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The Graduate School of Life Sciences was established for
the purpose of research and education in all aspects of life
sciences, from the molecular level to individual and ecological
levels.

The educational programs are aimed at acquisition of
correct views on nature and life by providing a well-balanced
and diverse education in life sciences.

The wide range of courses and research fields offered in
the Graduate School of Life Sciences provides opportunities
for collaborative study in various fields. It is expected that
interdisciplinary collaborative studies will not only lead to the
establishment of new science fields based on life sciences
but also provide means to deal with and solve new problems
that will arise in this century.

By providing such an educational and research environment,
it is expected that the Graduate School of Life Sciences
eagerly will nurture individuals who can apply the acquired
intellect and means of new life sciences to sustain the global
environment and improve human welfare.
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The life sciences are a collection of disciplines that combine the fundamentals of biology
and its application in areas such as agricultural science, medicine, pharmacology, and
engineering. The 21st century is considered as an era of life sciences. Ever since DNA was
discovered to be the hereditary material in all life forms in the middle of 20th century, whole
genome sequences of various organisms, from bacteria to humans, have been deciphered
one after another in the past 15 years. In addition, analytical techniques to study biological
phenomena have steadily undergone a series of advancements. However, new problems,
such as global warming, loss of biodiversity due to environmental destruction, challenges
associated with population aging, have piled up as new challenges ahead.

The philosophy and goal of this graduate school is, “to acquire a broad and balanced
foundation for life sciences by practicing a new life science education and research
methodology based on bioethics and developing efficient human resources to support
new advances in life sciences.” We envision the development of global leaders with a high
sense of ethics, who would contribute to the welfare of humanity and the conservation of
global environment through work in various fields, such as industries, universities/research
institutes, and administration by acquiring advanced knowledge and technology in the
field of life sciences. The staff and the graduate students from Japan and abroad, perform
research work collaboratively and contribute to the maintenance and improvement of
prosperous human life by elucidating the principles and laws of new biological phenomena,
thus making cutting-edge discoveries and transferring these back to the society. Above all,
since inception, we have been working towards the promotion of research by launching
four inter-disciplinary projects.

(1) Research on the construction and dynamics of the neural networks that supports
higher brain function

(2) Research on the control mechanisms of biological signals and studying them at the
molecular, cellular, and individual levels

(8) Research on the creation, maintenance, and preservation of higher-order life systems
under changing environments

(4) Genomic and post-genomic research for a comprehensive understanding of higher-
order biological phenomena

Since 15 years from its establishment, this graduate school has produced more than 1,600
alumni, including 317 PhD awardees, who are actively participating in research at domestic
and international universities/research institutes, private sector research institutes/planning
and development departments, administrative bodies, and so on. The Tohoku University
aims to develop “A fellowship of knowledge, open to the world, where people can gather,
learn, and create,” and as a part of it, we will continue to keep our doors open for young
people to learn the life sciences and participate in world-class research.

April 1, 2016
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DFEGRIZEEHER Department of Biomolecular Sciences

A EREI 2 EE Division of Biomolecular Chemistry
E2d 2 | Professor EL4R B Makoto Sasaki
S ELENE Laboratory of Biostructural Chemistry JE 2 $% | Associate Professor B BE Haruhiko Fuwa
B 2 | Assistant Professor & I8 & K ER Kotaro Iwasaki
Professor BARX B— Hirokazu Arimoto
>F =2 Laboratory of Analytical Bi ic Chemist 2 &
ATERICFZDE aboratory of Analytical Bloorganic Lhemistry B 2 | Assistant Professor —7mnED Kaori Itto
= — "
Ny o o E24 12 | Professor WLIOE X BB Shinjiro Yamaguchi
EED TR Laboratory of Bioactive Molecules Bh 2 | Assistant Professor =T B Kiyoshi Mashiguchi
A v ) ) E=¢ % | Professor NA Y= Koji Muramoto
L it f Functi 1B I |
EMRTREDH aboratory of Functional Biomolecules . # $2 | Associate Professor NI BXR Tomohisa Ogawa
BITF VAT LR HERE Division of Molecular Biosystems
P . . . Professor Ei}(%gf—% Erina Kuranaga
ReHl L fH D E44 ficd 2
HH O BN AR E 3 2P aboratory of Histogenetic Dynamics Bh 2 | Assistant Professor e KE Daiki Umetsu
E24 12 | Professor +J)Il  FOtE Kazuhiro Sogawa
B FRENE Laboratory of Gene Regulation H 2 $2 | Associate Professor Tt W— Ken-ichi Yasumoto
Bh 2§ | Assistant Professor 2 e Shuya Kasai
2 #2 | Professor KEF 1E Kensaku Mizuno
ERIED FRBRITDE Laboratory of Molecular Cell Biology H 2 1% | Associate Professor K¥E —IF Kazumasa Ohashi
B 2 | Assistant Professor X KBR Tomoaki Nagai
y EZ4 12 | Professor FRIx FEF Junko Kyozuka
| Laborat f Plant Devel tal Biol
NFREBE D aoratory of Flant Developmental BI0logy Bh #§ | Assistant Professor B &R Satoshi Naramoto
H(RKERE D F RIS EEE Division of Chemical and Structural Biological Sciences
E24 12 | Professor fRE #Hx Kenji Inaba
H(RHEBE D FERET D BT Laboratory of Design of Biomolecular Function . # $2 | Associate Professor e I Hiroshi Kadokura
Bh #{ | Assistant Professor TEER & Satoshi Watanabe
E=¢ % | Professor =% 1 4 Satoshi Takahashi
H(RHEBE D F R D BT Laboratory of Molecular Analysis of Biological Functions B 2 | Assistant Professor I BA Kiyoto Kamagata
Bh 2§ | Assistant Professor INFE) 3 Hiroyuki Oikawa
& Shin Mizukami
B 4\ 2t 1 . ) _ _ 2 #2 | Professor KE i
SR EBED FHIE D B Laboratory of Biofunctional Chemistry and Nanobiotechnology ¥ B 15 Associate Professor W Bs Toshitaka Matsu
R BE D FETRID BF Laboratory of Nano-Biophysics % 2 | Professor ANEEEH
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Department of Developmental Biology and Neurosciences

