the molecular mechanisms of germ cell dif-
ferentiation and development, and to uncover the mechanisms by
which they transmit both genetic and epigenetic information to suc-
cessive generations. We are especially interested in understanding
the epigenetic and metabolic changes that germ cells undergo during
thelr differentiation. We are also interested in the relationship between
germ cells and pluripotent stem cells. Germ cells generate whole or-
ganisms after fertilization, whereas pluripotent stem cells are capable

of differentiating into all types of cells, but by themselves, they are
incapable of differentiating into organisms. Because primordial germ
cells can be easily reprogrammed into pluripotent stem cells in culture
this indicates that these cells are distinct, but closely related to each
other. We are, therefore, interested in the molecular mechanisms that
regulate the differences and commonalities between germ cells and
pluripotent stem 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 is 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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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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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 forma-
tion in cucumber seedlings, and in the circumnutation of shoots and
roots in various plant species, 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, and 3) that feminization of cucumber flowers
under short-day conditions occurs due to diurnal ethylene production
mediated by the expression of ACC synthase genes. We use molec-
ular, physiological, genetic, and cytological analyses to understand
these regulatory plant response mechanisms. We also conduct
spaceflight experiments to test hypotheses developed to explain the
effect of gravity on plant growth, and to understand the effect of mi-
crogravity on plant development.



F—7—F/
RERE, FEHLE. KRSRIETR

BHEBYICE TR OKNDOREXD=ZZ

2TOEYICIHDHIET . BYDHE. TOREDEZLF
EBRIBTHEONET . BROMHAR. BEWO/zAMEBIRER. Bo Ol
B & DRERBE D ES. TN THREBRICH VT (FEEH
DEAE) IZHRET B5TOT T LICEOTHEONDDTY, EinBRE
L CHiRD I DED 7O S AIE, #liFDEFE I, DL 0%
&), TLCRBLZHIEL . SREDOEEN 2B, B, MELRED
HBIEZOICEERICHEAR DT, BRIBETHAHEICEYR
WREE G X DM EEEVHLET . 5B DESRELC
FHERREEETIINEL T BETOT T LPEI P> THIfRDZE B

N

PIMREDE

BiR B
B &R FIER K
Koji Tamura Gembu Abe

L A EER o/ B2 EHT DD Eh o7 —<EL T,
SEIFLRT TO—FOMEZITOCVET,

BYIIBICT O TSRS ERTLEZFF OTCVET D TOSHRIMEE
RETOI S LOBETIOTEAHEINET . AR MEE [CREE
BEWILEOBMEREUMERY. TORETOI S LEHERY
BIETHYMROLHREEEALTRET OV T LOE (EIx
FHERROZCCHIOZEHDEAL) ERNBIELF DT 70—
FOUEDTY,

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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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. WWhen we compare communities in these aquatic
habitats, it is not unusual to observe large variations. Why are the spe-
cles compositions so different even among similar aquatic habitats?
To uncover the mechanisms responsible for creating different agquatic
communities, and to understand the function of genetic and species
diversity in these mechanisms, we study the life history strategies of
agquatic 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 aquatic 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.

QOur 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 (eDNA) 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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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 Tonoku 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 ecological distribution in relation to environmental factors and
interactions such as symbiosis and predator-prey interactions. Spe-
cific areas of our research are: 1) the molecular and cellular mecha-

nisms 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) developmental and evolutionary analysis of embryogenesis based
on a comparison between direct and indirect development in sea
urchins; 4) an ecological and behavioral study of symbiotic relation-
ships, such as between the flatworm Stylochoplana pusilla and its
host, the snail Monodonta labio, and the pea crab Pinixa tumida and
its host, the sea cucumber Paracaudina chilensis. 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
terrestrial ecosystems, 2) the impact of climate change on ecosys-
tems and their biodiversity, 3) ecosystem services, and 4) forest dy-
namics and wildlife.
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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 bioinformatics 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
to highly polymerized compounds such as nucleic acids and
proteins. This major proactively incorporates an interdisciplin-
ary approach combining chemistry and biology. We conduct
research and impart education aiming to develop a method-
ology to enable healthy control of life phenomena, using fun-
damental 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.
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Novel strategies for small molecule drug discovery

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

QOur research aims to elucidate the molecular mechanisms of pro-

teins, particularly those relating to diseases, from a structural view-

point. We analyze proteins by an integration of X-ray crystallography,

spectroscopic analysis, and thermodynamic analysis. Furthermore,

we apply the revealed molecular characteristics to design novel func-

tional materials. The following are current projects.