Division of Developmental Biology

ARt BB SR I P AR
%

TN - ) #% | Professor BHE E Mitsunori Fukuda
IREE ISR DB Laboratory of Membrane Trafficking Mechanisms B | Assistant Professor HE sE Naonobu Fujita
=
E2'4 2 | Professor By fE Kazuhiko Nishitani
B B RE N B Laboratory of Plant Cell Wall Biology B Efi | Lecturer s R Ryusuke Yokoyama
B 2 | Assistant Professor 2y il Takeshi Kuroha
E24 12 | Professor EARTEWF Asako Sugimoto
RESAF AN Laboratory of Developmental Dynamics Bh 2§ | Assistant Professor 2IRHEEE Yukihiko Kubota
Bh# (3&) | Assistant Professor 3 s Shinsuke Niwa
EZ4 12 | Professor B &=E Koji Tamura
BETRDE Laboratory of Organ Morphogenesis Bh #{ | Assistant Professor frEs XE Gembu Abe
Bh# (3&) | Assistant Professor =B RN Daisuke Saito
I BE R AT B SR SR R Division of Neuroscience
E=¢ $% | Professor T KEg Daisuke Yamamoto
M et irwaN id Laboratory of Neurogenetics HE # $2 | Associate Professor INEEHE 2 Masayuki Koganesawa
Bh 2 | Assistant Professor EE it Kosei Sato
; Prof Hiromu Y
X RE R AT 0 BF Laboratory of Molecular and Cellular Neuroscience fé ;?i L:Z:ﬁ:?r %; § T(I)rriTsuhizszZZ
A
24 12 | Professor ]RE #ik Toshio lijima
. ) JE 2 $2 | Associate Professor BHE—ER Ken-ichiro Tsutsui
BB SR AR 2 B Laboratory of Systems Neuroscience /ﬁjJ | Assistant Professor *E fEt Shinya Ohara
Bh# (3&) | Assistant Professor Af == Hironori Ishii
_ Professor VN k721 Hiromu Tanimoto
T8I L tory of Neurothol . s —
HIRITENF D EF aboratory of Neurothology Bh # | Assistant Professor A ERE Nobuhiro Yamagata
SEEEY P EE B R B e REMELY5—) Division of Developmental and Cell Biology
E¢ 2 | Professor REEY = Gaku Kumano
_ 7 Associate Professor BRIRE—ER Keiichiro Kyozuka
245 Laboratory of Devel tal Biol AR &
REEMFNE aporatory ot bevelopmental Blology 2 $2 | Associate Professor EE)RSE Takuya Minokawa
Bh #{ | Assistant Professor bR Z& Ayaki Nakamoto
N — ) . ) 4% (FF) | Professor 5 2R A BB Jotaro Urabe
B REITEERENE Laboratory of Marine Ecological Behavior B % | Assistant Professor EﬁEa £ Satoshi Takeda
bl ) 22 28 EE Division of Genetic Ecology
. ‘ E=¢ % | Professor FEREF Natsuko Chiba
BRENFNH Laboratory of Gancer Biology Bh 2 | Assistant Professor 5 }Eﬁff Yuki Yoshino
2 2 | Professor WE BA VYasuhisa Matsui
DML B A HIE D B Laboratory of Germ Cell Development B ] | Assistant Professor s B Yohei Hayashi
Bh# (Fg) | Assistant Professor EBIAER Kentaro Mochizuki
E24 12 | Professor IR FE Toshihiko Ogura
TR R D B Laboratory of Developmental Neurobiology Bh 2 | Assistant Professor =ik [EX Kota Miyasaka
Bh 2§ | Assistant Professor ZAR par) Atsushi Kubo
VA== Cooperative faculities
BIZFEANE ‘ Laboratory of Experimental Immunology ‘ E=¢ = ‘ Professor ‘ a2 #8117 ‘ Toshiyuki Takai




Organization

MERER tment of Environmental Life Sciences
BRI ECAE RS ERE Division of Genetic Ecology
E24 1% | Professor B = Masataka Tsuda
BIG|ERENREN BT Laboratory of Microbial Genetics and Genomics 3 % | Associate Professor KH #BZ Yuji Nagata
Bh 2 | Assistant Professor KIE =17 Yoshiyuki Otsubo
- ) ) E24 1% | Professor W IEk Masao Watanabe
EYETEETDE Laboratory of Plant Reproductive Genetics ¥ B #8  Associate Professor =5 = Akira Kamno
E24 152 | Professor BAR EBEE Atsushi Higashitani
JE 2 1% | Associate Professor BHRE #b Jun Hidema
. o — — JE 2 1% | Associate Professor £ B1E Shusei Sato
P Laborat f G ic R ductive Biol
T LA RT L oratory o Gienomic Reproductive Biology Bh 2§ | Assistant Professor FA EE Mika Teranishi
Bh# (3&) | Assistant Professor R 1E&8 Masanori Izumi
Bh# (F&) | Assistant Professor KE (R— Yasukazu Daigaku
E=8 5% | Professor = S Kiwamu Minamisawa
HE =4 B (mERED Laboratory of Environmental Microbiolo bi: B4 Associate Professor =H X Hisayuki Mitsui
th B A R A R ry ay .
Bh 2 | Assistant Professor EBER Oz Masayuki Sugawara
ESd Professor B 15 Hideyuki Takahashi
2] !

" y Associate Professor BHE HmA Nobuharu Fuji
FHBEELAERE Laboratory of S d Adaptation Biol AR s
FHREEINERDF oratory of Space and Acaptation Blology Bh 1 | Assistant Professor VPR KR Akie Kobayashi

Bh# (3&) | Assistant Professor BE 1{E7 Seiji Kojima
HELAERERIZE E Division of Ecology and Evolutionaly Biology
ESd 5% | Professor A HE Masakado Kawata
. # $2 | Associate Professor WE BEL Takashi Makino
3 Laboratory of Evolutionary Biol s
ENSRIEENRD T oratory ot Evolutionary Blology Bh 24 | Assistant Professor FLILE—ER Shinichiro Maruyama
Bh# (3&) | Assistant Professor =iE BB Yuma Takahashi
E2¢ 152 | Professor s & Toru Nakashizuka
B ERENEF Laboratory of Plant Ecology S % | Associate Professor B OBRE Satoki Sakai
Bh 2§ | Assistant Professor EE EFE Masahiro Aiba
Professor &5 EZRIR A ER Jotaro Urabe
g Laboratory of C ity and Ecosystem Ecol S = :
HELENH oratory of ommunily and Ecosystem Ecology Bh 2§ | Assistant Professor WEF E Wataru Makino
Professor EiR FER Kouki Hikosaka
REAREZR Laboratory of Functional Ecol & & =
BRERFIH oratory of Functional Ecology Bh #j | Assistant Professor O E— Riichi Oguchi
TEY)Z R E Y B R Division of Plant Evolutionary Biology
E=¢ 2 | Professor W il Masayuki Maki
EYREDEZNE Laboratory of Plant Taxonomy and Phylogenetics Bh #{ | Assistant Professor KA & Koji Yonekura
Bh 2§ | Assistant Professor NI 357 Motonari Ohyama
IREEYFERE Division of Regional Ecosystem Studies
e o E2'4 2 | Professor T A Satoshi Chiba
REENFNEH Laboratory of Conservation Biology JE 2 1% | Associate Professor By F— Shuichi Shikano
) N RE R R Division of Genomic Bionomics
=E=¢ Visiting Professor B X Daisuke Shibata
w8
. . =] Visiting Professor vl Takahiro Nagase
) S EEEE D BT Laboratory of Genome Structure and Function gaﬂ% 2 R g
= B | Visiting Associate | 2kt Hideki Hirakawa
R Professor -

xR EEEMENERET Y — ﬁz&:mgsg:ioizsyearch Center for v % —& | Director REEY &= Gaku Kumano
Comprehensive Center for Brain
Hit KPR EENNEIRERRE Y — Science Research and Education, | t>% —#& | Director RE BK Toshio fijima
Tohoku University
HREENEY Y — Ecosystem Adaptability Center v % —& | Director [==F= &= Toru Nakashizuka
=R | Director Xl BE Yoshifusa Oikawa
TSR General Affairs Section
IR Student Affairs Section
Administrative Office Py General Accounting
=aI Section

SRR /é?r?clgu& Administrative

HEH (H28.4.1387E) KERER (H28.4.137E)

EREE EHEEEE BIHf-ELRE
B B’ 264 BEEHER 2% M1 1014
B R 164 KD 14 M2 105%
E B 24 AL =] &t 2064
B % 314 % B 1% ®E-ELRE

B D1 29%
#n B 8% D2 214
B R 3% D3 334
B % 104 B 834
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BEIZE>TECICRHLTE (R EHEA L, 20N, EEBT
TRENZOTEICES T 2, % “IREIL" DEBICES TENM
BICHBFLI-EZXTBIL L. EEREDSEG OV OEY
HERRC DD NICEEREEZ 50 LAWRD (FE<RB(ZZT
[FHDR)EBETERBTEI L3, EZANEMEFER LI
fruitless ERAEDH(Z. BIKKDRERZIZIT T, ZNITKE AR
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faDEEN sk L& C A EREFR D fruitless Z R A D i

satori )

fruitless (fruitless mutant males in Drosophila melanogaster
merely court and never copulate with a female. Instead, they court
males. Thus, the fruitless mutant has been thought to represent the
best example of genetically determined sexual orientation. However,
we, and others, recently found that isolation of fruitless mutant males
shortly after adult emergence prevents them from engaging in male-
male courtship. To unravel how the brain courtship circuitry changes
its operation depending on the fly’s social experience, we employed
a virtual reality paradigm in which a male fly anchored to a thin metal

LB YHZE BRI THRE Uz, Bt N/=fruitless EEH
DEPHERORMERIIERBLAED 2Tz, T LSRR
BAEOREEEE
{LSE 2 TH S,

wire on his thorax can walk on a Styrofoam ball, while responding
to a variety of stimuli given by the experimenter. We found that
wild-type males exhibit courtship behavior toward moving light
spots when, and only when, they have been primed by a female
pheromone. Surprisingly, fruitless mutant males readily initiate
courtship with the light spots without any pheromonal priming, but
only when they experienced interactions with other males.

Kohatsu S, Yamamoto D (2015) Visually induced initiation of Drosophila innate courtship-like following pursuit is mediated by central excitatory state. Nature Communications 6: Article

number 6457
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vaAuYIAUNIEF AWy IERMOESEEFE T L
NCED, CORE-BEESEZE. —EDIIRICE>TREZE
HERT DD, TDAAZXLIZDOWTUEIINE TCRETH >, 2
B, N\IRTIZPAM ERE(ED R —/N 2 ViRgEE A IREN B 3R %=
SEERIRIEET DI EHMONTWD, AR TIL,
PAMEHRBEDF LB L BEDELRZ T Ty
NEEL. ZNZEE - RSB A MIIICERS
B2 L5 WBMIBERECBEPRICEEL VDL
ZALHE LTz, TNOHDEREEIL. ZNZIUED [H
BR] & TRE | BFREGEL W, £-REAZE

EFHEYHMEBDS L, B—HBRE (F910/2) 1 _

A biologically relevant event such as finding food under starvation
conditions or being poisoned can drive long-term memory in a
single training session. Neuronal mechanisms by which such a
strong reward or punishment induces stable memory are poorly
understood.

The fruit flies, Drosophila melanogaster, can acquire a stable
appetitive olfactory memory when the presentation of a sugar
reward and an odor are paired. Here we show that two distinct
subsets of dopamine neurons in the fly brain signal reward for short-
term and long-term memories. One subset induces memory that

VHBEMREBEICK > THEESIND

RIALBOERICHETD THBHIEERETILDT, TNHDOHIE
DEEFIZED —EDIIENRMRBLRBERISEZEEZION
%, ARSI BERORBLELICE(THMIEADF - £BEBED
BERRICMEIFI= BB (702 BRSNS,

decays within several hours, whereas the other induces memory
that gradually develops after training. They convey reward signals
to spatially segregated synaptic domains of the mushroom body,
a potential site for convergence. Furthermore, we identified a
single type of dopamine neuron that conveys the reward signal to
restricted subdomains of the mushroom body lobes and induces
long-term memory. Constant appetitive memory retention after a
single training session thus com  prises two memory components
triggered by distinct dopamine neurons.

Yamagata N, Ichinose T, Aso Y, Plagais PY, Friedrich AB, Sima RJ, Preat T,Rubin GM, Tanimoto H (2015) Distinct dopamine neurons mediate reward signals for short-and long-term
memories. Proceedings of the National Academy of Sciences of the United States of America 112(2): 578-583
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IEERIAD DY LD IZIE REDBRICZARK (love dart) WS A
REOEWHALTIHMDOLS HBRELXBEFICEERTEDI WD,
B BRERSNLERBEFHNIA—I2ZIT, ZOHFDN
3/4ICETHEATLE W SHICEEDENENBLT D AR
Ufco — A BRERITRI (BT EZFEITA) (SEA) Y DB 2,
BRDREEFOEICRS DL BRORMICEHR SN TV DK
PHEFOERITEASIND, COEIE BFICZIHELLZETHY
BFECHBRINZOEHE BFOMEELEOBREER CEEN
BHd, FNEOBRERNTEICE>T BEISESHEEADDEF
NEBEEEEDHDHENTED, ZOWFRRRIL. MHEREDEY T,

During mating, some species of hermaphroditic land snail stab
each other with a calcium carbonate sword-like organ called a
"love dart." We showed that dart shooting caused damage to the
mating partner that received sperm, resulting in a decrease in life
expectancy (75%) and fecundity. In contrast, the sperm donor
benefitted from the dart shooting. When the dart is stabbed into the
body of the mating partner, mucus covered on the surface of the
dart disperses into the partner's body. This increases the fertilization

FIE%ZBH<BIIULNECTWD Z & & BARECEEHLIL TR & TR
HTHBo ZDIO BN LN BIEREDLSIZTAAL— LT,
BREVWDBRIERE
TENELRLIEEX
SH%,

rate of the sperm, because the mucus protects the sperm from
digestion by the mating partner and restricts remating. This was the
first study that successfully documented evidence of sexual conflict
in hermaphroditic animals by detecting the cost to the sperm
receiver (female organ) and merit to the sperm donor (male organ).
These findings suggest that sexual conflict results in an arms race
that results in the evolution of risky mating behavior, such as dart
shooting.

Kimura K, Chiba S (2015) The direct cost of traumatic secretion transfer in hermaphroditic land snails: individuals stabbed with a love dart decrease lifetime fecundity. Proceedings of the

Rovyal. Society B 282(1804)
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Ty v (Daphnia pulex) (. HBIZHHT 2RENR TSV
b TY, LA L. BADI VY IDRBHAMBIIR<H>TWE
HATUZ, 22T SBEBOMRF —LAAAREHTIVYI%E
RELTRANEZA BRICERLTWS I VY O(E, BiE4TERE
NERK>TEN 22491 OB GLFELANAVWGEWZ & BRI
FREBLTCWARWIIDI VY ABEDMETH DL ERET
BRI LRBALIZRBEETHZ AL BARERIEL
MERN F Uiz, FMAETRBRITN S BANDORARRZHE~
BTFERITHEEEDMDEL AREBEOBRATEEITLZLDE
BARERICEDEDOTTA HEFHMOBAIFARBEE TI3EHA
HRFTA. ADERDBEAICIRDHICE S P> TILKDDR=DA

Although Daphnia pulex (Mijinko) is a common freshwater
zooplankton in the northern hemisphere, its phylogenetic and
taxonomic positions in Japan were not necessarily clear. Prof. J.
Urabe’s research team genetically examined D. pulex collected
from a number of ponds and lakes in various areas of Japan, and
uncovered some unexpected findings. They found that all the
collected D. pulex individuals were asexual, that they were derived
from only four clones, that hybrids formed with other Daphnia
species not living in Japan, and that they were immigrants from
North America. According to the mutation rate of mitochondrial

BIEHBZHRENMBELD
[ZHREREABICHIZ-T
BATEFBEZHRLT
WaHDMEE, UVl
ZLORERITHIT TN
7,

FER EOHHEERLIBI TN
332> (D. pulex)

DNA, some of these clones were estimated to have invaded
between 680 and 3400 years ago. Considering the fact that
Americans did not visit Japan until the end of the eighteenth century,
the invasion of these clones could not be attributed to recent human
activities, and most likely occurred by rare natural events. How did
these small organisms come to Japan without the aid of human
activities, why were there only four clones in Japan, and why could
they successfully maintain their populations for so long despite the
extremely low genetic diversity? D. pulex directs many ecological
questions.