(1) Study of the molecular mechanisms of toxic proteins in pathogen-
ic microorganisms

(2) Application of the structure determination method on a biomac-
romolecule, which is a huge protein complex possessing inner
space

(3) Structure-based development of an antibody that can recognize
cancer-relating factors

(4) Venomics: a comprehensive analysis of the structure, function,
and evolution of venom proteins

(6) Functional analysis of lectin and its application to glycolbiology

(6) Study of protein biomineralization regulatory mechanisms
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Microbiology of Environmental Microbes Able to Degrade Recalcitrant Chemicals

Microorganisms and their communities play very important roles
in sustaining and improving the environmental conditions that are
beneficial to all other organisms, including human beings. One such
role is through bioremediation of various chemical pollutants in the
environment. On the other hand, these compounds greatly facilitate
the adaptation and evolution of microbial strains as well as their com-
munities. The mechanisms governing such adaptation and evolution
of microbial strains and their communities are studied in this labora-
tory from the standpoints of molecular genetics, molecular biology,
genomics, and molecular ecology. Particular emphasis is placed on
microbes capable of degrading various environmental pollutants. The

following are our major research topics:

1. Molecular microbial genetics and molecular biclogy underlying the
biodegradation of various environmental pollutants.

2. Molecular microbial genetics and molecular biology of the mobile
genetic elements responsible for the degradation of various recal-
citrant compounds.

3. Structural and functional genomics of environmental bacterial
strains.

4, Integrative genomics of environmental bacterial strains and their
communities under both laboratory and environmental conditions.
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Plant-microbe interactions and biotechnology for the global environment

Rhizobia are soil bacteria that perform symbiotic nitrogen fixation with
leguminous plants, thus playing a very important role in sustainable
agriculture and the global nitrogen cycle. We use genomics, bio-
chemistry, and field tests to research the molecular mechanisms of
symbiotic nitrogen fixation of rhizobia. We also conduct environmental
biotechnology research based on microbial dynamics in the rhizo-
sphere, wherein greenhouse gases (N,O and CH.) are produced
and extinguished. We focus on denitrification and C1 metabolism
of free-living (brady) rhizobia, as the multifunctional aspects of the
bacteria in the environment. One of our recent findings is the identi-
fication of a new regulatory system for expression of the nosZ gene,
encoding N,O reductase; this discovery helped us to propose a new

strategy to reduce soil N,O emission. In addition, we are studying the
dynamic ecology of the endophytic bacteria associated with non-le-
gumes in response to variation in nitrogen levels and plant genotypes.
Our recent discovery of nitrogen-fixing consortia in rice is impacting
the concept of plant-microbe interactions and microbial communities
in nature. Our goals include understanding the evolution and function
of dynamic plant-associated microorganisms, and developing multi-
disciplinary sciences, including evolutionary genomics and environ-
mental microbiology, for the purpose of sustainable agriculture and
environmental conservation.
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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 6). Other areas of interest are

the molecular mechanisms of floral diversification in non-grass mono-
cots (lily, tulip, orchid, etc.) and sex determination of the dioecious
Asparagus species including garden 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) Murase et al. (2004) Science 303: 1516-1519, 6) Takasaki
et al. (2000) Nature 403: 913-916, 7) Harkess et al. (2017) Nat.
Commun. 8: 1279, 8) Abdelrahman et al. (2017) Sci. Rep. 7: 2608,
9) Murase et al. (2017) Gene Cells 22: 115-123, 10) Otani et al.
(2016) Sci. Rep. 6: 24549, 11) Kanno et al. (2014) Euphytica 197:
39-46.
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Genomic Mechanisms Underlying Response and Adaptation to Various Environments

Our 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.
Our 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.