So M, Ohtsuki H, Makino W, Ishida S, Kumagai H, Yamaki KG, Urabe J (2015) Invasion and molecular evolution of Daphnia pulex in Japan. Limnology and Oceanography 60: 1129-1138
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ERBERERNE R REEEYEREAR LYY — hERE
BEBHOOEBHESIL—T1E. TNETHLMIINTULED S
T-EIREMI DB RS Z . FREIV XXM ERF (Tribolium
castaneum) ZFRWTEITL £ LTz, ZDER. FREA OMAILFT
FOMIEED EZ<OHEEEN HT I &, BiAOMIE & &7 D
FETHARTIEMIEVHIEN & BADOMBISRBRI AT,
BIRISA>THRT DI EZHOMILE LI, 2O el HEE
MEOBIEIC L >TTId A MENMFEDARICBET SIS
FOTEDHENEZZEERBLTVWETS, KEBEETILICES VI
L—o3vhndloleTFanE Lz, AMRARIZEIRE

Ayaki Nakamoto (Assistant Professor, Research Center for Marine
Biology, Asamushi, Graduate School of Life Sciences) and an
international research group analyzed the cellular mechanisms of
arthropod segmentation of a beetle, Tribolium castateum. Using
a method of labeling specific cells, they found that posterior cells
generate more segments than anterior cells. They also found
that anterior cells and posterior cells divide at similar times during
segmentation. Posterior cells undergo dynamic rearrangements

MOBEH R IOV THAARARE ST EDTHN,
1) 2DHBERIFHEE Nature Communications (22015548
1087 CBEE
nEL

and elongate along anterior-posterior axis. These results suggest
that posterior segments are generated by cell rearrangements
rather than by a high degree of cell proliferation. A computational
model also supported the finding that posterior segmentation can
be explained by cell movements without cell division. This study
provided a novel insight into the evolution of arthropod segmentation
and it was published in Nature Communications (April 10, 2015).

Nakamoto A, Hester DS, Constantinou JS, Blaine GW, Tewksbury BA, Matei TM, Nagy ML, Wiliams AT (2015) Changing cell behaviors during beetle embryogenesis conelates with slowing of

segmentation. Nature Communications 6: Article number 6635

VIRV —LRNABGFHIREEFLICEE LEVWHIESTEFOXR

YiRY —LRNA(EZ 2 TOEYMDY VNV BEERZE S BEDD
FTHd, LI >THETIEVARY —LARNAEERFIEHFI A<
ELEKRICEET DRBRY—N— L RBSNTE, RAKEEK
(BT RERRERE) S B EBTERS B L ETERED
BORRII—TICLZ2EER (L ARRR TN EKERER (BS
B) TRIBLIZT1 Ih 0B LI=#E Aureimonas sp. AU20%k
EXZDEBHRICEWTR OGN, BHEBEI 1 =— 74T /LB
THd, EREEREEDD/NELTYAVNLEDZT/LIZEWT,
YRV —LRNABGFHIR/N(9.4 kb) DL ) IVIZOHFEL
foo LU AVIE REFOBHEOIE—KTHEEL, URY —
LRNAETSRIFRBEHEAFUNDBILFEEFRNWI AL,

Ribosomal RNA is fundamental to life because of its functional
importance in protein synthesis. The rrn operon, coding for
ribosomal RNAs, is located on the main chromosome in all
bacteria documented to date, and is frequently used as a
marker of chromosomes. Collaboration between the Laboratory
of Environmental Microbiology and the Laboratory of Microbial
Genetics and Genomics led to the discovery of a unique genome
organization in Aureimonas sp. AU20, an isolate from a soybean
plant grown at our experimental field near Sendai. The genome
analysis indicated that this bacterium had its sole rrm operon on
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a small replicon rather than the main chromosome. The copy
number of the replicon varied from 20-30 per chromosome
equivalent. It contained a replication system similar to that of a high-
copy-number plasmid and no known active partitioning system.
These characteristics are different from those of usual bacterial
chromosomes. This finding introduces a novel viewpoint into
microbial genomics and ecology, as well as evolutionary biology in
general.

Anda M, Ohtsubo Y, Okubo T, Sugawara M, Nagata Y, Tsuda M, Minamisawa K, Mitsui H (2015) Bacterial clade with the ribosomal RNA operon on a small plasmid rather than the chromosome.
Proceedings of the National Academy of Sciences of the United States of America 112(46): 14343-14347
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The structures of molecules, small and large, through DNA
to active polymers, are inherently related to their functions or
biological responses in higher organisms. Our aims of
research and education are to elucidate these relationships
generally and systematically by the use of genomics,
biochemistry and organic chemistry. It is important to
understand fundamental molecule-based sciences in any of
our research fields.
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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,
including 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
marine origin have interested many researchers in the life sciences,
including synthetic chemists, biochemists, and pharmacologists.
However, 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 inaccessible. 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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Chemical Biology for Drug Discovery

The Arimoto Group studies biologically active small molecules
that contribute to human healthcare. Research in the lab is
currently focused on three major areas: 1) regulatory mechanism
of autophagy through nitric oxide signaling in an innate immune
response to bacterial infection, 2) development of antibacterial
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agents against vancomycin-resistant strains, and 3) organic
synthesis of natural products. We utilize diverse chemical and
biological technigues, including eukaryotic and bacterial cell
cultures, biochemistry, molecular biology, organic synthesis, and
nuclear magnetic resonance spectroscopy.
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Understanding the mechanisms of plant hormone production, movement, and function

Plant hormones are a group of bioactive compounds that, at very
low concentrations, regulate aimost all aspects of plant growth and
development. Our laboratory uses interdisciplinary approaches
(e.g., biochemistry, analytical chemistry, molecular biology, and
genetics) to elucidate the mysteries of how these hormones are
made (biosynthesis), move (transport), and work (perception and
signal transduction) in plants. In 2008, we discovered a new class
of carotenoid-derived hormones, called strigolactones (SLs),
that regulate shoot branching. Since SLs were formerly known
as rhizosphere signals for parasitism with parasitic plants and for
symbiosis with arbuscular mycorrhizal fungi, understanding their
underlying mechanism is advantageous for future agricultural

applications. We are currently analyzing novel enzymes involved in
SL biosynthesis, the movement of SLs in the xylem, the biochemical
function of a SL receptor, and new physiological functions of
SLs. Moreover, we are conducting experiments to identify new
plant hormones, as genetic evidence suggests that plants use
unidentified bioactive molecules to regulate their development.
Our research will clarify how a tiny amount of small molecules
sophisticatedly controls the growth and development of plants in
response to environmental changes.
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Structure, function, and evolution of proteins, and novel protein design

“Protein” is a main nutrient, and, as an enzyme, ligand, and receptor,
is involved in various functions in the living body. Analyses of the
structure and function of proteins reveal the mechanism of their
life and evolution, and this can be applied to the design of proteins
with nobel functions. We take a multi-disciplinary approach (protein
chemistry, protein engineering, molecular biology, and biochemistry)
for studying the issues related to protein science.

Structure and Function of the Carbohydrate-binding Proteins,
Lectins: Using the structural and functional relationship of lectins,
we aim to develop useful lectins as a tool for functional analysis of
carbohydrates and glycobiology, and anti-viral medicine.
Experimental Molecular Archaeology: How did proteins evolve

and obtain their diverse functions? To address these questions,
we reconstruct ancestral mutants and study evolutionary history
of proteins based on the phylogenetic tree. This is a useful new
approach in protein engineering.

Adaptive Evolution of Proteins to Gain Diverse Functions:
Accelerated adaptive evolutionary phenomena have been found in
toxic proteins, defense proteins, and reproductive proteins, as the
mechanism to generate various functions. To reveal the molecular
mechanisms of acceleration evolution, we conduct a genome
project on venomous snakes (Venomics).

New Functions of the Food Proteins: We investigate the modulatory
function of food proteins in human-health and aging.

RIERZ REFREGRPHER 16
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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
example, 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 maintaining the cellular population, not
only by eliminating unneeded cells at given sites and stages, but
also in other functions, such as regulating 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 spatiotemporal information
in living systems, which can be obtained through the real-time
live imaging of biological phenomena. To study the coordination
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
studies 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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Regulatory mechanism of eukaryotic transcription and cell death

We are studying molecular mechanisms underlying biological
adaptation to the environment, with special attention to
transcriptional regulation. The bHLH/PAS transcription factors,
including hypoxia-inducible factor-1a (HIF-1a) and HIF-13 (Arnt),
which play a pivotal role in the induction of proteins in response to
hypoxia, constitute a superfamily. In addition to HIF-1a, HIF-2a and
HIF-3a are the family members that are involved in gene expression
under hypoxic conditions.

Inhibitory PAS domain protein (IPAS) is a splicing variant of HIF-
3a and represses HIF-1a activity by directly binding to HIF-1a. We
found that IPAS acts as a pro-apoptotic protein. This function was
performed by direct interaction with Bel-xL and its related proteins.

By the interaction, cell death factor Bax can be activated, leading to
cytochrome ¢ release from mitochondria. Recently, by employing
biochemical techniques and gene targeting technology, we found
that the cell death activity of IPAS is closely related to dopaminergic
neuronal cell death in Parkinson'’s disease.

We are also investigating HIF prolyl hydroxylases that act as a
cellular oxygen sensor. HIF-1a, HIF-2a, and HIF-3a are known to
be substrates of the PHDs. We investigate substrate proteins of
PHDs, other than HIFs, and found ATF4, an ER-stress induced
transcriptional factor, interacts with PHD3. Several intriguing
substrates have been found and its physiological significance is
under investigation.
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Signal transduction of actin remodeling, mechanosensing, and cilium formation

Reorganization of actin filaments and microtubules plays a
fundamental role in cell migration, morphogenesis, proliferation,
and differentiation, and is crucially involved in organogenesis,
tumorigenesis, immune responses, and neural network formation.
Based on our previous research on the signaling mechanisms
involved in reorganization of actin filaments and microtubules, we
are investigating the molecular mechanisms of mechanical signal
transduction and primary cilium formation.

1) Studies on the mechanisms of mechanical signal
transduction: We are investigating the mechanisms by which
cells sense mechanical forces and transmit them to intracellular
signal transduction systems (e.g. Rho activation) that lead to
actin cytoskeletal remodeling. We are also studying the roles of

mechanical signal transduction in dynamic ordering in collective
cell migration, epithelial tissue remodeling, tubule formation, and
tumorigenesis.

2) Studies on the mechanisms of primary cilium formation:
Primary cilia are microtubule-based, antenna-like sensory organelles
that are essential for tissue development and homeostasis. Defects
in ciliogenesis cause diverse genetic disorders, collectively called
ciliopathies. Primary cilia are typically formed at the quiescent phase
of the cell cycle. We are investigating the mechanisms of primary
cilium formation, in particular, the signaling mechanisms of growth-
arrest-signal-induced primary cilium formation, and the pathogenic
mechanisms of ciliopathies.
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Understanding the molecular basis of plant architecture

The basic strategy of 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 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 indeterminate
to determinate phase is critical for plant architecture, in particular,

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

We used the development of rice inflorescence as a model system
and identified several genes that play critical roles in this process.
Currently, we are making progress towards fully understanding
the molecular and genetic roles of these critical regulators. We
also use a bryophyte (Marchantia polymorpha) to reveal possible
ancestral roles of the regulators and Arabidopsis to understand the
diversification of their developmental functions.
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[ Structural biology ]

X-ray crystal structure analysis

Data collection &
analysis

network analysis

PO family
PDI oxidases proteins
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[ Cell biology ]]

Comprehensive understanding of protein quality control systems in cells
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Structural and mechanistic basis of cellular systems for protein quality control

Cells have evolved elaborate internal mechanisms for controlling
the quality of proteins. It has recently been found that disulfide
bond formation and metal ion binding play essential roles in these
mechanisms. The Laboratory of Design of Biomolecular Function
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 mechanisms of various diseases caused
by misfolded proteins accumulating in cells.
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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
structures. 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 proteins is closely related to cellular processes, such as protein
biosynthesis, transport, and decomposition.

In our laboratory, we develop unique optical and spectroscopic
methods of detecting fluorescence signals from single proteins,
and investigate 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 autonomous 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 constructed 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 fluorescence signals.

We developed a fluorescence microscopy that can visualize the
sliding dynamics of a tumor suppressor, P53, 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

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

these targets by utilizing light. For example, we develop fluorescent
probes that detect specific biological activities such as enzyme
activity. We also develop technology that uses photoregulation
with caged or photochromic compounds to control enzyme or
receptor functions. By combining these functional compounds with
fluorescence microscopy, we aim to clarify essential mechanisms in
life and diseases. This chemistry-based biological research is called
chemical biology, and one of the exciting features of this research is
that we can tailor functional molecules to a specific purpose.
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We are studying the mechanisms how each multicellular
organ or life of different type, in its shape or in its way of life,
is developed from a single cell. We also focus on the subjects
that how the brain is developed and how the higher function
of the brain is realized in the higher animals.

http://www.lifesci.tohoku.ac.jp/en/research/
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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 mechanisms 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 membrane 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 molecular
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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Cell walls: role in plant structure, development, and environmental response

Our research focuses on plant cell walls, which play crucial roles
in responses to biotic and abiotic environmental signals (e.g.,
plant immune response, symbiotic and parasitic interactions with
other organisms), as well as various aspects of plant growth and
development. In terrestrial plants, several thousands of genes
are involved in the construction, remodeling, and functioning of
cell walls. These “cell wall related genes” include the xyloglucan
endotransglucosylase/hydrolase (XTH) family of genes. We currently
use a combination of techniques and tools (genomic and proteomic
techniques, cellular imaging, carbohydrate biochemistry, and
enzymology techniques) and a range of model species (Arabidopsis,
rice, Cuscuta, and Marchantia), to identify and characterize genes
and proteins that are responsible for individual processes in the

function of the cell wall. Current projects include: 1) Genetic and
biochemical dissection of the role of XTH in the construction and
remodeling of the cellulose/xyloglucan network in the primary cell
wall of Arabidopsis; 2) Imaging approach to understanding cell
wall regeneration in protoplasts derived from Arabidopsis and rice;
3) A genomic and transcriptomic approach to understanding the
molecular mechanism and evolution of stem parasitism of Cuscuta
campesitris, a dodder plant; 4) Genetic approach to understanding
the mechanism of cell expansion, as stimulated by high ploidy;
Genetic approach to understanding the cell wall response to abiotic
stresses; and 6) Reverse genetics of Marchantia cell-wall related
genes.
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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 techniques, we aim to understand how cellular dynamics
are regulated genetically and molecularly. We currently focus on
multiple microtubule 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 coordinately 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 biclogy”, using C. elegans and other closely
related nematodes.
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Our research interest (Organ morphogenesis; organ development, diversity and regeneration)

Developmental mechanism of organ morphogenesis in vertebrates

Organ morphology is established during embryogenesis by the
developmental 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 developmental 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 investigate how animals modify the developmental
mechanism for morphological traits.
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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
succeeded 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-expressing 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 determining male fly sexual orientation; satori
mutant males kept in isolation show a striking reduction in male-
male interactions. Our neural activity recordings have suggested
that decision-making neurons in the brain must learn 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 determine the mechanism by
which the neurons are tuned to respond to appropriate courtship
targets.
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Shedding light in the black box of neuroscience

The brain comprises many types of neurons that form a complex
network. However, it is still unresolved how the network activities
are integrated into the function of the brain. Using genetic
engineering technigques, we have developed new optical methods
that enable one to visualize the network activities, as well as to
manipulate activities of individual neurons, in order to reveal how
they are integrated in the network. For example, we developed
the first technology in the world that is able to control the activity
of nerve cells using light by genetically engineering the nerve cells
to express channelrhodopsin, an algal photoreceptive molecule
from Chlamydomonas. We have elucidated the structures that are
involved in membrane expression, absorption wavelength, and

channel characteristics, and are currently researching the structure
of channelrhodopsin. The neuronal network is dynamically regulated
by its environment and by its own activity. We are elucidating the
molecular mechanisms underlying nerve cell network changes
caused by the environment and experiences during organisms’
development and adulthood. Additionally, we aim to elucidate the
neural expression of tactile patterns by using transgenic rats that
are able to perceive light hitting their skin as a tactile sensation. By
applying the results of such fundamental research, we will be able
to produce Brain-Machine Interface (BMI) technology, which can
communicate information directly to the brain using light.
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Understanding the functional architecture of the brain

The brain recognizes, makes judgments on, and commands the
behavior of an organism. The brain is an outstanding device for
information processing, and is considered the entity of the "mind.”
The understanding of higher brain function is the central theme of
science in the 21st century. We consider that, in order to unveil the
mechanisms that realize higher brain function, we need to understand
the functional architecture of the brain. We therefore aim to understand
the mechanisms of higher brain function at the systems level, from the
aspects of how the brain is formed and how it works.