() Repair 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.

(56) Molecular basis of plant-microbe interactions.

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

(7) Molecular mechanisms of plant organelle degradation by auto-
phagy in response to environmental stress.

(8) Dynamics of genome DNA replication in eukaryotes from yeast
to mammals.
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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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Dynamics of protein folding and functions, and a new strategy to design proteins

Proteins perform various functions after folding to their specific struc-
tures. Understanding of the principles of protein folding and function
is expected to lead to a way of controlling protein functions, and to
new strategies of designing proteins. In addition, the folding of pro-
teins is closely related to cellular processes, such as protein biosyn-
thesis, transport, and decomposition.

In our laboratory, we develop unique optical and spectroscopic meth-
ods of detecting fluorescence signals from single proteins, and inves-
tigate the dynamics of protein folding and functions. We constructed
the single-molecule detection system that can follow fluorescence
signals with time resolution of 10 ps, and investigated the autono-

mous folding dynamics of small proteins (e.g., ubiquitin), and the
assisted folding dynamics of larger proteins (e.g., blue fluorescence
protein), in the presence of molecular chaperon. In addition, we con-
structed the single-molecule sorting system that can select single
molecules based on its fluorescence intensity, and are developing a
protocol that can chose phages presenting proteins with proper fluo-
rescence signals.

We developed a fluorescence microscopy that can visualize the
sliding dynamics of a tumor suppressor, pb3, along DNA, and are
dissecting the functional dynamics of the important protein.
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Development of functional molecules to image and regulate biomolecules in living samples

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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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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Microbial Evolution Mechanisms and Their Application to New Technologies

Some bacteria can degrade artificially synthesized environmental
pollutants. Previous studies have revealed the relevant genes and en-
zymes in such bacteria, and how they exert their pollutant-degrading
ability at the cellular level. However, little is known about the evolu-
tionary "process" that these bacteria undergo, which appears to be
relatively rapid in a contaminated environment.

In our laboratory, we address the evolutionary mechanisms underlying

the emergence of such pollutant-metabolizing bacteria at the environ-
mental, consortia, cell, genome, gene, protein, and enzyme levels.
Based on the findings, we aim to develop new technologies that use
the previously unexplored microbial functions to clean up recalcitrant
environmental pollutants.

This laboratory was established in October 2016 with the support of
the Institute for Fermentation, Osaka (IFO).
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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 resourc-
es that the institute has accumulated. We have been working on om-
ics studies of various plants (crops), vegetables, fruits, flowers, and
bacteria. In particular, we use a next-generation sequencing platform
to obtain genome and transcriptome data for analyses of the genome
structures and gene expression, analysis of the relationship between
DNA polymorphism and phenotype of the organisms, and metag-

enome 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 un-
derstanding of the crops and microbes, in addition to identifying the
active ingredients and essential genes.
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Chemical Biology Inspired by Natural Products

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

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

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
by 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 bioclogy
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’

TOMEEBENENINATOTND,

HE2E—E BR-BREICIAREDEILEYIRIEICHY
SHBEMHERL. BHEEREZOIRIDPTEREL TNDIED
D). FH23FELERFE OHERRLRF B RERIC
RBESN TV D, LBREERA LY T HBFEMZHE DHEZR D
TW%. BF. AFEFHER. 2EAREREERE. AFEREI.
RFERE. BRRERE. NEESRORBZRELTVS
ftb. ERSNDOMFRRED SRR BT LERUERDFEE e
FOMAZELLZFAN TN, E2—FRERE ZEZE
DETEREANK2.5008ICED, Fe. MARZF-MIETATOBT -2
BiER. @FFROME-HE O=DICEMMBOHEBEOL THY.
TOE BRI DPERE—THD.

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., egg maturation,
fertilization, embryogenesis) of marine invertebrates. The behavioral
ecology unit utilizes ecological and ethological studies to elucidate
the processes of adaptation, speciation, and evolution concerning
the transition to land of marine invertebrate species. 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 seminars and interviews by career
counselors, we advise on various routes including universities,
public research institutes, civil servants, and companies.
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