1) Understanding the structure of the brain: \We investigate, on
a multi-scale level (cellular, local circuit, and inter-regional circuit), the

structure of the brain that realizes higher brain function. To achieve
this, we develop and use novel research tools, such as visualization
of neural circuits based on circuit-specific tracing using plasmid or
virus vectors.

2) Understanding the dynamics of the brain: We investigate
the neuronal representation of various information, information
processing on the local circuit level, and the inter-regional
synchronization of neuronal activity, by recording and analyzing the
functional dynamics of the brain, using multiple-unit recording and
transcranial magnetic stimulation (TMS). We aim to understand the
entity that realizes higher brain function on a systems level.
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Neural circuits for learning and memory in Drosophila

An associative learning, in which an animal links sensory
experiences to 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 learning. 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-resolution anatomical analyses of
neurons. We also engage in the development of new techniques for
behavioral analysis and the application of new genetic tools to push
the boundaries of our analyses.

RIERZ REFREMRPHER 32



33

REEVZ D

iR - ‘ .?Eﬁ(?ﬁ . HHIR
"E & BR S

Gaku Kumano Keiichiro Kyozuka Takuya Minokawa

-

F—7-F/
BERBMHEENY). VAR / RS | ERAE, EMSRM

.

Bh#

hE BE
Ayaki Nakamoto

BEBSHBYOINRA - B -PRLE -RREBOXA D= XL EELZRS

2TOEYOIBALILBFICD EFN ZOROBYDELED
RED . BFEEECGELIRALE 0 RELBEFHYIZED
BRERMEEZHFTLTED ADHF TIIXRBEEYZHENE LY
S—DEDICERT 2 EHRLBEETHEBYEMANTRELT I
B ZRE - BREDANZILEBETOERMEEZIT>T 5,
BRI 1) RLALBESYDOINEH ZEEB(CHONZ LR
MESRIEICOVWT VT PERTRRVALEZAVWT MIEAKXY
AFLAILOMED SHEEDREZERET 27O DETE LTV

Do FEIC. RICKDINB MRS, IBFRARE, BROIVEIEL
BREICEIT2MENY VHIILEERISEELTWS, 72, 2)71H#
HEEBEFICEIZHRICLIMBEHOBMENTUMBEY 17
DEIRE. MIEDEE C LD MFAAEDFEI<DITDONT RTH
VDIIREEZRAWTCIDORIYT A VI RBROAEZERT 2720
(ST AEITH> T\, BT, RV DR CAETEMBE N TE B HEM
VR TEROEL LM TERHIEHR R VETENTES
HEATTEELTED INHDEEEICEEBLTW S,

ARBEENFREMRCY Y —BOOBEEEHEY : V57 DvIty (. 72 BN VIS FIRVLAD KT

Analysis of developmental mechanisms in marine invertebrates

Our laboratory is one of the research units in the Asamushi
Research Center for Marine Biology, located in the Mutsu bay area
of northern Japan, which is known as one of the richest places for
marine life in the Tohoku area. Benefitting from such a location, we
study a variety of marine invertebrate species that are available in
the local sea. We are interested in understanding the molecular and
cellular mechanisms, as well as the evolutionary aspects of early
development (ococyte maturation, fertilization, and embryogenesis) of
these animals. Specific areas of our research are: 1) Molecular and
cellular mechanisms of tail shaping during ascidian embryogenesis;
2) Evolutionary developmental analysis of germline segregation
mechanisms in tunicate embryos; 3) Role of calcium signaling

during oocyte maturation and fertilization; 4) Characterization of
the egg activating substance from spermatozoa; 5) Mechanisms
of light-induced spawning and oocyte meiotic maturation in
hydrozoan jellyfish; 6) Developmental and evolutionary analysis
of embryogenesis based on the comparison between direct and
indirect development in sea urchins; and 7) Structure and function
of gene regulation networks. We are working on these areas using
several techniques (e.g., micro-manipulation, molecular biology,
live imaging), and we hope to discover many more surprising and
beautiful developmental and evolutionary processes, as we are just
beginning to understand these little-studied marine invertebrates.
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Clarification of individual and social behavior in marine animals

Marine environments are populated by various animals, representing
almost all phyla and ranging from the simplest to the most complex
body plan. Our laboratory is located in Mutsu bay, where the
Tsushima Warm Current and the Kuril Current flow. In Mutsu bay,
tidal rhythm and physicochemical properties of the water change
gradually, allowing various fauna and flora to develop. In this
environment, we carry out ecological and behavioral studies. For
example, ecological distribution in relation to environmental factors
and interactions, such as symbiosis and predator-prey interactions.

We are currently using marine animals as our model system to
understand the development of individual and social behavior in

animals. In order to clarify the developmental process of symbiosis
(a specialized form of social behavior related to interspecific
interactions), we are studying a variety of symbiotic relationships,
such as flatworms (Stylochoplana pusilla) and host snails
(Monodonta labio), epizoic limpet (Hipponix conicus) and host snails,
and pea crab (Pinixa tumida) and host sea cucumber (Paracaudina
chilensis). In addition, we study the fiddler crab (genus Uca) and
soldier crab (genus Mictyris), which show well-developed social
behavior, and adaptation of their sensory organs (e.g., vision and
acoustic senses) for life on land and in the sea.
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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 BRCAT and BRCA2 have been found in 25%
of hereditary 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 BRCAT1 is involved in a subtype
of sporadic breast cancer, triple-negative breast cancer, and in
chemosensitivity to various cancers.

BRCAT1 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.
Our research specifically focuses on the functions of BRCA1 in
DNA repair and centrosome regulation. To analyze the functions of
BRCA1 and its related proteins, we perform cytological analyses,
analyses using genetically modified mice, and analyses of clinical
specimens. This research will contribute to the further understanding
of carcinogenesis and aid in developing novel cancer therapies.
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Uncovering the characteristics of germ cells and pluripotential stem cells

Our goal is to elucidate the molecular mechanisms of germ cell
formation and of their subsequent development to transmit genetic
and epigenetic information into successive generations. Germ cells
undergo unique epigenetic changes during their differentiation, and
we are interested in epigenetic regulation of germ cell development.
We also focus on the relationship among germ cells, pluripotential
stem cells, and cancer cells. Germ cells are differentiated from
pluripotential stem cells in early embryos, but germ cells can be

easily reprogrammed into pluripotential stem cells in culture. This
indicates that these cells are closely correlated with each other. In
addition, germ cells and cancer cells commonly express a number
of specific genes, though their functions are not fully understood.
We therefore study molecular mechanisms regulating differences
and common characteristics among germ cells, pluripotential stem
cells, and cancer cells.
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Transcriptional control driven by the Mechano (wheel) and Genome (chain) is our major
target of our research. Using zebrafish and mouse as model animals, we are exploring

fundamental mechanisms of life.

Skeletal muscles and bones of astronauts atrophy under micro-
gravity conditions in outer space. Our hearts monitor blood
pressure and respond to it to maintain the circulatory homeostasis.
In these biological phenomena, physical forces generated by gravity
and heartbeat play critical regulatory roles. Exercise also prevents
obesity and eventually 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 unknown. 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 sciences.



F—7—-F/

RFLROLH TUILF— - BEBRE - DA TRZEHETS

B FEADE

=H &7
Toshiyuki Takai

RZCIRDFEDL < AZMRAL TRER=RRT S

REICIITRE EWSENEANHDFT, ZE BOER
FECEOTICEC DI ZERLUIBRZAALTIIFVEVS
EBNLFEEANEFARLE LA BB LRI EEDROLE
HEELTDICHBAINTVE S A, ARTEEINEEIEIRE
#pZ (Plasma cells, PO DA TEBH CHRFSINIREGD PC
(Long-lived plasma cells. LPC) 4%, BHERE (CHFET 51D
SRR, Wh 2 X NO— VB HEEERT 5 & THRL
TWRIENERBREZAONTVEY, ZORMO—VHlifgE

Bone marrow

Naive B

Activated B

Dendritic

Germinal Center .N

Prollferatlon

D short-lived PC

% }F Antibodies

LPCOMBEEBIZZTEAT VRBGHLYA M VRBGHEE
THHEDERINTVDEOD, DOREHRC, A RFH LN
Z0OhOEFLRAE T CNCHEFRZREY 2 RNIEEY
T INDBDRETY, TULF—PECRERREDRA RS [
HER| EEDRENMFRFBENISEELLD, ShEORETED
HIEDOFF. BIFEHRENBHICER L TBEELENTEIE%E
By CEMARICE T, BIFLPCORFILDD FHEBEZIERE

DERDOMELTVET,

Memory B

SHM (RFanfz Hiflfa

>

Bone Marrow

RELEEBRICRPABICODISTEELU B EL T 2RFGHEMRIES . RECDOANZILEMBED FORADDHEAT 2,

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
developed "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 major 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 laboratory 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-specific deletion
of harmful immunological memory (e.g., allergies, autoimmunity),
augmentation of specific memory in elderly persons, and avoiding
the chronic settling of leukemic cells in bone marrow.
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For understanding of our living system, this department aims to
study the genetic backgrounds and functions of diverse
organisms in ecosystem as well as the mechanisms for the
formation and sustenance of biological diversity, based on the
interactions among molecules, cells, individuals, populations
and changes in environmental conditions.
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Microbiology of environmental microbes capable of degrading 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 humans. One such role
is bioremediation of various chemical pollutants in the environment,
and these chemicals in turn facilitate greatly the adaptation
and evolution of environmental microbial cells as well as their
communities. Our aim is to elucidate the mechanisms governing
such adaptation and evolution of environmental microbes from the
standpoints of molecular genetics, molecular biology, genomics,
and molecular ecology. Particular emphasis is placed on the
microbes capable of degrading various chemical pollutants. Our

major research topics are:

1) Molecular microbial genetics and molecular biology of the
biodegradation of various environmental pollutants

2) Molecular microbial genetics, molecular biology, and molecular
ecology of mobile genetic elements responsible for the degradation
of various recalcitrant compounds

3) Structural and functional genomics of environmental bacterial
strains

4) Integrative genomics of environmental bacterial strains, and their
communities under laboratory and environmental conditions
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Habenaria radiata Asparagus officinalis

Comprehensive understanding of the molecular mechanisms underlying plant reproductive traits

The flower is important for reproduction in angiosperms, and its shape
is highly differentiated among plant species. The developmental
programs for the male and female organ are substantially independent
of each other and of the vegetative plant. We are greatly interested
in discovering the underlying molecular mechanisms that control the
development of the stamen and pistil, and the interaction between the
pollen and pistil. In the Laboratory of Plant Reproductive Genetics, we
are studying the molecular mechanisms of several reproductive traits
in higher plants. One interesting topic is pollen-stigma interaction,
especially self-incompatibility (Sl) in Brassica species. Our work on
Sl is considered world-class research (ref 1 to 6). Other interesting
topics are the molecular mechanism of floral diversification in non-

grass monocots (lily, tulip, and orchid) and sex determination of
dioecious Asparagus species (ref 7 to 11).

<Reference>

1) Watanabe et al. (2012) Proc. Jpn. Acad. Ser. B. 88: 519-535,
2) Tarutani et al. (2010) Nature 466: 983-986, 3) Tsuchimatsu et
al. (2010) Nature 464: 1342-1346, 4) Watanabe (2008) Plant Cell
Physiol. 49: 1404-1406, 5) Murase et al. (2004) Science 303: 1516-
1519, 6) Takasaki et al. (2000) Nature 403; 913-916,

7) lto et al. (2011) Euphytica 182; 285-294, 8) Kim et al. (2007) Plant
Sci. 172: 319-326, 9) Song et al. (2006) Dev. Genes Evol. 216: 301-
313, 10) Park et al. (2004) Plant Cell Physiol. 45 325-332, 11) Kanno
et al. (2003) Plant Mol. Biol. 52: 831-841.
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Genomic mechanisms underlying response and adaptation to various environments

Our research aims to elucidate the mechanisms underlying

adaptation responses to global climate change. To achieve this,

we are taking an integrative approach by working together on joint

activities in areas such as molecular, cellular, physiological, genetic,

and genomic biology.

In particular, we are currently focusing on the following subjects:

1) Molecular biology of plant reproductive development and its injury
to environmental stress

2) Repair mechanisms of UVB-induced damage in organelles and
UVB tolerant mechanisms in plants

3) Genome wide analysis of naturally occurring intra-species
variation in physiology, environmental response, and plant-
microbe interaction

4) Molecular mechanisms of repair and mutagenesis caused by
UVB and ionizing radiation

5) Analysis of the role of chromatin dynamics in transcription and
repair, and chromatin regulation mechanisms

6) Molecular mechanisms of chloroplast degradation by autophagy
during stress responses in plants

7) Neuromuscular signaling in response to environmental stimuli
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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, biochemistry, 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 rhizosphere, 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 identification 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 soill
N,O emission. In addition, we are studying the dynamic ecology of
the endophytic bacteria associated with non-legumes 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
multidisciplinary sciences, including evolutionary genomics
and environmental microbiology, for the purpose of sustainable
agriculture and environmental conservation.

RIERZ REFREGRPHER 44



45

A £ S 5

Aogah
i
(9
AR
BRH  HE

Nobuharu Fujii

Bis FE
Hideyuki Takahashi

IR EE

Akie Kobayashi

F—7—F/
TEYDIRIBISE ETRETEL. EYRILEY (LRGN, ENEPFAEFERR

Bh(38)
RE IEF

Seiji Kojima

EYDRENE L B R ZHET 52 FiEiE

EYFEEMET BECSS>TERREZEADZENTEE AL
ULHU. ISR, EADL 8. ZRRIERFB R EDABREICISE LT
BRPHEZHEL. EBTPRREA LR Z0E - BRY 28E0%
EOTVETY, FAleBIE BYORRAEEEZEEFNE LU
FEECFHOICETL EYOREELCAEFICORRERRTF - TV
N BRREECEYRILEVERZBR T 2ODMRET>TVE
T, e AL DURHEMIDFEZ DRI . EXROLIEERE
BEBHIENSERFNICEL RRICBAGREICESCZFELE
To FLARBEANBUL T TR KDARZRZLTERADAIC

BRYZKDEREEHRREL. ROBRAA-RREEEHET D
EILES>THENICEKDZERBLET, CNETISALBEID
LOREYDRFNEZFE Y 2B LT EYRILEVZEZCDH
ET BRI FEBASMNILTWET, IHICFAZBIE BEHIGED
BEYHRRIIOVTIL L EMERTHONIRREHNENT T
RAET BTcODFEERZITOTVWEY, AEDMEIL, KD
Ri5 - RIEEEOBRIZIT TR AROFEESCEEMLET,

BABELFIET 2F 1V IVFEZDRITEH (A-D) ETHHFDES (E. F). BLPROKDEEE ZOHEHFORR (G-H)

Mechanisms for plant response and adaptation to terrestrial environments

Due to their sessile nature, plants are unable to move their habitat
once they establish their stands. However, terrestrial plants have
evolved various unique mechanisms for mitigating environmental
stresses or adapting to their surroundings. One of these strategies
is the regulation of plant growth and development that occurs in
response to environmental cues, such as gravity, water, light, and
CO,. Our studies are aimed at understanding the mechanisms
by which plants regulate their morphogenesis and respond to the
environmental signals. For example, cucurbitaceous plants develop
a protuberance, called the peg, between the hypocotyl and the
root, and the plants’ growing organs exhibit a helical movement
(circumnutation). We demonstrated that graviresponse is involved

in unilateral placement of the peg and circumnutation. In addition,
we demonstrated the ability of plant roots to show hydrotropism
in response to moisture gradients. Hydrotropism, together with
gravitropism, plays an important role in regulating root growth
orientation for efficiently obtaining water under drought conditions.
We utilized molecular, physiological, genetic, and cytological
analyses to understand the regulatory mechanisms for these plant
responses. The gravity-influenced responses and their mechanistic
models have been verified under microgravity conditions in space.
By these means, we have discovered the genes and molecules
essentially important for gravimorphogenesis and hydrotropism in
plants.
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From genomics to ecological approaches: understanding the evolutionary mechanisms of biodiversity

Our research explores why and how biodiversity has evolved
and been maintained. In particular, we try to address why some
organisms can evolve to adapt to various environments, while
others cannot. Species that can adapt to various and changing
environments might have some genetic and genomic basis
conferring high evolvability. We utilize various approaches,
from genomics to macroecology, to resolve these questions. In

particular, we are try to understand the genetic basis for rapid
evolution and the adaptive capacity to respond to environmental
changes, thermal evolution of ectothermic organisms, evolutionary
responses to recent climatic changes, relationships between gene
duplication and diseases, and evolution of symbiosis. In addition,
we try to provide biodiversity conservation measures that apply to
evolutionary theories and mechanisms.
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The changing interaction of plants and other organisms

We study terrestrial plants and ecosystems mainly by utilizing three
ecological approaches: 1) interactions of an individual plant and a
population with the physical environment and other organisms, 2)
community and ecosystem analyses, and 3) evolutional approach.
Field studies are used to research the responses of plants to the
environment and other organisms. Theoretical and field analyses
are used to study the evolution of plant reproduction. The co-
existence of multiple species in ecosystems and the mechanisms

of maintaining biodiversity are studied in temperate and tropical
forests.

We are also interested in researching the global changes in
ecosystems and biodiversity. These studies include evaluation
of ecosystem services, and the effects of global climate change,
human land use, and forest management on biodiversity and
ecosystems.
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How many species link to each other, and why are communities so different among habitats?

A community is composed of a variety of organisms that are linked
to each other through the habitat space and trophic interactions.
When we compare communities established in an environment, we
often observe large variations among them. Why are the species
composition and biodiversity so different among communities?
In order to uncover the mechanisms creating, differentiating, and
sustaining communities, as well as the role of genetic and species
diversity, we study life history strategies of organisms, spatial and
temporal dynamics of populations, and trophic interactions within
communities through field works, laboratory experiments and
theoretical modeling.

For example, we are studying the recovery of tidal flat communities,
largely disturbed by the tsunamis caused by the Great East

Japan earthquake in 2011, to examine the ecological importance
of deterministic and stochastic processes in the community
assembles. Using plankton and freshwater organisms with short
generation times, we also study the roles of genetic and species
diversity in populations and trophic dynamics, the role of biological
interactions in community stability, and implications of ecological
stoichiometry in ecosystem processes.

Through these studies, we are trying to make projections on
changes in various communities due to local environmental
disturbance (e.g., eutrophication) and global issues (e.g.,
atmospheric CO, rising and warming), and 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
tolerance, growth, reproduction, biomass production, competition,
and coexistence, from the molecular to the ecosystem level. We

address questions such as "what traits are necessary to adapt
to a certain environment?” "what is the ecological significance of
a certain trait?" and "what and how traits should be changed to
improve biomass production?" In particular, we are interested in
plant responses to global change.
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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 multidisciplinary 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
angiosperm groups, natural hybridization between Japanese plant
species, coevolution of plants and animals/ fungi, plant taxonomical
and floristic 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 conservation of the plants at the Tohoku University Botanical
Garden.

Our laboratory includes staff from the Tohoku University Botanical
Garden in Kawauchi, Sendai and a branch garden in Mt.
Hakkoda, Aomori. These two gardens are blessed with a natural
richness, offering 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 Holotypes, are deposited.
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From evolution and ecology to conservation

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

Our focus is on an endemic biota that has evolved within a closed
system, including an oceanic island and inland lake. We investigate
processes of speciation and radiation in this natural laboratory.
We are researching food web structures, using stable isotopic
analysis and genetic analyses, in wetland ecosystems, which
include rice fields, inland saline lakes, and freshwater lakes. We
have investigated how biological interactions maintain community
composition, including host-parasites and bacterial communities,
and we have contributed to the conservation of wetland
ecosystems.
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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 are able to benefit from the wealth of research
resources that the institute has accumulated. We have been working
on omics studies of various living organisms, including humans,
mice, Arabidopsis thaliana (model plant), crops, and bacteria
(e.g., rhizobia). We have also been working on bicinformatics (e.g.,
assembly of genome and transcriptome sequences), database
construction, and applied studies of omics for industrial biomass
production.

We use mass spectrometry to exhaustively analyze various chemical
substances produced by living organisms (metabolites) and a next-
generation DNA seqguencer 1o obtain meta-genome sequence data
for bacteria occurring in soil, marine water, and other environments.
We also process an enormous amount of information that has been
obtained from the aforementioned analyses in order to get a holistic
understanding of the crops and microbes, instead of simply finding
out effective ingredients and useful genes.
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Asamushi Research Center for Marine Biology

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

Wednesday 25" - Friday 27™, November, 2015
Life Science Project Research Building
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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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Center)

Ecosystem Adaptability Center

In this century, global environmental changes, such as warming,
will definitely occur, and there is a concern about violent ecosystem
alteration. In order to maintain ecosystem functions, such as
ecosystem services, that benefit human society, we need to move
beyond our deterministic, conquering nature strategy, and adopt
new technigues in ecosystem management and conservation that
utilize ecosystems’ adaptability to climate change.

In a Global COE (Center of Excellence) program, “Center for
ecosystem management adapting to global change” (2008-2012),
a new field called "ecosystem adaptability science" was established
by top-class researchers through collecting and discussing a wide
range of research results. This group fostered the development
of advanced researchers and human resources to carry out the
practice of ecosystem adaptability science in local and global
society (Professional Ecosystem Managers, PEMs). They also
established the Consortium of Environmental Organizations within
which industry, government, academia, and citizens participate in

2 :PEM A5 L01EE (Class of PEM program)

SEEIGEY Y —Tld ZNHDFEEHN—E%5| ZH#E. 1)PEM
DB, 2)BEEEIVY -V T7LATOHRATAY T I M ET>T
WET, 1) TlE ER(ERZE - YR - (TF-BF) -5y
27 LA(BERED) EWSEWEBATICE A2 HE SOV I 4
AEBL. BVWEPFIHEEEICRBENEEVREBEZ LD, REVE
BERICEDH4MIE CRRETCEDZAMODBEREEIRLTWVET,
LSRR - RBICTAEORMEZIRET 2. RIEAZERS
EMERUBEBELD PEMERNRIESNFE T (HIAZF(CTELER
HETURE SRS AETET) DA EEETIRETT), 2)
Tld. EMEHREICET 2B OVWTREEDREC. BRAAK
EXBIE ERROEENE I TCEARLASI HET ZEEEE
BIBBLBAARDILOTY—VEERTOY T M RERITO>TL
ESEM

K3 : PEM E&RER (PEM certification ceremony )

activities to make ecosystem adaptability science widely known and
practiced in society.

The Ecosystem Adaptability Center undertakes the activities of the
COE program by fostering PEMs and carrying out collaborative
projects within the consortium. For PEMs, we provide an
educational program covering a wide range of study fields, including
basic science (ecology, biology), applied techniques (engineering,
agriculture), and social systems (environmental economics), in
order to develop human resources who can play an active role in
nature conservation and environmental measures. After finishing
the course, the PEM qualification is certified by Tohoku University's
Division for International Advanced Research and Education. As for
our projects, we collaborate with related organizations on matters
concerning biodiversity. For example, after the Great East Japan
earthquake, we commenced the “Tohoku Green Renaissance
Project,” which aims to restore the region in a way that is sensitive to
local ecosystems and creates disaster resistance.
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